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PREFACE 

Since the compilation, in 1958, of a laboratory manual entitled 

"Methods of Analysis of Ores, Concentrates, and Metallurgical Products used at 

the Mines Branch Laboratories" (Dept. of Energy, Mines and Resources, Mines 

Branch, Ottawa, Internal Report MDT-58-13) by W.L. Chase, there have been many 

changes in the nature of methods employed in the Analytical Chemistry Section 

of the Mineral Sciences Division. Many new instrumental methods have been 

developed and, in the intervening years, many of the instrumental, gravimetric, 

and volumetric methods described in the earlier manual have been modified and 

improved through experience and practice. 

Changes have also occurred in the function of the Analytical Chemistry 

Section. There is now a heavy involvement in the certification of standard 

reference materials prepared by the Ores Task Force of the Canadian Certified 

Reference Materials Project (CCRMP) and, for this work, the selection of methods 

is more critical than for purely routine analysis. Also, the Section is fre

quently requested by industrial and commercial laboratories (some of which also 

participate in the CCRM Project) to provide information on methods of analysis 

for mineralogical and metallurgical materials. However, accounts of many of the 

new instrumental methods that have been developed or modified in the Section 

have not been published in the open literature or in Mineral Sciences Division 

reports and, consequently, have not been available in a form that can be readily 

disseminated. 

For the above reasons the preparation of this new and "up-dated" 

laboratory manual was considered necessary. Although the manual bas been pre

pared primarily for use within the Mineral Sciences Division, it is expected 

that it will be of value to chemists in laboratories bath within and outside the 

government. Provisions have been made to make it available to such parties, at 

a nominal price, through Information Canada. 

This manual is intended to provide not only a relatively comprehensive 

account of the procedures employed for the analysis of each element, but also to 

furnish novice chemists and other laboratory workers with information on the 

chemical reactions involved, the interferences to which they are subject, and 

the limitations of the method. Because some laboratories may not have the 

instruments or facilities required for some of the newer instrumental methods, 

many conventional gravimetric and volumetric methods have been included in 

this manual. Many of these methods are employed in the Analytical Chemistry 

Section for the determination of "macro" amounts of elements, and for ascertain

ing the validity of results obtained by instrumental methods. Also included 

are gravimetric and volumetric methods for the determination of elements that 

either cannot be determined, or cannot be determined readily by instrumental 
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methods. Particular care bas been taken to set forth the steps of each proce-

dure in a logical sequence. An endeavour has also been made to clarify the 

reason for each step in order to emphasize the importance of details of certain 

procedures, which, if omitted, could lead to incorrect results. No claim is 

made for the originality of most of the methods, or that they will be applicable 

to all types of sample materials encountered, particularly diverse ores and mill 

products. Furthermore, some of the methods have not been employed for the 

analysis of all of the related and possible sample materials mentioned. Refer

ences that provide more detailed information about the individual methods, their 

applications, and the separation procedures described have been included at the 

end of the accounts of each method. 

With the exception of methods based on combustion techniques, the 

analytical work of the Analytical Chemistry Section involves only "wet-chemical" 

procedures. Therefore, instrumental methods based on emission spectroscopy, 

X-ray fluorescence, neutron-activation analysis, and similar techniques are not 

included in this manual. Fire-assay methods for the determination of the 

platinum-group metals by the tin-collection scheme are not included because the 

detailed procedures have been published in a readily available analytical 

journal (see "The Tin-Collection Scheme for the Determination of the Platinum

Group Metals, Gold, and Silver", by G.H . Faye and P.E. Moloughney, Talanta, 1:2_, 

pp 269-284, 1972). Also, the classical fire-assay methods for gold and sil ver 

have not been included because of their highly specialized nature, and because 

they have been fully described by F.E. Beamish in a recent book entitled "The 

Analytical Chemistry of the Noble Metals" (Pergamon Press, New York, 1966). 

ACKNOWLEDGEMENTS 

In writing this manual, information has been gathered from man y sources 

and an endeavour has been made to acknowledge the work of others in appropriate 

references. The classic works "Applied Inorganic Chemistry" by Hillebrand, 

Lundell, Bright, and Hoffman, "Scott's Standard Methods of Chemical Analysis" 

by Furman, "Treatise on Analytical Chemistry" by Kolthoff and Elving, "Colori-,. 

metric Determination of Traces of Metals" by Sandell, and "Atomic Absorption 

Spectroscopy" by Slavin were consulted freely in the preparation of accounts of 

certain procedures, and for information for explanatory notes and on matters 

pertaining to interferences . Maxwell' s "Rock and Mineral Analysis", and the 

above-mentioned work by Hillebrand et al have been particularl y valuable in the 

preparation of accounts of procedures for the analysis of silicate minerals and 

of silicate and carbonate rocks . Within the Analytical Chemistry and the 

Inorganic Analytical Research Sections, special thanks are due to R.C. McAdam, 

Chief Chemist of the Analytical Chemistry Section, J.C. Hole, Leader of the 

Metallic Ores and Non-Metallic Minerals Group, G.H. Faye, Leader of the 

iv 



Inorganic Analytical Research Group, and to the following members of the above 

sections for thir helpful comments and suggestions: D.J. Charette, R.R. Craig, 

C.H. McMaster, R.S. Kobus, P. Lanthier, R.G. Sabourin, and B. Nebesar. Personal 

acknowledgements are due to Mr. V.A. Haw, former Chief of the Mineral Sciences 

Division, Dr. R.L. Cunningham, present Chief, and Dr. John Convey, former 

Director of the Mines Branch for permitting me to devote my time to this project; 

to G.H. Faye and Dr. N.F.H. Bright for their critical review of this manual; to 

Mrs. A. Purdy,Mrs. D.M. Varette, and Mrs. V. McDiarmid for typing the original 

and master drafts of the methods; and to D. Lister for preparing the final 

illustrations. 

FORMAT OF THE MANUAL AND PRESENTATION OF THE METHODS 

Because most chemists and other laboratory workers, particularly those 

engaged in the analysis of ores and mill products, are in need of rapid, routine 

instrumental methods of analysis, this manual has been organized so that the 

first three of its five sections describe instrumental methods, and the last two 

describe conventional gravimetric and volumetric methods. With the exception 

of Part I, which involves atomic-absorption spectrophotometric and flame

emission photometric methods, the methods have been listed alphabetically 

according to the elements being determined. This was not possible in Part I 

without producing needless repetition in written accounts of the decomposition 

and sample preparation procedures. 

In Part I and also in Part III, which involves polarographic methods 

of analysis, the directions given for the preparation of standard calibration 

solutions are, of necessity, very general, and the lower range given for the 

method is only approximate because of the extreme differences in the sensi-

tivi ties of commercial atomic-absorption spectrophotometers and polarographs. 

When using these methods, particularly those involving atomic-absorption 

spectrophotometry and flame-emission photometry, some preliminary work should 

be conducted to determine the appropriate instrumental conditions, and the 

approximate sensitivity of and range for the element in question. Standard 

calibration solutions should subsequently be prepared accordingly. In atomic

absorption spectrophotometry and flame-emission photometry, calibration solu

tions that give a linear response when absorbance or emission values are 

plotted against concentration should be employed whenever possible. When 

necessary, sensitivity can be reduced by using a less sensitive absorption or 

emission line for the desired element. Unless specific directions are given 

for the preparation of blank calibration solutions, pure water should be em

employed to calibrate the zero absorbanc e or emission setting of the instrument. 
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In Parts II, IV, and V, which involve light-absorpti on spectrophoto 

metric, gravimentric, and volumetric methods of analysis, respectively, needless 

repetition in the written accounts of sample decomposition, a nd particularly, 

of separation procedures has been avoided (e.g., in cases in which one or more 

e lements are determined in the filtrate remaining after the separation of the 

element in question) by referring subsequent procedures back to th e appropriate 

sample decomposition and/or prior separation step. 

The concentrations of ammonium hydroxide and all concentrated acids 

employed in the methods are those shown in Table I in the Appendix. Unless 

otherwise stated, distilled or de-mineralized water should be employed for the 

preparation of dilute solutions of the above reagents. Unless specific direc-

tions are given for the preparation of solutions of solid rea gents, all such 

solutions should be made with distilled water. 

In the instructions for preparing calibration graphs in Part II, which 

involves light-absorption spectrophotometric methods, the specified conditions 

(i.e., volume and cell size) have been chosen to provide a convenient range of 

absorbance values. In all of the methods described in this section, the exact 

recommended volume of the solution of the co_mplex-forming or chromogenic reagent 

should be added to the calibration and sample solutions. 

Ot tawa, Canada 
December 1973 
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Elsie M. Donaldson 
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PARTI 

ATOMIC-ABSORPTION SPECTROPHOTOMETRIC AND 

FLAME-EM 1 SS ION PHOTOMETR IC MElHODS 





DETERMINATION OF ALUMINUM, CALCIUM, MAGNESIUM, AND IRON IN AC ID-SOLUBLE 
SILICATE ROCKS AND MINERALS, SILICA SAND, QUARTZITE, SANDSTONE, CLAY, AND 
SHALE 

Principle 

Aluminum, calcium, and magnesium a r e 
determined by atomic-absorption 
spectrophotometry, at 309.3 , 4 2 2.7, 
and 285.2 nm, respectively, i n a 
nitrous oxide-acetylene f lame, a f ter 
the addition of a solution of hi gh 
potassium content to both the sample 
and the standard calibration solu
tions 1• 2 . Iron is determined in a 
similar manner, at 248.3 nm, in a 
slightly oxidizing air-acetylene 
flame. 

Outline 

The sample is decomposed with hydro
fluoric, hydrochloric, and perchloric 
acids. The solution is evaporated to 
near dryness to remove silica and 
excess acids, and the salts are dis
solved in dilute hydrochloric acid. 
The resulting solution is analyzed 
for aluminum, calcium, magnesium, and 
iron. 

Discussion of interferences 

Interference from aluminum, which 
suppresses both calcium and magnesium 
absorption in low-temperature (air
acetylene) flames becau s e of the for
mation of stable aluminates, is avoid
ed by using the high-temperature 
nitrous oxide-acetylene flame for th e 
determination of calcium and 
magnesium 3 • 4 . Alkali metals (sodium, 
potassium, and cesium) enhance calcium, 
magnesium, and aluminum absorption in 
the high-temperature nitrous oxi de
acetyle~e flame because of decreased 
ionization of these elementsl• 2 • 4 - 6 
and, if present in large amounts, 
they slightly suppress iron absorption 
in the air-acetylene flame 7 • Inter
ference from the alkali metals, parti
cularly in the determination of 
calcium, magnesium, and aluminum, is 
minimized by the addition of identical 
amounts of a solution of high 
potassium content to both the sample 
and the standard calibration 
solutions 1 ' 2 • 

3 

Interference from hydrochloric acid, 
which particularly influences aluminum 
absorption in the nitrous oxide-acety
lene flame 8 , is compensated for by 
maintaining approximately the same 
hydrochloric acid concentration (2% by 
volume) in the sample and standard 
ca libration solutions. Moderate 
amounts o f other elements that may be 
pr esent in silicate rocks and other 
siliceous materials do not interfere 
i n the determination of calcium, 
magnesium, and iron 1 • 2 • However, 
titanium enhances aluminum absorption 
in the nitrous oxide-acetylene 
flame 9 • 10. The magnitude of this 
e ffect depends on flame conditions 
(i. e., oxidant-fuel ratio, and height 
of the optical path above the burner). 
Interf e rence from titanium can be 
e ss ent ia lly eliminated by measuring the 
aluminum absor bance approximately 15 mm 
a b ove t he burner in a fuel-rich 
f lame 10 • 

Range 

The method is suitable for silica sand, 
quart zi t e, and sandstone samples con
t a ining more than approximately 0.02% 
of a l uminum, and more than 0.005 % of 
cal cium, magnesium, and iron. It is 
suitable for silicate rock and mineral, 
cla y , and shale samples containing up 
to ap p ro x i mately 10% of each element, 
but mater ial containing higher con
ce n tra t i o ns can also be analyzed with 
re a sonab l e accuracy. 

Reagen t s 

Standar d aluminum solution, 500 ppm. 
Diss o lve 0 .5000 g of high-purity 
alum i n um metal by heating gently with 
25 ml of c on centrated hydrochloric 
acid . Cool , an d dilute to 1 litre with 
water . 

S tand a rd aalcium solution, 500 ppm. 
Tr a nsf e r 1 . 2487 g of calcium carbon
a te (dr i ed at 125°C for 1-2 hours) to 
a 40 0-ml beaker, add approximately 
2 00 ml of water, then cover the beaker 



and add 10 ml of concentrated hydro
chloric acid in small portions. When 
the decomposition of the carbonate is 
complete, boil the solution gently to 
expel carbon dioxide, cool to room 
temperature, transfer to a 1-litre 
volumetric flask, and dilute to volume 
with water. Prepare a 50-ppm solution 
by diluting 20 ml of this stock solu
tion to 200 ml with water. 

Standard magnesium solution, 500 ppm. 
Decompose 0.5000 g of high-purity 
magnesium metal by the method describ
ed above for the preparation of the 
standard calcium solution. Cool the 
resulting solution to room temperature, 
transfer it to a 1-litre volumetric 
flask, and dilute to volume with water. 
Prepare a 20-ppm solution by diluting 
10 ml of this stock solution to 250 ml 
with water. 

Standard iron solution, 500 ppm. 
Dissolve 0.5000 g of high-purity iron 
metal_by heating gently with 20 ml of 
concentrated hydrochloric acid. Cool, 
and dilute to 1 litre with water. 
Prepare a 50-ppm solution as described 
ab ove. 

Potassium solution, 20,000 ppm. Dis
solve 19.07 g of potassium chloride in 
water, and dilute to 500 ml. 

Hydrochloric acid, 50% v/v. 

Preparation of standard calibration 
solutions 

To an appropriate number of 100-ml 
volumetric flasks, add 2 ml of con
centrated hydrochloric acid and 5 ml 
of the 20,000-ppm potassium solution; 
then, by burette, add suitable varying 
increments of the standard 500-ppm 
aluminum solution. Add 2 ml of con
centrated hydrochloric acid and 5 ml 
of the potassium solution to a 
separate flask; this constitutes the 
blank calibra tion solution . Dilute 
each solution to volume with water 
and mix. 

Prepare, in a similar manner, a suit
able series of standard calcium, 
magnesium, and iron solutions using 
the dilute standard 50-, 20-, and 
50-ppm solutions, respectively. 
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Procedures 

In these procedures a reagent blank is 
carried along with the samples. 

Silica sand, quartzite, and sandstone 

Transfer 0.5-3 g of powdered sample, 
depending on the expected content of 
the element or elements to be deter
mined (Note 1), to a 100-ml platinum 
dish and, depending on the amount of 
sample taken, add 10-20 ml of con
centra t ed hydrofluoric acid. Allow 
the mixture to digest at room tempera
ture for approximately 30 minutes, 
then add 10 ml each of concentrated 
hydrochloric and perchloric acids, 
and evaporate the resulting solution 
to fumes of perchloric acid. Cool, 
and add 10 ml each of water and con
centrated hydrofluoric and hydrochloric 
acids. Evaporate the solution to fumes 
again and, if necessary, repeat the 
addition of hydrofluoric and hydro
chloric acids and the subsequent eva
poration to fumes until the decomposi
tion of the sample is complete. Cool, 
wash down the sides of the dish with 
water, evaporate the solution to fumes, 
then repeat the washing and evaporation 
steps to ensure the complete removal 
of hydrofluoric acid, and evaporate the 
solution until approximately 1.5 ml of 
perchloric ac id remain (Note 2). Add 
10 ml of water and 4 ml of 50% hydro 
chloric acid, and heat gently until the 
solution becomes clear (Note 3). Cool, 
transf er the solution to a 100-ml volu
metric flask, dilute to volume with 
water and mix (Note 4). 

Transfer suitable aliquots (up to 
50 ml) of the resulting sample solu
tion, and a 50-ml aliquot of the blank 
solution (Note 5) to separate 100-ml 
volumetric flasks. Add 5 ml of the 
20,000-ppm potassium solution, and 
suf ficient 50% hydrochloric acid so 
that approximately 2 ml of concentrat
ed hydrochloric acid are present, 
dilute to volume with water and mix. 
Measure the aluminum, calcium, and/or 
magnesium absorbances of the resulting 
solutions at 309 .3, 422.7, and 285.2 nM, 
respectively, in a nitrous oxide
acetylene flame. ~easure the iron 
absorbance in a slightly oxidizing 
air-acetylene flame at 248.3 nm. 
Determine the content of the desired 
element or elements in the blank and 
sample aliquots by relating the 



resulting values to those obtained 
concurrently for standard solutions 
of slightly higher and lower concen
trations. Correct the final aluminum, 
calcium, magnesium, and/or iron 
results obtained for the sample solu
tion by subtracting those obtained 
for the reagent blank solution. 

Silicate rocks and minerals, clay, 
and shale 

Decompose 0.5 g of powdered sample b y 
the method described above. Evaporate 
the solution to fumes of perchloric 
acid 2 or 3 tim~s to ensure the com-
p lete removal of hydrofluoric acid, 
then evaporate the solution until 
approximately 3 ml of perchloric acid 
remain. Cool, add 20 ml of 50% hydro 
chloric acid and heat gently until the 
solution becomes clear (Note 3). 
Transfer the solution to a 500-ml 
volumetric flask, dilute to volume 
with water, mix (Notes 4 and 6), and 
proceed with the determination of 
aluminum, calcium, magnesium, and/or 
iron as described above. 

Notes 

1. The calcium and magnesium con
tents of silica sand and sandstone 
are usually greater than the aluminum 
and iron contents. Furthermore, the 
sensitivity of the determination of 
calcium, and particularly of magnesium 
by atomic-absorption spectrophotometry 
is considerably greater than that of 
aluminurn and iron. Consequently, if 
only calcium and/or magnesium are to 
be determined in the above materials, 
a moderately small amount of sample 
(0.5-1 g) should be taken to avoid 
excessive dilution of the subsequent 
sample solution. 

2. If aluminum is to be determined, 
the sample solution should not be 
evaporated to dryness at this stage. 
This results in the formation of anhy
drous aluminum compounds, which are 
virtually insoluble in water or dilute 
acid, and causes low results for 
aluminum 11 • 

3. If any acid-insoluble rnaterial 
is present, it should be removed by 
filtration, ignited at about 750°C in 
a platinum crucible, and fused with 
approximately 0.5 g of sodium carbon
ate. The cooled melt should subse
quently be dissolved in the initial 
solution. 
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4. If acid-insoluble material has 
not been treated as described in Note 
3, the sample solution can be used for 
the determination of sodium and potas
sium by the Radiation Buffer Method 
(p 27), and also for the determination 
of lithium by the Basic Lead Carbonate 
Method (p 21), after removal of excess 
hydrochloric and perchloric acids from 
a suitable aliquot or aliquots of the 
solution by evaporation. 

5. For the most accunate determina
tion of the aluminum, calcium, mag
nesi um, and/or iron contents of the 
reagent blank solution, the largest 
possible aliquot should be employed 
for subsequent measurement. 

6. If the sample contains an 
appreciable amount of titanium, any 
insoluble titanium compounds that are 
formed by hydrolysis during dilution 
of the sample solution can be removed 
by filtering a suitable portion of the 
solution through a dry filter paper 
(Whatman No. 42). 

Calculations 

%Al 2 0 3 1. 890 X % Al 

% Cao 1. 399 X % Ca 

%Mg0 1. 658 X % Mg 

%Fe 2 o3 1. 430 X % Fe 

Other a1212lications 

This method can be employed to deter
mine aluminum, calcium, magnesium, and 
iron in glass and asbestos. It can 
also be used to determine iron, calcium, 
and/o r magnesium in gypsum, fluorspar, 
dolomite, limestone, and cernent. 
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DETERMINATION OF ALUMINUM, CALCIUM.AND MAGNESIUM IN lRON ORES AND 
CONCENTRATES 

Principle 

Aluminum, calcium, and magnesium a re 
determined by atomic-absorption 
spectrophotometry, at 396.2, 422 . 7, 
and 285.2 nm, respectively, in a 
nitrous oxide-acetylene flame, by 
comparison with standard calibration 
solutions containing approximately 
the same amounts of the matrix element 
and acid as the sample solution 1 • 

Outline 

The sample is decomposed with hydro
chloric and nitric acids, and the 
solution is evaporated to dryness to 
remove excess acids. The acid
insoluble material is ultimately re
moved by filtration and ignited. 
Silica is subsequently removed by 
volatilization as silicon tetra
fluoride. The resultant residue is 
fused with sodium carbonate and the 
melt is dissolved in the initial 
filtrate. The resulting solution is 
analyzed for aluminum, calcium, and 
magnesium. 

Discussion of interferences 

Interf erence from hydrochloric acid 
and large amounts of iron, which in
fluence aluminum absorption in a 
nitrous oxide-acetylene flame 2 , is 
compensated for by simulating the 
composition of the sample in the 
standard solutions employed for cali
bration purposes. 

Interference from aluminum, which 
suppresses both calcium and magnesium 
absorption in low-temperature (air
acetylene) flames due to the formation 
of stable aluminates, is avoided by 
using the high-temperature nitrous 
oxide-acetylene flame for the deter
mination of calcium and magnesium3,4. 
Moderate amounts of phosphorus do not 
interf ere in the determination of 
calcium and magnesium in the nitrous 
oxide-acetylene flame 5 . 

Moderate amounts of titanium, phos
phorus, and other elements that are 
normally present in iron ores (e.g., 
chromium, manganese, and vanadium) do 
not cause significant errer i n the 

7 

aluminum result when the aluminum 
absorbance is measured approximately 
15 mm above the burner in a fuel-rich 
flame6. 

Range 

The method is suitable for samples 
containing approximately 0.2 to 10% of 
aluminum, 0.02 to 10% of calcium, and 
0.02 to 5% of magnesium. 

Reagents 

Standard aluminum, calcium, and 
magnesium solutions, 500, 50, and 
20 ppm, respectively. Prepare as 
described in the method for silicate 
rocks (pp 3 and 4). 

Synth~tic matrix solution A. Dissolve 
12 g of high-purity iron metal 
(aluminum-, calcium-, and magnesium
free) by heating gently with 60 ml of 
concentrated hydrochloric acid. Add 
sufficient concentrated nitric acid, 
by drops, to oxidize any ferrous iron 
present, and evaporate the solution to 
a paste. Add 120 ml of concentrated 
hydrochloric acid, warm gently to dis
solve the paste, and dilute the solu
tion to approximately 500 ml with 
water. Add 22 g of sodium chloride, 
and stir to dissolve. Transfer the 
resulting solution to a 2-litre volu
metric flask, and dilute to volume 
with water (Notes 1 and 2). 

Synthetic matrix solution B. Transfer 
500 ml of matrix solution A to a 2-
li tre volumetric flask, add 90 ml of 
concentrated hydrochloric acid (Note 
3), and dilute to volume with water. 

Hydrochloric acid, 10% v/v. 

Sulphuric acid, 50% v/v. 

Preparation of standard calibration 
solutions 

To an appropriate number of 100-ml 
volumetric flasks, add 50 ml of syn
thetic matrix solution A; then, by 
burette, add suitable varying incre
ments of the standard 500-ppm aluminum 



solution. Add 50 ml of the matrix 
solution to a separate flask; this 
constitutes the blank calibration 
solution. Dilute each solution to 
volume with water and mix. 

Prepare, in a similar manner, a blank 
calibration solution, and a suitable 
series of combined calcium and mag
nesium solutions, using the dilute 
standard 50- and 20-ppm solutions, 
and 50 ml of synthetic matrix solu
tion B. 

Procedure 

In this procedure a reagent blank, 
prepared by decomposing 1.2 g of 
high-purity iron metal as described, 
is carried along with the samples 
(Note 4). 

Transfer 2 g of powdered sample to a 
250-ml beaker, and moisten with 
several ml of water. Add 30 ml of 
concentrated hydrochloric acid, cover 
the beaker, and heat gently, without 
boiling, until the decomposition of 
acid-soluble material is complete. 
Add 4 ml of concentrated nitric acid, 
boil gently for several minutes, re
move the cover, and evaporate the 
solution to dryness. Add 10 ml of 
concentrated hydrochloric acid to the 
residue, cover, and warm gently for 
several minutes. Add approximately 
50 ml of water, and heat the solution 
to the boiling point. Filter the re
sulting solution (Whatman No. 40 
paper) into a 250-ml beaker, and 
transfer the residue quantitatively to 
the filter paper. Wash the beaker, 
paper, and residue three times with 
20-, 20-, and 10-ml portions of 10 % 
hydrochloric acid (Note 5), then 
thoroughly with hot water until the 
paper is free of ferric chloride. 

Transfer the paper and residue to a 
30-ml platinum crucible, burn off the 
paper at a low temperature, and ignite 
at 850°C. Cool the crucible, and add 
1 ml of 50% sulphuric acid and 5-10 ml 
of concentrated hydrofluoric acid. 
Heat gently to decompose the residue, 
then evaporate the solution to dryness 
to remove silica and excess sulphuric 
acid. Add 2 g of sodium carbonate to 
the residue, cover the crucible, and 
fuse the mixture over a blast burner 
until a clear melt is obtained. Cool, 
and transfer the crucible and cover to 
the beaker (covered) containing the 
initial filtrate. When the dissolu
tion of the melt is complete, remove 
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the crucible and cover after washing 
them thoroughly with water. If nec
essary (Note 6), filter the resulting 
solution (Whatman No. 42 paper) into a 
200-ml volumetric flask, dilute to 
volume with water and mix. 

To determine aluminum, transfer a 5-
50-ml aliquot of both the blank and 
sample solutions, depending on the 
expected aluminum content of the 
sample, to 100-ml volumetric flask s. 
If necessary, dilute to exactly 50 ml 
with synthetic matrix solution A (Note 
7), then dilute to volume with water 
and mix. Measure the absorbance of 
the resulting solutions, at 396. 2 nm , 
in a nitrous oxide-acetylene flame . 
Dete~mine the aluminum content of the 
blank and sample aliquots b y relating 
the resulting values to those obtained 
concurrently for standard aluminum 
solutions of slightly higher a n d lower 
concentrations. Correct the final 
result obtained for the sample solu
tion by subtracting that obtained for 
the reagent blank solution. 

To determine calcium and ma gnesium, 
transfer 25-ml aliquots of bath the 
initial blank and sample solutions to 
100-ml volumetric flasks, add 4.5 ml 
of concentrated hydrochlori c ac id 
(Note 8), dilute to volume with wat er 
and mix. Transfer a 2-50-ml aliquot 
or aliquots of both solutions, depend
ing on the expected calcium and mag
nesium contents of the sample, to 
100-ml volumetric flasks. If neces s 
ary, dilute to exactly 50 ml with 
synthetic matrix solution B (Note 7), 
then dilute to volume with water and 
mix. Measure the calcium and magnesium 
absorbances of the resulting solutions, 
at 422.7 and 285.2 nm, respectively, 
in a nitrous oxide-acetylene flame. 
Determine the calcium and magnesium 
contents of the blank and sample 
aliquots, as described above, by com
parison with absorbance values obtained 
for standard solutions of slightly 
higher and lower concentrations. 
Correct the final calcium and magnesium 
results obtained for the sample solu
tion by subtracting those obtaine d for 
the reagent blank solution. 

Notes 

1. The iron content of the s y nthetic 
r. .atrix solutions (A and B) is based o n 
ores containing 60 % of iron. However, 
the standard calibration solutions, 
prepared by using 50-ml portions of 
these solutions, can be employed for 



the analysis of samples containing 
considerably lesser or greater 
amounts of iron (±20%) without pro
ducing appreciable error in the 
aluminum, calcium, or magnesium 
results. 

2. The amount of sodium chloride used 
in the preparation of the synthetic 
matrix solution compensates (i.e,, in 
the resulting standard calibration 
solutions) for the amount of sodium 
ion contributed to the sample solution 
by the sodium carbonate employed for 
fusion of the acid-insoluble residue. 

3. The hydrochloric acid concentra
tion of the synthetic matrix solutions 
(A and B) is maintained at approxi
mately 6% by volume, so that the final 
concentration of acid in the resulting 
calibration solutions will be approxi
mately 3% by volume after dilution of 
50-ml portions to 100 ml with water. 

4. The high-purity iron metal used 
for the reagent blank should be the 
same as that initially employed for 
the preparation of the synthetic 
matrix solution. 

5. Only the approximate recommended 
amounts of 10% hydrochloric acid 
should be employed for washing pur
poses so that the concentration of 
hydrochloric acid in the resultant 
sample solution will be approximately 
6% by volume (Note 3) after dissolution 
of the subsequent sodium carbonate melt 
and dilution of the solution to 200 ml 
with water (2 g of sodium carbonate 
react with approximately 3.2 ml of 
concentrated hydrochloric acid). 

6. If the sample contains an appre
ciable amount of titanium, the solu
tion may be turbid because of the 
presence of insoluble titanium com
pounds formed by hydrolysis. 

7. By diluting small aliquots of 
the sample and blank solutions to 50 
ml with the synthetic matrix solution, 
the iron and acid contents of the re
sulting solutions will be approximate
ly the same as those of the standard 
calibration solutions, prepared by 
using 50-ml portions of the synthetic 
matrix solution (Notes 3 and S). 
Consequently, the calibration solutions 
can be employed for the subsequent 
analysis, regardless of the size of 
the aliquot taken, 
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8. The recommended amount of hydro
chloric acid is added so that the 
resultant acid concentration of the 
solution will be approximately 6% by 
volume after dilution to volume with 
water. 

Calculations 

%Al203 

%Ca0 

%Mg0 
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DETERMINATION OF BARIUM, CALCIUM, AND MAGNESIUM IN STRONTIUM-BEARING 
MINERALS, ORES AND MI LL PRODUCTS, AND DETERMINATION OF STRONTIUM, CALCIUM, 
AND MAGNESIUM IN BARIUM-BEARING MI NERALS, ORES AND MILL PRODUCTS 

Princip le 

This method i s based on th e conversion 
of insoluble ba r ium and stronti um 
sulphates to carbonates, and sub s equen t 
conve r sion of the insoluble carb onate s 
to soluble chlorides f . Barium is 
determined by emission flame-photo
metry, using the standard- a dditions 
method, at 553.6 nm, in a nitrous 
oxide-acetylene flame, after the add i 
tion of a solution of high potassium 
content to both the sample and the 
standard calibration solutions 2 • 
Strontium, and also calcium a nd mag
nesium, which are also converted to 
carbonates and subsequently to 
chlorides, are determined in a similar 
manne_r, by atomic-absorption spectro
photometry, at 460.7, 422.7, and 285. 2 
nm, respectively, in the same flame 2 • 3. 

Outline 

The sample is decomposed by fusion with 
sodium carbonate to couvert barium and 
strontium sulphates, and calcium and 
magnesium to their carbonates. The 
melt is digested in water, and the i n
soluble carbonates of these elements 
are separated f rom sulphate and 
various other elements (phosphoru s , 
aluminum, alkali metals, and s ome 
silica) by filtration. After d i ssolu
tion of the precipitate, residual 
silica is removed from the solution by 
volatilization as silicon tetraf luor i de. 
Iron, if present in large amounts, is 
removed by a mercury cathode separa
tion. The resulting solut i on, or the 
preceding solution, if large amounts 
of iron are absent, is ultimately 
an~lyzed for calcium and magnesium 
and, depending on the nature of the 
sample, for either barium or strontium. 

Discussion of interferences 

Small amounts of barium, calcium, and 
magnesium enhance strontium absorption 
in the low-temperature air-acetylene 
flame because o f decreased ionization 
of the strontium. Lar g e amounts of 
barium and magnesium suppress stron
tium absorption, pre s umably because of 
the formation in the flame of refr ac 
tor y compounds which remove strontium 
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atoms 4 • 5 . Calcium strongly enhances 
barium emission and absorption in an 
air-acetylene flame because of intense 
CaOH bands that peak at the barium 
resonance lineZ.~, 7 • These inter
ference eff ects are reduced by using 
the high-temperature nitrous oxide
acetylene flame. 

Ot h er possible mutual interference 
e ffects, particularly that of large 
amo unts of barium or strontium on the 
abso r ption of calcium and magnesium, 
and that of large amounts of strontium 
on the emission of barium are minimiz
ed by using the standard-additions 
me t hod for the determination of mag
n e sium and the alkaline earth 
e l ements 2 • 6 • 8 • 9 . 

In terference from large amounts of 
ir o n , which influence strontium ab
so r p tio n in the nitrous oxide-acetylene 
flame, is avoided by removing this 
e lement b y a mercury cathode separation. 
I nte rference from perchloric and hydro
ch l oric acids, which also influence 
s tr ont ium absorption in the above 
flam e, is eliminated by evaporating the 
subsequent sample solution to dryness. 
The a ddition of identical amounts of a 
solution of high potassium content to 
both the sample and the standard cali
bration solutions enhances calcium, 
magnesium, and strontium absorption, 
and als o barium emission because of the 
r e su l ta n t decrease in the ionization of 
the se elements in the high-temperature 
ni tr o u s oxide-acetylene flame2-S,B,9. 

The method is suitable for samples 
c on taining approximately 0.02 to 10% of 
b a r ium a nd strontium, 0.01 to 4% of 
c al cium , and 0.005 to 2% of magnesium. 
Ma t eri al containing higher concentra
tio n s of these elements can also be 
anal yz ed wi t h reasonable accuracy. 

Ap p a r a t us 

Mercury cathode. 



Reagents 

Standard barium solution, 500 ppm. 
Transfer 0.7184 g of pure barium car
bonate (dried at 125°C for 1-2 hours) 
to a 400-ml beaker, add approximately 
200 ml of water, then cover the beaker 
and add 4 ml of concentrated hydro
chloric acid in small portions. When 
the decomposition of the carbonate is 
complete, boil the solution gently to 
expel carbon dioxide, cool to room 
temperature, transfer to a 1-litre 
volumetric flask, and dilute to volume 
with water. Prepare a 100-ppm solu
tion by diluting 50 ml of this stock 
solution to 250 ml with water. 

Standard strontium solution, 500 ppm. 
Decompose 0.8424 g of pure strontium 
carbonate (dried at 125°C for 1-2 
hours) by the method described above 
for the preparation of the standard 
barium solution. Transfer the result
ing solution to a 1-litre volumetric 
flask, and dilute to volume with water. 
Prepare a 100-ppm solution as describ
ed above. 

Standard calcium and magnesium 
solutions , 50, and 20 ppm respective
ly. Prepare as described in the 
method for silicate rocks (pp 3 and 
4) • 

Potassium solution, 20,000 ppm. 
Prepare as described in the method for 
silicate rocks (p 4). 

Barium chloride solution, 10% w/v. 
Dissolve 10 g of barium chloride 
dihydrate (BaCl2·2H20) in water, and 
dilute to 100 ml. 

Sodium carbonate wash solution, 1% w/v. 

Hydrochloric acid , 30% v/v. 

Preparation of standard calibration 
solutions 

Depending on the expected barium, 
calcium, magnesium, and/or strontium 
contents of the sample solution (pre
pared as described below), add aliquots 
of the sample solution identical to 
the aliquot taken for the determina
tion of the desired element, to two 
100-ml volumetric flasks. By burette, 
add suitable increments of the dilute 
standard solution of the desired 
element (Note 1) and 5 ml of the 
20,000-ppm potassium solution to each 
flask, dilute to volume with water 
and mix. 

12 

Pr o cedure 

In thi_·s procedure a reagent blank is 
carried along with the samples only if 
calcium and/or magnesium are to be 
determined (Note 2). 

Transfer 0.5 g of powdered sample 
(Notes 3 and 4) to a 30-ml platinum 
crucible, add 5 g of sodium carbonate 
and mix t horoughly. Cover the crucible, 
and fuse the mixture over a blast burner 
for approximately 30 minutes (Note 5). 
Remove the cover, swirl the crucible 
to distribute the melt in a thin layer 
around the inner walls, and allow the 
crucible and contents to cool. Trans
fer the crucible and cover to a 400-ml 
Teflon beaker, and add approximately 
200 ml of water. Heat gently to dis
integrate the melt, then remove the 
crucible and cover after washing them 
thoroughl y with hot water. Filter the 
resulting solution (Whatman No. 40 
paper) and wash the paper and precipitat e 
at least 12 times with hot 1% sodium 
carbonate solution to ensure the com
plete removal of sulphate ion (Note 6). 
Discard the filtrate and washings. 

Using a jet of hot water, transfer the 
bulk of the precipitate to the Teflon 
beaker, and cover the beaker with a 
watch glass. Dissolve the small amount 
o f precipi tate remaining on the filter 
paper, using hot 30% hydrochloric acid, 
and wash the paper thoroughly with hot 
water. Collect the resulting solution 
in the beaker containing the precipitate. 
I f necessary , add sufficient concentrat
ed hydrochloric acid to dissolve the 
precipitate, t hen remove the cover, add 
5 ml of concentrated hydrof luoric acid 
and 10 ml of concentrated perchloric 
acid, and evaporate the solution to 
fumes of perchloric acid. Cool, wash 
down the si des of the beaker with 
water, and again evaporate the solution 
to fumes. Repeat the washing and eva
poration st eps to ensure the complete 
removal of hydrofluoric acid, then 
evaporate the solution until approxi
matel y 5 ml of perchloric acid remain. 
Cool, add approximately 50 ml of water, 
and heat ge ntl y until the solution be
comes clear (Note 7). Cool, transfer 
the solution to a mercury cathode cell, 
dilute to about 250 ml with water, and 
electrolyze the solution for 30 minutes 
at approximatel y 10 amperes. Filter 
the electrolyte (Whatman No. 541 paper) 
into a 400-ml pyrex beaker, evaporate 
it to complete dryness, then add appro
ximately 50 ml of water and 2-3 drops 



of concentrated hydrochloric acid, 
and heat gently to dissolve the salts. 
Cool, transfer the solution to a 100-
ml volumetric flask, dilute to 
volume with water and mix. 

Transfer suitable aliquots (up to 50 
ml) of the sample solution, depending 
on the expected content of the 
element or elements to be determined, 
and a 50-ml aliquot of the blank solu
tion (Note 8), to separate 100-ml 
volumetric flasks. Add 5 ml of the 
20,000-ppm potassium solution, dilute 
to volume with water and mix. Measure 
the strontium (i.e., in solutions de
rived from barium-bearing minerals, 
ores, and mill products), calcium, 
and/or magnesium absorbances of the 
resulting solutions, at 460.7, 422.7, 
and 285.2 nm, respectively, in a 
nitrous oxide-acetylene flame (Note 9), 
and determine the content of the 
desired element or elements in the 
sample aliquots by the standard-addi
tions method (Note 1). Measure the 
barium emission (i.e., in solutions 
derived from strontium-bearing 
minerals, ores, and mill products), at 
553.6 nm, in a nitrous oxide-acetylene 
flame (Note 10), and determine the 
barium content of the aliquot in a 
similar manner. Correct the final 
calcium and magnesium results obtained 
for the sample solution by subtracting 
those obtained for the reagent blank 
solution. 

Notes 

1. In the standard-additions method, 
the known amount of the desired 
element that is added to one of the 
sample aliquots should be of the same 
order of magnitude as the amount of 
the element already present in the 
aliquot. Because this method for 
determining the concentration of the 
unknown element in the sample solution 
is valid only if the relationship be
tween absorbance (or emission) and 
concentration is linear, the prepara
tion and measurement of a second 
calibration solution, containing a 
different amount of the dilute stan
dard solution of the desired element, 
is essential. This procedure provides 
a duplicate analysis and confirms the 
linearity of the above relationship. 
In the subsequent analysis, the amount, 
or concentration "C" of the desired 
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element in the 
tion taken for 
lated from the 

c A1 

C + a A2 

where: 

aliquot or diluted solu
analysis can be calcu
following equation: 

A1 x a 
or C = 

A2 - A1 

a the known amoµnt (mg or µg) of 
the element added to the sample 
aliquot, or the resultant con
centration (ppm) of the added 
element in the diluted solution. 

A1 the absorbance (or emission) of 
the diluted sample solution 
containing "C" units of the 
unknown desired element. 

A2 the absorbance (or emission) of 
the diluted sample solution 
containing "C + a" units of 
the desired element. 

2. The water and the reagents em
ployed in this method do not normally 
contain barium or strontium. 

3. If the sample contains organic 
material, it should be ignited at 800-
9000C for approximately 30 minutes, 
prier to fusion with sodium carbonate 1 • 

4. In the absence of sulphates, 
relatively pure strontianite (SrC03), 
witherite (BaC03), and baryte-calcite 
(BaC03.CaC03) can be decomposed with 
hydrochloric acid, followed by evapora
tion of the solution to dryness to 
remove the excess acid and to dehydrate 
any silica present 1 . Depending upon 
the nature of the sample, calcium, 
magnesium, and either barium or stron
tium can be determined by the standard
addi tions method, as described in the 
subsequent procedure, after dissolution 
of the residue in hot water containing 
several drops of concentrated hydro
chloric acid, and filtration of the 
resulting solution to remove silica. 
If calcium is to be determined in 
baryte-calcite samples, further dilu
tion of the initial sample solution 
will be required. 

5. The fusion shonld be start e <l with 
a low flame which is gradually raised 
to the full heat of the burner. This 
precaution is necessary to prevent loss 
by overflowing. 

6. Complete removal of sulphate ion 
is indicated when the addition of 10 % 
barium chloride solution to the wash
ings, after acidification of the 



washings with hydrochloric acid, no 
longer yields a white precipitate of 
barium sulphate. 

7. If the sample contains only 
small amounts of iron (i.e., ores and 
concentrates), as indicated by the 
bulk and colour of the initial preci
pitate, the subsequent mercury cathode 
separation of iron can be omitted. In 
this case, transfer the solution to a 
250-ml pyrex beaker, evaporate it to 
complete dryness, then proceed as 
described. 

8. For the most accurate determina
tion of the calcium and magnesium 
contents of the reagent blank solution, 
the largest possible aliquot should be 
employed for subsequent measurement 
(Note 9). 

9. The standard-additions method 
cannot be employed to determine the 
calcium and magnesium contents of the 
reagent blank solution. These can be 
determined, in the usual manner, by 
relating the resulting absorbance 
values to those obtained concurrently 
for a blank calibration solution, and 
appropriate standard calcium and mag
nesium solutions of slightly higher 
concentrations, containing an identical 
amount of the 20,000-ppm potassium 
solution. 

10. Barium can be determined by 
atomic-absorption spectrophotometry, 
if desired, but the flame-emission 
method is more sensitive2,8, 

Calculations 

%Ba0 1.116 X % Ba 

%Cao 1.399 X % Ca 

%Mg0 1. 658 X % Mg 

%Sr0 1.183 X % Sr 

%BaS04 1.699 X % Ba 

%CaS04 3.397 X % Ca 

%MgS04 4.950 X % Mg 

%SrS04 2.096 X % Sr 

%BaC03 1. 43 7 X % Ba 

%CaC03 2.497 X % Ca 

%MgC03 3.468 X % Mg 

%SrC03 1. 685 X % Sr 
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Other applications 

This method can be employed to deter
mine barium and strontium in silicate 
rocks and minerals. 
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DETERMINATION OF COPPER, NICKEL, ZINC, COBALT, CADMIUM AND IRON IN 
SULPHIDE MINERALS, ORES AND MILL PRODUCTS 

Princip le 

Copper, n i ckel, zinc, cobal t , cadmium, 
and iron are determined, in a dilute 
nitric acid solution o f t he samp l e, b y 
atomic-absorpt i on spectrophotometry , 
at 324.8, 232.0, 213.9, 240. 7 , 228.8, 
and 248.3 nm, respectively, in an air 
acetylene flame. 

Out li ne 

The sample is decomposed with hydro
chloric, nitric, hydrofluoric, and 
perchloric acids, and the solution is 
evaporated to a paste to remove silica 
and excess acids. The paste is dis
solved in dilute nitric acid, and 
acid-insoluble material is removed by 
filtration. The resulting filtrate is 
analyzed for copper, nickel, zinc, 
cobalt, cadmium and, depending on the 
amount of copper, nickel, and cobalt 
present, for iron. 

To determine iron in samples contain
ing large amounts of copper, nickel, 
and/or cobalt, the sample is decompos
ed with hydrochloric, nitric, and 
perchloric acids. Silica is dehydrat
ed by evaporation and ultimately re
moved by filtration. The acid-in
soluble material is ignited, and 
s ilica is removed b y volatilizati o n as 
silicon tetrafluoride. The resultant 
residue is fused with sodium carbonate, 
and the melt is dissolved in the 
initial filtrate. Iron is precipitat
ed as the hydrous oxide with ammonium 
hydroxide, and separated from copper, 
nickel, cobalt, and various other 
elements (cadmium, zinc, and manganese) 
by filtration. The precipitate is dis
solved in dilute nitric acid, and the 
resulting solution is anal y zed for 
iron. 

Discussion of interferences 

Moderate amounts of cations, anions, 
and nitric acid do not interfere in 
the determination of copper, nickel, 
zinc, cobalt, and cadmium in an air
acetylene flamei. Large amounts of 
iron (1000 ppm or more) slightly en
hance cobalt and nickel absorption, 
but up to apprnximately 2500 ppm do 
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no t interfere in the determination of 
co p per. Copper , nickel, and cobalt 
se r iously depress iron absorption2-4. 
The magnitude of these effects is 
strongly dependent on the flame con
diti ons (i. e ., fuel-to-air ratio, and 
height of the optical path abov e the 
bu rne r), and on the acid or anion pre
sent in the sample solution 2 • Inter
fere nce from the above elements is 
elimi nated by separating iron from these 
e l eme n ts by precipitation as the _ 
hydrous oxide with ammonium hydroxide. 
Small amounts of copper, nickel, and 
cobalt (equal to, or less than the 
a mount of iron present), nitric acid 
at concentrations up to 5% by volume, 
and up t o appr o ximately 5000 ppm of 
c hrom i um, manganese, zinc, cadmium, 
magnesium, and aluminum do not cause 
s ignificant error in the iron result 2 • 

Range 

P r ocedu r e A i s suitable for samples 
c on t ai n ing approximately 0.02 to 5% of 
co pp er , n ickel, zinc, cobalt, cadmium, 
and i r on. Procedure B is suitable for 
sample s containing approximately 0.2 
t o 5 % o f iron. Material containing 
higher c oncentrations of these elements 
can b e analyzed with reasonable accur
acy by b o th procedures. 

Reag e n ts 

Standa r d copper , nickel, zinc, cobalt, 
cadmium, and iron solutions, 1000 ppm. 
Diss o lve 0 .5 0 00 g of high-purity foil 
o r granu l e s of each of the metals by 
h eating gently with 20 ml of 50% nitric 
a c i d. Co o l , and dilute each solution 
to 500 ml with water. Prepare 50-ppm 
s ol utions by diluting 25 ml of each 
s t ock s olu tion to 500 ml with water. 

Sulphuric acid, 50% v/v. 

Ni tric ac id, 20 %, 5%, and 2% v/v. 

Hydrochloric acid wash solution, 
2% v / v . 



Preparation of standard calibration 
solutions 

To an appropriate number of 100-ml 
volumetric flasks, add 2 ml of con
centrated nitric acid; then, depending 
on the element to be determined, add, 
by burette, suitable varying increments 
of the respective dilute standard 50-
ppm solution. Add 2 ml of concentrated 
nitric acid to a separate flask; this 
constitutes the blank calibration solu
tion. Dilute each solution to volume 
with water and mix. 

Procedures 

In these procedures a reagent blank is 
carried along with the samples only if 
small amounts of copper, zinc, and/or 
iron are to be determined (Note 1). 

A - General procedure 

Transfer 0.1-0.5 g of powdered sample 
(Note ·2), depending on the expected 
content of the element or elements to 
be determined, to a 400-ml Teflon 
beaker. Add 10 ml of concentrated 
hydrochloric acid, cover the beaker 
with a Teflon cover, and boil for 
several minutes. Add 10 ml of con
centrated nitric acid, boil until most 
of the sulphid e minerals are decompos
ed, then add 5 ml of concentrated 
hydrofluoric acid and 10 ml of con
centrated perchloric acid. Boil the 
solution for several minutes, remove 
the cover, and evaporate the solution 
to fumes of perchloric acid. Cool, 
wash down the sides of the beaker with 
water, and evaporate the solution to a 
moist paste. Cool, add 3 ml of con
centrated nitric acid and approximate
ly 25 ml of water, and heat to dissolve 
the soluble salts. Add some dry paper 
pulp to the solution, filter it (What
man No. 40 paper) into a 250-ml volu
metric flask, and wash the beaker, 
paper and residue with 40 ml of warm 
5% nitric acid followed by hot water 
(Note 3). Cool the filtrate to room 
temperature, dilute to volume with 
water and mix. 

Measure the copper, nickel, zinc, 
cobalt, cadmium, and/or iron (Note 4) 
absorbances of the resulting blank and 
sample solutions, or suitable aliquots 
diluted to appropriate volumes with 2% 
nitric acid, at 324.8, 232.0, 213.9, 
240.7, 228.8, and 248.3 nm, respectively, 
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in an air-acetylene flame. Determine 
the content of the desired element or 
elements, in the solutions or aliquots, 
by relating the resulting values to 
those obtained concurrently for stan
dard solutions of slightly higher and 
lower concentrations. If necessary, 
(Note 1), correct the final copper, 
zinc, and/or iron results obtained for 
the sample solution by subtracting 
those obtained for the reagent blank 
solution. 

B - Procedure for the determination of 
~- -~ 

iron in samples containing large 
amounts of copper, nickel, and/or 
cobalt 

Transfer 0.1-2.5 g of powdered sample, 
containing at least 5 mg of iron, to a 
400-ml pyrex beaker, add 20 ml of con
centrated hydrochloric acid, cover the 
beaker, and boil for several minutes. 
Add 20 ml of concentrated nitric acid, 
boil until most of the sulphide minerals 
are decomposed, then add 10 ml of con
centrated perchloric acid. Boil the 
solution for several minutes, remove 
the cover, and evaporate the solution 
to a moist paste. Cool, add 10 ml of 
concentrated hydrochloric acid, warm 
gently for several minutes, then add 
approximately 50 ml of water, and heat 
the solution to the boiling point. 
Filter the resulting solution (Whatman 
No. 40 paper) into a 400-ml beaker, 
wash the beaker, paper, and residue 
with warm 2% hydrochloric acid until 
the paper is free of ferric chloride, 
then with hot water (Note 5). 

Transfer the paper and residue to a 
30-ml platinum crucible, burn off the 
paper at a low temperature, and ignite 
at appro ximately 750°C. Cool the 
crucible, and add 1 ml of 50% sulphuric 
acid and 3-5 ml of concentrated hydro
fluoric acid. Heat gently to decompose 
the residue, then evaporate the solu
tion to dryness to remove silica and 
excess sulphuric acid. Fuse the 
residue with 1 g of sodium carbonate 
(or potassium pyrosulphate); cool, and 
transfer the crucible and contents to 
the beaker (covered) containing the 
initial filtrate. When the dissolution 
of the melt is complete, remove the 
crucible after washing it thoroughly 
with hot water, and dilute the result
ing solution to approximately 150 ml 
with water. 



Ne u tralize the solution approximately 
with concentrated ammonium hydroxide 
to precipitate the hydrous oxide of 
iron, add approximately 5 ml in excess 
and boil the solution for several 
minutes to coagulate the precipitate. 
Allow the precipitate to settle, then 
filter the solution (Whatman No. 541 
paper) and wash the beaker, paper, 
and precipitate thoroughly with hot 
water to remove ammonia and ammonium 
salts. Discard the filtrate and wash
ings. Dissolve the precipitate, using 
approximately 40 ml of warm 20% nitric 
acid, and wash the paper thoroughly 
with 40 ml of warm 5% nitric acid 
followed by hot water. Collect the 
resulting solution in the beaker in 
which the precipitation was carried 
out, and discard the paper. Cool the 
filtrate to room temperature, transfer 
it to a 500-ml volumetric flask, 
dilute to volume with water, mix, and 
proceed with the determination of iron 
as described above. 

Notes 

1. The water and the reagents em
ployed do not normally contain nickel, 
cobalt, or cadmium. A reagent blank 
is not necessary if these elements or 
large amounts of copper, zinc, and/or 
iron are to be determined. 

2. This procedure is not applicable 
to molybdenum and tungsten sulphide 
minerals, ores, and mill products. 

3. If the acid-insoluble material 
is suspected to contain any of the 
elements to be determined, proceed as 
follows: 

Transfer the paper and contents to a 
30 - ml platinum crucible, burn off the 
pape r at a low temperatu r e , and ignite 
at ?50°C . Fuse the r esidue with 
approximately 1 g of sodium carbonate , 
cool , and trans f e r the c r ucible and 
contents to a 250 - ml beake r (covered) 
containing 50 ml of water and 2 ml of 
concentr ated nit r ic acid . When the 
dissolution of the melt is complete, 
remo ve the cruc ible after wa s hing it 
thoroughly with wate r, and add the 
solution to the initial solution . 
Afte r dilution o f the combined solu 
tion to volume with water , the result
ing sample solution , o r suitable 
aliquots diluted to appropriate 
volumes with 2% nitric acid , can be 
analyzed for the desired element or 
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elements by the standard- additions 
method to compensate for matrix de
pressant effects resulting from the 
high sodium salt concentration 5 

4. If the copper, ni ckel, and/or 
cobalt contents o f the sample are 
greater than the iron content, Pro
cedure B should be employed for the 
determination of iron. 

5. If only the acid-soluble iron 
content of the sample is req u ired, 
discard the residue, and proceed as 
described. 
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DETERM INATION OF LEAD IN SULPH IDE ORES AND MILL PRODUCTS 

Principl e 

Lead is determined b y atomic-absorp
ti o n spectrophotometry, at 217.0 nm , 
in a s lightly oxidizing air-acet yl ene 
flame, after separation from sulp h ate 
by precipitation as the mixed hydrous 
oxide and carbonate 1 , and subsequent 
conversion to soluble lead nitrate. 

Outline 

Th e sample is decomposed with hydro
ch l oric, nitric, and perchloric acids, 
and acid-soluble lead is ultimately 
precipitated as the hydrous oxide, in 
a slightly ammoniacal medium, by occlu
sion with hydrous ferric oxide. Acid
insoluble lead sulphate, initially 
present in the sample, and/or formed 
during the decomposition procedure, is 
converted to lead carbonate by the 
subsequent addition of ammonium car
bonate. Lead is separated from the 
resultant ammonium sulphate by filtra
tion of the mixed hydrous oxide-lead 
carbonate precipitate. The precipit
ate is dissolved in nitric acid and 
insoluble material is removed by 
filtration. The resulting filtrate is 
analyzed for lead. 

Discussion of interferences 

Moderate amounts of cations and anions, 
with the exception of those that form 
insoluble lead compounds (e.g., sul
phate), do not interfere in the deter
mination of lead in an air-acetylene 
flame 2 • 

Range 

The method is suitable for samples 
containing approximately 0.02 to 10 % 
of lead, but material containin p, high
er concentrations can also be analyzed 
with reasonable accuracy. 

Reagents 

Standa r d lead solution, 1000 ppm. 
Dissolve 0.5000 g of pure lead foil by 
heating gently with 20 ml of 50% nitric 
acid. Cool, and dilute to 500 ml with 
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wa t er. Prepare a 100-ppm solution by 
diluting 25 ml of this stock solution 
to 250 ml with water. 

Iron (III) solution, 3% w/v. 
Dis s olve 3 g of high-purity iron metal 
(lead-free) in 20 ml of concentrated 
hyd r ochloric acid, add several drops 
of co n centrated nitric acid to oxidize 
an y ferr o us iron present, cool, and 
d i lu t e the solution t o 100 ml with 
water. 

Ammonium carbonate solution, 
saturated . 

Nitric acid wash solution, 10 % v/v. 

Prepa r ati on of standard calibration 
solutions 

To a n ap p r opriate number of 100-ml 
volume t ric f l a s ks, add 2 ml of con
centrated n i tr ic acid; then, by burette, 
add s ui t a b l e varying increments of the 
d i lute s t andard 100-ppm lead solution. 
Dilute ea ch solution to volume with 
wat er a nd mix. 

Pro c e dure 

Tr a n sfer 0 . 1-0.5 g of powdered sample, 
containin g up to approximately 10 mg 
o f l e ad (Note 1), to a 400-ml beaker, 
add 10 ml of concentrated hydrochloric 
acid, c a v e r the beaker, and bail for 
sever a l mi n utes. Add 10 ml of concen
trated n itric acid, bail until most of 
the s ul p hide minerals are decomposed, 
the n a dd 1 0 ml of concentrated per
chlori c acid . Boil the solution for 
se v e r al minutes, remove the caver, and 
a l low t h e so l ution to evaporate to a 
past e . Add 10 ml of concentrated 
n i tri c acid and app r oximately 20 ml of 
wa t e r, a n d heat to dissolve the soluble 
salts ( Note 2). 

Dilut e t h e sol u tion to a p proximately 
150 ml wit h water and, if necessary, 
add suf fi cien t 3% i ro n (III) solution 
s o t h a t t he iron content of the solu
t i o n is at least 20 times that of the 
l e ad . Add sufficient concentrated 
ammon i um hydroxide t o precipitate 
h y dr ous f erric oxide, then add several 



drops in excess, followed by 15 ml of 
saturated ammonium carbonate solution. 
Boil the resulting solution for several 
minutes to coagulate the precipitate, 
then filter the solution (Whatman No. 
541 paper), and wash the beaker, paper, 
and precipitate thoroughly with hot 
water. Discard the filtrate and 
washings. 

Using a jet of hot water, transfer the 
bulk of the precipitate to the original 
beaker, add 10 ml of concentrated 
nitric acid, and heat gently to dis
solve the precipitate. Filter the 
solution through the original filter 
paper into a volumetric flask of appro
priate size (200-1000 ml), and wash 
the paper and residue alternately with 
warm 10% nitric acid and hot water. 
Discard the paper and residue. Cool 
the filtrate to room temperature, 
dilute to volume with water and mix. 

Measure the absorbance of the result
ing splution, or a suitable aliquot 
diluted to an appr~priate volume with 
water, at 217.0 nm, iri a slightly 
oxidizing· air-acetylene flame. Deter
mine the lead content of the soluti~n 
or aliquot by relating the resulting 
value to those obtained concurrently 
for standard lead solutions of slight
ly higher and lower concentrations. 

Notes 

1. Samples containing more than 
approximately 10 mg of lead are not 
recommended because of the bulkiness 
of the subsequent mixed hydrous oxide
lead carbonate precipitate. 

2. Any insoluble material (i.e., 
silicates) that is present at this 
stage may be ignored because it is 
removed by filtration during the 
subsequent procedure. 
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DETERMINATION Of LllHIUM IN LITHIUM ORES AND MILL PRODUCTS, AC ID-SOLUBLE 
SILICATE ROCKS AND MINERALS, QUARTZITE, SANDSTONE, SILICA SAND, CLAY, AND 
SHALE BY lHE BASIC LEAD CARBONATE METHOD 

Principle 

This method 1 is a modification of that 
developed by Ellestad and Horstman 2 , 
and involves the separation of certain 
matrix elements from lithium by pre
cipitation with basic lead carbonate 
from a dilute sulphuric acid medium. 
Lithium is determined either by atomic
absorption spectrophotometry or by 
emission flame-photometry, at 670.8 
nm, in a slightly oxidizing air
acetylene flame. 

Outline 

The sample is decomposed with per
chloric, hydrochloric, hydrofluoric, 
and sulphuric acids, and the solution 
is evaporated to dryness to remove 
silica and excess acids. The salts 
are dissolved in dilute sulphuric 
acid, and iron, aluminum, calcium, 
and phosphate are precipitated by the 
addition of solid basic lead carbon
ate, and separated from lithium by 
filtration. The resulting filtrate 
is ultimately analyzed for lithium. 

Discussion of interferences 

Matrix elements, which suppress 
lithium absorption3, and particularly 
lithium emission 1 • 2 , if present in 
large amounts, are separated from 
lithium by precipitation with basic 
lead carbonate. Sodium, potassium, 
and magnesium are not separated from 
lithium by this procedure, but up to 
approximately 500 ppm of these ele
ments do not interfere in the deter
mination of lithium by atomic-absorp
tion spectrophotometry3• 4 • 

Radiation or ionization interference 
from sodium and potassium, in the 
determination of lithium by emission 
flame-photometry, is minimized by the 
addition of identical amounts of a 
solution of high sodium and potassium 
content to both the sample and the 
standard lithium calibration solu
tions1. Up to . approximately 400 ppm 
of magnesium do not interfere in the 
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determination of lithium by emission 
flame-photometry 2 • 

Range 

The method is suitable for samples con
taining more than approximately 0.001% 
of lithium. 

Reagents 

Standard lithium solution, 1000 ppm. 
Transfer 2.6621 g of lithium carbonate 
(dried at 125°C for 1-2 hours) (Note 1) 
to a 400-ml beaker, add approximately 
200 ml of water, then cover the beaker 
and add 6.5 ml of concentrated hydro
chloric acid in small portions. When 
the decomposition of the carbonate is 
complete, boil the solution gently to 
expel carbon dioxide, cool to room 
temperature, transfer to a 500-ml volu
metric flask, and dilute to volume with 
water. Prepare a 100-ppm solution by 
diluting 50 ml of this stock solution 
to 500 ml with water. 

Radiation buffer solution, 25,000 ppm 
of sodium and potassium. Dissolve 
31.8 g of sodium chloride and 23.9 g of 
potassium chloride in water, and dilute 
to 500 ml (Note 2). 

Methyl red indicator solution, 0.1% w/v 
in ethyl alcohol . Store in a dropping 
bottle. 

Sulphuric acid, 50% and 10% v/v . 

Preparation of standard calibration 
solutions 

To an appropriate number of 100-ml 
volumetric flasks, add, by burette, 
suitable varying increments of the 
dilute standard 100-ppm lithium solu
tion. If lithium is to be determined 
by emission flame-photometry, add 2 ml 
of radiation buffer solution to each 
flask, and to a separate 100-ml flask; 
this constitutes the blank calibration 
solution. Dilute each solution to 
volume with water and mix. 



Procedure 

Transfe r 0.2-0.5 g of powdered sample, 
depending on the expected lithium 
content, to a 100-ml platinum dish, 
add 5 ml of concentrated perchloric 
acid (Note 3), mix, and evaporate the 
mixture to dryness . Add 5 ml each of 
50% sulphuric acid and concentrated 
hydrochloric and hydrofluoric acids , 
and evaporate the solution to fumes 
of sulphur trioxide. Cool, add 5 ml 
each of water and concentrated hydro
fluoric and hydrochloric acids. 
Evaporate the solution to fumes again 
and, if necessary, repeat the addition 
of water and the above acids and the 
subsequent evaporation to fumes until 
the decomposition of the sample is 
complete. Cool, wash down the sides 
of the dish with water, and evaporate 
the solution to complete dryness. Cool, 
add approximately 25 ml of water and 
1 ml of 10% sulphuric acid ( Note 4), 
and heat gently to dissolve the salts. 
Transfer the solution to a 250-ml 
beaker, dilute to approximately 75 ml 
with water, and add several drops of 
0.1% methyl red solution. Cover the 
beaker, heat the solution to the boil
ing point, and add solid basic lead 
carbonate, in small portions, until 
the solution is alkaline to methyl 
red (i.e., lemon-yellow in colour). 
Boil the resulting solution for 
several minutes, filter it (Whatman No. 
42 paper) into a 250-ml beaker, and 
wash the beaker, paper, and precipi
tate thoroughly with hot water. Add 
5 ml of 50% sulphuric acid to the 
filtrate to precipitate any remaining 
lead, and evaporate the solution to 
dryness (Note 5). Cool, wash down 
the sides of the beaker with water, 
and again evaporate the solution to 
dryness. Add approximately 25 ml of 
water to the residue, boil the solu
tion for about 5 minutes, filter it 
(Whatman No. 42 paper) into a volu
metric flask of appropriate size 
(100-1000 ml) (Note 6), dilute to 
volume with water and mix. 

If lithium is to be determined by 
atomic-absorption spectrophotometry , 
measure the absorbance of the result
ing solution, or a suitable aliquot 
diluted to an appropriate volume with 
water, at 670.8 nm, in a slightly 
oxidizing air-acetylene flame. Deter
mine the lithium content of the solu
tion or aliquot by relating the result-
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ing value to those obtained concurr 
ently for standard lithium solutions 
of slightly higher and lower concentra
tions. 

If lithium is to be determined by 
emission flame-photometry, transfer 
a 5-50-ml aliquot of the solution to 
a 100-ml volumetric flask, add 2 ml of 
radiation buffer solution (Note 7), 
dilute to volume with water and mix. 
Measure the emission of the solution, 
at 670.8 nm, in an air-acetylene flame, 
and determine the lithium content of 
the aliquot as described above, but by 
comparison with emission values ob
tained for standard lithium solutions 
containing an identical amount of 
radiation buffer solution. 

Notes 

1. If lithium carbonate is not 
available, the standard solution can 
be prepared by dissolving 4.6095 g of 
lithium sulphate monohydrate (Li 2 S04• 
H20) in water, and diluting the solu
tion to 500 ml. 

2. The radiation buffer solution is 
not required if lithium is to be de·
termined by atomic-absorption spectro
photometry. 

3. If the sample contains carbon
ates, moisten it with approximately 
10 ml of water, cover, and add the 
perchloric acid in small portions. 
When the decomposition of the car
bonates is complete, proceed as 
described. 

4. If the sample contains an 
appreciable amount of phosphate (e.g., 
amblygonite), add 5 ml of 10% sul
phuric acid at this stage to ensure 
the complete dissolution of lithium 
phosphate. After dilution of the 
solution and addition of methyl red, 
neutralize the solution approximately 
with concentrated ammonium hydr ox ide, 
then add 1 ml of 10 % sulphuric acid 
and proceed as described. 

5. If ammonium hydroxide has been 
employed to neutralize excess acid 
(Note 4), evaporate the solution to 
approximately 50 ml, then cover, and 
add 15 ml of concentrated nitric aci d 
and 5 ml of concentrated hydrochloric 
acid to decompose the resultant 
ammonium salts, prior to evaporati on 
of the solution to dryness. 



6. If the lithium content of the 
sample is expected to be very low, 
and lithium is to be determined by 
emission flame-photometry, filter the 
sample solution into a 100-ml volu
metric flask, add 2 ml of radiation 
buffer solution , dilute to volume with 
water, and proceed as described. 

7. Alternatively, compensation can 
be made for ionization interference 
from sodium and potassium by deter
mining the approximate sodium and 
potassium contents of the final or 
diluted sample solution, and then 
adding the equivalent amounts to the 
lithium calibration solutions 2 • 

Calculations 

2.153 X% Li 

Other applications 

This method can be employed to deter
mine lithium in glass and ceramic 
materials (e.g., flint clay and fire
brick). 
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DETERMINATION OF MANGANESE IN IRON ORES AND MI LL PRODUCTS 

Principle 

Manganes e is determined, in a dilute 
perchloric acid solution of the sample, 
by atomic-absorption spectrophotometry, 
at 279.5 nm, in a slightly oxidizin g 
air-acetylene flame. 

Outline 

The sample is decomposed with hydro
chloric, nitric, hydrofluoric, and 
perchloric acids. The solution is 
evaporated to fumes of perchloric a c id 
to remove silica and excess hydro
fluoric acid, and diluted with water. 
The resulting solution is analyzed for 
manganese. 

Discussion of interferences 

Up to at least 1500 ppm of iron, 
3000 ppm of calcium and potassium, 
1000 ppm of sodium and magnesium, 
500 ppm of phosphorus, and moderate 
amounts of other elements that may be 
present in iron ores and mill products 
(e.g., titanium, chromium, vanadium, 
and aluminum) do not interfere in the 
determination of manganese in an air
acetylene flame 1 - 3 . Perchloric acid, 
at concentrations up to approximatel y 
10 % by volume, does not cause signifi
cant error in the manganese result 
when the absorbance is measured in a 
lean air-acetylene flame, usin g a 
single-slot burner 4 • 

The method is suitable for samples 
containing approximately 0.01 to 10 % 
of manganese. 

Reagents 

Standa r d manganese solution . 500 ppm. 
Transfer 0.5000 g of high-purity man
ganese metal to a 400-ml beaker, cover 
the beaker, add a ppr nx imat ely 30 ml of 
water and 10 ml of concentrated nitric 
acid, and heat gently until the de
composition of the metal is complete . 
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Remove the cover, add 10 ml of concen
trated perchloric acid, and evaporate 
the solution to fumes of perchloric 
acid. Cool, wash down the sicles of 
th e beaker with water, and again eva-
po rate the solution to fumes. Add 
approximately 25 ml of water, then add 
sufficient 3% hydrogen peroxide, by 
drops, to dissolve any manganese 
dioxide that may have separated during 
evaporation of the solution to fumes 
of perchloric acid, and boil the solu
tion for approximately 5 minutes to 
remove excess hydrogen peroxide. Cool, 
transfer the resulting solution to a 
1-litre volumetric flask, dilute to 
volume with water and mix. Prepare a 
50-ppm solution by diluting 20 ml of 
this stock solution to 200 ml with 
water. 

Hydrogen peroxide, 3% w/v. 
Dilute 10 ml of 30% hydrogen peroxide 
to 100 ml with water. 

Preparation of standard calibration 
solutions 

To an appropriate number of 100-ml 
volumetric flasks, add, by burette, 
suitable varyjng increments of the 
dilute standard 50-ppm manganese 
solution. Dilute each solutjon to 
volume with water and mix. 

Procedure 

Transfer 0 .5 g of powdered sample to 
a 400-ml Teflon beaker, add 15 ml of 
c oncentrated hydrochloric acid, cover 
with a Teflon cover, and heat gently, 
wi thout boiling, for approximately 
30 minut es . Remove the caver, add 
15 ml of water, 10 ml of concentrated 
perchloric acid, and 5 ml each of 
concentrat ed nitric and hydrofluoric 
acids, and evaporate the solution to 
fumes of perchloric acid. Cool, wash 
down th e sides of the beaker with 
wa t e r, and evaporate the solution 
until approximately 5 rr.l of perchloric 
acid remain. Add approximately 50 ml 
of water, an d heat gently to dissolve 
the salts (Notes 1 and 2). Trans fer 



the solution to a volumetric f lask of 
appropriate size (250-1000 ml), de
pending on the expected manganese 
content, dilute to volume with water 
(Note 3) and mix. 

Measure the absorbance of the result
ing solution, or a suitable aliquot 
diluted to an appropriate volume with 
water, at 279.5 nm, in a slightly 
oxidizing air-acetylene flame. De
termine the manganese content of the 
solution or aliquot by relating the 
resulting value to those obtained 
concurrently for standard manganese 
solutions of slightly higher and 
lower concentrations. 

Notes 

1. If some manganese bas separated 
as manganese dioxide at this stage, 
add 2-3 drops of 3% hydrogen peroxide 
to dissolve the brown dioxide, then 
bail . the solution for approximately 
5 minutes to remove excess hydrogen 
peroxide. 

2. If any acid-insoluble material 
is present, it should be removed by 
filtration, ignited at about 750°C in 
a platinum crucible,and fused with 
approximately 0.5 g of sodium carbon
ate. The resultant cooled melt should 
be dissolved in the initial solution. 

3. If the sample contains an appre
ciable amount of titanium, any insolu
ble titanium compounds that are formed 
by hydrolysis during dilution of the 
sample solution can be removed by 
filtering a suitable portion of the 
solution through a dry filter paper 
(Whatman No. 42). 

Calculations 

%Mn0 1. 291 x % Mn 

Other applications 

This me thod can be emrloyed to deter
mine manganese in silicate rocks and 
minerals, glass and, probably, in 
steel. 

2fi 
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DETERMINATION OF POTASSIUM AND SODIUM IN AC ID-SOLUBLE SILICATE ROCKS AND 
MINERALS, CLAY, SHALE, AND IRON, COPPER, NICKEL, TITANIUM, MOLYBDENUM, 
N IOB 1 UM AND TANTALUM ORES AND MILL PRODUCTS BY THE RADIATION BUFFER METHOD 

Principle 

Potassium and sodium are determined, 
either by atomic-absorption spectro
photometry or by emission f lame-photo
met ry, at 589.0 and 766.5 nm, respect
ively, in a slightly oxidizing air
acetylene flame, after the addition of 
a solution of high iron, aluminum, 
calcium, and magnesium contents to 
both the sample and the standard 
calibration solutions 1 • 

Outline 

Silicate rocks and minerals, clay, and 
shale, are decomposed with perchloric, 
hydrochloric, hydrofluoric, and sul
phuric acids, and the solution is 
evaporated to dryness to remove silica 
and excess acids. The salts are dis
solved in dilute hydrochloric acid, 
and insoluble material is removed by 
filtration. The resulting filtrate is 
analyzed for sodium and potassium. 

Iron, copper, and nickel ores and mill 
products are decomposed with hydro
chloric, nitric, hydrofluoric, and 
sulphuric acids. The solution is 
evaporated to fumes of sulphur trioxide 
to remove silica and hydrofluoric acid, 
and iron, copper, and nickel are 
ultimately separated from sodium and 
potassium by a mercury cathode separa
tion. Titanium, molybdenum, niobium, 
and tantalum ores and mill products 
are decomposed in a similar manner. 
Titanium and molybdenum are separated 
by chloroform extraction of their cup
ferron complexes, and niobium and 
tantalum are separated by hydrolytic 
precipitation of their hydrous oxides. 
The resulting solutions are ultimately 
analyzed for sodium and potassium. 

Discussion of interferences 

Interference from matrix elements 
(iron, aluminum, calcium, and magne
sium) that are norn:a~_ ly present in 
silicate rocks, ores, and other 
~aterials, and which, if present in 
large amounts, usually suppress both 
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sodium and potassium emission and ab
sorption 1•2, is minimized by the addi
tion of identical amounts of a solution 
of high iron, aluminum, calcium, and 
magnesium contents to both the sample 
and the standard sodium and potassium 
calibration solutions. Similar inter
ference from other matrix elements 
(e.g.', iron, copper, nickel, titanium, 
molybdenum, niobium, and tantalum), 
present in ore and mill product samples, 
is avoided by separating these elements 
from sodium and potassium by the pro
cedures described under "Outline"l. 

Ionization interference from lithium, 
rubidium, and cesium, and mutual ion
ization interference from potassium in 
the determination of sodium and vice 
versal, 3 -s, is compensated for by add
ing the approximate amounts of these 
elements, present in the final sample 
solution, to the standard calibration 
solutions. 

Range 

The method is suitable for samples 
containing more than approximately 
0.01 % of sodium and/or potassium. 

Re agents 

Standa~d sodium solution, 1000 ppm. 
Dissolve 1.2709 g of sodium chloride 
(dried at 125°C for 1-2 heurs) in 
water, and dilute to 500 ml. Dilute 
50 ml of this stock solution to 500 ml 
with water. Store both the stock and 
the diluted 100-ppm solution in poly
ethylene bottles (Note 1). 

Standard potassium solution, 1000 ppm. 
Dissolve 0.9534 g of potassium chloride 
(dried , at 125°C for 1-2 hours) in 
water, and dilute to 500 ml. Prepare 
a 100-ppm solution as described above, 
and store both the stock and the dilut
ed solution in polyethylene bottles. 

Standard sodium and potassium solution, 
100 ppm. Transfer 50-ml aliquots of 
both the sodium and potassium stock 
solutions to a 500-ml volumetric flask, 



dilute to volume with water, and store 
in a polyethylene bottle. 

Radiation buffer solution . 
Dissolve 86.9 g of aluminum nitrate 
nonahydrate [Al (N03) 3 • 9H20], 22.6 g 
of ferric nitrate nonahydrate 
[Fe (N0 3) 3 • 9H 20], and 22.6 g of 
magnesium chloride hexahydrate 
(MgC l 2 · 6H 2 0) in approximately 150 ml 
of water (Note 2). Transfer 7.8 g of 
calcium carbo nate to a 400-ml beaker, 
add approx imately 200 ml of water, 
then cover the beaker and add 18 ml of 
concentrated hydrochloric acid in 
small portions. When the decomposi
tion of the carbonate is complete, 
boil the sol ution gently to expel car
bon dioxide, and cool to room temp
erature . Fil ter both solutions 
(What man No . 541 paper) into a 500-ml 
volume tric flask, dilute to volume 
with water , mix, and store in a poly
ethy lene bottle. 

Cupfer r on solution , 9 % w/v. 
Prepa re fresh as required, and filter 
the solution , if necessary. 

Sulphu r ic acid , 50% v/v. 
Store in a polyethylene bottle. 

Chloroform . Analytical reagent-grade. 

Preparation of standard calibration 
so lutions 

To a n appropriate number of 100-ml 
volu me tric flasks, add 4 ml of the 
radiation buffer solution; then, oy 
burette , add suitable increments of 
the dilute standard 100-ppm sodium 
and potassium so lutions, or the com
bine d solution , depending on the 
approx imate sodium and potassium 
conten ts of the sample solution to be 
ana l yzed (Note 3). Add 4 ml of the 
radiation buffer solution to a 
separate flask; this constitutes the 
blank calibratio n solution. Dilute 
each solution to volume with water 
and mix (Note 4). Prepare fresh as 
required (Note 5). 

Procedures 

In these procedures a reagent blank is 
ca rried along with the samples. 
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A - Silicate rocks and minerals, ~ 
and shale 

Transfer 0.25-0. 5 g of powdered sample 
(Note 6), depend ing o n the expected 
sodium and potassium contents, to a 
100-ml platinum dish (Note 7), add 
5 ml of concentrated perchloric acid 
(Note 8), mix, and evaporate the mix
ture to dryness. Add 5 ml each of 50% 
sulphuri c acid and concentrated hydro
chloric and hydro f luoric acids, and 
evaporate the solution to fumes of 
sulphur trioxide. Cool , add 5 ml each 
of water and concentrated hydrofluoric 
and hydrochlor i c acids. Evaporate the 
solution to fumes again and, if necess
ary, repeat the addit ion of water and 
the above acids and the subs equent 
evaporation to fumes until the decom
position of the sample is complete. 
Cool, wash down the sicles of the dish 
with water, and evaporate the solution 
to complete dryness. Cool, add appro
ximately 25 ml of water and 3 drops of 
concentrated hydrochloric acid (Note 
9), and heat ge ntly until the solution 
becomes clear. Tran sfer the resulting 
solution (Note 7) to a 400-ml b eaker, 
filter it (Whatman No. 40 paper) (Note 
10) into a 250-ml volumetric flask , 
dilute to volume with water and mix 
(Notes 11 and 12). 

Transfer 5-50- ml aliquots of the sample 
solution, and a 50-ml aliquot of the 
blank so luti on (Note 13) to separate 
100-ml volumetri c flasks. Add 4 ml of 
radiation buff e r solution, dilute to 
volume with water and mix. Measure 
the sodium and potas si um absorbances 
or emissions of th e resulting solu
tions, at 589.0 and 766 . 5 nm, res
pectively, in a slightl y oxidizing 
air-acetylene flame. Determine the 
sodium a nd potassium c ontents of the 
bl ank and sample aliquots by relating 
the re sulti n g values to those obtained 
concurrently for standard sodium and 
potassium solutions of slightly higher 
and lower concentrations ( Notes 3 and 
14). Correct th e final sodium and 
potassium r esults obtained for the 
sample solution by subt r acting those 
obtained for the r eagent blank solu
tion. 



B - Iron, copper, and nickel ores and 
mill products 

Transfer 0.25-0.5 g of powdered sample, 
depending on the expected sodium and 
potassium contents, to a 250-ml Teflon 
beaker, and add 12 ml of 50% sulphuric 
acid and 5 ml each of concentrated 
hydrochloric, nitric, and hydrofluoric 
acids. Caver the beaker with a Teflon 
caver, heat gently for approximately 
15 minutes, then remove the caver and 
evaporate the solution to fumes of 
sulphur trioxide. Cool, add 5 ml each 
of water and concentrated hydrochloric, 
nitric, and hydrofluoric acids. Eva
porate the solution to fumes again 
and, if necessary, repeat the addition 
of water and the above acids and the 
subsequent evaporation to fumes until 
the decomposition of the sample is 
complete. Cool, wash down the sides 
of the beaker with water, and again 
evaporate the solution to fumes. 
Repeat the washing and evaporation 
steps two more times to ensure the 
complete removal of hydrof luoric acid. 
Cool, add approximately 50 ml of water, 
and heat gently until the solution 
becomes clear. 

Transfer the solution to a mercury 
cathode cell, dilute to about 250 ml 
with water, and electrolyze the solu
tion for 1 hour at approximately 10 
amperes. Filter the electrolyte 
(Whatman No. 541 paper) into a 400-ml 
pyrex beaker, evaporate it to complete 
dryness, then add approximately 50 ml 
of water and 3 drops of concentrated 
hydrochloric acid, and heat gently to 
dissolve the salts. Filter the result
ing solution (Whatman No. 40 paper) 
into a 250-ml volumetric flask, dilute 
to volume with water, mix, and proceed 
with the determination of sodium and 
potassium as described above. 

C - Titanium and molybdenum ores 
and mill products 

Decompose 0.25-0.5 g of sample by the 
method described in Procedure B, using 
22 ml of 50% sulphuric acid rather 
than 12 ml. Evaporate the solution to 
fumes of sulphur trioxide 3 or 4 times 
to ensure the complete removal of 
hydrofluoric acid, then add approxi
mately 50 ml of water, and heat gently 
until the solution is clear (Note 15). 
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Transfer the resulting solution to a 
500-ml separatory funnel, dilute to 
approximately 100 ml with water, and 
cool to about 10°C in an ice-bath. 
Add sufficient cold 9% cupferron solu
tion (Note 16) to precipitate iron (if 
present), and titanium or molybdenum, 
then mix, stopper, and extract the 
cupferrates by repeated shaking, for 
1 minute each time, with two 50-ml and 
then three or more 25-ml portions of 
chloroform until the organic layer is 
colourless (Note 17). Discard each 
extract. 

Transf er the aqueous phase to a 400-ml 
pyrex beaker, warm gently to remove 
the residual chloroform, then evaporate 
the solution to approximately 50 ml. 
Caver the beaker, add 10 ml each of 
concentrated nitric and hydrochloric 
acids, and bail the solution for 20-
30 minutes to destroy organic material. 
Cool, remove the caver, and evaporate 
the solution to fumes of sulphur tri
oxide. If organic material is still 
present, repeat the treatment with 
nitric and hydrochloric acids, then 
evaporate the solution to complete 
dryness. Add approximately 50 ml of 
water and 3 drops of concentrated 
hydrochloric acid, and heat gently to 
dissolve the salts. Filter the solu
tion into a 250-ml volumetric flask, 
dilute to volume with water, and pro
ceed with the determination of sodium 
and potassium as described in Pro
cedure A. 

D - Niobium and tantalum minerals, 
ores and mill products 

Decompose 0.1-0.2 g of oowdered sample 
(Note 18) by the method described in 
Procedure B (Note 19), using a 400-ml 
Teflon beaker. After complete removal 
of hydrofluoric acid, evaporate the 
solution until approximately 2-3 ml of 
sulphuric acid remain (Note 20). Cool, 
add about 200 ml of water, cover the 
beaker, and bail the solution for 
approximately 30 minutes to precipitate 
the hydrous oxides of niobium and/or 
tantalum. Filter the hot solution 
(Whatman No. 42 paper) into a 400-ml 
pyrex beaker, and wash the beaker, 
paper, and precipitate thoroughly with 
hot water (Note 21). Discard the paper 
and precipitate. Evaporate (Note 22) 
the filtrate to complete dryness, add 
about 30 ml of water and 2 drops of 
concentrated hydrochloric acid, and 



heat to dissolve the salts. Filter 
the resulting solution into a 100-ml 
volumetric flask, dilute to volume 
with water, and proceed with the de
termination of sodium and potassium 
as described in Procedure A. 

Notes 

1. Standard solutions of sodium and 
potassium, and other solutions em
ployed in this method should be stored 
in polyethylene bottles to avoid con
tamination of the solution by alkali 
metals, particularly sodium, from 
glass containers. 

2. Reagents with high sodium and 
potassium contents should not be em
ployed for the preparation of the 
radiation buffer solution. 

3. Because sodium interferes in the 
determination of potassium and vice 
versa, both by atomic-absorption 
spectrophotometry and, particularly by 
emission flame-photometry, especially 
in high-temperature flames, standard 
calibration solutions containing equal 
amounts of sodium and potassium should 
be employed only for the analysis of 
samples that also contain approximate
ly equal amounts (±5 ppm) of both 
elements. For accurate analysis, a 
prior estimate of the sodium and 
potassium contents of the final dilut 
ed sample solution should be made , 
using appropriate standard solutions 
containing radiation buffer solution 
and equal amounts of sodium and potas
sium. Subsequently, suitable standard 
solutions, in which the equivalent 
amount of potassium present in the 
diluted sample solution is added to 
the standard sodium solutions and vice 
versa, should be prepared (using the 
dilute standard sodium and potassium 
solutions) and employed for the analy
sis of the sample solution. 

4. The approximate concentrations 
of the radiation buffer elements in 
the resulting solutions are 500 ppm of 
aluminum, and 250 ppm each of iron, 
calcium, and magnesium. 

5. The standard solutions should be 
prepared fresh daily because hydroly
sis of iron and aluminum, and con
tamination of the solutions by alkali 
metals in the glass occurs on standing . 
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6. This procedure is applicable to 
all acid-soluble silicate materials 
(e.g., granite, feldspar, mica, quartz
ite, sandstone, silica sand, spodumene, 
lepidolite, chlorite schist, serpentin
ite, and nepheline syenite) except 
those with high phosphorus contents. 
Samples containing large amounts of 
phosphorus (e.g., phosphate rock) can 
be analyzed by the modified J. 
Lawrence Smith Method (p 33). Pollucite 
can also be analyzed by Procedure A, 
provided the rubidium and cesium con
tents are known and exact additions of 
these elements are made to the standard 
calibration solutions 1 • 

7. To avoid contamination of the 
subsequent sample solution with sodium 
from the hands, the platinum dish 
should be handled at all stages with 
clean, preferably platinum, tongs. 

8. If the sample contains carbonates, 
moisten it with approximately 10 ml of 
water, cover, and add the perchloric 
acid in small portions. When the 
decomposition of the carbonates is 
complete, proceed as described. 

9. The acid concentration of the 
sample solution should be minimal be
cause large amounts of acid suppress 
sodium and potassium absorption and 
emission 1 • 3 • 

10. Filtration of the sample solution 
is recommended to ensure the complete 
removal of trace amounts of solid 
material that may clog the atomizer 
tube during the subsequent analysis. 

11. The resulting solution should 
preferably be analyzed for sodium and 
potassium on the same day that it is 
prepared, to avoid contamination of 
the solution by alkali metals in the 
glass (Note 5). If a delay is nec
essary, transfer the solution to a 
polyethylene bottle. 

12. The sample solution eau be used 
for the determination of calcium and 
magnesium by atomic-absorption 
spectrophotometry (p 3), and also for 
the determination of lithium, either 
by the above method or by emission 
flame-photometry, after prior separa
tion of the matrix elements from a 
suitable aliquot (100 ml) of the solu
tion by the basic lead carbonate 
procedure (p 21). 



13. For the most accurate determina
tion of the sodium and potassium con
tents of the reagent blank solution, 
the largest possible aliquot of the 
solution (or the initial solution 
after the addition of 10 ml of radia
tion buffer solution and dilution to 
volume) should be employed for subse
quent measurement. 

14. If the sample contains moderate 
amounts of lithium (i.e., greater than 
the sodium or potassium content) or 
rubidium and/or cesium, equivalent 
amounts of these elements must be 
added to the standard calibration 
solutions. 

15. If the sample is a wulfenite ore 
or mill product, any lead sulphate 
that is present at this stage can be 
removed by filtering the solution into 
the separatory funnel. 

16. Approximately 2-2.5 ml of 9% 
cupferron solution are usually suffi
cient for the complexation of 10 mg of 
metal ion. To test for completeness 
of precipitation, extract the solution 
twice with chloroform, then add 1-2 ml 
of cupferron solution. Complete pre
cipitation is indicated by a transient 
white precipitate resulting from the 
presence of excess cupferron. 

17. The cupferron-chloroform extrac
tion procedure can also be used for 
the separation of large amounts of 
iron from solutions of iron ores and 
mill products. However, Procedure B 
is recommended for the analysis of 
these materials because the mercury 
cathode separation procedure yields a 
considerably lower reagent blank than 
the cupferron-chloroform extraction 
procedure. 

18. The decomposition of a small 
amount of sample is recommended be
cause filtration of large amounts of 
the hydrous oxides of niobium and 
tantalum is slow. 

19. Repeated treatment of the sample 
with hydrochloric, nitric, and hydro
fluoric acids may be required to ob
tain complete decomposition. 

20. If the sample solution has been 
inadvertently evaporated to dryness, 
add 1-2 ml of concentrated hydro
fluoric acid and 6-7 ml of 50% sul
phuric acid. Evaporate the solution 
to fumes of sulphur trioxide 3 or 4 
times to ensure the complete removal 
of hydrofluoric acid, then proceed as 
described. 
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21. Peptization of the hydrous oxides 
occurs if the solution is allowed to 
cool appreciably during filtration, or 
if the precipitate is washed with cold 
water. 

22. If the initial precipitation of 
niobium and tantalum was incomplete, 
and more hydrolysis occurs during eva
pora tion of the filtrate, re-filter 
the solution, then proceed as described. 

Calculations 

Other applications 

1.348 x % Na 

1. 205 X % K 

The method described in Procedure A 
can be employed to determine sodium 
and potassium in ceramic materials 
(e.g., flint clay, and firebrick), 
glass, asbestes, cryolite, and coal 
and wood ash. The method described in 
Procedure D is applicable to alkali 
fluo- and chloro-titanates 1 • 
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DETERMINATION OF POTASSIUM AND SODIUM IN REFRACTORY AND AC ID-SOLUBLE 
SILICATE ROCKS AND MINERALS, CARBONATE ROCKS, CLAY, SHALE, PHOSPHATE 
ROCK, KYANITE, AND BAUXITE BY A MODIFIED J. LAWRENCE SMlll-1 MEll-IOD 

Principle 

This method 1 is a modification of that 
developed by Biffen 2 , and involves 
sample decomposition by the J. Lawrence 
Smith Method. Potassium and sodium 
are determined, either by atomic
absorption spectrophotometry or by 
emission flame-photometry, at 589.0 
and 766.5 nm, respectively, in a 
slightly oxidizing air-acetylene flame, 
after the extraction of their chlorides 
from the resultant sinter with water. 

Outline 

The sample is heated with a dry mix
ture of calcium carbonate and ammonium 
chloride to convert sodium and potas
sium to soluble chlorides. The sin
tered mass is digested with hot water, 
and the resultant calcium oxide, and 
various matrix elements (silicon, 
aluminum, iron, magnesium, beryllium, 
titanium, manganese, barium, and 
phosphate) that are retained in the 
precipitate in the form of insoluble 
oxides and complex silicates and alu
minates, are removed by filtration. 
The resulting filtrate is ultimately 
analyzed for sodium and potassium. 

Discussion of interferences 

Lithium, rubidium, cesium, and calcium 
are not separated from sodium and 
potassium by filtration of the aqueous 
solution obtained after sample decom
posi tion by the J. Lawrence Smith 
method and digestion of the resulting 
sinter in water3. These elements 
interfere in the determination of 
sodium and potassium, both by atomic
absorption spectrophotometry and by 
emission-flame photometry, by enhanc
ing their absorption and emission1, 4- 5 . 
Interference from calcium, and error 
resulting from the presence of small 
amounts of alkali metals in the calcium 
carbonate and ammonium chloride em
ployed for sample decomposition, is 
compensated for by adding identical 
aliquots of a reagent blank solution 
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to the standard sodium and potassium 
calibration solutionsl. Ionization 
interference from lithium, rubidium, 
and cesium, and mutual ionization 
interference from potassium in the 
determination of sodium and vice versa, 
is compensated for by adding the 
approximate amounts of these elements, 
present in the final sample solution, 
to the standard calibration solutions 1 . 

Range 

The method is suitable for samples 
containing more than approximately 
0.01% of sodium and/or potassium. 

Re agents 

Standard sodium , potassium, and 
aombined sodium and potassium solutions, 
100 ppm. Prepare as described in the 
Radiation Buffer Method for potassium 
and sodium (p 27). 

Methyl red indicator solution, 0.1% w/v 
in ethyl alcohol. Store in a dropping 
bottle. 

Preparation of standard calibration 
solutions 

Transfer 5 g of calcium carbonate (low 
alkali metal content) and 0.5 g of 
ammonium chloride to an approximately 
6 by 6-inch piece of glazed paper, mix 
thoroughly with a spatula, then, using 
a brush, transfer the mixture to a 
30-ml platinum crucible (Note 1). 
Caver, and place the crucible in a hole, 
punched in a 6 by 6-inch piece of heavy 
asbestos sheet, so that at least one
third of its height is above the top 
of the sheet (Note 2). Heat the mix
ture at a low temperature with a bunsen 
burner for approximately 15 minutes, 
or until the odor of ammonia is no 
longer perceptible (Note 3), then 
gradually raise the temperature to the 
full heat of the burner, and maintain 
the mixture at this temperature for 45 
minutes. Cool, remove the caver, wash 
the outside of the crucible with water 



(Note 4), and transfer the crucible 
and contents to a 600-ml Teflon or 
stainless steel beaker (Note 5). Add 
sufficient water to cover the crucible, 
and cover the beaker with a Teflon or 
steel cover. Heat the solution gently 
for approximately 1 hour, then remove 
the crucible after washing it thor
oughly with water. 

Evaporate the solution to approximate
ly 150 ml, filter the hot solution 
(Whatman No. 40 paper) into a 250-ml 
volumetric flask and, using a thick 
glass rod, break up any lumps remain
ing in the beaker. Using a jet of hot 
water, wash the precipitate remaining 
in the beaker into ohe filter paper, 
and wash the paper and precipitate 
thoroughly with hot water. Discard 
the precipitate. Add 1 drop of 0.1% 
methyl red solution to the filtrate, 
and neutralize it by the addition of 
concentrated hydrochloric acid, by 
drops, until the solution is just 
pink. Cool the resulting solution to 
room temperature, dilute to volume 
with water and mix (Note 6). 

Depending on the expected sodium and 
potassium contents of the sample 
solution, add aliquots (5-50 ml) of 
the above reagent blank solution, 
identical to the aliquot of the sample 
solution (prepared as described below) 
taken for the determination of the 
desired element, to an appropriate 
number of 100-ml volumetric flasks. 
By burette, add suitable increments of 
the dilute standard 100-ppm sodium and 
potassium solutions or the combined 
solution (Note 7). Dilute each solu
tion to volume with water and mix 
(Note 8). 

Procedure 

Depending on the expected sodium and 
potassium contents, decompose and 
treat 0.25-0.5 g of powdered sample 
(Note 9), ground to at least minus 
200 mesh (Note 10), by the method 
described above for the preparation of 
the reagent blank solution (Notes 11 
and 12). 

Transfer 5-50-ml aliquots of the re
sulting solution (Note 13) to 100-ml 
volumetric flasks , dilute to volume 
with water and mix. Measure the 
sodium and potassium absorbances or 
emissions of the diluted solutions, 
at 589.0 and 766.5 nm, respectively, 
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in a slightly oxidizing air-acetylene 
flame. Determine the sodium and 
potassium contents of the aliquots by 
relating the resulting values to those 
obtained concurrently for standard 
sodium and potassium solutions of 
slightly higher and lower concentra
tions (Notes 7 and 14). 

Notes 

1 . If one or more samples, parti
cularly those with low sodium and/or 
potassium contents, are to be analyzed, 
two or more of the subsequent reagent 
blank solutions should be prepared 
(Note 7). If desired, the resulting 
solutions may be combined, either after 
filtration and dilution to volume, or 
by filtration into a volumetric f lask 
of appropriate size. 

2. The upper part of the crucible 
provides a relatively cool area for 
the condensation of any alkali metal 
chlorides that ma~ volatilize during 
the heating stage . 

3. During the initial heating stage, 
calcium chloride, ammonia, water, and 
carbon dioxide are formed, according 
to the following reaction: 

CaC03 + 2NH4Cl 
+ CaCl2 + 2~H3 + C02 + H20. 

If the initial temperature is too high, 
direct volatilization of ammonium 
chloride, indicated by dense white 
fumes, will occur 7 • 

4. To avoid contamination of the 
subsequent reagent blank solution with 
sodium from the hands, the platinum 
crucible should be handled with clean 
tongs at this stage. 

5. Glass beakers should not be em
ployed. The corrosive action of the 
subsequent alkaline solution on the 
glass will result in the contamination 
of the solution by alkali metals, 
particularly sodium, from the glass. 

6. If a delay of more than 1 day is 
necessary bef ore the preparation of 
the subsequent standard calibration 
solutions, transfer the reagent blank 
solution to a polyethylene bottle to 
avoid contamination of the solution by 
alkali metals from the glass. 



• 

7. Because sodium interferes in the 
determination of potassium and vice 
versa, both by atomic-absorption 
spectrophotometry and, particularly, 
by emission flame-photometry, especial
ly in high-temperature flames, stand
ard calibration solutions containing 
equal amounts of sodium and potassium 
should be employed only for the 
analysis of samples that also contain 
approximately equal amounts (±5 ppm) 
of both elements. For accurate 
analysis, a prior estimate of the 
sodium and potassium contents of the 
final, diluted sample solution should 
be made, using appropriate standard 
solutions containing identical aliquots 
of the reagent blank solution and 
equal amounts of sodium and potassium. 
Subsequently, suitable standard solu
tions, in which the equivalent amount 
of potassium present in the diluted 
sample solution is added to the 
standard sodium solutions and vice 
versa, should be prepared (using the 
dilute standard sodium and potassium 
solutions) and employed for the 
analysis of the sample solution. 

8. The resulting calibration solu
tions can be kept for approximately 
1 month, if stored in polyethylene 
bottles (Note 6). However, these 
solutions can be employed for subse 
quent analyses only if the same 
batches of calcium carbonate and 
ammonium chloride are used for sample 
decomposition. 

9. This procedure is applicable to 
almost all refractory silicate 
materials (e.g., tourmaline, cordier
ite, pyrophyllite muscovite, and 
garnet), and to all the acid-soluble 
silicate materials listed in Note 6 
of the Radiation Buf fer Method for 
potassium and sodium (p 30), including 
clay and shale, and samples with high 
phosphorus contents. It is not applic
able to niobium and tantalum minerals, 
ores, or slags 1 • 

10. Because sample decomposition 
involves a sintering, rather than a 
fusion process, the sample must be 
finely-ground and thoroughly mixed 
with the calcium carbonate and 
ammonium chloride to obtain complete 
decomposition. 
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11. The completeness of sample 
decomposition can be tested b y dis
solving the precipitate in dilute 
hydrochloric acid, and visuall y ex
amining the resulting solution for un
decomposed material. 

12. If the sample solution cannot be 
analyzed for sodium and potassium on 
the same da y that it is prepared, 
transfer it to a polyethylene bottle 
(Note 6). 

13. The resulting sample solution 
cannot be used for the determination 
of lithium because some lithium is 
retained in the precipitate during 
filtration3. 

14. If the sample contains moderat e 
amounts of lithium (i.e., greater t han 
the sodium or potassium content) or 
rubidium and/or cesium, equivalent 
amounts of these elements must be 
added to the standard calibration 
solutions. 

Calculations 

1.348 x % Na 

1. 205 X % K 

Other applications 

This method can be employed to det er 
mine sodium and potassium in c e r amic 
materials (e.g., flint clay, and 
firebrick), glass, cernent, aluminum 
oxide, asbestes, and coal and wood 
ash 1 • 
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DETERMINATION OF SILVER IN SILVER, LEAD, ZINC AND COPPER ORES AND 
M 1 LL P RODUCTS 

Princip le 

This method 1 is a modification of that 
developed by Greaves 2 , and is based on 
the formation of a stable soluble 
silver compound by complexation with 
diethylenetriamine. Silver is deter
mined, in an approximately 0.6 M 
hydrochloric acid solution of the 
sample, by atomic-absorption spectro
photometry, at 328.1 nm, in an oxidiz
ing air-acetylene flame. 

Outline 

The sample is leached with hydro
chloric, nitric, and perchloric acids, 
and the solution is evaporated to near 
dryness to remove excess acids. Sol
uble and insoluble silver and lead 
compounds are ultimately complexed and 
dissolved, respectively, with diethy
lenetriamine. The resultant hydrous 
oxide precipitate is re-dissolved with 
hydrochloric acid, and insoluble 
material is removed by filtration. 
The resulting filtrate is analyzed for 
sil ver. 

Discussion of interferences 

Moderate amounts of anions and cations, 
including platinum, palladium, rhodium, 
and gold, do not interfere in the 
determination of silver in an air
acetylene flame 3 - 5 • Prior complexa
tion of silver and lead with diethy
lenetriamine eliminates interference 
and error resulting from the precipi
tation of these elements as insoluble 
chlorides before or during atomization 
of the sample solution. This technique 
also reduces burner corrosion because 
it eliminates the necessity for the 
strong hydrochloric acid medium (appro
ximately 3 M) normally required to 
maintain silver in solution, prior to 
its determination by atomic-absorption 
spectrophotometryl• 2 • 
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Range 

The method is suitable for samples con
taining approximately 0.1 to 600 oz/ton 
or 0.0003 to 2% of silver, but material 
containing higher concentrations can 
also be analyzed with reasonable 
accuracy. 

Reagents 

Standard ailver solution, 100 ppm. 
Dissolve 0.1000 g of pure silver foil 
by heating gently with 40 ml of 25% 
nitric acid. Cool, and dilute to 1 
litre with 10% nitric acid. 

Nitric acid, 25% and 10% v/v. 

Hydrochloric acid, 25% and 5% v/v. 

Diethylenetriamine. Technical-grade. 

Preparation of standard calibration 
solutions 

To an appropriate number of 100-ml 
volumetric flasks, add, by burette, 
suitable varying increments of the 
standard 100-ppm silver solution. 
Dilute each solution to volume with 
10% nitric acid and mix. 

Procedure 

Depending on the expected silver con
tent, transfer 0.5g -0.1 assay-ton 
(Notes 1 and 2) of powdered sample, 
ground to at least minus 200 mesh 
(Note 3), to a 400-ml beaker. Add 
25 ml of concentrated hydrochloric acid, 
caver the beaker, and gently heat the 
mixture below the boiling point for 
approximately 20 minutes (Note 4). 
Cautiously add 15 ml of concentrated 
nitric acid, in small portions, and 
allow the mixture to digest on a hot
plate for about 30 minutes. Cool, add 
10 ml of concentrated perchloric acid, 
partly uncover the beaker and, without 
baking, evaporate the solution to near 
dryness. Cool, wash down the sides of 
the beaker and the cover with approxi
mately 25 ml of 25% hydrochloric acid, 



and boil the solution for 10-15 minutes 
to ensure the complete dissolution of 
the soluble salts. 

Cool the solution to room temperature 
and, while stirring, cautiously add 
sufficient diethylenetriamine t o pro 
duce a permanent hydrous oxide preci
pitate (Note 5). Add sufficient con
centrated hydrochloric acid, in small 
portions, to dissolve the precipitate 
then add 10 ml in excess. Filter the ' 
resulting solution (Whatman No. 40 
paper) into a 200-ml volumetric f l ask , 
and wash the beaker, paper, and 
residue thoroughly with hot water. 
Discard the paper and residue. Cool 
the filtrate to ro om temperature , 
dilute to volume with water and mix . 

Measure the absorbance of the result 
ing solution, or a suitable aliquot 
diluted to an appropriate volume with 
5% hydrochloric acid, at 328.1 nm, i n 
an oxidizing air-acetylene flame . 
Determine the silver content of the 
solution or aliquot by relating the 
resulting value to those obtained 
concurrently for standard silver solu
tions of slightly higher and lowe r 
concentrations. 

Notes 

1. One-tenth of an assay-ton 
2.9166 8 of sample. 

2. If the sample is a lead sul ph ide 
concentrate, 1 g or less should be 
taken 2 • Lead, in large amounts, may 
not be completely complexed during the 
subsequent treatment of the sample 
solution with diethylenetriamine, and 
may interfere with, or prevent comple t e 
complexation of the silver . 

3. Complete extraction or leaching 
of silver from its matrix material may 
not be obtained if the sample is in a 
coarser state. 

4. Treatment of the sample with 
hydrochloric acid, prior to the addi 
tion of nitric acid as oxidant, re
moves the bulk of the sulphide sulphur 
as hydrogen sulphide. 

5. Elements that precipitate as 
hydrous oxides under these conditions 
are, in general, those that form pre
cipitates in dilute ammoniacal media . 
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Calculations 

Ag (troy oz/ton) 
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DETERMINATION OF ARSENIC IN ORES AND MILL PRODUCTS BY THE MOLYBDENUM BLUE 
METHOD AFTER DISTILLATION AS ARSENIC TRICHLORIDE 

Princip le 

This method 1 is based on that develop
ed by Rodden 2 , and involves the forma
tion of the reduced heteropoly arseno
molybdic acid complex in a 0.23 M 
sulphuric acid-0.001 M ammonium 
molybdate medium in the presence of 
hydrazine sulphate as reductant. 
Arsenic is determined by spectrophoto
metric measurement, at approximately 
845 nm, of the absorbance of the blue 
reduced complex. 

Outline 

Following the separation of arsenic 
from matrix elements by distillation 
as the trichloride as described in the 
Volumetric-Distillation-8romate Method 
for arsenic (Procedures A and B, pp 236 
and 237, Note 14), the distillate is 
ultimately analyzed for arsenic, after 
oxidation of arsenic (III) to the 
pentavalent state with nitric acid. 

Discussion of interferences 

Germanium, if present in moderate 
amounts, and phosphorus as ortho
phosphate, interfere in the determina
tion of arsenic because they form 
similar reduced heteropoly molybdic 
acid complexes under the conditions 
employed for the formation of the 
arsenic complex. Vanadium, tungsten, 
niobium, tantalum, lead, barium, 
strontium, zirconium, mercury, silver, 
antimony, bismuth, cadmium, chromium, 
copper, iron, zinc, gold, selenium, 
tellurium, and titanium also interfere 
if they are present in large amounts 3- 8 

Silicon forms a heteropoly complex with 
ammonium molybdate in dilute acid media, 
but moderate amounts do not interfere 
in the determination of arsenic because 
the yellow complex is not reduced to 
the blue silicomolybdic acid complex 
under the conditions (i.e., acidity) 
employed for the formation and reduc
tion of the arsenomolybdic acid 
complex 3 • 6 • 8 • 
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With the exception of germanium and 
selenium, interference from all of the 
above elements, and from coloured ions 
(nickel, cobalt, copper, chromium, 
cerium, and uranium) is avoided by 
separating arsenic from these elements, 
and from various other elements 
(aluminum, beryllium, calcium, indium, 
gallium, magnesium, manganese, rhenium, 
thallium, thorium, tin, the platinum 
metals, and the rare earth elements) 
by distillation as the trichloride from 
an approximately 8 M hydrochloric acid 
medium 1-3,s,s. Germanium is quanti
tatively volatilized as the tetra
chloride under the conditions emplo y ed 
for the distillation of arsenic 3 • 8 , 
and antimony is partly co-distilled as 
the trichloride at temperatures (i.e., 
vapeur temperature) greater than 
107°CB,9, and at 105°C if the amount 
of antimony present during distillation 
greatly exceeds that of arsenic 9 . 
Microgram-quantities of germanium 3 , 6 

and milligram-quantities of antimony 2 , 3 , B 
do not cause significant error in the 
arsenic result. 

Oxalic, tartaric, and citric acids, 
and fluoride, bromide, and oxidizing 
agents interfere in this method 4 • Re
ducing agents, other than hydrazine 
sulphate, should not be present during 
complex formation. 

Range 

The method is suitable for samples 
containing approximately 0.0002 to 
3.5% of arsenic. 

Reagents 

Standard ars e nic s o lution (1 ml = 
0.1 mg of arsenic). Dissolve 0.1320 g 
of pure arsenic trioxide (As203) in 
100 ml of concentrated hydrochloric 
acid (Note 1), add approximately 200 ml 
of water, cool, and dilute to 1 litre 
with water. Dilute 50 ml of this stock 
solution to 500 ml with water (1 ml = 
10 µg of arsenic). 



Ammonium molybdate s olut ion, 1% w/v. 
Dissolve 5 g of ammonium molybdate 
tetrahydrate [(NH4)5Mo7024•4H20J in 
approximately 300 ml of 2.3 M sulphuric 
acid and dilute to 500 ml with the 
same solution. Store in a polyethy
lene bottle. 

Hydrazine sulphate solution , 0.5% w/v. 
Prepare a fresh solution daily. 

Ammonium molybda te -hydrazine sulphate 
solution , 0.1% and 0.005% w/v, res
pectively. Dilute 100 ml of 1% 
ammonium molybdate solution to appro
ximately 900 ml with water, add 10 ml 
of 0.5% hydrazine sulphate solution, 
dilute to 1 litre with water and mix. 
Prepare fresh as required (Note 2). 

Sulphuric acid , 2.3 M. Add 128 ml of 
concentrated sulphuric acid, slowly 
and while stirring, to approximately 
850 ml of water in a 1500-ml pyrex 
beaker. Allow the solution to cool to 
room temperature, transfer to a 1-litre 
volumetric flask, and dilute to volume 
with water. 

Calibration curve 

To six 150-ml beakers (Note 3), add, 
by burette, 0.5, 1, 2, 5, 10, and 
15 ml, respectively, of the dilute 
standard 10 µg/ml arsenic solution, 
and dilute each solution to approxi
mately 15 ml with water. Add 15 ml of 
water to a seventh beaker; this con
stitutes the blank. Add 15 ml of 
concentrated nitric acid to each 
beaker, evaporate the solution to 
dryness in a water-bath, and bake the 
residue in an oven for 30-60 minutes 
at approximately 130°C (Note 4) to 
ensure the complete removal of nitric 
acid. Cool, add 30 ml of 0.1 % ammon
ium molybdate-0.005% hydrazine sulphate 
solution, and warm gently to dissolve 
the residue. Transfer the solution 
to a 50-ml volumetric flask, using the 
ammonium molybdate-hydrazine sulphate 
solution to wash the beaker, and 
dilute to approximately 45 ml with the 
same solution. Heat the flask in a 
boiling water-bath for 15 minutes, 
cool to room temperature, dilute to 
volume with the ammonium molybdate
hydrazine sulphate solution and mix 
(Note 5). Determine the absorbance 
of each reduced arsenomolybdic acid 
solution, at 845 ± 5 nm (Note 6), 
against the blank as the reference 
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solution, using 1-cm cells. 
of arsenic vs. absorbance. 

Procedure 

Plot µ g 

Following the separation of arsenic by 
distillation as the trichloride as 
described in Procedures A and B (pp 
236 and 237, Note 14) of the Volumetric
Distillation-Bromate Method for arsenic , 
transfer the distillate to a 250-ml 
volume tric flask (Note 7), di lute to 
volume with water and mix. 

Transfer a 5-50-ml aliquot of both the 
sample and blank solutions, depending 
on the expected arsenic content, to 
150-ml beakers, add 15 ml of concen
trated nitric acid, and evaporate the 
solutions to approximately 15-20 ml on 
a hot-plate. Place the beakers in a 
water-bath, and evaporate the solutions 
to dryness. Bake the residue in an 
oven for 30-60 minutes to ensure the 
complete removal of nitric acid, and 
proceed with the formation of the blue 
reduced arsenomolybdic acid complex as 
described above. Measure the absorb
ance of the sample solution against 
the reagent blank solution, and deter
mine the arsenic content of the aliquot 
by reference to the calibration curve. 

Notes 

1. If necessary, the hydrochloric 
acid solution may be warmed gently to 
aid the decomposition of the arsenic 
trioxide, but it should not be allowed 
to boil or else arsenic trichloride 
may be lest by volatilization. 

2. The mixed ammonium molybdate
hydrazine sulphate solution is unstable 
and should be prepared just before it 
is required. A solution that has stood 
for more than 1 hour should net be 
employed 1 • 7 • 

3. Glassware should be previously 
soaked in 25% ammonium hydroxide, and 
then cleaned with concentrated nitric 
acid and washed with water to avoid 
contamination from phosphate-bearing 
soaps or detergents. 

4. If the residue is baked at 
temperatures exceeding approximately 
140°C, arsenic may be lest, presumably 
by volatilization, as the penta
chloride2•5• 8 . 



5. The blue reduced arsenomolybdic 
acid complex that is formed under 
these conditions is stable for at 
least 2 hoursl. 

6. The reduced arsenomolybdic acid 
complex exhibits an intense absorption 
band in the wavelength range from 
approximately 830 to 860 nm7. The 
exact wavelength of maximum absorption 
of the complex should be determined by 
measuring the absorbance of one of the 
reduced arsenomolybdic acid solutions 
(e. g ., the 100 µg arsenic solution) in 
the above wavelength range, at 5 nm 
intervals, against the blank. 

7. If a double distillation of 
arsenic trichloride was performed to 
separate small amounts of co-distilled 
antimony trichloride from the initial 
distillate, prior to the determination 
of antimony in the solution remaining 
in the distillation flask by the 
Volumetric-Bromate Method (p 230, 
Note 12), transfer the distilla te to a 
500-ml volumetric flask, dilute to 
volume with water, and proceed as 
described. If the sample contains 
considerab ly more antimony than arsenic, 
and antimony is not to be determined 
in the solution remaining in the dis
tillation flask, the separation of co
distilled antimony by double distilla
tion is not necessary. Small amounts 
of antimony do not interfere in the 
determination of arsenic by the reduced 
arsenomolybdic acid method 2 ,3,B. 

Calculations 

1. 320 x % As 

%As20s 1.534 x % As 

Other applications 

This method can be employed to deter
mine arsenic in lead- and tin-base 
solder metals, and in various metals 
and alloys if the sample is decomposed 
by treatment with potassium pyrosul
phate and sulphuric acid 1 0,ll. It is 
also applicable to silicate rocks and 
minerals, following sample decomposi
tion by fusion with sodium carbonate 
and potassium nitrate, or with sodium 
carbonate and sodium peroxide 8 • With 
modifications in the decomposition 
procedure, it is also applicable to 
ferrosilicon and silicon metal 1 , and 
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to iron, steel, brass, bronze, pig 
lead, and tin2,s. 
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DETERMINATION OF BISMUTH IN ORES AND MILL PRODUCTS BY THE IODIDE METHOD 

Princip le 

Bismuth is determined by spectrophoto
metric measurement, at 460 nm, of the 
absorbance of the yellow iodobismu
thite ion, formed in a 0.5 M sulphuric 
acid - 0.12 M potassium iodide medium, 
in a reducing (hypophosphorous acid) 
environment 1 • 2 • 

Outline 

The sample is decomposed with nitric 
acid, and acid-insoluble material is 
removed by filtration. The resulting 
filtrate is analyzed for bismuth. 

Discussion of interferences 

Hypophosphorous acid, which is pro
duced by the reaction of a mineral 
acid with sodium hypophosphite, eli
minates interference from free iodine 
during complex formation. This re
ductant prevents the air-oxidation of 
iodide ion to iodine, and destroys any 
iodine formed by the reaction of 
iodide ion with various oxidizing ions 
[e.g., iron (III), and copper (II)] 
that may be present in the sample 
solution 1 • 2 • 

Coloured ions (nickel, cobalt, chro
mium, and uranium), and ions that 
form coloured compounds with iodide 
(platinum, palladium, antimonr, and 
tin) interfere in this method . Lead, 
which precipitates as the sulphate, 
and copper and silver, which precipi
tate as iodides during complex forma
tion, interfere, if present in large 
amounts, because the precipitates 
occlude bismuth 1 • 2 • Small amounts 
of these elements do not cause appre
ciable error in the bismuth result if 
the precipitates are removed by 
centrifugation or filtration. Moder
ate amounts of molybdenum, titanium, 
and zirconium do not interfere. 
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Range 

The method is suitable for samples 
containing approximately 0.03 to 10% 
of bismuth, but material containing 
higher concentrations can also be 
analyzed with reasonable accuracy. 

Re agents 

Standard bismuth solution (1 ml = 
2 mg of bismuth). Dissolve 0.5000 g 
of pure bismuth metal by heating with 
30 ml of 30% nitric acid. Boil the 
resulting solution gently for approxi
mately 10 minutes to expel oxides of 
nitrogen, then cool, and dilute to 
250 ml with water. Dilute 10 ml of 
this stock solution to 200 ml with 
water (1 ml= 0.1 mg of bismuth). 

Potassium iodide solution, 10% w/v. 

Sodium hypophosphite solution, 30% w/v. 

Sulphuric acid, 50% v/v. 

Calibration curve 

To six 50-ml volumetric flasks, add, 
by burette, 1, 2, 4, 6, 8, and 10 ml, 
respectively, of the dilute standard 
0.1 mg/ml bismuth solution, and dilute 
each solution to approximately 15 ml 
with water. Add 15 ml of water to a 
seventh flask; this constitutes the 
blank. Add 3 ml of 50% sulphuric acid, 
1 ml of 30% sodium hypophosphite 
solution, and 10 ml of 10% potassium 
iodide solution to each flask, in 
succession, mix thoroughly, and allow 
the solutions to stand for 10 minutes 
(Note 1). Dilute to volume with water, 

.mix, and determine the absorbance of 
each solution, at 460 nm, against 
water as the reference solution, using 
1-cm cells. Correct the absorbance 
value obtained for each bismuth-iodide 
solution by subtracting that obtained 
for the blank solution. Plot mg of 
bismuth vs. absorbance. 



Procedure 

In this procedure a reagent blank is 
carried along with the samples. 

Transfer 0.25-1 g of powdered sample, 
depending on the expected bismuth 
content, to a 250-ml beaker, moisten 
with water, and add 15 ml of concen
trated nitric acid. Cover, and boil 
gently (Note 2) until the decomposi
tion of the sample or the acid-soluble 
material is complete (Note 3), then 
add 50 ml of water, and boil the solu
tion to expel oxides of nitrogen. 
Filter the resulting solution (Whatman 
No. 40 paper) into a volumetric flask 
of appropriate size (100-250 ml), and 
wash the beaker, paper, and residue 
thoroughly with hot water (Note 4). 
Discard the paper and residue. Cool 
the filtrate to room temperature, 
dilute to volume with water and mix. 

Transfer a 5-10-ml aliquot of both 
the sample and blank solutions to 
50-ml volumetric flasks, and proceed 
with the formation of the bismuth
iodide complex, and the subsequent 
measurement of the absorbance as des
cribed above (Note 5). Correct the 
absorbance value obtained for the 
sample solution by subtracting that 
obtained for the blank solution, and 
determine the bismuth content of the 
aliquot by ref erence to the calibra
tion curve. 

Notes 

1. Because reduction with hypo
phosphorous acid is slow, a standing 
period of 10 minutes is recommended 
to ensure the complete destruction of 
any free iodine that is formed by the 
reaction of iodide ion with oxidizing 
sample constituents. 

2. Do not allow the sample solution 
to evaporate to dryness at this stage. 
If large amounts of silica are pre
sent, dehydration may result in loss 
of bismuth because of the formation 
of an insoluble oxy compound that is 
occluded by silica 3 • 

3. Sorne insoluble residue (e.g., 
silicates, metastannic acid, hydrated 
tungsten trioxide, titanium and 
zirconium compounds) may be present 
at this stage. 
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4. If yellow hydrated tungsten tri
oxide is present, 2 % nitric acid 
should be employed as a wash solution 
to prevent peptization of the precipi
tate. 

5. Suspended matter, causing tur
bidity in the final solution, may be 
removed by centrifuging or filtering 
the solution before measuring the 
absorbance of the bismuth-iodide 
complex. 
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DETERMINATION OF CHROMIUM IN IRON ORES AND MILL PRODUCTS, AND SILICATE 
ROCKS AND MINERALS BY THE s-DIPHENYLCARBAZIDE METHOD 

Princip le 

Chromium is determined by spectro
photometric measurement, at 540 nm, 
of the absorbance of the red-violet 
2:3 complex formed between chromium 
(VI) and s-diphenylcarbazide in a 
0.1 M sulphuric acid medium, after 
oxidation of chromium to the hexa
valent state in a 0.25 M sulphuric 
ac]d medium with ammonium persulphate 
in the presence of silver nitrate as 
catalyst 1 - 3 • 

Outline 

Iron ores and mill products, and 
silicate rocks and minerals are de
composed by fusion with sodium per
oxide, and with a mixture of sodium 
carbonate and sodium peroxide, res
pectively, to convert chromium to 
soluble chromate ion. The melt is 
digested in water, and the hydrous 
oxides of certain interfering ele
ments [manganese, iron (III), copper 
(II), cobalt, and nickel], and various 
other elements (titanium, zirconium, 
magnesium, and calcium) are removed 
by filtration. Vanadium, if present 
in large amounts, is separated from 
chromium by chloroform extraction of 
its 8-hydroxyquinoline complex. The 
resulting solution, or the preceding 
solution, if large amounts of vanad
ium are absent, is ultimately analyzed 
for chromium. 

Discussion of interferences 

Copper (II), cobalt, and nickel inter
fere in the determination of chromium 
because of the background colours im
parted to the solution. Manganese 
interferes because of the simultaneous 
formation of the purple permanganate 
ion during the oxidation procedure. 
Iron (III) interferes because of the 
formation of a brown or yellow-brown 
complex with diphenylcarbazide 1 • 

Prior to the formation of the chromium 
complex, all of the above interfering 
elements are separated from chromium 
by filtration of their hydrous oxides, 
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after digestion of the sodium peroxide 
or the mixed sodium carbonate and 
sodium peroxide melt in water. Vanad
ium (V) is not separated from chromium 
by this procedure and interf eres by 
forming a strongly coloured yellow 
complex with diphenylcarbazide 2 , Be
cause of the instability (i.e., colour 
fading) of this complex, interference 
from small amounts of vanadium (less 
than 10 times the amount of chromium 
present) is readily eliminated or 
minimized by allowing the sample solu
tion to stand for approximately 10 
minutes before measurinÎ the absorbance 
of the chromium complex • Interference 
from large amounts of vanadium is avoid
ed by separating it from chromium by 
chloroform extraction of its 8- hydroxy
quinoline complex from a slightly acid 
(approximately pH 4) mediuml,2. 

Molybdenum (VI), mercury (I) and mer
cury (II) form violet and violet-blue 
complexes, respectively, with diphenyl
carbazide, but because of the low sensi
tivity of these complexes, up to appro
ximately 20 mg of these elements do not 
interfere 2 • Oxidizing and reducing 
agents interfere during complex forma
tion. Barium and lead cause low results 
for chromium because they form insoluble 
chromates which are removed with the 
hydrous oxide precipitate during the 
initial filtration of the sample solu
tion3. 

Range 

The method is suitable for iron ores 
and mill products containing approxi
mately 0.002 to 1% of chromium, and for 
silicate rocks and minerals containing 
more than approximately 0.001% of 
chromium. 

Reagents 

Standard chromium solution (1 ml = 

0.1 mg of chromium). Dissolve 0.2829 g 
of pure potassium dichromate (dried at 
105°C for 1-2 hours) in water and dilute 
to 1 litre. Dilute 25 ml of this stock 
solution to 250 ml with water (1 ml = 
10 µg of chromium) (Note 1). 



a-Diphenylcarbazide (1, 5- diph e nylcar
bohydrazide ) solution, 0.25% w/v in 
water-free acetone (Note 2). 

Silver nitrate solution, 1% w/v . 

Ammonium persulphate solution, 10% w/v. 
Prepare fresh as required. 

8-Hydroxyquinoline (8-quinolino l) 
solution, 0.25% w/v. Dissolve 
0.125 g of the reagent in 0.5 ml of 
concentrated acetic acid, and dilute 
to 50 ml with water. 

Sulphuric acid, 2 M. Add 55 ml of 
concentrated sulphuric acid , slowly 
and while stirring, to approximately 
400 ml of water in a 1-litre pyrex 
beaker. Cool to room temperature, 
transfer to a 500-ml volumetric flask , 
and dilute to volume with water. 

Ammon!um hydroxide, 10% v/v. 

Sodium carbonate wash solution, 1% w/v. 

Chloroform , Analytical reagent-grade. 

Double-distilled water, or distilled 
water free of reducing substances. 

Calibration curves 

Add 5 ml of 2 M sulphuric acid to 
each of eight 150-ml beakers; then, by 
burette, add to the last seven beakers , 
0.5, 1, 2, 3, 5, 8, and 10 ml , res
pectively, of the dilute standard 
10 µg/ml chromium solution. The con
tents of the first beaker constitute 
the blank. Dilute the contents of 
each beaker to approximately 40 ml 
with water, add 1 ml of 1% silver 
nitrate solution and 5 ml of 10% 
ammonium persulphate solution, caver 
the beakers, and boil the solutions for 
10-20 minutes to ensure the complete 
decomposition of the excess persulphate 
(Note 3). Cool to room temperature 
and, if necessary, filter the result
ing solutions (Whatman No. 40 paper) 
into 100-ml volumetric flasks to re
move any precipitated silver chloride. 
Dilute each solution to approximately 
90 ml with double-distilled water , or 
distilled water free of reducing sub
stances, and add 2 ml of 0.25% diph
enylcarbazide solution (Notes 4 a n d 5). 
Dilute to volume with water, mix, a n d 
allow the solutions to stand for 10 
minutes. Determine the absorbance of 
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each of the first four chromium
diphenylcarbazide solutions, at 540 nm, 
against the blank as the ref erence 
solution, using 5-cm cells. Determine 
the absorbance of each of the last five 
solutions in a similar manner, using 
1-cm cells. Plot µg of chromium vs. 
absorbance for each series of measure
ments. 

Procedures 

In these procedures a reagent blank is 
carried along with the samples. 

A - Iron ~ and mill products 

(a) Vanadium:chromium ratio less 
than 10:1 

Transfer 0.4-1 g of powdered sample, 
depending on the expected chromium 
content, to a 30-ml porcelain, nickel, 
or chromium-free iron crucible (Note 
6), add a ten-fold weight excess of 
sodium peroxide and mix thoroughly. 
Caver the crucible, fuse the mixture 
over a low flame, and maintain it in 
the molten state for several minutes 
to ensure complete sample decomposition. 
Allow the melt to cool, then transfer 
the crucible and cover to a 400-ml 
(covered) beaker containing approximate
ly 100 ml of water. When the subse
quent reaction has ceased, remove the 
crucible and caver after washing them 
thoroughly with hot water, and boil 
the solution for at least 10 minutes 
to destroy the residual peroxide ( No te 
7) . Fil ter the resulting solution 
(Whatman No. 540 paper) into a 200-ml 
volumetric flask, and wash the beaker, 
paper, and precipitate thoroughly with 
hot water. Discard the paper and 
precipitate. Cool the filtrate to 
room temperature, dilute to volume with 
water and mix. 

Transfer a 5-25-ml aliquot of bath the 
sample and blank solutions to 150-ml 
beakers, and, if necessary, dilute to 
20-25 ml with water. Using a pH meter, 
neutralize the solutions to pH 7 ± 0.5 
(Note 8) with 2 M sulphuric acid and/ 
or more dilute sulphuric acid as re
quired. Add 5 ml of 2 M sulphuric 
acid, dilute the resulting solutions 
to approximately 40 ml with water, and 
proceed with the silver nitrate
ammonium persulphate oxidation of 
chromium (Note 9), and the subsequent 
formation of the diphenycarbazide 
complex as described ab ove (Note 5). 



Allow the solutions to stand for 10 
minutes, then measure the absorbance 
of the sample solution against the 
reagent blank solution, using either 
1- or 5-cm cells as required, and 
determine the chromium content of the 
aliquot by reference to the appro
priate calibration curve. 

(b) Vanadium:chromium ratio more 
than 10:1 

Transfer a 5-25-ml aliquot of both the 
sample and blank solutions, obtained 
after filtration of the aqueous solu
tion of the sodium peroxide melt, to 
50-ml beakers. If necessary, dilute 
the solutions to approximately 25 ml 
with water and, using a pH meter, 
adjust the pH to approximately 4 with 
2 M sulphuric acid (Note 10). Trans
fer the solutions to 60-ml separatory 
funnels, add 1 ml of 0.25% 8-hydroxy
quinoline solution (Note 11), mix, 
and extract the resulting reddish
black vanadium-8-hydroxyquinoline 
complex, by shaking for 30-60 seconds 
each time, with two 5-ml portions of 
chloroform. Discard each extract. 
Add an additional 1-ml portion of 8-
hydroxyquinoline solution, and re
extract the solutions 2 or 3 more 
times, as described above, until the 
chloroform phase is essentially colour
less. Transfer the solutions to 
150-ml beakers, warm gently to remove 
the residual chloroform, then evapo
rate the solutions to 20-25 ml. Cool, 
neutralize the solutions to pH 7 ± 0.5 
(Note 8) with 10% ammonium hydroxide 
and/or more dilute ammonium hydroxide 
as required. Add 5 ml of 2M sulphuric 
acid, dilute the resulting solutions 
to approximately 40 ml with water, and 
proceed with the oxidation and subse
quent determination of chromium as 
described above. 

B - Silicate rocks and minerals 

Transfer 1-2 g of powdered sample, 
depending on the expected chromium 
content, to a 30-ml platinum crucible, 
and ignite at approximately 400°C for 
about 10 minutes (Note 12). Cool, 
add 5 g of sodium carbonate and 0.1 g 
of sodium peroxide, mix thoroughly, 
and caver the mixture with an addi
tional 1 g of sodium carbonate. Caver 
the crucible with a platinum caver, 
fuse the mixture over a blast burner 
(Note 13), and allow the melt to cool. 
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Transfer the crucible and contents to 
a 400-ml (covered) beaker containing 
approximately 100 ml of water, and heat 
gently to disintegrate the melt. Re
move the crucible and caver after wash
ing them thoroughly with hot water, 
and boil the solution for at least 10 
minutes to destroy the residual per
oxide (Note 7). Fil ter the resulting 
solution (Whatman No. 40 paper) into 
a 200-ml volumetric flask, and wash 
the beaker, paper, and precipitate 
thoroughly with hot 1% sodium carbon
ate solution. Discard the paper and 
precipitate (Note 14). Dilute the 
filtrate to volume with water and, 
depending on the amount of vanadium 
present, proceed with the determination 
of chromium as described in Procedures 
A(a) or A(b). 

Notes 

l. Glassware should be cleaned with 
hot 25% hydrochloric acid, and then 
washed thoroughly with distilled water. 
Chromic acid cleaning solution should 
not be employed. 

2. A solution of diphenylcarbazide 
in water-free, reagent-quality acetone 
may be kept for months without appre
ciable discolouration or loss of 
chromium sensitivity. The solution 
should be discarded when it becomes 
brown 4 • 

3. Incomplete complex formation, 
resulting from the possible reduction 
of chromium (VI) by reducing impurities 
in the reagents (i.e., water and sul
phuric acid) employed, is counteracted 
by carrying the solutions employed for 
the preparation of the calibration 
curve through the oxidation procedure. 

4. Because of possible variations 
in different batches of s-diphenyl
carbazide, a new calibration curve 
should be drawn up for each new batch. 

S. The formation of the chromium
diphenylcarbazide complex is almost 
instantaneous, but the absorbance of 
the solution slowly decreases on 
standing because of the slight in
stability of the complex 1 • Because an 
initial standing period of approximate
ly 10 minutes is required to eliminate 
or minimize interference from small 
amounts of vanadium during subsequent 
sample analysis, it is recommended 



that the absorbance of both the sample 
and calibration solutions be measured 
within 10-20 minutes after the addition 
of diphenylcarbazide solution to 
counteract error from "fading". Con
sequently, the diphenylcarbazide solu
tion should be added only to the number 
of solutions that can be conveniently 
handled in the above time interval. 

6. Crucibles made of ingot iron 
should be employed. Ordinary iron 
crucibles may contain significant 
amounts of chromium. 

7. Because peroxide reduces chrom
ium (VI) to the trivalent state in 
acid solution, the residual peroxide 
must be destroyed by boiling before 
an aliquot of the subsequent filtrate 
is acidified. Boiling for 10 minutes 
is usually sufficient for solutions 
containing iron, manganese, or other 
active decomposition catalysts (e.g., 
nickel); at least 30 minutes is re
quired if these elements are absents. 
If any colour due to permanganate ion 
is observed after the 10-minute boil
ing period, add 1 ml of ethyl alcohol 
to reduce permanganate and boil the 
solution for an additional 10 minutes3. 

8. Litmus paper can be employed as 
indicator during the neutralization 
procedure, but it should be removed 
from the solution before the subse
quent oxidation of chromium. 

9. Because the last traces of per
oxide are difficult to remove by 
boiling the alkaline solution (Note 7), 
re- oxidation of the aliquot portion of 
the filtrate, after acidification, 
ensures that all of the chromium is 
present in the hexavalent state prior 
to complex formation with diphenyl
carbazide 5 . 

10. Methyl orange indicator (0.02% 
w/v aqueous solution) may be added to 
the sample and blank solutions and 
the pH adjustment made by adding the 
acid solution, by drops, until the 
colour of the indicator just changes 
from a pure yellow. The indicator 
will be destroyed during the subse
quent oxidation procedure 1 • 3 . 

11. One ml of 0.25% 8-hydroxyquino
line solution is suf ficient to complex 
0.2-0.3 mg of vanadiuml. The excess 
of the reagent is eliminated from the 
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solution during the subsequent chloro
form extraction procedure by co-extrac
tion with the vanadium complex. 
Molybdenum and uranium are also co
extracted under these condi tions. 
Tungsten forms an 8-hydroxyquinoline 
compound which is not appreciably 
soluble in chloroform; the precipitate 
gathers at the chloroform-water inter
face and interferes by ~reventing the 
coalescence of the chloroform droplets 
after shaking 2 • 

12 Ignition of the sample oxidizes 
any reducing substances which could 
attack the platinum crucible during 
the subsequent fusion procedure3, 

13. To minimize attack on the plati
num crucible by sodium peroxide, the 
fusion should not be prolonged un
necessarily. 

14. Before discarding the paper and 
precipitate, dissolve the precipitate 
with dilute (10%) hydrochloric acid. 
Any black, gritty acid-insoluble 
residue remaining on the paper at this 
stage is probably chromite, and should 
not be discarded. It should be decom
posed, after ignition of the paper, by 
a second fusion with sodium carbonate 
and sodium peroxide, and the subse
quent filtrate should be added to the 
initial filtrate 3 . 

Calculations 

1.461 x % Cr 

Other applications 

Using the appropriate fusion procedure, 
this method can probably be employed 
to determine chromium in clay, shale, 
limestone, dolomite, and titanium ores 
and mill products. 
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DETERMINATION OF COPPER IN ORES AND MILL PRODUCTS BY lliE CUPROINE METHOD 

Princip le 

Copper is determined by spectrophoto
met ric measurement, at 545 nm, of the 
absorbance of the purple 1:2 copper 
(I)-2,2~biquinoline (Cuproine) complex, 
after extraction of the complex into 
n-amyl alcohol from a weakly acid 
(pH 6.5-7.0) tartari c acid medium 
containing hÎdroxylamine hydrochloride 
as reductant . The molar absorptivity 
of the complex in n-amyl alcohol, at 
545 nm, is 6. 25 x 10 3 1 . • mole- 1 • cm- 1 • 

Outline 

The sample is decomposed with hydro
chloric, nitric, and sulphuric acids, 
and the solution is evaporated to dry
ness. The salts are dissolved in 
dilute hydrochloric acid, and acid
insoluble material is removed by 
filtration. The resulting filtrate 
is analyzed for copper. 

Discussion o f interferences 

Other metal ions do not interfere in 
the determination of copper with 
Cuproine because they do not form 
coloured complexes that are soluble 
in n-amy l alcohol 1 - 4 • The extraction 
procedure eliminates interference f rom 
colnured ions (chromium, nickel, 
cobalt, and vanadium). Tartaric acid 
complexes and prevents iron and various 
other elements (e.g., aluminum, titan
ium, and chromium) from precipitating 
as their hydrous oxides at the pH em
ployed for the extraction of the 
copper complex. Silver and mercury 
precipitate as the chlorides during 
the initial preparation of the sample 
solution, but these substances are 
removed by the preliminary filtration 
procedurel. 

The method is suitable for samples 
containing approximately 0.002 to 10% 
of copper, but material containing 
higher concentrations can also be 
analyzed with reasonable accuracy. 
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Reagents 

Standard copper soluti on (1 ml = 0.2 
mg of copper). Dissolve 0.1000 g of 
pure copper metal in 10 ml of 50 % 
nitric acid. Add 10 ml of 50 % sulphuric 
acid, evaporate the solution to f umes 
of sulphur trioxide, cool, and dilute 
to 500 ml with water. Dilute 10 ml of 
this stock solution to 200 ml with 
water (1 ml= 10 µg of copper). 

Cuproine solution, 0.02 % w/v in per
oxide-free n-amyl alcohol. 

Hydr oxylamine hydrochloride solution, 
10% w/v. Prepare a fresh solution 
every 5 days. 

Tartaric acid s olution , 10% w/v. 

Ammonium hydroxide, 50 % v/v. 

Sulp huric acid, 50% v/v. 

Hydrochloric acid wash solution, 
v/v. 

Calibration curve 

1% 

To five 100-ml beakers, add, by burette, 
1, 2.5, 5, 7.5, and 10 ml, respectively, 
of the dilute standard 10 µg /ml copper 
solution, and dilute each solution to 
approximately 10 ml with water. Add 
10 ml of water to a sixth beaker; this 
constitutes the blank. Ad 5 ml each 
of 10% hydroxylamine hydrochloride and 
10% tartaric acid solutions to each 
beaker and, using a pH meter, adjust 
the pH of each solution to 6.5-7.0 with 
50% ammonium hydroxide. 

Transfer the resulting solutions to 
60-ml separatory funnels, marked a t 
approximately 40 ml, and dilute to th e 
mark with water (Note 1). By pipette, 
add 10 ml of 0.02 % Cuproine-n-amy l 
alcohol solution to each funnel, 
stopper, and shake for 1-2 minut es . 
Allow several minutes for the laye rs 
to separate, then drain off and dis
card the lower aqueous layer. Drain 
the n-amyl alcohol extracts into dry 
15-ml centrifuge tubes, and centrifuge 
for 1 minute. Determine the absorb a nce 
of each copper-Cuproine extract (Note 
2), at 545 nm, against the blank as 



the reference solution, using 1-cm 
cells. Plot µg of copper vs. 
absorbance. 

Procedure 

In this procedure a reagent blank is 
carried along with the samples. 

Transfer 0.2-2.5 g of powdered sample, 
depending on the expected copper con
tent, to a 250-ml beaker, and add 
20 ml of concentrated hydrochloric 
acid. Boil for approximately 10 
minutes, then add 10 ml of concentrat
ed nitric acid and 15 ml of 50% sul
phuric acid, and evaporate the solu
tion to dryness. Cool, add 5 ml of 
concentrated hydrochloric acid, dilute 
to approximately 40 ml with water, and 
boil the solution for approximately 
15 minutes. Filter the resulting 
solution (Whatman No. 40 paper) into 
a volumetric flask of appropriate size 
(100-1000 ml), and wash the beaker, 
paper, and residue (Note 3) thoroughly 
with 1% hydrochloric acid. Cool the 
filtrate to room temperature, dilute 
to volume with water and mix. 

Transfer a 5-10-ml aliquot of both the 
sample and blank solutions to 100-ml 
beakers, add 5 ml each of 10% hydr
oxylamine hydrochloride and tartaric 
acid solutions, and proceed with the 
pH adjustment and the extraction of 
copper as described above. Measure 
the absorbance of the sample extract 
against the reagent blank extract, 
and determine the copper content of 
the aliquot by reference to the cali
bration curve. 

Notes 

1. The volume of the aqueous phase 
before extraction should be kept re
latively constant to eliminate volume 
changes in the extract resulting from 
the partial solubility of n-amyl 
alcohol in water (i.e., 2.19% by 
weight at 25°C). 

2. The absorbance of the n-amyl 
alcohol extract of the copper-Cupro
ine complex remains constant for at 
least 1 weekl. 

3. If the residue is suspected to 
contain copper, proceed as follows 1 : 
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Transfer the residue quantitatively to 
the filter paper, and transfer the 
paper and contents to a 50-ml porc
elain crucible. Burn off the paper at 
a low temperature, and ignite at 
approximately 600~C. Fuse the residue 
with a small amount of sodium peroxide, 
cool, and transfer the crucible and 
contents to a 250-ml beaker. Add 50 
ml of water, boil to dissolve the mel~, 
and remove the crucible after washing 
it thoroughly with hot water. 
Neutralize the solution approximately 
with concentrated hydrochloric acid 
and, if necessary, concentrate it by 
evaporation. Filter the solution, 
and add the resulting filtrate to the 
initial filtrate, then proceed as des
cribed. 

Other applications 

This method can be employed to deter
mine copper in cast iron, steel, 
aluminum alloys, zinc-base alloys, 
bauxite, and clay 1 • It is also applic
able to carbonate rocks, and to acid
soluble silicate rocks and minerals, 
and shale if hydrofluoric acid is 
employed in the decomposition 
procedure 5 • 
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DETERMINATION OF IRON IN QUARTZITE, SANDSTONE AND SILICA SAND BY lHE 
1 10-PHENANTHROLI NE METHOD 1 

Principle 

Iron is determined by spectrophoto
rnetric measurement, at 510 nM, of the 
absorbance of the reddish-amber 1:3 
iron (II) - 1,10- phenanthroline com
plex, formed at approximately pH 6 in 
a sodium acetate medium containing 
hydroxylamine hydrochloride as re
ductant1-3. The molar absorptivity of 
the complex, at 510 nM, is 1.11 x 
10. 4 1. mole- 1 .cm- 1 4 • 

Outline 

The sample is decomposed with hydro
f luoric and perchloric acids. The 
solution is evaporated to dryness to 
remove silica and excess acids, and 
the salts are dissolved in dilute 
hydrochloric acid. The resulting 
solution is analyzed for iron. 

Discussion ~ interferences 

Coloured ions [chromium (III) and 
(VI)], and ions that form soluble 
coloured complexes [nickel, cobalt , and 
copper (I)] and slightly soluble colour
less complexes with 1,10- phenanthroline 
[cadmium, mercury (I), mercury (II), 
and zinc] interfere in this method. 
The approximate maximum amount of 
these ions that can be present during 
complex formation without producing 
appreciable error in the iron result 
is as follows: chromium (III) or 
chromium (VI) (1 mg), nickel (O.l mg), 
cobalt (0.5 mg), copper (I) (0.005 mg), 
cadmium (0.5 mg), mercury (I) (0.5 mg), 
mercury (II) (0.05 mg), and zinc (0.5 
mg). 

Silver, bismuth, beryllium, and more 
than approximately 1.5 mg of antimony 
(III) interfere because of the forma
tion of precipitates 1 • Phosphate ion, 
when present in conjonction with 
aluminum (and probably titanium, and 
zirconium), causes low results because 
of the co-precipitation of ferYic 
phosphate with aluminum phosphate 2 • 
Up to approximately 1 mg of phosphate 
alone, as pyro- or orthophosphate, 
does not interfere if approximately 

55 

1 hour is allowed for the formation of 
the iron complex 2 • 

Moderate amounts of arsenic (III) and 
arsenic (V) (25 mg), le ad (25 mg), 
manganese (II) (10 mg), molybdenum (VI) 
(5 mg), and uranium (VI) (5 mg), and 
small amounts of tin (II) (0.5 mg), 
tin (IV) (1 mg), zirconium (0.5 mg), 
vanadium (V) (1 mg), and tun~sten (VI) 
(0.25 mg) do not interfere 1 • . 

Range 

The method is suitable for samples 
containing approximately 0.001 to 5% 
of iron. 

Reagents 

Standard iron solution (1 ml = 0.2 mg 
of iron). Dissolve 0.1000 g of high
purity iron metal by heating with 20 
ml of concentrated hydrochloric acid, 
cool , and dilute to 500 ml with water. 
Dilute 10 ml of this stock solution to 
200 ml with water (1 ml = 10 µg of 
iron). 

l,lO-Phenanthroline solution, 0.25 % 
w/v. Dissolve 0.25 g of 1,10-
phenanthroline monohydrate in approxi
mately 75 ml of warm water, cool, and 
dilute to 100 ml. 

Hydroxylamine hydrochloride solution, 
10% w/v. Prepare fresh as required. 

Sodium acetate buffer solution, 50% 
w/v. 

Calibration curves 

To nine 50-ml volumetric flasks, add, 
by burette, 1, 2, 3, 4, 5, 10, 15, 20, 
and 25 ml, respectively, of the dilute 
standard 10 µg/ml iron solution, and 
dilute each solution to approximat ely 
35 ml with water. Adè 35 ml of water 
to a tenth flask; this constitutes the 
blank. Add 1 ml of 10% hydroxylamine 
hydrochloride solution, 2 ml of 0.25% 
1 10-phenanthroline solution, and 3 ml 
of 50% sodium acetate solution to each 
flask, in succession. Mix after each 



addition, dilute to volume with water, 
and allow the solution to stand for 
approximately 10 minutes to complete 
the complex formation. Determine the 
absorbarice of each of the first five 
iron-1,10-phenanthroline solutions, at 
510 nm, against the blank as the re
ference solution, using 5-cm cells. 
Determine the absorbance o f each of 
the last seven solutions in a similar 
manner, using 1-cm cells. Plot µg of 
iron vs. absorbance for each series of 
measurements. 

Procedure 

In this procedure a reagent blank is 
carried along with the samples. 

Transfer 0.2 g of powdered sample to 
a 100-ml platinum dish, and add 10 ml 
of concentrated hydrofluoric acid. 
Allow the mixture to digest at room 
temperature for approximately 30 
minutes, then add 5 ml of concentrated 
perchloric acid and evaporate the solu
tion to fumes of perchloric acid. 
Cool, add 5 ml each of water and con
centrated hydrofluoric acid. Evapor
ate the solution to fumes again and, 
if necessary, repeat the addition of 
water and hydrofluoric acid and the 
subsequent evaporation to fumes until 
the decomposition of the sample is 
complete. Cool, wash down the sides 
of the dish with water and, without 
baking, gently evaporate the solution 
to dryness. Add 2-3 drops of con
centrated hydrochloric acid and appro
xima tely 15 ml of water to the residue, 
and heat gently to dissolve the salts. 

If the sample contains 250 µg or less 
of iron, transfer both the sample and 
blank solutions to 50-ml volumetric 
flasks, dilute to approximately 35 ml 
with water, and proceed with the for
mation of the iron (II)-1,10-phenan
throline complex (Notes 1 and 2) as 
described above. Measure the absorb
ance of the sample solution against 
the reagent blank solutio~ using 
either 1- or 5-cm cells as required, 
and determine the iron content of the 
sample solution by ref erence to the 
appropriate calibration curve. 

If the sample contains more than 250 
µg of iron, transfer both the sample 
and blank solutions to volumetric 
flasks of appropriate size (50-200 ml), 
dilute to volume with water and mix. 
Transfer a 5-25-ml aliquot of both 
solutions to 50-ml volumetric flasks, 
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and proceed with the complex formation 
and subsequent determination of the 
iron content of the aliquot as describ
ed ab ove. 

Notes 

1. The formation of the iron (II)-
1,10-phenanthroline co~plex may be in~ 
complete if an appreciable amount of 
concentrated hydrochloric acid is em
ployed to dissolve the residue obtained 
after evaporation of the sample solu
tion to dryness. Complete complex 
formation can be obtained by adjusting 
the pH (using a pH meter) of the solu
tion to approximately 6 by the addition 
of more sodium acetate solution or, 
depending on the amount of hydrochloric 
acid present, by adjusting the pH of 
the solution to approximately 4 with 
dilute ammonium hydroxide, prior to 
the addition of the recommended amount 
of sodium acetate solution. 

2. If the sample contains an appre
ciable amount of pyrophosphate or 
orthophosphate ion, a standing period 
of approximately 1 hour is required for 
complete formation of the iron (II) 
complex. 

Calculations 

1.430 x % Fe 

Othe~ applications 

In the absence of phosphate, this 
method can be employed to determine 
iron in acid-soluble silicate rocks 
and minerals, and carbonate rocks. 
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DETERMINATION OF MANGANESE IN ORES AND MILL PRODUCTS, AND AC ID-SOLUBLE 
SILICATE ROCKS AND MINERALS BY THE PERMANGANATE METHOD 

Principle 

Manganese is determined by spectro
photometric measurement, at 545 nm, of 
the absorbance of the purple perman
ganate ion, formed, according to the 
reaction 

2Mn+ 2 + 5I04- + 3H20 

+ 2Mn04- + 5I03- + 6H+, 

in a 2M nitric-0.7 M phosphoric acid 
medium in the presence of sodium or 
potassium periodate as oxidantl,2, 
The molar absorptivity of the per
manganate ion, at 545 nm, is 2.33 x 
10 31.mole- 1 .cm-l 1 

Outline 

Ores and mill products that are 
tungsten-free or contain only small 
amounts of tungsten are decomposed 
with hydrochloric, nitric, and per
chloric acids. Samples containing 
large amounts of tungsten are decom
posed with the above acids and phos
phoric acid. The solution is eva
porated to fumes of perchloric acid 
to oxidize and/or volatilize various 
sample components, and the acid
insoluble material is ultimately 
separated by filtration and ignited. 
Silica is subsequently removed by 
volatilization as silicon tetrafluor
ide. The resultant residue is fused 
with sodium carbonate and the melt is 
dissolved in the initial filtrate . 
The resulting solution is ultimately 
analyzed for manganese. 

Silicate rocks and minerals are de
composed with nitric, hydrofluoric, 
and perchloric acids. The solution is 
evaporated to fumes of perchloric acid 
to remove silica and excess hydro
fluoric acid, and the salts are dis
solved in water. The resulting solu
tion is analyzed for manganese. 
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Discussion of interferences 

Interference from chromium (III), 
iron (II), vanadium (IV), organic 
material, and other ions that reduce 
sodium periodate or permanganate ion 
[e.g., chloride, sulphite, nitrite, 
arsenic (III), and antimony (III)] is 
eliminated during sample decomposition 
by the oxidation and/or volatilization 
of these elements or substances by 
evaporation with nitric and perchloric 
acids 3 • Interference from coloured 
ions [chromium (VI), vanadium (V), 
copper (II), nickel, cobalt, uranium 
(VI), and cerium (IV)] is avoided by 
employing either a portion of the 
oxidized sample solution in which the 
permanganate ion has been reduced 
(i.e., de-colourized) by the addition 
of sodium nitrite, or an identical 
aliquot of the sample solution, not 
treated with sodium periodate, as the 
reference solution 1 • Phosphoric acid 
eliminates interference from iron (III) 
by forming a colourless ferric phos
phate complex. This reagent also pre
vents the precipitation of manganese 
iodates and periodates during the 
oxidation procedure, and maintains 
tungsten in solution during sample 
decompositionl, 2 . Tin and zirconium 
interfere by producing a turbid solu
tion, and by precipitating as the 
phosphate, respectively3. 

Range 

The method is suitable for silicate 
rocks and minerals containing more 
than approximately 0.005% of manganese, 
and for ores and mill products con
taining approximately 0.02 to 10 % of 

. manganese. Material containin g higher 
concentrations can also be analyzed 
with reasonable accuracy. 

Reagents 

Standard manganese solution (1 ml = 
0 . 1 mg of manganese). Dissolve 0.1000 
g of pure manganese metal in 10 ml of 
50% nitric acid, bail the solution to 
remove oxides of nitrogen, cool, and 
dilute to 1 litre with water. 



So dium pe r io da te solu tion , 3 % w/v. 
(Note 1). 

So di um nitr ite s olu tion , 5% w/v. 
pare fresh as required. 

Hydr ogen peroxide , 3 % w/v. Dilute 

Pre-

10 ml of 30% hydrogen peroxide to 100 
ml with water. 

Pho spho r ic acid, 50 % v/v. 

Sulp h ur ic acid , 50 % v/v. 

Calibration curves 

Add 13 ml of concentrated nitric acid 
and 10 ml of 50 % phosphoric acid to 
each of eight 250-ml beakers; then, by 
burette, add to the last seven beakers 
1, 2, 3, 5, 10, 15, and 20 ml, res
pectively, of the standard 0.1 mg/ml 
manganese solution. The contents of 
the first beaker constitute the blank. 
Dilute the contents of each beaker to 
approximately 60 ml with water, and 
add 10 ml of 3 % sodium periodate solu
tion. Cover the beakers, heat to the 
boiling point, and maintain the solu
tions at, or slightly below the boil
ing point for approximately 10 minutes 
to ensure the complete oxidation of 
manganese (II) to manganese (VII) 
(Note 2). Cool to room temperature, 
transfer the resulting solutions to 
100-ml volumetric flasks, dilute to 
volume with water and mix. Determine 
the absorbance of each of the first 
three permanganate solutions, at 545 
nm (Note 3), against the blank as the 
reference solution, using 5-cm cells. 
Determine the absorbance of each of 
the last six solutions in a similar 
manner, using 1-cm cells. Plot mg of 
manganese vs. absorbance for each 
series of measurements. 

Procedures 

A - Ores and mill products 

(a) Low tungsten content 

Transfer 0.4-2 g of powdered sample, 
depending on the expected manganese 
content, to a 250-ml beaker, add 30 ml 
of concentrated hydrochloric acid, 
cover the beaker, and heat gently, 
without boiling, for approximately 30 
minutes. Add 5 ml of concentrated 
nitric acid and 20 ml of concentrated 
perchloric acid, evaporate the solu
tion to fumes of perchloric acid, and 
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continue fuming for approximately 10 
minutes (Note 4). Cool, add 50 ml o f 
water, and heat gently to dissolve the 
soluble salts (Note 5). Filter the 
resulting solution (Whatman No. 42 
paper) into a 250-ml beaker, transfer 
the residue quantitatively to the 
filter paper, and wash the beaker, 
paper, and residue thoroughly with hot 
water to remove perchlorates. 

Transfer the paper and contents to a 
30-ml platinum crucible, burn off the 
paper at a low temperature, and ignite 
at approximately 800°C. Cool the 
crucible, add 1 ml of concentrated 
nitric acid, 1 ml of 50 % sulphuric acid, 
and 5 ml of concentrated h y drofluoric 
acid. Heat gently to decompose the 
residue, then evaporate the resulting 
solution to dryness to remove silica 
and excess sulphuric acid. Fuse the 
residue with 1-2 g of s odium carbonate, 
allow the melt to cool, then transfer 
the crucible and contents to the beaker 
containing the initial filtrate. When 
dissolution of the melt is complete, 
remove the crucible after washing it 
thoroughly with hot water, and evapor
ate the solution to fumes of perchloric 
acid. Add approximately 30 ml of water, 
and heat gently to dissolve the salts. 
Cool the solution to room temperature, 
transfer it to a 100-ml volumetric 
flask, dilute to volume with water and 
mix. 

Transfer two identical 5-25-ml aliquots 
of the resulting solution to 250-ml 
beakers, and add 13 ml of concentrated 
nitric acid and 10 ml of 50 % phosphoric 
acid. Dilute the solutions to approxi
mately 60 ml with water, then, omitting 
the addition of sodium periodate solu
tion to one solution, proceed with the 
oxidation of manganese in the other solu
tion as described abov e. Measure the 
absorbance of the coloured sample solu
tion against the non-oxidized solution 
as the reference solution, using 1- or 
5-cm cells as required, and determine 
t he manganese content of the aliquot 
b y reference to the appropriate cali
bration curve (Note 6). 

Alternatively, manganese can be deter
mined, after oxidation of a single 
aliquot of the sample solution, as 
follows: 

Trans f er n portion of the oxidized 
sample solution to a d r y 5 0-ml beak er, 
and carefully add 5 % sodium n i trite 
solution, b y d rops, until 1 drop in 



excess completely discharges the 
purple colour of the permanganate ion. 
Measure the absorbance of the coloured 
solution against the de-colourized solu
tion as the reference solution (Notes 7 
and 8). 

(b) High tungsten content 

Transfer 0.4-2 g of powdered sample to 
a 250-ml beaker, and add 20 ml each of 
concentrated phosphoric, perchloric, 
and hydrochloric acids, and 10 ml of 
concentrated nitric acid. Cover the 
beaker, heat gently for approximately 
30 minutes, then evaporate the solu
tion to fumes of perchloric acid, and 
continue fuming for approximately 10 
minutes. Cool, add 50 ml of water, 
heat gently to dissolve the soluble 
salts, then proceed with the filtra
tion, ignition, and subsequent treat
ment of the residue and the resulting 
solution as described above. 

Transfer two identical 5-25-ml aliquots 
of the sample solution to 250-ml 
beakers, and add 13 ml of concentrated 
nitric acid and sufficient 50% phos
phoric acid so that approximately 5 ml 
of the concentrated acid are present. 
Dilute the solutions to approximately 
60 ml with water, and proceed with the 
oxidation and subsequent determination 
of manganese as described above (Note 
9) • 

B - Acid-soluble silicate rocks and 
minerals 

(a) Manganese content 0.10% or less 

Transfer 2 g of powdered sample to a 
100-ml platinum dish, and add 10-15 ml 
of concentrated hydrofluoric acid. 
Allow the mixture to digest at room 
temperature for approximately 30 
minutes, then add 10 ml each of con
centrated nitric and perchloric acids, 
and evaporate the solution to fumes of 
perchloric acid. Cool, add 10 ml each 
of water and concentrated hydrofluoric 
acid. Evaporate the solution to fumes 
again and, if necessary, repeat the 
addition of water and hydrofluoric 
acid and the subsequent evaporation to 
fumes until the decomposition of the 
sample is complete. Cool, wash down 
the sides of the dish with water, and 
evaporate the solution until approxi
mately 2-3 ml of perchloric acid re
main. Add 10-15 ml of water, heat 
gently to dissolve the salts, filter, 
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if necessary, and transfer the solution 
to a 250-ml beaker. If necessary, 
evaporate the resulting solution to 
approximately 35 ml, add 13 ml of con
centrated nitric acid and 10 ml of 50% 
phosphoric acid, and proceed with the 
oxidation and subsequent determination 
of manganese as described in Procedure 
A (a), using a portion of the coloured 
solution that has been reduced with 
sodium nitrite as the reference 
solution. 

(b) Manganese content greater 
than 0.10% 

Decompose 0.4-2 g of sample, depending 
on the expected manganese content, by 
the method described above. Slowly 
evaporate the solution to copious fumes 
of perchloric acid to ensure the com
plete removal of hydrofluoric acid, 
then dissolve the salts in 10-15 ml of 
water. Transfer the solution to a 
100-ml volumetric flask, dilute to 
volume with water and mix. 

Transfer two identical 5-25-ml aliquots 
of the resulting solution, or a single 
aliquot if the sodium nitrite method 
of preparing the ref erence solution is 
employed, to 250-ml beakers. Add 13 
ml of concentrated nitric acid and 
10 ml of 50% phosphoric acid, dilute 
the solution(s) to approximately 60 ml 
with water, and proceed with the for
mation of permanganate ion, and the 
subsequent determination of manganese 
as described in Procedure A (a). 

Notes 

1. If sodium periodate is not avail
able, a hot 3% w/v solution of potass
ium periodate (less soluble than the 
sodium salt), or 0.3 g of the solid 
reagent, may be employed. 

2. Manganese (II) is completely 
oxidized to permanganate in 1-2 minutes 
at the boiling point of the solution, 
or in 20-30 minutes at approximately 
90°C. At temperatures lower than 90°C, 
the time required for complete oxida
tion, particularly with smal~ a~o~nts 
of manganese, becomes excessive ' . 

3. Although the permanganate ion 
exhibits a slightly more intense ab
sorption band at 526 nm than at 545 nm, 
the latter band is recommended for 
spectrophotometric measurement, when a 



"narrow-band" spectrophotometer (band 
width of 10 nm or less) is employed, 
to minimize the background absorbance 
of the coloured chromium (VI) ion. 
The absorbance of chromate ion is 
approximately 70% less at 545 nm than 
at 526 nm 1 • 4 • 

4. When the sample has been dissolv
ed, it must be fumed strongly with 
perchloric acid to ensure the complete 
oxidation of elements other than man
ganese, particularly chromium and 
vanadium. The validity of the refer
ence solution depends upon prior 
oxidation of these elements before the 
periodate oxidation of manganese. If 
an appreciable amount of chromium is 
present in the sample, most of it 
should be removed by volatilization as 
chromyl chloride. This can be accom
plished by the repeated addition of 
small increments of concentrated hydro
chloric acid to the solution, followed 
by evaporation of the solution to 
fumes of perchloric acidl,4. 

5. If some manganese has separated 
as manganese dioxide at this point, 
add 2-3 drops of 3% hydrogen peroxide 
to dissolve the brown dioxide, then 
boil the solution for approximately 5 
minutes to remove excess hydrogen 
peroxide. 

6. The reagents employed normally 
do not contain manganese, or contain 
insufficient manganese to necessitate 
a correction for a reagent blank. 
However, if the presence of manganese 
is suspected, the appropriate correc
tion can be made by carrying a blank 
through the same procedure as the 
sample. 

7. Absorbance measurements should 
be made within approximately 15 minutes 
after the preparation of the reference 
solution, because re-oxidation of 
manganese occurs on standing 1 • 

8. In general, the previously des
cribed method of preparing the refer
ence solution is recommended, because 
it ensures that the measurement is 
related to only the permanganate ions 
(Note 9) 1 • 4 . 

9. A duplicate aliquot of the sample 
solution, not treated with sodium 
periodate, is recommended as the re
ference solution for samples containing 
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tungsten. The sodium nitrite method 
bas been found to yield high results 
for manganese in the presence of 
tungsten, presumably because of some 
additional "bleaching" effect 1 • 

Calculations 

%Mn0 = 1.291 X% Mn 

Other applications 

The methods described in Procedures 
A (a) and A (b) can be employed to 
determine manganese in iron, steel, 
and ferrous and non-ferrous alloysl,2, 4 . 
The methods described in Procedures 
B (a) and B (b) are applicable to 
carbonate rocks, clay, and shale. 
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DETERM 1 NATION OF MERCURY 1 N TETRAHEDR !TE-BEAR 1 NG ORES AND M 1 LL PRODUCTS 
BY THE DITH IZONE MElHOD 

Princip le 

This method 1 • 2 is a modification of 
that developed by Friedeberg 3 , and is 
based on the extraction of mercury, as 
the primary mercury (II)-diphenylthi o
carbazone (dithizone) complex into 
chloroform, at pH 2, from an ethylene
diaminetetra-acetic acid (EDTA) medium. 
Mercury is determined by spectrophoto
metric measurement , at 495 nm, of the 
absorbance of the orange-yellow 
extract 4 • 

Outline 

The sample is decomposed with hydro
chloric and nitric aciàs at room 
temperature, and insoluble material is 
removed by filtration. The resul ting 
filtrate is analyzed for mercury. 

Discussion E.f interferences 

Dithizone forms coloured complexes 
with numerous elements in dilute acid 
media, but only the complexes that are 
formed with mercury (I), mercury (II), 
copper (I), copper (II), sil ver, 
palladium (II), platinum (II), gold 
(III), and possibly bismuth are ex
tracted into chloroform in the pH 
range 1-33, 5,6. Platinum, palladium, 
and gold inter fere in this method. 
Silver is only partly extracted in the 
presence of chloride ion 3 • 6 , and 
bismuth and the major portion of 
copper are prevented from reacting by 
complexing them with EDTA 3 • Inter
ference from small amounts of un
complexed copper and silver, which are 
co-extracted with the mercury, is 
eliminated, together with the excess 
dithizone, by stripping the respective 
violet-red and yellow complexes from 
the chloroform extract with 9 M 
ammonium hydroxi de 2 • 4 • 

Compounds that oxidize dithizone (e.g., 
potassium permanganate and hydrogen 
peroxide) must be absent, or must be 
reduced prior to the extraction of 
mercury 5 . 
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Range 

The method is suitable for samples 
containing approximately 0.002 to 1.5% 
of mercury. 

Reagents 

Standard mercury solution (1 ml = 1 mg 
of mercury). Dissolve 0.5399 g of 
pure, dry mercuric oxide in 30 ml of 
concentrated nitric acid, and dilute 
to 1 litre with water (Note 1). Dilute 
10 ml of this stock solution to 1 litre 
with water (1 ml= 10 µg of mercury). 
Prepare fresh as required. 

Di~hizone solution, 0.0024% w/v in 
peroxide-free chloroform. Prepare a 
fresh solution daily (Note 2), and 
store in a dark container in a cool 
place. 

Potassium permanganate solution, 1.5% 
w/v. 

Ethylenediaminetetra-acetic acid 
(EDTA) solution, 5% w/v. Dissolve 
25 g of the reagent in 500 ml of 20% 
ammonium hydroxide. Store in a poly
ethylene bottle. 

Sulphuric acid, 5% v/v. 

Ammonium hydroxide wash solution, 9 M. 
Dilute 600 ml of concentrated ammonium 
hydroxide to 1 litre with water. Store 
in a polyethylene bottle. 

Ammonium hydroxide, 20% v/v. 

Sulphurous acid solution. Water 
saturated with sulphur dioxide. Pre
pare a fresh solution daily. 

·Ni tric acid wash solution, 10% v/v. 

Chloroform (peroxide-free). 



Calibration curve 

To four 600-ml beakers, add, by 
burette, 2.5, 5, 10, and 15 ml, res
pectively, of the dilute standard 
10 µg/ml mercury solution, and dilute 
each solution to approximately 100 ml 
with water. Add 100 ml of water to a 
fifth beaker; this constitutes the 
blank , Add 25 ml of 5% sulphuric acid, 
10 ml of 1.5% potassium permanganate 
solution (Note 3), 10 ml of sulphurous 
acid solution, and 20 ml of 5% EDTA 
solution to each beaker, in succession, 
and mix thoroughly after each addition. 
Using a pH meter, adjust the pH of 
each solution to 2.0 ± 0.1 with 20% 
ammonium hydroxide, and cool the re
sulting solutions to room temperature. 

Transfer the solutions to 500-ml 
separatory funnels, add 10 ml of 
peroxide-free chloroform, stopper, and 
shake for 30 seconds (Note 4). Allow 
several minutes for the layers to 
separate, then carefully drain off and 
discard the chloroform layer. By 
pipette or burette, add 50 ml of 
0.0024% dithizone-chloroform solution 
to each funnel (Note 5), stopper, 
shake for 1 minute, and allow the 
layers to separate. Transfer the 
chloroform layer to a second separa
tory funnel (Note 6), add 50 ml of 
9 M ammonium hydroxide, shake for 30 
seconds, and allow the layers to 
separate. Wash the chloroform layer 
two more times by shaking first with 
a fresh 50-ml portion of 9 M ammonium 
hydroxide, then with 25 ml of water. 
Allow the layers to separate, then 
insert a wad of cotton-wool into the 
stem of the funnel and drain a portion 
of the chloroform extract into a 1-cm 
cell (Note 7). Determine the absorb
ance of each extract, at 495 nm, 
against chlorof orm as the ref erence 
solution (Note 5). Correct the ab
sorbance value obtained for each 
mercury-dithizone extract by sub
tracting that obtained for the blank 
extract. Plot µg of mercury vs. 
absorbance. 

Procedure 

In this procedure a reagent blank is 
carried along with the samples. 

Depending on the expected mercury con
tent, transfer 0.5-1 g of sample, 
ground to at least minus 65 mesh (Note 
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8), to a 500-ml Erlenmeyer flask, and 
moisten with several ml of water. Add 
20 ml of concentrated hydrochloric 
acid, cover the flask and, without 
shaking, allow the mixture to stand at 
room tempe rature for 24 hours (Note 9). 
Add 20 ml of concentrated nitric acid, 
allow the mixture to stand for a 
further 24 hours, then add 50 ml of 
water and some dry paper pulp. Filter 
the solution (Whatman No. 40 paper) 
into a 500-ml volumetric flask, and 
wash the beaker, paper, and residue 
thoroughly with 10% nitric acid and 
water. Discard the paper and residue. 
Dilute the filtrate to volume with 
water and mix. 

Transfer a 10-100-ml aliquot of both 
the blank and sample solutions to 
600-ml beakers, dilute the solutions 
to 100 ml with water, if necessary, 
then proceed with the oxidation and 
extraction of mercury, and the subse
quent measurement of the absorbance as 
described above. Correct the absorb
ance value obtained for the sample 
extract by subtracting that obtained 
for the blank extract, and determine 
the mercury content of the aliquot by 
reference to the calibration curve. 

Notes 

1. Care must be taken to prevent 
mercury contamination from utensils, 
and from the air and dust in the 
laboratory. Because mercury is ad
sorbed on glass, stock solutions that 
are more than 1 week old should not be 
employed, and dilute standard solutions 
should be prepared just before use. 
Glassware should be washed with con
centrated nitric acid and water before 
use 6 • 7 • 

2. Oxidizing agents oxidize dithi
zone to diphenylthiocarbadiazone, and 
solutions of the reagent decompose 
telatively rapidly when exposed to 
strong light and moderate temperatures. 
Consequently, the dithizone solution 
should be prepared fresh as required, 
or once a day with peroxide-free 
chloroform 5 • 6 • 

3. Potassium permanganate is added 
at this stage to ensure that all of 
the mercury present is in the divalent 
state. The excess permanganate is 
destroyed by the subsequent addition of 
sulphurous acid solution. 



4. By this procedure, the aqueous 
phase is saturated with chloroform 
before the extraction of the mercury
di thizone complex. 

5. Because mercury (II) dithizonate 
undergoes photochemical decomposition 
when exposed to strong light, the ex
traction should be carried out in sub
dued daylight or artificial light, and 
the absorbance of the extract should 
be measured as soon as possible after 
extraction 4 . 

6. By siphoning off the upper 
aqueous layer instead of transferring 
the chloroform layer to a second 
funnel, the three subsequent washing 
stages can be quickly performed in the 
original separatory funnel, 

7. Alternatively, the extracts may 
be centrifuged to remove water. 

8. Complete decomposition of 
mercury sulphides may not be obtained 
by the described procedure if the 
sample is in a coarser state 1 

9. Most of the matrix material 
dissolves during the preliminary 
treatment of the sample with hydro
chloric acid. Free chlorine, pro
duced by the subsequent addition of 
nitric acid, oxidizes and dissolves 
any remaining mercury sulphides. Loss 
of mercury, by volatilization, will 
occur if the sample solution is heated 
at any stage during the decomposition 
procedure 2 • 

Other applications 

This method can be employed to deter
mine mercury in zinc metal and zinc 
concentrates2. 
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DETERMINATION OF MOLYBDENUM IN· ORES AND Ml LL PRODUCTS BY THE TH IOCYANATE 
METHOD 

Principle 

Molybdenum is determined by spectro
photometric measurement, at 460 nm, 
of the absorbance of the amber 1:5 
molybdenum (V)-thiocyanate complex 
formed in an approximately 2 M per~ 
chloric acid-citrate medium in the 
presence of stannous chloride as 
reductant1,2. 

Outline 

The sample is decomposed with hydro
chloric, nitric, and perchloric acids, 
and the solution is evaporated to 
fumes of perchloric acid to dehydrate 
silica. Iron and certain interfering 
elements are subsequently precipitated 
as the hydrous oxides with sodium 
hydroxide, and separated from molybde
num by filtration. After dissolution 
of the precipitate, the hydrous oxides 
are re-precipitated to recover occlud
ed molybdenum, and the filtrate is 
combined with the initial filtrate. 
The resulting solution is ultimately 
analyzed for molybdenum. 

Discussion ~ interferences 

Tungsten, titanium, vanadium, rhenium, 
platinum, palladium, and rhodium form 
coloured thiocyanate complexes, chrom
ium forms a redu~ed coloured compound, 
and copper forms an insoluble thio
cyanate under the conditions employed 
for the formation of the molybdenum 
complex 2 - 6 • Interference from 
tungsten is eliminated by complexing 
it with ammonium citrate2,3,s. 
Copper, titanium, iron, certain colour
ed ions (cobalt, and nickel) some 
platinum, palladium, and rhodium, and 
various other ions that may be present 
in ores and mill products (e.g., 
zirconium, thorium, uranium, niobium, 
tantalum, manganese, and cadmium) are 
separated from molybdenum, prior to 
complex formation, by precipitation 
as the hydrous oxides with sodium 
hydroxide 7 . Rhenium and chromium can 
be separated from molybdenum by vola
tilization as the heptoxide and 
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chromyl chloride, respectively, from a 
hydrochloric-perchloric acid medium •. 

Moderate amounts of aluminum, arsenic, 
antimony, bismuth, beryllium, zinc 
silical and phosphate do not inter~ 
fere 2 • Up to approximately 1 mg of 
vanadium, and trace amounts (less than 
approximately 100 µg) of platinum, 
palladium, and rhodium do not produce 
appreciable errer in the molybdenum 
result 2 •6. 

Range 

The method is suitable for samples con
taining approximately O.OOS to 4% of 
molybdenum, but material containing 
higher concentrations can also be 
analyzed with reasonable accuracy. 

Reagents 

Standard molybdenum solution (1 ml = 
0.2 mg of molybdenum). Dissolve 
0.3000 g of pure molybdenum trioxide in 
5 ml of 40% sodium hydroxide solution, 
add approximately 25 ml of water and, 
using litmus paper, neutralize the 
solution approximately with concentrat
ed hydrochloric acid. Add several 
drops in excess, and dilute the result
ing solution to 1 litre with water 
(Note 1). Di lute 25 ml of this stock 
solution to 200 ml with water (1 ml = 
25 µg of molybdenum). 

Sodium thiocyanate solution, 50% w/v. 
Filter the solution, if necessary. 

Ammonium citrate solution, 50% w/v. 
Filter the solution, if necessary. 

Stannous chloride solution, 20% w/v. 
Dissolve 40 g of stannous chloride 
dihydrate in 50 ml of concentrated 
hydrochloric acid, and dilute to 200 ml 
with water. Prepare a fresh solution 
every week. 

Ferric sulphate solution, 20% w/v. 
Dissolve 20 g of the anhydrous reagent 
in approximately 75 ml of hot water, 
cool, and dilute to 100 ml. 



Sodium hydro x ide solutio n, 40% w/v. 
Store in a polyethylene bottle. 

Sodium hydroxide wash s o luti on, 
w/v. Prepare fresh as required 
appropriate dilution of the 40% 
tion. 

Calibration curves 

0.5% 
by 
solu-

Add 2 ml of 50% ammonium citrate solu
tion to each of nine 50-ml volumetric 
flasks; then, by burette, add to the 
last eight flasks 0.5, 1, 2, 3, 4, 8, 
12, and 16 ml, respectively, of the 
dilute standard 25 µg/ml molybdenum 
solution. The contents of the first 
flask constitute the blank. Dilute 
the contents of each flask to approxi
mately 20 ml with water, add 9 ml of 
concentrated perchloric acid, and cool 
the solutions to room temperature. 
Add 2 ml of 20% ferric sulphate solu
tion (Note 2), 2 ml of 50% sodium 
thioéyanate solution (Note 3), and 
9 ml of 20% stannous chloride solution, 
to each solution, in succession, and 
mix thoroughly after each addition. 
Dilute each solution to volume with 
water, mix, and allow the solutions to 
stand for approximately 40 minutes to 
ensure the complete reduction of iron 
and complete complex formation (Note 
4). Determine the absorbance of each 
of the first four molybdenum-thiocy
anate solutions, at 460 nm, against 
the blank as the reference solution, 
using 5-cm cells. Determine the ab
sorbance of each of the last six solu
tions in a similar manner, using 1-cm 
cells. Plot µg of molybdenum vs. 
absorbance for each series of measure
ments. 

Procedure 

In this procedure a reagent blank is 
carried along with the samples. 

Transfer 0.4-1 g of powdered sample, 
depending on the expected molybdenum 
content, to a 400-ml beaker, and 
moisten with several ml of water. Add 
10 ml of concentrated hydrochloric 
acid, boil the solution for approxi
mately 5 minutes, then add 10 ml of 
concentrated nitric acid and continue 
boiling until the evolution of brown 
oxides of nitrogen ceases. Add 7 ml 
of concentrated perchloric acid, 
evaporate the solution to fumes of 
perchloric acid, and continue fuming 

66 

for approximately 5 minutes to de
hydrate the silica (Notes 5 and 6). 
Cool, add 75 ml of water, and heat 
gently to dissolve the soluble salts. 

Cool to room temperature and, using 
litmus paper, neutralize the solution 
approximately with 40 % sodium hydroxide 
solution. Add 1 ml in excess (Note 7), 
and boil the solution ~or several 
minutes to coagulate the resulting 
hydrous oxide precipitate (Note 8). 
Filter the solution (Whatman No. 40 
paper) into a 400-ml beaker, and wash 
the beaker, paper and precipitate 
thoroughly with hot 0.5 % sodium 
hydroxide solution. 

Using a jet of hot water, transfer the 
bulk of the precipitate to the 
original beaker, and add sufficient 
concentrated hydrochloric acid to dis
solve the precipitate and to provide a 
small excess. Again add 40 % sodium 
hydroxide solution until the solution 
is nearly neutral, and re-precipitate 
the hydrous oxides as described above. 
Filter the solution through the same 
filter paper, and wash the beaker, 
paper, and precipitate as described 
above. Collect the filtrate and wash
ings in the beaker containing the 
initial filtrate, and discard the 
paper and precipitate. Using litmus 
paper, neutralize the combined filtra t
es approximately with concentrated 
hydrochloric acid, and add several 
drops in excess. If necessary, eva
porate the solution (Note 9) to appro
ximately 160 ml, cool, and transfer 
it to a 200-ml volumetric flask. 
Dilute the solution to volume with 
water and mix. 

Transfer a 5-20-ml aliquot of both the 
blank and sample solutions to 50-ml 
volumetric flasks, add 2 ml of 50% 
ammonium citrate solution, and proceed 
with the formation of the molybdenum
thiocyanate complex as described above 
(Note 10). Measure the absorbance of 
ihe sample solution against the reagent 
blank solution, using 1- or 5-cm 
cells as required, and determine the 
molybdenum content of the aliquot by 
reference to the appropriate calibra
tion curve. 



Notes 

1. Molybdenum solutions, prepared 
as described, are stable for 2-3 
weeks. On prolonged standing, the 
solution deposits insoluble molybdenum 
compounds2. 

2. Sorne iron must be present in the 
solution during the formation of the 
molybdenum (V)-thiocyanate complex 
when stannous chloride is employed as 
the reducing agent 8 • In the absence 
of iron only about 65% of the molybde
num present reacts with thiocyanate to 
form a coloured complex. The forma
tion of the complexes, 
Mo 2+ 3 [Mo+ 5o(CNS)5]3 and 
Fe+ 2 [Mo+ 5o(CNS) 5 ] in the absence and 
preseace of iron, respectively, has 
been postulated 9 • A more probable 
explanation involves the possible 
effect of iron on the reduction of 
molybdenum (VI) by stannous chloride, 
which, on the basis of the above com
plexes, appears to produce bath molyb
denum (V) and molybdenum (III) in the 
absence of iron, and molyb<lenum (V) 
alone in the presence of iron 1 0. 

3. The deep red iron (III)-thio
cyanate complex which forms at this 
stage is destroyed by the stannous 
chloride during the subsequent reduc
tion step. Potassium thiocyanate 
should not be substituted for sodium 
thiocyanate in this method because of 
the relative insolubility of the 
potassium perchlorate that is formed 
in perchloric acid media. This com
pound may precipitate during complex 
formation and occlude molybdenumlo. 

4. The molybdenum-thiocyanate com
plex that is formed under these condi
tions is stable for at least 2 hours. 

5. If the sample contains rhenium 
and/or chromium, these elements can be 
volatilized as the heptoxide and 
chromyl chloride, respectively, at 
this stage, by the repeated addition 
of small amounts of concentrated 
hydrochloric acid, and subsequent 
evaporation of the solution to fumes 
of perchloric acid. 

6. Any insoluble yellow hydrated 
tungsten trioxide that separates at 
this stage will be re-dissolved during 
the subsequent treatment of the solu
tion with sodium hydroxide. 
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7. Copper may not be completely 
precipitated as the hydrous oxide if 
the concentration of sodium hydroxide 
is greater than approximately 1% 7 • 

8. Any acid-insoluble material (e.g., 
silica) initially present in the sample 
solution is removed with the hydrous 
oxide precipitate during the subsequent 
filtration procedure. 

9. If the sample contains an appre
ciable amount of tungsten, the solution 
may become cloudy, or some tungsten 
trioxide may precipitate during evapo
ration. If this occurs, add sufficient 
40% sodium hydroxide solution to clarify 
the hot solution, then cool, and re
neutralize the solution as described. 

10. If the separation of copper is 
incomplete (Note 7), cuprous thiocyan
ate may precipitate during complex 
formation. Small amounts of the white 
prêcipitate can be removed by centri
fuging the solution bef ore measuring 
the absorbance of the molybdenum
thiocyanate complex. 

Calculations 

1. 669 X % Mo 

1.500 X % Mo 

Other applications 

This method can be emplozed to deter
mine molybdenum in steel , 3 , 4 ,10. It 
is also applicable to silicate rocks 
and minerals, and to phosphate rocks if 
the sample is decomposed by fusion with 
sodium carbonate, or if hydrofluoric 
acid is employed in the acid-decompo
sition procedurelO, 
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DETERMINATION OF NICKEL IN ORES AND MILL PRODUCTS, AND AC ID-SOLUBLE 
SILICATE ROCKS AND MINERALS BY THE DIMETHYLGLYOXIME METHOD 

Principle 

Nickel is determined by spectrophoto
metric rneasurement, at 530 nm, of the 
absorbance of the reddish-brown nickel 
(III)- or nickel (IV)-dirnethylglyoxime 
complex, formed in an ammoniacal 
ammonium citrate medium in the pre
sence of iodine as oxidantl,2, 

Outline 

The sarnple is decomposed with hydro
chloric, nitric, hydrofluoric, and 
perchloric acids. The solution is 
evaporated to fumes of perchloric acid 
to remove silica and excess hydro-
f l uoric acid, and the salts are dis
solved in water. Platinum, palladium, 
and/or large amounts of copper, if 
present, are precipitated as the sul
phides in a dilute hydrochloric acid 
medium and separated frorn nickel by 
filtration. The resulting filtrate, 
or the preceding solution, if the 
above interfering elements are absent, 
is ultimately analyzed for nickel. 

Discussion of interferences 

Copper (II), platinum (II), and 
palladium (II) interfere in the deter
mination of nickel because they form 
coloured complexes with dimethylgly
oxime under the conditions employed 
for the formation of the nickel com
plex2-4. Iron (II), bismuth, and 
cobalt (II) also form coloured com
plexes in ammoniacal media 3 • Small 
amounts of copper and cobalt (equiva
lent to the amount of nickel present) 
do not cause significant error in the 
nickel result. 

Interference from platinum, palladium, 
and large amounts of copper is avoided 
by separating these elernents, and 
various other elements of the copper 
and arsenic groups (bismuth, molybde
num, rhenium, germanium, gold, cadmium, 
mercury, silver, tin, lead, arsenic, 
antimony, selenium, and tellurium) 
from nickel by precipitation as the 
sulphides with hydrogen sulphide from 
a 0.4-0.5 M hydrochloric acid medium 5 • 
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Interference from iron (II), initially 
present in the sample, or produced 
during the hydrogen sulphide separation 
procedure, is avoided by oxidizing it 
to the trivalent state with nitric acid 
during sample decomposition, or after 
the hydrogen sulphide separation. 
Interference from bismuth is eliminated 
by complexing it with ammonium citrate3. 
This reagent also maintains iron (III), 
and various other elements that form 
hydrous oxides in ammoniacal media 
(aluminum, cerium, zirconium, and 
titaniurn) in solution during complex 
formation. 

Chrornium, vanadium, and cerium react 
with iodine or iodide ion, but this 
interf erence can be avoided by employ
ing a sufficient excess of oxidant 2 • 
Interference frorn coloured ions [iron 
(III), chromium, and vanadium] is 
eliminated by employing an identical 
aliquot of the sample solution, not 
treated with dimethylglyoxime, as the 
reference solution. Moderate amounts 
of tungsten and molybdenum 4 , and small 
amounts of rnanganese (approximately 
equal to the amount of nickel present) 
do not interfere 1 • 

Note: For samples containing large 
amounts of manganese, copper, 
cobalt, molybdenum, tungsten, and 
elements that readily hydrolyze in 
acid solution (e.g., niobium, 
tantalum, titanium, and zirconium) 
the Spectrophotometric-Dimethylgly
oxime-Chloroform Extraction Method 
for nickel (p 73) is recommended. 

Range 

The method is suitable for samples con
taining approximately 0.01 to 10% of 
nickel. 

Re agents 

Standard nickel solution (1 ml = 0.5 mg 
of nickel). Dissolve 3.3647 g of 
nickel ammonium sulphate hexahydrate 
[NiS04.(NH4)2S04.6H20] in water, and 



dilute to 1 litre. Dilute 25 ml of 
this stock solution to 500 ml with 
water (1 ml= 25 µg of nickel). 

Dimethylglyoxime solution, 0.1% w/v. 
Dissolve 1 g of dimethylglyoxime in 
500 ml of concentrated ammonium hydr
oxide and dilute to 1 litre with water. 

Iodine solution, 0.1 M. Dissolve 12.5 
g of potassium iodide in approximately 
25 ml of water, and add 6.35 g of dry 
re-sublimed iodine. Stir the solution 
until the iodine has completely dis
solved, and dilute to 500 ml with 
water. Store in a brown glass
stoppered bottle in a cool, dark place. 

Ammonium citrate solution, 50% w/v. 
Dissolve 500 g of citric acid in 
approximately 300 ml of water, add 
500 ml of concentrated ammonium hydr
oxide, and dilute to 1 litre with 
water. 

Ammonium hydroxide, 50% v/v. 

Hydro~en sulphide (aylinder) gas. 

Hydrogen sulphide wash solution. 1% 
hydrochloric acid saturated with 
hydrogen sulphide. 

Calibration curve 

To six 100-ml volumetric flasks, add, 
b y burette, 2 , 4 , 8 , 12 , 16 and 2 0 ml , 
respectively, of the dilute standard 
25 µg/ml nickel solution, and dilute 
each solution to approximately 55 ml 
with water. Add 55 ml of water to a 
seventh flask; this constitutes the 
blank. Add 1 ml of concentrated 
perchloric acid, 10 ml of 50% ammonium 
citrate solution, and 1 ml of 0.1 M 
iodine solution to each flask, in 
succession, and mix thoroughly after 
each addition. Add 20 ml of 0.1% 
dimethylglyoxime solution to the blank 
and the first of the nickel solutions. 
Dilute each solution to volume with 
water and mix. Allow the solutions to 
stand for several minutes to complete 
the complex formation (Note 1), then 
determine the absorbance of the nickel
dimethylglyoxime solution, at 530 nm, 
(Note 2), against the blank as the 
reference solution, using 2-cm cells. 
Proceed, in a similar manner, with the 
formation of the nickel-dimethylgly
oxime complex and the subsequent 
determination of the absorbance for 
each succeeding nickel solution, and 
plot µg of nickel vs. absorbance. 
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Procedures 

Platinum, palladium, and large 
amounts ~ copper absent 

Transfer 0.25-2 g of powdered sample, 
depending on the expected nickel con
tent, to a 250-ml Teflon beaker, and 
add 10 ml each of concentrated hydro
chloric, nitric, and hydrofluoric 
acids. Caver the beaker with a Teflon . 
caver, and heat gently until the de
composition of the sample is complete. 
Remove the caver, add 10 ml of con
centrated perchloric acid, and evapor
ate the solution to strong fumes of 
perchloric acid. Cool, wash down the 
sides of the beaker with water, and 
again evaporate the solution to fumes. 
Add approximately 40 ml of water, and 
heat gently for several minutes to 
dissolve the soluble salts. If nec
essary, filter the solution (Whatman 
No. 30 paper and paper pulp) into a 
volumetric flask of appropriate size 
(100-250 ml), dilute to volume with 
water and mix. 

Transfer two identical 5-20-ml aliquots 
of the resulting solution to 100-ml 
volumetric flasks, dilute to approxi 
mately 55 ml with water, and add 10 ml 
of 50% ammonium citrate solution and 
1 ml of 0.1 M iodine solution. Add 
20 ml of 50 % ammonium hydroxide to one 
solution, and proceed with the forma
tion of the nickel-dimethylglyoxime 
complex (Note 3) in the other solution 
as described above. Measure the 
absorbance of the coloured sample 
solution against the solution to which 
no dimethylglyoxime solution was added , 
and determine the nickel content of the 
aliquot by reference to the calibration 
curve (Note 4). 

Platinum, palladium, and/or large 
amounts ~ copper present 

Following sample decomposition and 
dissolution of the salts in water as 
described above, transfer the solution 
to a 400-ml pyrex beaker, and evaporate 
it to dryness. Add 5-7 ml of con
centrated hydrochloric acid and appro
ximately 25 ml of water to the residue, 
heat gently to dissolve the salts, and 
dilute the solution to approximately 
150 ml with hot water. Pass hydrogen 
sulphide through the solution for 15 
minutes, allow it to stand for about 



30 minutes, then filter the solution 
(Whatman No. 32 paper) into a 400-ml 
beaker, and wash the beaker, paper, 
and precipitate thoroughly with hydro
gen sulphide wash solution. Discard 
the paper and precipitate, and boil 
the filtrate to expel hydrogen sulphide. 
Add 10 ml each of concentrated nitric 
and perchloric acids, and evaporate 
the solution to fumes of perchloric 
acid. Cool, wash down the sides of 
the beaker with water, and again eva
porate the solution to fumes. Add 
approximately 40 ml of water, and heat 
gently to dissolve the salts. Trans
fer the solution to a volumetric flask 
of appropriate size, dilute to volume 
with water, mix, and proceed with the 
determination of nickel as described 
ab ove. 

Notes 

1. Absorbance measurements should 
be made within approximately 5 minutes 
after the addition of dimethylglyoxime 
solution and dilution to volume because 
the nickel complex formed under these 
conditions is unstable and either 
decomposes or partly changes to a 
different complex on standing 4 • 

2. Although the oxidized nickel
dimethylglyoxime complex exhibits an 
intense absorption band at 445 nm, a 
less intense band at 530 nm is employ
ed for spectrophotometric measurement 
to minimize the background absorbance 
due to ferric ironl. 

3. If the sample contains an appre
ciable amount of cerium, chromium, or 
vanadium, more than 1 ml of 0.1 M 
iodine solution may be required for 
complete oxidation of the nickel; this 
is indicated by the yellow colour of 
the blank solution after the addition 
of 50% ammonium hydroxide. Al.though a 
large excess of oxidant interferes by 
destroying dimethylglyoxime 4 , up to 
approximately 4 ml may be added, before 
the addition of the ammonium hydroxide 
or ammoniacal dimethylglyoxime solu
tion, without causing appreciable error 
in the nickel result. 

4. The reagents employed normally 
do not contain nickel, or contain in
sufficient nickel to necessitate a 
correction for .a reagent blank. How
ever, if the presence of nickel is 
suspected, the appropriate correction 
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can be made by carrying a blank 
through the same procedure as the 
sample. 

Other applications 

This method can be employed to deter
mine nickel in steelsl. 
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DETERMINATION OF NICKEL IN ORES AND MILL PRODUCTS, AND AC ID-SOLUBLE 
SILICATE ROCKS AND MINERALS BY THE DIMETHYLGLYOXIME-CHLOROFORM EXTRACTION 
METHOD 

Principle 

This method 1 • 2 is based on the extrac
tion of nickel, as nickel (II) dim
ethylglyoximate, into chloroform3, at 
pH 6.5, from a tartrate-sodium thio
sulphate medium. Nickel is determined 
by spectrophotometric measurement, at 
370 nm, of the absorbance of the yellow 
extract 4 • 5 • The molar absorptivity of 
the complex, at 370 nm, is 3.44 x 10 31. 
mole- 1 .cm- 1 • 

Outline 

The sample is decomposed with hydro
chlorïc, nitric, hydrofluoric, and 
sulphuric acids, and the solution is 
evaporated to fumes of sulphur trioxide 
to remove silica. Niobium, tantalum, 
titanium, zirconium, and various other 
elements that may be present (iron, 
bismuth, tin, aluminum, and tungsten) 
are complexed with hydrofluoric acid 
and ammonium tartrate. The excess 
hydrofluoric acid is complexed with 
borie acid. The resulting solution is 
ultimately analyzed for nickel. 

Discuss i on of interferences 

Copper (II), cobalt (II), platinum (II), 
palladium (II), and gold (III) form 
coloured dimethylglyoxime complexes 
that are partly soluble in chloroform, 
and co-extract, to some extent, with 
the nickel 6 • Interference from copper 
(II) is avoided by complexing it with 
sodium thiosulphate. This reagent also 
complexes lead, zinc, cadmium, and 
silver under the conditions employed 
for the extraction of nickel 2 • Inter
ference from cobalt is eliminated by 
stripping the brown complex from the 
chloroform extract with dilute ammon
ium hydroxide 1 • Platinum, palladium, 
and gold can be separated from nickel, 
prior to the extraction of nickel (II) 
dimethylglyoximate, by precipitation 
as the sulphides from an approximately 
0.5 M sulphuric acid medium. 
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Iron (II) and bi s mut h a lso form colour
ed complexes with d imethylglyoxime, but 
iron is oxidized to the trivalent state 
during sample decomposition, and 
bismuth is complexed with ammonium 
tartrate during the preparation of the 
sample solution 1 • The following ele
ments, when present separately in the 
aliquot taken for analysis, in at 
least the amounts shown, do not inter
fere: magnesium (500 mg), niobium 
(250 mg), tantalum ( 2 50 mg), molybdenum 
(VI) (250 mg), tungsten (VI) (250 mg), 
iron (III) ( 250 mg), a luminum ( 125 mg), 
thorium (125 mg), manganes e (II) (100 
mg), zinc (100 mg), z irconium (100 mg), 
tin (IV) ( 100 mg), sil ver ( 100 mg), 
cadmium (100 mg), copper (II) (50 mg), 
cerium (IV) ( 40 mg), cobalt (II) (25 
mg), lead (10 mg), chromium (III) (5 
mg), and vanadium (V) (5 mg) 1 • 2. 

Range 

The method is su i table f or samples con
taining approximately 0.001 to 5% of 
nickel. 

Re agents 

Standa r d nickel solution (1 ml = 0.5 mg 
of nickel). Prepare as described in 
the Spectrophotometric-Dimethylglyoxime 
Method for nickel (p 69). Dilute 10 
ml of this stock solution to 500 ml 
with water (1 ml = 10 µg of nickel). 

Dimethylglyoxime solution , 1 % w/v in 
ethyl alcohol. 

Ammonium tartrate solution , 25 % w/v. 

So d i um thio s ulphate solution , 50% w/v. 
Dissolve 250 g o f the reagent in hot 
water, cool, and dilute to 500 ml. 

Bori e acid s olution , 5 % w/v. Dissolve 
50 g of the reagent in approximately 
800 ml of hot water, cool, and dilute 
to 1 litre. 

Sul ph ur i c acid , 50 % v /v. 



Ammonium hydrox i d e , 10 % and 2 % v/v. 

Hydrochl oric aci d , 10% v/v. 

Hydr o gen su l phi de ( cylinder) ga s. 

Hydrog en su l phi de wa s h s oluti on . 1% 
sulphuric acid saturated with hydrogen 
sulphide. 

Chlor o f orm. Analytical reagent-grade. 

Ethy l a l c ohol, 95%. 

Calibration curve 

Add 5 ml of 25% ammonium tartrate 
solution to each of five 150-ml 
beakers; then, by burette, add to the 
last four beakers 2.5, 5, 7.5, and 10 
ml, respectively, of the dilute 
standard 10 µg/ml nickel solution. 
Dilute the contents of each beaker to 
approximately 50 ml with water. The 
conte~ts of the first beaker constitute 
the blank. Add 5 ml of 50% sodium 
thiosulphate solution to each of the 
resulting solutions and, using a pH 
meter, adjust the pH of each solution 
to 6.5 ± 0.1 with 2 % ammonium hydr
oxide. 

Transfer the solutions to 125-ml 
separatory funnels, after washing the 
stem of each funnel with ethyl alcohol 
to remove water droplets, and dilute 
to approximately 100 ml with water. 
Add 5 ml of chlorof orm and 3 ml of 1 % 
dimethylglyoxime solution to each 
funnel, stopper, and shake for 2 
minutes. Allow 5 minutes for the 
layers to separate, then carefully 
(Note 1) drain the chloroform extract 
into a dry 25-ml volumetric flask. 
Re-extract the solution by shaking for 
1 minute with 3 ml of chloroform, and 
then for 30 seconds with 2 ml of 
chloroform. Combine these extracts 
with the first, dilute to·volume with 
ethyl alcohol (Note 2) and mix. De
termine the absorbance of each chloro
form-ethyl alcohol solution of nickel 
(II) dimethylglyoximate, at 370 nm, 
against the blank as the reference 
solution, using 5-cm cells. Plot µg 
of nickel vs. absorbance. 

Procedures 

In these procedures a reagent blank is 
carried along with the samples. 
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Cobalt absent 

Transfer 0.2-0.5 g of powdered sample, 
depending on the expected nickel con
tent, to a 250-ml Teflon beaker, and 
add 20 ml of 50 % sulphuric acid and 
5 ml each of concentrated hydrochloric, 
nitric, and hy d rofluoric acids. Caver 
the beak er with a Teflon caver, heat 
gently until the decomposition of the 
sample is complete, then remove the caver 
and evaporate the solution to fumes of 
sulphur trioxide. Cool, wash down the 
sides of the beaker with water and 
evaporate the solution until approxi
mately 4 ml of sulphuric acid remain . 
Cool, add approximately 15 ml of water, 
mix thoroughly (Notes 3 and 4), then 
add 1 ml of concentrated hydrofluoric 
acid and 10 ml of 25 % ammonium tartrate 
solution, and heat gently, without boil
ing, until the solution is clear (Note 
5). Add 20 ml of 5 % borie acid solu
tion, and allow the solution to stand 
for approximately 20 minutes. Filter 
the solution (Whatman No. 42 paper), if 
lead sulphate is present, into a volu 
metric flask of appropriate size (100-
1000 ml), dilute to volume with water 
and mix. 

Transfer a 10-50-ml aliquot of both the 
sample and blank solutions to 150 - ml 
beakers, and dilute to approximately 
50 ml with water. Using a pH meter, 
adjust the pH of the solutions to 4.5-
5.0 (Note 6) using concentrated and 
10 % ammonium hydroxide as required. 
Add 5 ml of 50 % sodium thiosulphate 
solution (Note 7), mix, and immediately 
adjust the pH to 6.5 ± 0.1 (Note 8) 
using, in succession, concentrated, 
10 %, and 2 % ammonium hydroxide, and/or 
concentrated and 10 % hydrochloric acid 
as required. Transfer the solutions 
to 125-ml separatory funnels, dilute to 
approximately 100 ml with water, and 
proceed with the extraction of nickel 
dimethylglyoximate as described above 
(Note 9). Measure the absorbance of 
the sample solution against the re
agent blank solution, and determine 
the nickel content of the aliquot by 
reference to the calibration curve . 

Cobalt present 

Followin g pH adjustment and dilution of 
the resulting sample and blank solutions 
to 100 ml with water in 125-ml separa 
tory f unnels, add sufficient 1% dime
thyl glyoxime solution to react with the 
cobalt and to provide an excess 



for the nickel (Note 10). Extract the 
nickel dimethylglyoximate as described 
above and drain the chloroform extracts 
into 60-ml separatory funnels, after 
washing the stem of each funnel with 
ethyl alcohol to remove water droplets. 
Add 10 ml of 2% ammonium hydroxide to 
the combined extracts, stopper, and 
shake for 30 seconds. Allow several 
minutes for the layers to separate, 
then drain the chloroform layer into 
a dry 25-ml volumetric flask. Wash 
the aqueous layer by shaking for 30 
seconds with 1 ml of chloroform, and 
add this to the combined extracts. 
Dilute the combined extracts to volume 
with ethyl alcohol, and determine the 
nickel content of the aliquot as des
cribed above. 

Notes 

1. Because of the high salt content 
of the aqueous phase, care must be 
taken that none of it accompanies the 
chloroform extract or else the final 
chloroform-ethyl alcohol solution of 
nickel dimethylglyoximate will be 
turbid. 

2. Dilution of t h e combined 
chloroform extracts with ethyl alcohol 
removes turbidity caused by the re
tention of small droplets of water in 
the organic phase. The absorbance of 
the chloroform-eth y l alcohol solution 
of nickel dimethylglyoximate remains 
constant for at least 24 hours 1 • 

3. If insoluble hydrous oxides of 
niobium, tantalum, titanium, or zir
conium are not present, ~s indicated 
by a clear solution, the subsequent 
addition of h y drofluoric acid and 
borie acid solution may be omitted. 

4. In the absence of large amounts 
of tungsten and readily h y drolyzed 
elements (Note 3), palladium, platinum, 
and gold, if present, can be separated 
from nickel at this stage as follows: 

Tra ns f e r t he solution to a 400 -m l 
beake r, dilute to app r ox imately 150 ml 
wit h hot wate r, and pass hydr ogen 
s ulphide th r ough the r es u lting s olu 
tion f o r app r oximately 15 minutes . 
Allow t he s olution to stand f o r abo u t 
30 minut e s, then f ilte r it ( Whatman 
No . 32 pape r ) into a 400 - ml beaker, 
and wa s h the beake r, pape r, and pr e 
ci p itate th or oughly with hydr ogen 
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su lphide wash s olution . Discard the 
pape r and pre c ipita t e . Boil the 
fi lt r ate to expel hydr ogen sulphide , 
add 5 ml o f 50% sulp huric acid, and 
1 0 ml o f concentr ated nitric acid to 
ox i di z e iron (II ), and evapo r ate the 
s ol u tion until app r oximately 4 ml of 
s u lp hur ic acid r emain . Cool , add 15 ml 
o f wate r and 10 ml of 25% ammonium 
t ar t r ate s oluti on , t r ansfer the solu
t ion to a volumet r ic f lask of appro 
pr iate size (1 00 - 1000 ml) , dilute to 
vol ume with water and mix . Using 
sui t able aliquots of the solution , 
proc eed with the pH adjustment and 
s ubse quent extraction of nickel as 
desc r ibed . 

5. If yellow hydrated tungst e n 
trio x ide is present a t this sta ge, add 
sufficient concentrated a mmonium 
hydroxide to dissolve the precipitate, 
neutralize the resulting solution 
approximately with 50 % sulphuric acid, 
and re-3cidify it by adding 8 ml in 
excess. 

6. To prevent th e pre c ipitation of 
the hydrous oxide of zin c , the pH of 
the solution must be less than appro
x imately 5.5 for pri o r co mplexa t i on of 
zinc with sodium thiosulph a te 2 . 

7. Five ml of 50 % sodium thiosul
phate solution are sufficient to c om
plex either 50 mg o f copper or appro
ximately 100 mg of zinc. Up to 10 ml 
may be employed if larg e r amounts of 
these elements are present 2 

8. Nickel (II) <limethyl g l y oximate 
is extracted at pH 6.5 because the 
copper thiosulphat e comple x is stable 
at this pH; ab o ve pH 7 t h e complex is 
unstable 2 • 

9. Nickel can b e strippe d f rom the 
chloroform phase at thi s s ta g e b y 
shak i ng the combine d extr ac ts with 
dilute (0.5-1 M) h y drochloric ac id, an d 
then determined by the Spe c trophoto
metric-Dimethyl g l y oxime Method (p 69) . 
If this method is emplo y ed, larger 
amounts of nickel can b e e xtr a cted, 
depending on the solubility of the 
nickel complex in chloroform (i. e. , 
35 µg of nickel/ml o f chloroform) 7 , b y 
using more dimeth y l g lyox irne and 
chloroform 6 . 



10. Approximately 4 ml of 1% dime
thylglyoxime solution for each 5 mg of 
cobalt present is sufficient to react 
with the cobalt and to provide an 
excess for the nickel. The alcohol 
content of the solution, resulting 
from the addition of the dimethylgly
oxime solution, should not exceed 35% 
by volume 6 • 

Other applications 

With modifications in the decomposi
tion procedure, this method can be 
employed to determine nickel in 
niobium, tantalum, molybdenum, and 
tungsten metals 1 , brass, bronze, 
magnesium and aluminum metals and 
alloys 2 , iron and steel 6 • 
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DETERMINATION OF NIOBIUM IN ROCKS, ORES AND MILL PRODUCTS BY THE 
TH IOCYANATE METHOD 

Principle 

This method 1 ' 2 is based on . the forma
ticu of the niobium (V)-thiocyanate 
complex in a 4 M hydrochloric acid-
0. 5 M tartaric acid medium, and the 
subsequent extraction of the yellow 
complex into ethyl ether. Niobium is 
determined by spectrophotometric 
measurement, at 385 nm, of the ab
sorbance of the extract. 

Outline 

The sample is decomposed by fusion 
with sodium bisulphate, or by treat
ment with hydrochloric, hydrofluoric, 
and phosphoric acids, followed by 
evaporatiorr of the solution to a paste 
to remove excess hydrofluoric acid. 
The melt or paste is dissolved in 
tartaric acid solution. The resulting 
solution is analyzed for niobium. 

Discussion of interferences 

Molybdenum, tungsten, titanium, 
cobalt, iron (III), vanadium (III), 
(and possibly bismuth) interfere in 
this method, if present in large 
amounts, because they form coloured 
thiocyanate complexes that are partly 
or completely co-extracted into the 
ethyl ether phase 1 •3. Interference 
from iron (III) (up to 1 mg) is 
eliminated, after the ether extraction 
step, b y reducing the iron and sub
sequently destroying the co-extracted 
red complex, by shaking the extract 
with stannous chloride solution 1 • 
Interference from vanadium (up to 
0 . 5 mg) is prevented by extracting 
the niobium (V) and iron (III) com
plexes before the addition of stan
n ous chloride. Under these conditions, 
vanadium remains in the non-reactive 
p entavalent or tetravalent state 1 • 
Moderate amounts of tantalum are 
maintained in solution with tartaric 
acid, but large amounts can cause low 
results for niobium because of 
hydrolysis and subsequent co-precipi
tation of niobium 3 • 4 • Small amounts 
of molybdenum and/or tungsten (equal 
to the amount of niobium present), 
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and up to approximately 1000 µg of 
titanium, 200 µg of tantalum, or 100 
µg of bismuth can be present in the 
aliquot taken for analysis without 
causing appreciable error in the 
niobium result 1 • Moderate amounts of 
cobalt do not interfere because the 
co-extracted blue complex does not 
absorb at the wavelength employed for 
the measurement of the absorbance of 
the niobium complex 3 • 

Uranium (VI) forms a coloured, ether
insoluble complex under the conditions 
employed for the formation of the 
niobium complex 1 , but up to approxi
mately 1 mg does not interfere when 
the sample is decomposed with hydro
chloric1 hydrofluoric, and phosphoric 
acids 1 •z. Low results are obtained 
for niobium, in the presence of 
uranium, when the sample is decomposed 
by fusion with sodium bisulphate, pre
sumably because all of the niobium is 
not converted to the reactive Nbo+ 3 or 
Nb(OH)xs-x forms when the aliquot 
taken for analysis is acidified with 
hydrochloric acid 2 •5. 

Acids or anions that decompose thio
cyanate (e.g., nitric acid and 
nitrates), and anions, other than 
tartrate, that form complexes with 
niobium (e.g., fluoride, citrate, and 
oxalate) should not be present during 
complex formation 3 • 

Range 

The method is suitable for samples 
containing approximately 0.01 to 2% of 
niobium, but material containing higher 
concentrations can also be analyzed 
with reasonable accurac y . 

Reagents 

S t andar d niobium solution (1 ml = 0.1 
mg of niobium). Transfer 0.0286 g of 
pure niobium pentoxide and 4 g of 
fused sodium bisulphate to a 30-ml 
silica or quartz crucible and mix 
thoroughly. Add 2-3 drops of con
centrated sulphuric acid, cover the 
crucible, and carefully fuse the mix
ture (to avoid frothing) over an open 



flame until a clear melt is obtained. 
Remove the cover, swirl the crucible 
to distribute the melt in a thin layer 
around the inner walls, and allow the 
crucible and contents to cool. Trans
fer the crucible and cover to a 250-
ml beaker, add 75 ml of 1 M tartaric 
acid solution, and heat gently until 
the melt becomes detached from the 
crucible. Remove the crucible and 
cove~ after washing them thoroughl y 
with 1 M tartaric acid solution and, 
while stirring, continue heating until 
a clear solution is obtained. Cool 
the resulting solution to room temp
erature, transfer it to a 200-ml volu
metric flask, and dilute to volume 
with 1 M tartaric acid solution (Note 
1). Transfer 2-, 5-, 10-, 15-, and 
20-ml increments of this stock solu
tion to 100-ml volumetric flasks, add 
1-2 ml of concentrated phosphoric acid, 
and dilute each solution to volume 
with 1 M tartaric acid solution (1 ml 
of the resulting solutions = 2, 5, 10, 
15, and 20 µg, respectively, of nio
bium). Prepare fresh as required. 

Sodium b isu l phate . Fuse an appropri
ate amount of the reagent in a quartz 
or silica container, cool, and grind 
in a mortar. 

Ammonium thiocyanate solution , 20 % 
w/v. Prepare fresh as required. 

Stannous c hlo r ide solution , 10 % w/v. 
Dissolve 10 g of stannous chloride 
dihydrate in 100 ml of 2 M hydro
chloric acid. Prepare a fresh solu
tion every 2 days. 

Tartaric acid solution, 1 M. Dissolve 
300 g of the reagent in water, and 
dilute to 2 litres. 

Hydr ochloric - tartaric acid solution, 
9 M and 1 M, respectively. Dissolve 
15 g of tartaric acid in 100 ml of 9 M 
hydrochloric acid. 

Hydrochloric acid , 9 M. Dilute 385 ml 
of concentrated acid to 500 ml with 
water. 

Hydrochl o ric acid, 2 M. Dilute 86 ml 
of concentrated acid to 500 ml with 
water. 

Ethyl et h e r (peroxide-free). Purify 
just before use by shaking 100 ml with 
10 ml of 10% stannous chloride solu
tion. 
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Calibration curve 

Transfer 1-ml aliquots of each of the 
dilute standard niobium solutions (Note 
2) to 60-ml separatory funnels. Trans
fer an identical aliquot of a corres
ponding solution, prepared by diluting 
1-2 ml of concentrated phosphoric acid 
to 100 ml with 1 M tartaric acid solu~ 
tion, to another separatory funnel; 
this constitutes the blank. By pipette, 
add 5 ml of the 9 M hydrochloric acid-
1 M tartaric acid solution and 5 ml of 
20% ammonium thiocyanate solution to 
the funnels containing the blank and 
the first of the niobium solutions, 
then, without delay (Note 3), add 5 ml 
of peroxide-free ethyl ether to each 
funnel, stopper, and shake for 30 
seconds. Allow the layers to separate, 
drain off and discard the lower aqueous 
layer, and add 2 ml of 10 % stannous 
chloride solution to the ether layer. 
Shake for 10 seconds, allow the layers 
to separate, and again drain off and 
discard the lower aqueous phase. Re
peat the stannous chloride wash of the 
ether layer two more times, then trans
fer the ether phase to a 10-ml volu
metric flask, dilute to volume with 
acetone and mix (Note 4). Proceed, in 
a similar manner, with the formation 
and extraction of the niobium-thio
cyanate complex in each of the remain
ing solutions. Determine the absorb
ance of each ether-acetone solution of 
niobium thioc yanate, at 385 nm, against 
the blank as the reference solution, 
using 1-cm cells. Plot µg of niobium 
vs. absorbance. 

Procedures 

In these procedures a reagent blank is 
carried along with the samples. 

Acid-decomposition procedure 

Transfer 0.2-1 g of powdered sample, 
depending on the expected niobium con
tent, to a 100-ml platinum dish, and 
add 1-2 ml of concentrated phosphoric 
acid and 10 ml each of concentrated 
hydrochloric and hydrofluoric acids 
(Note 5). Heat the mixture gently for 
approximately 30 minutes to decompose 
siliceous material, then carefully 
evaporate the solution until only a 
paste of phosphoric acid remains (Note 
6). Wash the contents of the dish into 
a volumetric f lask of appropriate size 
(100 or 200 ml) with 1 M tartaric acid 



solution, dilute to volume with the 
same solution (Notes 7-9) and mix. 

Transfer a 1-ml aliquot of both the 
sample and blank solutions to 60-ml 
separatory funnels, and proceed with 
the formation and extraction of the 
niobium-thiocyanate complex as des
cribed above (Note 10). Measure the 
absorbance of the ether-acetone sample 
solution against the reagent blank 
solution, and determine the niobium 
content of the aliquot by reference 
to the calibration curve. 

Fusion procedure in 
uranium 

the absence of 
~~~-

Decompose 0.2 g of sample by fusion 
with 4 g of fused sodium bisulphate 
as described above for the preparation 
of the standard niobium solution. 
Dissolve the melt in 50 ml of 1 M 
tartaric acid solution then, depending 
on the expected niobium content, 
transfer the resulting solution, with
out filtering, to a 100- or 200-ml 
volumetric flask. Dilute the solution 
to volume with 1 M tartaric acid solu
tion, mix, and proceed with the ex
traction and subsequent determination 
of niobium as described above. 

Notes 

1. Solutions containing niobium 
should be at least 1 M in tartaric acid 
to prevent the niobium from hydrolyz
ing. 

2. Because tartaric acid influences 
the formation of the niobium-thiocyan
ate complex 3 , the preparation of 
separate dilute standard niobium solu
tions in 1 M tartaric acid solution, 
and the utilization of identical 1-ml 
aliquots of these solutions for cali
bration purposes, ensures that the 
tartaric acid concentration remains 
constant during the formation and 
extraction of the niobium complex. 
The extraction and subsequent deter
mination of niobium in sample solu
tions is carried out under identical 
conditions. 

3. Because thiocyanate polymerizes 
and rapidly forms coloured decomposi
t ion products in strong acid media, 
the niobium complex should be extract
ed into ether immediately, or within 
several minutes after the addition of 
the ammonium thiocyanate 1 • 3 . 
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4. Dilution of the ether extract of 
niobium thiocyanate with an equal vol
ume of acetone stabilizes the extract, 
presumably by inhibiting the polymer
ization of co-extracted thiocyanic 
acid. The absorbance of the resulting 
ether-acetone solution of niobium 
thiocyanate remains constant for at 
least 20 hoursl, 

S. In general, the acid decomposi
tion procedure, rather than the fusion 
procedure, is recommended for sample 
decomposition. This procedure is more 
rapid and permits the use of a larger 
sample when the niobium content is low; 
also the hydrofluoric acid employed 
removes silica f rom the solution and 
converts all of the niobium to a 
reactive form 2 • 5 • When necessary, up 
to 5 g of sample can be decomposed 
conveniently by this method. Sulphide 
minerals such as pyrite and molybdenite 
are not decomposed by the acid treat
ment, and consequently, the resulting 
solution is less contaminated with iron 
and molybdenum, which interfere in the 
determination of niobium if present in 
large amounts 2 • 

6. Do not fume or evaporate the solu
tion to dryness at this stage. This 
can result in the formation of niobium 
compounds that are not readily re
dissolved in tartaric acid solution. 

7. Filtration of the solution is 
usually not necessary unless large 
quantities of finely-divided insoluble 
material are present. 

8. Samples containing more than 2% 
of niobium can be analyzed, with 
reasonable accuracy, by diluting the 
initial sample solution to a larger 
volume, or by diluting a suitable 
aliquot of the solution to an appro
priate volume with 1 M tartaric acid 
solution. 

9. If the sample contains an appre
ciable amount of tantalum, the 

· tartaric acid solution of the sample 
should be analyzed for niobium without 
delay. Partial hydrolysis of tantalum 
occurs when the solution is allowed to 
stand. This causes low results for 
niobium because of the co-precipitation 
of niobium with the colloidal hydrous 
tantalum oxide 4 • 



10. The presence of an excessive 
amount of molybdenum in the aliquot 
taken for analysis will be indicated 
by the amber colour of the extract. 

Calculations 

1.431 X % Nb 
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DETERMINATION OF PHOSPHORUS IN IRON ORES AND CONCENTRATES, AND 
MOLYBDENUM AND TUNGSTEN ORES AND MILL PRODUCTS BY THE PHOSPHOVANADO
MOLYB D IC AC 1 D-1 SOAMYL ALCOHOL EXTRACTION METHOD 

Princip le 

This method 1 is based on that develop
ed by Elwell and Wilson 2 , and involves 
the formation of phosphovanadomolybdic 
acid in a 1 M nitric acid-0.005 M 
ammonium vanadate-0.01 M ammonium 
molybdate medium, and the subsequent 
extraction of the yellow mixed hetero
poly compound into isoamyl alcohol. 
Phosphorus is determined by spectro
photometric measurement, at 425 nm, 
of the absorbance of the yellow extract. 

Outline 

Iron ores and concentrates are de
composed with hydrochloric acid, and 
the solution is treated with nitric 
acid to convert phosphorus to ortho
phosphate. Silica is dehydrated by 
evaporation with perchloric acid, and 
the acid-insoluble material is ulti
mately removed by filtration and 
ignited. The silica in the resultant 
residue is removed by volatilization 
as silicon tetrafluoride, and the 
residue is fused with sodium carbon
ate to convert ref ractory phosphates 
(titanium, zirconiu~, and possibly 
thorium) to soluble phosphate. The 
melt is digested in water, and the 
hydrous oxides of the above elements 
are removed by filtration. The 
residual phosphorus in the filtrate is 
subsequently co-precipitated as 
ferric phosphate with hydrous ferric 
oxide, the precipitate is dissolved 
in dilute hydrochloric acid, and the 
solution is added to the initial 
filtrate. The resulting solution is 
ultimately analyzed for phosphorus. 

Following the decomposition of molybde
num and tungsten ores and mill products 
with nitric, hydrochloric, and sul
phuric acids, the separation of phos
phorus from molybdenum and tungsten by 
precipitation as magnesium ammonium 
phosphate, and the dissolution of the 
precipitate in dilute nitric acid, as 
described in the Volumetric-Alkali
metric Method for phosphorus (Proce
dure B, p 342, Note 27), the resulting 
solution is ultimately analyzed for 
phosphorus. 
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Discussion of interferences 

If present in large amounts, bismuth, 
thorium, hydiochloric, and hydro
fluoric acids interfere in the forma
tion of phosphovanadomolybdic acid by 
inhibiting complex formation; tungsten 
interferes by forming a heteropoly 
compound with phosphorus; and titanium, 
zirconium, and tin interfere by f orming 
insoluble phosphates. Arsenic, 
silicon, and germanium interfere by 
forming similar heteropoly vanado
molybdic acid or heteropoly molybdate 
compounds. Iron (II) and sulphides 
interfere by either reducing phospho
vanadomolybdic acid, or the excess 
molybdate, to molybdenum blue3-5, 

Interference from iron (II) is eliminat
ed by oxidizing it to the trivalent 
state with nitric acid during sample 
decomposition. Silica is removed by 
volatilization as silicon tetrafluoride, 
and hydrochloric and hydrofluoric acids, 
and sulphur compounds (i.e., sulphides) 
are removed or destroyed by evaporation 
with perchloric or sulphuric acids. 
I nterference from germanium, tin, and 
large amounts of arsenic can be avoided 
by volatilizing these elements as the 
bromides from a hydrobromic-perchloric 
or a hydrobromic-sulphuric acid medium. 
Elements that form insoluble phosphates 
(titanium, zirconium, and thorium), and 
various other elements that may be pre
sent in the acid-insoluble residue 
(niobium, and tantalum) are separated 
from phosphorus as the hydrous oxides, 
after fusion of the residue with sodium 
carbonate and digestion of the melt in 
water. Phosphorus is separated f rom 
molybdenum and tungsten, and various 
other elements that may be present in 
molybdenum and tungsten ores and mill 
products (e.g., tin, titanium, vanadium, 
chromium, bismuth, selenium, tellurium, 
and zirconium) by precipitating it as 
magnesium ammonium phosphate from an 
ammoniacal tartrate medium5• 6 . 

Chromium (VI), if present during com
plex formation, causes low results for 
phosphorus. This interference is 
avoided by reducing this ion to the 
trivalent state with sodium sulphite 



prier to comple x format i on 2 • The 
extraction procedure eliminates 
interference from chromium (III) and 
other coloured ions [nickel, cobalt, 
copper, and iron (III)] 2 • Up to 
approximately 1 mg each of thorium 
and arsenic, and up to 0.25, 5, and 
20 mg of zirconium, titanium, and 
bismuth, respectively, can be present 
during complex formation without 
causing appreciable errer in the phos
phorus result 2 - 4 • Up to at least 50 
mg of aluminum, barium, beryllium, 
cadmium, calcium, magnesium, manganese 
(II), mercury (II), uranium (VI), zinc, 
lead, silver, molybdate, silicate, 
selenate, and the alkali metals do not 
interfere 3 . 

Range 

The method is suitable for samples 
containing approximately 0.002 to 2% 
of phosphorus. 

Reagents 

Standard phosph orus s o lu t i o n (1 ml = 
5 0 ~g of phosphorus). Dissolve 
0.2292 g of anhydrous disodium phos
phate (Na 2 HP04) (dried at 105°C for 
1-2 heurs) in approximately 200 ml of 
water, add 100 ml of 20% nitric acid, 
and dilute to 1 litre with water (Note 
1) • 

Ammo ni um v anada t e - ammonium mol y bdate 
s o lut ion, 0.2 % and 4 % w/v, respect
ively. Dissolve 2 g of ammonium 
metavanadate (NH4V03) in approximately 
300 ml of water, and add 140 ml of 
concentrated nitric acid. Dissolve 
40 g of ammonium molybdate tetrahydrate 
[(NH 4) 6 Mo 7 0 2 4.4H 2 0] in approximately 
400 ml of water, then combine the two 
solutions. Transfer the resulting 
solution to a 1-litre volumetric 
flask, and dilute to volume with 
water. Prepare a fresh solution every 
3 days. 

Iron ( I II) s oluti on, 3% w/v. Dissolve 
15 g of high-purity iron metal (phos
ph o rus-free) in 100 ml of concentrated 
hydrochloric acid, add several drops 
of concentrated nitric acid to oxidize 
any ferrous iron present, cool, and 
dilute the solution to 500 ml with 
water. 

S odium sulphite s olution , 10% w/v. 
Prepare fresh as required. 
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Nitric acid, 50 % and 20 % v/v. 

Hydr ochlo r ic acid , 50% and 30% v/v. 

Sulphuri c aci d, 3 % v/v. 

Iso amyl alcohol . Anal y tical reagent
grade. 

Calibration curve 

Add 10 ml of 3 % iron (III) solution 
(Note 2) and 20 ml of 50% nitric acid 
to each of seven 300-ml Erlenmeyer 
flasks; then, by burette, add to the 
last six flasks, 1, 2, 4, 6, 8, and 
10 ml, respectively, of the standard 
50 µg/ml phosphorus solution. The 
contents of the first flask constitute 
the blank. Add 7 ml of concentrated 
perchloric acid to each flask, eva
porate the solution to fumes of per
chloric acid, and continue fuming for 
approximately 5 minutes. Cool, add 
30 ml of water to dissolve the salts, 
then add 10 ml of 10 % sodium sulphite 
solution, and boil the solution for 
approximately 10 minutes or until all of 
the resulting sulphur dioxide has been 
e x pelled. Add 8 ml of 20% nitric acid, 
boil the solution for an additional 3 
minutes (Note 3), then remove the flask 
f rom the source of heat. Add 25 ml of 
0.2 % ammonium vanadate-4 % ammonium 
molybdate solution to the hot solutions , 
mix, and cool to 15-20°C in a water
bath. 

Transfer the resulting solutions to 
250-ml separatory funnels, and dilute 
to approximately 80 ml with water. By 
pipette, add 50 ml of isoamyl alcohol 
to each funnel, stopper, and shake for 
2 minutes. Allow several minutes for 
the layers to separate, then drain off 
and discard the lower aqueous layer. 
Add 10 ml of 3 % sulphuric acid to each 
funnel, and shake for 15 seconds (Note 
4). Allow the layers to separate, then 
drain off and discard the aqueous layer 
and approximately 3-5 ml of the alcohol 
layer. Drain a portion of the isoamyl 
alcohol extracts into 15-ml centrifuge 
tubes, and centrifuge for 30 seconds 
(Note 5). Determine the absorbance of 
each extract (Note 6), at 425 nm, 
against isoamyl alcohol as the ref er
ence solution, using 2-cm cells . 
Correct the absorbance value obtained 
for each phosphovanadomolybdic acid 
extract by subtracting that obtained 
for the blank extract. Plot µg of 
phosphorus vs. absorbance. 



Procedures 

In these procedures a reagent blank 
is carried along with the samples. 

Iron ~ and concentrates 

Transfer 1 g of powdered sample to a 
250-ml beaker, and moisten with 
several ml of water. Add 20 ml of 
concentrated hydrochloric acid, and 
heat gently, without boiling, until 
the decomposition of acid-soluble 
material is complete. Add 5 ml of 
concentrated nitric acid and 7 ml of 
concentrated perchloric acid, eva
porate the solution to fumes of per
chloric acid, and continue fuming for 
approximately 5 minutes to dehydrate 
the silica. Cool, add 30 ml of water, 
heat gently to dissolve the soluble 
salts (Note 7), then fil ter the re
sulting solution (Whatman No. 40 paper) 
into a 300-ml Erlenmeyer flask, and 
transfer the residue quantitatively to 
the filter paper. Wash the paper and 
residue tw{ce with warm 30% hydro
chloric acid, then thoroughly with hot 
water to remove perchlorates. Eva
porate the filtrate and washings to 
approximately 25 ml. 

Transf er the paper and residue to a 
30-ml platinum crucible, burn off the 
paper at a low temperature, and ignite 
at approximately 700°C. Cool the 
crucible, and add 2 ml of concentrated 
perchloric acid and 5 ml of con
centrated hydrofluoric acid. Heat 
gently to decompose the residue, then 
evaporate the solution to dryness to 
remove silica and excess perchloric 
acid. Fuse the residue with 1-3 g of 
sodium carbonate, cool, and transfer 
the crucible and contents to a 250-ml 
beaker. Add 50 ml of water, heat 
gently to disintegrate the melt and to 
dissolve soluble salts, then remove 
the crucible after washing it thor
oughly with hot water. Filter the 
resulting solution (Whatman No. 40 
paper) into a 250-ml beaker, and wash 
the beaker, paper, and residue thor
oughly with hot water. Discard the 
paper and residue. Add 10 ml of con
centrated hydrochloric acid to the 
filtrate, boil the solution for several 
minutes to expel carbon dioxide, cool, 
and add 1 ml of 3% iron (III) solution. 
Neutralize the solution approximately 
with concentrated ammonium hydroxide 
to precipitate the hydrous oxide of 
iron and ferric phosphate, and add 
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approximately 1 ml in excess. Boil 
the resulting solution for approximate
ly 1 minute to coagulate the precipi
tate, then filter the solution (What
man No. 541 paper) and wash the beaker, 
paper, and precipitate several times 
with hot water. Discard the filtrate. 
Dissolve the precipitate, using 10 ml 
of warm 50% hydrochloric acid, and 
wash the paper thoroughly with hot 
water. Collect the solution in the 
beaker in which the precipitation was 
carried out, and discard the paper. 
Add the resulting solution to the 
initial filtrate (Note 8). 

If the sample contains approximately 
100 µg or less of phosphorus, eva
porate both the sample and blank solu
tions to fumes of perchloric acid, 
and fume for 5 minutes. Add 30 ml of 
water to dissolve the salts, then 
proceed with the sodium sulphite 
treatment, the formation qnd extraction 
o~ phosphovanadomolybdic acid, and 
the subsequent measurement of the 
absorbance as described above. Correct 
the absorbance value obtained for the 
sample extract by subtracting that 
obtained for the blank extract, and 
determine the phosphorus content of 
the sample extract by reference to the 
calibration curve. 

If the sample contains more than 100 
µg of phosphorus, transfer both the 
sample and blank solutions to volu
metric flasks of appropriate size (200-
1000 ml), dilute to volume with water 
and mix. Transfer a 25-100-ml aliquot 
of both solutions to 300-ml Erlenmeyer 
flasks, and add 3-4 ml of concentrated 
perchloric acid. Evaporate the solu
tions to fumes of perchloric acid, and 
proceed with the complex formation, 
extraction, and subsequent determination 
of the phosphorus content of the 
aliquot as described above. 

Molybdenum and tungsten ores and 
mill products 

Following the decomposition of a 1-g 
sample with nitric, hydrochloric, and 
sulphuric acids, the separation of 
phosphorus from molybdenum and tungsten 
by precipitation as magnesium ammonium 
phosphate, and the dissolution of the 
precipitate in dilute nitric acid as 
described in the Volumetric-Alkali
metric Method for phosphorus (Pro
cedure B, p 342, Note 27), add 7 ml of 
concentrated perchloric acid and 10 ml 



of 3% iron (III) solution (Note 9) to 
both the sample and blank solutions 
or, depending on the expected phos
phorus content of the sample, to 
suitable aliquots of the solutions as 
described above. Evaporate the re
sulting solutions to fumes of per
chloric acid, fume for 5 minutes, 
then proceed with the sodium sulphite 
treatment, the formation and extrac
tion of phosphovanadomolybdic acid, 
and the subsequent determination of 
phosphorus as described above. 

Notes 

1. All glassware should be cleaned 
with hot concentrated hydrochloric 
acid and washed with water to remove 
any phosphorus-bearing compounds. 

2. The addition of iron to the 
solutions employed for the prepara
tion _of the calibration curve is 
necessary to counteract the effect of 
iron, contained in samples of iron ore 
and concentrates, on the formation and 
subsequent extraction of phospho
vanadomolybdic acid. Iron, in large 
amounts, interferes in this method, 
to some extent, because of the forma
tion of iron (III) molybdate 2 • How
ever, the iron content of the sample 
or aliquot taken for analysis can vary 
considerably without producing appre
ciable error in the phosphorus 
result 1 • 

3. The re-oxidation of any ferrous 
iron, produced during the preceding 
treatment with sodium sulphite, is 
ensured by re-boiling the solution 
after the addition of nitric acid 2 • 

4. Co-extracted molybdic acid is 
partly removed by washing the extracts 
with 3% sulphuric acid. 

5. Alternatively, the extracts may 
be dried by filtering through a thick 
wad of cotton-wool into a dry 50- or 
100-ml volumetric flask. 

6. Absorbance measurements should 
be made within 20-30 minutes after 
extraction. The absorbance of the 
extract slowly decreases on standing 
because of the slight instability of 
phosphovanadomolybdic acid in isoamyl 
alcohol 2 . 
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7. If the sample contains an appre
ciable amount of manganese, any man
ganese dioxide that may have precipi
tated during evaporation of the solu
tion to fumes of perchloric acid may 
be re-dissolved at this stage by the 
addition of several crystals of 
sodium nitrite. 

8. If the sample contains tin, 
germanium, or more than approximately 
1 mg of arsenic, proceed as follows: 

Evaporate fhe solution ta approximate 
ly 30 ml , and add 5-10 ml of concen
trated hydrobromic acid . Evaporate 
the solution ta fumes of perchloric acid, 
wash down the sides of the flask with 
water, again evaporate ta fumes, then 
proceed as described. 
Antimony is also volatilized as the 
bromide by the above procedure. 

9. The calibration curve prepared 
by extracting phosphorus as phospho
vanadomolybdic acid in the presence of 
iron (Note 2) applies only to the de
termination of phosphorus in materials 
containing iron. Consequently, in 
order to utilize the same calibration 
curve for the determination of phos
phorus in molybdenum and tungsten ores 
and mill products, iron (III) solution, 
equivalent to that added to the cali
bration solutions, must be added to 
the sample solution or aliquot of the 
solution, prior to the formation and 
subsequent extraction of the phospho
vanadomolybdic acid. 

Calculations 

2.291 x %P 

Other applications 

The method described for iron ores and 
concentrates can be employed to deter
mine phosphorus in iron and steel 2 . 
It should be applicable to iron ore 
mill products if iron (III) solution 
is added to the sample solution or 
aliquot of the solution, prior to the 
formation and extraction of the phos
phovanadomolybdic acid (Note 9). 
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DETERMINATION OF PHOSPHORUS IN AC 1D-SOLUBLES1 LICATE ROCKS AND Ml NERALS 
' QUARTZITE, SAND STONE, S 1 LICA SAND, CARBONATE ROCKS, CLAY, SHALE, BAUXITE, 

AND PHOSPHATE ROCKS BY THE PHOSPHOVANADON\OLYBDIC ACID METI-IOD 

Princip le 

This method 1 • 2 is based on that dev
eloped by Kitson and Mellon3, and 
involves the formation of the yellow 
mixed heteropoly complex, phospho
vanadomolybdic acid, in a 0.8 M 
nitric acid - 0.002 M ammonium vana
date-0.008 M ammonium molybdate medium. 
Phosphorus is determined by spectro
photometric measurement, at 460 nm, 
of the absorbance of the complex. 

Outline 

The sample is decomposed with hydro
fluoric and nitric acids to remove 
silica, and to couvert phosphorus to 
the orthophosphate form, respectively. 
The solution is evaporated to dryness, 
and the salts are dissolved in dilute 
nitric acid. Residual fluoride is 
subsequently complexed with borie acid. 
The acid-insoluble material is removed 
by filtration, ignited, and fused with 
sodium carbonate to couvert refractory 
phosphates (titanium, zirconium, and 
possibly thorium) to soluble phosphate. 
The melt is digested in water, and the 
hydrous oxides of the above elements 
are removed by filtration. The fil
trate is ultimately combined with the 
initial filtrate. The resulting solu
tion is analyzed for phosphorus. 

Discussion of interferences 

Large amounts of zirconium, thorium, 
and titanium interfere in this method 
because they form insoluble phosphates, 
but up to approximately 0.25, 1, and 
5 mg, respectively, of these elements 
may be present separately during com
plex formation without causing appre
ciable error in the phosphorus re
sult3 • 4. Interference from coloured 
ions [chromium (III), chromium (VI), 
iron (III), copper (II), nickel, and 
cobalt] is avoided by employing an 
identical aliquot of the sample solu
tion, not treated with ammonium 
vanadate and ammonium molybdate, as 
the reference solution 2 • 
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Up to at least 50 mg of aluminum, 
barium, calcium, magnesium, manganese 
(II), silicate, alkali metals, beryll
ium, cadmium, mercury (II), uranium 
(VI), zinc, lead, silver, molybdate, 
and selenate do not interfere 3 . 
Germanium, and more than 1 mg of 
arsenic interfere because they form 
similar heteropoly vanadomolybdic acid 
or heteropoly molybdate compounds 5 • 
Tungsten interferes by forming a 
heteropoly compound with phosphorus, 
and cerium and tin precipitate as 
phosphates during complex formation3. 

Range 

The method is suitable for samples 
containing more than approximately 
0.01% of phosphorus. 

Reagents 

Standard phosphorus solution (1 ml = 
0.2 mg of phosphorus). Dissolve 
0.4584 g of anhydrous disodium phos
phate (Na2HP04) (dried at 105°C for 
1-2 hours) in water (Note 1), dilute 
to 500 ml, and store in a polyethylene 
bottle. 

Ammonium vanadate solution, 0.25% w/v. 
Dissolve 2.5 g of ammonium metavana
date (NH4V03) in approximately 500 ml 
of water, and add 20 ml of concentrat
ed nitric acid. Allow the resulting 
solution to stand overnight, filter it, 
if necessary, and dilute to 1 litre 
with water. 

Ammonium molybdate solution, 5% w/v. 
Dissolve 50 g of ammonium molybdate 

. tetrahydrate [(NH4)6Mo7024.4H20] in 
approximately 500 ml of warm water. 
Allow the resulting solution to stand 
overnight, filter it, if necessary, 
dilute to 1 litre with water, and 
store in a polyethylene bottle. 

Borie acid solution, 5% w/v. Dissolve 
50 g of the reagent in approximately 
800 ml of hot water, cool, and dilute 
to 1 litre. 



Nitric acid, 50 % v/v. Boil the solu
tion to remove oxides of nitrogen. 

Calibration curve 

Add 5 ml of concentrated, colourless 
nitric acid to each of eight 100-ml 
volumetric flasks; then, by burette, 
add to the last seven flasks 0.5, 1, 
2, 4, 6, 8 and 10 ml, respectively, of 
the standard 0.2 mg/ml phosphorus 
solution. The contents of the first 
flask constitute the blank. Dilute 
the contents of each flask to approxi
mately 50 ml with water, add 10 ml of 
0.25 % ammonium vanadate solution, and 
mix thoroughly. Add 20 ml of 5% 
ammonium molybdate solution, dilute to 
volume with water, mix, and allow the 
solutions to stand at room temperature 
for approximately 30 minutes (Note 2). 
Determine the absorbance of each 
phosphovanadomolybdic acid solution, 
at 460 nm (Note 3), against the blank 
as the reference solution, using 2-cm 
cells. Plot mg of phosphorus vs. 
absorbance. 

Procedures 

In these procedures a reagent blank is 
carried along with the samples. 

Acid-soluble silicate rocks and 
minerals, quartzite, s~o~ 
silica _sand , carbonate rocks, 
~ shale, and bauxite 

Transfer 1 g of powdered sample (Note 
4) to a 100-ml platinum dish, and 
moisten with approximately 5 ml of 
water. Cover the dish and slowly add 
10 ml of concentrated nitric acid, in 
small portions, until the decomposi
tion of any carbonates present is 
complete. Remove the cover, add 10 ml 
of concentrated hydrofluoric acid, mix 
by swirling, then at low heat, slowly 
evaporate the solution to dryness 
(Note 5). Cool, wash down the sides 
of the dish with a small amount of 
water, add 5 ml each of concentrated 
nitric and hydrofluoric acids, mix, 
and again evaporate the solution to 
dryness. Add 20 ml of 50% nitric acid, 
evaporate the solution to dryness, and 
heat the resulting residue (Note 5) 
for approximately 30 minutes to expel 
volatile fluorides. Cool, add 20 ml 
of 50% nitrogen oxide-free nitric acid 
and 10 ml of 5% borie acid solution. 
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Cover the dish with a plastic or 
Teflon cover, and digest the contents 
on a hot water-bath until the dissolu
tion of solid material appears to be 
complete (Note 6). Filter the re
sulting solution (Whatman No. 40 paper) 
into a 100-ml volumetric flask, trans
fer the residue (Note 7) quantitatively 
to the filter paper, and wash the dish 
and paper several times . with water 
containing a few drops of concentra ted 
nitric acid. 

Transfer the paper and residue to a 
30-ml platinum crucible, burn off the 
paper at a low temperature, and ignite 
at approximately 700°C. Fuse the 
residue with 0.5 g of sodium carbonate, 
cool, and transfer the crucible and 
contents to a 250-ml beaker. Add 
approximately 50 ml of water, heat 
gently to disintegrate the melt and to 
dissolve soluble salts, then remove the 
crucible after washing it thoroughly 
with hot water. Filter the resulting 
solution (Whatman No. 40 paper) into a 
250-ml beaker, and wash the beaker, 
paper and residue thoroughly with ho t 
water. Discard the paper and residue. 
Neutralize the filtrate approximately 
with concentrated nitric acid, add 2-3 
drops in excess , and evaporate the 
solution to approximately 10 ml. Add 
the resulting solution to the initial 
filtrate, dilute the combined solution 
to volume with water and mix. 

Transfer two identical 10-40-ml aliquots 
of both the blank and sample solutions, 
depending on the expected phosphorus 
content, to 100-ml volumetric flasks , 
and add sufficient concentrated, 
colourless nitric acid so that 5 ml of 
the concentrated acid are present. 
Dilute the solutions to approximately 
50 ml with water, then, omitting the 
addition of ammonium vanadate and 
ammonium molybdate solutions to one 
aliquot of each solution, proceed with 
the complex formation as described 
above. Measure the absorbance of the 
blank and sample solutions against the 
corresponding solutions, to which no 
ammonium vanadate and ammonium molyb-
da te solutions were added . Correct the 
absorbance value obtained for the 
sample solution by subtracting that 
obtained for the blank solution, and 
determine the phosphorus content of the 
aliquot by reference to the calibration 
curve. 



Phosphate rocks 

Decompose 0.5 g of powdered sample 
(Notes 4 and 7) by the method describ
ed above. Dilute the resulting com
bined solution to 500 ml with water, 
then transfer two 10-ml aliquots of 
both the blank and sample solutions 
to 100-ml volumetric flasks, and add 
5 ml of concentrated nitric acid. 
Dilute the solutions to approximately 
50 ml with water, and proceed with the 
complex formation and subsequent de
termination of phosphorus as described 
above. 

Notes 

1. All glassware should be cleaned 
with hot concentrated hydrochloric 
acid and washed with water to remove 
any phosphorus-bearing compounds 

2. Because the absorbance of the 
phosphovanadomolybdic acid complex 
varies 1 to 5ome extent, with tempera
ture4'b, a standing period of at least 
30 minutes at room temperature is re
commended to eliminate or minimize 
this temperature effect. The complex 
forms within approximately 5 minutes 
and, after standing for 30 minutes at 
room temperature, is stable for at 
least an additional 30 minutes 3 • 

3. Although the phosphovanadomolyb
dic acid complex exhibits an intense 
absorption band at approximately 315 
nm7, a wavelength of 460 nm is em
ployed for spectrophotometric measure
ment to minimize the background ab
sorbance of the reagents (i.e., 
ammonium vanadate and ammonium molyb
da te), ferric iron, and certain other 
coloured ions (copper and nickel) 2 • 

4. If much organic material is pre
sent in the sample (e.g., clay, shale, 
and carbonate rocks), it should be 
ignited at 800-900°C for approximately 
30 minutes. 

5. Sorne phosphorus may be lost, pre
sumably by volatilization, if the 
residue resulting from the evaporation 
of the sample solution to dryness is 
heated or baked at temperatures exceed
ing 250°C 2 • 
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6. Any manganese dioxide (i.e., 
a brown precipitate) that is present 
at this stage may be re-dissolved by 
the addition of several crystals of 
sodium sulphite. If the solution is 
turbid because of the presence of 
hydrous oxides of titanium and/or 
zirconium, boil it for several minutes 
to produce a filterable precipitate. 

7. If only a small amount, or no 
residue is present, the subsequent 
ignition and fusion procedure may be 
omitted. A white residue should not 
be discarded because it may contain 
titanium and/or zir~onium phosphates. 

Calculations 

2.291 X %P 
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DETERMINATION OF RHENIUM IN MOLYBDENITE CONCENTRATES BY THE THIOCYANATE 
METHOD 

Principle 

Rhenium is determined by spectrophoto
metric measurement, at 425 nm, of the 
absorbance of the amber rhenium (V)
thiocyanate complex, formed in a 2.9 M 
hydrochloric acid-30% acetone medium 
in the presence of stannous chloride 
as reductant1,2. 

Outline 

The sample is decomposed by fusion 
with sodium peroxide and sodium car
bonate, and the melt is dissolved in 
water. Molybdenum and certain inter
fering elements are ultimately 
sepaiated from rhenium by cupferron
chloroform extraction. The resulting 
aqueous phase is analyzed for rhenium. 

Discussion of interferences 

Molybdenum, titanium, vanadium, tungs
ten, platinum, palladium, rhodium, and 
gold f orm coloured thiocyanate com
plexes; copper forms an insoluble 
thiocyanate; and selenium and tellur
ium are reduced to the elemental state 
under the conditions employed for the 
formation of the rhenium (V)-thio
cyanate complex3• 4 . 

Interference from molybdenum, titanium, 
and vanadium is eliminated by separat
ing these elements, and variou~ other 
elements (e.g., iron, zirconium, tin, 
antimony, and some copper) from rhen
ium by chloroform extraction of their 
cupferron complexes from a 3 M hydro
chloric acid medium 4 • 5 • Platinum, 
palladium, rhodium, gold, selenium, 
and tellurium are not separated by this 
procedure and interfere in this 
method 3 . Tungsten precipitates as the 
hydrated oxide during evaporation of 
the hydrochloric acid solution of the 
melt, and can be separated from rhen
ium by filtration. Up to approximate
ly 2 mg of copper do not interfere. 
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Range 

The method is suitab l e f or samples 
containing approximately 0.003 to 
0.12% of rhenium. 

Reagents 

Standard rhe ni um s olution (1 ml = 0.2 mg 
of rhenium). Dissolve 0.1441 g of 
ammonium perrhenate (NH4Re04) in water 
and dilute to 500 ml. Dilute 25 ml of 
this stock solution to 200 ml with 
water (1 ml= 25 µg of rhenium). 

Potass i um t hio ay an a te solution , 20% 
w/v. Prepare fresh as required, and 
filter the solution, if necessary. 

S tann ous ah lo r ide solution , 10 % w/v. 
Dissolve 10 g of stannous chloride 
dihydrate in 50 ml o f concentrated 
hydrochloric acid, and dilute to 100 
ml with water. Prepare fresh as 
required. 

Cupfe rron s olut ion , 9% w/v. Prepare 
fresh as required using only pure 
white cupferron, and filter the solu
tion, if necessary. 

Ch lo r o f o rm. Analytical reagent-grade. 

Calibration curve 

Add 10 ml of concentrated hydrochloric 
acid to each of seven 50-ml volumetric 
flasks; then, by burette, add to the 
last six flasks 1, 2, 4, 6, 8, and 10 
ml, respectively, of the dilute stan
dard 25 µg/ml rhenium solution. The 
contents of the first flask constitute 
the blank. Dilute the contents of each 
flask to exactly 25 ml with water, 
cool, if necessary, then add 5 ml of 
10% stannous chloride solution and 5 ml 
of 20% potassium thiocyanate solution, 
and mix thoroughly after each addition. 
Dilute each solution to volume with 
acetone (Note 1), mix, and allow the 
solutions to stand for 15 minutes to 
complete the complex formation. Deter
mine the absorbance of each rhenium
thiocyanate solution (Note 2), at 42 5 



nm, against the blank as the reference 
solution, using 2-cm cells. Plot µg 
of rhenium vs. absorbance, 

Pro ce dure 

In this procedure a reagent blank is 
carried through all of the stages of 
the procedure except the cupf erron
chloroform extraction step (Note 3). 

Transfer 1 g of powdered sample (Note 
4) to a 30-ml zirconium crucible, add 
3 g of sodium peroxide and 2 g of 
sodium carbonate and mix thoroughly. 
Cautiously fuse the mixture (to avoid 
spattering) over an open flame, and 
maintain it in the molten state for 
several minutes to ensure complete 
sample decomposition. Allow the melt 
to cool for approximately 5 minutes, 
then transfer the crucible and con
tents to a 400-ml beaker containing 
50-60 ml of water. When the subse
quen~ reaction has ceased (Note 5), 
remove the crucible after washing it 
thoroughly with hot water, and neutra
lize the solution approximately with 
concentrated hydrochloric acid. Add 
25 ml in excess, and bail the result
ing solution gently to remove the 
carbon dioxide and hydrogen peroxide 
formed during the acidification step. 
Evaporate the solution to approximate
ly 75 ml and cool to room temperature 
(Note 6). 

Transfer the solution to a 250-ml 
separatory funnel, dilute to approxi
mately 100 ml with water, and cool to 
about 6°C in an ice-bath, Ad 60 ml 
of cold 9% cupferron solution, stopper, 
and shake for 1 minute. Add 50 ml of 
chloroform, shake for 1 minute, allow 
several minutes for the layers to 
separate, then drain off and discard 
the chloroform layer. Re-extract the 
solution three more times using, in 
succession, 25, 15, and 15 ml of 
chloroform, and shaking for 1 minute 
each time (Note 7). Filter the 
aqueous layer (Whatman No. 541 paper) 
into a 400-ml beaker, heat gently to 
remove the residual chloroform, then 
evaporate the solution to approximate
ly 75 ml. Cool the resulting solution 
to room temperature, transfer it to a 
100-ml volumetric flask, dilute to 
volume with water and mix. 

Transfer 20-ml aliquots of bath the 
sample and blank solutions to 50-ml 
volumetric flasks, add 5 ml of con
centrated hydrochloric acid (Note 8), 
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then proceed with the formation of the 
rhenium-thiocyanate complex as des
cribed above. Measure the absorbance 
of the sample solution against the 
reagent blank solution, and determine 
the rhenium content of the aliquot b y 
reference to the calibration curve. 

Notes 

1. Acetone increases the rate of 
complex formation and prevents the 
reduction of rhenium (VII) beyond the 
pentavalent statel. 

2. The absorbance of the aqueous
acetone solution of rhenium thiocya
nate remains constant for at least 2 
hours. 

3. The cupferron-chloroform ex
traction step is omitted in the case of 
the reagent blank to avoid the pre
sence of large amounts of organic 
material in the resulting solution. 
Large amounts of un-complexed cupferron 
are not readily removed by extraction 
with chloroform. 

4. The decomposition of larger 
samples, which necessitates the use of 
larger amounts of flux material, is not 
recommended because of the excessive 
amount of sodium salts that will be 
present in the final solution . 

5. Any insoluble black material 
(possibly sulphides of molybdenum) that 
may be present at this stage can be 
dissolved by the addition of small 
portions of 30% hydrogen peroxide. 

6, Tungsten, if present, precipitat
es as the hydrous oxide during eva
pora tion of the sample solution and 
can be removed at this stage by filter
ing the solution into the separatory 
funnel. 

7. Continued extraction with chloro
form is necessary to remove the major 
portion of the un-complexed cupferron . 
The usual method of destroying organic 
material, by treatment with nitric 
acid and subsequent evaporation to 
fumes of sulphur trioxide or perchloric 
acid, cannot be employed in this method 
because rhenium volatilizes as the 
heptoxide under these conditions 3 • 

8. If smaller aliquots of the sample 
and blank solutions are taken, suf
ficient concentrated hydrochloric acid 
must be added so that approximately 
10 ml are present prior to complex 
formation. 
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DETERMINATION OF SILICON IN IRON ORES BY THE MOLYBDENUM BLUE MElHOD 

Princip le 

This method 1 is based on the formation 
of the yellow, heteropoly B-silico-12-
molybdic acid complex in a dilute 
nitric acid medium, and the subsequent 
reduction of the complex to the molyb
denum blue complex with ascorbic 
acid in a 0.8 M sulphuric acid 
medium. Silicon is determined by 
spectrophotometric measurement, at 
600 nm, of the absorbance of the blue 
reduced complex. 

Outline 

The sample is decomposed by fusion 
with sodium tetraborate to couvert 
silica to the reactive monomeric form, 
and the meit is dissolved in dilute 
nitric acid. The resulting solution 
is analyzed for silicon. 

Discussion of interferences 

Phosphorus (V), arsenic (V), and 
germanium form similar yellow hetero
poly molybdate complexes under the 
conditions employed for the formation 
of the yellow B-silicomolybdic acid 
complex 2 •3. Interference from phos
phorus and arsenic is eliminated by 
the destruction of these complexes 
with oxalic acid, prior to the reduc
tion of the silicon complex 4 . Ger~ 
manium is not normally present in iron 
ores, and small amounts of various 
other elements that may be present 
(e.g.,manganese, titanium, zirconium, 
aluminum, copper, and vanadium) do not 
interfere3. 

Oxidizing agents [chromium (VI) and 
hydrogen peroxide] interfere, if pre
sent in large amounts, by preventing 
the reduction of the yellow complex. 
Hydrogen peroxide also prevents the 
formation of the yellow complex be
cause it reacts with the molybdate to 
form an intense yellow peroxy-molyb
date complex2 • 3 • Reducing agents, 
other than ascorbic acid, should not 
be present during or after formation 
of the yellow complex2,3. 

95 

Range 

The method is suitable for samples 
containing approximately 0.05 to 7.5% 
of silicon, but material containing 
higher concentrations can also be 
analyzed with reasonable accuracy. 

Re agents 

Standard silicon solution (l ml = 75 
µg of silicon). Transfer 0.0802 g of 
pure powdered silicon dioxide (dried 
at 150°C for 1 hour), and 0.4 g of 
high-purity silicon-free powdered 
ferric oxide (Fe203) to a 30-ml plati
num crucible lined with 3 g of pre
melted anhydrous sodium tetraborate. 
Add 1 g of sodium tetraborate and mix 
thoroughly. Heat the mixture over an 
open flame for several minutes, then 
at approximately 1100°C for about 15 
minutes or until a clear melt is ob
tained (Note 1). Remove the caver, 
swirl the crucible to distribute the 
melt in a thin layer around the inner 
walls, and allow the crucible and 
contents to cool. Transfer the 
crucible and caver to a 400-ml Teflon 
beaker (Note 2), add 200 ml of 10% 
nitric acid, and heat gently, at 
approximately 90°C, until the dissolu
tion of the melt is complete. Cool, 
remove the crucible and caver after 
washing them thoroughly with water, 
and transfer the resulting solution to 
a 500-ml volumetric flask. Dilute to 
volume with water, mix, and immediately 
transfer the solution to a polyethylene 
bottle. Dilute 20 ml of this stock 
solution to 100 ml with a blank solu
tion, prepared in a similar manner and 
containing all of the reagents em
ployed except the silicon dioxide 
(1 ml= 15 µg of silicon). Prepare 
fresh as required. 

Ammonium molybdate solution, 12% w/v. 
Dissolve 120 g of ammonium molybdate 
tetrahydrate [(NH 4 )5Mo70z4·4il20] in 500 
ml of water, dilute to 1 litre, and 
transfer the solution to a polyethy
lene bottle. Allow the solution to 
stand for at least 1 day, filter it, 
if necessary, and store in a poly
ethylene bottle. 



Oxalie aeid soluti on, 5 % w/v. Dissolve 
50 g of oxalic acid dihydrate in appro
ximately 800 ml of water, and dilute 
to 1 litre. Filter the solution, if 
necessary, and store in a polyethylene 
bottle. 

Aseorbie aeid solution, 2% 
pare fresh as required and 
polyethylene bottle. 

w/v. Pre-
store in a 

Nitrie aeid, 10% v/v. 
polyethylene bottle. 

Store in a 

Sulphurie aeid, 25% v/v. 
polyethylene bottle. 

Store in a 

Hydrogen peroxide, 
ml of 30% hydrogen 
with water. Store 
bottle. 

Calibration curves 

3% w/v. Dilute 10 
peroxide to 100 ml 
in a polyethylene 

To four 100-ml volumetric flasks, add, 
by burette, 1, 2, 3, and 4 ml, res
pectively, of the dilute standard 15 
µg/ml silicon solution, and to five 
additional flasks, add 1, 2, 3, 4, and 
5 ml, respectively, of the 75 µg/ml 
solution. Dilute each solution to 
exactly 5 ml with the blank solution 
that was prepared by fusing 0.4 g of 
ferric oxide with 4 g of sodium tetra
borate (Note 3). Add 5 ml of this 
solution to a tenth flask; this con
stitutes the blank. Add 2 ml of 10% 
nitric acid to each solution, then add 
5 ml of 12% ammonium molybdate solu
tion to the blank and the first two of 
the silicon solutions, and allow the 
solutions to stand for 5 minutes to 
complete the complex formation (Note 
4). Add 10 ml of 5% oxalic acid solu
tion, 5 ml of 25% sulphuric acid, and 
5 ml of 2% ascorbic acid solution to 
each of the solutions, in rapid succes
sion (Note 5), and mix thoroughly after 
each addition. Allow the solutions to 
stand for approximately 1 minute, and 
dilute to volume with water. Proceed, 
in a similar manner, with the forma
tion and reduction of the S-silico
molybdic acid complex in the remain
ing solutions. Allow the solutions 
to stand for at least 5 minutes to 
complete the reduction, then deter
mine the absorbance of each of the 
first four solutions, at 600 nm 
(Note 6), against the blank as the 
reference solution, using 5-cm cells. 
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Determine the absorbance of each of 
the last five solutions in a similar 
manner, using 1-cm cells. Plot µg of 
silicon vs. absorbance for each series 
of measurements. 

Procedure 

In this procedure a reagent blank, pre
pared by fusing 0.4 g of ferric oxide · 
with sodium tetraborate, is carried 
along with the samples (Note 7). 

Decompose 0.5 g of powdered sample by 
fusion with 4 g of sodium tetraborate, 
using the decomposition technique 
described in the preparation of the 
standard silicon solution. After 
dissolution of the melt in 200 ml of 
10% nitric acid (Note 8), transfer the 
resulting solution to a 500-ml volu
metric flask. Dilute to volume with 
water, mix, and immediately transfer 
the solution to a polyethylene bottle. 

Transfer 5-ml aliquots 'of both the 
sample and blank solutions (Note 9) to 
100-ml volumetric flasks, add 2 ml of 
10% nitric acid, and proceed with the 
formation and subsequent reduction of 
the silicomolybdic acid complex as 
described above. lfeasure the absorb
ance of the sample solution against 
the reagent blank solution, using 1-
or 5-cm cells as required, and deter
mine the silicon content of the aliquot 
by reference to the appropriate cali
bration curve. 

Notes 

1. This fusion technique facilitates 
decomposition, and inhibits attack on 
the platinum crucible by iron which 
results in the formation of an iron
platinum alloy. Complete decomposition 
of ferric oxide cannot readily be 
obtained by direct fusion with 4 g of 
sodium tetraborate, 

2. Plasticware, previously cleaned 
with dilute hydrofluoric acid and 
washed with water, should be used 
whenever possible to avoid contamina
tion by silica from glass. Glassware 
may be cleaned with 25% ammonium 
hydroxide and then washed with con
centrated hydrochloric acid and water. 

3. Iron is added to the solutions 
employed for the preparation of the 
calibration curve to counteract the 
slight effect of the iron, contained 
in iron ore, on the formation of the 



silicomolybdic acid complex. The 
amount that is added is based on ores 
containing 56% of iron, but lesser or 
greater amounts may be present in the 
sample without producing significant 
error in the silicon result. 

4. The 8-silicomolybdic acid com
plex that is formed under these con
ditions is stable for approximately 
30 minutes 5 , then it slowly and ir
reversibly changes to the a-form6. 

5. Because oxalic acid quickly 
destroys the 8-silicomolybdic acid 
complex6- 8 , and the sulphuric acid 
hastens the transformation of the 8-
form to the a-form6, these reagents, 
and the ascorbic acid solution, must be 
added, in rapid succession, to one 
solution at a time. The solution must 
be mixed thoroughly after each addi
tion, and the neck of the flask 
should be washed down with the oxalic 
and sulphuric acid solutions, during 
the addition of these solutions, to 
prevent the subsequent reduction of 
any excess molybdate solution adhering 
to the walls of the flask. 

6. Although the reduced 8-silico
molybdic acid complex exhibits an in
tense absorption band at 810 nm, a 
less intense band or shoulder at 
approximately 600 nm is emplo y ed for 
spectrophotometric measurement to 
extend the effective upper range of 
the method. The lower range can be 
extended to approximately 0.005% of 
silicon if the absorbance (for up to 
approximately 25 µg of silicon) is 
measured at 810 nm using 5-cm cells. 

7. The blank solution that is 
initially prepared for calibration 
purposes can be employed as the 
reagent blank if the same batch of 
reagents is used for fusion of the 
sample and for di s solution of the melt, 
and if the solution is relatively 
fresh and has been stored in a poly-
e thylene container. 

8. If the sample contains an appre
ciable amount of manganese, any man
ganese dioxide that may have precipi
tated during dissolution of the melt 
may be re-dissolved at this stage by 
the addition of several drops of 3 % 
hydrogen peroxide. The solution must 
subsequently be boiled to eliminate 
excess hydrogen peroxide. 
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9. Samples containin g more than 
7.5 % of silicon can be analyzed with 
reasonable accuracy by employing a 
smaller aliquot of the sample solution, 
diluted to 5 ml with the reagent blank 
solution, for complex formation. 

Calculations 

%Si02 2.139 X % Si 
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DETERMINATION OF SILICON IN FLUORSPAR BY THE SILICOMOLYBDIC AC ID-NORMAL 
BUTYL ALCOHOL EXTRACTION METHOD 

Principle 

This method 1 is based on the formation 
of the yellow, heteropoly 8-silico-12-
molybdic acid complex in a dilute 
hydrochloric acid medium, and the 
subsequent extraction of the complex 
into normal butyl alcohol from a 1.8 M 
sulphuric acid medium. Silicon is 
determined by spectrophotometric 
measurement, at 400 nm, of the ab
sorbance of the extract. 

Outline 

The sample is decomposed by fusion 
with sodium tetraborate to convert 
silica to the reactive monomeric form, 
and to prevent loss of silicon by 
volatilization as the tetrafluoride. 
The melt is dissolved in dilute hydro
chloric acid. The resulting solution 
is analyzed for silicon. 

Discussion of interferences 

Phosphorus (V), arsenic (V), and 
germanium form similar yellow extract
able heteropoly molybdate complexes 
under the conditions employed for the 
formation of the yellow 8-silico
molybdic acid complex 2 - 4 • Germanium 
is not normally present in fluorspar, 
and interference from phosphorus and 
arsenic (up to at least 0.5 mg) is 
eliminated by adjusting the sulphuric 
acid concentration of the solution 
to approximately 1.8 M, and conse
quently destroying their complexes, 
prior to the extraction of the silicon 
complex 3-S. 

Borie acid, which is formed during the 
dissolution of the sodium tetraborate 
melt, complexes and prevents interfer
ence from fluoride ion. The extrac
tion procedure eliminates interference 
from coloured ions [copper (II), iron 
(III), and nickel]. Large amounts of 
calcium, magnesium, strontium, barium, 
alkali metals, nickel, copper, and 
zinc, and small amounts of iron, 
aluminum, tin, · and manganese do not 
interfere 4- 6 . 
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Range 

The method is suitable for samples 
containing approximately 0.05 to 5% of 
silicon, but material containing higher 
concentrations can also be analyzed 
with reasonable accuracy. 

Re agents 

Standard silicon solution (1 ml = 
0.02 mg of silicon). Trans fer 0.0107 g 
of pure powdered silicon dioxide 
(dried at 150°C for 1 hour), and 7 g 
of anhydrous sodium tetraborate to a 
30-ml platinum crucible and mix thor
oughly. Cover the crucible and care
fully fuse the mixture over a blast 
burner for 3-5 minutes or until a clear 
melt is obtained. Transfer the cover, 
after allowing it to cool slightly, to 
a 400-ml polyethylene or Teflon beaker 
(Note 1) containing 150 ml of water 
and 25 ml of 50% hydrochloric acid. 
Remove the crucible from the source of 
heat, and carefully pour the hot melt 
into the beaker, by drops, so that 
most of the drops settle on top of the 
crucible cover (Note 2). When the 
crucible has cooled sufficiently, 
transfer it to the beaker, cover the 
beaker with a sheet of polyethylene, 
and secure the sheet to the beaker 
with a rubber band. Place the beaker 
in a steam-bath, and heat for appro
ximately 2 hours or until the dissolu
tion of the melt is complete (Note 3). 
Remove the crucible and cover after 
washing them thoroughly with water, 
cool the resultin g solution to room 
temperature, and transfer it to a 
250-ml volumetric flask. Dilute to 
volume with water, mix, and immediately 
transfer the solution to a polyethylene 
bottle. Prepare, in a similar manner, 
a blank solution co ntaining all of the 
reagents employed above except the 
silicon dioxide. 

Ammonium molybdate solution, 10 % w/v. 
Dissolve 100 g of ammonium molybdate 
tetrahydrate [(NH4)6Mo70 24 .4H20] in 
500 ml of water, dilute to 1 litre, 
and transfer the solution to a poly
ethylene bottle. Allow the solution 



to stand for at least 1 day , f ilter it, 
if necessary, and store in a polyethy
lene bottle. 

S i l ica-free ammonia solution . Bubble 
ammonia gas into water, contained in 
a polyethylene bottle, until the solu
tion is saturated (Note 4). 

Hydrochlor i c acid, 50 % v/v. 
a polyethylene bottle. 

Store in 

Sulphuric a cid, 50 % and 1 % v/v. 
in a polyethylene bottle. 

Norma l buty l a lco hol . 
reagent-grade. 

Calibration curve 

Analytical 

Store 

To five 200-ml polyethylene beakers 
(Note 5), add, by burette, 10, 20, 30, 
40, and 50 ml, respectively, of the 
standard 0.02 mg/ml silicon solution. 
By burette, dilute each solution to 
exactly 50 ml with the blank solution 
that was prepared by fusing 7 g of 
sodium tetraborate and dissolving the 
melt in dilute hydrochloric acid. Add 
50 ml of this solution to a sixth 
beaker; this constitutes the blank. 
Using a pH meter, adjust the pH of 
each solution, if necessary, to 0.80 ± 
a.os with 50% hydrochloric acid or 
silica-free ammonia solution as re
quired. Add 10 ml of 10 % ammonium 
molybdate solution to each solution, 
mix thoroughly, and allow the solutions 
to stand for 10 minutes to complete the 
complex formation (Note 6). 

Transfer the resulting solutions to 
250-ml separatory funnels, marked at 
approximately 100 ml, and dilute to the 
mark with water. Add 25 ml of 50% 
sulphuric acid to the blank and the 
first of the silicon solutions, mix 
thoroughly, then, without delay (Note 
7), add 75 ml of n-butyl alcohol, 
stopper, and shake for 1 minute. Pro
ceed, in a similar manner, with the 
extraction of the B-silicomol y bdic acid 
complex from the remaining solutions. 
Allow several minutes for the layers 
to separate, then drain off and discard 
the lower aqueous layers. Wash each 
alcohol layer 3 times by shaking for 
30 seconds each time with a 20-ml 
portion of 1% sulphuric acid (Note 8). 
Drain off and discard the aqueous 
layers. Drain each butyl alcohol ex
tract into a dry 100-ml volumetric 
flask, and wash the funnel twice with 
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5-ml portions of butyl alcohol. Add 
the washings to the flask, then add 
1 ml of ethyl alcohol, dilute to volume 
with butyl alcohol and mix. Determine 
the absorbance of each extract, at 400 
nm, against butyl alcohol as the re
ference solution, using 1-cm cells. 
Correct the absorbance value obtained 
for each B-silicomolybdic acid extrac~ 
by subtracting that obtained for the 
blank extract. Plot mg of silicon vs. 
absorbance. 

Procedure 

In this procedure a reagent blank is 
carried along with the samples (Note 
9) • 

Decompose 0.1-1 g of powdered sample, 
depending on the expected silicon 
content, by fusion with 7 g of sodium 
tetraborate as described above for the 
preparation of the standard silicon 
solution. After dissolution of the 
melt in dilute hydrochloric acid, trans
fer the resulting solution to a 250-ml 
volumetric flask. Dilute to volume 
with water, mix, and immediately trans
fer the solution to a polyethylene 
bottle. 

Transfer 50-ml aliquots of both the 
sample and blank solutions (Note 10) to 
200-ml polyethylene beakers, and pro
ceed with the formation and extraction 
of the silicomolybdic acid complex, and 
the subsequent measurement of the ab
sorbance as described above. Correct 
the absorbance value obtained for the 
sample extract by subtracting that ob
tained for the blank extract, and 
determine the silicon content of the 
aliquot by reference to the calibration 
curve. 

Notes 

1. Plastic beakers and bottles used 
for the dissolution of the melt and for 
storage of solutions, respectively, 
should be cleaned with dilute hydro
fluoric acid and washed with water to 
prevent contamination from silica. 
Glassware may be cleaned with 25% 
ammonium hydroxide, and then washed with 
concentrated hydrochloric acid and 
water. 

2. If polyethylene beakers are em
ployed, the bottom of the beaker may 
melt if the hot melt is poured directly 
into the solution. 



3. Oc casional swirling of the solu
tion during heating promotes dissolu
tion of the melt. 

4. Th e concentration of the solution 
can be t ested periodically by titrating 
a 5-ml a liquot with concentrated hydro
chloric acid, using phenolphthalein as 
indicator, and comparing the result 
obtained with that obtained from the 
titration of an identical portion of 
concentrated ammonium hydroxide. 

5. Plastic beakers that have pre
viously been employed for the forma
tion of the silicomolybdic acid com
plex in samples containing phosphorus 
should be soaked for some time, pre
ferably overnight, in 25% ammonium 
hydroxide, and then washed with con
centrated hydrochloric acid and dis
tilled water just before use. If this 
precaution is not taken, low results 
will be obtained for silicon, parti
cularl~ with samples containing phos
phorus , because of the "seeding 
effect" described by Morrison and 
Wilson 7 , which results in precipita
tion of part of the phosphomolybdic 
acid. 

6. The 8-silicomolybdic acid complex 
that is formed under these conditions 
is stable for approximately 30 minutes, 
then it slowl~ and irreversibly changes 
to the a-form . Consequently, if the 
ammonium molybdate solution is added 
to all of the solutions at the same 
time, the silicomolybdic acid complex 
in the resulting solutions must be 
extracted into butyl alcohol within a 
20 minute time interval to avoid error 
(Note 7). 

7. Because acidification of the 
solution hastens the transformation of 
8-silicomolybdic acid to the a-form 5 • 8 , 
the sulphuric acid should be added to 
only one or two solutions at a time, 
and the subsequent extraction of the 
complex should be performed without 
delay. The complex is stable for at 
least 3 hours after extraction into an 
immiscible alcoho1 5 • 

8. Washing the extract with dilute 
sulphuric acid partly removes co
extracted molybdic acid which absorbs 
at the wavelength employed for measure
ment of the absorbance of the silicon 
complex. 

9. The blank solution prepared for 
calibration purposes can be employed 
as the reagent blank if the same batch 
of reagents is used for fusion of the 
sample and for dissolution of the melt, 
and if the solution is relatively fresh 
and has been stored in a polyethylene 
container. 

10. Samples containing more than 5% 
of silicon can be an a lyzed with 
reasonable accuracy by employing a 
smaller aliquot of the sample solution, 
diluted to 50 ml with the reagent blank 
solution, for complex formation. 

Calculations 

%Si02 2.139 X %Si 

Other applications 

By using appropriate acid-decomposition 
procedures this method can be employed 
to determine silicon in brass, bronze, 
and high-purity copper, ma gnesium, and 
nickel metalss,6. 
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DETERMINATION OF TITANIUM IN ORES AND MILL PRODUCTS BY THE HYDROGEN 
PEROXIDE METHOD 

Princip le 

Titanium is determined bY spectro
photometric measurement, at 410 nm, 
of the absorbance of the yellow
orange titanium (IV)-hydrogen per
oxide complex, formed in a 0.9 M 
sulphuric acid medium in the presence 
of phosphoric acid1,2. 

Outline 

The sample is decomposed by fusion 
with potassium pyrosulphate. The melt 
is dissolved in dilute sulphuric acid, 
and insoluble material is removed by 
filtration. The resulting filtrate 
is a nalyzed for titanium. 

Discussion of interferences 

Interference from coloured ions 
[nickel, chromium (III), and uranium] 
is avoided by employing an identical 
aliquot of the sample solution, not 
treated with hydrogen peroxide, as 
the reference solution. Phosphoric 
acid eliminates interference from 
iron (III) by forming a colourless 
ferric phosphate complex. 

Elements that form coloured complexes 
with hydrogen peroxide (vanadium, 
molybdenum, and niobium) and anions 
that form complexes with titanium 
(fluoride) interfere in this method 1 • 2 

Note: For samples containing 
vanadium, and large amounts of 
molybdenum and tungsten the Spectru
photometric-Diantipyrylmethane 
Method for titanium (p 105) is 
recommended. 

The method is suitable for samples 
containing approximately a.os to 14% 
of titanium, but material containing 
higher concentrations can also be 
analyzed with reasonable accuracy. 
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Re agents 

Standard titanium s olution (1 ml = 
0.5 mg of titanium). Dissolve 0.4170 g 
of pure titanium dioxide by heating in 
a 300-ml Erlenmeyer flask with 10 g of 
ammonium sulphate and 20 ml of con
centrated sulphuric acid. Cool and, 
using 5% sulphuric acid to wash the 
flask, transfer the resulting solution 
to a 500-ml volumetric flask containing 
approximately 400 ml of water. Dilute 
the solution to approximately 480 ml 
with 5% sulphuric acid, cool to room 
temperature, and dilute to volume with 
the same solution. 

Hydrogen peroxide , 3% w/v. Dilute 10 
ml of 30% hydrogen peroxide to 100 ml 
with water. 

Sulphuric acid, 50% and 5% v/v. 

Calibration curves 

To eight 100-ml volumetric flasks, add, 
by burette, 0.5, 1, 1.5, 2, 4, 6, 10, 
and 14 ml, respectively, of the stan
dard 0.5 mg/ml titanium solution, and 
dilute each solution to approximately 
50 ml with 5% sulphuric acid. Add 50 
ml of 5% sulphuric acid to a ninth 
flask; this constitutes the blank. Add 
3 ml of concentrated phosphoric acid to 
each flask, mix thoroughly, then add 
5 ml of 3% hydrogen peroxide, dilute 
the solutions to volume with 5% sul
phuric acid and mix. Determine the 
absorbance of each of the first four 
titanium-hydrogen peroxide solutions, 
at 410 nm, against the blank as the 
reference solution, using 5-cm cells. 
Determine the absorbance of each of the 
last five solutions in a similar manner, 
using 1-cm cells. Plot mg of titanium 
vs. absorbance for each series of 
measurements. 



Procedure 

In this procedure a reagent blank is 
carried along with the samples . 

Transfer 0.5 g of powdered sample to 
a 50-ml Vitreosil crucible, add appro
ximately 10 g of potassium pyrosul
phate, mix thoroughly, and cautiously 
(to avoid spattering) fuse the mix
ture over an open flame for 15-20 
minutes. Cool, then transfer the 
crucible and contents to a 400-ml 
beaker containing approximately 100 ml 
of 5% sulphuric acid, and heat gently 
to dissolve the melt. Remove the 
crucible after washing it thoroughly 
with 5% sulphuric acid, and filter the 
solution (Whatman No. 30 paper) into 
a 250-ml volumetric flask, using 5% 
sulphuric acid to wash the beaker, 
paper, and residue (Note 1). Dilute 
the resulting solution to volume with 
5% sulphuric acid and mix. 

Transfer two identical 2 5-50-ml 
aliquots of both the blank and sample 
solutions to 100-ml volumetric flasks, 
dilute to approximatel y 50 ml with 5 % 
sulphuric acid, if necessary, then, 
omitting the addition of hydrogen 
peroxide solution to one aliquot of 
each solution, proceed with the com
plex formation as described above, 
Measure the absorbance of the blank 
and sample solutions, using 1- or 5-cm 
cells as required, against the corres
ponding solutions, to which no hydro
gen peroxide was added. Correct the 
absorbance value obtained for the 
sample solution by subtracting that 
obtained for the blank solution, and 
determine the titanium content of the 
aliquot by reference to the appro 
priate calibration curve. 

Notes 

1. If the residue is suspected to 
contain titanium-bearin g silicates, 
proceed as follows3: 

Transfer the residue quantitatively to 
the filter paper , and transfer the 
pape r and contents to a 30 - ml platinum 
c ruc ible . Burn off the paper at a low 
tempe r atu r e , and ignite at approximate 
ly 600 C. Cool the crucible , and add 
4 ml of 50% sulphuric acid and 3 ml 
each of concentrated nitric and hydro 
fluoric acids. Heat gently to decom 
pose the residue, then evaporate the 
solution to dense fumes of sulphur 

trioxide . Cool , wash down the sides 
of the crucible with water and evapor
ate the solution to complete dryness. 
Fuse the r esidu e with a small amount 
of potassium pyrosulphate, dissolve 
the melt , by heating gently, in appro
ximately 15 ml of 5% sulphuric acid 
and, if necessary , filter the s ol u tio n, 
using 5% s ulphu r ic acid to wash the 
crucible anà pape r. Add the r esulting 
solution ta the initial filtrate, 
dilute the combined solution to volume 
with 5% sulphuric acid , mix, and pro
ceed as described . 

Calculations 

%Ti02 1.668 X% Ti 

Other applications 

With modifications in the decomposi
tion procedure and suitable separation 
of titanium from vanadium, molybdenum, 
and niobium, this method can be em
ployed to determine titanium in iron, 
steel, and silicate rocks and 
minerals 1 • 
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DETERMINATION OF TITANIUM IN MOLYBDENUM AND TUNGSTEN ORES AND MILL 
PRODUCTS, IRON ORE, AND AC ID-SOLUBLE SILICATE ROCKS AND MINERALS BY 
lHE DIANTIPYRYLMETHANE MElHOD 

Princip le 

This method is based on that developed 
by Donaldson 1 and involves the forma
tion of the yellow 1:3 titanium (IV)
diantipyrylmethane complex in a 1 M 
hydrochloric acid medium. Titanium is 
determined by spectrophotometric 
measurement, at 390 nm, of the ab
sorbance of the complex. The molar 
absorptivity of the complex, at 390 nm, 
is 1.48 x 10 4 1. mole- 1 .cm- 1 • 

Outline 

Molybdenum and tungsten ores and mill 
products are decomposed with hydro
chloric, nitric, hydrofluoric, and 
sulphuric acids, and the solution is 
evaporated to fumes of sulphur tri
oxide to remove silica and excess 
hydrofluoric acid. The acid-insoluble 
material is ultimately removed by 
filtration, ignited, and fused with 
potassium pyrosulphate. The melt is 
dissolved in dilute sulphuric acid, 
and the resultant solution is added to 
the initial filtrate. Titanium is 
subsequently separated from molybdenum 
and tungsten by chloroform extraction 
of its cupferron complex from an 
alkaline ammonium tartrate-ethylene
diaminetetra-acetic acid (EDTA)
sodium sulphite medium. The chloro
form extract is evaporated to dryness, 
and the salts are ultimately dissolved 
in dilute sulphuric acid. The result
ing solution is analyzed for titanium. 

Iron ores and silicate rocks and 
minerals are decomposed as described 
above, and the solution is ultimately 
diluted with dilute sulphuric acid. 
Iron, if present in larg ~ amounts, is 
removed by a mercury cathode separa
tion. The resulting solution, or the 
preceding solution, if large amounts 
of iron are absent, is ultimately 
analyzed for titanium. 
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Discussion of interferences 

Coloured ions [chromium ( I II), chrom
ium (VI), copper, cobalt, nickel, and 
molybdenum], elements that cannot be 
maintained in solution during complex 
formation (tungsten, in large amounts), 
and ions that form coloured complexes 
with diantipyrylmethane in 1 M hydro
chloric acid media [iron (III) and 
vanadium (V)] interfere in the deter
mination of titanium with diantipyryl
methane. Interference from all of the 
above elements, except iron, is avoid
ed in the method for molybdenum and 
tungsten ores and mill products by 
separating titanium from these elements, 
an·d from various other elements (e.g., 
zinc, cadmium, bismuth, and phosphate 
ion) by chloroform e x traction of its 
cupferron complex from an ammoniacal 
(pH 8) medium, in the presence of 
ammonium tartrate and EDTA as complex
ing agents 1 • Durin g the extraction 
procedure, interference from manganese, 
which is air-oxidized to the trivalent 
state in alkaline media and subsequent
ly causes incomplete extraction of 
titanium [presumably because of its 
catalytic reduction to titanium (III)], 
is eliminated with sodium sulphite. 
Iron is partly co-extracted as its 
cupferron complex under the conditions 
employed for the separation of titan
ium, but interference from iron (III) 
is eliminated by reducing it to the 
divalent state with ascorbic acid prior 
to complex formation . Up to 20 mg of 
iron, and at least 5 mg of other 
elements that are partly c o-extracted 
[i.e., zirconium, thorium, tin (IV), 
aluminum, and antimony (III)] can be 
present in the solution or aliquot 
taken for analysis wi thout affecting 
the titanium result 1 • 

In the method for iron ores and sili
cate rocks and minerals, interference 
from more than 20 mg of iron and from 
coloured ions is avoided by removing 
these ions by a mercury cathode sepa
ration. Up to approximately 1 mg of 
vanadium, copper, cobalt, nickel, and 
molybdenum do not cause significant 
error in the titanium result. 



The method is suitable for molybdenum 
and tungsten ores and mill products 
containing approximately 0.01 to 5% 
of titanium, and for iron ores and 
silicate rocks and minerals containing 
approximately 0.005 to 6% of titanium. 

Apparat us 

Mercury cathode. 

Reagents 

Standard titanium solution (1 ml = 
0.2 mg of titanium). Dissolve 0.1668 g 
of pure titanium dioxide by heating in 
a 125-ml Erlenmeyer flask with 8 g of 
ammonium sulphate and 25 ml of con
centrated sulphuric acid. Cool and, 
using 5 % sulphuric acid to wash the 
flask, transfer the resulting solution 
to a ·500-ml volume tric flask contain
ing approximately 350 ml of water. 
Dilute the solution to approximately 
480 ml with 5 % sulphuric acid, cool to 
room temperature, and dilute to volume 
with the same solution. Dilute 10 ml 
of this stock solution to 200 ml with 
5% sulphuric acid (1 ml = 10 µg of 
titanium). Prepare fresh as required. 

Diantipyrylmethane solution, 3% w/v in 
1 M hy4rochloric acid. Dissolve 6 g 
of 4, 4-methylenediantipyrine in 50 ml 
of water containing 17 ml of concen
trated hydrochloric acid. Add 10 ml 
of 10% ascorbic acid solution, filter 
the solution, and dilute to 200 ml 
with water. Prepare a fresh solution 
every 2 days. 

Ascorbic acid solution, 10% w/v. Pre
pare a fresh solution every 2 days. 

Ethylenediaminetetra-acetic acid 
(EDTAJ, disodium salt solution, 10% 
w/v. Dissolve 20 g of the reagent in 
approximately 150 ml of hot water, 
cool, and dilute to 200 ml. 

Ammonium tartrate solution, 25% w/v. 

Hydrochloric acid, 9 M. Dilute 385 ml 
of concentrated acid to 500 ml with 
water. 

Cupferron solution, 5 % w/v. 
fresh as required. 

Prepare 
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Sodium sulphite solution, 10% w/v. 
Prepare fresh as required. 

Sulphuric acid , 50% and 5% v/v. 

Sodium hydroxide solutions, 50 % and 
25% w/v. 

Hydrochloric acid , 25% v/v. 

Chloroform. Analytical reagent-grade. 

Calibration curve 

Add 5 ml of 50% sulphuric acid to each 
of six 100-ml beakers; then, by 
burette, add to the last five beakers 
1, 2, 3, 5, and 7.5 ml, respectively, 
of the dilute standard 10 µg/ml titan
ium solution. The contents of the 
first beaker constitute the blank. 
Add 2 ml of 25% ammonium tartrate 
solution and 5 ml of 10 % ascorbic acid 
solution to each beaker and, using a 
pH meter, adjust the pH of the result
ing solution to 6.5 ± 0.5 (Note 1) with 
concentrated ammonium hydroxide. Add 
10 ml of 9 M hydrochloric acid, trans
fer the solution to a 100-ml volumetric 
flask, and cool to room temperature. 
Add 10 ml of 3% diantipyrylmethane 
solution, dilute to volume with water, 
mix, and allow the solution to stand 
for at least 30 minutes to complete 
the complex formation (Note 2). De
termine the absorbance of each solution, 
at 390 nm, against the blank as the 
reference solution, using 4-cm cells. 
Plot µg of titanium vs. absorbance. 

Pro ce dures 

In these procedures a reagent blank is 
carried along with the samples. 

A - Molybdenum and tungsten ores and 
mill products 

Transfer 0.25-0.5 g of powdered sample, 
depending on the expected titanium 
content, to a 250-ml Teflon beaker, and 
add 15 ml of 50% sulphuric acid and 
5 ml each of concentrated hydrochloric, 
nitric, and hydrofluoric acids. Cover 
the beaker with a Teflon cover, and 
heat gently until the decomposition of 
silicates and acid-soluble material is 
complete, then remove the cover and 
evaporate the solution to fumes of 
sulphur trioxide. Cool, wash down the 
sides of the beaker with 5% sulphuric 



acid, and again evaporate the solution 
to fumes to ensure the complete re
moval of hydrofluoric acid. Cool, add 
40 ml of 5% sulphuric acid, and heat 
gently to dissolve the soluble salts 
(Note 3). Filter the resulting solu
tion (Whatman No. 40 paper) into a 
250-ml volumetric flask, using 5% 
sulphuric acid to wash the beaker, 
paper, and residue, and transfer the 
residue quantitatively to the filter 
paper. 

Transfer the paper and contents to a 
30-ml Vitreosil crucihle, burn off 
the paper at a low temperature, and 
ignite at approximately 600°C. Fuse 
the residue with 2 g of potassium 
pyrosulphate, cool, and transfer the 
crucible and contents to a 250-ml 
beaker. Add 50 ml of 5% sulphuric 
acid and 10 ml of 25% ammonium tar
trate solution, boil to dissolve the 
melt, and remove the crucible after 
washing it thoroughly with 5% sulphuric 
acid ((Note 4). If necessary, filter 
the resulting solution (Whatman No, 42 
paper) into the flask containing the 
initial filtrate, using 5% sulphuric 
acid to wash the beaker and paper. 
Cool the combined solution to room 
temperature, dilute to volume with 5% 
sulphuric acid and mix. 

Transfer a 10-25-ml aliquot, contain
ing up to approximately 0.5 mg of 
titanium (Note 5), to a 250-ml beaker, 
and dilute to approximately 25 ml with 
5% sulphuric acid. Add, in succession, 
sufficient 25% ammonium tartrate solu
tion so that approximately 5 ml are 
present, 5 ml of 10% EDTA solution, 
10 ml of 10% sodium sulphite solution, 
and a small piece of red litmus paper, 
and neutralize the resulting solution 
approximately with 50% sodium hydroxide 
solution. Allow the solution to cool 
to room temperature, then, using a pH 
meter, adjust the pH to 8.0 ± 0.1 with 
25% sodium hydroxide solution and/or 
25% hydrochloric acid as required. 
Transfer the solution to a 125-ml 
separatory funnel, and add 10 ml of 
5% cupferron solution (Note 6). Mix 
the s~lution, add 5 ml of chloroform, 
stopper, and shake for 2 minutes. 
Allow several minutes for the layers 
to separate, then drain the chloroform 
extract into a 100-ml beaker. Re
extract the sample solution three more 
times, using 5 ml of chloroform, and 
shaking for 2 minutes each time (Note 
7). Combine these extracts with the 
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first one, and evaporate the combined 
extracts to dryness in a hot water
bath. Add 5 ml each of 50% sulphuric 
acid, water, and concentrated hydro
chloric and nitric acids to the re
sulting residue. Cover the beaker and 
boil the solution to destroy organic 
material, then remove the cover and 
evaporate the solution to fumes of 
sulphur trioxide (Note 8). Cool, wash 
down the sides of the beaker with a 
small amount of 5% sulphuric acid and 
again evaporate the solution to fumes 
(Note 8). 

If the aliquot taken for analysis con
tains 75 µg or less of titanium, dilute 
both the sample and blank solutions by 
adding approximately 5 ml of 5% sul
phuric acid and, omitting the addition 
of 5 ml of 50% sulphuric acid, proceed 
(Note 9) with the formation of the 
titanium-diantipyrylmethane complex as 
described above. Measure the absorb
ance of the sample solution against the 
reagent blank solution, and determine 
the titanium content of the aliquot by 
reference to the calibration curve. 

If the aliquot contains more than 75 
µg of titanium,dilute both the sample 
and blank solutions by adding appro
ximately 10 ml of 5% sulphuric acid. 
If necessary, filter the solutions 
(Whatman No. 40 paper) into 50-ml 
volumetric flasks, using 5% sulphuric 
acid to wash the beaker and paper, 
dilute to volume with the same solution 
and mix. Transfer a 5- or 10-ml 
aliquot of both solutions to 100-ml 
beakers, add sufficient 50% sulphuric 
acid (i.e., 4 or 3 ml, respectively) 
so that approximately 2.5 ml of con
centrated acid are present (Note 10), 
and proceed with the complex formation 
and subsequent determination of titan
ium as described above. 

B - Iron ore and acid-soluble silicate 
rocks~d--;;inerals 

(a) Titanium content 0.03% or less 

Decompose 0.5 g of powdered sample by 
the method described in Procedure A , 
using 10 ml of 50% sulphuric acid 
rather than 15 ml and, if necessary, 
repeat the addition of hydrofluoric, 
hydrochloric, and nitric acids until 
the decomposition of the sample is 
complete. Cool, wash down the sides 
of the beaker with water, and evaporate 
the solution to fumes of sulphur 



trioxide. Repeat the washing and 
evaporation steps two more times to 
ensure the complete removal of hydro
fluoric acid, then add 40 ml of 5% 
sulphuric acid and heat gently to 
dissolve the salts. If necessary 
(Note 11), filter the solution (What
man No. 42 paper) into a 500-ml volu
metric flask, using 5% sulphuric acid 
to wash the beaker and paper, dilute 
to volume with the same solution and 
mix. 

Transfer a 100-ml aliquot of the re
sulting solution to a mercury cathode 
cell, and electrolyze the solution for 
1 hour at approximately 10 amperes. 
Filter the electrolyte (Whatman No. 40 
paper) into a 250-ml beaker, using 5% 
sulphuric acid to wash the cathode cell 
and paper. Add 5 ml of concentrated 
hydrochloric acid to volatilize any 
residual mercury salts present, and 
evaporate the solution until approxi
mately 2.5 ml of sulphuric acid remain 
(Note 8). Dilute both the sample and 
blank solutions by adding approximate
ly 5 ml of 5% sulphuric acid, then 
proceed with the complex formation and 
subsequent determination of titanium 
as described above. 

(b) Titanium content greater than 
0.03% 

Decompose 0.25-0.5 g of sample, de
pending on the expected titanium con
tent, by the method described above. 
After evaporation of the resulting 
solution to fumes of sulphur trioxide 
three times, and dissolution of the 
salts in 40 ml of 5% sulphuric acid, 
filter the solution (Whatman No. 42 
paper), if necessary (Note 11), into 
a volumetric flask of appropriate size 
(250-1000 ml), using 5% sulphuric acid 
to wash the beaker and paper. Dilute 
the solution to volume with the same 
solution and mix (Note 12). 

Transfer a 5- or 10-ml aliquot of both 
the sample and blank solutions to 100-
ml beakers, add sufficient 50% sul
phuric acid so that approximately 2.5 
ml of concentrated acid are present, 
and determine the titanium content of 
the aliquot as described above. 
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Notes 

1. This pH adjustment is adequate 
even though the solution becomes hot 
at this stage. 

2. The titanium-diantipyrylmethane 
complex that is formed under these 
conditions is stable for at least 3 
days 1 • 

3. Tungsten, if present, is in the 
insoluble yellow hydrated trioxide form 
at this stage, and will constitute part 
of the acid-insoluble residue after 
filtration. 

4. If the sample contains an appre
ciable amount of tungsten, the solution 
of the melt may be cloudy, or may con
tain a white precipitate. If this 
occurs, add sufficient 50% sodium 
hydroxide solution to clarify the solu
tion, then, using litmus paper, 
neutralize the resulting solution 
approximately with 50% sulphuric acid, 
add 10 ml in excess and proceed as 
described, 

5. Up to at least 0.5 mg of titanium 
can be separated from large amounts of 
molybdenum and tungsten, and various 
other elements by the subsequent 
cupferron-chloroform extraction step 1 • 
Larger amounts can probably be extract
ed if more cupferron is employed, and 
if the number of extraction stages is 
increased. 

6. The distinctive yellow titanium
cupferron complex, which precipitates 
in acid media, does not precipitate, 
and cannot be observed visually in 
alkaline media 1 • 

7. Additional cupferron solution is 
not required in the subsequent extrac
tion stages, because the excess cup
ferron, contrary to extraction from 
acid media, is not extracted from 
alkaline media 1 • 

8. Gare should be taken that the 
solution is evaporated just to fumes 
of sulphur trioxide. If the whole 
solution is taken for analysis, 
approximately 2.5 ml of concentrated 
sulphuric acid should be present prior 
to complex formation (Note 10). Sul
phuric acid, or other acid solutions 
of titanium should not be evaporated 
to dryness or near dryness. This can 
cause low results for titanium because 
the deposited salts are not readily 
re-dissolved 2 • 



9 . If the solution is not complete
ly clear after adjustment to pH 6.5 ± 
0.5 and acidification with 9 M hydro
chloric acid, it may be clarified by 
filtration prior to the addition of 
diantipyrylmethane solution. 

10. If the solution or aliquot con
tains less than approximately 2.5 ml 
of concentrated sulphuric acid, slight
ly low results will be obtained for 
titanium, presumably due to partial 
hydrolysis of titanium during the pH 
adjustment stepl. 

11. Silicate rock and mineral solu
tions may contain some insoluble 
calcium sulphate at this stage; this 
can be removed by filtration and dis
carded. If some acid-insoluble 
residue is present in iron ore solu
tions, proceed as follows: 

Tra nsfer the residue quantitatively to 
the f ilte r pape r, then transfer the 
paper and contents to a 30-ml plati 
num crucible and ignite and fuse the 
residue as described in Procedure A . 
Dissolve the melt in 50 ml of 5% 
sulphuric acid and add the resulting 
solution to the initial filtrate. 
Dilute the combined solution to 
volume with 5% sulphuric acid , mix , 
and proceed as described. 

12. If the sample contains an 
appreciable amount of chromium and/or 
other coloured ions, these can be 
separated from tit a nium at this stage 
by the mercury cathode separation 
described in the previous procedure. 
If this separation technique is em
ployed, evaporate the electrolyte as 
described, dilute the final solution 
to 100 ml with 5 % sulphuric acid, and 
proceed with the determination of 
titanium as described. 

Calculations 

= 1.668 X% Ti 

Other applications 

With modifications in the decom
position procedure, this method can be 
employed to determine titanium in 
aluminum metal, after separation of 
titanium by chloroform extraction of 
its cupferron complex from an appro
ximate l y 10 % sulphuric acid medium; 
in aluminum-ba~e alloys, after removal 
of var i ous interfering elements by a 
mercury cathode separation, followed 

by separation of titanium from aluminum 
as described above; and in cast iron, 
steel, and nickel-base alloys, after 
removal of the matrix elements by a 
mercury cathode separation. 
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DETERMINATION OF TUNGSTEN IN ORES AND MILL PRODUCTS BY THE TH IOCYANATE 
METHOD 

Principle 

This method 1 is a modification of that 
developed by Freund et al 2 , and is 
based on the formation of the yellow 
tungsten-thiocyanate complex after 
reduction of tungsten with stannous 
chloride in an approximately 1.8 M 
sulphuric-2.3 M hydrochloric acid 
medium. Tungsten is determined 
eith er by direct spectrophotometric 
measurement, at 400 nm, of the ab
sorbance of the complex in the 
aqueous medium, or after extraction of 
the complex into isopropyl ether. 

Outline 

Law-grade ores and mill products con
taining tungsten minerals other than 
wol f ramite (e.g., scheelite, ferberite, 
and hübnerite) are decomposed with 
hydrochloric, hydrofluoric, and phos
phoric acid s . Th e solution is ev a 
porated to a paste to remove excess 
hydrofluoric acid, and the paste is 
dissolved in dilute hydrochloric acid. 
If bath iron and molybdenum are pre
sent, iron is separated from mol y bde
num and tungsten by isopropyl ether 
extraction of its chlora complex. The 
resulting aqueous phase, or t h e pre
ceding solution, if bath iron and 
molybdenum are absent, is ultimately 
analyzed for tungsten. 

High-grade ore s and mill products and 
those containing wolframite are de
composed by fusion with potassium 
pyrosulphate, and the melt is dissolv
ed in d i lute tartaric acid solution. 
The resulting solution is analyzed for 
tungsten. 

Discussion of interferences 

The extraction procedure eliminates 
interference from coloured ions 
(chromium, nickel, cobalt, and 
vanadium), and from ions th a t form 
coloured thiocyanate complexes 
(uranium, titanium and niobium) under 
the conditions employed for the forma
tion of the tu~gsten complex 1 • It also 
increases the sensitivity of the 
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met h od for the determina tion o f s ma l l 
amounts of tungs t en. 

Moderate amounts of aluminum, antimony, 
bismuth, lead, manganese, zirconium, 
and iron, and large a mounts of tartrate, 
phosphate, and borate do not interferel,3. 
Arsenic, selenium and tellurium are 
reduced to the elemental state with 
stannous chloride, but these elements 
do not interfere when t u ngsten is deter
mined after e x tractio n of the complex 
into isopropyl ether. Copper, in large 
amounts, interferes by precipitating as 
cuprous thiocyanate 3 . Molybdenum, when 
present in conjunction wi th iron, pro
duces high results fo r tungsten, but 
th~s interference is essentially elim
ina ted by separating t he iron by iso
propyl ether e x traction of its chlora 
comple x from a hydrochloric acid 
medium. Up to 20 mg of mol y bdenum alone 
can be present in the aliquot taken for 
anal y sis without producing aÎpreciable 
error in the tungsten r es u l t • 

Range 

The method is suitable f or low-grade 
ore and mill product samples containing 
mor e than appro x imate ly 0.005 % of 
tung s ten. Hi gh- g rade s a mples containing 
up to a pproximat e ly 50 % of tungsten can 
be an a lyzed with reas onabl e accuracy. 

Re a gents 

S t andard tungsten soluti o n (1 ml = 1 mg 
o f tungsten). Dissol v e 0. 8 973 g o f 
sodium tungstate (Na 2W04. 2H20 ) in water 
and dilute to 500 ml. Dilute 20 ml of 
this stock solution to 200 ml with water 
(1 ml= 0.1 mg of tun gsten). 

Po tassium thiocyanate s o lution , 20 % w/v. 
Prepare a fresh solution daily. 

Stannous chlo r ide solution , 45 % w/v. 
Dissolve 113 g of stannous chlor i de 
dihydrate in concentrated hydrochloric 
acid and dilute to 250 ml with the 
same acid. 

Tarta r i c a c id s olution , 7.5% w/v. 



Hy dr och lo r ic acid , 20 % v /v . 

Su l phuri c-hydroc h lo r ic acid s olution , 
10% and 20% v/v, respectively. 

Hydroch lori c acid , 8 M. Dilute 340 ml 
of concentrated acid to 500 ml with 
water. 

Isopropyl e th e r (p e r oxide - free ). 

Calibration curves 

Aqueous medium 

To six 100-ml volumetric flasks, add, 
by burette, 1, 2.5, 5, 7.5, 10, and 
15 ml, respectively, of the dilute 
standard 0.1 mg/ml tungsten solution, 
and dilute each solution to approxi
ma tely 15 ml with water. Add 15 ml of 
water to a seventh flask; this con
stitutes the blank. Add 10 ml of 
conce~trated sulphuric a cid, 20 ml of 
concentrated hydrochloric acid, and 
5 ml of 45% stannous chloride solution 
to each flask, mi x thoroughly after 
each addition, then place the flask in 
a boiling water-bath for 1 hour (Note 
1). Remove the flask, add 10 ml o f 
water, mix, and cool the resulting 
solution to approximately 10-15°C in 
an ice-bath. Add 10 ml of 20 % potas
sium thiocyanate solution, dilute to 
volume with water, mix, and allow the 
solution to stand at room temperature 
for 10 minutes. Determine the ab
sorbance of each solution, at 400 nm, 
against water as the reference solu
tion, using 1-cm cells. Correct the 
absorbance value obtained for each 
tungsten-thiocyanate solution by sub
tracting that obtained for the blank 
solution. Plot mg of tungsten vs. 
absorbance. 

Isopropyl ether medium 

Transfer 10-ml aliquots of the first 
five of the above solutions (contain
ing 10, 25, 50, 75, and 100 µg of 
tungsten) and the blank solution to 
125-ml separatory funnels marked at 
approximately 50 ml. Dilute to the 
mark with 10% sulphuric-20 % hydro
chloric acid solution and mix. By 
pipette, add 10 ml of peroxide-free 
isopropyl ether to each funnel, 
stopper, and shake for 30 seconds. 
Allow several minutes for the layers 
to separate, then drain off and dis
card the lower aqueous layer. Deter
mine the absorbance of each extract 
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as descr i bed above, using isopropyl 
ether as the reference solution. 
Correct the absorbance value obtained 
for each tungsten-thiocyanate extract 
by subtr a cting that obtained for the 
blank extract. Plot µg of tungsten 
vs. absorbance. 

Procedures 

In these procedures a reagent blank is 
carried along with the samples. 

A - Law-grade ores and mill products 

(a) Either iron or molybdenum 
present 

Transfer 0.1-2 g of powdered sample, 
depending on the expected tungsten 
content, to a 100-ml platinum dish, 
and add 15 ml each of concentrated 
hydrochloric and hydrofluoric acids. 
Heat gently for approximately 30 
minutes to decompose siliceous 
materials, then add 1 ml of concentrat
ed phosphoric acid, and allow the 
mixture to digest on a hot-plate until 
it has evaporated to a paste. Cool, 
add 10 ml of 20 % hydrochloric acid and 
stir until the paste has dissolved. 
If necessary (Note 2), filter the 
resulting solution (Whatman No. 540 
paper) into a volumetric flask of 
appropriate size (100 or 200 ml), 
dilute to volume with water and mix. 
Transfer a 5- or 10-ml aliquot of both 
the sample and blank solutions to 
100-ml volumetric flasks, dilute to 
approximately 15 ml with water, and 
proceed with the reduction and subse
quent formation of the tungsten
thioc yanate complex as described above. 

In the absence of coloured ions, and 
ions that form coloured thiocyanate 
complexes, measure the absorbance of 
the sample and blank solutions as des
c.ribed under "Aqueous medium". Cor
rect the absorbance value obtained for 
the sample solution by subtracting that 
obtained for the blank solution, and 
determine the tungsten content of the 
aliquot by reference to the calibration 
curve. 

If coloured ions or other coloured 
thiocyanate complexes are present (Note 
3), or if the tungsten content of the 
aliquot is less than 0.05 mg, transfer 
suitable aliquots (up to 50 ml) of both 
the sample and blank solutions to 125-
ml separatory funnels. Dilute to 50 ml 



with 10% sulphuric-20 % hydrochloric 
acid solution, if necessary, and 
proceed with the extraction of the 
tungsten-thiocyanate complex and the 
subsequent measurement of the ab
sorbance as described under "Isopropyl 
ether medium". Correct the absorbance 
value obtained for the sample extract 
by subtracting that obtained for the 
blank extract, and determine the 
tungsten content ~f the aliquot by 
reference to the calibration curve. 

(b) Both iron and molybdenum present 

Following sample decomposition and 
evaporation of the resulting mixture 
to a paste as described above, add 20 
ml of 8 M hydrochloric acid and stir 
until the paste has dissolved. Trans
fer the solution to a 60-ml separatory 
funnel marked at approximately 30 ml, 
using a small amount of 8 M hydro
chloric acid to wash the platinum dish, 
and dilute to the mark with the same 
solution. Add 15 ml of peroxide-free 
isopropyl ether, stopper, and shake 
for 1-2 minutes. Allow several 
minutes for the layers to separate, 
then drain the lower aqueous layer 
into a second 60-ml separatory funnel 
and re-extract the solution with 15 ml 
of isopropyl ether. Repeat the ex
traction one more time, allow the 
layers to separate, then drain the 
aqueous layer into a 250-ml beaker. 
Wash each ether layer twice by shaking 
for 30 seconds each time with 2-3-ml 
portions of 8 M hydrochloric acid, and 
add the washings to the beaker contain
ing the aqueous phase. Heat the com
bined solution gently to remove the 
residua l ether, cool to room tempera
ture, and transfer the solution to a 
volumetric flask of appropriate size 
(100 or 200 ml). Dilute the solution 
to volume with water, mix, and deter
mine the tungsten content of a suitable 
aliquot as described above. 

B - High-grade ores and mill products 
and those containing wolframite 

Transfer 0.1-0.5 g of powdered sample, 
depending on the expected tungsten 
content, to a 50-ml Vitreosil crucible, 
add 4-5 g of potassium pyrosulphate 
and mix thoroughly. Cover the mixture 
with approximately 0.5 g of potassium 
pyrosulphate, and fuse it over an open 
flame for about 5 minutes. Cool, 
transfer the crucible and contents to 

113 

a 400-ml beaker, and add 100-150 ml of 
7.5% tartaric acid solution. Heat 
gently to dissolve the melt, then re
move the crucible after washing it 
thoroughly with 7.5% tartaric acid 
solution. Filter the resulting solu
tion (Whatman No. 540 paper) into a 
volumetric flask of appropriate size 
(200-500 ml), using 7.5% tartaric acid 
solution to wash the beaker and paper. 
Dilute the solution to volume with the 
same solution, mix, and determine the 
tungsten content of a suitable aliquot 
as described in Procedure A (a) (Note 
4) • 

Notes 

1. A reduction period of 1 hour in a 
boiling water-bath is recommended; 
shorter reduction periods may yie ld 
low and erratic results for tungsten. 
Direct boiling on a hot-plate also 
causes low results 1 • 

2. Any acid-insoluble material re
maining at this stage may be ignited 
and fused with a small amount of 
potassium pyrosulphate, followed by 
dissolution of the melt in 7.5% tar
taric acid solution, and addition of 
the resulting solution to the initial 
filtrate (Note 4). 

3. The presence of iron is indicated 
in samples containing molybdenum if the 
extract is orange instead of greenish
yellow. If this is observed, the 
sample should be analyzed by Procedure 
A (b). 

4. The extraction of the tungsten
thiocyanate complex into isopropyl 
ether is not applicable after sample 
decomposition by fusion. Emulsifica
tion occurs in the ether layer during 
the extraction step because of the 
presence of large amounts of potassium 
salts and tartaric acid 1 • 

Calculations 

%W03 1.261 X% W 

Other applications 

With modifications in the decomposition 
procedure this method can be employed 
to determine tungsten in steel and 
silicate rocks and minerals 1 • 
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DETERMINATION OF VANADIUM IN AC ID-SOLUBLE SILICATE ROCKS AND MINERALS 
1 

SILICA SAND, SANDSTONE, QUARTZITE, CARBONATE ROCKS, CLAY, AND SHALE BY 
TI-IE N-BENZOYL-N-PHENYLHYDROXYLAM 1 NE METHOD 

Princip le 

Vanadium is determined by spectro
photometric measurement, at 475 nm, of 
the absorbance of a red vanadium (V)
N-benzoyl-N-phenylhydroxylamine 
(NBPHA) complex, which is extracted 
into chloroform from a 2 M sulphuric-
4 M hydrofluoric acid medium contain
ing ammonium persulphate as oxidantl. 
The molar absorptivity of the complex, 
at 475 nm, is 4.28 x 1031. mole-1. 
cm - 1 • 

Outline 

The sample is decomposed with hydro
fluoric , nitric, and sulphuric acids. 
The solution is evaporated to fumes of 
sulphur t ri.oxide to remove silica and 
excess nitric acid, and the salts are 
dissolved in water. The resulting 
solution is ultimately analyzed for 
vanadium. 

Discussion of interferences 

Common ions [magnesium, calcium, alum
inum, ma nganese (II), cobalt, nickel, 
copper (II), cadmium, zinc, bismuth, 
arsenic (V), antimony (III), antimony 
(V), and tin (IV)]; up to at least 
500 ·mg of iron, niobium, tantalum, 
titanium, and zirconium; and up to 
50 mg of molybdenum and tungsten do 
not interfere in this method. Chrom
ium and cerium interfere if they are 
present in the hexavalent and tetra
valent states, respectively. Inter
ference from moderate amounts of these 
elements (up to approximately 10 mg) 
is eliminated by reducing these ions 
to the trivalent state with iron (II). 
Vanadium is also reduced by iron (II) 
but is subsequently re-oxidized to 
the pentavalent state with ammonium 
persulphate; chromium (III) and 
cerium (III) are not re-oxidized 
under these conditions, except possib
ly when silver is present 1 . 

Range 

The method is suitable for samples 
containing approximately 0.0005 to 
0.15% of vanadium, but material con
taining higher concentrations can also 
be analyzed if a smaller sample or a 
suitable aliquot of a sulphuric acid 
solution of the sample is taken. 

Apparat us 

Polypropylene separatory funnels . 
125-ml pear-shape type. 

Reagents 

Standard vanadium solution (1 ml = 
0.2 mg of vanadium). Dissolve 0.1785 g 
of pure vanadium pentoxide (Note 1) by 
heating with 40 ml of 12.5 M sulphuric 
acid and 5 ml of concentrated nitric 
acid. Evaporate the resulting solution 
to fumes of sulphur trioxide, cool, and 
dilute to 500 ml with water. Dilute 
25 ml of this stock solution to 200 ml 
with water. Prepare fresh as required 
(1 ml= 25 µg of vanadium). 

NBPHA solution, 0.1% w/v in ch loroform. 
Store in a brown bottle. 

Ferrous ammonium sulphate solution , 
10% w/v. Dissolve 5 g of ferrous 
ammonium sulphate hexahydrate in appro
xima tely 30 ml of water, add 1 ml of 
12.5 M sulphuric acid and dilute the 
solution to 50 ml with water. Prepare 
fresh as required. 

Ammonium persulphate solution , 10% w/ v . 
Prepare fresh as required. 

Sulphuric acid , 12.5 M. Add 695 ml of 
· concentrated sulphuric acid, slowly and 
while stirring, to 275 ml of water in 
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a 1500-ml pyrex beaker. Allow the 
solution to cool to room temperature, 
transfer it to a 1-litre volumetric 
flask, and dilute to volume with water. 

Hydrofluoric acid, 25 M. Dilute 218 ml 
of concentrated hydrofluoric acid to 
250 ml with water in a polyethylene 
bottle. 



Ch lo r o f o rm ( alcohol - free) . Ch rom a to
quality-reagent. Reage n t -g rade 
chloroform can be purif ied b y washing 
it 5 or 6 times with water, f ollowed 
by distillation, after dr y ing over 
calcium chloride2. 

Calibration curve 

Add 8 ml of 12.5 M sulphuric acid to 
each of seven 125-ml polypropylene 
separatory funnels marked at approxi
mately 50 ml; then, by bure t te, add to 
the last six funnels 1, 2 , 3, 4, 5, 
and 6 ml, respectively, of t he dilute 
standard 25 µg/ml vanadium solution. 
The contents of the first funnel con
stitute the blank. Add 8 ml of 25 M 
hydrofluoric acid and 4 ml of 10 % 
ferrous ammonium sulphate solution to 
each funnel, in succession, dilute the 
solutions to approximatel y 40 ml with 
water and mix. Add 5 ml of 10 % 
ammonium persulphate solution, dilute 
to the 50-ml matk with water and mix 
thoroughly . Add 10 ml o f 0.1 % NBPHA
chloroform solution, stopper, and 
shake for 2 minutes. Allow several 
minutes for the layers to separate, 
then filter the chloroform extract 
through a wad o f cott o n-wo ol i nto a 
dry 25-ml volumetric flas k . Re-extract 
the solution three more times usin g , 
in succession, 5, 3, and 3 ml of NBPHA 
solution and shaking f or 2 minutes 
each time. Combine these extracts 
with the first, then wa sh t he f unn e l 
and cotton-wool with a f e w ml o f 
chloroform, and dilute t o volume wi th 
chloroform (Note 2). Dete r mi ne the 
absorbance o f each solution, a t 475 nm, 
against chloroform as the reference 
solution, using 2-cm cells. Corre c t 
the absorbance value obt a ined for each 
vanadium-NBPHA solution b y sub tr a cting 
that obtained for the blank s o l ution. 
Plot µg of van a dium vs. absorbance. 

Procedure 

In this procedure a reagent blank is 
carried along with the s ample s . 

Transfer 0.1-0.5 g of powd ere d s ample, 
depending on the expected vanadium 
content, to a 250-ml Te f lon beaker. 
Add 8 ml of 12.5 M sulphuri c acid and 
5 ml each of water and concentrated 
hydrofluoric and nitric acids, and 
allow the mixture to digest at room 
temperature for approximatel y 30 
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minutes. Evaporate the resulting 
s olution to fumes of sulphur trioxide , 
cool and, if necessary, repeat the 
addi t ion of water and concentrated 
hydro f luoric and nitric acids and the 
subsequent evaporation to fumes until 
the decomposition of the sample is 
complete. Cool, wash down the sides 
o f the beaker with a small amount of 
water, and again evaporate the solu
tion to fumes to ensure the complete 
removal of nitric acid. Cool, add 
5 ml of water and, if necessary, heat 
gently to clarify the solution . Allow 
the solution to cool to room tempera
t ure (Note 3), then, just before the 
extraction step, add 8 ml of 25 M 
hydrofluoric acid (Notes 4 and 5) . 
Transfer the resulting solution to a 
125-ml polypropylene separatory 
funnel, and proceed with the extraction 
of vanadium and the subsequent measure 
ment of the absorbance as described 
above. Correct the absorbance value 
obtained for the sample solution by 
subtracting that obtained for the 
blank solution and determine the 
vanadium content of the sample solu
tion by reference to the calibration 
curve. 

Note s 

1 . I f the purity of the vanadium 
p e ntoxide is in doubt, the vanadium 
content of the reagent can be deter
mined as follows 3 , and the standard 
solution can be prepared accordingly: 

Transfer 0 . 2000 g of the vanadium 
pentox ide to a 250 - ml beaker, add 
approximately 10 ml o f wate r an d 3 ml 
of concent r ated sulphur ic acid ( o r 4 
ml of 12 . 5 M sulphuric acid ), an d heat 
until the oxide has di s solved . Dilute 
the solution to approximately 1 25 ml 
with water , add 1 g of sodium sulphite , 
in small portions , to reduce the 
vanadium to the tetr avalent state , a n d 
boil the s olution (un - covered) f o r 15 -
20 minutes to e x pel the exces s s ulphur 
dioxide . Titrate the hot sol u tion with 
standard 0 .1 N potas s ium pe r manganate 
solution (1 ml = 5 . 0 9 4 mg of va n adium), 
previously standardized against sodium 
oxalate as de s c r ibed in t h e Vol umet r ic 
Oxalate Method for calc i um (p 242 ), 
until the colour of the sol u tion ju s t 
changes fr o m a pu r e yellow . Co rrect 
the r e s ult obtained b y s ubt r a c t ing t ha t 
obtained f o r a blank that is carried 
through the same procedu r e . 



Then, 

%V = (V -v) x N x 50.94 
Weight of V205taken (mg) X 100 

where: 

V - volume (ml ) o f pota ss ium perman 
ganate solution r equi r ed by the 
vanadi um pe n toxide , 

v volume (ml) o f po tass i um pe rma n
gan a te solution r e qu i r ed by t he 
blank , 

N normality o f t he pota ss ium per-
manganate s ol ution , 

and the weight (g) of vanadium pent
oxide required for the standard solu
tion 

= 0.1785 X 
56.01 

Vanadium found (%) 

where: 

56.01 = the theo r eti c al pe r cen tage o f 
vanadium in pur e vanadium 
pentoxide . 

If vanadium pentoxide i s not available, 
ammonium metavanadate (NH4V03) can be 
emplo y ed for the preparation of the 
standard vanadium solution, but the 
purity of the reagent should be check
ed a s described above. 

2. The absorbance of the chloroform 
solution of the vanadium-NBPHA complex 
remains constant f or at least 24 hours 1 • 

3. Samples c ontaining more than 
0.15 % of vanadium can be analyzed at 
this stage i f the solution is diluted 
to volume wi th water in a volumetric 
flask of appropriate size, and a suit
able aliquot (up to 20 ml) of the re
sulting solution is taken. If this 
method is employed, sufficient 12.5 M 
sulphuric acid must be added to the 
aliquot in the separatory funnel so 
that the sulphuric acid concentration 
of the final solution will be 2 M 
when th e solution is diluted to 50 ml 
prior to the extraction of vanadium. 

4. The hydrofluoric acid must be 
added just before the extraction step 
because it volatilizes from the solu
tion on prolonged standing at room 
temperaturel. 

5. An y insoluble calcium sulphate 
that ma y be present at this stage does 
not interfere with the extraction of 
vanad i um. 
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Calculations 

l.785x%V 

l.471x%V 

Other applications 

With modifications in the decomposition 
and sample preparation procedures (e.g., 
a mercury cathode separation where 
applicable) prior to extraction, this 
method can be employed to determine 
vanadium in steel, cast iron, non
ferrous alloys, cobalt and nickel 
arsenides, niobium, tantalum, molybde
num, tungsten, titanium, and zirconium 
metals. It should be applicable to 
refractory silicate rocks and minerals, 
and molybdenum and tungsten ores after 
sarnple decomposition by fusion with 
sodium carbonate, followed by removal 
of silica by volatilization from a 
sulphuric-hydrofluoric acid medium, and 
dissolution of hydrated tungsten tri
oxide, if present, with potassium 
hydroxide solutionl. 
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POLAROGRAPHIC METHODS 





DETERM 1NAT1 ON OF CADM 1 UM 1 N S ULPH 1 DE ORES AND M 1 LL PRODUCTS 

Princip le 

Cadmium is determined polarographic a l
ly in an ammonium chloride-hydrochloric 
acid supporting electrolyte solution 
in the presence of Triton X-100 as a 
maximum suppressor. 

Outline 

The sample is decomposed with hydro
chloric and nitric acids. Tin, 
arseni c , and antimony are subsequently 
removed b y vo l atilization as the 
bromides from a perchloric acid medium. 
The solution i s evaporated to dryness 
and the salts are dissolved in dilute 
hydrochloric a cid. Large amounts of 
lead and/or copper, if present, are 
separa t ed from cadmium by electro
deposi t ion from a dilute nitric acid 
medium. The electrolyte is evaporated 
to dryness to remove nitric acid, and 
the salts are dissolved in dilute 
hydrochloric aci d . The resulting 
solution, or the precedin g solution, 
if lar g e amounts of lead and/or copper 
are absent, is ultimatel y analyzed 
for cadmium. 

Discus s ion of inter f erences 

Tin , an timon y , i r on (III ) , th a 11 i u m, 
bismuth, lead, indium, and copper 
produce waves, in dilute hydrochloric 
acid-ammonium chloride media, which 
are in the neighbourhood of, or pre
cede the cadmium reduction wave. 
Thallium and lar g e amounts of bi s muth 
interfere in this method 1 • 2 • Small 
amounts of indium may interfere. 

Interf erence from tin and antimon y is 
avoided by volatilizing these ele
ments, and various other elements 
(arsenic, mercury, and selenium), as 
the bromides from a hydrobromic-
pe rchloric acid medium. Interference 
from iron (III) is eliminated by re
ducing it to the divalent state with 
hydroxylamine hydrochloride 1 • Small 
amounts of copper (up to 10 times the 
amount of cadmium present), bismuth, 
and lead; moderate amounts of nickel, 
cobalt, manganese, and silver; and 
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large amounts of aluminum, zinc, mag
nesium2 and iron (II) do not inter-
fere 1 • Interference from large 
amounts of lead and/or copper is 
avoided by separating these elements 
from cadmium by electrodeposition. 

Range 

The method is suitable for samples 
containing approximately 0.005 to 5% 
of cadmium, but material containing 
higher concentrations can also be 
analyzed with reasonable accuracy. 

Apparatus 

Elect r oplating ap paratus with a 
magneti c s ti rri n g me chan is m. 

Re agents 

Sta ndard cadmium s o luti o n (1 ml = 5 mg 
of cadmium). Dissolve 0.5000 g of 
pure cadmium metal by heating gently 
with 20 ml of 50% nitric acid. Add 
approximately 30 ml of water, boil the 
solution for several minutes to re
move oxides of nitrogen, cool, and 
dilute to 100 ml with water. Dilute 
5 ml of this stock solution to 250 ml 
with water (1 ml = 0.1 mg of cadmium). 

Iron sol ut ion, 3% w/v. Dissolve 3 g 
of high-purity iron metal (cadmium
free) in 20 ml of concentrated hydro
chloric acid, add several drops of 
concentrated nitric acid to oxidize 
any ferrous iron present, boil the 
solution to remove oxides of nitrogen, 
cool, and dilute to 100 ml with water. 

Hydroxylamine hydr och lo r ide s ol ut io n, 
28 % w/v. Prepare fresh as required. 

Triton X-1 00 s olu t ion , 0.1% v/v. 

Nit r ogen ( o x ygen -free ). 

Calibration curve ---
To an appropriate number of 100-ml 
beakers, add 2 ml of 3% iron solution 
(Note l); then, by burette, add suit
able varying increments of the 



appropriate standard 0.1 mg/ml or 
5 mg/ml cadmium solution. Add 2 ml of 
the iron solution to a separate beaker; 
this constitutes the blank. Evaporate 
each solution to dryness, cool, wash 
down the sides of the beaker with 
approximately 5 ml of concentrated 
hydrochloric acid, and again evaporate 
the solution to dryness to ensure the 
complete removal of nitric acid. Cool, 
add 2 ml of concentrated hydrochloric 
acid and approximately 25 ml of water, 
and heat gently to dissolve the resi
due. Transfer the solutions to 100-ml 
volumetric flasks, and dilute to 
approximately 50 ml with water. Add 
concentrated ammonium hydroxide, by 
drops, until a slight permanent pre
cipitate of hydrous ferric oxide is 
obtained, then add sufficient con
centrated hydrochloric acid, by drops, 
to dissolve the precipitate. Add 10 ml 
of 28% hydroxylamine hydrochloride 
solution, mix, and heat the solution 
gently in a hot water-bath for 10-15 
minutes to ensure the complete reduc
tion of the iron. Cool, add 1 ml of 
0.1% Triton X-100 solution, dilute the 
solution to volume with water and mix. 

Transfer a suitable portion of the 
first of the resulting cadmium solu
tions to the polarographic cell, place 
the cell in a constant temperature
bath, and bubble nitrogen through the 
solution to remove dissolved air. 
Discontinue the flow of nitrogen, 
electrolyze the solution at the 
dropping mercury electrode from 
approximately -0.3 to -0.8 volt, and 
measure the height of the resulting 
cadmium wave (Note 2). Determine the 
wave-height for the blank and each of 
the remaining cadmium solutions in a 
similar manner, and correct the wave
height obtained for each cadmium solu
tion by subtracting that obtained for 
the blank. Plot mg of cadmium vs. 
wave-height. 

Procedures 

In these procedures a reagent blank, 
containing 2 ml of 3% iron solution 
(Note 1), is carried along with the 
samples. 

Small amounts of lead and/or copper 
(Cc;'"j)Per:cadmiu~ratio 10:1 or less) 
present 

Transfer 0.2-1 g of powdered sample, 
depending on the expected cadmium 
content, to a 250-ml beaker. Add 10 ml 
of concentrated hydrochloric acid and 
5 ml of concentrated nitric acid, cov~r 

the beaker, and boil until the decom
position of sulphide minerals is com
plete. Add 10 ml each of concentrated 
hydrobromic and perchloric acids, boil 
for several minutes, then remove the 
cover and evaporate the solution to 
fumes of perchloric acid. Cool, wash 
down the sides of the beaker with 
water, add 10 ml each of concentrated 
hydrochloric and hydrobromic acids, and 
evaporate the solution to dryness (Note 
3). Cool, add 2 ml of concentrated 
hydrochloric acid and approximately 
25 ml of water to the residue, and heat 
gently to dissolve the soluble salts. 
Transfer the solution to a 100-ml 
volumetric flask, dilute to approxi
mately 50 ml with water, and proceed 
with the neutralization and re-acidifi
cation of the solution, the reduction 
of iron (Notes 4 and 5), and the sub
sequent measurement of the cadmium 
wave-height as described above. 
Correct the wave-height obtained for 
the sample solution by subtracting that 
obtained for the blank solution, and 
determine the cadmium content of the 
sample solution by reference to the 
calibration curve. 

Large amounts of lead and/or copper 
(copper:cadmium ratio more than 10:1) 
present 
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Following sample decomposition, re
moval of tin, arsenic, and antimony, 
and evaporation of the solution to 
dryness to remove perchloric acid as 
described above, add 3 ml of concentrat
ed nitric acid and approximately 25 ml 
of water to the residue, and heat 
gently to dissolve the soluble salts. 
Filter the solution (Whatman No. 541 
paper) into a 180-ml electrolytic 
beaker, and wash the beaker, paper, and 
residue thoroughly with water. Discard 
the paper and residue, and dilute the 
solution to approximately 100 ml with 
water. 

Connect a clean platinum gauze cathode 
and a clean platinum gauze anode (Note 
6) to the electroplating apparatus, 
lower the electrodes into the solution , 



and cover the b eake r with a split 
watch glass. Tur n o n t he st i rrin g 
mechanism, and elect rol y ze the solu
tion at a c u rren t o f 2 amperes and 
an applied pote n tia l o f 4-5 volts for 
approximately 1 hour , or until the 
blue colour of the c opper h as entirely 
disappeared (Note 7). Without inter
rupting the current , g r a du a ll y raise 
and remove the elec trode s f rom the 
solution, while dire ct i n g a stream of 
water from a wash -b o ttle a ga inst the 
exposed part of the e l ect rodes (Note 
8). Evaporate the e le ctro ly te to 
dryness, cool, wash d own the sides of 
the beaker with app r oxima tely 10 ml of 
concentrated hydrochloric ac i d, and 
again evaporate the so l u ti o n to dry
ness to ensure the complet e r emoval of 
nitric acid. Add 2 ml of con c e ntrated 
hydrochloric acid and ap p rox i mately 
25 ml of water to the residue, and 
heat gently to dissolve the salts. 
Transfer the solutio n t o a 100-ml 
volumetric flask, dil ute to 50 ml with 
water, and proceed wi t h the determina
tion of cadmium as des c ribed above. 

Notes 

1. A small amount of iro n is a dded 
to the solutions empl o ye d f or the 
preparation of the calibra ti on curve 
to function as an inte rnal in d i c a t or 
during the subsequent n e ut ral ization 
of the solutions with a mm o nium hydr
oxide . 

2. Cadmium is red uc e d at -0.64 volt 
vs. the saturated ca l o me l e l ec trode 
(S.C.E.) 2 . 

3. If the samp l e co nt ai ns an appre
ciable amount of t i n, a nt i mon y , or 
arsenic, repeated trea t me nt o f the 
solution with hydrochlo ric and hydro
bromic acids, followe d b y eva poration 
of the solution to f ume s o f perchloric 
acid is recommended t o e n s ure the 
complete removal of t he s e elements. 

4. If an appreciabl e a mount of in
so l uble material (e . g ., s il icates, 
lead sulphate, and le a d chloride) is 
p r esent, allow the so lut io n to stand 
until it has se t tled , then use a por
tion of the supern a t a nt s o lut i on for 
the subsequent ana l ys i s . 

5 . The resulti n g s ample solution 
can also be used f or the polarographic 
de t erminatio n of small a mounts of 
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copper, and for the determination of 
small amounts of lead, provided that 
no lead sulphate was initially present 
in the sample or was formed during the 
decomposition of sulphide material. 
The half-wave potentials of the second 
copper wave and the lead wave in dilute 
ammonium chloride-hydrochloric acid 
media are -0.22 and -0.43 volt vs. 
S.C.E., respectively 2 • 

6. A relatively large mesh anode 
should be employed if an appreciable 
amount of lead is to be deposited. 

7. Complete removal of copper and/or 
lead is not required. It is only nec
essary to reduce the concentration of 
these elements to a value commensurate 
with, or slightly greater than that of 
the cadmium. 

8. The current should not be shut 
off as long as the electrodes are in 
the acidic solution because partial 
dissolution of the copper and lead 
oxide deposits will occur in the p r e
sence of acid. 

Other applications 

This method can be employed to deter 
mine cadmium (also copper a nd le ad ) in 
high-purity zinc metal and zinc-b ase 
die casting alloys 1 • It is a lso 
applicable to high-purity c opper met a l 
after the separation of c opper b y 
electro-deposition. 
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DETERMINATION OF LEAD IN SULPHIDE ORES AND MILL PRODUCTS 

Principle 

Lead is determined polarographically 
in an ammonium chloride-hydrochloric 
acid supporting electrolyte solution, 
in the presence of Triton X-100 as a 
maximum suppressor, after separation 
from sulphate by precipitation as the 
mixed hydrous oxide and carbonatel, 
and subsequent conversion to soluble 
lead nitrate. 

Outline 

The sample is decomposed with hydro
chloric and nitric acids. Tin, 
arsenic, and antimony are removed by 
vola tilization as the bromides from a 
perchloric acid medium, and acid
solubl e lead is ultimately precipitat
ed as the hydrous oxide, in a slightly 
ammoni acal medium, by occlusion wit h 
hydrou s ferric oxide. Acid-insoluble 
lead sulphate, initially present in 
the sample and/or formed during the ' 
dissolution procedure, is converted to 
lead carbonate by the subsequent 
addition of ammonium carbonate. Lead 
is separated from the resultant 
ammonium sulphate, and from copper, 
zinc, nickel, cobalt, molybdenum, and 
manganese by filtration of the mixed 
h ydrous oxide-lead carbonate precipi
tate . The precipitate is dissolved in 
nitr ic acid, and insoluble material is 
remo ved by filtration. The resulting 
filtr ate is ultimately analyzed for 
lead. 

Disc ussion of interferences 

Tin, antimony, iron (III), thallium, 
bismuth, indium, and copper produce 
waves, in dilute hydroch loric acid
ammonium chloride media, which are in 
the neighbourhood of, or precede the 
lead reduction wave . Thallium and 
large amounts of bismuth interfere in 
this method 2 • 3 • 

Interference from tin and antimony is 
avoid ed by volatilizing these elements, 
and various other elements (arsenic, 
mercur y, and selenium), as the bro
mides from a hydrobromic-perchloric 
acid medium. Interference from iron 
(III) is eliminated by reducing it to 
the divalent state with hydroxylamine 
hydro ch loride 2 • 

Lead is separated from sulphate and 
large amounts of copper by precipita
tion as the mixed hydrous oxide and 
carbonate 1 . Small amounts of co
precipitated copper (up to 10 times the 
amount of lead present), bismuth, and 
indium, and moderate amounts of various 
other elements that form hydrous oxides 
(e.g., aluminum, gallium, and gold) or 
insoluble carbonates (e.g., cadmium) 
under the conditions employed for the 
separation of lead do not interfere2,3. 

The method is suitable for samples 
containing approximately 0.005 to 5% of 
le ad. 

Reagents 

Standard lead solution(l ml = 2 mg of 
lead). Dissolve 0.2000 g of pure lead 
metal by heating gently with 20 ml of 
50% nitric acid. Add approximately 30 
ml of water, boil the solution for 
several minutes to remove oxides of 
nitrogen, cool, and dilute to 100 ml 
with water. Dilute 10 ml of this stock 
solution to 200 ml with water (1 ml = 
0.1 mg of lead). 

Iron solution, 3% w/v. Dissolve 3 g of 
high-purity iron metal (lead-free) in 
20 ml of concentrated hydrochloric acid, 
add several drops of concentrated nitric 
acid to oxidize any ferrous iron present, 
boil the solution to remove oxides of 
nitrogen, cool, and dilute to 100 ml 
with water. 

Hydroxylamine hydrochloride solution, 
28% w/v. Prepare fresh as required. 

Ammonium carbonate solution, 
saturated. 

Nitric acid wash solution, 10% v/v. 

Triton X-100 solution , 0.1% v/v. 

Nitrogen (oxygen - free). 
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Calibration curve 

To an appropriate number of 100-ml 
beakers, add 2 ml of 3% iron solution 
(Note 1); then, by burette, add suit
able varying increments of the appro
pria te standard 0.1 mg/ml or 2 mg/ml 
lead solution. Add 2 ml of the iron 
solution to a separate beaker; this 
constitutes the blank. Evaporate each 
solution to dryness, cool, wash down 
the sides of the beaker with approxi
mately 5 ml of concentrated hydro
chloric acid, and again evaporate the 
solution to dryness to ensure the 
complete removal of nitric acid. Cool, 
add 2 ml of concentrated hydrochloric 
acid and approximately 25 ml of water, 
and heat gently to dissolve the resi
due. Transfer the solutions to 100-ml 
volumetric flasks, and dilute to 
app~oximately 50 ml with water. Add 
concentrated ammonium hydroxide, by 
drops, until a slight permanent pre
cipitate of hydrous ferric oxide is 
obtained, then add sufficient con
centrated hydrochloric acid, by drops, 
to dissolve the precipitate. Add 10 
ml of 28% hydroxylamine hydrochloride 
solution, mix, and heat the solution 
gently in a hot water-bath for 10-15 
minutes to ensure the complete reduc
tion of the iron. Cool, add 1 ml of 
0.1% Triton X-100 solution, dilute the 
solution to volume with water and mix. 

Transfer a suitable portion of the 
first of the resulting lead solutions 
to the polarographic cell, place the 
cell in a constant temperature-bath, 
and bubble nitrogen through the solu
tion to remove dissolved air. Dis
continue the flow of nitrogen, 
electrolyze the solution at the dropp
ing mercury electrode from approxi
mately -0.1 to -0.7 volt, and measure 
the height of the resulting lead wave 
(Note 2). Determine the wave-height 
for the blank and each of the remain
ing lead solutions in a similar manner, 
and correct the wave-height obtained 
for each lead solution by subtracting 
that obtained for the blank. Plot mg 
of lead vs. wave-height. 

Procedure 

In this procedure a reagent blank is 
carried along with the samples. 

Transfer 0.2-1 g of powdered sample, 
containing up to approximately 10 mg 
of lead (Note 3), to a 400-ml beaker, 
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add 10 ml of concentrated hydrochloric 
acid, cover the beaker, and boil for 
several minutes. Add 10 ml of con
centrated nitric acid, boil until most 
of the sulphide minerals are decomposed, 
then add 10 ml each of concentrated 
hydrobromic and perchloric acids. Boil 
the solution for several minutes, re
move the cover, and evaporate the 
solution to fumes of perchloric acid. 
Cool, wash down the sides of the beak
er with water, add 10 ml each of con
centrated hydrochloric and hydrobromic 
acids, and allow the solution to eva
porate to a paste (Note 4). Add 10 ml 
of concentrated nitric acid and 
approximately 20 ml of water, and heat 
to dissolve the soluble salts (Note 5). 

Dilute the solution to approximately 
150 ml with water and, if necessary, 
add sufficient 3% iron solution so that 
the iron content of the solution is at 
least 20 times that of the lead (Note 
6). Add sufficient concentrated 
ammonium hydroxide to precipitate 
hydrous ferric oxide, then add several 
drops in excess, followed by 15 ml of 
saturated ammonium carbonate solution. 
Boil the resulting solution for several 
minutes to coagulate the precipitate, 
then filter the solution (Whatman No. 
541 paper) and wash the beaker, paper, 
and precipitate thoroughly with hot 
water. Discard the filtrate and 
washings. 

Using a jet of hot water, transfer the 
bulk of the precipitate to the original 
beaker, add 10 ml of concentrated 
nitric acid, and heat gently to dissolve 
the precipitate (Note 7). Filter the 
solution through the original filter 
paper into a 250-ml beaker, and wash 
the paper and residue alternately with 
warm 10% nitric acid and hot water. 
Discard the paper and residue, and 
evaporate the filtrate to dryness. 
Cool, wash down the sides of the beaker 
with approximately 5 ml of concentrated 
hydrochloric acid, and again evaporate 
the solution to dryness to ensure the 
complete removal of nitric acid. Cool, 
add 2 ml of concentrated hydrochloric 
acid and approximately 25 ml of water 
to the residue, and heat gently to 
dissolve the salts. Transfer the solu
tion to a 100-ml volumetric flask, 
dilute to approximately 50 ml with 
water, and proceed with the neutraliza
tion and re-acidification of the solu
tion, the reduction of iron, and the 
subsequent measurement of the lead 
wave-height as described above. 



Correct the wave-height obtained for 
the sample solution by subtracting 
that obtained for the blank solution, 
and determine the lead content of the 
sample by reference to the calibration 
curve. 

Notes 

1. A small amount of iron is added 
to the solutions employed for the pre
paration of the calibration curve to 
function as an internal indicator 
during the subsequent neutralization 
of the solutions with ammonium hydr
oxide. 

2. Lead is reduced at -0.43 vol t 
vs. the saturated calomel electrode3, 

3. Samples containing more than 
approximately 10 mg of lead are not 
recommended because of the bulkiness 
of the subsequent mixed hydrous oxide
lead carbonate precipitate. 

4. If the sample contains an appre
ciable amount of tin, antimony, or 
arsenic, repeated treatment of the 
solution with hydrochloric and hydro
bromic acids, followed by evaporation 
of the s olution to fumes of perchloric 
acid,is recommended to ensure the com
plete removal of these elements. 

5. Any insoluble material (e.g., 
silicates) that is present at this 
stage ma y be ignored because it is 
removed b y filtration during the 
subsequent procedure. 

6. An equivalent amount of iron 
solution (or approximately 1-2 ml if 
the solution is lead-free) should be 
added to the blank solution to co
precipitate possible trace amoun ts of 
lead in the reagents employed. 

7. If the sample contains an appre
ciable amount of copper, sufficient 
copper may be retained in the preci
pitate to interfere with the deter
mination of lead 4 . To avoid error 
from co-precipitated copper, dilute 
the solution to approximately 150 ml 
with water, re-precipitate the lead 
and iron, filter the solution through 
the original filter paper, then pro
ceed as described. 
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DETERMINATION OF TELLURIUM IN COPPER SULPHIDE ORES AND MILL PRODUCTS 

Principl e 

Tellurium is determined p0larographi
cally in a 1 M ammonium hydroxide-1 M 
ammonium chloride supporting electro
lyte solution, in the presence of 
Triton X-100 as a maximum suppressor, 
after separation from copper by the 
reduction of tellurium (IV) to the 
elemental state with hypophosphorous 
acid in a 6 M hydrochloric acid 
medium 1 • 2 • 

Outline 

The sample is decomposed with nitric 
and perchloric acids, and the solution 
is evaporated to fumes of perchloric 
acid to remove nitric acid and ele
mental sulphur. The salts are dissolv
ed in dilute hydrochloric acid, and 
lead and silver chlorides and acid
insoluble material are removed by 
filtration. Tellurium is subsequently 
co-precipitated as the element with 
elemental arsenic, after reduction 
with hypophosphorous acid, and separat
ed from copper and various other 
elements (nickel, cobalt, iron, 
manganese, zinc, and cadmium) by 
filtration. After dissolution of the 
precipitate, tellurium and arsenic are 
re-precipitated to remove residual 
copper, and the precipitate is dis
solved in nitric acid. The resulting 
solution is ultimately analyzed for 
tellurium. 

Discussion of interferences 

Copper interf eres in the determination 
of tellurium in ammoniacal ammonium 
chloride media by producing waves that 
precede the tellurium (IV) reduction 
wave, and by forming an insoluble 
telluride3. Interference from copper 
is eliminated by separating tellurium 
from this element by precipitation as 
elemental tellurium. Arsenic, selen
ium, and other elements that co
precipi tate as the elements (e.g., 
bismuth, antimony, tin, and gold) do 
not interferel-3, 

Range 

The method is suitable for samples con
taining approximately 0.002 to 0.25% 
of tellurium. 

Re agents 

Standard tellurium solution (1 ml = 
0.5 mg of tellurium). Dissolve 
0.1000 g of pure tellurium metal in 20 
ml of concentrated nitric acid. Add 
approximately 30 ml of water, boil the 
solution for several minutes to remove 
oxides of nitrogen, cool, and dilute 
to 200 ml with water. Dilute 20 ml of 
this stock solution to 200 ml with 
water (1 ml= 0.05 mg of tellurium). 

Ammonium hydroxide-ammonium chloride 
solution, 2 M anrr 2 M, respectively . 
Dissolve 107 g of ammonium chloride in 
approximately 500 ml of water, add 
133 ml of concentrated ammonium hydr
oxide, and dilute to 1 litre with water. 
Store in a polyethylene bottle. 

Arsenic solution, 0.2% w/v. Dissolve 
0.264 g of arsenic trioxide (As203) in 
10 ml of water containing 10 pellets 
of sodium hydroxide, cool, and dilute 
to 100 ml with water. 
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Coppe r solution , 0.5% w/v. Dissolve 
0.25 g of pure copper metal in 15 ml 
of 50% nitric acid, add 5 ml of con
centrated perchloric acid, and evapor
ate the solution to fumes of per
chloric acid. Cool, wash clown the 
sicles of the beaker with water, eva
porate the solution to approximately 
1-2 ml, cool, and dilute to 50 ml with 
water. 

Bromine -hydrobro mic acid solution, 10% 
and 90% v/v, respectively. Add 10 ml 
of bromine to 90 ml of concentrated 
hydrobromic acid and shake to dissolve. 

Hypophosphorous acid- hydrochloric acid 
wash solution, 1% and 10% v/v, res
pectively. 

Sulphuric acid, 50% v/v. 



Hydro chloric acid, 50% v/v. 

Triton X-100 solution, 0.1% v/v. 

Nitroge n ( o xygen-free). 

Calibration curve 

To an appropriate number of 100-ml 
beakers, add 5 ml of 50% sulphuric 
acid; then, by burette, add suitable 
varying increments of the dilute 
standard 0.05 mg/ml tellurium solution. 
Add 5 ml of 50% sulphuric acid to a 
separate beaker; this constitutes the 
blank. Evaporate each solution to 
fumes of sulphur trioxide, cool, wash 
down the sides of the beaker with a 
small amount of water, and evaporate 
the solution until most of the sul
phuric acid has been removed. Cool, 
dissolve che residue in approximately 
10 ml of water, and add 50 ml of 2 M 
ammonium hydroxide-2 M ammonium 
chloiide solution and 1 ml of 0.1% 
Triton X-100 solution. Transfer the 
solutions to 100-ml volumetric flasks, 
dilute to ~olume with water and mix. 

Transfer a suitable portion of the 
first of the resulting tellurium solu
tions to the polarographic cell, place 
the cell in a constant temperature
bath, and bubble nitrogen through the 
solution to remove dissolved air. 
Discontinue the flow of nitrogen, 
electrolyze the solution at the dropp
ing mercury electrode from approxi
mately -0.3 to -0.8 volt, and measure 
the height of the resulting tellurium 
wave (Note 1). De termine the wave
height for the blank and each of the 
remaining tellurium solutions in a 
similar manner, and correct the wave
hei ght obtained for each tellurium 
solution by subtracting that obtained 
for the blank. Plot mg of tellurium 
vs. wave-height. 

Procedure 

In this procedure a reagent blank is 
carried along with the samples. 

Transfer 0.2-1 g of powdered sample, 
depending on the expected tellurium 
content, to a 250-ml beaker, and add 
20 ml of concentrated nitric acid and 
10 ml of concentrated perchloric acid . 
Cover the beaker, heat gently until 
the decomposition of sulphide minerals 
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is complete, then remove the cover, 
and evaporate the solution to dense 
fumes of perchloric acid to volatilize 
elemental sulphur. Cool, wash down 
the sides of the beaker with a small 
amount of water, and evaporate the 
solution to approximately 3-4 ml. Add 
25 ml of water, heat the solution to 
the boiling point, then add 25 ml of 
concentrated hydrochloric acid, and 
boil the solution gently for several 
minutes. Cool the solution to 10-15°C 
in an ice-bath, filter it (Whatman No. 
540 paper) into a 250-ml beaker, and 
wash the beaker, paper, and precipitate 
thoroughly with cold 50% hydrochloric 
acid. Discard the paper and precipi
tate. 

Dilute the filtrate to approximately 
125 ml with 50% hydrochloric acid, add 
3 ml of 0.2% arsenic solution and 15 ml 
of concentrated hypophosphorous acid, 
cover the beaker, mix and heat the 
solution just to the boiling point. 
Allow the solution to cool to 85-90°C, 
and maintain it at this temperature 
for approximately 15 minutes. Using 
suction, filter the solution through 
a sintered-glass, medium-porosity 
filtering crucible, and wash the 
precipitate 4 or 5 times with hot 1 % 
hypophosphorous acid-10% hydrochloric 
acid solution, then twice with water. 
Discard the filtrate and washings. 
Dissolve the mixed arsenic and 
tellurium precipitate, using approxi
mately 10 ml of 10% bromine-90% hydro
bromic acid solution, and wash the 
crucible 3 or 4 times with water. 
Collect the resulting solution in the 
beaker in which the precipitation was 
carried out. Dilute the solution to 
approximately 50 ml with water, and add 
50 ml of concentrated hydrochloric acid 
and sufficient concentrated hypophos
phorous acid to eliminate the brown 
colour imparted to the solution by the 
bromine. Add 15 ml in excess, and re
precipitate (Note 2), filter, and wash 
the precipitate as described above. 

Dissolve the precipitate, using con
centrated nitric acid, wash the 
crucible thoroughly with water, and 
collect the resulting solution in the 
same beaker. Add 5 ml of 50% sul
phuric acid and evaporate the solution 
to fumes of sulphur trioxide (Note 3). 
Cool, wash down the sides of the beaker 
with water, evaporate the solution 
until most of the sulphuric acid has 
been removed, then dissolve the residue 



in water, and proceed with the addi
tion of 2 M ammonium hydroxide-2 M 
ammonium chloride and Triton X-100 
solutions, and the subsequent measure
ment of the tellurium wave-height as 
described above. Correct the result 
obtained for the sample solution by 
subtracting that obtained for the 
blank solution, and determine the 
tellurium content of the sample solu
tion by reference to the calibration 
curve. 

Notes 

1. Tellurium (IV) is reduced at 
approximately -0.65 volt vs. the 
saturated calomel electrode (S.C.E.) 3 • 

2. Copper, in small amounts, 
catalyzes and hastens the reduction of 
arsenic and tellurium with hypophos 
phorous acid 1 • If re-precipitation of 
the arsenic and tellurium appears to 
be slow or incomplete at this stage, 
add 2-3 drops of 0.5% copper solution. 

3. Because selenium is partly 
volatilized from sulphuric acid solu
tions that are evaporated to near dry
ness4, it can probably be determined 
simultaneously in the resulting 
ammoniacal ammonium chloride sample 
solution if perchloric acid, rather 
than sulphuric acid, is employed for 
the removal of the nitric acid 2 . The 
half-wave potential of the selenium 
wave, corresponding to the reduction 
of selenium (IV) to the -2 state, 
occurs at approximately -1.5 volts vs. 
S. C.E. 3. 

Other applications 

This method can be employed to deter
mine tellurium in copper metal and 
alloys 1 • It should be applicable to 
various other sulphide ores (e.g., 
nickel, cobalt, iron, manganese, zinc, 
and cadmium) and mill products if a 
small amount of copper is added during 
the precipitation stages to catalyze 
the reduction of tellurium and 
arsenic. 
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DETERMINATION OF TIN IN ORES AND MILL PRODUCTS 

Princ i p le 

This met hod is a modification of that 
develop e d by Faye and McMasterl, and 
involv e s the separation of tin from 
c erta i n matrix elements by precipita
tion a s the sulphide and hydrous 
oxide. Tin is determined polaro
graph ica lly, in the presence of 
Triton X-100 as a maximum suppressor, 
by me a surement of the second chloro-
s tann a te ion reduction wave in a 2 M 
hydro ch loric acid-3 M ammonium chloride 
supporting electrolyte solution. 

Outlin e 

The s amp le is decomposed by fusion 
with s odium carbonate and sodium per
oxide, a nd the melt is digested in 
water. Tin and various elements of 
the copper and arsenic groups that may 
be pr e sent in the sample are ultimately 
co-precipitated as the sulphides with 
molybdenum sulphide, in a dilute 
hydro chloric-tartaric acid medium, and 
separ a ted from iron, chromium, tungsten, 
niobium, tantalum, titanium, zirconium, 
zinc, indium, thallium, vanadium, 
uranium, and aluminum by filtration. 
The mi xe d sulphide precipitate is 
dissolve d in nitric and sulphuric 
acids, a nd lead sulphate is ultimately 
removed by filtration. Tin is subse
quentl y co-precipitated as the hydrous 
oxide with hydrous aluminum oxide from 
a we ak l y ammoniacal medium, and sep-
ara ted f rom molybdenum, copper, silver, 
cadmium, and the platinum group metals 
by filtration. The resultant mixed 
hydrou s oxide precipitate is dissolved 
in dilute hydrochloric acid. The re
sultin g solution is analyzed for tin. 

Discussion of interferences 

Copper, lead, nickel, tungsten, vana
dium, iron, arsenic, bismuth, and 
antim o n y produce waves in 4 M or 
gre a t e r chloride ion media, which are 
in the neighbourhood of, or precede 
the d o uble chlorostannate ion reduction 
wave 2 - 4 • 
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Interference from lead, which is re
duced at almost the same potential as 
tin (IV) 3 • 4 , is avoided by separating 
it as the insoluble sulphate. Inter
ference from nickel, tungsten, vanad
ium, and iron is eliminated by separa
ting tin from these elements by co
precipitation as the sulphide with 
molybdenum sulphide in a 0.25 M hydro
chloric-tartaric acid medium 5 • 6 . Tin 
is separated from copper b y co-preci
pit a tion as the hydrous oxide with 
hydrous aluminum oxide from a weakly 
ammoniacal medium3,6. Small amounts of 
bismuth, arsenic, and antimony (equal 
to the amount of tin present), residual 
iron, and other elements that are not 
completely separated from tin by the 
described procedures (e.g., gold and 
mercur y ) do not interfere in the deter
mination of tinl,3,4. 

Range 

The method is suitable for samples 
containing approxim a tely 0.005 to 5 % 
of tin. 

Re a gents 

Standa r d tin solution (1 ml = 0.5 mg of 
tin). Dissol v e 0.1000 g of pure granu
lated tin metal by heating with 20 ml 
of concentrated sulphuric acid. Cool, 
cautiously transfer the solution, in 
small portions, to a 200-ml volumetric 
flask containing 100 ml of 20 % sul
phuric acid, mix, and cool to room 
temperature. Dilute the resulting 
solution to approximately 190 ml with 
water, mix, cool to room temperature, 
and dilute to volume with water. 
Dilute 20 ml of this stock solution to 
100 ml with 20 % sulphuri c acid (1 ml = 
0.1 mg of tin). 

Ammonium molybdate solution , 1 % w/v. 
Dissolve 1 g of ammonium molybd a te 
tetrahydrate [(NH4) 6 Mo70 2 4.4H20] in 
approximately 50 ml of warm water, 
cool, and dilute to 100 ml. 



Al umi num s u lphate so lu t io n, 4% w/v. 
Dissolve 8 g of the anhydrous reagent 
(or 11.8 g of the nonahydrate reagent) 
in approximately 150 ml of warm water, 
cool, and dilute to 200 ml. 

Hy dr oahlo r ia aaid , 4 M. Dilute 342 ml 
o f concentrated hydrochloric acid to 
1 litre with water. 

Sulphu r ia aaid , 20 % v/v. 

Ammonium hydr oxide , 50 % v/v. 

Hydrogen sulphid e ( aylinder) ga s. 

Hydr ogen sulphide wash s oluti on . 1% 
hydrochloric acid saturated with 
hydrogen sulphide. 

Methyl r ed in di aato r s oluti on, 0.1% 
w/v in ethyl alcohol. Store in a 
droppin g bottle. 

Tr iton X- 100 solution , 0.1% v/v. 

Nitrogen (oxygen -free ). 

Ca libration curve 

To an app r opriate number of 400-ml 
beakers, add, by burette, suitable 
varyin g increments of the appropriate 
standard 0.1 mg/ml or 0.5 mg/ml tin 
solution, and dilute each solution to 
50 ml with 20% sulphuric acid. Add 
50 ml of 20% sulphuric acid to a 
separate beaker; this constitutes the 
blank. Dilute each solution to 
appro x imately 150 ml with water, heat 
almost to the boiling point, and add 
several drops of 0.1% methyl red solu
tion and 4 ml of 4% aluminum sulphate 
solution. Carefully neutralize the 
solution with 50 % ammonium hydroxide, 
and add several drops in excess (Note 
1 ) . Allow the precipitate to settle, 
then filter the solution (Whatman No. 
541 paper) and wash the beaker, paper, 
and precipitate thoroughly with hot 
water. Discard the filtrate and wash
ings. 

Dissolve the precipitate, using 50 ml 
of warm 4 M hydrochloric acid, wash 
the paper twice with 6-8 ml of hot 
water, and collect the resulting solu
tion in the original beaker. Transfer 
the solutions to 100-ml volumetric 
flasks containing 16 g of ammonium 
chloride, and shake gently until the 
salt has dissolved. Warm the solu
tions to room temperature, add 1 ml of 
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0.1% Triton X-100 solution, dilute to 
volume with water and mix. 

Transfer a suitable portion of the 
first of the resulting tin solutions to 
the polarographic cell, place the cell 
in a constant temperature-bath, and 
bubble nitrogen through the solution to 
remove dissolved air. Discontinue the 
flow of nitrogen, electrolyze the 
solution at the dropping mercury 
electrode from approximately -0.1 to 
-0.8 volt, and measure the height of 
the second tin wave (Note 2). Deter
mine the wave-height for the blank and 
each of the remaining tin solutions in 
a similar manner, and correct the wave
height obtained for each tin solution 
by subtracting that obtained for the 
blank. Plot mg of tin vs. wave-height. 

Procedure 

In this procedure a reagent blank is 
carried along with the samples. 

Transfer 0.2-1 g of powdered sample, 
containing up to approximately 10 mg of 
tin (Note 3), to a 50-ml zirconium 
crucible, add 1 g of sodium carbonate 
and 7-8 g of sodium peroxide and mix 
thoroughly. Fuse the mixture over a 
blast burner, and keep the melt at red 
heat for several minutes to ensure 
complete sample decomposition. Allow 
the melt to cool, then transfer the 
crucible and contents to a 600-ml 
(covered) beaker containing 100 ml of 
water. When the subsequent reaction 
has ceased, remove the crucible after 
washing it thoroughly with hot water, 
and boil the solution for approximately 
10 minutes to remove the residual per
oxide. Add 10 g of tartaric acid, 
stir to dissolve, then neutralize the 
solution approximately with concentrat
ed hydrochloric acid, and add a suffi
cient excess to clarify the solution. 
Add several drops of 0.1% methyl red 
solution (Notes 4 and 5), carefully 
~eutralize the solution with 50% 
ammonium hydroxide, then add 10 ml of 
concentrated hydrochloric acid and 2 ml 
of 1% ammonium molybdate solution 
(Note 6), and dilute the solution to 
approximately 450 ml with water. Pass 
hydrogen sulphide through the resultin g 
solution for 1 hour, allow the preci
pitate to settle for approximately 2 
hours, then filter the solution (What
man No. 32 paper and paper pulp) and 
wash the beaker, paper, and precipitate 
thoroughly with hydrogen sulphide wash 



solution. 
washings . 

Discard the filtrate and 

Transfer the paper and precipitate to 
the original beaker , add 25 ml of 
concentrated nitric acid, and care
fully add 10 ml of concentrated sul
phuric acid in small portions. Cover 
the beaker, heat gently to destroy the 
paper and pulp, then evaporate the 
solution to fumes of sulphur trioxide. 
Repeat the nitric acid treatment and 
the subsequent evaporation of the 
solution to fumes of sulphur trioxide 
until all of the organic material has 
been destroyed. Cool the solution, 
remove the cover, carefully add 100 ml 
of water in small portions, and heat 
gently to dissolve the soluble salts. 
If lead sulphate is present, cool the 
solution in an ice-bath, filter it 
(Whatman No . 40 paper) into a 400-ml 
beaker, and wash the beaker, paper, 
and precipitate thoroughly with cold 
water. Discard the paper and precipi
tate. 

Dilute the filtrate to approximately 
150 ml with water, and heat the solu
tion almost to the boiling point . Add 
several drops of 0.1% methyl red solu
tion (Note 4) and 4 ml of 4% aluminum 
sulphate solution (Note 7), and pro
ceed with the precipitation, filtra
tion, and dissolution of the mixed tin 
and aluminum hydrous oxide precipitate, 
and the subsequent measurement of the 
tin wave-height as described above . 
Correct the wave-height obtained for 
the sample solution by subtracting 
that obtained for the blank solution, 
and determine the tin content of the 
sample solution by reference to the 
calibration curve. 

Notes 

1. The addition of a large excess 
of ammonium hydroxide should be avoid
ed because the hydrous oxides of tin 
and aluminum are partly soluble in 
moderately ammoniacal solution3. 

2. Stannic tin is reduced in two 
stages in 2 M hydrochloric acid-3 M 
ammonium chloride media, but only the 
second step, corresponding to the re
duction of chlorostannite ion to the 
metal, at approximately -0.6 volt vs. 
the saturated calomel electrode 
(S.C.E.), is sui table for the deter
mination of tin. The half - wave 
potential of the first tin wave, 
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corresponding to the reduction of 
hexachlorostannate ion to chloro
stannite ion, occurs at approximately 
-0.25 volt vs. S.C.E.2. 

3. Samples containing more than 
approximately 10 mg of tin are not 
recommended because the slimy character 
of the subsequent tin sulphide pre
cipitate renders filtration and wash
ing difficult6. 

4. If the solution contains an 
appreciable amount of coloured ions 
(e.g., copper, nickel, and/or chromium), 
litmus paper can be employed as indi
cator during the neutralization step. 

5. Any insoluble hydrated tungsten 
trioxide that may be present at this 
stage can be dissolved by adding an 
excess of ammonium hydroxide and 
warming the solution. The excess 
ammonium hydroxide should subsequently 
be neutralized with concentrated 
hydrochloric acid. 

6. The addition of ammonium molyb
date solution can be omitted if the 
sample is known to contain approxi 
mately 10 mg or more of molybdenum . 

7. Although aluminum is added pri
marily for the co-precipitation and 
subsequent separation of tin as the 
hydrous oxide, it also provides a 
hydrous oxide matrix which allows the 
hydrous oxide of stannic tin to be 
readily dissolved by warm dilute 
hydrochloric acid 1 • In the absence of 
such a matrix, some tin may be retain
ed in the fibres of the filter paper6 . 

Other applications 

With modifications in the decomposition 
procedure, this method can be employed 
to determine tin in steels 1 • 
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DETERMINATION OF ZINC IN ZINC SULPH IDE CONCENTRATES (RAPID CONTROL METHOD) 

Principle 

Zinc is determined polarographically 
in a 1 M ammonium hydroxide-0.5 M 
ammonium chloride supporting electro
lyte solution in the presence of 
Triton X-100 as a maximum suppressor 1 • 

Outline 

The sample is decomposed with hydro
chloric, nitric, and perchloric acids, 
and the solution is evaporated to 
fumes of perchloric acid to remove 
nitric acid and elemental sulphur. 
The resulting solution is analyzed for 
zinc. 

Discussion of interferences 

Copper, cadmium, and nickel produce 
waves, in ammoniacal ammonium chloride 
media, which precede the zinc reduc
tion wave 2 , but none of these elements 
normally in ter fere in this method be
cause they are not usually present in 
zinc sulphide concentrates. Iron (III) 
does not interfere because it is pre
cipitated as the hydrous oxide in the 
supporting electrolyte solution em
ployed for the determination of zinc. 

Range 

The method is suitable, provided high 
accuracy is not required, for the 
routine determination of approximatel y 
50 to 60% of zinc in sulphide con 
centra tes. 

Re agents 

Standard zinc solution (1 ml = 0.5 mg 
of zinc). Dissolve 0.5000 g of pure 
zinc metal in 50 ml of 20% hydrochloric 
acid, and dilute to 1 litre with 
water. 

Ammonium hydroxide - ammonium chloride 
solution , 2M and 1 M, respectively. 
Disso lve 53.5 g of ammonium chloride 
in approximately 500 ml of water, add 
133 ml of concentrated ammonium hydr
oxide, and dilute to 1 litre with 
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water. Store in a polyethylene bottle. 

Triton X-1 00 solution, 0.1% v/v. 

Nitrogen (oxygen - free). 

Calibration curve 

To an appropriate number of 100-ml 
volumetric flasks, add 50 ml of 2 M 
ammonium hydroxide-1 M ammonium 
chloride solution, and 1 ml of 0.1% 
Triton X-100 solution; then, by 
burette, add suitable varying incre
ments of the standard 0.5 mg/ml zinc 
solution. Dilute each solution to 
volume with water and mix. 

Transfer a suitable portion of the 
first of the resulting zinc solutions 
to the polarographic cell, place th e 
cell in a constant temperature-bath, 
and bubble nitrogen throu g h the solu
tion to remove dissolved air . Dis
continue the flow of nitrogen, electro
lyze the solution at the dropping 
mercury electrode from approximately 
-1.0 to -1.65 volts, and measure the 
height of the resulting zinc wave 
(Notes 1 and 2). Determine the wave
height for each of the remaining zinc 
solutions in a sirnilar manner, and 
plot mg of zinc vs. wave -h eight. 

Procedure 

Transfer 0.25 g of powdered sample to 
a 250-ml beaker, add 5 ml of con 
centrated hydrochloric acid and 2 ml of 
concentrated nitric acid, caver the 
beaker, and heat gently until the de
composition of sulphide minerals is 
complete. Remove the caver, wash 
clown the sicles of the beaker with a 
small amount of water, add 3 ml of 
concentrated perchloric acin, and eva
porate the solution to dense fumes of 
perchloric acid to volatilize elemental 
sulphur. Cool, add approximately 50 ml 
of water, and heat gently to dissolve 
the soluble salts. Cool the solution 
to room temperature, transfer it to a 
250 -ml volumetric flask, dilute to 
volume with water and mix. 



Transfer a 1 0 - ml al i quot to a 100-ml 
volumetric flask , and a dd 50 ml of 2 M 
ammonium h y d r o xide-1 M ammonium 
chloride s o lution and 1 ml of 0.1% 
Triton X~lO O solut i on. Dilute the 
solution to vol ume with water, mix, 
and proceed with the subsequent 
measurement of t he zinc wave-height as 
described a b ove . Determine the zinc 
content of the a liquot by reference 
to the calibratio n curve. 

Notes 

1. Zinc is reduc ed at -1.32 volts 
vs. the saturated ca lomel electrode 1 • 

2. For rapid c on t r ol work, in which 
speed is essenti a l , a n instrument with 
a fast polarization rate (e.g., a 
cathode-ray polarograph) can be 
advantageously emplo y ed in this method. 
The zinc wave-height can also be 
determined rela t i vel y quickly with a 
manual polarograp h by recording only 
two points - the fi r s t on the residual 
current portio n of t h e curve - the 
second on the diffus ion current 
plateau 1 • 
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P ART IV 

GRAVIMETRIC METHODS 





DETERMINATION OF ALUMINUM IN AC ID-SOLUBLE AND REFRACTORY SILICATE ROCKS 
AND MINERALS, CARBONATE ROCKS, CLAY, AND SHALE BY PRECIPITATION WITH 
AMMONIUM HYDROXIDE 

Princip le 

Aluminum is determined by weighing as 
the oxide, after precipitation as the 
hydrous oxide with ammonium hydroxide 
from an approximately neutral (pH 6.5-
7.5) ammonium chloride medium 1 • 

Outline 

Acid-soluble silicate rocks and 
minerals, clay, and shale are decom
posed with hydrofluoric, hydrochloric, 
and sulphuric acids, and the solution 
is evaporated to fumes of sulphur 
trioxide to remove silica and excess 
hydrofluoric acid. Acid-insoluble 
material, if present, is ultimately 
separated by filtration, ignited, and 
fused with sodium carbonate. The melt 
is dissolved in the initial filtrate, 
and iron, titanium, and other inter
fering elements (zirconium, molybdenum, 
and vanadium) are separated from 
aluminum by chloroform extraction of 
their cupferron complexes. The alumin
ium in the aqueous phase is ultimately 
precipitated as the hydrous oxide with 
ammonium hydroxide, and separated from 
calcium, magnesium, manganese, sodium, 
potassium, and chromium (VI) by filtra
tion. After dissolution of the preci
pi tate, aluminum is re-precipitated 
to remove occluded elements, and the 
precipitate is ignited, and weighed. 

Refractory silicate rocks and minerals 
are decomposed by fusion with sodium 
carbonate, and the melt is dissolved 
in dilute sulphuric acid. Silica is 
removed by volatilization as silicon 
tetrafluoride, and aluminum, iron, 
titanium, and zirconium are ultimately 
precipitated as the hydrous oxides 
with ammonium hydroxide, and separated 
from the excess sodium salts, calcium, 
magnesium, manganese, and other ele
ments mentioned above by filtration. 
The mixed hydrous oxide (R203) pre
cipitate is dissolved in dilute hydro
chloric acid, and the hydrous oxides 
are re-precipitated to remove some 
occluded elements. After dissolution 
of the precipitate, iron, titanium, 
and other co-precipitated or occluded 
elements (zirconium, vanadium, and 
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molybdenum) are separated f rom aluminum 
by chloroform extraction of their 
cupferron complexes. The aluminum in 
the resulting aqueous phase is ultimate
ly precipitated with ammonium hydroxide, 
and determined as described above. 

Alternatively, following sample decom
position by fusion with sodium carbon
ate and the separation of silica by 
double dehydration with perchloric acid 
as described in the Classical-Gravi-
me tric Method for silica (Procedure C 
(a), p 201, Note 27), aluminum can be 
determined in the above materials as 
follows: 

The ignited residue remaining after 
the volatilization of silica is 
fused with sodium carbonate. The 
melt is dissolved in the filtrate 
from the silica determination, and 
fluoride, if present, is removed by 
evaporation of the resulting solution 
with sulphuric acid. The mixed 
hydrous oxides (R203) are ultimately 
precipitated twice with ammonium 
hydroxide, and aluminum is subsequent
ly determined by the method describ
ed for refractory silicate rocks and 
minerals. 

Carbonate rocks are analyzed for alu
minum by the alternative method des
cribed above for refractory and acid
soluble silicate rocks and minerals, 
clay, and shale, following sample de
composition with hydrochloric, nitric, 
and perchloric acids, and the separa
tion of silica by double dehydration 
with perchloric acid as described in 
the Classical-Gravimetric Method for 
silica (Procedure D, p 201, Note 31). 

Discussion of interferences 

Various elements interfere in the 
determination of aluminum by precipi
tation as the hydrous oxide with 
ammonium hydroxide because they form 
insoluble hydrous oxides [iron (III), 
titanium, zirconium, niobium, tantalum, 
bismuth, chromium (III), beryllium, 
lead, and tin], or because they are 



occluded (vanadium, silica, phosphate, 
molybdenum, tungsten, arsenic, antimony, 
copper, zinc, cobalt, nickel, cadmium, 
silver, gold and the platinum metals) 
by the gelatinous precipitatel-4, 
Phosphate, if present in excess of 
that required to combine stoichio
metrically with the aluminum present, 
and carbonate, and arsenate react with 
calcium and magnesium to form insoluble 
compounds that contaminate the pre
cipitate 1•3. Fluoride prevents the 
complete precipitation of aluminum 
with ammonium hydroxide because it 
forms a stable fluo complex with 
aluminum 5 . 

Fruoride, if present in the sample, or 
hydrofluoric acid employed for sample 
decomposition, are removed by repeated 
evaporation of the sample solution 
with sulphuric acid. Co-precipitation 
and/or occlusion of iron, titanium, 
vanadium, zirconium, tin, and molybde
num LS avoided by separating these 
elements from aluminum by chloroform 
extraction of their cupferron com-
plexes Interf erence from various 
copper and arsenic group elements 
[e.g., copper, silver, arsenic (III), 
antimony, gold, bismuth, cadmium, 
molybdenum, platinum, palladium, and 
tin], if present in significant 
amounts, can be eliminated by separat
ing these elements from aluminum by 
precipitation with hydrogen sulphide 
from an approximately 0.3 M sulphuric 
acid medium 1

> 3 • 6 • Calcium and mag
nesium are prevented from co-precipi
tating as the hydrous oxides or in
soluble carbonates by precipitating 
the aluminum from an ammonium 
chloride medium, and by employing 
carbonate-free ammonium hydroxide, 
respectively. Chromium (III) can be 
prevented f rom co-precipitating as the 
hydrous oxide by oxidizing it to the 
hexavalent state by evaporation with 
perchloric acid; chromium (VI) does 
not form a hydrous oxide with ammon
ium hydroxide 1 • 

Re-precipitation of the aluminum, 
after dissolution of the initial 
precipitate in dilute hydrochloric 
acid, eliminates positive error from 
calcium, magnesium, manganese, cobalt, 
nickel, sodium, and potassium, which 
are occluded, in small amounts, by the 
initial precipitate 1 . 

Contamination of the aluminum preci
pitate with calcium and magnesium 
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phosphates, if an excess amount of 
phosphate is present, can be avoided 
by adding a sufficient excess of iron 
(III), prior to the precipitation of 
aluminum, to occlude the phosphate, 
followed by a double precipitation of 
the mixed hydrous oxides of iron and 
aluminum, dissolution of the precipi
tate, separation of the iron from 
aluminum by cupferron-chloroform ex
traction, and subsequent re-precipita
tion of the aluminum7. Phosphate 
causes high results for aluminum be
cause, depending on the amount of 
aluminum present, it is completely or 
partly occluded by the aluminum pre
cipi tate, and is subsequently converted 
to the pentoxide during the ignition of 
the precipitate 1 • 3 • 6 • Positive error 
from phosphate can be obviated by 
fusing the ignited residue with sodium 
carbonate, determining its phosphorus 
pentoxide content spectrophotometrical
ly, and subtracting the amount obtained 
from the weight of the ignited residue. 

If silica has been separated by acid 
dehydration, the ignited residue is 
usually contaminated with a small 
amount of silica. Positive error from 
silica can be eliminated by treating 
the ignited residue with hydrofluoric 
and sulphuric acids, and evaporating 
to dryness to volatilize silicon as the 
tetrafluoride, followed by re-ignition 
and weighing of the residue 1 . 

Beryllium is not separated from alum
inum by any of the separation proce
dures described and causes high results 
for aluminum. Niobium, tantalum, 
uranium, thorium, gallium, indium and 
the rare earth elements also interfere 
in this method2,s. 

The method is suitable for samples 
containing more than approximately 
0.1% of aluminum. 

Re agents 

Cupferron solution, 9% w/v. Prepare 
fresh as required, and filter the 
solution, if necessary. 

Methyl red indicator solution, 0.1% 
w/v in ethyl alcohol. Store in a 
dropping bottle. 



Concentrated ammonium hydroxide 
(carb onate-free). If a carbonate
free commercial product is not avail
able, a pure solution (approximately 
15 M) can be prepared by saturating 
freshly boiled and cooled water with 
ammonia gas. 

I r on solution , 1% w/v. Dissolve 1 g 
of high-purity iron metal (aluminum
free) in 10 ml of concentrated hydro
chloric acid, add several drops of 
concentrated nitric acid to oxidize 
any ferrous iron present, and dilute 
the solution to 100 ml with water. 

Ammonium hydroxide (carbonate-free), 
20% v/v. 

Sulphuric acid , 50% v/v. 

Hydrochloric acid , 50% and 2% v/v. 

Ammonium chloride wash s olution, 2% 
w/v. Dissolve 20 g of the reagent in 
approx imately 300 ml of water, add 3 
drops of concentrated, carbonate-free 
ammonium hydroxide, and dilute to 1 
litre with water. 

Hydrogen sulphide (cylinder) gas . 

Hydrogen sulphide wash solution. 1% 
sulphuric acid saturated with hydrogen 
sulphide. 

Chlorofo rm. Analytical reagent-grade. 

Procedures 

In these procedures a reagent blank is 
carried along with the samples if the 
expected aluminum content is approxi
mately 5% or less. 

A - Acid -soluble silicate rocks and 
minerals, ~ and shale 

Transfer 0.5-1 g of powdered sample 
(Note 1), containing up to approxi
mately 100 mg of aluminum, to a 100-ml 
platinum dish, moisten with several ml 
of water, and add 15 ml of concentrated 
hydrofluoric acid. Allow the mixture 
to digest at room temperature for 
approximately 30 minutes, then add 10 
ml of concentrated hydrochloric acid 
and 15 ml of 50% sulphuric acid, and 
evaporate the solution to fumes of 
sulphur trioxide (Note 2). Cool, add 
10 ml each of water and concentrated 
hydrofluoric and hydrochloric acids, 
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and evaporate the solution to fumes 
again. If necessary, repeat the addi
tion of water and concentrated hydro
fluoric and hydrochloric acids and the 
subsequent evaporation to fumes until 
the decomposition of the sample is 
complete. Cool, wash down the sides of 
the dish with water, evaporate the 
solution to fumes, then repeat the 
washing and evaporation steps two more 
times to ensure the complete removal of 
hydrofluoric acid. Cool, add approxi -
mately 40 ml of water, and heat gently 
until the solution becomes clear 
(Notes 3-5). 

Transfer the resulting solution to a 
250-ml separatory funnel, and add 
sufficient 50% sulphuric acid so that 
approximately 10 ml of the concentrated 
acid are present. Dilute to approxi
mately 100 ml with water, and cool the 
solution to about 10°C in an ice-bath. 
Add sufficient cold 9% cupferron solu -
tion (Note 6) to precipitate iron, 
titanium, and various other elements 
that may be present (vanadium, molybde
num, and zirconium), mix, stopper, and 
extract the cupferrates by repeated 
shaking, for 1 minute each time, with 
two 30-ml, and then three or more 15-
ml portions of chloroform until the 
organic layer is colourless. Discard 
each extract. Transfer the aqueous 
phase to a 400-ml beaker, warm gently 
to remove residual chloroform, then 
evaporate the solution to approximately 
50 ml. Caver the beaker, add 10 ml 
each of concentrated nitric and hydro
chloric acids and, if chromium is pre
sent, add 5 ml of concentrated per
chloric acid, and boil the solution for 
20-30 minutes to destroy organic 
material. Cool, remove the cover and, 
depending on the absence or presence of 
chromium, evaporate the solution to 
fumes of sulphur trioxide or to fumes 
of perchloric acid, respectively. If 
organic material is still present, re
peat the treatment with nitric and 
hydrochloric acids, then evaporate the 
solution to approximately 5 ml (Note 
7). Cool, add 50 ml of water and 10 ml 
of concentrated hydrochloric acid, heat 
gently to dissolve the salts and, if 
necessary, filter the solution (Whatman 
No. 541 paper) into a 400-ml beaker to 
remove residual silica (Note 8) and/or 
barium sulphate. Wash the beaker, 
paper, and residue thoroughly with warm 
2% hydrochloric acid and warm water, 
and discard the paper and residue. 



Dilute the resul ting solution to 
approximately 200 ml with water (Note 
9), and add several drops of 0.1% 
methyl red solution. Neutralize the 
solution approxima tely with concentrat
ed carbonate-free ammonium hydroxide 
(Note 10), and add seve ral drops in 
excess. Heat the solution to the 
boiling point, add 50% hydrochloric 
acid, by drops, until the colour of 
the solution changes to a faint pink, 
then add 20% carbonate-f ree ammonium 
hydroxide, by drops, until the colour 
changes to a distinct canary yellow 
(Note 11). Boil the solution for 
approximately 30 seconds to coagulate 
the resulting aluminum hydrous oxide 
precipitate, allow the precipitate to 
settle for about 1 minut e, then, with
out delay (Note 12), filte r the solu
tion (Whatman No. 541 paper) into an 
800-ml beaker, and wash the beaker, 
paper, and precipitate 4 or 5 times 
with hot 2% ammonium chloride solu
tion (Note 13). 

Using - a jet of hot wat er, carefully 
transfer the precipitate to the 
beaker in which the precipitation was 
carried out, add 7 ml of concentrated 
hydrochloric acid, and heat gently to 
dissolve the precipitat e. Dilute the 
solution to approximately 150 ml with 
water, and re-precipitat e the aluminum 
as described above. Filter the solu
tion through the original filter paper, 
and collect the filtr ate in the beaker 
containing the initial filtrate. 
Transfer the precipitate quantitatively 
to the filter paper, and wash the 
paper and precipitate 8 times with hot 
2% ammonium chloride solution (Notes 
14-16). 

Transfer the paper an d precipitate to 
a tared 30-ml Alundum crucible (Note 
17), and burn off the paper at a low 
temperature in a muffle furnace. 
Ignite the precipitate at 1200°C 
(Note 18) for 1 hour, cool in a 
dessicator and weigh (Note 19). Re
peat the ignition and weighing until 
constant weight is obtained, and 
correct the result obtained for the 
sample by subtracting that obtained 
for the reagent blank. 

144 

B - Refractory silicate rocks and 
minerals 

Transfer 0.5-1 g of powdered sample 
(Note 20), containing up to approxi
mately 100 mg of aluminum, to a 30-ml 
platinum crucible, and ignite in a 
muffle furnace at 800-900°C for 
approximately 30 minutes (Note 21) . 
Cool the crucible, add a five-fold 
weight excess of sodium · carbonate, 
mix, and cover the mixture with 0.5-
1 g of sodium carbonate. Cover the 
crucible with a platinum cover, hea t 
at a low temperature for 5-10 minutes, 
then fuse the mixture at 900-1000°C 
for approximately 30 minutes. Remove 
the cover, swirl the crucible to dis
tribute the melt in a thin layer 
around the inner walls, and allow the 
crucible and contents to cool. Trans
fer the crucible and cover to a 400-ml 
(covered) Teflon beaker containing 
approximately 30 ml of water, and add 
30 ml of 50% sulphuric acid in small 
portions. When dissolution of the 
melt is complete, remove the crucible 
and cover after washing them thorou gh
ly with hot water. Add 10 ml of con
centrated hydrofluoric acid, and 
evaporate the solution to fumes of 
sulphur trioxide. Cool, wash down the 
sides of the beaker with water, e va
porate the solution to fumes again, 
then repeat the washing and evaporation 
steps two more times to ensure the 
complete removal of hydrofluoric acid. 
Evaporate the resulting solution to 
approximately 5 ml or until the sodium 
salts begin to crystallize, cool, add 
50 ml of water and 10 ml of concen trat
ed hydrochloric acid, and heat gently 
to dissolve the salts (Note 3). 

Transfer the solution to a 400-ml pyrex 
beaker, dilute to approximatel y 200 ml 
with water, and precipitate the mixed 
hydrous oxides (R203) of aluminum, 
iron, and other elements that may be 
present (titanium, and zirconium) 
twice with ammonium hydroxide as des
cribed in Procedure A (Notes 14, 15, 
22 and 23). 

Transfer the paper and precipitate 
(Note 24) to the beaker in which the 
precipitation was carried out, place 
the beaker under the funnel, and wash 
the funnel with hot 5% hydrochloric 
acid. Add 40 ml of 50% sulphuric acid 
and 10 ml each of concentrated nitr ic 
and hydrochloric acids, and macerate 
the paper with a stirring rod. Cover 



the beaker, and boil the solution for 
20-30 minutes to decompose the paper. 
Cool, remove the caver, and evaporate 
the solution to fumes of sulphur tri
oxide. Cool, wash down the sicles of 
the beaker with a small amount of 
water, add 10 ml each of concentrated 
nitric and hydrochloric acids, eva
porate the solution to fumes again, 
and continue the nitric-hydrochloric 
acid treatment and the subsequent 
evaporation to fumes until the filter 
paper has been completely destroyed 
and the yellow colour due to carbon
aceous material has disappeared. 
Evaporate the solution to approximate
ly 10 ml, cool, and add 40 ml of 
water. If necessary, heat gently to 
clarify the solution, transfer it to 
a 250-ml separatory funnel, and 
dilute to approximately 100 ml with 
water. Cool the solution to 10°C in 
an ice-bath, then proceed, as describ
ed in Procedure A, with the cupferron
chloroform extraction of iron, titan
ium, and zirconium, and the subsequent 
destruction of the excess cupferron in 
the aqueous phase with hydrochloric 
and nitric acids. Evaporate the re
sulting solution to approximately 5 ml 
(Note 7), cool, add 50 ml of water and 
10 ml of concentrated hydrochloric 
acid and, if necessary, heat gently to 
clarify the solution. 

Dilute the solution to approximately 
150 ml with water, and precipitate and 
filter the hydrous oxide of aluminum 
once as described in Procedure A. 
Transfer the precipitate quantitatively 
to the filter paper (Note 17), wash 
the paper and precipitate 8 times 
with hot 2% ammonium chloride solution, 
then transfer the paper and precipitate 
to a tared Alundum crucible, and pro
ceed with the ignition and weighing of 
the crucible and ignited precipitate 
as described above. 

C - Refractory and acid-soluble 
silicate rocks and minerals, ~ 
and shale after the separation of 
silica 

Following sample decomposition by 
fusion with sodium carbonate, and the 
separation of silica by double dehy
dration of silicic acid with perchloric 
acid, as described in Procedure C (a) 
(p 201, Note 2 7) of the Classical
Gravimetric Method for silica, add 
0.5 g of sodium carbonate to the ig
nited residue remaining in the 

platinum crucible after the volatiliza
tion of silica. Caver the crucible, 
and fuse the mixture over a blast 
burner until a clear melt is obtained. 
Cool, and tranfer the crucible and 
caver to the beaker (covered) contain
ing the filtrate from the silica 
separation. When dissolution of the 
melt is complete, remove the crucible 
and caver after washing them thorough
ly with hot water, and evaporate (Note 
25) the resulting solution to approxi
mately 5 ml or until the sodium salts 
begin to crystallize. Cool, add 50 ml 
of water and 10 ml of concentrated 
hydrochloric acid, heat gently to 
dissolve the salts and, if necessary, 
filter the solution (Whatman No. 541 
paper) into a 400-ml beaker to remove 
residual silica. Wash the beaker, 
paper, and residue thoroughly with hot 
2% hydrochloric acid and hot water, 
and discard the paper and residue. 

Dilute the resulting solution to appro
ximately 200 ml with water, then pro
ceed with the ammonium hydroxide 
precipitation of the mixed hydrous 
oxides (R203) of aluminum, iron and 
other elements, and the subsequent 
determination of aluminum as described 
in Procedure B (Note 26). 

D - Carbonate rocks after the 
separation of silica 

Following sample decomposition with 
hydrochloric, nitric and perchloric 
acids, and the separation of silica by 
double dehydration with perchloric acid 
as described in Procedure D (p 201, 
Note 31) of the Classical-Gravimetric 
Method for silica, determine aluminum 
by the method described in Procedure C 
(Notes 26-28). 

Notes 

1. Aluminum can be determined in 
acid-soluble silicate rocks and minerals, 
clay, and shale by the method described 
in Procedure C, but this procedure is 
shorter and more rapid, and is directly 
applicable to samples containing fluor
ide (cf., Procedure C, Note 25). 

2. The sample solution should not be 
allowed to evaporate to dryness. This 
results in the formation of anhydrous 
aluminum compounds, which are virtually 
insoluble in water or dilute acid, and 
causes low results for aluminum 8 • 
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3. If the sample contains an appre
ciable amount of calcium, prolonged 
heating and greater dilution of the 
solution may be necessary at this stage 
to obtain complete dissolution of 
calcium sulphate . 

4. If any acid-insoluble residue is 
present, it should be quantitatively 
removed by filtration, ignited at 
about 750°C in a platinum crucible, 
and fused with 0.5-1 g of sodium car
bonate. The melt should subsequently 
be dissolved in the initial solution. 

5. If the sample contains an appre
ciable amount of alumin um, and a 1-g 
sample has been taken for analysis, 
both aluminum and iron (Procedure B, 
p 279, of the Volumetric-Stannous 
Chloride-Dichromate Method for total 
iron) can be determined at this stage, 
if the sample solution is diluted to 
a definite volume with water, and 
suitable aliquots are taken for the 
respective analyses. 

6. Approximately 2-2 .5 ml of 9% 
cupferron solution are usually suffi
cient for the complexation of 10 mg of 
metal ion. To cest for completeness 
of precipitation, extract the solution 
twice with chloroform, then add 1-2 ml 
of cupferron solution . Complete pre
cipitation is indicated by a transient 
white precipitate resulting from the 
presence of excess cupferron. 

7. Silicate rocks, and clay and 
shale usually contain only negligible 
amounts of heavy metals (i.e., the 
copper and arsenic group elements) 
and, consequently, the separation of 
these elements, prior to the precipi
tation of aluminum with ammonium 
hydroxide, can generally be omitted. 
However, if moderate amounts of these 
elements are present in the sample, 
they should be removed at this stage 
by precipitati on with hydrogen sul
phide6 as follows : 

Evaporate the solution to approximate 
ly 3 ml (Note 2) , cool, and dilute to 
about 200 ml with water . Heat to the 
boiling point , pass hydrogen sulphide 
th rough the solution for approximately 
30 minutes, then filter the solution 
(Whatman No. 32 paper) into a 400-ml 
beaker , and wash the beaker , paper, 
and precipitate thoroughly with hy
drogen sulphide wash solution. Dis
card the paper and precipitate . Boil 
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the filtrate to expel hydrogen sulphide, 
and evaporate the solution to approxi
mately 200 ml. If necessary, filter 
the solution to remove coagulated 
sulphur, add JO ml o f concentrated 
hydrochloric acid, t hen proceed as 
described . 

8. Silica should not be present at · 
this stage unless acid-insoluble resi
due, remaining after sample decomposi
tion, was fused with sodium carbonate 
(Note 4). If heavy metals were re
moved by precipitation with hydrogen 
sulphide (Note 7), any silica and/or 
barium sulphate present would be re
moved with the mixed sulphide preci
pitate during filtration of the sample 
solution. 

9. If the sample contains phosphate 
in amounts approximately equal to, or 
in excess of that required to combine 
stoichiometrically with the aluminum 
present [i.e., 1 mg of aluminum = 2.63 
mg of phosphorus pentoxide (P 2 0 5 )], 
some iron (III) solution should be 
added at this stage as a collector for 
phosphate. If iron is not added under 
these conditions, calcium and magne
sium will co-precipitate as insoluble 
phosphates during the ammonium hydr
oxide separation of aluminum, and con
taminate the aluminum hydrous oxide 
precipitate. This also causes low re 
sults for calcium and magnesium if they 
are to be determined in the filtrate 
remaining af ter the ammonium hydroxide 
separation procedure (Note 15). Appro
ximately a ten-fold excess of iron (III) 
(i.e., 1 ml of a 1% solution) shoul d be 
added for every mg of excess phosphate 
(as phosphorus pentoxide) presentl,7. 
The precipitation of the mixed hydrous 
oxides of aluminum and iron, and the 
subsequent determination of aluminum 
should then be completed as described 
in Procedure B. 

10. The ammonium hydroxide employed 
for the precipitation of the aluminum 
should not contain carbonates because 
magnesium and calcium will co-precipi
tate as insoluble carbonates and con
taminate the aluminum hydrous oxide 
precipitatel , 3. This also causes low 
results for calcium and magnesium if 
they are to be determined in the 
filtrate remaining after the ammonium 
hydroxide separation procedure (Note 
15) . 



11. Particular care must be taken 
in adjusting the end-point. The 
precipitation of aluminum is incom
plete if insufficient ammonium hydr
oxide is employed, and an excess 
results in loss of aluminum because 
of the partial re-dissolution of the 
precipitate 1 • 2 . The use of dilute 
hydrochloric acid, before the final 
adjustment of the end-point, makes the 
colour change, in the presence of the 
precipitate, easier to observe. If 
the colour of the solution changes to 
orange, during or after the subsequent 
boiling stage to coagulate the pre
cipi ta te, the end-point should be re
adjusted with dilute 20% ammonium 
hydroxide. 

12. The time-lapse between the 
precipitation and filtration should be 
kept to a minimum to avoid air-oxida
tion and subsequent co-precipitation 
of manganese as the dioxide. 

13. Hot water should not be used to 
wash the precipitate. This results in 
loss of aluminum because of the con
version (i.e., peptization) of the 
hydrous oxide to the colloidal 
state 1 • 3 • 

14. If the sample contains an 
appreciable amount of magnesium, it 
may be advisable to re-dissolve the 
precipitate and re-precipitate the 
aluminum again to remove occlude d 
magnesium 3 • 6 • 

15. The combined filtrates and 
washings can be used for the deter
mination of calcium and magnesium by 
the Volumetric-Oxalate (p 243) and the 
Gravimetric-Pyrophosphate (p 182) 
Methods, respectively. 

16 . Except in the most exact work, 
the small amount of aluminum that may 
remain in the combined filtrates and 
washings may be neglected. In exact 
work, this residual aluminum may be 
recovered, after the destruction of 
excess ammonium salts, as follows 3 • 6 : 

Acidify the combined filtrates and 
washings with concentrated hydro
chloric acid , and evaporate the solu
tion to approximately 100 ml. Add 
50 ml of concentrated nitric acid, 
caver the beaker , and heat gently 
until vigorous reaction ceases . Re
move the caver, evaporate the solution 
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to 5-10 ml, cool, and add 3-4 ml of 
concentrated hydrochloric acid. Dilute 
the solution to approximately 75 ml 
with water, add 1-2 drops of 0.1% 
methyl red solution, and precipitate 
the aluminum as described in the pro
cedure. Add a small amount of paper 
pulp , bail the solution for 30 seconds 
to coagulate the precipitate, filter 
the solution and wash the precipitate 
as described . Combine the paper con
taining the residual aluminum with that 
containing the initial precipitate, 
then proceed as described . Reserve 
the filtrate and washings for the 
determination of calcium and magnesium 
(Note 15). 

17. To ensure the recovery of any of 
the aluminum precipitate that may have 
adhered to the beaker, funnel, and 
stirring rod during the filtration step, 
wipe the rod and the top inner parts 
of the beaker and funnel with small 
molstened pieces of filter paper, and 
add the paper to the platinum crucible 
containing the aluminum precipitate. 

18. If the precipitate is ignited 
at temperatures below 1200°C, the re
sulting aluminum oxide is hygroscopic 1 • 

19. If the sample contains phosphate, 
most or all of the phosphorus will be 
present as phosphorus pentoxide (P205) 
in the ignited aluminum oxide residue. 
The phosphorus pentoxide content of 
the residue should be determined 
spectrophotometrically, by the Phos
phovanadomolybdic Acid Method (p 87)~ 

after fusion of the residue with 
sodium carbonate, and the amount ob
tained should be subtracted from the 
weight of the aluminum oxide residue. 

20. Aluminum can be determined in 
ref ractory silicate rocks and minerals 
by the method described in Procedure 
C, but this procedure is directly 
applicable to samples containing 
fluoride (cf., Procedure C, Note 25). 

21 . Ignition of the sample oxidizes 
any reducing substances (e.g., car
bonaceous material and pyrite) which 
could attack the platinum crucible 
during the subsequent fusion procedure. 

22. If the sample contains an 
appreciable amount of iron, the mixed 
hydrous oxide (R203) precipitate, first 
obtained by neutralizing the solution 



with ammonium hydroxide, should be 
allowed to settle after the solution 
is heated to the boiling point. The 
colour of the indicator will then be 
perceptible in the supernatant solu
tion. This facilitates the final end
point adjustment (Note 10) 1 • 

23. It is not necessary to transfer 
the precipitate quantitatively to the 
filter paper at this stage. 

24. Complete removal of the hydrous 
oxide of aluminum from filter paper, 
by treatment with acid, is difficult. 
Consequently, to avoid loss of alu
minum, both the precipitate and paper 
should be decomposed by treatment with 
acids 1 • 

25. If the sample contains, or is 
suspected to contain fluoride, add 
25 ml of 50% sulphuric acid at this 
stage, and evaporate the solution to 
approximately 10 ml. Cool, wash down 
the sides of the beaker with water, 
evaporate the solution to fumes of 
sulphur trioxide, then repeat the 
washing and evaporation steps two 
more times to ensure the complete 
removal of fluoride ion. Evaporate 
the solution to approximately 5 ml or 
until the sodium salts begin to 
crystallize, then proceed as described 
(Note 3). If fluoride is not complete
ly removed, the result obtained for 
aluminum will be inaccurate because it 
is not completely precipitated as the 
hydrous oxide in the presence of 
fluoride ion 5 • In addition, depending 
on the amount of fluoride ion present, 
calcium will be partly precipitated as 
the insoluble fluoride (CaF2) during 
the subsequent and final ammonium 
hydroxide separation procedures, and 
will contaminate both the mixed hy
drous oxide (R203) precipitate and the 
final aluminum hydrous oxide precipi
tate. This also causes low results 
for calcium if it is to be determined 
in the filtrate remaining after the 
ammonium hydroxide separation proce
dure (Note 15)5,7. 

26. In procedures in which silica 
has been separated after dehydration 
with acids, the aluminum hydrous 
oxide precipitate is usually contam
inated with a small amount of occluded 
silica. In exact work, the occluded 
silica is removed from the ignited 
aluminum oxide residue by volatiliza
tion as silicon tetrafluoride with 
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hydrofluoric and sulphuric acids, 
followed by the removal of the excess 
sulphuric acid by evaporation to dry
ness, and r e-igniti on and weighing of 
the residuel. Sorne phosphate will 
also be volatilized as phosphoric acid 
if the evaporation of the excess sul
phuric acid is conducted at a high 
temperature9. 

27. Alternatively, aluminum can be 
determined in carbonate rocks contain
ing fluoride by the method described 
in Procedure A. However, if the 
sample contains an appreciable amount 
of calcium (e.g., limestone), some 
difficulty may be experienced in ob
taining complete dissolution of the 
calcium sulphate salts unless a small 
sample is taken for analysis. 

28. If the sample contains approxi
mately 10 mg or less of aluminum, the 
aluminum can be determined, after the 
cupferron-chloroform separation proce
dure, by precipitation with 8-hydroxy
quinoline as described in the Gravi
metric-8-Hydroxyquinoline Method for 
aluminum (p 151). 

Calculations 

where: 

WAl - Wp - WB 
X 100 Sample weight (g) 

weight (g) of the ignited 
aluminum oxide residue. 

weight (g) of phosphorus 
pentoxide (P205) found in the 
residue. 

weight (g) of the ignited 
blank residue. 

Other applications 

The methods described in Procedures A 
and C can be employed to determine 
aluminum in fire-brick and glass. The 
method described in Procedure C is 
applicable to bauxite and magnesitelO, 
and that in Procedure D is applicable 
to cernent. 
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DETERMINATION OF ALUMINUM IN IRON, CHROMIUM, TITANIUM, MOLYB DENUM AND 
SULPHIDE ORES AND MILL PRODUCTS BY PRECIPITATION WllH 8-HYDROXYQUINOLINE 

Princip le 

Aluminum is determined by weighing as 
the 8-hydroxyquinolate [Al(C9H6N0)3] 
after precipitation with 8-hydroxy
quinoline from a weakly acid (pH 5.5) 
tartaric-acetic acid mediuml• 2 . 

Outline 

Iron, chromium and sulphide ores and 
mill products are decomposed with 
hydrochloric and nitric acids. Arsenic, 
antimony, and tin are removed by 
volatilization as the bromides from a 
perchloric acid medium, and the solu
tion is evaporated to fumes of per
chloric acid to dehydrate silica and 
to oxidize chromium to the hexavalent 
state. The acid-insoluble material is 
ultimately removed by filtration and 
ignited. Silica is subsequently re
moved by volatilization as silicon 
tetrafluoride. The resultant residue 
is fused with sodium carbonate, and 
the melt is dissolved in the initial 
filtrate. Iron, chromium, and various 
other elements (copper, cobalt, cad
mium, nickel, zinc, lead, and bismuth) 
are separated from aluminum by electro
lysis with a mercury cathode, and 
fluoride, if present, is removed from 
the resultant electrolyte by evapora
tion with sulphuric acid. Aluminum and 
various other elements (zirconium and 
titanium) are subsequently precipitated 
as the hydrous oxides with ammonium 
hydroxide, and separated from calcium, 
magnesium, and manganese by filtration. 
The mixed hydrous oxide (R 2 03) pre
cipitate is dissolved in dilute hydro
chloric acid, and the hydrous oxides 
are re-precipitated to remove occluded 
elements (calcium, magnesium, and 
manganese). After dissolution of the 
precipitate, titanium, zirconium, and 
various other co-precipitated or 
occluded elements (vanadium and 
molybdenum) are separated from aluminum 
by chloroform extraction of their cup
ferron complexes. The aluminum in the 
resulting aqueous phase is ultimately 
precipitated with 8-hydroxyquinoline, 
and the precipitate is separated by 
filtration, dried, and weighed. 

Titanium and molybdenum ores and mill 
products are decomposed with hydro
chloric, nitric, and hydrofluoric 
acids. Arsenic and antimony are re
moved by volatilization as the 
bromides from a sulphuric acid medium , 
and the solution is evaporated to 
fumes of sulphur trioxide to remove 
silica and excess hydrofluoric acid. 
The acid-insoluble material is re
moved by filtration, ignited, and 
fused with sodium carbonate. The mel t 
is dissolved in the initial filtra t e 
and iron, titanium, molybdenum, and 
various other elements (zirconium and 
vanadium) are ultimately separated 
from aluminum by chloroform extraction 
of their cupferron complexes. 
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If manganese, chromium, bismuth, 
copper, cobalt, cadmium, nickel, 
zinc, and appreciable amounts of 
calcium and magnesium are absent, 
the aluminum in the resulting aqueous 
phase is ultimately precipitated with 
8-hydroxyquinoline and determined as 
described above. 

If the above elements are present, 
aluminum is precipitated twice as the 
hydrous oxide with ammonium hydroxide 
and separated from calcium, magnesium, 
manganese, and chromium, and from 
most of the copper, cobalt, cadmium, 
nickel, and zinc by filtration. After 
dissolution of the precipitate, 
bismuth and the occluded elements 
are separated from aluminum by 
electrolysis with a mercury cathode. 
The aluminum in the resulting 
electrolyte is ultimately precipitat
ed with 8-hydroxyquinoline. 

Discussion of interferences 

Numerous elements interfere in the 
determination of aluminum by precipita
tion as the 8-hydroxyquinolate be
cause they form insoluble hydroxy
quinolate compounds [e.g., copper (II), 
cobalt, nickel, cadmium, zinc, man
ganese, iron (II), iron (III), chro
mium (III), lead, bismuth, antimony 
(III), antimony (V), titanium, zircon
ium, vanadium (IV), vanadium (V), 
molybdenum (VI), tungsten (VI), gallium, 
indium, thallium (III), silver, pallad
ium (II), ruthenium (III), mercury (I), 



mercury (II), uranium, and thorium]3• 4 , 
or because they are occluded, if pre
sent in large amounts (e.g., calcium 
and magnesium), by the precipitate 5 • 
Large amounts of phosphate interfere 
because of the formation of aluminum 
phosphate, but small amounts may be 
present during the precipitation of 
aluminum without causing appreciable 
errer in the aluminum result 5 - 7 

Fluoride prevents the complete precip
itation of aluminum with 8-hydroxy
quinoline because it forms a stable 
fluo complex with aluminum 8 . 

Fluoride, if present in the sample, 
or hydrofluoric acid employed for 
sample decomposition, are removed by 
repeated evaporation of the sample 
solution with sulphuric acid. Co
precipitation of antimony is avoided 
by volatilizing it (and also arsenic, 
tin, and rhenium) as the bromide from 
a hydrobromic-perchloric or a hydro
bromic-sulphuric acid medium. Inter
feren~e from copper, cobalt, nickel, 
cadmium, zinc, iron, chromium, lead, 
bismuth, gallium, indium, thallium, 
silver, palladium, mercury, and 
ruthenium is eliminated by separating 
these elements, and various other 
elements that may be present (tin, 
germanium, rhodium, iridium, platinum, 
and gold) by electrolysis with a 
mercury cathode in a dilute perchloric 
or sulphuric acid medium9. Interfer
ence from manganese and large amounts 
of calcium and magnesium is avoided by 
separating aluminum from ; these elements, 
and from chromium (VI) by precipitation 
as the hydrous oxide with ammonium 
hydroxide from an ammonium chloride 
medium. Co-precipitation of titanium, 
zirconium, vanadium, and molybdenum is 
prevented by separating these elements 
(and some niobium and tantalum, if 
present) from aluminum by chloroform 
extraction of their cupferron com
plexes from a 10% sulphuric acid 
medium 1 0. 

Precipitation of aluminum with 8-
hydroxyquinoline in the presence of 
tartaric acid prevents its precipita
tion as the hydrous oxide during the 
initial partial neutralization of the 
solution with ammonium hydroxide, and 
eliminates possible errer resulting 
from the formation of basic aluminum 
acetate 6 • 8 • 

Tungsten (more than approximately 5 
mg), uranium, thorium and, possibly 
niobium and tantalum interfere in this 

method 2 • 4 • Beryllium does not inter
fere because it does not react with 
8-hydroxyquinoline in acid media3,8. 

The method is suitable for iron, 
chromium and sulphide ores and mill 
products containing approximately 0.05 
to 10% of aluminum, and for titanium 
and molybdenum ores and mill products 
containing approximately 0.1 to 10% of 
aluminum. 

Apparat us 

Mercury cathode. 

Reagents 

8-Hydroxyquinoline solution, 2.5% w/v. 
Dissolve 25 g of the reagent (Oxine) 
in 60 ml of glacial acetic acid and, 
while stirring, add approximately 200 
ml of water. If necessary, filter 
and dilute the solutio~ to 1 litre with 
water. 

Iron solution, 1% w/v. Dissolve 1 g of 
high-purity iron metal (aluminum-free) 
in 10 ml of concentrated hydrochloric 
acid, add several drops of concentrated 
nitric acid to oxidize any ferrous iron 
present, and dilute the solution to 
100 ml with water. 

Cupferron solution, 9% w/v. Prepare 
fresh as required, and filter the 
solution, if necessary. 

Methyl red indicator solution, 0.1% 
w/v in ethyl alcohol. Store in a 
dropping bottle. 

Tartaric acid solution, 2% w/v. 

Ammonium hydroxide , 50% and 20% v/v. 

Sulphuric acid, 50% and 5% v/v. 

Hydrochloric acid, 50%, 5%, and 2% 
v/v. 

Ammonium chloride wash solution, 2% 
w/v. Dissolve 20 g of the reagent in 
approximately 300 ml of water, add 3 
drops of concentrated ammonium hydr
oxide, and dilute to 1 litre with 
water. 

Ch loroform . Analytical reagent-grade. 
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Procedures 

In these procedures a reagent blank is 
carried along with the samples. 

A - Iron, chromium and sulphide ores 
and mill produc~ 

Transfer 1 g of powdered sample (Notes 
1 and 2) to a 400-ml beaker, moisten 
with several ml of water, and add 20 
ml of concentrated hydrochloric acid. 
Caver the beaker, and heat gently 
until the decomposition of acid
soluble material is complete. Add 5 
ml of concentrated nitric acid, heat 
gently for approximately 5 minutes, 
then add 10 ml of concentrated hydro
bromic acid and 20 ml of concentrated 
perchloric acid, boil for several 
minutes, remove the caver, and eva
porate the solution to fumes of per
chloric acid. Cool, wash clown the 
sicles of the beaker with water, add 
10 ml of concentrated hydrobromic 
acid, and evaporate the solution to 
fumes of perchloric acid again (Note 
3). Caver the beaker, and continue 
fuming for 10-15 minutes to dehydrate 
the silica and to oxidize chromium, if 
present, to the hexavalent state. 
Cool, remove the caver, add 50 ml of 
water and, if necessary, several 
crystals of sodium nitrite to reduce 
any manganese dioxide present. Heat 
gently to dissolve the soluble salts, 
and filter the solution (Whatman No. 
541 paper) into a 400-ml beaker. 
Transfer the acid-insoluble residue 
quantitatively to the filter paper, 
wash the paper and residue 3-4 times 
with hot water, then 3-4 times with 
hot 2% hydrochloric acid, and 6-8 
times with hot water or until the 
washings are no longer acidic (Note 
4) • 

Transfer the paper and contents to a 
30-ml platinum crucible, burn off the 
paper at a low temperature, and ignite 
at approximately 800°C. Cool the 
crucible, add 1 ml of 50% sulphuric 
acid and 5-10 ml of concentrated 
hydrofluoric acid, heat gently to de
compose the residue, then evaporate 
the solution to dryness. Fuse the 
residue with 1-2 g of sodium carbonate, 
cool, and transfer the crucible and 
contents to the beaker (covered) con
taining the initial filtrate. When 
dissolution of the melt is complete, 
remove the crucible after washing it 
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thoroughly with hot water, and evapor 
ate the solution to fumes of perchloric 
acid to remove hydrochloric acid. Wash 
down the sicles of the beaker with 
water, evaporate the solution to 
approximately 8 ml (Note 5), then add 
50 ml of water and heat gently until 
the solution is clear (Note 6). 

Cool the solution to room temperature 
(Note 7), transfer it to a mercury 
cathode cell, dilute to about 275 ml 
with water, and electrolyze for 1 hour 
at approximately 10 amperes. Filter 
the electrolyte (Whatman No. 541 
paper) into the 400-ml beaker that 
contained the initial filtrate, and 
wash the paper thoroughly with hot 2% 
hydrochloric acid and hot water. Dis
card the paper. 

Evaporate the resulting solution to 
approximately 180 ml (Note 8), and add 
10 ml of concentrated hydrochloric acid 
(Note 9) and several drops of 0.1% 
methyl red solution. Neutralize the 
solution approximately with concentrat
ed ammonium hydroxide (Note 10), and 
add several drops in excess. Heat the 
solution to the boiling point (Note 
11), add 50% hydrochloric acid, by 
drops, until the colour of the solution 
changes to a faint pink, then add 20% 
ammonium hydroxide, by drops, until 
the colour changes to a distinct canary 
yellow (Note 12). Boil the solution 
for approximately 30 seconds to co
agulate the resulting mixed hydrous 
oxide precipitate, allow the precipi
tate to settle for about 1 minute, 
then, without delay (Note 13), fil ter 
the solution (Whatman No. 541 paper) 
into an 800-ml beaker, and wash the 
beaker, paper, and precipitate 4 or 5 
times with hot 2% ammonium chloride 
solution (Note 14). 

Using a jet of hot water, carefully 
transfer the precipitate to the beaker 
in which the precipitation was carried 
out, add 7 ml of concentrated hydro
chloric acid, and heat gently to 
dissolve the precipitate. Dilute the 
solution to approximately 150 ml with 
water, and re-precipitate the mixed 
hydrous oxides as described above. 
Filter the solution through the same 
fil ter paper (Note 15), wash the paper 
and precipitate 8 times with hot 2% 
ammonium chloride solution, and collect 
the filtrate and washings in the 
beaker containing the initial filtrate 
(Note 16). 



Transfer the paper and precipitate 
(Note 17) to the beaker in which the 
precipitation was carried out, place 
the beaker under the funnel and wash 
the funnel with hot 5% hydrochloric 
acid. Add 40 ml of 50% sulphuric 
acid and 10 ml each of concentrated 
nitric and hydrochloric acids, and 
macerate the paper with a stirring 
rod. Caver the beaker, and bail the 
solution for 20-30 minutes to decom
pose the paper. Cool, remove the 
caver, and evaporate the solution to 
fumes of sulphur trioxide. Cool, 
wash down the sides of the beaker with 
a small amount of water, and add 10 ml 
each of concentrated nitric and 
hydrochloric acids. Evaporate the 
solution to fumes again, and continue 
the nitric-hydrochloric acid treatment 
and the subsequent evaporation to 
fumes until the filter paper has been 
completely destroyed and the yellow 
colour due to carbonaceous material 
has disappeared. Evaporate the solu
tion to approximately 8 ml, cool, add 
30 ml of water and, if necessary, heat 
gently to clarify the solution. 

Transfer the resulting solution to a 
125-ml separatory funnel, dilute to 
approximately 80 ml with water, and 
cool to about 10°C in an ice-bath. 
Add sufficient cold 9% cupferron solu
tion (Note 18) to precipitate titanium, 
z irconium, vanadium, and iron (if pre
sent), mix, stopper, and extract the 
cupferrates by repeated shaking, for 
1 minute each time, with two 15-ml and 
then three or more 5-ml portions of 
chloroform until the organic layer is 
c olourless. Discard each extract. 
Transfer the aqueous phase to a 400-ml 
beaker, warm gently to remove residual 
chloroform, then evaporate the solu
tion to approximately 50 ml. Caver 
the beaker, add 10 ml each of concen
trated nitric and hydrochloric acids, 
and bail the solution for 20-30 
minutes to destroy organic material. 
Cool, remove the caver, and evaporate 
the solution to fumes of sulphur 
trioxide. If organic material is 
still present, repeat the treatment 
with nitric and hydrochloric acids, 
then evaporate the solution to appro
ximately 5 ml (Notes 5 and 19). Cool, 
add 50 ml of water and heat gently to 
dissolve the salts. 

If the sample con tains 10 mg (i.e., 1%) 
or less of aluminum, filter the solu
tion (Whatman No. 541 paper) into a 
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600-ml beaker to ensure the removal of 
any residual silica that may be pre
sent. Wash the paper and residue 5 
times with hot 2% hydrochloric acid, 
then 5 times with hot water, and dis
card the paper. 

If the sample contains more than 10 mg 
of aluminum, filter the solution into 
a 200-ml volumetric flask, wash the 
paper and residue as dèscribed above, 
dilute the filtrate to volume with 
water and mix. 

Add 5 ml each of concentrated hydro
chloric acid and 2% tartaric acid 
solution to the initial sample solution, 
or to a 20- 100-ml aliquot (in a 600-
ml beaker) containing up to 10 mg of 
aluminum, and dilute the solution to 
approximately 200 ml with water. Add 
several drops of 0.1 % methyl red solu
tion, and carefully add 50% ammonium 
hydroxide until the colour of the 
indicator just changes. Add sufficient 
2.5% 8-hydroxyquinoline solution to 
precipitate the aluminum and to provide 
a suitable excess (Notes 20 and 21), 
then, using a pH meter, adjust the pH 
of the solution to 5.5 ± 0.05 with 50 % 
ammonium hydroxide. Maintain the re
sulting solution at 70°C for 20 
minutes, allow it to stand for at least 
10 minutes at room temperature, then, 
using suction, filter the solution 
through a tared, sintered-glass, 
medium-porosity filtering crucible. 
Transfer the precipitate quantitatively 
to the crucible, and wash it 6-8 times 
with approximately 8-ml portions of 
warm water (Notes 22 and 23). Dry the 
precipitate for 1.5 hours at 135°C, 
cool in a dessicator and weigh. Re
peat the drying and weighing until 
constant weight is obtained, and 
correct the result obtained for the 
sample by subtracting that obtained 
for the reagent blank. 

B - Titanium and molybdenum ores 
and mill products 

Transfer 0.5 g of powdered sample to a 
400-ml Teflon beaker, moisten with 
several ml of water, and add 10 ml 
each of concentrated hydrochloric, 
nitric, and hydrofluoric acids. Cover 
the beaker with a Teflon caver, and 
heat gently until the decomposition of 
acid-soluble material is complete. Add 
10 ml of concentrated hydrobromic acid 
and 50 ml of 50% sulphuric acid, boil 
for several minutes, then remove the 
cover and evaporate the solution 



to fumes of sulphur trioxide. Cool, 
wash down the sicles of the beaker 
with water, add 10 ml of concentrated 
hydrobromic acid, and evaporate the 
solution to fum es of sulphL - trioxid e 
again (Note 24). Cool, wash down the 
sicles of the beaker with water, eva
porate the solution to fumes, then 
repeat the washing and evaporation 
steps two more times to ensure the 
complete removal of hydrofluoric acid. 
Cool, add approximately 50 ml of 
water, heat gently to dissolve the 
soluble salts, and filter the solution 
(Whatman No. 541 paper) into a 400-ml 
pyrex beaker. Transfer the acid
insoluble residue quantitatively to 
the filter paner, and wash the paper 
and residue 3-4 tifiles with hot 5 % 
sulphuric acid and 3-4 times with hot 
water. 

Transfer the paper and contents to a 
30-ml platinum cru c ible, burn off the 
paper at a low temperature, and ignite 
at approximately 800°C. Fuse the 
residue with 2-3 g of sodium carbonate, 
cool, and transfer the crucible and 
contents to the beaker (covered) con
taining the initial filtrate. When 
dissolution of the melt is complete, 
remove the crucible after washing it 
thoroughly with hot water, and eva
porate the resulting solution to 
fumes of sulphur trioxide. Cover the 
beaker, and fume for about 5 minutes 
to dehydrate any s ilica present, then 
remove the cover and evaporate the 
solution to appro x imately 15 ml. 
Cool, carefully add 75 ml of water, 
cool the solution to ro o m t e mperature, 
filter it (Whatman No. 541 paper) into 
a 500-ml separatory funnel, and wash 
the paper and residue 4 or 5 times 
with 5% sulphuric acid. Discard the 
paper and residue. 

Dilute the filtrate to approximately 
150 ml with water, cool the solution 
to about l0°C in an ice-bath, then 
precipitate and extract the iron and 
the titanium or molybdenum cupferrates, 
as described above, usin g two 50-ml 
and then three or more 25-ml portions 
of chloroform until the organic layer 
is colourless. Transfer the aqueous 
layer to a 400-ml beaker, warm gently 
to remove residual chloroform, and 
evaporate the solution to approximately 
50 ml. Decompose the organic material 
with hydrochloric and nitric acids as 
described above. (Note 25), and eva
porate the solution to approximately 
5 ml (Note 5). Cool, add 50 ml of 
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water and 10 ml of concentrated hydro
chloric acid, and heat gently to 
dissolve the salts (Note 26). 

Dilute the resulting solution to 
a pproximately 200 ml with water (Note 
9), add several drops of 0.1% methyl 
red solution, and precipitate the 
hydrous oxide of aluminum twice with 
ammonium hydroxide as described in 
Procedure A. Transfer the paper and 
precipitate to the beaker in which the 
precipitation was carried out, place 
the beaker under the funnel, and wash 
the funnel with hot 5% hydrochloric acid. 
Add 40 ml of 50% sulphuric acid, then 
decompose the paper, as described in 
Procedure A, by repeated treatment 
with hydrochloric and nitric acids. 
When the yellow colour due to the 
carbonaceous material has completely 
disappeared, evaporate the solution 
to approximately 6 ml, cool, add 50 ml 
of water and heat gently to clarify 
the solution (Note 27). 

Cool the solution to room temperature, 
transfer it to a mercury cathode cell, 
dilute to approximately 200 ml with 
water, and electrolyze the solution 
and filter the electrolyte as described 
in Procedure A. Evaporate the result
ing solution to approximately 30 ml, 
add 10 ml of concentrated hydrobromic 
acid to volatilize any residual 
mercury salts, and evaporate the solu
tion to fumes of sulphur trioxide. 
Cool, add 50 ml of water and heat 
gently to dissolve the salts. 

If the sample contains 10 mg or less of 
aluminum, f ilter the solution into a 
600-ml beaker, and proceed with the 
precipitation of aluminum 8-hydroxy
quinolate and the subsequent treatment 
of the precipitate as described above. 

If the sample contains more than 10 mg 
of aluminum, f ilter the solution into 
a 100-ml volumetric flask, and dilute to 
volume with water. Transfer a 10-50-ml 
aliquot, containing up to 10 mg of 
aluminum, to a 600-ml beaker, and pro
ceed with the precipitation and subse
quent determination of aluminum as 
described above. 

Notes 

1. This procedure is not applicable 
to tungsten ores and mill products, and 
is probably not applicable to manganese 
ores and concentrates. 



2. I f the sample contains fluoride, 
an appreciable amount of calcium, and 
only a small amount of silica, appro
xi ma t ely 10-20 mg of pure powdered 
sili c a should be added at this stage 
so th at most of the fluoride will be 
vola t i liz ed as si li con tetrafluoride 
during th e d ecomposition procedure 
(Note 8 ) 1 1 • 

3. If the s a mple contains an appre
ciable amoun t of a ntimony, arsenic or 
tin, repea t ed t rea t ment of the solution 
with hydrobr omi c a cid, followed by 
evaporation t o fu me s of perchloric 
acid , i s rec ommen d e d to ensure the 
compl e te removal of th es e elements. 

4. If the s amp l e c onta i ns l ead or 
silver, the init ia l wash i ng of the 
acid - i n sol uble residue with hot water 
prevents the r e sidue f r o m becoming 
contaminated wi t h insoluble lead and 
silver chlorides . Defla g ration may 
occur· durin g the s ubsequent ignition 
if the resid u e i s not washed free of 
perchlora t e s. 

5 . The sampl e so lution should not 
be allowed to evap orate to dryness. 
This results in th e for mation of 
anhydrous alumi num compounds, which 
are virtually insol uble in water or 
dilute acid , an d ca uses low results 
for aluminum 12 . 

6. Any residual silica (or possibly 
lead sulph a te ) t ha t i s present at this 
stage may be i gn or e d because it is 
removed duri n g f iltration of the 
electrolyte, af te r the subsequent 
mercury cath od e s epar a tion. 

7. If the sampl e i s a n iron ore or 
concentrate , t h e major portion of the 
iron can be sepa rated at this stage 
(instead of by the mercury cathode 
separation) by methyl isobutyl ketone 
(or ethyl or i s o p r op y l ether) extrac
tion of its c hlo ro complex from a 7.3 
M hydrochlo r ic a cid medium, as 
follows 1 : 

Add 30 ml of 63% hydr ochlo r ic acid , 
and transfer the r esulting solution to 
a 250 - ml separatory funnel . f./ash the 
beaker with 20 ml of the same sol u tion , 
and add the washings to the f unnel . 
Add 60 ml of methyl isobutyl ketone , 
stopper, shake for approximately 1 
minute , and allow the mixt ure to stand 
until the layers sepa r ate . Dr ai n the 
lower aqueous laye r into t he 400 - ml 
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beaker t hat c on tained t he initial 
sol ution, and wa s h the ketone layer 
th r ee time s, by s haking f or 1 minute 
each time wi th a 5- ml portion of 63% 
hydr ochlo r ic acid . Add the washings 
ta the initial aq ueous phase , heat the 
sol u tion gently to remove the residual 
met hyl isobuty l ketone , then add 5 ml 
o f concentr ated nitr ic acid , and eva 
pora t e ( Note 8) t h e solution to fumes 
of pe rc hlor i c acid . Cool , add 50 ml 
of wate r and 1 0 ml of concentrated 
hydr oc hloric acid, and heat to dissolve 
the salts . I f necessary , filter the 
s olution (Wh atman No . 54 1 pape r ) into 
a 400 - ml beake r ta r emove residual 
sili ca, wash the beaker , paper , and 
r esidue with hot 2% hydrochloric acid 
and hot water, and discard the paper 
and residue . Dilute the solution to 
200 ml with water , then proceed as 
desc r ibed with the ammonium hydroxide 
separ ation pr ocedure . 

8. Fluoride, particularly in th e 
presence of an appreciable a mo unt of 
calcium (Note 2), is difficult to 
remove completell by evaporation with 
perchloric acid 1 . Conseque ntl y , if 
the sample contains, or is s u spe c t ed to 
contain fluoride, add 15 ml o f 50% 
sulphuric acid at this sta g e an d e v a 
porate the solution to 5-6 ml. Cool, 
wash clown the sicles of the be a ke r with 
water, evaporate the soluti o n t o fumes 
of sulphur trioxide, then repeat the 
washing and evaporation steps t wo more 
times to ensure the complet e rem oval of 
fluoride ion (Note 5). Cool, add 50 ml 
of water and 10 ml o f concentra ted 
h y drochloric acid, heat gentl y to dis
solve the salts, dilute the solut io n t o 
approximately 180 ml with water, the n 
proceed as described. If fluor i de is 
not completely removed, pri o r t o t he 
ammonium hydroxide separation, t he 
result obtained for aluminum wi ll be 
low because it is not completel y p re 
cipitated as the hydrous oxi de in the 
presence of fluoride ion 1 3. In add i 
tion, depending on the amoun t of 
fluoride ion present, calcium wil l be 
partly precipited as the insolubl e 
fluoride (CaF2) during the subsequen t 
ammonium hydroxide separation pro cedu r e. 
This also causes low results fo r 
calcium if it is to be determine d i n 
the filtrate remaining after the 
ammonium hydroxide separati o n pr ocedu r e 
(Note 16) l l . 



9. If calcium and magnesium are to 
be determined in the filtrate remain
ing after the separation of aluminum 
and other elements by precipitation 
with ammonium hydroxide (Note 16), 
some iron (III) solution should be 
added at this stage as a collector for 
phosphate if the sample contains phos
phate in amounts approximately equal 
to, or in excess of that required to 
combine stoichiometrically with the 
aluminum present [i.e., 1 mg of 
aluminum = 2.63 mg of phosphorus 
pentoxide (P20 5)]. If iron is not 
added under these conditions, low 
results will be obtained for calcium 
and magnesium because of their partial 
precipitation as insoluble phosphates 
during the ammonium hydroxide separa
tion procedure. Approximately a ten
fold excess of iron (III) (i.e., 1 ml 
of a 1% solution) should be added for 
every mg of excess phosphate (as 
phosphorus pentoxide) present 11 • The 
addition of 1 ml of 1% iron (III) 
solution is also recommended as a 
collector for aluminum, if the amount 
present is expected to be 2-3 mg or 
less. The iron that is added does not 
interfere in the final determination 
of aluminum because it is removed 
during the subsequent cupferron
chloroform extraction step. 

10. If calcium and/or magnesium are 
to be determined in the filtrate re
maining after the ammonium hydroxide 
separation of aluminum and other 
elements (Note 16), carbonate-free 
ammonium hydroxide should be employed 
for neutralization and precipitation 
to avoid loss of calcium and magnesium 
resulting from their co-precipitation 
as insoluble carbonates 11 • If a car
bonate-free commercial product is not 
available, a pure solution (approxi
mately 15 M) can be prepared by sat
urating freshly boiled and cooled 
distilled water with ammonia gas. 

11. If the sample solution contains 
iron (Note 9), the mixed hydrous oxide 
(R203) precipitate obtained by neutra
lizing the solution with ammonium 
hydroxide should be allowed to settle 
after the solution is heated to the 
boiling point. The colour of the 
indicator will then be perceptible in 
the supernatant solution. This 
facilitates the final end-point 
adjustment (Note 12) 1 0. 
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12. Particular care must be taken in 
adjusting the end-point. The precipi
tation of aluminum is incomplete if 
insufficient ammonium hydroxide is 
employed, and an excess results in loss 
of aluminum because of the partial re
dissolution of the precipitatelO. The 
use of dilute hydrochloric acid, before 
the final adjustment of the end-point, 
makes the colour change, in the pre
sence of the precipitate, easier to 
observe. If the colour of the solution 
changes to orange, during or after the 
subsequent boiling stage to coagulate 
the precipitate, the end-point should 
be re-adjusted with 20% ammonium 
hydroxide. 

13. The time-lapse between the pre
cipitation and filtration should be 
kept to a minimum to avoid air-oxidation 
and subsequent co-precipitation of 
manganese as the dioxidel. 

14. Hot water should not be used to 
wash the precipitate. This results in 
loss of aluminum because of the conver
sion (i.e., peptization) of the hydrous 
oxide to the colloidal statelo. 

15. It is not necessary to transfer 
the precipitate quantitatively to the 
filter paper at this stage. 

16. The combined filtrates and 
washings can be used for the determina
tion of calcium and magnesium by the 
Volumetric-Oxalate (p 243) and the 
Gravimetric-Pyrophosphate (p 182) 
Methods, respectively. 

17. Complete removal of the hydrous 
oxide of aluminum from filter paper, by 
treatment with acid, is difficult. 
Consequently, to avoid loss of aluminum, 
both the precipitate and paper should 
be decomposed by treatment with acidslo. 

18. Approximately 2-2.5 ml of 9% 
cupferron solution are usually suffi
cient for the complexation of 10 mg of 
metal ion. To test for completeness of 
precipitation, extract the solution 
twice with chloroform, then add 1-2 ml 
of cupferron solution. Complete pre
cipitation is indicated by a transient 
white precipitate resulting from the 
presence of excess cupferron. 

19. If the organic material has been 
completely destroyed the solution 
should be water-white. 



20. Theoretically 1 mg nf aluminum 
combines with 16.14 mg of 8 - hydroxy
quinoline (i.e., 0.65 ml of a 2.5% 
solution) . llowever, 1-1.5 ml of a 
2.5% sol ution should be added for 
every mg of aluminum present, and at 
least 10 ml should be added if the 
solution contains 7 mg or less 2 • 
Sufficient reagent has been added to 
precipitate the aluminum if the super
natant solution is yellow after the 
subseq uent pH adjustment . Because 
8 -h yd roxyquinoline is only slightly 
soluble in aqueous media, the addition 
of excessive amounts of the reagent 
solution should be avoided . This may 
cause high results for aluminum be 
cause the excess reagent will co
precipita te, to a certain extent, with 
the aluminum, and may not be complete 
ly removed from the precipitate by 
volatilizatio n at the drying tempera
ture (135°C) employed 1 • 

21. The same amount of 8-hydroxy 
quinoline solution Chat has been 
added to the sample solution should 
be added to the reagent blank solution . 

22. The total amount of water used 
to wash the precipitate should not 
exceed approximately 60 ml. Excessive 
washing may re su lt in loss of aluminum . 

23. Alumin um can be determined 
volumetrica ll y at this stage, after 
dissolution of the precipitate in 
dilute hydrochloric aci<l , by bromina 
tion o[ the 8-hydroxyquinoline with a 
slight excess of standard potassium 
bromate -br omide solution , fo llow ed by 
the addition o f potassium i o di cl e an cl 
titration of the liberated iodine 
with standard sodium thiosulphate 
solution 1 • 3 • 8 . However, because the 
same care is require<l in the filtra 
tion of the precipitate as in the 
gravimetric dete rmin ation , the onlv 
advantage inherent in t!1e voluMetric 
<letermination is the cime that is 
save<l by the elimination of the d r ying 
opera tion . Both the volumetric and 
Lhe gravimetric methods gene ra lly 
y ield sligl1t l y high re s ull s for 
aluminum because of the occ lu sion of 
small amounts of 8 -h yd rox yquinoline 
by the aluminum precipitate3,5,8 . 

24 . lf the sample cont;~ins an 
appreciable amount of antimony or 
arsenic , rPpeated treatment of the 
so luti on with hydrobromic acid, 
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followed by evaporation to fumes of 
sulphur trioxide , is recommended to 
ensure the complete removal of these 
elements . 

25 . If the sample contains chromium , 
a<ld 5 ml of concentrated perchloric 
acid , during or af ter the destruction 
of t l1e organic material, to oxidize 
chromium to the hexavalent state . 
ChromLum wil l be separated from alumin 
um dt1rin g the subsequent ammonium 
hydroxide separation step, because 
chromium (VI) is not precipitated as 
the hydrous oxide with ammonium 
hydroxide 10 • 

26 . If manganese , chromium ,bismuth, 
copper , n ickel , cadmium , zinc, cobalt , 
and appreciable amounts of calcium and 
magnesium are absent , and if calcium 
a nd magnesium determinations are not 
required, omit the subsequent ammonium 
hydroxide and mercury cathode separa 
tions, and proceed with the precipita 
tion and weigh in g of alumin u m 8 -h ydr 
oxyquinolate as described in the sub 
sequent procedure. 

27 . If iron was not added to co 
precipitate phosphate and/or small 
amounts of aluminum (Note 9), and the 
sample do es not contain bismuth or 
large amo unt s of o t her elements (e. g ., 
Note 16) , omit the subsequent mer curv 
cathode separation and proceed with 
the precipitation and weighing of 
aluminum 8-hydroxyquinolate as des 
cribe<l in the subsequent procedure . 

Calculations 

%Alz03 

where : 

0 . 1110 x (WAl - WB) 

s 
X 100 

WAl = weight (g) of the dried aluminum 
8 - hvclroxvciuinoline precipitate . 

w
8 

weig ht (g) of the dried blank . 

S weight (g) of the saMple in the 
solution or aliquot taken for 
analysis . 

%/\ l 0 . 5292 X %/\l2ll3 



Other applications 

The method described in Procedure A 
can be employed to determine aluminum 
in iron, steel, and copper, chromium, 
nickel, and zinc metals. The method 
described in Procedure B is applicable 
to titanium, vanadium, and molybdenum 
metals 2 . 
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DETERMINATION OF CARBON DIOXIDE OR "CARBONATE" CARBON IN ORES AND MILL 
PRODUCTS, SILICATE AND CARBONATE ROCKS AND M INERALS, SANDSTONE, S 1 LICA 
SAND, CLAY, AND SHALE BY THE EVOLUTION METHOD 

Principle 

This method 1 - 4 is based on the libera
tion of carbon dioxide from carbonate
bearing material by acid treatment in 
a carbon dioxide- free air atmosphere. 
The liberated gas is purified, dried, 
and subsequently collected in a 
weighed absorption bulb containing 
Ascarite (asbestes impregnated with 
sodium hydroxide) and anhydrous 
magnesium perchlorate, which absorb 
the carbon dioxide and the water 
formed during the reaction of the gas 
with sodium hydroxide, respectively. 
Carbon dioxide is determined from the 
increase in weight of the absorption 
bulb. The corresponding reactions for 
these processes are: 

Outline 

The sample is treated with dilute 
perchloric acid in a carbon dioxide
free atmosphere, and the solution is 
boiled to expel the resultant carbon 
dioxide. The liberated gas is passed 
through a condenser and a purification 
train to remove water vapeur, various 
gases, and volatile constituents. The 
purified carbon dioxide is collected 
in a weighed absorption bulb and the 
bulb is re-weighed. 

Discussion ~ interferences 

Sulphur dioxide, hydrogen sulphide, 
arsine, chlorine, and other volatile 
compounds (e.g., hydrochloric acid), 
that may be produced or evolved by the 
reaction of perchloric acid with 
various sample components (e.g., 
chlorides, and pyrite, arsenopyrite 
and other sulphur compounds), are 
absorbed by Ascarite and will cause 
inaccurate results for carbon dioxide 
or "carbonate" carbon if they are not 
removed from the evolved gas phase, 
prior to the collection of the liberat
ed carbon dioxide in the weighed 
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absorption bulb. Water vapeur inter
feres because it is absorbed by 
anhydrous magnesium perchlorate 1- 4 . 

Most of the water vapeur that is form
ed when the solution is boiled to 
expel carbon dioxide is removed from 
the gas stream by the condenser 
attached to the reaction vessel. The 
remaining water is removed by passing 
the gas through two absorption bulbs 
containing concentrated sulphuric acid 
and anhydrous magnesium perchlorate. 
Sulphur dioxide is removed by passing 
the gas through both hydrogen peroxide 
and granulated manganese dioxide 1 • 
Most of the hydrochloric ~cid and 
hydrogen sulphide are removed by 
bubbling the gas through an acidified 
copper sulphate solution; the remainder 
are removed by pumice impregnated with 

l z 4 anhydrous copper sulphate • • . 
Chlorine is removed by the granulated 
manganese dioxide 5 • Arsine (AsH 3) is 
removed both by the copper sulphate 
solution and by the manganese dioxide 1 

The corresponding reactions for the 
processes involved in the removal of 
some of the above gaseous constituents 
are: 

A carbon dioxide-guard tube containing 
Ascarite removes carbon dioxide from 
the air employed as the carrier gas, 
and a bulb containing Ascarite and 
anhydrous magnesium perchlorate protects 
the weighed absorption bulb and prevents 
error resulting from the absorption of 
carbon dioxide and moisture if air is 
accidentally sucked back during the 
analysis. 
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FIGURE 1. Apparatus for the determination of carbon dioxide or "carbonate" 
carbon 

A - Ground-glass joint. 
B - Glass-wool. 
C - Carbon dioxide-guard tube contain

ing Ascarit e (20-30 mesh). 
D - Separatory funnel for the addition 

of acid (approximately 100 ml 
capacity) . 

E - Reaction vessel (125-ml Erlenmeyer 
flask) . 

F - Heating element. 
G - Condenser. 
H - Water-in let. 
I - Water-outle t. 
J - Ball and socket joint. 
K - Clamp. 
L - Absorpti on bulb (Nesbitt-type con-

taining 30% hydrogen peroxide. 
M - Pieces of broken glass. 
N - Glass beads. 
0 - Abs orption bulb containing 25% 

copper sulphate solution. 
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P - Absorption bulb containing concen
trated sulphuric acid. 

Q - Absorption bulb containing granulat
ed manganese dioxide and pumice 
impregnated with copper sulphate. 

R - Granulated manganese dioxide. 
S - Pumice impregnated with copper 

sulphate. 
T - Absorption bulb containing anhydrous 

magnesium perchlorate (Anhydron e). 
U - Rubber tubing. 
V - Carbon dioxide-absorption bulb 

(Fleming-type) containing Ascarite 
and anhydrous magnesium perchlorate. 

W - Ascarite (20-30 mesh). 
X - Anhydrous magnesium perchlorate. 
Y - Moisture and carbon dioxide-guard 

absorption bulb containing Ascarite 
(20-30 mesh) and anhydrous mag
nesium perchlorate. 

Z - Suction tube. 
a - Adjustable clamp for regulatin g 

suction. 



Range 

The method is suitable for samples con
taining more than approximately 0.1% 
or 0.03% of carbon dioxide or "carbon
ate" carbon, respectively. 

Apparatus 

Apparatus for the determination of 
carbon dioxide or "carbonate" carbon. 
Illustrated in Figure 1. Leakage in 
the apparatus is minimized by using 
ground-glass and ball and socket joint 
connections wherever possible, and by 
lubricating these connections and all 
stopcocks with silicone stopcock 
grease. The materials used in the 
purification train should be checked 
frequently to ensure that their ab
sorbing capacity has not been exhausted. 

Reagents 

Copper sulphate solution, 25% w/v. 
Dissolve 62.5 g of anhydrous copper 
sulphate in approximately 200 ml of 
10% sulphuric acid and dilute to 250 
ml with the ·same solution. 

Pumice impregnated with copper 
sulphate. Stir the required amount of 
granular pumice (10-20 mesh) into an 
appropriate volume of 25% copper sul
phate solution. Allow the mixture to 
stand for 3-4 hours, remove most of the 
supernatant solution by decantation, 
dry the resultant pumice at approxi
mately 130°C, and store in a dry well
stoppered bottle. 

Perchloric acid, 7.5% v/v. 

Water (carbon dioxide-free). 
boiled and cooled water. 

Procedure 

Freshly 

In this procedure a blank determina
tion should be carried out before the 
analysis of the sample (Note 1). 

Transfer 0.25-5 g of powdered sample, 
depending on the expected carbon 
dioxide content (Note 2), to the re
action vessel (Figure 1), and add 
sufficient carbon dioxide-free water 
to cover the lower curved end of the 
separatory dropping funnel (Note 3). 
Connect the reaction vessel firmly to 
the condenser and to the separatory 
funnel, connect the carbon dioxide
guard tube to the funnel, and start a 
flow of cold water through the con
denser. Connect the suction tube to 
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the bent glass outlet tube from bulb T, 
open the stopcock in bulb T and in the 
separatory funnel and, using gentle 
suction, draw carbon dioxide-free air 
through the apparatus for approximately 
10 minutes to remove any carbon dioxide 
that may have entered the reaction 
vessel during the introduction of the 
sample. Close the stopcock in the 
funnel and in bulb T, disconnect the 
suction tube, and connect the weighed 
carbon dioxide-absorption bulb V (Note 
4) and the moisture and carbon dioxide
guard bulb Y to the train, as shown in 
Figure 1. 

Open the stopcocks in bulbs T and Y, 
and the upper and lower stopcocks in 
the carbon dioxide-absorption bulb V, 
then remove the carbon dioxide-guard 
tube from the separatory funnel. Add 
75 ml of 25% perchloric acid to the 
funnel , replace the guard tube, open 
the stopcock in the funnel, and allow 
the acid to flow slowly (Note 5) into 
the reaction vessel at such a rate 
that there is a steady evolution of 
carbon dioxide, corresponding to the 
passage of approximately 3 bubbles per 
second, through the absorption bulb L 
(Note 6). When most of the acid has 
been added or when effervescence dim
inishes, connect the suction line to 
the outlet end of bulb Y. Apply gentle 
suction (regulated by clamp a), close 
the stopcock in the separatory funnel, 
and gradually heat the contents of the 
reaction vessel to the boiling point 
(Note 7). 

Open the stopcock in the separatory 
funnel, allow the remainder of the acid 
to flow slowly into the reaction 
vessel and regulate the suction so that 
approximately 2 bubbles of gas per 
second pass through the train. Continue 
the gentle boiling of the solution for 
5-10 minutes, or until it is judged 
that all of the carbon dioxide has been 
expelled from the solution, then 
gradual ly reduce the heat, finally re
move the source of heat and, by means 
of suction, increase the flow of air 
slightly so that a constant slow stream 
of carbon dioxide-free air is being 
drawn through the apparatus. Continue 
to draw air through the apparatus for 
10-15 minutes to sweep out all of the 
carbon dioxide, then disconnect the 
suction tube, close the upper and 
lower stopcocks in the carbon dioxide-



absorption bulb V, and close the stop
cocks in bulbs T and Y and in the 
separatory funnel. Disconnect the 
bulb V from the train and place it in 
the balance case. When the bulb is 
cool, open the lower stopcock for a 
moment to equalize the pressure and 
weigh. Correct the result obtained 
for the sample by subtracting that 
obtained for the reagent blank. 

Notes 

1. A blank determination should be 
made daily or more often if humid 
conditions prevail. The apparatus 
should be tested for gas-tightness, 
prior to the blank determination or 
the analysis of the sample. In care
ful work, the apparatus eau be tested 
by determining the carbon dioxide 
content of pure anhydrous calcium or 
sodium carbonate. The theoretical 
amount of carbon dioxide present in 
the gbove carbonates is 43.97 and 
41.52%, respectively. 

2. A 5-g sample should be taken for 
silicate rocks and minerals, sandstone, 
silica sand, clay, and shale samples 
containing approximately 0.5 % or less 
of carbon dioxide; 2-3 g should be 
taken for samples containing more than 
approximately 0.5%. From 0.25-1 g may 
be taken for carbonate rocks and 
minerals or carbonate-bearing ores and 
mill products (e.g., limestone, dolo
mite, calcite, magnesite, cerussite, 
witherite, strontianite, rhodochrosite, 
and siderite). 

3. The stem of the dropping funnel 
is bent upwards at its lower end to 
prevent the escape of carbon dioxide 
through the tube and should reach near
ly to the bottom of the reaction flask. 

4. Two weighed carbon dioxide
absorption bulbs can be used in the 
apparatus if desired. This will 
ensure the complete absorption of 
carbon dioxide, and provides an indi
cation when the first bulb must be 
re-charged. Gare must be taken to 
avoid heat or caustic burns when clean
ing out the bulb prior to re-charging. 
To clean the bulb, soak it for some 
time in dilute 10 % hydrochloric acid, 
then wash out the solid material 
thoroughly with water, and dry the 
bulb in a drying oven before re
charging with Ascarite and anhydrous 
magnesium perchlorate. 
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5. With samples containing an appre
ciable amount of carbonate, the rate of 
addition of the acid must be slow to 
prevent too violent an evolution of 
carbon dioxide . If the sample c ontains 
only a small amount of carbonate, the 
acid can be added relatively rapidlyl,2. 

6. If "back-up" of the hydrogen 
peroxide in bulb L, or of any of the 
solutions in the subsequent bulbs 
appears imminent during the addition 
of the acid, either add the acid more 
rapidly, or quickly connect the suc
tion line to the outlet end of bulb Y 
and apply gentle suction. 

7. Because some carbonate minerals 
[e.g., siderite (FeC03)) release 
carbon dioxide very slowly when tre a t
ed with acid at room temperature, the 
solution should not be heated to the 
boiling point too rapidly. This ma y 
result in too violent an evolution of 
carbon dioxide, and may cause the 
solution to be carried over into the 
absorption bulb containing hydrogen 
peroxide 4 . 

Calculations 

Sample weight (g) 
X 100 

where: 

I = s increase in weight (g) of th e 
carbon dioxide-absorption bulb 
for the sample. 

increase in weight (g) of the 
carbon dioxide-absorption bulb 
for the blank. 

% "Carbonate" C = 0.2729 x % C0 2 
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DETERMINATION OF TOTAL CARBON IN ORES AND MILL PRODUCTS, SILICATE ROCKS 
AND MINERALS, SANDSTONE, SILICA SAND, CLAY, AND SHALE BY THE DIRECT
COMB US T 1 ON METH OD 

Princip le 

This method is based on the oxidation 
of carbonaceous material (graphite and 
organic matter), and the decomposition 
of inorganic carbonates to carbon 
dioxide, by combustion of the sample 
in a water- and carbon dioxide-free 
oxygen atmosphere. The resultant gas 
is purified, dried, and subsequently 
collected in a weighed absorption 
cartridge containing Ascarite (asbestos 
impregnated with sodium hydroxide) and 
anhydrous magnesium perchlorate, which 
absorb the carbon dioxide and the 
water formed during the reaction of 
the gas with sodium hydroxide, res
pectively. Total carbon is determined 
indirectly from the increase in weight 
of the absorption cartridge. 

The corresponding reactions for these 
processes are: 

C + 02 -+ C0 2 

2C03=igni~ion 2C 0 2 + 02 

Outline 

The sample is covered with a mixture 
of calcium and lead oxides, and ig
nited at a high temperature in a 
combustion tube in a water- and 
carbon dioxide-free oxygen atmosphere. 
The resulting carbon dioxide is 
passed through a purification train to 
remove various gases and water vapour. 
The purified carbon dioxide is collect
ed in a weighed absorption cartridge 
and the cartridge is re-weighed. 

Discussion of interferen c e s 

Chlorine, fluorine, oxides of sulphur, 
and volatile acid compounds, that may 
be produced during the combustion of 
samples containing chloride, fluoride, 
sulphate, or sulphide compounds, 
interfere in the determination of 
total carbon because the y are absorbed 
by Ascarite. Water vapour interferes 

167 

because it is absorbed by anhydrous 
magnesium perchloratel-3, 

Moderate amounts of the above gases 
and acidic compounds are prevented 
from volatilizing during combustion 
by covering the sample with a retentive 
flux mixture of calcium and lead 
oxides4. Small amounts of excess 
chlorine and oxides of sulphur that 
may not be retained by the flux are 
removed by passing the carbon dioxide 
through a cartridge containing granu
lated manganese dioxide3. Large 
amounts of sulphur oxides and acidic 
sulphur compounds can be removed by 
bubbling the gas through hydrogen 
peroxide. Water vapour is removed by 
passing the gas through a cartridge 
containing anhydrous magnesium per
chlorate. A purification unit con
taining Ascarite and anhydrous mag
nesium perchlorate removes carbon 
dioxide and water, respectively, fŒom 
the oxygen employed for combustion and 
as the carrier gas. A bubbler trap 
containing silicone oil or concentrated 
sulphuric acid protects the weighed 
absorption cartridge from atmospheric 
carbon dioxide and moisture. 

The method is suitable for samples 
containing approximately 0.02 to 10% 
of carbon but material containing 
higher concentrations (e.g., carbonate 
rocks) can be analyzed with reasonable 
accuracy if smaller samples are taken. 
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FIGURE 1. Apparatus for the determination of t otal carbon by direct-combustion 

A - Oxygen tank with two-stage 
regulator. 

B - Rubber tubing. 
C - Oxygen-flow meter. 
D - Purifica tion unit containing 

Ascarite (20-30 mesh) and 
anhydrous magnesium perchlorate 
(Anhydrone). 

E - Glass-wool. 
F - Ascarite. 
G - Anhydro us magnesi um perchlorate. 
H - Rubb er stoppe r. 
I - Glass tube. 
J - Tygon tubing (approxi matel y 2.5 ft). 
K - Rub ber stopper with oxygen (heat-

deflector) baffle . 
L - Electric furnace , resistance-type 

with appropriate temp e rature 
contr ols, or induc tion-t y pe with 
appropriate power in put indicating 
device. 

M - Combustion tube, high-temperature. 
N - Purification and carbon dioxide

absorption unit (schematic 
diagram). 

a - Cartridge containing manganese 
dioxide. 

b - Ca rtr idge containin g anhydrous 
magnesium perchlorat e. 

c - Carbon dioxide-absor ption 
cartridge containing Ascarite 
and anhydrous ma gnesium per
chlorate. 

d - Bubbler trap containing silicone 
oil or concentrated sulphuric 
ac id. 

0 - Oxygen-outlet hole. 
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Apparatus 

Apparatus for the determination of 
total carbon by direct-combustion. A 
typical arrangement of the apparatus 
is illustrated in Figure 1. Various 
types of apparatus are commercially 
available but a suitable apparatus can 
also be readil y constructed in the 
laboratory. The following general 
recommendations indicate the types of 
apparatus and related materials that 
are acceptable 5 : 

(a) Combustion apparatus - Any 
apparatus that will heat the sample 
to the required combustion tempera
ture may be employed. Split-type 
furnaces with wire-wound heating 
elements are generally limited to a 
maximum temperature of 1200°C; 
resistance furnaces, equipped with 
non-metallic heating elements, and 
induction furnaces may be operated 
at temperatures above 1400°C. If an 
induction-type furnace is used it 
must either be equipped with a heat
ed (approximatel y 300°C) oxidation 
catalyst tube containing copper 
oxide to ensure the complete conver
sion of carbon monoxide to carbon 
dioxide, or copper oxide can be 
lightly packed into the exit end of 
the combustion tube. 

(b) Combustion tubes - Porcelain, 
mullite, sillimanite, clay,or quartz 
tubes that are gas-tight at operating 
temperature s may be used. Quartz is 
susceptible to devitrification when 
used intermittently at temperatures 
above 1000°C and may become porous. 
Tubes appro ximately 30 inches long, 
with an inside diameter of 1.25 
inches, and tapered at one end are 
generally used with resistance 
furnaces. 

(c) Combustion boats and covers 
Alundum, clay, or zircon boats and 
covers may be employed (Note 1). 
Prior to use the boats and covers 
should be pre-ignited in air or 
preferably oxygen, at 1100°C or 
higher, for at least 15 minutes or 
until a constant weight is obtained, 
then cooled, and stored in a 
dessicator. 

(d) Oxygen-purification unit - The 
purity of the oxygen should be not 
less than 99.5%. It should be 
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passed through t.wo raduction pressure 
valves (a~~roximately 30 and 2 to 4 
psi, respectively) or a suitable two
stage reduction valve to provide a 
steady and adequate flow. Organic 
material of any kind is an undesir
able impurity. It is usually absent 
in commercial oxygen, and it general
ly suffices to remove water and 
carbon dioxide by passing the gas 
through anhydrous magnesium per
chlorate and Ascarite, respectively. 
If the presence of carbonaceous 
matter is suspected, the oxygen 
should first be passed through a 
tube that is loosely-packed with 
copper oxide and heated to about 
450°C. 

(c) Carbon dioxide -purification and-
absorption unit - Commercial 

cartridge-type purification and ab
sorption units (e.g., the Burrell 
Carbotrane - schematically illustrat
ed in Figure 1) or a unit similar to 
that shown in the Gravimetric-
Evolution Method for carbon dioxide 
or "carbonate" carbon (p 162,Figure 1, 
Q to Y) may be employed. The car
tridges or materials used in the 
purification and absorption train 
should be checked frequently to 
ensure that their absorbing capacity 
has not been exhausted. 

Reagents 

Calcium oxide-lead oxide flux mixture , 
50% each by weight. Transfer 25 g 
each of powdered calcium oxide and 
lead oxide (Pb304) to a large silica 
dish, mix thoroughly, and ignite the 
mixture in a muffle furnace at appro
ximately 800°C for about 1 hour. 
Cool, break up any lumps with a small 
pestle, and store the mixture in a 
drying oven maintained at approximate
ly 120°C. When in use, store the 
mixture in a tightly-sealed bottle in 
a dessicator. 

Procedure 

In this procedure a blank determination 
should be carried out either after, or 
preferably before the analysis of the 
sample (Notes 2 and 3). 

Heat the furnace to 1300 ± 50°C, close 
the inlet end of the combustion tube 
with the rubber stopper K (Figure 1), 
and pass oxygen through the tube at a 



rate of approximate ly 1 litre per 
minute for about 15 minutes to re
move air and moisture from the 
apparatus. Maintain the flow of 
oxygen, disconnect the carbon di
oxide-absorption cartridge c from the 
purification and absorption unit N, 
and seal both the outlet and inlet 
tubes with a single connecting piece 
of soft rubber tubing. Allow the 
cartridge to stand in the balance 
case for 5 minutes, then remove the 
rubber tubing and quickly weigh the 
cartridge. 

Replace the weighed cartridge in the 
purification and absorption unit, 
continue the passage of oxygen, and 
remove and re-weigh the cartridge at 
10-minute intervals until a reasonably 
constant weight is obtained (Note 4). 
Replace the cartridge again, open the 
inlet end of the combustion tube, and 
quickly insert a previously-ignited 
covered boat (Note 5), containing 1 g 
of powdered sample covered with 1 g of 
the 50% calcium oxide-50% lead oxide 
flux mixture (Notes 6-8), into the 
tube. Push the boat into the hot 
central zone with a steel rod, and 
immediately close the tube. Continue 
to pass oxygen through the tube at a 
rate of approximately 1 litre per 
minute for 5 minutes , maintain the 
flow of oxygen, then remove the car
bon dioxide-absorption cartridge c 
and re-weigh (Note 9). Correct the 
result obtained for the sample by 
subtracting that obtained for the 
blank. 

Notes 

1. The cover employed is usually a 
sleeve-type, open at both ends to 
allow free access of oxygen; it pre
vents damage to the combustion tube 
if the sample spatters during the 
combustion process. 

2. If the boats and covers have 
been previously ignited in oxygen at 
a temperature close to that employed 
for the combustion of the sample, the 
magnitude of the blank will depend 
primarily on the purity of the 
calcium and lead oxides employed for 
the flux mixture. It should not 
exceed approximately 0.5 mg, and 
successive blanks should agree to 
within 0.1-0.2 mg. 
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3. In careful work, the apparatus 
should be tested for gas-tightness and 
other possible malfunctions, prior to 
the analysis of the sample, by analyz
ing a suitable standard sample of 
known carbon content. 

4. After the apparatus has been 
swept free of air and the weight of 
the cartridge is reasonably constant, 
the blank determination, and the 
determination of carbon in the standard 
sample (Note 3) and other samples can 
be carried out, in succession, as 
described in the subsequent procedure, 
if the flow of oxygen is maintained 
throu ghout the course of the analyses. 

5. To avoid possible contamination 
from the hands, the pre-ignited boat 
and cover should be handled with clean 
tongs or forceps. 

6. Because calcium oxide is hygro
scopie, previously-weighed samples that 
are covered with the flux mixture 
should be stored in a dessicator until 
required. This also prevents possible 
contamination of the sample from 
atmospheric dust. 

7. If the sample does not contain 
fluoride, and contains only small 
amounts of chloride and/or sulphur 
compounds, the addition of the calcium 
and lead oxide flux mixture is not 
necessar y. 

8. The calcium and lead oxide flux 
mixture, and the cartridge (in the 
purification and absorption unit N) 
containing manganese dioxide cannot 
adequately retain and remove, res
pectively, the oxides of sulphur 
formed during the combustion of 
samples containing relatively large 
amounts of sulphide minerals (e.g., 
ores and mill products). Samples of 
high sulphur content can be analyzed 
by the direct-combustion method if the 
purification and absorption unit N is 
replaced by a purification train 
similar to that shown in the Gravi
metric-Evolution Method for carbon 
dioxide or "carbonate" carbon (p 16?., 
Figure 1, L to Y). If the above 
train is employed, a suitable trap 
should be placed between the exit end 
of the combustion tube and the absorp
tion bulb L containing hydrogen 
peroxide to prevent possible "suck
back" of liquid into the combustion 
tube. 



Alternatively, oxides of sulphur (and 
halogen compounds) can be removed by 
passing the gas f ormed during the 
combustion process through granular 
lead chromate, packed into the exit 
end of the combustion tube and heated 
to 300-400°C; sulphur trioxide can be 
removed by bubbling the gas through a 
mixture of chromic and phosphoric 
acids; and sulphur dioxide and sulphur 
trioxide can be removed by passing the 
ga~ through silica gel impregnated 
with chromic acid3 

9. If the elemental (graphite) and 
organic carbon content of the sample 
is required, this can be calculated 
from the difference between the total 
carbon content, determined by the com
bustion method, and the inorganic 
"carbonate" carbon content, determined 
by the Gravimetric-Evolution Method 
(p 161). However, this indirect 
method does not yield satisfactory 
results when the sample contains a 
large amount of "carbonate" carbon 
and only a small amount of elemental 
and organic carbonaceous material. 
Elemental and organic carbon can be 
determined directly by the combustion 
method as follows 3 : 

Treat 1 g or more of the sample with 
concentrated hydroahloric acid to re
move carbonate (also some sulphides), 
filter the solution, using a previous
ly-ignited asbestos pad, and transfer 
the residue quantitatively to the pad. 
Dry the pad and residue at 105-110°C, 
transfer to a combustion boat (omit 
the addition of the flux mixture) , 
caver the boat , and proceed with the 
combustion and subaequent determina
tion of carbon. 

Slightly low results may be obtained 
by the above method if the carbon
aceous material contains volatile or 
acid-soluble constituents. 

Calculations 

% Total C 

where: 

0.2729 x (IS - IB) 

Sample we igh t ( g) 
X 100 

I = increase in weight (g) of the 
S carbon dioxide-absorption 

cartridge for the sample. 

increase in weight f g) of 
carbon dioxide-absorption 
cartridge for the blank. 

the 

Other applications 

This method can be employed to deter
mine carbon in iron, steel, and 
ferrous and non-ferrous alloys if a 
suitable "accelerator" metal or com
pound is employed as a flux during 
combustion 1 , 6 • 
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"Applied Inorganic Analysis", 2nd 
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New York, pp 770-775 (1953). 

3. J. A. Maxwell, "Rock and Miner al 
Analysis", Intersciené:e, New York, 
pp 229-230, 431, 436-438 (1968). 

4. Idem, ibid., 220 (1968). 

5. American Society for Testing and 
Materials, "Chemical Analysis of 
Metals; Sampling and Analysis of 
Metal Bearing Ores", Part 32, 
E50-68, pp 288-290 (1971). 
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(1971). 





DETERMINATION OF COPPER IN ORES AND MILL PRODUCTS BY THE ELECTRODEPOSITION 
METHOD 

Principle 

Copper is determined by weighing as the 
metal after electrodeposition on a 
tarPd platinum gauze cathode from a 
dilute sulphuric-nitric acid mediuml. 

Outline 

The sample is decomposed with hydro
chloric, nitric, and hydrofluoric 
acids. Arsenic, antimony, mercury, 
tin, and selenium are removed by 
volatilization as the bromides f rom a 
sulphuric acid medium, and the solu
tion is evaporated to dryness. Lead 
sulphate and acid-insoluble material 
are ultimately separated by filtration 
from a nitric acid medium. Silver and 
residual lead and mercury are subse
quently separated from the filtrate as 
the insoluble chlorides. The acid
insoluble material containing lead 
sulphate is fused with potassium pyro
sulphate, and the melt is dissolved 
in water. The lead and silver in 
the resultant solution are separated 
from the residual copper as the 
chlorides as described above, and the 
filtrate is combined with the main 
solution. 

If platinum, palladium, gold, and 
tellurium are present, copper, the 
above elements, and certain other 
elements of the copper and arsenic 
groups (molybdenum, cadmium, bismuth, 
and residual lead, tin, arsenic, and 
antimony) are precipitated as sulphides 
and separated from iron and various 
other elements (cobalt, nickel, 
chromium, aluminum, manganese, zinc, 
and tungsten) by filtration. After 
dissolution of the precipitate and 
re-precipitation of the copper and 
arsenic group elements to remove 
occluded elements, the mixed sulphide 
precipitate is digested in sodium 
sulphide-sodium hydroxide solution, 
and the insoluble sulphides of copper, 
cadmium, bismuth, palladium, and lead 
are separated from molybdenum, tin, 
gold, arsenic, antimony, tellurium, 
and residual tungsten, and from some 
platinum by filtration. The resultant 
precipitate is digested in dilute 
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nitric acid, and the solution is 
filtered to remove palladium sulphide 
and any tin, platinum, or gold sul
phides that were retained in the 
precipitate. Bismuth, if present, is 
separated from the copper in the 
filtrate by a double precipitation as 
the hydrous oxide with ammonium 
hydroxide, and the combined filtrate is 
evaporated to dryness. Copper is 
ultimately electroplated on a platinum 
gauze cathode from a dilute sulphuric
ni tric acid medium, and the cathode is 
dried and weighed. 

If platinum, palladium, gold, and 
large amounts of tellurium are absent, 
the copper in the combined solution 
obtained after the separation of 
silver and lead is ultimately precipi
tated as cuprous thiocyanate from a 
dilute hydrochloric-tartaric acid 
medium, and separated from bismuth, 
iron, and residual arsenic, antimony, 
and tin by filtration. The precipitate 
is ignited and the residue is dissolved 
in dilute nitric acid. Copper is 
ultimately electroplated from the re
sulting solution. 

Discussion of interferences 

Arsenic, antimony, tin, molybdenum, 
bismuth, mercury, silver, gold, the 
platinum metals, and selenium and 
tellurium in the tetravalent states 
interfere in the determination of 
copper because they are co-deposited, 
to some extent, on a platinum cathode. 
Large amounts of iron interfere by 
preventing the complete deposition of 
copper 2 • 3 • 

Interference from arsenic, antimony, 
tin, mercury, and selenium is avoided 
by volatilizing these elements as the 
bromides from a hydrobromic-sulphuric 
acid medium 4 • Interference from 
silver is avoided by precipitating it 
as the chloride 1 • Interference from 
iron, molybdenum, bismuth, tin, anti
mony, and arsenic can be eliminated by 
separating copper from these elements, 
and from cobalt, nickel, zinc, cadmium, 
manganese, and tungsten by precipita
tion as cuprous thiocyanate. Lead, 



gold, tellurium , and the platinum 
metals (also silver, mercury, and 
seleniurn, if present during precipita
tion) are not separated by this pro
cedure, and co-precipita te, to some 
extent, with the cupro us thiocyan-
atel ,3,5. Gold and the platinum 
metals interfere in the cupro4s thio
cyanate method. Lead does not inter
fere because it is deposited on the 
anode as the dioxide during electro
lysis. Interference from moderate 
amounts of tellurium (up to approxi
mately 10 mg) is avoided during 
electrolysis by oxidizing it to the 
hexavalent state wi th potassium per
manganate, and by conducting the 
electrolysis in the presence of 
manganese (II). Manganese (II) is 
oxidized to permanganate at the anode; 
this maintains tellurium in the 
oxidized state and prevents its deposi
tion during electro l ys is 2 , 6 . 

I nterference from platinum, palladium, 
g old, rnolybdenum , and large amounts of 
iron and tellurium is avoided by 
s eparating copper a nd the above inter
fering elements from iron by precipi
tation as the sulphides from a 0.4-0.5 
M hy dro c hloric acid medium; the co
pre c ip i tated sulph ides of the interfer
in g elements are subseq uently separated 
f r om copper by diges ti o n of the mixed 
sulphide precipitate in alka line sodium 
sulphide 1 • 3 • 5 and 2 M nitric acid 
media 2 • Cadmium , bismu th, rhodium, 
and o smium are not separated from 
co p pe r b y this procedu re. Interference 
f rom bi s muth is elimina t e d by separat
in g i t f rom copper by precipitation as 
t h e hydrous oxide from an ammoniacal 
me dium 1 ,3. Rhodium a nd osmium inter
fe r e i n this method. Cadmium does not 
interferel. 

The method is suitable for samples 
c ont a ining more than approximately 
0.5 % of copper . 

+ 

A---• 

E 

D 
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FIGURE 1. Electrolysis unit 

A - Split w a t~h glass. 
B - Electrolytic beaker (180-ml). 
C - Teflon-coated ma g n e t. 
D - Platinum gauze cathode (50-mesh, 

diameter 30 mm, height 50 mm). 
E - Platinum spiral -t ype anode 

(thickness 1-2 mm, diameter 12 mm, 
h e i g h t 5 0 mm) . 

App arat us 

E l ec troplating apparatus with a magnetic 
st i rrin g me c hanism . 

El ect r oly s is unit . 
Figure 1. 

I llustrated in 

Re agents 

Fe rric n i t r ate s olution , 15 % w/v. Dis
solve 15 g of ferric nitrate nonahy
drate [Fe(N03)3.9H 2 0J in water and 
dilute to 100 ml. 

Mang ano us n i t r ate solution , 3% w/v. 
Dissolve 3 g of manganous nitrate 
hexahydrate in water and dilute to 
100 ml. 
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Bromine wate r . 
bromine. 

Water saturated with 

Nit ric a ci d - b r omine wate r s o lu tion . 
Add 50 ml of bromine water to 50 ml of 
concentrated nitric acid and mix. 

Pot ass ium t h iocyanate - sodium sulph i te 
s olution , 2% and 2 % w/v, respectively. 
Prepare f r esh as required. 

Pota ss i um pe r manganate solution , 2% w/v. 



Sodium hydroxide s ol u t i on , 5% w/v . 

Hydrogen sulphide (cy l i n d e r) ga s. 

Hydrogen sulphide wa s h solution . 1% 
hydrochloric acid saturated with 
hydrogen sulphide. 

Sodium sulphide - s o d i um hydr ox ide wa sh 
s olution . Dissolve 30 g of sodium 
hydroxide in 1 litre of water a nd 
saturate the solution with hydro g en 
sulphide. Add 3 g of sodium hydr
oxide, stir to dissolve, and stor e 
the solution i n a wash-bottle. 

Nit r ic aci d wash solution , 13 % v/v . 

Ammonium hydroxide wa sh solution, 1 % 
v/v. 

Pota ss ium thiocyanate - sodium sulphite 
wash solution , 0.2 % and 0.2 % w/v, 
respectively. Prepare fresh as 
required. 

Sulp h u r ic acid, 50 % v/v. 

Ammonium s u l phamate tablets (1 g ). 

Procedures 

A - Hydrogen sulphide s ep ar a t io n 
procedure in the presenc e Q.i_ 
platinum, pall a dium, g ol d , a n d 
tellurium 

(a) Bismuth absent 

Transfe r 0.25-1 g of p owde r e d sam pl e , 
containing approximat e l y 5- 2 00 mg of 
copper (Note 1), to a 250-ml Tef l o n 
beaker, and add 10 ml eac h of wa t e r 
and concentr a t e d hyclrochloric, nitric, 
and hydrofluori c a c i ds . Cover with ,1 

Teflon cover, and boil until t he 
decomposition of acid-soluble ma teri a l 
is complete ( Not e 2 ). Cool , a dd 1 0 ml 
of concentrat e d h y dr ob r omic acid ·1ncl 
20 ml of 50 % sulphur ic acid , boi l for 
seve r al minut es , r e mo v e t!te cove r, 
and evaporate th e solut ion Lo fumes of 
sulphur trioxide . Co ol, wash clown the 
sicles of th e bea k er wit h wa t e r, a cl cl 
10 ml each of concentr a t ed h yd r o 
ch lori c and hydrobromic a c ids, e v a 
porate the solution to fume s of s ul
p hur trioxide, th e n repe a t t h e was hin g 
and evaporati o n s t e p s t o ensure Lh" 
complete removal o f hyd r of lu oriL , 
hydrochloric, a nd h y dr obromic acids . 

l 7 5 

Cool, add approximately 25 ml of water, 
and heat gently to dissolve the soluble 
salts. Transfer the solution and any 
residue present, to a 250-ml pyrex 
beaker and, without baking, evaporate 
th e solution to dryness . Add 20 ml of 
wat e r and 2 ml of conce ntrated nitric 
acid, heat gently to dissolve the 
salts, and filter the resulting solu
tion (Whatman No . 30 paper) into a 
400-ml beaker. Transfer the residu e 
quantit a tively to the fil ter paper, 
a nd wash the paper and residue 
thorou gh ly wi th hot water (Note 3). 
Add 5 ml of 50% sulphuric acid to the 
filtr a t e , e v aporate it to fumes of 
s ulphur trioxide, coo l, wash down the 
side s o f th e be a ker with water a nd, 
wi t ho u t b aki n g , e v aporate the solution 
to dryness. Add 20 ml of water and 
2 ml of concentrated hydrochloric 
aci~, and heat gently to dissolve the 
soluble sal t s . Fi l t e r the solution 
(W h a tm an No . 3 0 pape r) int o a 400-ml 
beak e r, a nd wash th e beaker , paper , 
a nd pr e cipitate thoroughly with hot 
water . Di sca rd the paper an d pre
c i pitate . 

T r a n s fe r t he f ilter pape r contain i n g 
t he init i a l r e sidue to a 30 - ml 
porcelain crucihle (llo t e 4), hurn off 
t he paper , an d ignit e at a low t e mp 
er a ture . F use the residue with 2 - 3 g 
of po t ass ium p y rosulphate, cool, and 
~ransfer the cruci hl e a nd contents to 
the o r igi n al 250 - ml p yrex h e aker . Add 
approximate l y 75 ml o f water, heat 
gently unti l the d i s integration of the 
melt is complete , the n r e mov e the 
cru c ih l e after was h i n g it thor o u g h ly 
with hot wate r . Add 2 ml of con 
centrated nitr J c ac id and 5 ml of 50 % 
sulphuric acicl to the re s ultin g solu 
tion, and evaporate it t o fum es o f 
s t l ph u r tri o xi cl e . Co o 1 , w as h clown the 
sicles of t he beab~r wi th wa ter, a nd 
e v a por a t e t he s olution to dr y n e ss . 
Aclcl 20 ml o f water and 2 ml of c on
centr~t~d hydroc hl o rtc acid , heat 
~en t 1 y t (1 di s so l ve the s ol u b 1 e sa 1 t s , 
and filter the sol 11 Lin n ( Hh a t Ma n No . 
30 pnper) into th e b e a k e r c ont a inin g 
L lC' ~nin sol11L ion. h!ash the h en k e r, 
p a p e r , a n d p r c c i p L t :1 t e t h o r o u g h 1 y w i t h 
hot water , an d discar d th e p a per and 
precip i ta t e . 

Evapo r a t e the combi n ed so lu t i o n Lo 
aporox i m~tely JOO Ml, a clcl 3 ml o f 
c- on cl' nt r ;1 t e cl h "d r n c :1 lori c ac i cl , h e a t 
t o the b o i l t 1 ~ p <' L lt , .1 n d pas s 



hydrogen sulphide through the solution 
for 15 minutes to precipitate copper 
and various other copper and arsenic 
group elements. Dilute the solution 
to 150 ml with water, and continue 
passing hydrogen sulphide through the 
solution for a further 10 minutes to 
ensure the complete precipitation of 
copper. Filter the solution (Whatman 
No. 42 paper) (Note 5), and wash the 
beaker, paper, and precipitate 
thoroughly with cold hydrogen sulphide 
wash solution (Note 6). Discard the 
filtrate and washings. 

Using a jet of hot water, transfer the 
bulk of the precipitate to the beaker 
in which the precipitation was carried 
out. Dissolve the small amount of 
precipitate remaining on the filter 
paper, usihg 20 ml of nitric acid
bromine water solution, and wash the 
paper thoroughly with hot water. 
Collect the solution in the beaker 
containing the precipitate, and dis
card the paper. Add 5 ml of 50% 
sulphuric acid to the resulting solu
tion, and evaporate it to fumes of 
sulphur trioxide . Cool, wash clown the 
sicles of the beaker with water and 
without baking, evaporate the solution 
to dryness. Add 5 ml of concentrated 
hydrochloric acid and 30 ml of water 
to the residue, heat gently to dissolve 
the soluble salts, and dilute the 
solution to approximately 100 ml with 
water. Pass hydrogen sulphide through 
the solution for 30 minutes, filter, 
and wash the paper and precipitate as 
described above (Note 7). 

Using a jet of hot water, return the 
bulk of the precipitate to the beaker, 
and dilute the mixture to 125 ml with 
water. Add 3 g of sodium hydroxide, 
stir to dissolve, and digest the mix
ture on a hot -plate for approximately 
15 minutes. Pass hydrogen sulphide 
through the solution for 15 minutes, 
add an additional 2 g of sodium hydr
oxide, and stir to dissolve. Filter 
the resulting solution through the 
same filter paper, and wash the 
beaker, paper, and precipitate 
thoroughly with sodium sulphide
sodium hydroxide wash solution Dis
card the filtrate and washings. 

Return the bulk of the precipitate to 
the beaker again, dilute the mixture 
to approximately 90 ml with water, 
and add 13 ml of concentrated nitric 
acid. Warm the mixture to dissolve 
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the copper sulphide, filter the solu
tion through the same filter paper, 
and wash the beaker, paper and pre
cipitate thoroughly with 13% nitric 
acid. Discard the paper and pre
cipitate. Add 7 ml of 50% sulphuric 
acid to the resulting solution, and 
evaporate it to fumes of sulphur 
trioxide. Cool, wash clown the sides 
of the beaker with water, and eva
porate the solution to dryness. Add 
approximately 50 ml of water, 6 ml of 
50% sulphuric acid, and 2 ml of 
concentrated nitric acid, and heat 
gently to dissolve the residue. 
Transfer the solution to a 180-ml 
electrolytic beaker containing a 
Teflon-coated magnet, cool, and 
dilute to 100 ml with water. 

Connect a clean, tared, platinum gauze 
cathode, and a clean platinum anode 
(Note 8) to the electroplating 
apparatus as shown in Figure 1, and 
lower the electrodes into the solution 
so that the cathode is nearly, but not 
entirely covered by the solution. 
Cover the beaker with a split watch 
glass, turn on the stirring mechanism, 
and electrolyze the solution at a 
current of 2 amperes and an applied 
potential of 4-5 volts for approxi
mately 45 minutes or until the blue 
colour of the copper has entirely 
disappeared (Note 9). Add an ammonium 
sulphamate tablet (Note 10), continue 
the electrolysis for a further 15 
minutes, then remove the watch glass, 
wash clown the electrode stems and the 
sides of the beaker with water, and 
add sufficient water to cover the 
cathode. Continue the electrolysis 
until the deposition of copper is 
complete, as indicated by failure of 
copper to plate on the freshly im
mersed surface of the cathode, or on 
a new surface of the electrode stem 
when the level of the solution is 
raised by the addition of water. 
Without interrupting the current, 
gradually raise the electrodes from 
the solution while directing a stream 
of water from a wash-bottle against the 
exposed part of the cathode (Note 11). 
Disconnect the cathode, dip it into a 
beaker of water to remove the acid, 
then into two successive beakers con
taining ethyl or methyl alcohol to 
remove the water. Dry the cathode in 
an oven at 100-110°C for 3 minutes 
(Notes 12 and 13), cool in a 
dessicator and weigh (Note 14). 



(b) Bismuth present 

Following the digestion of the mixed 
sulphide precipitate, obtained by 
passage of hydrogen sulphide through 
the alkaline sodium hydroxide solution, 
in 13% nitric acid, and evaporation of 
the resulting solution to fumes of 
sulphur trioxide, cool, and dilute the 
solution to approximately 100 ml with 
water. If necessary (Note 15), add 
1-2 ml of 15% ferric nitrate solution, 
and heat the solution to the boiling 
point. Using litmus paper, neutralize 
the solution approximately with con
centrated ammonium hydroxide, and add 
10-15 ml in excess. Boil the result
ing solution for several minutes to 
coagulate the precipitate, allow the 
precipitate to settle, and filter the 
solution (Whatman No. 541 paper) into 
a 600-ml beaker. Wash the beaker, 
paper, and precipitate thoroughly with 
warm 1% ammonium hydroxide, then, 
using a jet of hot water, transfer the 
bulk of th~ precipitate to the beaker 
in which the precipitation was carried 
out. Dissolve the small amount of 
precipitate remaining on the filter 
paper, using hot 13% nitric acid, and 
wash the paper thoroughly with hot 
water. Collect the resulting solution 
in the beaker containing the precipi
ta te, and discard the paper. If nec
essary, add sufficient concentrated 
nitric acid to dissolve the precipi
tate, then add 5 ml in excess, and 
re-precipitate, filter, and wash the 
precipitate as described above. Col
lect the filtrate and washings in the 
beaker containing the initial filtrate, 
and discard the paper and precipitate. 

Evaporate the combined filtrates to 
approximately 150 ml, add 10 ml of 
50% sulphuric acid and 20 ml each of 
concentrated nitric and hydro-
chloric acids, cover the beaker, and 
boil the solution for approximately 
30 minutes to destroy the ammonium 
salts. Remove the cover, evaporate 
the solution to approximately 50 ml, 
then repeat the treatment with nitric 
and hydrochloric acids, using 10 ml 
of each, and evaporate the solution 
to fumes of sulphur trioxide. Cool, 
wash down the sides of the beaker 
with water, 
to dryness. 
of water, 6 
and 2 ml of 

and evaporate the solution 
Add approximately 50 ml 

ml of 50% sulphuric acid, 
concentrated nitric acid, 

and heat gently to dissolve the 
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residue, Transfer the resulting solu
tion to a 180-ml electrolytic beaker 
containing a Teflon-coated magnet, 
dilute to 100 ml with water, and pro
ceed with the electrolysis of copper 
as described above. 

B - Cuprous thiocyanate separation 
procedure in the absence of 
platinum, p;lWium .• gold, and 
lQ. .!!!..& ~ ~ ~ tellurium 

Following sample decomposition and the 
separation of silver and lead from the 
initial filtrate and the subsequent 
solution of the acid-insoluble residue 
by precipitation as the chlorides as 
described in Procedure A (a), evaporate 
the combined filtrates to approximate
ly 150 ml (Note 16), Carefully add 5% 
sodium hydroxide solution until a 
permanent precipitate begins to form, 
then add sufficient concentrated 
hydrochloric acid, by drops, to dis
solve the precipitate, Add 1 ml in 
excess (Note 17), then add 2-3 g of 
tartaric acid and stir to dissolve. 
Add 2 g of sodium sulphite, dilute to 
approximately 200 ml with water (Note 
18), and heat the solution almost to the 
boiling point. By burette, and while 
stirring, add 2% potassium thiocyanate 
solution, by drops, until no further 
precipitation of cuprous thiocyanate 
is apparent, then add a three-fold 
excess (Note 19) and allow the solu
tion to stand for 4 hours or preferably 
overnight. Filter the solution 
(Whatman No, 42 paper), transfer the 
precipitate quantitatively to the 
filter paper, and wash the paper and 
precipitate thoroughly with cool 0.2% 
potassium thiocyanate-0.2% sodium 
sulphite solution. Discard the 
filtrate and washings. 

Transfer the paper and precipitate to 
a 30-ml porcelain crucible, burn off 
the paper, and ignite at a low tempera
ture. Cool, add 10 ml of water and 
2 ml of concentrated nitric acid, 
warm gently to dissolve the residue, 
and tranfer the resulting solution to 
a 180-ml electrolytic beaker contain
ing a Teflon-coated magnet. Add 6 ml 
of 50% sulphuric acid and dilute the 
solution to approximately 90 ml with 
water. Add 2% potassium permanganate 
solution, by drops, until a faint 
permanent pink tint is obtained, then 
add 5 ml of 3% manganous nitrate solu
tion, and proceed with the electrolysis 
of copper as described above. 



Notes 

1. More than approximately 200 mg 
of copper cannot be c onveniently 
handled by this method because of the 
bulkiness of the mixed sulphide or 
cuprous thiocyanate precipitate. 

2. If the sample contains an appre
ciable amount of sulphides, additional 
hydrochlcric and nitric acids may be 
required to obtain complete decompo
si tion. 

3. The subsequent ignition and 
fusion of the acid-insoluble residue 
may be omitted if only a small amount 
of light-coloured residue is present. 

4. Residues containing sulphates, 
sulphides, or other salts of easily 
reducible elements (e.g., lead, 
silver, mercury, bismuth, antimony, 
tin, and arsenic) should not be 
ignit~d in platinum crucibles. These 
elements may be reduced to the 
metallic state by the carbon from the 
filter paper, or by reducing gases 
from the flame, and will subsequently 
alloy with, and contaminate the 
crucible. 

5. Because cuprous sulphide is 
easily oxidized or rendered colloidal, 
the filter paper should be kept at 
least two-thirds full of solution 
during filtration and washing to 
avoid undue exposure of the sulphide 
precipitate to air 5 • 

6. If the amount of precipitate 
obtained is small, the re-precipita
tion of the mixed sulphides, and the 
subsequent alkaline-hydrogen sulphide 
separation procedure can be omitted. 
Instead, wash the precipitate thor
oughly with sodium sulphide-sodium 
hydroxide wash solution, and proceed 
as described. 

7. If the sample is known to con
tain only small amounts of arsenic, 
antimony, tin, molybdenum, selenium, 
and/or tellurium, omit the subsequent 
alkaline-hydrogen sulphide separation 
procedure, wash the precipitate 
thoroughly with sodium sulphide
sodium hydroxide wash solution, and 
proceed as described. 

8. Previously deposited metals can 
usually be removed from platinum 
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gauze cathodes by treatment with con
centrated or hot 30 % nitric acid. 
After washing thoroughly with water, 
the cathode should be dried at 110-
1200 C, cooled, and weighed before 
electrolysis. Lead dioxide can be 
removed from platinum anodes by treat
ment with dilute nitric acid contain
ing hydrogen peroxide. 

9. Slow deposition, without stirring, 
yields a more accurate result for 
copperl-3. If this method is employed, 
electrolyze the solution for approxi
mately 16 hours, or preferably over
night at a current of 0.5-0.6 amperes 
and an applied potential of approxi
mately 2 volts. Add an ammonium 
sulphamate tablet when the colour of 
the copper has disappeared, and proceed 
as described until the deposition of 
copper is complete. 

10. Unless the nitric acid added to 
the sample solution, prior to electro
lysis, was freshly boiled to remove 
nitrous acid, ammonium sulphamate 
should be added to destroy any nitrous 
acid that may be present in the 
electrolyte. Nitrous acid prevents 
complete deposition of copper, and 
also dissolves copper that has been 
deposited3. 

11. Because partial dissolution of 
the copper deposit will occur in the 
presence of acid, the current should 
not be shut off as long as the elec
trodes are in the acidic solution, and 
the cathode should be washed thorough
ly with water to remove the acid. 

12. The drying of the cathode at 
100-110 °C should not be prolonged 
because some copper may be converted 
to the oxide. 

13. The copper deposit should be 
adherent, silky in texture, and a 
salmon-pink colour. Dullness in 
colour indicates oxidation or the 
presence of foreign elements. If it 
is dark-coloured or appears spongy or 
crystalline, dissolve the deposit in 
100 ml of 2% nitric acid, add 6 ml of 
50% sulphuric acid and re-electrolyze 
the solution. 

14. In exact work, the electrolyte 
remaining after the deposition of 
copper should be evaporated to dry
ness and subsequently analyzed for 
residual copper either by atomic-



absorption spectrophotometry (p 15) or 
spectrophotometrically by the Cuproine 
Method (p 53). The amount (g) of 
copper obtained should be added to the 
weight of the electrolytic deposit. 

15. If the amount of bismuth pre
sent is very small, it is advantageous 
to add a small amount of iron (III) as 
a collecter, and subsequently preci
pitate the hydrous oxide of bismuth by 
occlusion with hydrous ferric oxide3. 
One ml of 15% ferric nitrate nonahy
drate solution contains approximately 
21 mg of iron (III). 

16. If the sample contains an 
appreciable amount of tungsten, any 
insoluble tungsten compounds that may 
have precipitated during evaporation 
of the solution will re-dissolve 
completely when the solution is 
subsequently heated. 

17. More than 1 ml of concentrated 
hydrochloric acid should not be added 
because the . precipitation of copper as 
cuprous thiocyanate is quantitative 
only in weakly acid solutions. The 
precipitate is appreciably soluble in 
solutions containing excess acid7. 

18. If the solution does not emit a 
strong odor of sulphur dioxide at this 
point, add more sodium sulphite to 
ensure the complete reduction of the 
copper. 

19. An excess of potassium thiocy
anate is required for the quantitative 
precipitation of cuprous thiocyanate, 
but too large an excess is undesirable 
because the precip i tate is partly 
soluble in strong thiocyanate solu
tions. The concentration of excess 
potassium thiocyanate should not 
exceed 0.05 M (i.e., a~proximately 1 g 
in 200 ml of solution) . According to 
the reaction 

2 Cu++ 2 KSCN + 2CuSCN + 2K+, 

200 mg of copper react with 306 mg of 
potassium thiocyanate (i.e., 15.3 ml 
of a 2% solution). 

Calculations 

%Cu = Weight of dried deposit (g) x 100 
Sample weight (g) 
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DETERMINATION OF MAGNESIUM IN AC ID-SOLUBLE AND REFRACTORY SILICATE ROCKS 
AND MINERALS, CARBONATE ROCKS, CLAY, SHALE, AND IRON, CHROMIUM, TITANIUM, 
MOLYBDENUM AND SULPH IDE ORES AND MILL PRODUCTS BY PRECIPITATION WllH 
DIBASIC AMMONIUM PHOSPHATE 

Principle 

This method 1 • 2 is based on the preci
pitation of magnesium as magnesium 
ammonium phosphate from a strongly 
ammoniacal medium. Magnesium is 
determined by weighing as the pyro
phosphate after ignition of the 
precipitate. 

The corresponding reactions for these 
processes are: 

MgCl2 + (NH4)2HP04 + NH40H + 6H20 

+ MgNH4P04•6ll20 + 2NH4Cl + H20 

2MgN~4P04.6H 20 
ignition 

+ Mg2P207 + 2NH3 + 7H 20. 

Outline 

Following the separation of calcium by 
double precipitation as the oxalate as 
described in the Volumetric-Oxalate 
Method for calcium (p 243, Note 20), 
the combined fi lt rates and washings 
are acidified with sulphuric acid. 
After decomposition of the excess 
ammonium salts, the solution is eva
porated to dryness to remove sulphuric 
acid. Barium sulphate , if present, 
and extraneous silica are ultimately 
removed by filtration. Magnesium is 
precipitated as magnesium ammonium 
phosphate from a strongly ammoniacal 
medium, and separated from sodium, 
potassium, and various other elements 
(chromium VI and vanadium V) by 
filtration. After dissolution of the 
precipitate and re-precipitation of 
the magnesium to remove occluded 
elements, the resulting precipitate is 
ignited and weighed. 

Discussion of interferences 

With the possible exception of barium, 
chromium (VI), and vanadium (V), 
depending on the hist ory of the sample 
solution, the majority of the elements 
that interfere in the precipitation 
and/or determination of magnesium by 
forming insoluble hydrous oxides or 
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phosphates will have been previously 
separated from magnesitim by one or 
more of the separation procedures (i.e., 
mercury cathode electrolysis, cup
ferron-chloroform extraction, and 
hydrogen sulphide and ammonium hydr
oxide precipitations) described in the 
Volumetric-Oxalate Method for Calcium 
(p 241) and in the Gravimetric
Ammonium Hydroxide (p 141) and 8-
Hydroxyquinoline (p 151) Methods for 
aluminum. 

Interference from carbonate and phos
phate, which cause low results for 
magnesium because of the formation of 
insoluble magnesium compounds,is 
avoided during the preliminary ammon
ium hydroxide separation of aluminum 
and other hydrous oxides by employing 
carbonate-free ammonium hydroxide for 
precipitation, and by co-precipitating 
phosphate, when necessary, as ferric 
phosphate in the presence of excess 
iron (III)3. Manganese, which inter
feres by forming an insoluble phos
phate that co-precipitates with mag
nesium ammonium phosphate 1 • 2 , is 
separated from magnesium, prior to the 
separation of calcium as the oxalate, 
by oxidizing it to the dioxide with 
ammonium persulphate in a weakly acid 
medium; the dioxide is subsequently 
occlud ed with the hydrous oxide of 
zirconium in a weakly ammoniacal 
medium4 • Barium, which also co
precipitates partially as an insoluble 
phosphate, is separated from magnesium 
as the in soluble sulphate. Chromium 
(VI) and vanadium (V) do not inter
fere2•5. 

Excess amounts of ammonium salts, 
particularly ammonium oxalate, that 
remain in the filtrate after the separa
tion of calcium, retard the precipita
tion of small amounts of magnesium 1 •2. 
Possible negative error from large 
a mo unts of ammonium chloride and 
ammonium oxalate is avoided by destroy
ing these compounds by evaporation of 
the filtrate with nitric, hydrochloric 
and sulphuric acidsl. 



Excess amounts of sodium and; parti
cularly potassium salts cause the 
initial magnesium precipitate to be 
impure because of the substitution of 
the alkali metal ion for the ammonium 
radical. The initial precipitate may 
also be contaminated by other magne
sium phosphates [i.e., Mg3(P04)2and/or 
Mg(NH4)4(P04)2] which cause error in 
the magnesium result because they are 
not converted to magnesium pyrophos
phate during the ignition of the pre
cipitate2. Error from alkali salts, 
and contamination from other magnesium 
phosphate compounds is eliminated by 
dissolving the initial precipitate 
and re-precipitating the magnesium, 
under controlled conditions, in the 
presence of a minimum amount of 
ammonium salts and only a slight 
excess of dibasic ammonium phosphatel,2. 

Small amounts of calcium, that remain 
in the filtrate after the separation 
of calcium as the oxalate, co-precipi
tate with magnesium as calcium phos
phate and cause high results for mag
nesium1•2•5. The result obtained can 
be corrected for positive error from 
calcium by dissolving the ignited 
residue in a suitable acid, determin
ing its calcium phosphate content by 
atomic-absorption spectrophotometry, 
and subtracting the amount obtained 
from the weight of the ignited residue. 

Range 

The method is suitable for samples 
containing more than approximately 
0.1% of magnesium. 

Re agents 

Dibasic ammonium phosphate solution, 
10% w/v. Prepare fresh as required 
and filter the solution before use. 

Sulphuric acid , 50 % v/v. 

Hydrochloric acid, 5% v/v. 

Ammonium hydroxide wash solution, 5% 
v/v. 

Procedure 

Following the separation of calcium 
by precipitation as the oxalate as 
described in the Volumetric-Oxalate 
Method for calcium (p 243, Note 20) 
(Notes 1 and 2), add 30 ml of 50 % 
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sulphuric acid to the combined filtrates 
and washings obtained after the double 
oxalate separation, a nd evaporate the 
solution to approximately 150 ml. Add 
60 ml of concentrated nitric acid and 
30 ml of concentrated hydrochloric 
acid, caver the beaker, heat gently 
until the vigorous reacti on ceases, 
then remove the caver and evapora te 
the solution to fumes of sulphur 
trioxide. Cool, add approximately 20 
ml of water, repeat the nitric and 
hydrochloric acid treatment, and care
fully evaporate the solution to dryness. 
Add 2-3 ml of concentrated hydro
chloric acid and approximately 100 ml 
of water to the residue, and heat 
gently until the solution is clear. 
Filter the solution (Whatman No. 42 
paper) into a 600 ml beaker to remove 
barium sulphate and extraneous silica, 
and wash the beaker, paper, and pre
cipitate thoroughly with water (Note 
3). Discard the paper and precipitate. 

Dilute the resulting solution to 250 ml 
with water, add sufficient filtered 
10 % dibasic ammonium phosphate solution 
so that approximatel y 1 g of the re
agent is present for each 100 ml of 
solution, and add 10 ml in excess. Add 
a small piece of red litmus paper and, 
while stirring vigorously (Note 4), 
slowly add concentrated ammonium hydr
oxide until the solution is alkaline. 
Add 10 ml in excess for each 100 ml of 
solution, continue stirring until the 
precipitate starts to form (Note 5), 
then caver the beaker and allow the 
solution to stand overnight. Filter 
the solution (Whatman No. 42 paper), 
retain as much of the precipitate as 
possible in the beaker, and wash the 
precipitate in the beaker 3 or 4 
times, by decantation, with cold 5% 
ammonium hydroxide. Filter the wash
ings through the paper, then wash the 
paper and precipitate 4 times with 5% 
ammonium hydroxide. Discard the 
filtrate. 

Wash clown the sides of the beaker 
containing the precipitate with a 
small amount of hot 5 % hydrochl oric 
acid, add a small further portion, if 
necessary, to dissolve the precipitate, 
and heat the solution to the boiling 
point. Place a 250-ml beaker under the 
funnel, and pour the hot solution 
through the filter paper. Wash the 
beaker thoroughl y wi th small portions 
of hot 5 % hydrochl oric acid, and pour 
the washings through the paper . Wash 



the paper thoroughly, including the 
inside flap, with small portions of the 
hot acid solution, then remove and 
discard the paper, and wash the funnel 
once or twice with the acid solution. 

Dilute the resulting solution to appro
ximately 100 ml with water, add 1 ml of 
10% dibasic ammonium phosphate solution, 
and cool the solution to about l0°C. 
Slowly, and while stirring (Note 4), 
add concentrated ammonium hydroxide, 
by drops, until a precipitate forms, 
and allow the precipitate to settle. 
Continue adding 1-ml portions of the 
phosphate solution, and allow the 
precipitate to settle each time, until 
the precipitation of magnesium is com
plete (Note 6), then add 10 ml of 
concentrated ammonium hydroxide, and 
allow the solution to stand for at 
least 4 hours or preferably overnight. 
Filter the solution (Whatman No. 42 
paper), transfer the precipitate 
quantitatively to the filter paper, 
and wash the beaker 3 or 4 times with 
cold 5% ammonium hydroxide. Wash the 
paper and precipitate 10 times with 
5% ammonium hydroxide, then once with 
water, and discard the filtrate. 

Transfer the paper and precipitate 
(Note 7) to a tared 30-ml platinum 
crucible, partly cover the crucible 
with a platinum cover and, starting 
with a cold muffle furnace, dry and 
burn off the paper at as low a temper-
a ture as possible (Note 8). Ignite the 
precipitate at approximately 1100°C 
(Note 9) for 30 minutes, cool in a 
dessicator and weigh. Repeat the 
ignition and weighing until constant 
weight is obtained (Note 10). 

Notes 

1. Low concentrations of magnesium 
(particularly 1% or less) in acid
soluble silicate rocks and minerals, 
clay, shale (also limestone), and iron 
ores and concentrates should preferably 
be determined by the appropriate 
atomic-absorption spectrophotometric 
methods described for these sample 
materials (pp 3 and 7). Small amounts 
in chromium, titanium, molybdenum and 
sulphide ores and mill products, and 
in iron ores and mill products can be 
determined by atomic-absorption 
spectrophotometry, after sample decom
position (using a fresh portion of the 
sample) and separation of the matrix 
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elements by the mercury cathode and 
cupferron-chloroform separation pro
cedures described in the Gravimetric-
8-Hydroxyquinoline Method for aluminum 
(p 151). The resulting solution 
should subsequently be evaporated to 
dryness to remove excess sulphuric or 
perchloric acids, followed by dissolu
tion of the residue in water or a 
suitable dilute acid. In all of the 
above methods the resulting solutions 
can also be used for the determination 
of calcium by atomic-absorption 
spectrophotometry. 

2. If the sample or aliquot of the 
sample solution contains an appreciable 
amount of magnesium (e.g., dolomite), 
and extreme accuracy is not required, 
the subsequent removal of the excess 
ammonium chloride and ammonium oxalate 
by treatment of the solution with 
nitric, hydrochloric, and sulphuric 
acids can be omitted. In this case, 
neutralize the combined solution appro
ximately with concentrated hydrochloric 
acid, and add 3 or 4 ml in excess. If 
barium is present, add sufficient 50% 
sulphuric acid, by drops, to precipi
tate the barium as the sulphate, filter 
the solution, then proceed with the 
initial precipitation of magnesium 
ammonium phosphate. However, if this 
procedure is employed, care must be 
taken that the requisite increments of 
dibasic ammonium phosphate solution 
and concentrated ammonium hydroxide are 
added to compensate for the larger 
volume of the sample solution. 

If the sample or aliquot contains only 
small amounts of magnesium (e.g., 
limestone), the excess ammonium 
chloride and ammonium oxalate should 
be destroyed prior to the precipitation 
of magnesium1,2. 

3. If desired, up to approximately 
30 mg of magnesium can be precipitated 
at this stage as the 8-hydroxyquinolate 
compound, in the absence of excess 
ammonium salts, and determined either 
gravimetrically or volumetrically (by 
bromometric titration) according to 
the procedures described by Maxwell 
(pp 374-375) 1 or Hillebrand et al 
(pp 642-644) 2 . However, vanadium may 
interfere if it was not removed prior 
to the ~recipitation of calcium as the 
oxalate . 



4. If a glass stirring rod is used 
and an appreciable amount of magnesium 
is present, the sides of the beaker 
should not be scraped with the rod 
during stirring of the solution. The 
abrasion of the glass surface en
courages the growth of tiny crystals 
of the precipitate which adhere to the 
walls of the beaker and which are 
difficult to transfer quantitatively 
to the filter paperl,2, 

5. If only a small amount of mag
nesium is present, precipitation can 
sometimes be initiated by scraping the 
sides of the beaker with a glass rod 
(Note 4) 1 , and can be hastened by 
cooling the solution to 0-10°C and 
stirring vigorously 2 • 

6. Complete precipitation of mag
nesium is indicated when no further 
formation of a precipitate occurs on 
the addition of a drop of concentrated 
ammonium hydroxide to the supernatant 
solution 1 • 

7. To ensure the recovery of any of 
the magnesium precipitate that may have 
adhered to the beaker, funnel, and 
stirring rod during the filtration 
step, wipe the rod and the top inner 
parts of the beaker and funnel with 
small moistened pieces of filter paper, 
and add the paper to the platinum 
crucible containing the precipitate. 

8. Because carbon from the filter 
paper may become entrapped in the 
resultant magnesium pyrophosphate and 
virtually "fireproofed", the charring 
of the paper and oxidation of the 
carbon must be carried out slowly at 
450°C or less. The crucible should 
never be allowed to become more than a 
very faint red before all of the 
carbon has disappearedl. 

9. If the magnesium precipitate is 
ignited at temperatures appreciably 
higher than 1100°C, phosphorus may be 
lost, presumably by volatilization, or 
phosphate may be reduced and cause 
damage to the platinum crucible . At 
appreciably lower temperatures, the 
conversion of magnesium ammonium 
phosphate to pyrophosphate is slow 1 • 

The final residue is usually a slightly 
gray colour. 

10. A small amount of calcium, re
sulting from the slight solubility of 
calcium oxalate in aqueous media, 
usually remains in the combined 
filtrate and washings obtained after 
the separation of calcium as the 
oxalate. This residual calcium is co
precipitated as the phosphate during 
the precipitation of magnesium 
ammonium phosphate and contaminates the 
precipitatel, 2 , 5 • In exact work, a 
correction for co-precipitated calcium 
phosphate can be made by dissolving 
the ignited magnesium pyrophosphate 
residue in hydrochloric or nitric 
acid, diluting the solution to a 
definite volume with water, and deter
mining the amount of calcium present by 
atomic-absorption spectrophotometry. 
The amount obtained can then be cal
culated as calcium phosphate and sub
tracted from the weight of the residue . 

Ca3(P04)2(g) = 7.740 X Ca (g). 

The ignited residue may also be con
taminated with mangane se pyrophosphate, 
as indicated by a brown or pinkish 
colour, if the manganese separation was 
not carried out as described prior to 
the separation of calcium as the 
oxalate 1 • 2 • 5 • After dissolution of the 
residue as described above, a correc
tion for manganese can also be made, in 
a similar manner to that for calcium, 
by determining the amount of manganese 
present, either by atomic-absorption 
spectrophotometry or by the Spectro
photometric-Permanganate Method (p 57) , 
followed by calculation to mangan ese 
pyrophosphate, and subtraction of the 
amount obtained from the weight of the 
ignited residuel, 2 . 
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Calculations 

%Mg0 
0.3623xWeight of ignited precipitate(g) 

s 
X 100 

where: 

S = ueight (g) of the sample in the 
solution or aliquot taken for 
analysis. 

%Mg 0.6032 X% MgO 
%l1gC03 = 2.092 X % MgO 



Other applications 

This method can be employed to deter
mine magnesium in fire-brick, glass, 
cernent, and bauxite. 
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DETERMINATION OF MOI STURE, AND TOTAL AND COMBINED WATER IN ORES AND MILL 
PRODUCTS, SILICATE ROCKS AND MINERALS, SILICA SAND, SANDSTONE, QUARTZITE, 
CARBONATE ROCKS, CLAY, AND SHALE 

Principle 

Hygroscopie moisture, designated as 
H10-, H20<110°C, or non-essential 
water, is determined from the loss in 
weight of the sample after heating at 
105-110°C 1 - 4 • The method for the 
determination of total waterl-3,5-7 is 
based on the liberation of water by 
ignition of the sample in a water-free 
oxygen atmosphere, and the collection 
of the resultant water vapeur in a 
weighed absorption bulb containing 
anhydrous magnesium perchlorate. 
Total water is determined from the 
increase in weight of the absorption 
buli. Combined water, designated as 
H20 , H20>110°C, water of constitution, 
essential, ·or bound water, is deter
mined from the difference between the 
total water content and the moisture 
content of the sample. 

Outline 

To determine moisture, the weighed 
sample is heated for 1 heur at 105-
1100 C, cooled and re-weighed. 

To determine total water, the sample 
is covered with a mixture of calcium 
and lead oxides, and ignited at a high 
temperature in a combustion tube in a 
water-free oxygen atmosphere. The 
resultant water vapeur is collected in 
a weighed absorption bulb, and the 
bulb is re-weighed. 

Discussion of interferences 

Combined water (H20+) and hygroscopie 
moisture (H20-) are relatively 
arbitrary divisions of the total water 
content of the sample because of the 
numerous factors that can affect the 
accurate determination of both frac
tions. Hygroscopie moisture depends 
on the degree of comminution of the 
sample, on whether it contains hygro
scopie constituents, and on the re
lative humidity of the atmosphere at 
the time the sample is weighed. 
Grinding of the sample can cause either 
a posit ive change in the moisture 

content because of the consequent great
er surface area that is available for 
the adsorption of water,or a negative 
change because of the heat and pressure 
that are developed during the grinding 
process 1 - 4 Excessive grinding can 
cause low results for combined water if 
the resultant heat is sufficient to 
cause partial volatilization of water 
of crystallization 2 • High results will 
be obtained for hygroscopie moisture 
and, subsequently low results for com
bined water if the sample contains 
"loosely-bound" water (e.g., some 
zeolites), or water of crystallization 
that is partly or completeiy expelled 
when the sample is heated to 105-. 
110°cl-3. Low results will be obtained 
for hygroscopie moisture if the sample 
contains ferrous compounds that are 
readily oxidized to heavier ferric 
compounds during the heating stage. 
High results will be obtained for ex
tremely hygroscopie samples (e.g., 
rocks containing chlorite) because of 
the difficulty in weighing these samples 
accurately, ~articularly after drying 
at 105-110°C . . Possible errer, which 
can occur in the determination of com
bined water because of hourly or daily 
fluctuations in relative atmospheric 
humidity, should be minimized by deter
mining the hygroscopie moisture and 
total water contents of the sample 
either concurrently, or at least on the 
same day. 

Chlorine, fluorine, oxides of sulphur, 
and volatile acid compounds that may be 
produced during the ignition of samples 
containing chloride, fluoride, sulphate, 
or sulphide compounds interfere in the 
determination of total water because 
they are partly absorbed by the anhydrous 
magnesium perchlorate employed for the 
absorption of the liberated water 
vapour 1 - 7 . 

Moderate amounts of the above gases and 
acidic compounds are prevented f rom 
volatilizing during ignition by cover
ing the sample with a retentive flux 
mixture of calcium and lead oxides 4 • 
The flux mixture also prevents the re
due tien of water to hydrogen by ferrous 
iron in the sample 4 •B. Large amounts of 
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FIGURE 1. Apparatus for the determination of total water 

A - Oxygen tank with two-stage 
regulator. 

B - Rubber tubing. 
C - Oxygen-flow meter. 
D - Drying unit containing anhydrous 

magnesium perchlorate (Anhydrone). 
E - Glass-wool. 
F - Rubber stopper. 
G - Glass tube. 
H - Tygon tubing (approximately 

2.5 ft.). 
I - Rubber stopper with oxygen (heat

deflector) baffle. 
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J - Electric furnace, resistance-type 
with appropriate temperature 
controls, or induction-type with 
appropriate power input indicatin g 
device. 

K - Combustion tube. 
L - Glass tube (approximately 2 in. in 

length) packed with glass-wool. 
M - Absorption bulb (Nesbitt-type) 

containing anyhdrous magnesium 
perchlorate. 



sulphur oxides and acidic sulphur 
compounds can be removed from the 
liberated water vapeur, as lead sul
phate, by passing the water vapeur 
through ~ heated column packed with a 
mixture of lead oxides 3 or with 
granular lead chromate 7 . 

Carbon dioxide does not interfere in 
this method 1 - 7 • Organic material 
causes high results for total water 
because it is oxidized to water and 
carbon dioxide during the ignition of 
the sample 1 • 2 • 4 - 6 • 8 • 

A purification unit containing 
anhydrous magnesium perchlorate re
moves water from the oxygen employed 
as the carrier gas. 

Range 

The methods for hygroscopie moisture 
and total water are suitable for 
samples containing more than approxi
mately 0.1% of moisture or water. 

Apparatus 

Apparatus f o r th e determination of 
total water. A typical arrangement of 
the apparatus is illustrated in Figure 
1. The following general recommenda
tions indicate the type of apparatus 
and related materials that are 
acceptable: 

(a) Electric furnace - Any furnace 
that will heat the sample to the 
required temperature, including 
split-type furnaces with wire
wound heating elements, may be 
employed. 

(b) Combustion tubes - Translucent 
silica or Vitreosil tubes that are 
gas-tight at operating tempera
tures may be used. Tubes approxi
mately 30 inches long, with an 
inside diameter of 1.25 inches, 
and tapered at one end are general
ly used with resistance furnaces. 

(c) Boats and covers - Alundum, 
Vitreosil, clay, or zircon boats 
and covers may be employed (Note 1). 
Prier to use, the boats and covers 
should be pre-ignited in air, at 
approximately 1000°C, for at least 
15 minutes, then stored in a drying 
oven maintained at approximately 
120°C. 
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(d) Oxygen - pur ification unit -
The pu r ity of the oxygen should be 
not l ess than 99.5%. It should be 
pass e d through two reduction pres
sure valves (approximately 30 and 
2 to 4 psi, respectively) or a 
suitable two-stage reduction valve 
to provide a steady and adequate 
flow. Organic material of any kind 
is an undesirable impuri t y. It is 
usually absent in commercial oxygen, 
and it generally suffices to remove 
water by passing the gas through 
anhydrous magnesium perchlorate. 
If the presence of organic material 
is suspected, the oxygen should 
first be passed through a tube that 
is loosely-packed with copper oxide 
and heated to about 450°C. 

(e) Wat e r-ab s orp tion un i t - A Nesbitt
type absorption bulb (shown in 
Figure 1) or a commercial absorption 
cartridge (e.g., that employed in 
the Burrell Carbotrane) may be em
ployed. If a Nesbitt bulb is used, 
the stopcock should be lubricated 
with silicone stopcock grease. The 
glass tube L (Figure 1), employed 
to connect the absorption bulb to 
the exit end of the combustion tube, 
should be relatively short so that 
the hot exit gas which carries the 
resultant water vapeur is not cooled 
to such an e x tent that appreciable 
condensation of the water vapeur 
occurs in the tube. The tube should 
also be packed with glass-wool to 
screen out f inely-divided solid 
particles. All connections between 
the exit end of the combustion tube 
and the inlet tube of the absorption 
bulb should be, as nearly as possible, 
glass-te-glass with the least pos
sible inside exposure of rubber. 
The magnesium perchlorate used in the 
absorption bulb should be checked 
frequently to ensure that its ab
sorbing capacity has not been 
exhausted. 

Re agents 

Ca l c i um oxi d e - lead ox ide f l ux mi x ture, 
50% each by weight. Transfer 25 g each 
of powdered calcium oxide and lead 
oxide (Pb304) to a large silica dish, 
mix thoroughly, and ignite the mixture 
in a muffle furnace at approximately 
800°C for about 1 heur. Cool, break 
up any lumps with a small pestle, and 
store the mixture in a drying oven 
maintained at approximately 120°C. 



When in use, store the mixture in a 
tightly-sealed bottle in a dessicator. 

Procedures 

Determination of moisture 

Transfer 1 g of powdered sample to a 
tared, covered 30-ml platinum crucible 
(Note 2), and re-weigh the crucible, 
caver, and contents (Note 3). Remove 
the caver and heat the crucible in a 
drying aven at 105-110°C for l hour. 
Re-caver the crucible, cool in a 
dessicator for approximately 30 
minutes, then remove the caver for a 
moment and re-weigh (Notes 4 and 5). 

Determination of total water 

In this procedure a blank determination 
should be carried out either after, or 
preferably before the analysis of the 
sample (Note 6). 

Heat the furnace to 1000 ± 25°C, close 
the inlet end of the combustion tube 
with the rubber stopper I (Figure 1), 
and pass oxygen through the tube at a 
rate of approximately 1 litre per 
minute for about 15 minutes to remove 
air and moisture from the apparatus. 
Maintain the flow of oxygen, discon
nect the water-absorption bulb M 
(Note 7), quickly close the stopcock in 
the bulb, and place the bulb in the 
balance case. When the bulb is cool , 
open the stopcock for a moment to 
equalize the pressure and weigh. Open 
the stopcock and quickly re-connect 
the bulb to the apparatus . Continue 
the passage of oxygen, and remove and 
re-weigh the bulb at 10-minute inter
vals until a reasonably constant 
weight is obtained (Note 8). 

Re -connect the bulb again, open the 
inlet end of the combustion tube and, 
depending on the expected water content, 
quickly insert a previously-ignited 
covered boat (Note 9), containing 0.5-
1 g of powdered sample covered with 1 g 
of the 50% calcium oxide-50% lead oxide 
flux mixture (Notes 10-13), into the 
tube. Push the boat into the hot 
central zone with a steel rod, and 
immediately close the tube. Con tinue 
to pass oxygen through the tube at a 
rate of approximately 1 litre per 
minute until all of the water has been 
expelled from the sample (Note 14), 
then remove the water-absorption bulb 
and re-weigh. Correct the result ob
tained for the sample by subtracting 

190 

that obtained for the blank. 

Notes 

1. The caver employed is usually a 
sleeve-type, open at bath ends to 
allow free access of oxygen; it pre
vents damage to the combustion tube if 
the sample spatters during the ignition 
process. 

2. Cylindrical low-form weighing 
bottles, platinum dishes, and Vitreosil, 
porcelain, or nickel crucibles can 
also be employed for the determination 
of moisture. However, if a platinum 
crucible is used, the subsequent dried 
sample (i.e., silicate rocks and 
minerals, clay, shale, silica sand, 
sandstone, and quartzite) can be used 
for the determination of silica by the 
Classical-Gravimetric Method (Proce
dures C (a) and C (b), p 201). 
If . a platinum dish is employed the 
dried sample (i.e., silica sand, sand
stone, and quartzite) can be used for 
the determination of silica by the 
Gravimetric-Indirect Rapid Control 
Method (p 207) involving the direct 
volatilization of silicon as the 
tetrafluoride. 

3. Error due to possible loss of 
sample during the transfer of the 
sample to the crucible is eliminated 
by re-weighing the crucible and con
tents, and calculating the weight of 
the contents. If the weights of the 
sample by direct weighing and by 
difference do not agree to within 0.2 
mg, either the sample is hygroscopie, 
or the transfer of the sample to the 
crucible was carelessly made 8 • 

4. If the loss in weight exceeds 
1 mg, the heating, cooling, and 
weighing should be repeated until 
constant weight is obtained. If the 
loss exceeds 5 mg, the crucible should 
be heated at a slightly higher temp
erature (e.g., 125°C) to determine 

.whether a further loss in weight, 
indicating the presence of a signifi-
cant amount of hydrous material (e . g., 
water of crystallization), occurs 4 . 

5. Constant weight (Note 4) may be 
difficult to obtain if the sample 
contains organic material. In this 
case, the loss in weight after a 
single heating can be arbitrarily 
considered to represent the moisture in 
the sample 4 • 



6. If the boats and covers have 
been previously ignited at 1000°C and 
stored in a drying oven, the magnitude 
of the blank will depend primarily on 
the dryness of the calcium and lead 
oxide mixtu re employed as the flux 
(Note 11), and on the atmospheric 
humidity. If humid conditions prevail, 
several blank determinations should be 
made. The magnitude of the blank 
should not exceed approximately 0.5 mg, 
and successive blanks should agree to 
within 0.1-0.2 mg. 

7. Two weighed water-absorption 
bulbs can be used in the apparatus, if 
desired. This will ensure the com
plete absorption of water vapour, and 
provides an indication when the first 
bulb must be re-charged. 

8. After the apparatus has been 
swept free of air and moisture and the 
weight of the absorption bulb is 
reasonably constant, the blank deter
mination(s) and the determination of 
water in t~e sample or samples can be 
carried out, in succession, as des
cribed in the subsequent procedure, if 
the flow of oxygen is maintained 
throughout the course of the analyses. 

9. To avoid contamination by mois
ture from the hands, the boat and cover 
should be handled with clean tongs or 
forceps. 

10. If only the combined water con
tent of the sample is required, this 
can be determined directly by analyz
ing a suitable portion of sample that 
has been previously dried at 105-ll0°C. 

11. Because calcium oxide is hygro
scopie, the flux mixture should be 
weighed quickl y and added to the 
sample just prior to the introduction 
of the boat and sample into the com
bustion tube . 

12. The calcium and lead oxide flux 
mixture, and the temperature employed 
in this method may not be adequate for 
the determination of total water in 
certain minerals (e.g., talc, topaz, 
tourmaline, staurolite, chondrodite, 
titanite, epidote, hornblende, and 
hydroxyapati te ) and micas (e. g., 
phlogopite) that require a temperature 
of approximate ly 1200°C for the com
plete expulsion of their water 1 - 8 • 

Sodium paratungstate (Na6W7024) 1 • 2 • 5 • 6 
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anhydrous sodium carbonate 2 , or a 
mixture consisting of 2 parts of lead 
oxide (PbO) and 1 part of lead chro
mate (PbCr04) 8 have been recommended 
as fluxes for the above minerals. 
Sodium paratungstate should first be 
pre-ignited at 800°C, and stored in a 
tightly-sealed bottle in a dessicator. 
Lead oxide and lead chromate should be 
pre-ignited separately at 800°C in 
platinum dishes, then combined, ground, 
and stored in a tightly-sealed bottle 
in a dessicator. Neither lead oxide 
nor lead chromate attack platinum at 
the specified temperature, but a mix
ture of the two attacks it severelya. 
Sodium paratungstate retains sulphur 
trioxide 2 • 3 , and the lead oxide-lead 
chromate mixture retains sulphur 
oxides, chlorine, and fluorines. 
Platinum boats should be employed if 
so dium paratungstate or sodium car
bonate are used as the flux material. 

13. The calcium and lead o~ide flux 
mixture cannot adequately retain the 
oxides of sulphur or acidic sulphur 
compounds formed during the combustion 
of samples containing relatively large 
amounts of sulphide minerals (e.g., 
ores and mill products). Samples of 
high sulphur content can be analyzed 
if the exit end of the combustion tube 
is packed with a mixture of lead 
o xide s (PbO and Pb0 2 ) heated to 300-
3500 C 3, or with granular lead chromate 
heated to 300-400°C7. 

14 . To determine whether all of the 
water has been expelled, examine the 
exit end of the combustion tube, the 
glass tube L, and the inlet tube of 
the water-absorption bulb. If moisture 
is pre sent in any of the above parts of 
the apparatus, heating of the sample 
should be continued. Heating should 
not be stopped until the inlet tube of 
the water-absorption bulb has been free 
of moisture for at least 10 minutes. 
Usually all of the water is expelled 
after the sample has been heated for 
approximately 30 minutes. 

Calculations 

L 
(g) X 100 Sample weight 

where: 



L loss in weight (g) of the sample 
after drying at 105-110°C. 

IS - IB 
% Total water = x 100 Sample weight (g) 

where: 

IS = increase in weight (g) of the 
water-absorption bulb for the 
sample. 

increase in weight (g) of the 
water-absorption bulb for the 
blank. 

+ % Combined water (H20 ) 

% total water - % moisture. 
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DETERMINATION OF NICKEL IN ORES AND MILL PRODUCTS BY PRECIPITATION WITH 
D IMETHYLGLYOX IME 

Princip le 

Nickel is determined by weighing as 
the red dimethy lglyoximate 
[ Ni (C4H70 2N2 ) 2 ] after precipitation 
with dimeth y lglyoxi me from a weakly 
ammoniacal mediuml-3, 

Out l i ne 

The sample is decomposed with hydro
chloric and nitric acids. The solu
tion is evaporated to dryness to re
move excess nitric acid, and acid
insoluble materia l is ultimately 
removed by filtration. 

If iron is present and cobalt is 
absent, copper, bismuth, palladium, 
and various other elements of the 
copper and arsenic groups (molybdenum, 
rhenium, silver, platinum metals, gold, 
cadmium, mercury, germanium, tin, lead, 
arsenic, antimony , selenium, and 
tellurium) are precipitated as the 
sulphides from a dilute hydrochloric 
acid medium and separated from nickel 
by filtration. The nickel in the 
filtrate is ultimately pr~cipitated 
with dimethylglyoxime from an ammonia
cal ammonium chloride-sodium citrate 
medium, and the precipitate is separat
ed by filtration, dried, and weighed. 

If both iron and cobalt are present, 
iron is separated from nickel and 
cobalt by chloro f orm extraction of its 
cupferron c omple x from a dilute hydro
chloric acid medium. The copper and 
arsenic group elements in the aqueous 
phase are subsequently separated as 
the sulphides. The nickel in the 
resulting f i ltra t e is ultimately pre
c ipitated with dimethylglyoxime. 

Discussion of interferences 

Interference from copper, bismuth, and 
palladium, which f orm soluble and in
soluble dimethylg l yoxime compounds 
that co-precipitate with, or are 
occluded by n i cke l dimethylglyoximatel• 3, 
is avoided by separating these elements 
from nickel b y precipitation as the 
sulphides with hydrogen sulphide from 
an approximatel y 0.5 M hydrochloric 
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acid medium 4 • Tungsten is only partly 
removed by this separation procedure, 
but several mg do not interfere in the 
determination of nickel! 

Iron (II), which is formed during the 
hydrogen sulphide separation procedure 
and which interferes by forming a 
soluble red complex with dimethylgly
oxime in ammoniacal media, is re
oxidized to the trivalent state with 
bromine, prior to the precipitation of 
nickel!, Interference from iron (III) 
and other elements that form hydrous 
oxides in ammoniacal media [e.g., 
aluminum, chromium (III), manganese, 
magnesiuro, and the alkaline earths] is 
avoided by complexing these eleroents 
wiih ammonium chloride and sodium 
citrate, pr.jor to the precipitation of 
nickel. 

Cobalt (II), in the absence of iron 
(III), forms a soluble brown 
dimethylglyoxime compound that is 
readily removed from the nickel pre
cipi tate by washing the precipitate 
with water 3 • Up to approximately 
100 rug of cobalt do not interfere if 
sufficient dimethylglyoxime is added 
to combine with both the cobalt and 
the nickel 5 • In the presence of iron 
(III), cobalt interferes because it 
forms a mixed reddish-brown cobalt
iron-dimethylglyoxime compound 
(FeCoC12H19N606) that cannot be re
moved by washing 3 • This interference 
can be eliminated by separating iron 
froro cobalt and nickel by chloroforro 
extraction cf its cupferrate frcm a 
hydrochloric acid medium. 

Moderate amounts of vanadium, and 
several mg of silica do not interfere 1- 3 . 

The methoù is suitable for samples 
containing approximately 0.5 to 20% 
of nickel, but material containing 
h igher concentrations can also be 
analyzed if the initial sample solution 
is diluted to a definite volume with 
water and a suitablc aliquot is taken. 



Reagents 

Dimethylglyoxime solution, 1% w/v in 
ethyl alcohol. 

Hydrogen sulphide (cylinder) gas . 

Hydrogen sulphide wash solution. 1% 
hydrochloric acid saturated with 
hydrogen sulphide. 

Bromine water. 
bromine. 

Water saturated with 

Cupferron solution, 9% w/v. 
fresh as required. 

Sulphuric acid, 50% v/v. 

Prepare 

Chloroform. Analytical reagent-grade. 

Procedures 

Iron present and cobalt absent 

Transfer 0.2-1 g of powdered sample, 
containing approximately 5-40 mg of 
nickel (Note 1), to a 250-ml beaker, 
add 10 ml each of water and concentrat
ed hydrochloric acid, cover the beaker, 
and boil for several minutes. Add 
10 ml of concentrated nitric acid, 
boil until the decomposition of acid
soluble material is complete, then 
remove the cover and evaporate the 
solution to dryness. Wash down the 
sides of the beaker with approximately 
10 ml of concentrated hydrochloric 
acid, evaporate the solution to dryness 
again, then add 7 ml of concentrated 
hydrochloric acid and approximately 
25 ml of water, and heat gently to 
dissolve the soluble salts. Filter the 
resulting solution (Whatman No. 30 
paper) into a 400-ml beaker, using 
paper pulp, if necessary, and wash the 
beaker, paper, and residue (Note 2) 
with hot water. 

Dilute the filtrate to approximately 
150 ml with hot water, and pass hydro
gen sulphide through the solution for 
approximately 10 minutes to precipitate 
the copper and arsenic group elements. 
Filter the solution (Whatman No. 32 
paper) into a 400-ml beaker, and wash 
the beaker, paper, and precipitate 
thoroughly with hydrogen sulphide wash 
solution. Discard the paper and pre
cipitate. Boil the filtrate to expel 
hydrogen sulphide, and add 5-10 ml of 
bromine water to oxidize iron (II). 
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Cover the beaker, boil the solution 
for 5 minutes, then remove the cover 
and continue boiling until all of the 
bromine has been expelled. Filter the 
solution if it is not perfectly clear, 
and add 2 g of ammonium chloride and 
3 g of sodium citrate or citric acid. 

Using litmus paper, neutralize the 
resulting solution with concentrated 
ammonium hydroxide. Add several drops 
in excess (Note 3), then add concen
trated hydrochloric acid, by drops, 
until the solution is just acid, and 
add several drops in excess. Heat the 
solution to 60-80°C, and add at least 
5 ml of 1% dimethylglyoxime solution 
for each 10 mg of nickel present (Note 
4). Stir the solution, and add con
centrated ammonium hydroxide, by drops, 
until the solution is distinctly 
alkaline to litmus paper. Stir 
thoroughly, and allow the solution to 
stand in a warm place for 1 hour, or 
up to 12 hours if the amount of nickel 
dimethylglyoximate precipitate is 
small. Cool, filter the solution 
through a tared, sintered-glass, 
medium-porosity filtering crucible, 
using suction, and test the filtrate 
for completeness of precipitation by 
adding several ml of dimethylglyoxime 
solution. Transfer the precipitate 
quantitatively to the crucible and 
wash the crucible and precipitate 
thoroughly with cold water (Note 5). 
Dry the precipitate for 1 hour at 110-
1200C, cool in a dessicator and weigh. 
Repeat the drying and weighing until 
constant weight is obtained. 

Both iron and cobalt present 

Decompose 0.2-1 g of sample, containing 
not more than 100 mg of cobalt (Note 
6), by the method described above. 
After evaporation of the solution to 
dryness to remove nitric acid, dissolu
tion of the residue in dilute hydro
chloric acid, and filtration of the 
solution to remove acid-insoluble 
mate rial (Note 2), add 8 ml of concen
trated hydrochloric acid, and transfer 
the resulting solution to a 250-ml 
separatory funnel. Dilute to approxi
mately 150 ml with water, and cool the 
solution to 10-15°C in an ice-bath. 
Add suff icient cold 9% cupferron solu
tion to precipitate the iron, mix, 
stopper, and extract the reddish-brown 
iron cupferrate by repeated sha k in g, 
for 1 minute each time, with 25-ml 



portion s o f chlo ro f orm until the 
organ i c lay er i s colourless (Note 7). 
Dis c ar d each ext r act. Tran s fer t h e 
aqueous phase to a 400-ml beaker, 
warm gentl y to remove residual chloro
form, then evapo r ate the solution to 
approximately 50 ml. Add 15 ml of 
50 % su l phur i c ac i d and 10 ml of con
centrated nitric acid, cover the 
beaker, and boil t he solut i on for 20-
30 minutes to destroy organi c material . 
Cool, remove th e caver, and evaporate 
the solutio n t o f umes of sulphur tri
oxide. If or ga ni c material is still 
present, re p e a t t h e treatment with 
nitric aci d and e vaporate the solution 
to dryness . Add 7 ml of concentrated 
hydrochloric acid and approximately 
25 ml of water, and heat to dissolve 
the salts. Dilute the solution to 
150 ml with hot water, and proceed 
with the hydrogen sulphide separation 
of the copper and arsenic group ele
ments, the prec i pitation of nickel 
dimethylglyoximate (Note 8), and the 
subsequent treatme nt of the precipitate 
as described above. 

Notes 

1. More than approximately 40 mg of 
nickel cannot be conveniently handled 
by this method because of the bulki
ness of the nick el dimethylglyoximate 
precipitate. 

2. If an appreciable amount of 
acid-insoluble ma terial (i.e., 
silicates) is present, proceed as 
follows: 

T r ans f er the residu e q uantitatively to 
t h e f ilte r paper , a nd t r an sfe r the 
p a pe r and co n tent s t o a 30 - ml platin um 
c r ucible . Burn off t h e pape r at a low 
tempe r atur e and ignite at appro x imate 
ly 750 ° C. Cool the c rucible , add 1 ml 
of 50% sulphuric acid and 3-5 ml o f 
c oncentrated hydr o f luoric acid , heat 
gently to decompose the r esidue , then 
evapo r ate the solution to d r yne s s to 
remove silica and e x ces s sulphur ic 
acid . Fuse the re s i du e with 1 g of 
sodium car bonate , cool , and t r an sfe r 
the crucible and co n tents to t h e 
beake r co n taining t h e initial f ilt ra te . 
Wh en d issolution o f t h e melt i s com 
plete , r e move the c ruc ible a f ter wash 
i ng it t h o r oughly wi t h ho t wate r, bail 
the r esul t ing solution f o r s eve r al 
minutes to expel ca r bon dio x ide , then 
p r oceed a s described. 
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If only a small amount of light
c o lour e d residue is present, it may be 
di scarded. 

3. If the solution is cloudy at thi s 
s tage, acidify it with c o ncentrated 
hydr och lo ric acid, and add sufficient 
add i t ional sodium citrate and/or 
ammon i um chloride, as required, so that 
a c l e a r solution is obtained on re
neutralization of the solu t ion with 
concentrated ammonium hydroxide. 

4. Theor e tically 4 ml of 1% dime
t h yl glyoxime solution are required for 
each 1 0 mg of nickel , but a moderate 
e x ces s i s advisable. Excess dimethyl
gl y o xime b a s no adverse effect unless 
the r ea ge nt itself crystallizes out of 
so lution 3 . 

5 . To av o id loss of nickel because 
of t he solubility of nickel dimethyl
glyoxima t e in hot aqueous solutions, 
the samp l e solution should be cooled 
be f ore filtration, and cold water 
should b e employed to wash the pre
cipi t a te 3. 

6 . Larger amounts of cobalt inhibit 
the p re cipitation of nickel dimethyl
gl y ox i ma t e from ammoniacal solutions 
(Note 8 ) 3 , 

7 . Approximately 2-2.5 ml of 9% 
cup f er ron solution are usually suffi
ci e nt f or the complexation of 10 mg of 
metal ion . To test for completene s s 
of pr ecipita t ion, extract the solution 
tw ice with chloroform, then add 1-2 ml 
of cup ferr o n solution. Complete pre
c ip itat i on is indicated by a transient 
white p r e cipitate resulting from the 
p r esen ce of excess cupferron. 

8 . Su fficient dimethylglyoxime must 
be a dde d to react with the cobalt and 
to pr o v ide a n excess for the nickel. 
If the sample solution contains a 
lar ge a mo un t of cobalt, care should be 
taken that the alcohol content of the 
solu ti o n , r esulting from the addition 
~ f the dimethylglyoxime solution, does 
not e xce e d 50 % by volume. Nickel 
dimethy l gl y oxima te is increasin gly 
sol uble i n sol u tions containing greater 
proport i on s of alcoholl. 



Calculations 

% Ni 
0.203lxWeight of drieù precipitate (g) 

Sample weight (g) 

X 100 

Other applications 

With modifications in the decomposition 
and separation procedures, this method 
can be employed to determine nickel in 
minerals, iron, steel, and ferrous 
alloys 3. 
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DETERMINATION OF SILICA IN IRON, MANGANESE, TITANIUM AND SULPHIDE ORES 
AND Ml LL PRODUCTS, REFRACTORY AND AC ID-SOLUBLES ILICATE ROCKS AND 
MINERALS, CARBONATE ROCKS, CLAY, AND SHALE BY THE CLASSICAL METHOD 

Principle 

Silica is determined from the loss in 
weight of the impure silica precipi
tate obtained by acid dehydration, 
after ignition of the precipitate and 
subsequent volatilization of silicon 
as the tetrafluoride from a hydro
fluoric-sulphuri c acid mediuml-5. 

Outline 

Iron, manganese and sulphide ores and 
mill products, containing 0.25% or 
less of fluoride, are decomposed with 
hydrochloric, nitric, and perchloric 
acids, and the solution is evaporated 
to fumes of perchloric acid to dehy
drate the silica. Silica and other 
acid-insoluble material is ultimately 
separated by filtration, ignited, and 
fused with sodium carbonate. The melt 
is dissolved in the initial filtrate, 
and silica is again dehydrated and 
separated by filtration. The residual 
silica in the filtrate is recovered by 
dehydration, and the impure precipi
tates are combined, ignited, and 
weighed. The resultant residue is 
treated with hydrofluoric and sulphuric 
acids and the solution is evaporated 
to dryness to volatilize silicon as 
the tetrafluoride, and to remove 
excess sulphuric acid. The resulting 
non-volatile residue, containing the 
occluded impurities, is ignited and 
weighed. 

Samples containing more than 0.25% 
of fluoride are decomposed with 
hydrochloric and nitric acids in the 
presence of aluminum chloride, and 
the solution is evaporated to dry
ness to dehydrate the silica. 
Silica is ultimately determined as 
described above, after dehydration 
with hydrochloric acid. 

Titanium ores and mill products are 
decomposed by fusion with potassium 
pyrosulphate. The melt is dissolved 
in dilute sulphuric acid and the 
solution is evaporated to fumes of 
sulphur trioxide to dehydrate the 
silica. Silica is subsequently de
termined as described above, after 
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recovery of the residual silica in the 
initial filtrate by dehydration with 
sulphuric acid. 

Refractory and acid-soluble silicate 
rocks and minerals, clay, and shale 
are decomposed by fusion with sodium 
carbonate. The melt, depending on the 
fluoride content, is dissolved in 
either dilute perchloric acid or in 
dilute hydrochloric acid containing 
a luminum chloride. Silica is subse
quently determined, after dehydration 
with perchloric or hydrochloric acid, 
by the respective methods described 
for iron, manganese and sulphide ores 
and mill products. 

Carbona te rocks, depending on the 
fluoride content, are decomposed and 
analyze d for silica by the appropriate 
methods described for iron, manganese 
and sulphide ores and mill products. 

Dis cussion of interferences 

Various elements, depending on the 
acid employed for the dehydration of 
the polymerized silicic acid, contam
inate the silica precipitate because 
they form insoluble compounds during 
the dehydration procedure, or because 
they are retained by the precipitate. 
Regardless of whether perchloric, 
sulphur ic, or hydrochloric acid is 
employed for dehydration, niobium, 
tantalum, and tungsten form insoluble 
hydrous oxides that co-precipitate 
with silica. Boron is partially co
precipitated, small amounts of aluminum 
and iron are retained by the precipi
tate, and tin, antimony, and bismuth 
may be co-precipitated or retained, to 
some extent, by the precipitate 2 - 5 . 
Titan ium and zirconium are not appre
ciably co-precipitated in the absence 
of phosphate unless the solution is 
diluted to such an extent, prier to 
filtration of the silica, that hydr
olysis of these elements occurs. In 
the presence of moderate amounts of 
phosphate, titanium and zirconium are 
co-precipitated as insoluble phos
phates 3. Molybdenum, germanium, and 
vanadium may be partly precipitated 
during dehydration of silica with 
perchlor ic acid 2 . Manganese may 



precipitate as the dioxide, but this 
compound can readily be dissolved 
(i.e., reduced) and prevented from 
contaminating the silica precipitate 
by the addition of sodium nitrite 1 • 
During dehydration of silica with 
hydrochloric acid, silver and lead 
form insoluble chlorides, gold and 
palladium are partly precipitated as 
the elements, and arsenic (III) and 
germanium are volatilized as the 
chlorides. Lead, barium, and calcium 
form insoluble sulphates, and german
ium may co-precipitate during dehy
dration with sulphuric acid 2 . 

More than approximately 0.25% of 
fluoride causes low results for silica , 
particularly in the absence of alumin
um, because of the loss of silicon as 
the volatile tetrafluoride during the 
sample decomposition and/or dehydra
tion steps 2 - 4 • Interference from 
fluoride is eliminated by complexing 
it with aluminum during sample decom
position with hydrochloric and nitric 
acids, or before dehydration of silica 
with hydrochloric acid following 
sample decomposition by fusion 6 • 

Positive error from most of the com
pounds that contaminate the silica 
precipitate is avoided by treating 
the impure silica residue, obtained 
after ignition and conversion of the 
silica and impurities to anhydrous 
oxides, with hydrofluoric and sulphuric 
acids. Silica is volatilized as the 
tetrafluoride, and the interfering 
impurities are converted to sulphates 
and subsequently re-converted to 
oxides during ignition of the non
volatile residue. The presence of 
sulphuric acid during the volatiliza
tion of silica eliminates positive 
error from titanium and other im
purities that form volatile fluorides 
(e.g., niobium, tantalum, and zircon
ium)3,S. Positive error from tungsten, 
which volatilizes as the trioxide at 
high temperatures, can be avoided by 
igniting both the impure silica pre
cipitate and the non-volatile residue 
obtained after the volatilization of 
the silicon, at temperatures below 
850°C 3 • 4 • 

Boron and arsenic (III), if present in 
the impure silica precipitate, cause 
high results for silica because they 
also volatilize as fluorides during 
the hydrofluoric-sulphuric acid treat
ment of the ignited precipitate 2- 4 • 
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Phosphate may cause positive error 
resulting from the expulsion of 
phosphoric acid 3 . 

Tin, antimony, arsenic, and other 
elements that are readily reduced to 
the metallic state by carbon from the 
filter paper (e.g., lead, silver, gold, 
bismuth, and palladium) during the 
ignition of the impure silica preci
pitate will alloy with the platinum 
crucible, and may cause error in the 
silica result because of indefinite 
changes in the weight of the crucible 
after the first and second ignitions. 
Interference from tin, antimony, and 
arsenic can be eliminated, during de
hydration of silica with perchloric 
or sulphuric acid, by volatilizing 
these elements as the bromides with 
hydrobromic acid. 

Insufficient washing of the silica 
precipitate, particularly when sodium 
or potassium salts are employed for 
fusion of the sample or acid-insoluble 
residue, usually causes a negative 
error in the silica result. Alkali 
salts that contaminate the impure 
silica precipitate cause low results 
for silica because they volatilize, in 
part, during ignition of the precipi
tate, and because the remainder de
composes and reacts with the silica to 
form an alkali silicate and a volatile 
acid. The resultant silicate is de
composed during the hydrofluoric
sulphuric acid treatment of the impure 
silica residue, and the alkali metal 
is subsequently weighed as the sulphate 
rather than the lighter oxide. Any 
alkali metal that is initially present 
as the chloride in the impure precipi
tate, and that is not decomposed or 
volatilized during ignition of the 
precipitate, also causes low results 
for silica because it is weighed first 
as the chloride, then as the heavier 
sulphate. High results will be obtain
ed if the non-volatile residue obtained 
after the hydrofluoric-sulphuric acid 
treatment is ignited at a temperature 
high enough to volatiliz~ all of the 
resultant alkali sulphate. Lead, 
calcium, strontium, and barium sul
phates also cause low results for 
silica because of the formation of 
silicates during ignition of the silica 
precipitate3. 

If un-decomposed material containing 
silicates is present in the ignited 
impure silica residue, incorr ect re
sults, caused by subsequent weight 



changes , will be obtained for silica 
even though all of the silicon in the 
un-decomposed portion is volatilized 
during the hydrof luoric-sulphuric acid 
treatment. For example, if the un
decomposed material is microcline 
(KAlSi309), the non-volatile residue 
remaining after the volatilization of 
silicon and the subsequent ignition 
will consist of potassium sulphate and 
aluminum oxide instead of potassium 
oxide and al uminum oxide3. 

Range 

The method is sui table for samples 
containing more than approximately 
0.5% of silica . 

Reagents 

Sulphuric acid, 50 %, 10%, and 5% v/v. 

Hydr ochloric acid wash solutions, 5%, 
2%, and 1% v/v. 

Procedures 

In these procedures a reagent blank is 
carried along with the samples. 

A - Iron, manganese and sulphide ores 
and mill products 

(a) Fluoride content 0.25% or less 

Transfer 0.5-2 g of powdered sample 
(Note 1), depending on the expected 
silica content, to a 400-ml beaker, 
moisten with several ml of water, and 
add 30 ml of concentrated hydrochloric 
acid. Cover the beaker, and heat gent
ly until the decomposition of acid
soluble material is complete, then add 
5 ml of concentrated nitric acid and 
heat gently for approximately 5 
minutes. Cool, add 25 ml of concen
trated perchloric acid, evaporate the 
solution to fumes of perchloric acid 
(Note 2), and continue fuming for 10-
15 minutes (Note 3). Cool, remove the 
cover, add 50 ml of water and, if 
necessary, several crystals of sodium 
nitrite to reduce any manganese dioxide 
present. Heat gently to dissolve the 
soluble salts, filter the solution 
(Whatman No. 541 paper) into a 600-ml 
beaker, and transfer the silica and 
acid-insoluble residue quantitatively 
to the filter paper. Wash the paper 
and residue 10 times with hot 2% 
hydrochloric ac id , then 5-10 times with 
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hot water to remove perchlorates (Note 
4). If necessary, evaporate the 
filtrate to approximately 200 ml, 
transfer it to the original beaker 
(Note 5), and evaporate the solution 
to about 125 ml. 

Transfer the paper and contents to a 
30-ml platinum crucible (Note 6), burn 
off the paper at a low temperature in 
a muffle furnace, and ignite at 
approximately 800°C. Cool the crucible, 
add 3-5 g of sodium carbonate to the 
residue and mix thoroughly. Cover the 
crucible and fuse the mixture at 900-
10000C until a clear melt is obtained 
(Note 7). Remove the cover, swirl the 
crucible to distribute the melt in a 
thin layer around the inner walls, 
allow the crucible and contents to 
cool, then transfer the crucible and 
cover to the beaker (covered) contain
ing the initial filtrate. When dis
solution of the melt is complete, 
remove the crucible and cover after 
washing them thoroughly with hot water. 
Add 10 ml of concentrated perchloric 
acid to the resulting solution, eva
porate it to fumes of perchloric acid, 
cover the beaker, and continue fuming 
for 10-15 minutes. Cool, remove the 
cover, add 75 ml of water and, if 
ne cessary, several crystals of sodium 
nitr ite to reduce manganese dioxide, 
and heat gently to dissolve the soluble 
salts. Filter the solution, transfer 
the precipitate quantitatively to the 
filter paper, and wash the paper and 
precipitate as described above. Trans
fer the paper and contents to the 
orig inal platinum crucible (Note 6). 

If necessary, evaporate the filtrate 
to approximately 200 ml, transfer it 
to the original beaker, and add 10 ml 
of concentrated perchloric acid. Re
peat the evaporation to fumes of per
chloric acid and the subsequent filtra
tion (Note 8) and washing of the paper 
and precipitate as described above 
(Note 9). Add the paper containing the 
residual silica precipitate to the 
platinum crucible containing the 
initial precipitate, and burn off the 
paper at a low temperature in a muffle 
furnace (Note 10). lgnite the com
bin ed precipitates at approximately 
1150°C (Notes 11 and 12) for 30 
minutes, cool in a dessicator and 
weigh (Note 13). Repeat the igni-
tion and weighing until constant weight 
is obtained, then moisten the residue 



in the crucible with several drops of 
water. Add 4 or 5 drops of 50% 
sulphuric acid and 10 ml of concentrat
ed hydrofluoric acid, and slowly eva
porate the solution to dryness to 
volatilize the silica and to remove 
excess sulphuric acid (Notes 14 and 
15). Ignite the residue at 1150°C 
(Note 11) for 5 minutes, cool in a 
dessicator and weigh. Repeat the 
ignition and weighing until constant 
weight is obtained, and correct the 
result obtained for the sample by 
subtracting that obtained for the 
reagent blank (Note 16). 

(b) Fluo ride content greater than 
0.25% 

Add 4.5 g of aluminum chloride hexa
hydrate to 0.5-2 g of sample (Notes 1 
and 17), and decompose the sample with 
concentrated hydrochloric and nitric 
acids as described above. Evaporate 
the s-0lution to complete dryness in a 
hot water-bath (Note 18). Cool, wash 
clown the sicles of the beaker with 10-
15 ml of concentrated hydrochloric 
acid, and evaporate the solution to 
dryness in the water-bath again to 
remove nitric acid. Cool, add 10 ml of 
concentrated hydrochloric acid to the 
residue, warm gently for 1-2 minutes 
(Note 19), then •add 50 ml of water, 
place the beaker in the hot water-bath, 
and stir to dissol~e the soluble salts. 
Filter the solution (Whatman No. 541 
paper) into a 600-ml beaker, transfer 
the silica and acid-insoluble residue 
quantitatively to the filter paper, 
and wash the paper and residue 5-7 
times with hot 5% hydrochloric acid 
followed by hot water. If necessary, 
evaporate the filtrate to approxi
mately 200 ml, transfer it to the 
original beaker (Note 5), and eva
porate the solution to about 125 ml. 

Transfer the paper and contents to a 
30-ml platinum crucible, burn off the 
paper, and ignite and fuse the 
residue with sodium ca rbonate as 
described above. Dissolve the melt in 
the initial filtrate, and remove the 
crucible and caver after washing them 
thoroughly with hot water. Evaporate 
the solution to approximately 50 ml, 
then place the beaker in a hot water
bath and evaporate the solution to 
complete dryness. Cool, add 10 ml of 
concentrated hydrochloric acid to the 
residue, warm gently for 1-2 minutes, 
then add 75 ml of water, place the 

beaker in a hot water-bath, and stir to 
dissolve the salts. As soon as the 
dissolution of the soluble salts is 
complete (Note 20), fil ter the solution 
and transfer the precipitate quantita
tively to the filter paper. Wash the 
paper and precipitate as described 
above, and transfer the paper and con
tents to the original platinum crucible 
(Note 6). . 

If necessary, concentrate the filtrate 
by evaporation, transfer it to the 
original beaker, evaporate the solution 
to dryness, and bake the residue in an 
oven at approximately 105°C for 1 hour 
(Note 21). Cool, add 10 ml of concen
trated hydrochloric acid and 75 ml of 
water, and dissolve the salts as des
cribed above. Filter the solution 
(Note 8), transfer the precipitate 
quantitatively to the filter paper, and 
wash the paper and precipitate with 
cold 1% hydrochloric acid and hot 
water. Add the paper containing the 
residual silica precipitate to the 
platinum crucible containing the 
initial precipitate (Notes 6 and 9), 
burn off the paper at a low temperature, 
then proceed with the ignition and 
weighing of the crucible and combined 
precipitates, the volatilization of 
silica, and the subsequent ignition and 
weighing of the crucible and non
volatile residue as described above. 
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B - Titanium ores and mill products 

Transfer 0.5 g of powdered sample 
(Note 22) to a 30-ml platinum crucible, 
add 7 g of potassium pyrosulphate, mix, 
and fuse the mixture over an open 
flame for approximately 30 minutes. 
Cool, transfer the crucible and con
tents to a 400-ml beaker, an d a dd 100 
ml of 10% sulphuric acid. Heat gently 
to dissolve the melt, then remove the 
crucible after washing it th o roughly 
with 10% sulphuric acid (Note 23). 
Add 40 ml of 50% sulphuri c a ci d, eva
porate the solution to fumes of 
sulphur trioxide, and continue fumin g 
for 2-4 minutes. Cool, care f ull y a d d 
approximately 180 ml of water in small 
portions, and stir to dissolve the 
soluble salts. Filter the solution 
into a 600-ml beaker, transfer the 
precipitate quantitatively to the 
filter paper, and wash t he pape r an d 
precipitate thoroughl y with 5 % sul
phuric acid followed by hot water t o 
remove potassium salts . Transfer the 



paper and contents to the original 
platinum crucible (Note 6). 

If necessary, concentrate the filtrate 
by evaporation, transfer it to the 
original beaker, and repeat the eva
poration to fumes of sulphur trioxide 
and the subsequent filtration (Note 8) 
and washing of the precipitate as des
cribed above. Add the paper contain
ing the residual silica precipitate to 
the platinum crucible containing the 
initial precipitate (Notes 6 and 9), 
burn off the paper at a low tempera
ture, and ~roceed with the ignition 
and subsequent treatment of the com
bined precipitates as described in 
Procedure A (a). 

C - Refractory and acid-soluble 
silicate rocks and minerals, 
clay, and shale 

(a) Fluoride content 2% or less 

Transfer 0.5-1 g of powdered sample 
(Note 24) t-0 a 30-ml platinum crucible, 
and ignite in an electric muffle 
furnace at 800-900°C for approximately 
30 minutes (Note 25). Cool the 
crucible, add a five-fold weight ex
cess of sodium carbonate, mix, and 
caver the mixture with 0.5-1 g of 
sodium carbonate. Caver the crucible 
with a platinum caver, heat at a low 
temperature for 5-10 minutes, then 
fuse the mixture (Note 7) at 900-1000°C 
for approximately 30 minutes. Remove 
the caver, swirl the crucible to dis
tribute the melt in a thin layer 
around the inner walls, allow the 
crucible and contents to cool, then 
transfer the crucible and caver to a 
400-ml (covered) beaker containing 
70 ml of water and 30 ml of concen
trated perchloric acid. When dissolu
tion of the melt is complete, remove 
the crucible and caver after washing 
them thoroughly with hot water (Note 
26). Evapora te the resulting solution 
to fumes of perchloric acid, caver the 
beaker, and continue fuming for 10-
15 minutes (Note 3). Cool, remove the 
caver, add approximately 100 ml of 
water and, if necessary, several 
crystals of sodium nitrite to reduce 
any manganese dioxide present, and 
heat gently to dissolve the soluble 
salts. Filter the solution, transfer 
the precipitate quantitatively to the 
filter paper, and wash the paper and 
silica precipitate with hot 2% hydro
chloric acid and hot water as described 
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in Procedure A (a). 

Transfer the paper and precipitate to 
the original platinum crucible, then 
proceed with the evaporation of the 
filtrate, the recovery of the residual 
silica (Note 27), and the ignition and 
subsequent treatment of the combined 
silica precipitates (Note 28) as des
cribed in Procedure A (a). 

(b) Fluoride content greater than 2% 

Following sample decomposition by 
fusion with sodium carbonate as des
cribed above, transfer the crucible 
and caver to a 400-ml beaker contain
ing 4.5 g of aluminum chloride hexa
hydrate dissolved in 75 ml of water. 
Caver the beaker, and add several 
drops of ethyl alcohol (Note 29) and 
25 ml of concentrated hydrochloric 
acid. When dissolution of the melt is 
complete, remove the crucible and caver 
after washing them thoroughly with hot 
water (Note 26), evaporate the result
ing solution to approximately 50 ml, 
then place the beaker in a hot water
bath and evaporate the solution to com
plete dryness. Cool, add 10 ml of 
concentrated hydrochloric acid to the 
residue and warm gently for 1-2 
minutes (Note 19). Add 75 ml of water, 
place the beaker in the hot water-bath, 
and stir to dissolve the salts. As 
soon as the dissolution of the soluble 
salts is complete (Note 20), fil ter 
the solution, transfer the precipitate 
quantitatively to the filter paper, 
and wash the paper and silica precipi
tate with hot 5% hydrochloric acid and 
hot water as described in Procedure 
A (b). Transfer the paper and preci
pitate to the original platinum 
crucible, then proceed with the eva
poration of the filtrate, the recovery 
of the residual silica, and the igni
tion and subsequent treatment of the 
combined silica precipitates as des
cribed in Procedure A (b). 

D - Carbonate rocks 

Depending on the absence or presence of 
fluoride ion, decompose 0.5-1 g of 
powdered sample (Note 30) and determine 
silica by the method described in Pro
cedure A (a) or A (b), respectively 
(Note 31). 



Notes 

1. This procedure is not applicable 
to lead sulphide ores, or to other 
sulphide ores in which an appreciable 
amount of lead sulphate is initially 
present in the sample, or is formed 
during the decomposition procedure . 

2. If the sample contains an appre
ciable amount of tin, arsenic, and / or 
antimony, proceed as follows: 

Dilute the solution to approximately 
40 ml with water , add 5-10 ml of con
centrated hydrobromic acid , and eva
porate the solution to fumes of 
perchloric acid. Cool, wash down the 
sides of the beaker with water , repeat 
the hydrobromic acid treatment and 
subsequent evaporation to fumes of 
perchloric acid, then proceed as 
described. 

3 . . The solution should be hea t ed 
just vigorously enough so that the 
perchloric acid ref luxes down the 
sides of the beaker. If an appreciable 
amount of perchloric acid has inad
vertently been removed during the 
initial evaporation of the solution 
to fumes, more should be added at this 
stage. Gare should be taken that the 
contents of the beaker do not become 
solid during the fuming stage. The 
separation of silica is always incom
plete if this occurs2. 

4. Deflagration and consequent loss 
of silica may occur during the subse
quent ignition if the residue is not 
washed free of perchlorates. 

5. The transfer of the filtrate to 
the original beaker ensures the subse
quent recovery of small amounts of 
silica that may have been retained in 
the beaker during the filtration step. 

6. To ensure the recovery of any 
silica that may have adhered to the 
inside of the funnel during the 
filtration step, wipe the top inner 
part of the funnel with a small 
moistened piece of filter paper, and 
add the paper to the platinum crucible . 

7. Oxidizing conditions must be 
maintained during fusions with sodium 
carbonate or else iron and easily 
reducible elements (e.g., lead and 
zinc) will alloy with the platinum 
crucible. If a flame is employed for 
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fusion, the sample should be heated 
gradually to avoid loss by spattering, 
the flame should not be allowed to 
envelop the crucible completely, and 
the bottom of the crucible should 
never be allowed to corne into contact 
with the blue cone of the burner 
flame. Flame fusions generally result 
in some loss of iron from the sample 
material to the platinum crucible. The 
presence of an oxidizing atmosphere 
during fusion can be ensured by employ
ing a muffle furnace, started cold or 
at a temperature below 500°G, foll~wed 
by gradual heating to the desired 
temperature2. 

8. The addition of a small amount 
of ashless paper pulp to the solution 
prior to filtration will aid in collect
ing the small residual silica precipi
tate. 

9. To ensure the recovery of any 
silica that may have adhered to the 
inner rim of the beaker during the 
filtration step, wipe the top inner 
part of the beaker with a small piece 
of moistened filter paper, and add the 
paper to the platinum crucible contain
ing the initial silica precipitate. 

10. The paper should be burned off 
at as low a temperature as possible to 
avoid the formation of black silicon 
carbide. High results are obtained 
for silica in the presence of this 
compound because the hydrofluoric acid, 
employed for the subsequent volatiliza
tion of the silica, decomposes the 
carbide, and the resultant carbon is 
burned and eliminated as carbon dioxide 
during the final ignition of the non
volatile material2. 

11. If the sample contains tungsten, 
the ignition of the residue should be 
conducted at a temperature below 850°G 
to prevent the volatilization of 
tungsten trioxide3,4. 

12. Gare must be taken during igni
tion to prevent mechanical loss of the 
light, fluffy, silica residue. 

13. Because the finely-divided 
ignited silica precipitate is hygro
scopie, the crucible and residue 
should be weighed as soon as they are 
cool to avoid error resulting from the 
absorption of water. 



14. In exact work, the hydrofluoric
sulphuric acid treatment of the impure 
silica residue should be repeated to 
ensure that all of the silica present 
has been volatilized as silicon tetra
fluoride. 

15. If the residue is suspected to 
contain phosphates, the removal of the 
excess sulphuric acid by evaporation 
should be conducted at as low a temp
erature as possible to avoid error 
resulting from the expulsion of phos
phoric acid 3 . 

16. In this procedure and the sub
sequent procedures, no account is 
taken of the small amount of soluble 
silica that remains in the filtrate 
and cannot be recovered by a third 
dehydration. The error in the silica 
result is rel a tively small. The 
amount of silica remaining in solution 
after two deh ydr ations may be more 
than compensated for by the introduc
tion of silica from the reagents and 
from the glas s vessels employed if a 
reagent blank is not carried through 
the procedure s . 

17. This procedure is not applicable 
to ores containing an appreciable 
amount of silver, gold, lead, or 
palladium. 

18. Any crust, with liquid under
neath, that forms during evaporation 
of the sample solution to dryness must 
be broken and the liquid stirred with 
a plat i num or blunt pyrex rod. In
complete evapora tion to dryness will 
result in a very difficult filtration 2 

19. The residue containing the 
dehydrated si lica and anhydrous 
chlorides should not be treated first 
with water. I ron and aluminum hydro
lyze, to some extent, under these 
conditions, and f orm insoluble basic 
chlorides which will not dissolve 
completely on the subsequent addition 
of hydrochloric acid 4 • 

20. Because the amount of silica 
that rever t s to the colloidal or 
soluble state in dilute hydrochloric 
acid solutions increases with time of 
heating, and with time of standing 
prior to filtration, the heating step 
to dissolve the sol uble salts should 
not be prolonged unnecessarily, and 
the solution should subsequently be 
filtered wi thout d elay 5 • 

20 3 

21. The dehydration of the residue 
should not be conducted at temperatures 
above 110°C because of the possible 
interaction, if magnesium is present, 
of magnesium chloride and silica to 
form soluble magnesium silicate . Pro
longed heating results in increased 
contamination of the silica by f oreign 
ions 4 • 5 . 

22. This procedure is not applicable 
to samples containing more than appro
ximately 0.25% of fluoride. 

23. If any quartz or un-decomposed 
sil icate material is present at this 
stage, proceed as follows: 

Filter the solution (Whatman No. 541 
paper), transfer the residue quanti
tatively to the filter paper, and 
wash the paper and residue with 10% 
sulphuric acid . Transfer the paper 
and contents to a 30-ml platinum 
crucible and burn off the paper at a 
low temperature. Ignite and fuse the 
residue with 1-2 g of sodium carbonate 
and dissolve the melt in the initial 
filtrate as described in Procedure A 
(a), then proceed as described. 

24. Because silicate rocks and 
minerals, clay and shale contain an 
app reciable amount of aluminum, silica 
can be determined in these materials 
in the presence of considerably greater 
amounts of fluoride than in ore samples 
of low aluminum content2,6. 

25. Ignition of the sample oxidizes 
an y reducing substances (e.g., car
bonaceous material and pyrite) which 
could attack the platinum crucible 
du ring the subsequent fusion procedure. 

26. If more than a few grains of un
decomposed material are visible or 
detectable as a gritty residue with a 
stirring rod, the sample should be 
discarded and the fusion should oe 
repe ated at a higher temperature. 

27. The filtrate can be used for the 
determination of aluminum, calcium, 
and magnesium by the Gravimetric
Ammonium Hydroxide (Procedure C, p 145), 
the Volume tric-Oxalate (p 243), and the 
Gravimetric-Pyrophosphate (p 182) 
Methods , respectively. The filtrate 
from the reagent blank solution should 
be retained for use as a blank in the 
determination of aluminum. 



28. With samples of high silica 
content, the error in the silica 
determination (Note 16) at approxi
mately the 40 to 75% level is about 
0.2% . In classical silicate 
analysis, the customary method of 
recovering the small amount of soluble 
silica that remains in the filtrate 
after the second dehydration involves 
occlusion of the silica with the 
mixed hydrous oxide (R203) precipitate 
of iron, aluminum, and other elements 
(e.g., titanium and phosphorus) ob
tained by treatment of the filtrate 
with ammonium hydroxide. The resi dual 
occluded silica is subsequently deter
mined by basically the same method as 
that described in Procedure B, after 
ignition and fusion of the mixed 
hydrous oxides with potassium pyro
sulphate. The reliability of the 
above method is questionable because 
not all of the silica remaining in 
solution is occluded by the mixed 
hydrous oxide precipitate, and because 
it essentially involves recovery of 
the residual silica by a third dehydra
tion 2•5•6. If an exact analysis is 
desired, the residual silica should 
preferably be determined in the 
filtrate obtained after either the 
first or the second dehydration by a 
suitable spectrophotometric method 2 • 7 • 

29. The addition of a small amount 
of alcohol, prior to the dissolution 
of the melt with hydrochloric acid, is 
recommended to reduce any manganese 
(VI) present to the divalent state. 
This prevents attack on the platinum 
crucible, during dissolution of the 
melt, by free chlorine which is pro
duced by the reaction of manganate 
ion with hydrochloric acid 4 • 

30. To avoid loss of sample re
sulting from the rapid reaction 
between carbonates and acid, moisten 
the sample with approximately 10 ml 
of water, cover the beaker, and slowly 
add 10 ml of concentrated hydro
chloric acid in small portions. When 
the decomposition of the carbonates 
is complete, proceed as described . 

31. If Procedure A (a) is employed, 
the filtrate obtained after the r e 
covery of the residual silica can be 
used for the determination of aluminum, 
calcium, and magnesium by the 
Gravimetric-Ammonium Hydroxide 
(Procedure D, p 145), the Volume tric-
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Oxalate (p 243), and the Gravimetric
Pyrophosphate (p 182) Methods, res
pectively. The filtrate from the 
reagent blank solution should be 
retained for use as a blank in the 
determination of aluminum. 

Calculations 

%Si0 2 = Sample weight (g) X 100 

wher e: 

LS = loss in weight (g) of the ignited 
impure silica residue after treat
ment with hydrofluoric and 
sulphuric acids. 

loss in weight (g) of the blank 
residue after treatment with 
hydrofluoric and sulphuric acids. 

Other applications 

The method described in Procedure A (a) 
can be employed to determine silica in 
steel, steel slags, metals, alloys, and 
cernent. It can also be applied to 
chromium ores and mill products after 
the removal of chromium by volatiliza
tion as chromyl chloride. The methods 
described in Procedures C (a) and (b) 
are applicable to sandstone, silica 
sand, quartzite, silicon carbide, 
bauxite, magnesite, fire-brick, and 
boron-free glass 4 • 
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DETERMINATION OF SILICA IN SILICA SAND, SANDSTONE, AND QUARTZITE BY 
VOLATILIZATION AS SILICON TETRAFLUORIDE (IND IRECT RAPID CONTROL METHOD) 

Princip le 

Silica is de t ermined from the loss i n 
weight of th e sample, after ignition 
and subsequent vola t il i zation of the 
silica as si l ico n tetrafluoride from 
a hydrofluor i c-p e rchloric acid 
medium 1 • 2 • 

Outline 

The sample is ignited at approximately 
1150°C to remove water, to o x idize 
carbona ceous material, and to convert 
any sulph i de s or carbonates present to 
oxides. The ignited sample is weighed, 
and treated wi th h ydrofluoric and per
chlorïc ac i ds to volatilize silica as 
silicon tetrafluoride and to convert 
the result i ng non-volatile fluorides 
(sodium, pota s sium calcium, magnesium, 
aluminum, and iron) to perchlorates, 
respectivel y . Th e solution is ultimate- · 
ly evaporated to dryness and the re
sultant residue i s re-ignited at 1150°C 
to convert the pe r chlorates to oxides , 
and we i ghed. 

Discussion of interferences 

Alkali meta l chloride s , if presen t, 
are not decompos ed to oxides o r 
volatilized during the initial i gnition 
step, and wi ll ca u se low results for 
silica because of their conversion to 
perchlorates d ur in g the volatilization 
of s i lica, an d s ub sequent conversion to 
the heavier o x ide s during the ignition 
of the non- v olatile residue . Al k ali 
metal and alkaline earth phosphates 
and sulphat e s may cause high result s 
for sili c a if t h ey remain unchanged in 
composition d u rin g the first ignition, 
but are partly o r completely converted 
to lighter o x i d e s durin g the second 
ignition 1 • 

Range 

The method is s uitable for highly 
siliceous sample materials conta i ning 
more than appr o ximately 98 % of silica. 
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Procedure 

Transfe r 1 g of powdered sample to a 
100-ml platinum dish, ignite at appro
ximately 1150°C in a muffle furnace for 
about 15 minutes, cool in a dessicator 
and weigh. Repeat the ignition and 
weighing until constant weight is 
obtaine d , then add 20 ml of concentrat
ed hydrofluoric acid and allow the 
mixture to digest at room temperature 
fo r 1-2 heurs or preferably overnight. 
Ad d 5 ml of concentrated perchloric 
acid and evaporate the resulting solu
t ion to fumes of perchloric acid. Cool, 
wash down the sicles of the dish with 
water, an d add 10 ml of concentrated 
h ydrofluoric acid. Heat gently for 
15- 20 minutes , evap o rate the solution 
to f ume s of perchloric acid (Note 1), 
then t o complete dryn e ss. Ignite the 
re s idue at 1150°C for approximately 15 
mi nu t es, cool in a dessicator and 
weigh . Re peat the ignition and weigh
i ng until constant weight is obtained. 

Notes 

1. If any un-decomposed material is 
vis i ble or detectable as a gritty resi
due with a platinum rod, repeated 
treatment of the sample with hydro
fluoric acid may be necessary to obtain 
comple t e decomposition of the silica 
a n d silicates. 

Ca lculations 

L 
%Si02 = Sample weight (g) x lOO 

wh e r e : 

L = lo s s in weight (g) of the pre-
ig n i ted sample after treatment with 
hydrofluoric and perchloric acids. 

Ot h e r appl ications 

Th is me thod can be employed to deter
mine silica or silicon in silica 
re frac t o r ies and elemental silicon, if 
n i tr ic acid is used i n the decomposi
ti on procedure 2 . 
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DETERMINATION OF TOTAL SULPHUR IN ORES AND MILL PRODUCTS BYlHE BARIUM 
SULPHATE MElHOD 

Princip le 

Sulphur is d e termined by weighing as 
barium sulphate, after conversion of 
elemental, s u lphide, and other forms 
of sulphur to sulphate, and subsequent 
precipitation of the sulphate with 
barium chlor i de from a dilute hydro
chloric acid mediuml-3. 

Outline 

Acid-soluble sulphide ores and mill 
products are treated with bromine
carbon tetrachloride or bromine
potassium bromide solution, followed 
by nitric acid, to oxidize elemental, 
sulphide, and o t her forms of sulphur 
to the sulphate f orm, and silica is 
ultimately dehydrated by evaporation 
with h y dro c h l oric acid. 

If lead, strontium, barium, chrom
ium, and large amounts of calcium 
and i ron are absent, the salts are 
dissolved i n d i lute hydrochloric 
acid, and silica and other acid
inso l uble material is removed by 
filtration. The sulphide in the 
resulting filtrate is ultimately 
prec i pitated with barium chloride, 
and the precip i tate is separated 
by filtration, ignited, and weighed. 
If the barium sulphate precipitate 
contains occluded molybdenum, the 
ignited precipitate is fused with 
sodium c arbonate, the melt is 
digested in water, and the re
sultant barium carbonate precipitate 
is removed b y filtration . The 
mol y bdenum in the filtrate is 
subsequently precipitated with 
alph a -benzoin oxime, and separated 
from sulphate by filtration. The 
sulphate in the resulting filtrate 
is ultimately re -prec ipitated. 

If chromium and/or large amounts of 
iron are present and lead, stront
ium, barium, and/or large amounts 
of calcium are absent, chromium and 
iron a re reduced to the trivalent 
and divalent sta tes, respectively, 
with aluminum metal in a dilute 
hydrochloric~acid medium. The 
acid-insoluble material and excess 
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aluminum are remov~d by filtration, 
and sulphate is precipitated from the 
resulting solution. 

If lead, strontium, and/or large 
amounts of calcium are present and 
barium is absent, the hydrous oxides 
of iron, lead, and various other 
elements (aluminum, bismuth, tin, 
arsenic, antimony, titanium, and 
zirconi um) are precipitated with 
ammonium hydroxide, and the solution 
is treat ed with ammonium carbonate 
to couvert the insoluble lead, 
s tr o nt ium, and calcium sulphates to 
i nsol uble carbonates and soluble 
sul phat e. After filtration and 
dissolution of the precipitate, the 
mixed hydrous oxides and carbonates 
are re-precipitated to recover the 
occluded sulphate. The sulphate in 
the combined filtrates is ultimately 
precipita ted with barium chloride, 
after the removal of residual silica, 
an d the reduction of chromium, if 
present, with aluminum metal. 

If barium is present and strontium 
and/or large amounts of calcium are 
absent, the acid-insoluble material 
obtained after sample decomposition 
is i gnited, and fused with sodium 
carbonate to convert the insoluble 
barium sulphate (and lead sulphate, 
if present) to soluble sulphate. The 
melt is digested in water and the 
solution is filtered to remove barium 
carbonate. The sulphate in the re
sulting filtrate is precipitated, 
af t er the removal of residual silica, 
and t he reduction of chromium and/or 
large amounts of iron, if present, 
wi th aluminum metal. 

Refractory sulphide ores and other ores 
and mill products containing lead, 
bar ium, strontium, and/or calcium are 
decompo sed by f usion with sodium car
bonate and sodium peroxide to convert 
insolub le sulphates and other forms of 
sulphur to soluble sulphate. The melt 
is digested in water, and the resultant 
solution is ultimately filtered to 
remove the insoluble carbonates of the 
above elements, and the hydrous oxides 
o f iron, manganese, copper, cobalt, 
nickel, titanium, zirconium, and 



magnesium. The sulphate in the result
ing filtrate is precipitated after the 
removal of residual silica, and the 
reduction of chromium, if present , 
with aluminum metal. 

Discussion of interferences 

Lead, barium, strontium, and large 
amounts of calcium cause low results 
for sulphur if the acid-insoluble 
silica residue obtained by "wet" 
oxidation of elemental sulphur and 
sulphur compounds with bromine and 
nitric acid is neglected. These 
elements react with the sulphate pro
duced to form insoluble sulphates that 
are retained in the acid-insoluble 
residue 1 • 2 • Sulphate in acid-insolub le 
residues containing lead, strontium or 
calcium sulphates is recovered by con
verting the insoluble sulphates to 
insoluble carbonates and soluble 
sulphate by treating a dilute ammoniacal 
ammonium nitrate solution of the 
sample, containing the residue, with 
ammonium carbonate 4 • By this proce
dure, any excess strontium and calcium, 
and also lead, which are present in 
the initial sample solution as so l uble 
nitrates, and which would interfere in 
the subsequent precipitation of b a rium 
sulphate by forming insoluble sulphates, 
are also precipitated as insoluble 
carbonates and as the hydrous oxide by 
occlusion with hydrous ferric oxide, 
respectively, and subsequently separat 
ed from sulphate by filtration. Resi
dues containing barium sulphate must 
be fused with sodium carbonate to 
couvert the insoluble sulphate to 
soluble sulphate, followed by diges 
tion of the melt in water, and f i ltra
tion to remove the resultant insoluble 
barium carbonate 1 • 2 • Lead, strontium, 
and calcium sulphates are also convert 
ed to soluble sulphate by this pro 
cedure. 

Large amounts of iron (III) cause low 
results for sulphur because of the co
precipitation of ferric sulphate with 
barium sulphate; ferric sulphate 
subsequently loses sulphur trioxide 
during ignition of the precipitate , 
and is converted to ferric oxide 
which weighs less than barium sul -
pha tel. Small or moderate amo unts o f 
iron (III) do not cause appreciable 
error if barium sulphate is precipi
tated in an ammoniacal medium in the 
presence of hydrous ferric oxide , and 
the solution is subsequently acidified 
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to dissolve the hydrous oxide. Inter
ference from large amounts of iron 
(III), and from chromium (VI), which 
forms insoluble barium chromate, is 
avoided by reducing these elements 
(and lead, copper, and antimony, if 
present) to lower valence states with 
metallic aluminum 1-3. Chromium (III) 
does not react with barium chloride, 
and co-precipitation of ferrous sul
phate is minimized by precipitating 
the sulphate from a large volume of 
cold solution bi the slow addition of 
barium chloride ,3. 

Large amounts of sodium, potassium, 
and ammonium salts cause low results 
for sulphur because they co-precipitate 
as sulphates and acid sulphates. This 
results in the substitution of a 
lighter element for barium in the 
weighed precipitate, and in the loss 
of sulphuric acid and ammonia during 
ignition. The co-precipitation of 
these compounds is minimized by pre
cipi tating the sulphate by the rapid 
addition of barium chloride to a hot 
solution2 , 3 • 

Interference from nitric acid and 
nitrates, which are strongly occluded 
by the barium sulphate precipitate, is 
avoided by preliminary removal of 
these compounds by repeated evaporation 
of the sample solution to dryness with 
hydrochloric acid 1 • 2 • Positive error 
from molybdenum~ which contaminates 
the precipitate , is eliminated by re
precipitating the sulphate after 
fusion of the ignited barium sulphate 
precipitate with sodium carbonate, 
digestion of the melt in water, sep
aration of barium carbonate by filtra
tion, and subsequent removal of the 
residual molybdenum from the filtrate 
by precipitation with alpha-benzoin 
oxime 6 • 

Silica, elements that form insoluble 
chlorides (e.g., silver, lead, and 
mercury), and elements that hydrolyze 
(e.g., titanium, zirconium, niobium, 
and tantalum) in the dilute hydro
chloric acid medium employed for the 
precipitation of barium sulphate, are 
separated from sulphate either by 
filtration or by other separation 
procedures described under "Outline". 
Tungsten is not completely separated 
from sulphate by these procedures, but 
milligram-quantities may be pres e nt 
during the precipitation of sulphate 
without causing appreciable error in 
the sulphur result 7 • 



Range 

The method is suitable for samples 
containing more than approximately 
0.01 % of sulphur. 

Reagents 

Bromine-carbon tetrachloride solution, 
40% v/v. Mix 20 ml of bromine and 
30 ml of carbon tetrachloride in a 
glass -stoppered bottle. 

Bromine -p otassium bromide solution , 
10 % v/v and 16 % w/v, respectively. 
Dissolve 32 g of potassium bromide in 
a minimal volume of water, add 20 ml 
of bromine, mix, and dilute to 200 ml 
with water. Store in a glass-stopper
ed bottle. 

Barium chloride solution , 10 % w/v. 

Silver nitrate sol ut ion , 1% w/v. Dis
solve 1 g of silver nitrate in water, 
add 5-10 drops of concentrated nitric 
acid, and dilute to 100 ml with water. 

Ferric nitrate solution , 15% w/v. 
Dissolve 15 g of ferric nitrate non
ahydrate [Fe( N03)3 .9H20] in water and 
dilute to 100 ml. 

Methyl red indicator solution , 0.1 % 
w/v in ethyl alcohol. Store in a 
droppin g bottle. 

Ammonium carbonate solution , saturated. 

Alpha-benzoin oxime solution , 5% w/v. 
Dissolve 5 g of the reagent in a 
solution containing 95 ml of acetone 
and 5 ml of water. Store in a dark
coloured bottle in a cool place. 
Prepare a fresh so lution every five 
days. 

Alpha - benzoin oxime wash solution , 
0.025% w/v. Dilute 5 ml of the 5 % 
sol uti o n to 1 litre with cold 1 % 
hydrochloric acid. Prepare fresh as 
required. 

Hydrochloric acid , 50% and 0.2% v/v. 

Sodium carbonate wash solution , 1 % w/v. 

Aluminum powder (sulphur - free). 
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Procedures 

In these procedures a reagent blank is 
carried along with the samples (Note 
1) • 

A - Acid decomposition ("wet" oxidation) 
procedure for acid-soluble 
sulphide ores and mill products 

(a) Lead, strontium, barium, 
chromium, and large amounts of 
calcium and iron absent 

Trans fer 0.2-1 g of sample (Note 2), 
ground to approximately 80 mesh (Note 
3), and containing up to approximately 
100 mg of sulphur, to a dry 400-ml 
beaker, and cover the beaker with a 
dry watch glass. Add 6-8 ml of 40% 
bromine-carbon tetrachloride solution 
(Notes 4 and 5), swirl the beaker to 
disperse the sample and, with occasion
al mixing, allow the mixture to stand 
at room temperature for 15 minutes. 
Add 10 ml of concentrated nitric acid 
and, with occasional mixing, allow the 
solution to stand for a further 15 
minutes. Place the beaker in a hot 
water-bath, heat the solution at appro
ximately 90°C until all action has 
ceased and most of the bromine has 
been expelled, then replace the cover 
with a ribbed watch glass and allow the 
solution to evaporate to dryness. 
Cool, wash down the sides of the 
beaker with 10-15 ml of concentrated 
hydrochloric acid, evaporate the solu
tion to dryness in the water-bath 
again to remove nitric acid, and bake 
the residue in an oven for 1-2 hours 
at 100°C (Note 6) to dehydrate the 
silica. 

Add 2 ml of concentrated hydrochloric 
acid and 50 ml of water to the residue, 
wash down the sides of the beaker and 
the watch glass with a small amount of 
water, and boil the solution for 5-10 
minutes to ensure the complete dissolu
tion of the soluble salts. Dilute to 
approximately 100 ml with water and 
heat the solution to the boiling point. 
Filter the solution (Whatman No. 40 
paper) into a 600-ml beaker, and wash 
the beaker, paper, and residue 
thoroughly with hot water. Discard 
the paper and residue. 

Dilute the filtrate to approximately 
400 ml with water (Note 7), and heat 
the solution to the boiling point. 



Add several drops of 0.1% methyl red 
solution, neutralize the solution 
approximately with concentrated 
ammonium hydroxide to precipitate the 
hydrous oxide of iron, and add 5-10 
drops in excess. While stirring, add 
15 ml of 10 % barium chloride solution, 
then add sufficient concentrated 
hydrochloric acid, by drops, to dis
solve the iron precipitate, and add 
2 ml in excess (Notes 8 and 9). Heat 
the solution to the boiling point, and 
allow the precipitate to settle for 
approximately 2 hours (Notes 10 and 
11) or preferably overnight. Filter 
the resulting solution (Whatman No. 42 
paper and paper pulp), transfer the 
precipitate quantitatively to the 
filter paper, and discard the filtrate. 
Place a clean beaker under the funnel, 
wash the paper and precipita te once or 
twice with cold 0.2% hydrochloric acid 
(Note 12), and then with hot water 
until the precipitate is free of 
chlorides (Notes 13 and 14). 

Transfer the paper and precipitate to 
a tared 30-ml platinum crucible, dry 
and burn off the paper at as low a 
temperature as possible (Note 15), and 
ignite at 800-900°C. 

If the sample does not contain molyb
denum, cool the crucible in a dessica
tor and weigh. Repeat the ignition 
and weighing until constant weight is 
obtained, and correct the result 
obtained for the sample by subtracting 
that obtained for the reagent blank. 

If the sample contains molybdenum 
(Note 16), add 2-3 g of sodium carbon
ate to the ignited barium sulphate 
precipitate, and fuse the mixture at 
approximately 1100°C. Cool, transfer 
the crucible and contents to a 25 0-ml 
beaker and add 50 ml of water . Heat 
gently until the disintegration of the 
melt is complete, then remove the 
crucible af ter washing it thoroughly 
with hot water. Filter the resulting 
solution (Whatman No. 42 paper) into a 
250-ml beaker, and wash the beaker, 
paper, and precipitate 12-15 times with 
warm water. Discard the paper and 
precipit ate. Add several drops of 
0.1% methyl red solution to the 
filtrate, neutralize the solution 
approximately with concentrated hydro
chloric acid, and add 2 ml in excess. 
Cool the solution to 15-20°C , add 
some ashless paper pulp, and 2-3 ml 
(or more if necessary) of 5% alpha
benzoin oxime solution to precipitate 

the molybdenum present. Stir the solu
tion thoroughly, filter it (Whatman 
No. 541 paper) into a 600-ml beaker, 
and wash the paper and precipitate 
12-15 times with cold 0.025% alpha
benzoin oxime wash solution. Discard 
the paper and precipitate. Neutralize 
the solution approximately by adding 
concentrated ammonium hydroxide, by 
drops, then add 2 ml of concentrated 
hydrochloric acid, and dilute the 
solution to approximately 400 ml with 
water. Heat the solution to the boil
ing point and, while stirring, quickly 
add 15 ml of hot 10% barium chloride 
solution. Allow the precipitate to 
settle for 2 hours or overnight, then 
fil ter, wash (Note 17), ignite, and 
weigh the barium sulphate precipitate 
as described above. 

(b) Lead, strontium,barium, and/or 
large amounts of calcium absent 
(chromium and/or large amounts 
of iron present) 

Following sample decomposition, re
moval of nitric acid, and dehydration 
of silica as described above, add 4 ml 
of concentrated hydrochloric acid and 
50 ml of water to the residue, wash 
down the sides of the beaker and the 
watch glass with a srnall amount of 
water, and boil the solution for 5-10 
minutes to dissolve the soluble salts. 
Allow the solution to cool for 5 
minutes, cover the beaker, and add 
0.2 g of powdered aluminum metal. Mix, 
and heat gently until the solution 
becomes colourless or green, depending 
on the absence or presence of chromi um, 
respectively. Wash down the sicles of 
the beaker and the watch glass with 
water, filter the solution (Whatman 
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No. 40 paper) into a 1-litre beaker, 
and wash the beaker, paper, and residue 
thoroughly with hot water. Discard the 
paper and residue. 

Dilute the filtrate to approximately 
700 ml with water, and cool the solu
tion to room temperature. By burette, 
and while stirring, add 25 ml of 10% 
barium chloride solution, by drops, at 
a rate not exceeding 2-3 ml per minute. 
Allow the precipitate to settle for 
approximately 2 hours or overnight, 
then proceed with the filtration, and 
subsequent treatment of the precipitate, 
including the removal of occluded 
molybdenum, if necessary, as described 
above. 



(c) Lead, s t rontium, and/or large 
a mounts of calcium present 
(barium absent) 

Followi n g sample decomposition, re
moval of bromine, and the initial 
evapora t ion of t h e solution to dryness 
as described in Procedure A (a), add 
5 ml of concentrated nitric acid and 
approximately 50 ml of water to the 
residue, and boi l the solution for 5-
10 minutes to d is solve the soluble 
salts. Dilute t h e solution to appro
ximately 150 ml wi th water and, if 
lead is present, a dd sufficient 15% 
ferric nitrate so l ution (Note 18), if 
necessary, so th at the iron content of 
the solution is at least 20 times that 
of the lead. Heat the solution to the 
boiling point, add sufficient concen
trated ammonium h yd roxide to precipi
tate the hydrous oxide of iron, then 
add 1 ml in excess followed by 15 ml 
of saturated ammonium carbonate 
solution. Boil the solution for 
several minutes to coagulate the re
sulting mixed hydrous oxide and carbon
ate precipitate, filter it (Whatman No. 
541 paper) into a 600-ml beaker, and 
wash the beaker, paper, and precip i tate 
thoroughly with hot water. 

Using a jet of hot water, transfer the 
bulk of the precipitate to the original 
beak er, cover the beaker, and add 
sufficient concentrated nitric acid to 
dissolve the p recipitate . Add 5 ml in 
excess and boil the solution for 5-10 
minutes to expel carbon dioxide. 
Dilute to 150 ml with water and 
heat the solu t ion to the boiling point. 
Re-precipitate the mixed hydrous 
oxides and carbonates (Note 19), 
filter the solution through the same 
filter paper, and wash the paper and 
precipitate as described above. Col
lect the filtrate and washings in the 
beaker containing the initial filtrate 
and discard the paper and precipitate. 

Add several drops of 0.1 % methyl red 
solution to the combined filtrates, 
and carefully neutralize the solution 
with concentrated hydrochloric acid . 
Add 10 ml in excess, and boil the solu
tio n for 5-10 minutes to expel carbon 
dioxide. Remove the cover, evaporate 
the solution to approximately 30 ml, 
then add 10 ml of concentrated hydro
chloric acid, cover the beaker, and 
boil the solution for about 30 minutes 
to destroy ammonium salts. Replace 
the cover with a ribbed watch glass, 
place the beaker in a hot water-bath, 
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and a l l ow the solution to evaporate to 
dry ness. Coo l , wash down the sides of 
the beake r with 10-15 ml of concentrat
ed hy d rochl oric a cid, and evaporate the 
solu t i on to dryness in the water-bath 
again . Repe at the h ydrochloric acid 
treat ment and evaporat i on two more 
times to e nsure the complete removal of 
a mmo n ium ni tr a te, and b a ke the residue 
as des c ribed in Procedure A (a). Add 
2 ml of c o ncentrated hydrochloric acid 
a nd 50 ml of water to the residue, wash 
down t h e sides of the beaker and the 
wa t ch glass with a s ma l l amount of 
wa t e r, a n d boil the solution for 5-10 
minutes t o dissolve the salts. 

I f chromi um is absent, filter the solu
t i o n (What man No. 40 paper), if necess
ary , into a 600-ml beaker to remove 
residua l s i l ica , an d dilute the 
filtrate to 400 ml with water. Heat 
the sol u t ion to the boiling point and, 
wh i le sti rring, precipitat.e barium 
su l pha te by the slow addition, by 
drop s , of 15 ml of 10% barium chloride 
so l utio n . Allow the precipitate to 
settle, t he n p roceed with the filtra
ti o n and s ubseque n t t reatment of the 
precipitate (Note 1 7) a s d e scribed in 
Procedur e A (a ). 

If ch r omium is present, add 2 ml of 
concent r a t e d hydrochloric acid, heat 
the solut ion to the boiling point, and 
pr oc eed with the reduction of chromium, 
the p r e cipitation of barium sulphate, 
and the subse quent determination of 
sulphur as described in Procedure A (b). 

(d ) Ba rium pre sent (strontium and/or 
la r ge a mo un ts of calcium absent 

Followin g s amp le decomposition, dissolu
tion of the r e s id ue in dilute hydro
chlor i c a cid,and filtration of the 
res ultin g s olution to remove acid
insol u b l e ma terial as described in 
Procedu r e A (a), transfer the paper and 
residue to a 30-ml platinum or porce
lain cruc ib le (Note 20), burn off the 
paper at a lo w temperature, and ignite 
at 600- 700 °C . F use t he residue with 
1-2 g o f sodium carb onate, cool, and 
tran s fe r th e c r ucib l e and contents to 
a 250-ml beak e r . Add a pp roximately 
75 ml of wat er, h eat ge n tly until the 
disinte grat i on o f th e mel t is complete, 
then remove th e c r u ci b le a f ter washing 
it thorough ly with ho t water. Filter 
the res u l ting so l ution (Whatman No. 42 
pap e r) in to a 2 5 0-ml beaker, and wash 
the beak e r, paper, and precipitate 
thoroughl y with hot 1% sodium carbonate 



solution. Discard the paper and 
precipitate, 

Add several drops of 0.1% methyl red 
solution to the filtrate, and care
fully neutralize the solution with 
concentrated hydrochloric acid. Add 
5 ml in excess, and boil the solution 
for 5-10 minutes to expel carbon 
dioxide. Evaporate the solution to 
approximately 25 ml, then evaporate it 
to dryness in a hot water-bath, and 
bake the residue as described in 
Procedure A (a) to dehydrate residual 
silica. Add 25 ml of water and 5-10 
drops of concentrated hydrochloric 
acid to the residue, and boil for 5 
minutes to dissolve the soluble salts. 
Filter the solution (Whatman No. 40 
paper) into the beaker containing the 
initial filtrate, and wash the beaker, 
paper, and residue thoroughly with hot 
water. Discard the paper and residue. 

If chromium and/or large amounts of 
iron -are absent, dilute the solution 
to approximately 400 ml with water, 
and proceed with the precipitation of 
barium sulphate and the subsequent 
determination of sulphur as described 
in Procedure A (a). 

If chromium and/or large amounts of 
iron are present, add 2 ml of concen
trated hydrochloric acid, evaporate 
the solution to approximately 50 ml, 
and proceed with the reduction of 
chromium and iron, the precipitation 
of barium sulphate, and the subsequent 
determination of sulphur as described 
in Procedure A (b). 

B - Fusion procedure for refractory 
sulphide and other ~ and mill 
products (lead, barium, strontium, 
and/or calcium present) 

Transfer 0.2-2 g of sample, containing 
up to approximately 100 mg of sulphur, 
to a 60-ml iron crucible, and add 1 g 
of sodium carbonate and a six-fold 
weight excess of sodium peroxide. Mix 
thoroughly, and place the crucible in 
a hole in a piece of asbestes board 
(Note 21). Caver the crucible, heat 
the mixture over an open flame at a 
temperature just sufficient to produce 
fusion, and maintain it in the molten 
state for several minutes to ensure 
complete sample decomposition. Remove 
the caver and swirl the crucible to 
distribute the melt in a thin layer 
around the inner walls. Allow the 
melt to cool, then transfer the 
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crucible and caver to a 400-ml (cover
ed) beaker containing approximately 
100 ml of water. When the subsequent 
reaction has ceased, remove the 
crucible and caver after washing them 
thoroughly with hot water, and boil 
the solution for at least 10 minutes 
to destroy the residual peroxide. Add 
1-2 ml of ethyl alcohol to reduce 
manganate or permanganate ion, if pre
sent, and boil the solution for a 
further 5 minutes to precipitate 
manganese as the dioxide. Using a 
Buchner funnel and suction, filter the 
resulting solution (Whatman No. 52 
paper), and wash the paper and pre
cipitate at least 10 times with hot 
1% sodium carbonate solution. Discard 
the paper and precipitate. 

Transfer the filtrate to a 600-ml 
beaker, add several drops of 0.1% 
methyl red solution, and carefully 
neutralize the solution with concen
trated hydrochloric acid. Add 10 ml 
in excess, and boil the solution for 
5-10 minutes to expel carbon dioxide. 
Evaporate the solution to approximately 
30 ml, then place the beaker in a hot 
water-bath, evaporate the solution to 
dryness, and bake the residue as des
cribed in Procedure A (a) to dehydrate 
the residual silica. Add 2 ml of 
concentrated hydrochloric acid and 50 
ml of water to the residue, and wash 
down the sides of the beaker with a 
small amount of water. Boil the 
solution for 5-10 minutes to dissolve 
the salts then, depending on the 
absence or presence of chromium, pro
ceed with the precipitation of barium 
sulphate and the subsequent determina
tion of sulphur as described in Pro 
cedure A (c). 

Notes 

1. In exact work, a reagent blank 
should be carried along with the 
samples because of the presence of 
oxides of sulphur in the laboratory 
air and in the reagents employed. 

2. Only acid-soluble sulphate and 
sulphide are obtained by treatment of 
the sample with acids in an oxidizing 
environment. If the presence of acid
insoluble sulphide minerals is suspect
ed, the sample should be decomposed by 
fusion with sodium carbonate and 
sodium peroxide as described in Proce
dure B. Neither Procedures A (a) to (d) 
nor B are applicable to samples contain
ing large amounts of tungsten. 



3. To avoid oxidation of sulphide 
minerals, samples containing sulphides, 
particularly pyrite, should not be 
ground f iner than approximately 100 
mesh. Fine grinding causes slight 
lasses of sulphur as the dioxide and 
appreciable formation of sulphate2, 

4. The oxidation of the sample with 
bromine and nitric acid should be 
carried out in a well-ventilated fume 
hood. 

5. The addition of 10 ml of 10% 
bromine-16% potassium bromide solution, 
rather than the 40% bromine-carbon 
tetrachloride solution,is recommended 
for pyrrhotite ores. If the more con
centrated bromine-carbon tetrachloride 
solution is added to samples of these 
ores, loss of sulphur may occur be
cause of the violence of the resulting 
reaction 1 • 

6. Care must be taken to avoid over
heating the residue or else sulphur 
may be lost by volatilization as the 
trioxide. 

7. The volume of the solution in 
which sulphate is to be precipitated 
should be relatively large to minimize 
the adsorption of other ions by the 
resultant barium sulphate, 

8. The final solution should con
tain only a small excess of hydro
chloric acid (i.e., a concentration of 
approximately 0.05 M) because the 
solubility of barium sulphate increases 
with increasing acid concentration. In 
the presence of an excess of barium 
chloride the solubility of the preci
pitate is very small at this acid con
centration. The presence of a small 
excess of hydrochloric acid is necess
ary to prevent the co-precipitation of 
the hydrous oxide of barium; to promote 
the formation of a coarse, easily
filterable precipitate; and to prevent 
the possible precipitation of barium 
compounds such as the carbonate and 
phosphate, which are insoluble in 
neutral or basic solutions 3 . 

9. If the sample contains an appre
ciable amount of manganese, any man
ganese dioxide that has not re-dissolv
ed at this stage may be dissolved by 
the addition of several drops of 30% 
hydrogen peroxide. 

10. The co-precipitation or occlusion 
of other ions is reduced by digesting 
the precipitate in hot solution, and/ 
or allowing it to stand for several 
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hours before filtrationl-3, 

11. The completeness of precipitation 
can be tested, prior to filtration, by 
adding several drops of barium chloride 
solution to the supernatant liquid, 

12. The dilute hydrochloric acid 
wash facilitates the removal of ferric 
iron from the paper and precipitate, 

13. The complete removal of chloride 
ion is indicated when the addition of 
several drops of 1% silver nitrate 
solution to a small portion of the 
last washings yields a clear solution 
(i.e., absence of silver chloride) or 
only a very faint opalescence. 

14. Except in the most exact work, 
the small loss of barium sulphate re
sul t ing from its solubility in the 
wash water may be neglected. In exact 
work, this residual barium sulphate 
may be recovered as follows: 

Evaporate the washings ta dryness, 
dissolve the residue in 1 ml of 50% 
hydrochloric acid, and add 25 ml of 
hot water. Add 2 ml of 10% barium 
chloride solution, and digest the solu
tion at 70-80°C for several hours. 
Filter the solution, transfer the 
precipitate quantitatively ta the 
filter paper, and wash the paper and 
precipitate with hot water. Proaeed 
as desaribed with the ignition and 
weighing of the precipitate, and add 
the result obtained ta that obtained 
for the main preaipitate. 

15. Because barium sulphate is easily 
reduced by carbon, the filter paper 
should not be allowed to burst into 
flame during the burning or charring 
process, which should be carried out at 
temperatures below 600°C under oxidiz
ing conditions. When the paper has 
been completely charred, the carbon 
may be burned off by raising the temp
erature until the crucible is dull 
red 2 . A more convenient way to 
accomplish drying, charring, and igni
tion of the paper and precipitate is 
to place the crucible and contents in 
a cold muffle furnace. When the heat 
is turned on, the drying, charring, 
and ignition usually proceed satisfac
torily without further attention. 
Reduction and mechanical loss of 
barium sulphate can also be avoided by 
collecting the precipitate in a Gooch 
crucible. The crucible should be 
dried at 100-120°C before ignition of 
the precipitate at 800-900°C. 



16. The presence of occluded molyb
denum is indicated by the yellowish
green colour of the ignited precipitate. 

17. Be cause barium sulphate is pre
cipitated in the absence of iron at 
this stage, the dilute hydrochloric 
acid wash may be omitted. 

18. One ml of 15% ferric nitrate 
nonahydrate solution contains approxi
mately 21 mg of iron (III). 

19. Ilecause sulphate is strongly 
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weakly ammoniacal media, re-precipi-
tation of the mixed hydrous oxides and 
carbonates is necessary to recover the 
occluded sulphate 1 • 

20. If the residue contains lead 4. 
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tion. If a platinum crucible is used, 
lead èompounds may be reduced to the 
metallic state by the carbon from the 
filter paper, or by reducing gases 5. 
from the flame, and will subsequently 
alloy with, and contaminate the 
crucible. · 6. 

21. When a flame is employed for 
fusion of the sample, an asbestos 
shield is required to prevent contam
ination of the melt by sulphur con-
tained in the . gas employed for the 7. 
flame. This contamination can be 
avoided by using a muffle furnace for 
sample fusion. 

Calculations 

% s 
0.1374 X (Wp - WB) 

X 100 
Sample weight (g) 

where: 

weight (g) of the ignited barium 
sulphate precipitate. 

WB = weight (g) of the ignited blank. 

Other applications 

The methods described in Procedures 
A (a) to (d) can be employed to deter
mine sulphur in sulphide minerals. The 
method described in Procedure B is 
applicable to silicate rocks and 
minerals 1 • 2 . 
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DETERMINATION OF TANTALUM IN TANTALUM AND NIOBIUM ORES AND MILL PRODUCTS 
BY PRECIPITATION Wlll-i AMMONIUM HYDROXIDE AFTER SEPARATION BY SOLVENT 
EXTRACTION 

Princ ip le 

Thi s metho d is ba sed on that develope d 
by Faye a n d I nm an 1 , and involves th e 
separa t ion o f tantalum fro m certain 
matri x e leme n ts by methyl isobutyl 
ketone extract i on of its fl uoride com
plex f r om a 0.75 M hydrofluoric-1 M 
nitric acid medium. Tantalum is 
stripped from the ketone phase with 
dilute hydrogen peroxide,and determin
ed by weighing a s the oxide af ter pre
cipi tation as th e hydrous ox i de with 
ammoni um h yd r oxi de. 

Out l i n e 

The sample is de c omposed with hydro
fluori c and . nitr i c acids, and the solu
tion is ul t imate ly centrifuged to re
move acid- i nsoluble material. Tanta
lum is separated from niobium and 
other matrix elements by a three-stage 
meth y l is obutyl k etone extraction of 
its fluoride complex, and then stripped 
from the c ombined extracts by shaking 
with di l u t e h y d rogen pero x ide. After 
re-ex t rac ti on o f the tantalum to re
move co-extract ed elements, hydrogen 
peroxi d e and co- e xtracted hydrofluoric 
acid a re removed from the resultant 
aqueous phase by e vaporation with 
sulphuric acid. The tantalum in the 
resulting solut io n is ultimately preci
pi tated with ammo nium hydro xi~e, and 
the precip i tate is separated by fil
tration, ignit e d, and weighed. 

Discussion of i n terferences 

The e xtracti o n procedure eliminates 
inter fe rence from niobium, and from 
other elements t hat are completely 
(e.g., iron, aluminum, titanium, lead, 
zir c onium, hafni um, tin, and uranium) 
or partly (e.g., magnesium, calcium, 
and manganese) precipitated as the 
h y drous oxides from an ammonium 
hydroxide medium 1-4. 

Cerium and thorium, which form in
soluble fluorides, and tungsten, 
which is partly precipitated as an 
insoluble compound during the decom
pos i tion of the sample3, are separated 
from tantalum by centrifugation, before 
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the extraction of the fluotantalate 
complex. Interference from molybdenum 
a nd residual tungsten, which may co
extract to some extent with the 
tantalum, is avoided by precipitating 
the hy d rous oxide of tantalum in the 
presence of an excess of ammonium 
hydroxide. 

Ra n g e 

The me t hod is suitable for samples 
containing more than approximately 
0.5% o f tantalum. 

Ap p ara t us 

Polypropylene separatory funnels. 250-
a nd 5 0 0-ml pear-shape type. 

Polypropylene centrifuge tubes. 50-ml. 

Re age n ts 

Hydrofluoric-nitric acid solution, 
0 .7 5 M a nd 1 M, respectively. Add 
27 ml of concentrated hydrofluoric 
aci d a nd 64 ml of concentrated nitric 
ac i d to a 1-litre polyethylene bottle, 
and d ilute to 1000 ml with water. 

Hydrogen peroxide, 1.5% w/v. Dilute 
50 ml of 30% hydrogen peroxide to 1 
l i tre wi t h water. 

Methyl isobutyl ketone, equilibrated. 
T r a ns fer approximately 300 ml of 
an alytical reagent-grade solvent and 
100 ml of 0.75 M hydrofluoric-1 M 
nitr ic a cid solution to a 500-ml poly
p r op y l e n e separatory funnel, stopper, 
and shake for 2 minutes. Allow 
s eve ra l minutes for the layers to 
set t le, the n drain off and discard the 
l o wer a q ueous layer. Store the result
ing met h yl isobutyl ketone in a poly
et h yle n e b ottle (Notes 1 and 2). 

Methyl red indicator solution, 0.1% 
w/v in e thyl alcohol . Store in a 
dropp i n g b ottle. 

Ammonium hydroxide wash solution, 1% 
v /v. 



Su lp huric ac id, 50% v/v. 

Procedure 

Transfer 0.2-2 g of sample, ground to 
at least minus 200 mesh (Note 3), and 
containing up to approximately 100 mg 
of tantalum, to a 100-ml platinum dish 
(Note 4), and add 20 ml of concentrat
ed hydrofluoric acid and 10 ml of 
concentrated nitric acid. Swirl the 
dish to disperse the sample, cover it 
with a Teflon cover, and heat gently 
until the decomposition of acid-soluble 
material is complete (Note 5). Re
move the cover and, carefully, without 
baking, evaporate the solution to near 
dryness or until the fluoride salts 
have crystallized. Add exactly 0 . 6 ml 
of concentrated hydrofluoric acid 
(plastic pipette) (Note 6) and 1.5 ml 
of concentrated nitric acid to the 
residue, by drops, heat gently (Note 
7) to dissolve the crystallized fluor
ides; and add exactly 23 ml of water. 
Stir the resulting suspension thorough
ly with a platinum or plastic rod, and 
pour the mixture into a 50-ml polypro
pylene centrifuge tube. Centrifuge 
the mixture for 1-2 minutes, then 
pour the supernatant solution into a 
dry 250-ml polypropylene separatory 
funnel. Wash the platinum dish with 
8 ml of 0.75 M hydrofluoric-1 M nitric 
acid solution, and pour the solution 
into the centrifuge tube containing 
the acid-insoluble residue. Stir the 
wash solution and residue thoroughly, 
centrifuge for 1 minute, and pour the 
supernatant solution into the separa
tory funnel containing the initial 
sample solution. Wash the platinum 
dish two more times with 8-ml portions 
of the hydrofluoric-nitric acid solu
tion, and add the washings to the 
initial solution. 

Add 25 ml of equilibrated methyl iso
butyl ketone to the solution in the 
separatory funnel, stopper tightly, 
and shake for 1 minute. Allow 
several minutes for the layers to 
separate, then drain the lower 
aqueous phase into a second 250-ml 
separatory funnel, and drain the 
methyl isobutyl ketone phase into a 
third separatory funnel. Add 25 ml of 
the equilibrated ketone to the second 
funnel containing the aqueous phase, 
stopper, and shake for 1 minute. 
After the layers have separated, drain 
the lower aqueous phase into the first 
funnel, and drain the ketone phase 
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into the third funnel containing the 
initial ketone extract. Wash the 
second funnel, by shaking for 30 
seconds each time, with two 5-ml por
tions of methyl isobutyl ketone. Add 
the washings and an additional 15 ml 
of the ketone to the first funnel, and 
re-extract the solution by shaking for 
1 minute. Drain off and discard the 
aqueous phase. Drain the ketone phase 
into the third funnel, wash the first 
funnel with two 5-ml portions of the 
ketone as described above, and add the 
washings to the combined extracts. 

Add 25 ml of 1.5% hydrogen peroxide to 
the combined extracts, stopper, and 
shake for 1 minute. Allow the layers 
to separate, then drain the lower 
aqueous layer into a large (approxi
mately 175 ml capacity) platinum dish. 
Strip the combined extracts three more 
times, by shaking for 1 minute each 
time, with 25-ml portions of 1.5% 
hydrogen peroxide (Note 8), and combine 
the aqueous layers with the first 
layer. Cover the combined solution 
with a Teflon cover, heat gently until 
the decomposition of hydrogen peroxide 
is complete, then remove the cover and 
evaporate the solution to near dryness 
or until the salts have crystallized. 

Add 0.6 ml of concentrated hydrofluoric 
acid and 1.5 ml of concentrated nitric 
acid to the residue, warm gently to 
dissolve the crystallized fluorides, 
and add 23 ml of water. Transfer the 
solution to a 250-ml polypropylene 
separatory funnel, and wash the dish 
with three 8-ml portions of 0.75 M 
hydrofluoric-1 M nitric acid solution. 
Add the washings to the funnel, then 
re-extract the solution with equilibrat
ed methyl isobutyl ketone, and strip 
the tantalum from the combined extracts 
again with 1.5% hydrogen peroxide as 
described above. 

Add 8 ml of 50 % sulphuric acid to the 
combined hydrogen peroxide solutions, 
cover the solution with a Teflon 
cover, and heat gently until the de
composition of hydrogen peroxide is 
complete. Remove the cover and 
evaporate the solution to fumes of 
sulphur trioxide. Cool, wash down the 
sides of the dish with water, and 
evaporate the solution to fumes again 
to ensure the complete removal of co
extracted hydrofluoric acid (Notes 9 
and 10). Cool, add 25 ml of water and 
several drops of 0.1% methyl red solu 
tion, and neutralize the solution 
approximately with concentrated 



a mmon i um h ydr oxide. Add 5 ml in e x 
cess, and h e at the solution gently to 
coagulate the resulting tantalum 
h ydrous oxide precipitate. Filter t he 
solution (Whatman No. 541 paper), 
transfer the precipitate quantitatively 
to the filter paper, and wash the 
paper an d prec i pitate thoroughly with 
hot 1 % ammon i um hydroxide. 

Trans f er the p aper and precipitate t o 
a tared 30 - ml plat i num crucible, burn 
off t h e pap e r a t a low temperature, 
i gnit e at appro x imately 1000°C, cool 
in a dessica t or and we igh. Repeat the 
i gnition and weighing until constant 
weight is obtained. 

Notes 

1. Meth y l isob utyl ketone e x tracts 
an apprec i able amount of hydrofluoric 
acid and othe r mineral acids from 
aqueous media. Consequently, pre
equilibration of the ketone, by shak
ing wi t h a hydrofluoric-nitric acid 
solut i on of t he same concentration as 
that subsequently employed as the 
extraction medi um for the separation 
of tantalum, is necessary to minimize 
the co-extraction of these acids from 
the sample solu ti on during the extr ac 
tion o f t a ntaluml ,3 

2. The i nter f ace between the ketone 
and the aqueous phase can be clearly 
seen a gainst a b r ight diffused light. 

3. Comp l ete decomposition of tanta
lum-bearing min erals may not be obtain
ed b y the described procedure if the 
sample is i n a coarser state s . 

4. Teflon b ea kers can be used for 
sample decomp os i t ion rather than 
plat i n um dis h e s . However, these 
beaker s are n ot recommended for the 
sub s equent pre ci pit a tion of tantalum 
as the h y drou s o x ide bec a use of the 
visu a l di ffic u l t y involved in trans
ferrin g t he wh i t e pre c ipitate quanti
tative l y f rom t he white, rough
te x tur e d b e a k er to the filter paper. 

5. Repeated treatment of the s ample 
with hydroflu o ri c acid may be necessary 
for complete d e composition of certain 
tantalum minerals (e.g., tantalite)6. 

6 . Bec ause h yd rofluoric acid volat
izes from aque o us solutions on pro
longed standing a t room temperature, 
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it should not be added to the residue 
un le s s the subsequent extraction of 
tant a lum is to be performed without 
appr e ciable delay. 

7. The platinum dish and contents 
should not be heated to temperatures 
above approximately 70°C or else an 
appreciable amount of hydrofluoric 
acid will be lost by volatilization. 

8. The methyl isobutyl ketone re
maining in the separatory funnel can 
b e used again, after washing with 
water and pre-equilibration with 
0.7 5 M hydrofluoric-lM nitric acid 
solut ion. 

9 . Partial hydrolysis of tantalum 
ma y occur during the evaporation of 
the solution to fumes of sulphur 
trioxid e , but this does not affect 
th e s ub sequent determination of 
tanta lum. 

1 0 . If the sample solution has in
ad v ert e ntly been evaporated to dryness, 
add 1 - 2 ml of concentrated hydro
f l u oric acid and 8 ml of 50% sul
ph ur ic ac id, and evaporate the solution 
t o fumes of sulphur trioxide. Cool, 
wash down the sides of the dish with 
a s ma ll amount of water, evaporate to 
f ume s again to ensure the complete 
removal of hydrofluoric acid, then 
procee d a s described. 

Calcu l ations 

% T a 205 

Weight of ignited precipitate (g) 

Sample weight (g) 

% Ta 
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DETERMINATION OF ZIRCONIUM IN ORES AND MILL PRODUCTS BY PRECIPITATION 
Wllli MANDELIC ACID 

P r incip le 

Th i s method 1 i s based on that develop
ed by Kum i ns 2 , and involve s the pre 
cip it at i on of zirconium as the 
tetramandelate from a hydrochloric 
acid medium . Zi r conium is determined 
b y weighing as the oxide af ter igni
tion o f the precipitate. 

Out li ne 

The sample i s decomposed by fusion 
with sodium peroxide, and the melt is 
digested in water. The hydrous oxide 
of zirconium is separated from sul
phate, phosphate, and from some 
silica, niobium, and tantalum by 
f iltration, and the precipitate is 
dissolved i n h ydrochloric acid. The 
residual zirconium retained in the 
filter paper as the hydrous oxide or 
phosphate i s ultimately recovered as 
the hydrous oxide, and the precipitate 
is ignited and fu s ed with potassium 
pyrosulphate. Th e melt is dissolved 
in dilute hydrochloric acid, and the 
solution is combined with the initial 
solution. The z ir conium in the re
sulting solution is precipitated with 
mandelic acid, and the precipitate is 
separated by fil tr ation and ignited. 
After fusio n of t he residue with 
potassium py rosulphate and dissolution 
of the melt,zirconium is re-precipitat
ed to remove occluded iron and silica, 
and the precipitate is ignited and 
weighed . 

If large amounts of silica, phosphate, 
niobium, and/or tantalum are present 
in the sample, these occluded im
purities are separated from zirconium 
by repeated fusion of the initial 
ignited precipitate with potassium 
carbonate, followed by digestion of 
the melt in water, and separation of 
the hydrous oxide of zirconium by 
filtration. After dissolution of the 
precipitate and recovery of the resi
dual zirconium in the filter paper, 
zirconium is ultimately re-precipitated 
with mandelic a c id. 

Disc u s s i on of interferences 

Sulpha t e and phosphate interfere in the 
determina tion of zirconium by complex
i n g it an d inhibiting its precipitation 
as th e t e tr amandelate, and by forming 
i n solub l e zirconium phosphate, res
p ectively . Silica, niobium, and 
tan t a l um i nter f ere because of the co
precip i tat ion of their hydrous oxides 
wi th th e z irconium tetramandelate 
pre c ip i tat e 1 •3. Zirc onium is separated 
fro m mo d er a t e amounts of sulphate and 
ph o sphate, from some silica, niobium, 
and tanta lum, and from molybdenum, 
tun gsten , chromium, t:in, arsenic, lead, 
uran i um, v anadium, aluminum, and zinc 
by the sodi um p eroxid e separation 
procedu r e . 

Posit i ve err e r from small amounts of 
iron and si l ic a, which contaminate the 
initial zircon ium te t r a mand ela te pre
cipitate, is el iminat e d by re -p recipi
tating th e z i r con ium, after fusion of 
the i niti al zirconium dioxide residue 
wit h po t ass ium pyr os ulphate. Positive 
errer f r om occluded silica, phosphate, 
niobium and/o r tantalum can be avoided 
by remo v ing t hese elements from the 
ini tial zirc onium dioxide residue, be
f or e re- precipitation of zirconium 
te tr a mand elate, by repeated fusions o f 
the residu e with p o tassium carbonate, 
followed by d igestion of the melt in 
water and f iltration o f the resultant 
hydrous zirconium oxide 1 • 

Hafn i um i nt e rferes in this method 
because it also forms a precipitate 
with mande lic acid under the condi
tions emp l o y e d for the precipitation 
of zi rcon ium1 • 2 • 

Range 

The method i s suitable for samples 
containing more than ap proximately 
0.1 % of zircon i um . 

Reagents 

Mandelic acid s o luti on, 16% w/v. 
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Mandelic acid wash solution, 5% w/v . 
Dissolve 50 g of the reagent in water, 
add 20 ml of concentrated hydrochloric 
acid, and dilute to 1 litre with water. 

Ammonium chloride - ammonium hydroxide 
wash solution, 2% w/v and 1% v/v, 
respectively. 

Hydrogen peroxide wash solution, 6% 
w/v. Dilute 20 ml of 30% hydrogen 
peroxide to 100 ml with water. 

Potassium carbonate wash solution, 2% 
w/v. 

Hydroch loric acid, 50 % and 20% v / v . 

Procedures 

Large amounts ~ silica, phosphate , 
niobium, and/or tantalum absent 

Transfer 0.2-2 g of powdered sample , 
containing up to approximately 10 0 mg 
of zirconium, to a 60-ml iron crucible, 
add approximately a five-fold weight 
excess of sodium peroxide and mix 
thoroughly. Cover the crucible, fuse 
the mixture over a low flame, and 
maintain it in the molten state for 
several minutes to ensure complete 
sample decomposition. Allow the melt 
to cool, then transfer the crucible 
and cover to a 600-ml (covered) 
beaker containing approximately 200 ml 
of water. When the subsequent reac
tion has ceased, remove the crucible 
and cover after washing them thorough
ly with water, and allow the solution 
to digest on a hot-plate for 30 
minutes to ensure the complete preci
pi ta t ion of the hydrous oxides of 
zirconium and iron. Using a Buchner 
funnel and suction, filter the result
ing solution (Whatman No. 40 or 52 
paper) (Note 1), transfer the preci
pitate quantitatively to the filter 
paper, and wash the paper and pre
cipitate thoroughly with 2% ammonium 
chloride-1 % ammonium hydroxide solu
tion (Note 2). Discard the filtrate . 
Dissolve the precipitate, using five 
10-ml portions of 50% hydrochloric 
acid, wash the paper with 10-15 ml of 
cold 6% hydrogen peroxide, and collect 
the resulting solution in a 400 - ml 
beaker. 

Transfer the f ilter paper (Note 3) to 
a 30-ml platinum crucible, burn off 
the paper at a low temperature , and 
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ignite at approximately 600°C. Co o l 
and fuse the residue with a small 
amount of sodium carbonate. Cool, 
transfer the crucible and conten t s t o 
a 250-ml beaker, and add approximately 
50 ml of water. Heat gently until the 
disintegration of the melt is complet e, 
then remove the crucible after washing 
it thoroughly with hot water. Fil ter . 
the resulting solution (Whatman No. 4 0 
paper), transfer the precipitate 
quantitatively to the filter paper, an d 
wash the paper and precipitate thor o ugh
ly with hot water. Discard the 
filtrate. 

Re-ignite the paper and precipitate as 
described above, and fuse the residue 
with a small amount of potassium 
pyrosulphate (Note 4). Cool, add 10 ml 
of 50% hydrochloric acid to the melt , 
heat gently until dissolution is co m
plete, filter, if necessary, and a d d 
the filtrate to the initial solution 
contained in the 400-ml beaker. 

Dilute the resulting solution to 150 
ml with water and add 50 ml of 16% 
mandelic acid solution. Slowly heat 
the solution to approximately 85°C , 
and digest the resultant zirconium 
tetramandelate precipitate at this 
temperature for 1-2 hours. Allow the 
solution to stand at room temperature 
for several hours, or overnight if the 
amount of precipitate is small, then 
filter the solution (Whatman No. 42 
paper) (Note 5), and wash the paper 
and precipitate 8-10 times with hot 
5% mandelic acid solution. 

Transfer the paper and precipitate to 
a platinum crucible, burn off the 
paper at a low temperature, and ignite 
at approximately 750°C. Fuse the re 
sulting zirconium dioxide residue (Note 
6) with 1-2 g of potassium pyrosul 
phate (Note 3), and transfer the 
crucible and contents to a 250-ml 
beaker. Add 75 ml of 20% hydrochloric 
acid and heat gently to dissolve the 
melt. Remove the crucible after wash 
ing it thoroughly with 20 % hydrochloric 
acid and, if silica is present, filter 
the solution (Whatman No. 40 paper) 
into the beaker in which the precipi 
tat ion was carried out. Wash the 
beaker, paper, and residue thoroughly 
with 20% hydrochloric acid, and dis
card the paper and residue. Dilute 
the resulting solution to 150 ml with 
20 % hydrochloric acid and re-precipi
tate the zirconium mandelate. Filter 
the solution, transfer the precipitate 



quantitatively to the filter paper, 
and wash the paper and precipitate as 
described above. 

Transfer the paper and precipitate to 
a tared platinum crucible, ignite for 
1 hour at 900-1000°C, cool in a 
dessicator and weigh. Repeat the 
ignition and weighing until constant 
weight i s obtained. 

Large amounts E_! silica, phosphate, 
niobium, and/or tantalum present 

Following the initial precipitation 
and ignition of the zirconium tetra
mandelate precipitate as described 
above, fuse the resultant zirconium 
dioxide residue with 1-2 g of potas
sium carbonate. Cool, transfer the 
crucible and contents to a 250-ml 
beaker, an d add approximately 50 ml 
of wate r . Hea t gently until the 
disint eg ration o f the melt is com
plete, then remove the crucible after 
washing it thoroughly with water. Add 
a small amount of paper pulp to the 
resulting s olution, filter the solu
tion (Whatman No. 40 paper) (Note 5), 
and wash the be aker, paper, and pre
cipitate thoroughly with 2 % potassium 
carbonate solution and hot water. 
Discard the filtrate. 

Transfer the p aper and precipitate to 
a platinum crucible, burn off the 
paper at a low temperature, and ignite 
at 750°C. Repeat the fusion and sub
sequent filtration once for samples 
with high silica, phosphate, and/or 
niobium contents, or twice for those 
with high tantalum contents, using the 
same beaker for the disintegration of 
the potassium carbonate melts. Dis
solve the resultant precipitate, using 
30 ml of 50 % hydrochloric acid, wash 
the paper thoroughly with hot water, 
and collect the solution in the beaker 
that originally contained the zircon
ium tetramandel a te precipitate. Wash 
the beaker that was employed for the 
disintegration of the potassium car
bonate melts with approximately 20 ml 
of 50 % hydrochloric acid followed by 
hot water, and add the washings to the 
main solution co ntaining the zirconium. 
Ignite the fi lter paper at 600°C in a 
platinum crucible, and fuse any result
ing residue with a small amount of 
potassium pyrosulphate. Cool, dissolve 
the melt in 10 ml of 50 % hydrochloric 
acid and, if nece ss ary (Note 7), filter 
the solution. Add the filtrate to the 
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main solution then proceed with the 
re-precipitation of zirconium tetra
mandelate, and the subsequent treat
ment of t he precipitate as described 
above. 

Notes 

1. Re-filter the solution if the 
filtrat e is turbid. 

2. Co-precipitated hydrous oxides 
(i.e., copper, nickel, calcium, and 
magnesium) are removed by washing the 
precip itate with ammoniacal ammonium 
chloride solution. 

3. Because of the insolubility of 
zirconium phosphate in acid media, and 
the possible hydrolysis of zirconium 
during the dissolution of the hydrous 
oxide precipi tate, some zirconium is 
usua lly retained on the filter paper. 
Th is must be recovered and added to 
the main solution. 

4. Although large amounts of sul
phate inhibit the precipitation of 
zirconium tetramandelate2,4, 1-2 g of 
potassium pyrosulphate can be em
plo y ed f o r fusion of the residue if 
1-2 heurs are allowed for the diges
tion of the subsequent precipitate. 

5. It is not necessary to transfer 
the precipitate quantitat ively to the 
filter paper at this stage, but the 
amount that remains in the beaker 
should be as small as possible. 

6. Instead of igniting the zir
conium tetramandelate precipitate and 
fusing the resulting impure oxide 
residue, Hill and Miles4 re-precipitate 
the zirconium after dissolution of 
the initial precipitate in 20% ammonium 
hydroxide, followed by filtration of 
the ammon i a cal solution to remove 
silica and compounds that are initially 
co-pr e cipit ated because of hydrolysis. 
Th is method is more rapid, and may 
possibl y be better than the method 
described, particularly if the sample 
contains niobium and/or tantalum. 

7. If some siliceous residue still 
remains at this stage, ignite the 
filter paper in a platinum crucible, 
cool, and add 5 ml of 50% sulphuric 
ac id and 2 ml of concentrated hydro
fluoric acid. Evaporate the solution 
until mos t of the sulphuric acid has 



been expelled, and add approximate ly 
3 ml of concentrated hydrochloric acid. 
Heat gently to dissolve the salts, 
filter the solution,add the filtrate 
to the màin solution, then proceed as 
described. 

Calculations 

% Zr02 

Weight of ignited precipitate (g)xlOO 

Sample weight (g) 

Other applications 

With modifications in the decomposi
tion and separation procedures, this 
method can be employed to determine 
zirconium in minerals, zirconium metal 
and alloys, steel and ferrous alloys, 
magnesium allo~s, and other non
ferrous alloys . 
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PART V 

VOLUMETR IC METHODS 





DETERMINATION OF ANTIMONY IN ORES AND MILL PRODUCTS BY TITRATION WllH 
POTASSIUM BROMATE AFTER REDUCTION WllH SODIUM SULPHITE 

Principle 

This methodl• 2 involves the reduction 
of antimony to the trivalent state 
with sodium sulphite in an approxi
mately 6 M sulphuric acid medium 
after separation as the trisulphide. 
Antimony is determined by titration 
of the resultant antimony (III) with 
potassium bromate in an approximately 
2 M sulphuric-hydrochloric acid 
medium, in the ~resence of Bordeaux 
as internal indicator. 

The corresponding reactions for these 
processes are: 

Sb+s + 2H+ + 503=+ Sb+ 3 + H20 + S02t 

Bro 3-+ 3Sb+ 3 + 6H+ + Br- + 3Sb+s + 3H20. 

Outline 

The sample is decomposed by heating 
with potassium pyrosulphate and sul
phuric acid, in the presence of 
tartaric acid, which reduces antimony 
and arsenic to the trivalent state. 
The melt is dissolved in tartaric 
acid solution and acid-insolub le 
material is removed by filtration. 
The residual antimony in the residue 
is ultimately recovered as the sul
phide. After dissolution of the 
sulphide precipitate, and removal of 
elemental sulphur by evaporation with 
sulphuric acid, the resultant solution 
is added to the initial filtrate, and 
arsenic is precipitated as the tri
sulphide from a strong hydrochloric 
acid medium and separated from 
antimony by filtration. Antimony, 
copper, and other elements of the 
copper and arsenic groups that may be 
present in the filtrate (lead, cadmium, 
bismuth, tin, palladium, gold, selen
ium, tellurium, molybdenum, and 
mercury) are subsequently precipitated 
as the sulphides f rom a dilute hydro
chloric acid medium and separated 
from iron, vanadium, aluminum, cobalt, 
nickel, manganese, zinc, thallium, 
alkaline earths, and rare earths by 
filtration. The mixed sulphide pre
cipitate is digested in potassium 
sulphide-potassium hydroxide solution, 
and the solution is filtered to 
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remove the insoluble sulphides of 
copper, lead, cadmium, bismuth, 
palladium, and mercury. The antimony 
in the filtrate is ultimately reduced 
with sodium sulphite and titrated with 
potassium bromate solution. 

Alternatively, following sample decom
position by treatment with potassium 
pyrosulphate and sulphuric acid, or by 
fusion with potassium carbonate and 
potassium nitrate, and the separation 
of arsenic by distillation as the 
trichloride as described in the 
Volumetric-Distillation-Bromate Method 
for arsenic (Procedure s A and B, pp 236 
and 237, Note 13) antimony can be 
determined as follows: 

Tartaric acid is added to the solu
tion remaining in the distillation 
flask, and the residual antimony in 
the acid-insoluble material, obtain
ed either before or after the dis
tillation step, is ultimately re
covered as the sulphide and treated 
as described above. Antimony is 
ultimately determined as described 
above, after its separation as the 
sulphide and digestion of the mixed 
sulphide precipitate in potassium 
sulphide-potassium hydroxide solu
tion to remove the insoluble sul
phides of the interfering elements. 

Discussion ~ interferences 

Arsenic, iron, copper, vanadium, and 
thallium interfere in the determination 
of antimony because they are also re
duced to lower oxidation states with 
sodium sulphite in sulphuric acid 
media and are subsequently oxidized 

' 1 4 by the potassium bromate - . Copper 
also interferes because the cuprous 
ion that is formed during reduction 
with sodium sulphite is partly air
oxidized to the divalent state pri o r 
to the titration of the antimony; this 
causes error in the antimony result 
because of the catalytic co-oxidation 
of antimony (III) to the pentavalent 
state with the copper (II) 1 • 5 • 6 • 
Large amounts of calcium and magnesium 
salts cause high results for 
antimony 1 • 2 . 



Lead sulphate, in large amounts, 
causes low results because antimony 
is partly retained by this compound 2 • 
Antimony is recovered from residues 
containing lead sulphate by fusing 
the residue with potassium carbonate 
and sulphur, follow ed by digestion of 
the melt in water, and filtration to 
remove lead carbonate and/or lead 
sulphide 2 • 

Interference from arsenic is eliminat
ed by separating it f rom antimony 
either by precipitation as the tri
sulphide , or by distillation as the 
trichloride from an approximately 8 M 
hydrochloric acid medium 1 • 2 • Inter
ference from iron, vanadium, thallium, 
calcium, and magnesium is avoided by 
separating antimony from these ele
ments by precipitation as the sulphide 
from an approximately 1.6 M hydro
chloric acid medium 1 • 2 • 7 • Antimony is 
separate d from co-precipitated copper 
and lead sul ph ides , which are insoluble 
in aîkaline sulphide media, by diges
tion of the mixed sulphide precipitate 
in potassium sulphide-potassium hydr
oxide solution 8 • 

Zinc, silver, tin, chromium, and mo d
erate amounts of lead do not interfere 
in this methodl• 2 • 5 •6. Selênium, 
tellurium, and gold may interfere. 

Rang e 

The method is suitable for samples 
containing more than approximately 
0.01 % of antimony. 

Reagents 

Standard potassium bromate solution, 
0.05 N. Dissolve 2.7835 g of the 
reagent (dried at 180°C for 1-2 hours) 
in water, and dilute to 2 litres 
(Note 1). 

Standard potassium bromate solution, 
0.01 N. Dilute 100 ml of the 0.05 N 
solution to 500 ml with water. 

Bordeaux indicato r solution , 0.1% w/v. 
Store in a dropping bottle. 

Potassium bromide solution , 10% w/v. 

Sodium hydroxide solution , 8% w/ v. 

Potassium hydroxide solution , 10 % w/v. 

Sulphuric acid , 50 % and 10% v/v. 

Hydrogen sulphide (cylinder) gas. 

Hydrogen sulphide wash solution, 33% 
hydrochloric acid saturated with 
hydrogen sulphide. 

Hydr ogen sulphide wash solution. 1% 
sulphuric acid saturated with hydrogen 
sulphide. 

Potassium sulphide-potassium hydroxide 
wash solution. Dissolve 20 g of 
potassium hydroxide in 1 litre of 
water and saturate the solution with 
hydrogen sulphide. Add 2 g of potas
sium hydroxide, stir to dissolve, and 
store in a wash-bottle. 

Silver nitrate solution, 1 % w/v. 
Dissolve 1 g of silver nitrate in 
water, add 5-10 drops of concentrated 
nitric acid, and dilute to 100 ml with 
water. 

Standardization of potassium bromate 
solution 

Transfer 0.1000 g of pure arsenic tri 
oxide (As203) (Note 2) to a 400-ml 
beaker, add 5 ml of 8% sodium hydroxide 
solution, and swirl the beaker until 
the oxide has dissolved. Add 50 ml of 
water and 40 ml of concentrated hydro
chloric acid, and dilute the solution 
to approximately 200 ml with water. 
Add 5 ml of 10 % potassium bromide 
solution (Note 3) and 4 drops of 0.1 % 
Bordeaux indicator solution (Note 4) 
and, while stirring, titrate the re
sulting solution with standard 0.05 N 
potassium bromate solution until the 
pink colour just disappears (Note 5). 
Add 2 drops more of the indicator 
solution and, if necessary, continue 
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to titrate slowly, and while stirring, 
to a colourless end-point (Note 6). 
Correct the result obtained by sub
tracting that obtained for a blank 
that is carried through the same 
procedure (Note 7). Determine the 
normality of the potassium bromate 
solution, and calculate the antimony 
equivalents (mg/ml) of both the 0 . 05 N 
and the diluted 0.01 N solutions (1 ml 
of 0.05 N potassium bromate solution 
= 3.044 mg of antimony; 1 ml of 0.01 N 
solution = 0.6088 mg of antimony). 



Procedu r es 

In these procedures a reagent blank is 
carried along with the samples. 

A - General procedure 

Transfer 0.2-5 g of powdered sample, 
containing up to approximately 150 mg 
of antimony, to a dry 300-ml Erlenmeyer 
flask, and add 12 g of potassium 
pyrosulphate , 0.5 g of tartaric acid 
(Note 8), and 1 5 ml of concentrated 
sulphuric acid. Heat the mi x ture, 
gradually at f i rst, over an open 
flame, then at the full heat of a 
Meker bu r ner un til decomposition is 
complete. Continue heating until any 
free sulphur has been expelled, the 
carbon from the t artaric acid is 
completely oxidized, and most, but not 
all of the excess s ulphuric acid has 
been expelled (Note 9), then swirl the 
flask to distribute the melt in a thin 
layer around the b ottom and lower 
sides of the flask . Allow the flask 
and contents to cool, then add 3 g of 
tartaric acid and 30 ml of water, heat 
gently to dissolve the soluble salts 
and, if necessary, filter the solution 
(Whatman No. 540 paper) into a 400-ml 
beaker. Wash the beaker, paper, and 
residue (Note 1 0) with small portions 
of 10 % sulph ur i c a cid, and then with 
hot water to remove the acid. 

Place the paper and residue on a watch 
glass, d r y in a n o v en at 100°C, and 
transfer the major portion of the 
residue to a 30-ml porcelain crucible. 
Transfer the pape r to another porce
lain crucible, and burn off the paper 
at a low temperature. Add the ash 
from the paper to the dried residue 
and, depending on the amount of the 
residue, add 1-2 g each of potassium 
carbonate and powdered sulphur and mi x 
thoroughly. Fuse the mixture at a low 
temperature , and allow the crucible 
and contents to cool. Transfer the 
crucible and c ontents to a 250-ml 
beaker, and add approximately 75 ml of 
water. Heat gently to disintegrate 
the melt, then remove the crucible 
after washing i t thoroughly with hot 
water. Filter the solution (Whatman 
No. 40 pape r ) i nto a 400-ml beaker, 
and wash the beaker, paper, and pre
cipitate thoroughly with hot water. 
Discard the paper and precipitate. 
Using litmus paper, neutralize the 
solution approximately with 50% 
sulphuric acid, add 2 ml in excess, 

a nd allow the solution to stand until 
the resultant sulphides have settled. 
Filter the solution (Whatman No. 40 
paper) , wa sh the bea ker, paper , a n d 
prec ipit at e with a small amount o f 
wa ter, a nd discard the filtrate. Di s
s o lve the precipitate, using approxi 
ma tely 5 ml of hot 10% potassium hydr
oxide solution mixed with 1 ml of 30% 
hy d rogen peroxide, and wash the paper 
thoroughly with hot water. Coll e ct the 
s o lution in the beaker that original l y 
c ontain ed the sulphide precipitate , and 
discard the paper. Add 7 ml of 50% 
sulphuric acid to the resulting solu
ti on a nd evaporate it to fumes of sulphu r 
tr ioxi d e t o remove elemental sulphur. 
Cool, add approximately 10 ml of water, 
heat gently to dissolve the salts, and 
a d d th e solution to the initial 
f iltrate . 

Ev a p orate the combined solution to 
appro x imate ly 25 ml, cool, and add 5 0 
ml o f concentrated hydrochloric acid. 
Cool t o 1 5-20°C in an i ce-bath, and 
pass hy d r o gen sulphide through the 
soluti on f o r 30 minutes. Allow the 
soluti o n t o stand for 1 hour, or long
er i f only a small amount of precipi
tate is pr es e nt, then, using suction 
a nd a d o u b le filter paper (Whatman No. 
40 ) prev iously moistened with 33% 
hydro ch l o ric acid saturated with 
h ydro ge n sulphide, filter the solution 
into a 1-litre beaker. Wash the beak
er 3 times with small portions of the 
3 3% hydr o chloric acid-hydrogen sulphide 
so luti on, then wash the paper and pre
c i pi t ate 6 times with the same s o lution. 
Di s c ard the paper and precipitate. 

Di l u t e the filtrate (Note 11) with 4 
t i mes its volume of hot water, pass 
hydrogen s ulphide through the soluti on 
for 30 minutes, and allow it to stand 
unt il t h e mixed sulphide precipitate 
has s e tt l e d. Filter the solution 
(Wh at man No. 40 paper) into a 1-litre 
beak er (N ote 1 2), and wash the beaker, 
paper, a n d precipitate thoroughly with 
1 % s ul phu r ic acid saturated with hy
dro gen sulphide until the precipitate 
i s fre e of chlorides (Notes 13 and 
14) . 

Us i n g a j et of hot water, transfer the 
bulk of the precipitate to the beaker 
in which the precipitation was carried 
ou t , a nd wash the paper with 20 ml of 
hot 1 0 % po tassium hydroxide solution 
( Note 15 ) f o llowed by hot water. 
Dilute t h e re s ulting solution to appro
x i mat e l y 75 ml with hot water, pass 
h y d r o g en s ulphide through the solution 
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10% potassium hydroxide solution, stir, 
and allow the solution to stand until 
the precipitate has settled. Using 
the same filter paper, filter the 
solution into a 300-ml Erlenmeyer 
flask, and wash the beaker, paper, 
and precipitate thoroughly with small 
portions of the potassium sulphide
potassium hydroxide wash solution 
(Note 16). Discard the paper and 
precipitate. 

Add 15 ml of concentrated sulphuric 
acid to the filtrate (Note 17), eva
porate the solution to fumes of sul
phur trioxide, and continue heating 
until all of the sulphur is destroyed 
and most, but not all of the excess 
sulphuric acid has been expelled 
(Note 9). Swirl the flask to distri
bute the melt around the bottom and 
lower sides of the flask, and allow 
the flask and contents to cool. Add 
20 ml of 50% sulphuric acid and 10 ml 
of water, heat gently to dissolve the 
melt "(N ote 18), then add 1 g of 
sodium sulphite (Note 19) in small 
portions, boil the solution vigorously 
for several minutes, and evaporate it 
to approximately 20 ml. Cool, wash 
down the sides of the flask with 
approximately 10 ml of water, and 
again boil and evaporate the solution 
to 20 ml to ensure the complete ex
pulsion of sulphur dioxide (Note 20). 
Cool the resulting solution and add 
approximately 40 ml of water and 20 ml 
of concentrated hydrochloric acid. If 
necessary, warm the solution to 50-
600C (Note 21) to dissolve the salts, 
and dilute to 200 ml with water. Add 
5 ml of 10% potassium bromide solution 
and 4 drops of 0.1% Bordeaux indicator 
solution and, depending on the ex
pected antimony content of the sample, 
proceed with the titration of antimony 
as described above, using either 
0.01 N or 0.05 N potassium bromate 
solution as required. Correct the 
result obtained for the sample by sub
tracting that obtained for the reagent 
blank. 

B - Procedure after the separation of 
arsenic Èl'._ distillation 

Following sample decomposition by 
treatment with potassium pyrosulphate 
and sulphuric acid, or by fusion with 
potassium carbonate and potassium 
nitrate, and the separation of arsenic 
by distillation as the trichloride as 
described in Procedures A and B (pp 236 
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and 237, Note 13) of the Volumetric
Distillation-Bromate Method for arsenic, 

add 3 g of tartaric acid to the solu
tion remaining in the distillation 
flask (Note 22), shake to dissolve 
and, if necessary, warm the solution 
to 50-60°C (Note 21) to dissolve the 
soluble salts. If necessary (Note 
23), filter the solution (Whatman No.· 
541 paper) into an 800-ml beaker, wash 
the beaker, paper, and residue with 
small portions of 10% sulphuric acid, 
and then with warm water to remove the 
acid. If an appreciable amount of 
acid-insoluble residue is present (Note 
10), dry the paper and residue, separ
ate and burn off the paper, fuse the 
combined ash and dried residue with 
potassium carbonate and sulphur, and 
treat the melt as described above. 
Add the resultant solution to the main 
solution. 

Dilute the combined solution (Note 11) 
to approximately 500 ml with hot water, 
and pass hydrogen sulphide through the 
solution for 30 minutes. Add 150-200 
ml of hot water and continue to pass 
hydrogen sulphide through the solution 
for an additional 15-20 minutes (Note 
24). Allow the solution to stand 
until the precipitate has settled, 
then proceed with the filtration of the 
mixed sulphide precipitate, the potas
sium sulphide-potassium hydroxide 
separation of antimony, and the subse
quent titration of antimony as describ
ed above. 

Notes 

1. If pure dry potassium bromate is 
employed, standardization of the solu
tion is not necessary. 

2. Pure antimony trioxide (Sb203) 
can also be used to standardize the 
potassium bromate solution. However, 
if this reagent is employed, it should 
be dissolved in potassium hydroxide 
solution rather than sodium hydroxide 
solution-sodium salts of antimony are 
much less soluble than potassium salts 9 • 
A 0.1000-g portion of antimony tri
oxide (i.e., 83.53 mg of antimony) 
requires 27.44 ml of 0.05 N potassium 
bromate solution. 

3. When a reduced compound is titrat
ed with potassium bromate solution, 
bromide is formed in the first stage 
of the reaction, and then reacts with 



excess of bromate to yield free 
mine (Note 6), according to the 
ing reactions: 

bro
follow-

Br03-+ 6H+ + 6e + Br- + 3H 2 o 

Br03-+ SBr- + 6H+ + 3Br 2 + 2H 20. 

A bromide salt is usually added to the 
test solution before the titration or 
is included in the standard bromat~ 
solution so that only the second re
action occurslO. 

4. If Bordeaux indicator is not 
available, aqueous(0.1-0.2%) solutions 
of methyl orange and various other 
irreversible internal oxidation in
dicator compounds (e.g., Brilliant 
ponceau SR, napthol blue black, and 
fuchsine) can also be employed as 
internal indicators in the direct 
titration of arsenic (III) and antimony 
(III) with potassium bromate in the 
presence of approximately 20% by 
volume of hydrochloric acidl0,11. The 
colour change at the end-point for 
methyl orange and the above indicators 
is from orange, dark red, blue, and 
reddish-yellow, respectively to 
colourlesslO. ' 

S. A 0.1000-g portion of arsenic 
trioxide (i.e., 7S.74 mg of arsenic) 
requires 40.44 ml of O.OS N potassium 
bromate solution. 

6. Bordeaux and other irreversible 
indicators (Note 4) are destroyed by 
the free bromine that is liberated at 
the end-point (Note 3). With all ir
reversible oxidation indicators, the 
destruction of the indicator is of ten 
premature-particularly if the solution 
is not stirred vigorously during the 
titration - and the colour of the 
solution fades before the equivalence 
point of the reaction is reached. As 
soon as the colour disappears, several 
more drops of indicator solution should 
be added. If the end-point has been 
reached, the additional indicator will 
be destroyed and the solution will be
come colourless. If the indicator has 
been destroyed prematurely, the added 
indicator will colour the solution, 
and the titration should be continued 
to the end-point. Because the end
reaction is slow, the last portion of 
the potassium bromate solution should 
be added, drop by drop, and with 
constant stirring. Another drop of 
indicator solution can be added at the 
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end-point to ensure that the true end
point has been obtained10,11. 

7. The blank correction, which 
sults from the oxidation of the 
indicator, is generally equivalent 
approximately 0.03 ml of O.OS N 
potassium bromate solution. 

re-

to 

8. Instead of tartaric acid a 
small piece of filter paper (a;proxi
mately one-eighth of a 9-cm paper), or 
preferably dry paper pulp can be 
employed to reduce antimony, and 
arsenic, if present, to the trivalent 
state during sample decompositionl. 

9. All of the excess sulphuric acid 
should not be expelled from the solu
tion. This may result in the formation 
of basic antimony salts which are 
relatively insoluble in dilute acid2. 
If all of the sulphuric acid has in
advertently been removed from the solu
tibn, add 3-4 ml of concentrated acid , 
evaporate the solution to dense fumes 
of sulphur trioxide, then proceed as 
described. 

10. The drying, fusion, and subse
quent treatment of the acid-insoluble 
residue can probably be omitted if only 
a small amount of residue is present. 
If an appreciable amount of insoluble 
material is present, it should be 
quantitatively transferred to the 
filter paper and treated as described 
because it may contain antimony. 
Residues containing lead sulphate 
should not be ignored because lead 
sulphate retains an appreciable amount 
of antimony2. 

11. If · the sample contains an appre
ciable amount of tin, add 10 g of 
oxalic acid before the dilution of the 
filtrate, then dilute with hot water 
as described, and stir to dissolve the 
oxalic acid. Tin does not interfere 
in the titration of antimony (III) with 
potassium bromate because any tin (II) 
that may be present in the final solu
tion, after the subsequent mixed sul
phide and potassium sulphide-potassium 
hydroxide separation procedures, is 
oxidized to the tetravalent state 
when the solution is evaporated to 
fumes of sulphur trioxide. The re
sultant tin (IV) is not reduced to the 
divalent state with sodium sulphite. 
However, the presence of a large 
amount of tin sulphide in the mixed 



sulphide precipitate is an unnecess
ary inco nvenience during the filtra
tion and washing of the precipitate 2 . 

12. If the filtrate is not perfect
l y c lear, the solution should be re
f iltered. 

1 3. To ensure that all of the 
antimony has been precipitated as the 
sulphide, add approximately 100 ml of 
wat er to t he filtrate and washings, 
wa rm to approximately 60°C (Note 21), 
a nd pass hydrogen sulphide through the 
so lu tion f or 15-20 minutes. If no 
f u r ther precipitation occurs, discard 
the solution. If a precipitate forms, 
a llow it to settle, and remove most of 
t he supern atant solution by decanta
t i on. F i lter the solut i on through the 
paper containing the initial precipi
tate, and wash the beaker, paper, and 
pre c ipitate as described. 

14.- The precipitate must be free of 
chlorides or else some antimony will 
be lest by volatilization as the tri
c h loride during the evaporation of the 
final solution to fumes of sulphur 
trioxide 1 • 2 . The washings can be 
te st ed f o r the absence of chloride 
ion b y boiling a small portion to 
e x p e l th e hydrogen sulphide, and then 
addin g se v eral drops of 1 % silver 
nitrate solution. The complete re
moval of chlorides is indicated if a 
clear solution, or only a very faint 
opal e s c en c e is obtained. 

1 5. Because potassium salts of 
antimony are considerably more soluble 
than sodium salts, potassium hydr
ox i de solution, rather than sodium 
h yd roxide solution, should be employed 
for the subsequent alkali sulphide 
separation, particularly if a large 
amount o f a n timon y is present in the 
mi xed s ulphide pr e cipitate 8 • 

16. Sorne antimony ma y be retained 
i f th e amount of precipitate remaining 
aft e r th e potassium sulphide-potassium 
hydro x ide separation procedure is re
lativel y large. To ensure the com
plete separation of antimony, transfer 
th e precipitate to the beaker again, 
wash the paper with 10 ml of hot 10% 
potassium hydroxide solution, and 
dilute the solution to approximately 
50 ml with water. Pass hydrogen 
sulphide through the solution for 5-
10 minutes, then add 5 ml of the 
potassium hydroxide solution. Allow 
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the prec i p it ate to settle, proceed as 
described with t he filtration and 
washing of the precipitate, and collec t 
the filtrate a n d washings in the flask 
containing the init ial filtrate. 

17. Af t e r a cid i fication with sul
phuric ac i d, the s o lution will become 
opaque bec a us e o f the precipitation o f 
sulphur. It wi ll eventually become 
cl ea r ag ain du ring the subsequent eva
poration to fumes of sulphur trioxide. 

18. If y ell ow g lobules of sulphur 
are present at t h i s stage, filter the 
solution (Whatman No . 40 paper) into 
another Erlenme ye r flask, and wash the 
f lask, paper, a nd residue with small 
portions of 1 0 % sulphuric acid. Dis
card the pape r an d residue. Evaporate 
the filt r ate to ap p roximately 30-35 ml , 
then proceed as described. 

19. Becaus e eva poration of solutions 
contain i ng antimo ny (III) to fumes of 
sulphur trio x id e may result in partial 
oxidation of t he antimony to the penta
valent state, trea t ment of the solution 
with sodium sulph i t e at this stage 
ensures that a ll o f the antimony will 
be in the t r i valent state prier to the 
titration wi th potassium bromate 2 • 5 . 

20. High results will be obtained 
for antimony i f t he sulphur dioxide is 
not completely e xpelled from the solu
tion prier to t h e titration of 
antimony (III)l. 

21. The solu t i o n should not be boil
ed or else s o me antimony may be lost 
by volatilizat io n as the trichloridel,2 . 

2 2 . If t he sample taken for the de
termination of arse n ic was known to 
contain an appre c i a b le amount of 
antimony , and two d istillations of 
arsenic were carried out, add 3 g of 
tartaric acid t o e ach of the solutions 
in the distill a t ion flasks. Proceed 
with the sub se quent filtration and 
treatment of t he acid-insoluble resi
due, i f ne c es sa r y , and the hydrogen 
sulphide separation p rocedure, then 
filter the result a nt solutions 
throu gh t he s a me filter paper. 

23. Filtrat i on of the solution is 
not neces s ar y if ac i d-insoluble 
residue wa s r emo ved by filtration 
prier to the d i s ti l l ation of arsenic. 
If necessary ( No t e 10 ), the initial 



residue should subsequently be dried 
and treated as described in Procedure 
A. 

24. Because the exact acid concen
tration of the sample solution is not 
known after the distillation of 
arsenic and subsequent treatment of 
the acid-insoluble residue, the con
tinued passage of hydrogen sulphide 
through the solution, after further 
dilution of the solution with water, 
ensures that all of the antimony pre
sent is precipitated as the sulphide. 

Calculations 

Normality of potassium bromate 
solution (NKBr0

3
) 

where: 

Weight of arsenic trioxide (g) 

0.04946 X (V - v) 

V = volume (ml) of potassium bromate 
solution required by the 

V 

arsenic trioxide. 

volume (ml) of potassium bro
mate solution required by the 
blank. 

Antimony equivalent (mg/ml) of the 
0.05 N potassium bromate solution 

(SbEQ0.05) 

Antimony equivalent (mg/ml) of the 
0.01 N potassium bromate solution 

(SbEQ0.01) 

% Sb 

1 
SbEQ0.05 X 5 

(Vs - VB) x SbEQ0.05 or 0.01 x 
100 Sample weight (mg) 

where: 

V = volume (ml) of potassium bromate 
S solution (0.05 or 0.01 N) re

quired by the sample. 

volume (ml) of potassium bromate 
solution (0.05 or 0.01 N) re
quired by the blank. 

%Sb203= 1.197 X % Sb 

%Sb 2 0s= 1.329 x % Sb 
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DETERMINATION OF ARSENIC IN ORES AND MILL PRODUCTS BY TITRATION WllH 
POTASSIUM BROMATE AFTER DISTILLATION AS ARSENIC TRICHLORIDE 

Principle 

This method 1- 5 i nvolves the separation 
of arsenic by distillation as the tri
chlori de from an approximately 8 M 
hydrochloric ac i d medium, in the pre
sence of hydrazine dihydrochloride as 
reductant. Arsenic is determined by 
titration of the resultant arsenic 
(III) with potassium bromate in a 
hydrochloric acid medium, in the pre
sence of Bordeaux as internal indica
tor. 

The corresponding reaction for this 
process is: 

Br03-+ 3As+ 3 + 6H+ 

+ Br- + 3As+ 5 + 3H 2 0. 

Outline 

Sulph ide and low-grade oxide ores and 
mill products are decomposed by heat
ing with potassium pyrosulphate and 
sulphuric acid, in the presence of 
tartaric acid, which reduces arsenic 
and antimony to the trivalent state. 
The melt is dissolved in water, and 
arsenic is ultimately separated from 
the matrix elements by distillation 
as the trichloride. The arsenic in 
the distillate is ultimately titrated 
with potassium bromate solution. 

Refractory sulphide and high-grade 
oxide ores and mill products are 
decomp osed by fusion with a mixture 
of sodium carbonate and potassium 
nitrate, and the melt is dissolved 
in dilute sulphuric acid. Arsenic, 
and antimony, if present, are ulti
mately reduced to the trivalent state 
with sodium sulphite, and arsenic is 
separated by distillation and deter
mined as described above. 

Discussion of interferences 

Antimony, and other elements that are 
reduce d to lower oxidation states 
under the same general conditions re
quired for the reduction of arsenic 
(V) (e.g., iron, copper, vanadium, 
and thallium) interfere in the deter
mination of arsenic because they are 
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subsequently oxidized by the potassium 
bromate1, 2 ,1+,6. 

Arsenic is separated from moderate 
amounts of antimony, from large amounts 
of iron, copper, vanadium, and thallium, 
and from tin, magnesium, aluminum, 
bery llium, uranium, chromium, bismuth, 
nickel, cadmium, zinc, cobalt, lead, 
manganese, thorium, tellurium, mercury, 
silver, cerium, indium, gallium, 
rhenium, molybdenum, titanium, tungsten, 
zirconium, phosphate, silicate, 
platinum metals, gold, alkaline earths, 
and rare earths by distillation as the 
trichloride at a temperature (i.e., 
vapour temperature) of approximately 
105°C 1 • 2 ·7- 9 • Antimony is partly co
distilled as the trichloride at temp
era tures greater than 107°C9,10, and 
at 105°C, if the amount of antimony 
present during distillation greatly 
exceeds that of arsenic9. Interference 
from co-distilled antimony (III) can 
be eliminated by re-distilling the 
arsenic from the initial distillate 7 •9, 
Germanium is quantitatively volatilized 
as the tetrachloride but it does not 
interfere in this method 7 •9. Selenium 
is partly co-distilled and may inter
fere9, 

Range 

The method is suitable for samples 
containing more than approximately 
0.01% of arsenic. 



Apparat us 

Appar~tus for the distillation of 
arsen~c . Illustrated in Figure 1. 
Leakage in the apparatus is minimized 
by using ground-glass and ball and 
socket joint connections wherever 
possible, and by lubricating these 
connections and all stopcocks with 
silicone stopcock grease. Rubber 
steppers and rubber tubing should not 
be employed in the construction of the 
apparatus because they are attacked by 
the hot, acid vapeur during the dis
tillation step, and because they partly 
absorb the volatilized arsenic tri
chloride 7. 

FIGURE 1. 

E 
!' 
K 

Apparatus for the distilla
tion of arsenic 

A - Funnel for the addition of acid 
(approximately 100 ml capacity). 

B - Clamp. 
C - Ground-glass joint. 
D - Distillation flask (300-ml 

Erlenmeyer-type). 
E - Heating element. 
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F - Distillation head. 
G - Partial-immersion thermometer 

(range -20 to + 150°C). 
H - Ball and socket joint. 
I - Condenser. 
J - Water-outlet. 
K - Water-inlet 
L - Collecting beaker (400-ml). 
M - Block of wood. 

Reagents 

Standard potassium bromate solutions, 
0.05 and 0.01 N. Prepare as described 
in the Volumetric-Bromate Method for 
antimony (p 228). 

Bordeaux indicator solution, 0.1% w/v. 
Store in a dropping bottle. 

Potassium bromide solution, 10% w/v. 

Sodium carbonate-potassium nitrate 
fusion mixture , 50 % each by weight. 

Sulphuric acid, 50 % and 5% v/v. 

Standardization of pot assium bromate 
solution 

Standardize the solution against pure 
arsenic trioxide as described in the 
Volumetric-Bromate Method for antimony 
(p 228). Correct the result obtained 
by subtracting that obtained for a 
blank that is carried through the same 
procedure. Determine the normality of 
the potassium bromate solution, and 
calculate the arsenic equivalents 
(mg/ml) of both the 0.05 N and the 
0.01 N solutions (1 ml of 0.05 N 
potassium bromate solution = 1.873 mg 
of arsenic; 1 ml of 0.01 N solution = 
0.3746 mg of arsenic). 

Procedures 

In these procedures a reagent blank is 
carried along with the samples. 

A - Sulphide and low-grade oxide ores 
and mill products 

Transfer 0.2-5 g of powdered sample, 
containing up to approximately 100 mg 
of arsenic, to a dry 300-ml Erlenmeyer 
distillation flask, and add 12 g of 
potassium pyrosulphate, 0.5 g of 
tartaric ac id (Note 1), and 15 ml of 
concentrated sulphuric acid. Heat the 
mixture, gradually at first, over an 



open flame, then at the full heat of a 
Meker burner until decomposition is 
complete. Continue heating until any 
free sulphur has been expelled, the 
carbon from the tartaric acid is com
pletely oxidized, and most, but not 
all of the excess sulphuric acid has 
been expelled (Note 2), then swirl the 
flask to distribute the melt in a 
thin layer around the bottom and 
lower sides of the flask. Allow the 
flask and contents to cool, then add 
approximately 30 ml of water, and 
boil the resulting solution for 10-15 
minutes to expel any sulphur dioxide 
that may be present (Note 3). Cool 
and, if an appreciable amount of in
soluble material is present (Note 4), 
filter the solution (Whatman No. 541 
paper) into another distillation 
flask, and wash the flask, paper, and 
residue thoroughly with small portions 
of 5% sulphuric acid (Note 5) followed 
by hot water. Discard the paper and 
residue (Note 6). Re-evaporate the 
solution to approximately 30 ml, cool, 
and add 4 or 5 glass beads and 1 g 
each of potassium bromide (Note 7) and 
hydrazine dihydrochloride (Note 8). 

Connect the flask to the distillation 
head (Figure 1), and start a flow of 
cold water through the condenser. 
Place a graduated 400-ml beaker con
taining 100 ml of cold water (Note 9) 
under the condenser and, using a block 
of wood of suitable size, adjust the 
height of the beaker so that the lower 
outlet end of the condenser dips well 
beneath (approximately three-quarter 
inch) the surface of the water. Add 
75 ml of concentrated hydrochloric acid 
to the funnel, open the stopcock in the 
funnel, and allow the acid to flow 
into the distillation flask. Leave 
the stopcock open, and gradually heat 
the contents of the flask to the boil
ing point. Continue heating, at such 
a rate that the temperature of the 
vapeur remains constant at, but does 
not exceed 105 ± 1°C (Note 10), until 
the volume of the solution in the 
collecting beaker has increased by 
approximately 40 ml. 

Close the stopcock in the funnel, add 
25 ml of hot, nearly boiling concen
trated hydrochloric acid to the funnel, 
and slowly, in approximately 5-ml 
increments (Note 11), add the ac id to 
the distillation flask. Continue the 
distillation as described above until 
the volume of the solution in the 
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collecting beaker has increased by 
approximately 25 ml. Again add 25 ml 
of hot concentrated hydronhloric acid, 
distil until a second 25-ml portion of 
distillate has been collected, then 
disconnect the condenser from the 
distillation head, wash the inner part 
and the outside tip with a small 
amount of water, and collect the wash
ings in the collecting beaker (Notes 
12-14). 

Add 10 ml of concentrated hydrochloric 
acid, 5 ml of 10% potassium bromide 
solution, and 4 drops of 0.1% 
Bordeaux indicator solution to the 
distillate and, depending on the ex
pected arsenic content of the sample, 
proceed with the titration of arsenic 
as described in the Volumetric-Bromate 
Method for antimony (p 228), using 
either 0.01 N or 0.05 N potassium bro
mate solution as required. Correct the 
result obtained for the sample by sub
tracting that obtained for the reagent 
blank. 

B - Refractory sulphide and high-grade 
oxide ores and mill products 

Transfer 0.2-2 g of powdered sample to 
a 50-ml nickel crucible, and add a 
four-fold weight excess of 50% sodium 
carbonate-50% potassium nitrate fusion 
mixture (Note 15). Mix thoroughly, 
and cover the mixture with an addition
al 2 g of the fusion mixture. Cover 
the crucible with a nickel cover, heat 
the contents gradually over a low 
flame (Note 16), then fuse over a 
blast burner, and keep the melt at red 
heat for several minutes to ensure 
complete sample decomposition (Note 
17). Cool, transfer the crucible and 
cover to a 400-ml beaker, and add 
approximately 100 ml of water. Heat 
gently to disintegrate the melt, then 
remove the crucible and cover after 
washing them thoroughly with hot 
water. Neutralize the solution appro
ximately with 50% sulphuric acid, add 
15 ml in excess, and evaporate the 
solution to fumes of sulphur trioxide. 
Cool, wash down the sicles of the 
beaker with water, and evaporate the 
solution to fumes again to ensure the 
complete removal of aitric acid. Cool, 
add approximately 25 ml of water, heat 
gently to dissolve the soluble salts 
and, if an appreciable amount of in
soluble material is present, filter the 
solution (Whatman No. 541 paper) into a 
300-ml distillation flask. Wash the 



beaker, paper, and residue thoroughly 
with small portions of 5% sulphuric 
acid (Note 5) followed by hot water, 
and discard the paper and residue 
(Note 6). 

Evaporate the resulting solution to 
approximately 30 ml, and add 2 g of 
sodium sulphite in small portions. 
Boil the solution vigorously for 
several minutes and evaporate it to 
approximately 20 ml. Cool, wash down 
the sides of the flask with water, 
and boil and evaporate the solution 
to 20 ml again to ensure the complete 
expulsion of sulphur dioxide (Note 3). 
Dilute the solution to approximately 
30 ml with water, cool, add 4 or 5 
glass beads and 1 g each of potassium 
bromide and hydrazine dihydrochloride, 
and proceed with the distillation and 
subsequent titration of arsenic as 
described above. 

Notes 

1. Instead of tartaric acid, a 
small piece of filter paper (approxi
mately one-eighth of a 9-cm paper), or 
preferably dry paper pulp can be 
employed to reduce arsenic, and 
antimony, if present, to the trivalent 
state during sample decomposition. 

2. Loss of arsenic may occur if the 
aample solution is fumed too violently 
at this stage 1 • If all of the sul
phuric acid has inadvertently been re
moved from the solution, add 3-4 ml of 
concentrated acid, evaporate the solu
tion to fumes of sulphur trioxide, 
then proceed as described. 

3. Incomplete exp ulsion of sulphur 
dioxide will cause high results for 
arsenic because of the cc-distillation 
and subsequent titration of the sul
phur dioxide with the potassium bro
ma te solution 9 . 

4. Large amounts of acid-insoluble 
material should be removed by filtra
tion at this stage to prevent " bump
ing" during the distillation step. If 
free sulphur (yellow globules) was not 
completely destroyed during the 
sample decomposition procedure, it 
should also be removed by filtration. 
High results will be obtained for 
arsenic if volatile sulphur compounds 
(e.g., sulphur dioxide) (Note 3) are 
formed during the distillation step . 
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5. The total sulp h uri c acid content 
of the solution s hou l d n ot exceed 
approximately 10 ml at this s t ag e 1 • 7 • 9 

6. If antimony is to be determ i ned 
in the solution remainin g i n t he dis 
tillation f lask after th e separation 
of arsenic by distillation a s t he 
trichloride (Note 13), the a cid
insoluble residue should b e qu antita 
ti vely transf erred to the f i lter 
paper and reserved fo r the d e t e rm ina
tion of antimony, if an app rec iable 
amount is present, or if it con t ains 
lead sulphate. 

7. The presence o f potassium bro
mide in the solutio n durin g the di s 
tillation procedure a ids the red u cti on 
of arseniclo, and presumab l y r ed u ce s 
the time required for the co mplete 
distillation of a r sen ic 2 • 

8. Hydrazine sulph ate can also be 
employed to reduce a r senic to the 
trivalent state. Howe v er, i f this 
reducing agent is empl oy e d, care must 
be taken that the content s of the 
distillation flask are not evaporated 
to dryness, or to near d r yness during 
the distillation step because it de
composes to y ield sulphur dioxide 
which will subsequently b e titrated by 
the potassium bromate (Not e 3 ) 2 • 

9. If the sample c ontains an appre
ciable amount of a rs en ic, t he solution 
in the collectin g beaker sho u ld be 
cooled in an ice-bath during the dis
tilla tien step to pre v e n t incomplete 

. . hl . d 9 absorption of the a r sen i c tric ori e 

10. If the temp e rat ure of the vapeur 
exceeds 107°C, ant imo n y trichloride 
will co-distill t o a certain extent. 
The temperature o f th e solution in the 
distillation flask c a n b e measured 
instead of the temper ature of the 
vapeur. If this t ech n ique is employed, 
the temperature s h o u ld not exceed 111-
112oCl,7-9. 

11. The slow a ddition of hot hydro
chloric acid is recomme n ded at this 
stage. If cold acid i s added too 

. "b k " rapidly, the distillat e may ac -up 
into the condenser because of the 
resultant decrease in t he t emperature 
of the solution in t he distillation 
flask. 



12. If the sample contains consider
ably more antimony than arsenic, some 
antimony (several tenths of a mg) will 
be present in the distillate7,9 and 
will cause high results for arsenic. 
Low results will subsequently be ob
tained for antimony if it is to be 
determined in the solution remaining 
in the distillation flask after the 
distillation of arsenic (Note 13). In 
exact work, the co-distilled antimony 
trichloride can be separated from 
arsenic by perf orming a second dis
tillation, as follows: 

Transfer the distillate to a second 
distillation flask , wash the collect
ing beaker twice with 5-ml portions of 
concentrated hydrochloric acid, and 
add the washings to the flask. Add 
4 or 5 glass beads and 1 g each of 
potassium bromide and hydrazine dihy
drochloride and, omitting the initial 
addition of the 75 ml of concentrated 
hydrochloric acid, proceed with the 
re-distillation until the volume of 
the solution in t he collecting beaker 
has increased by approximately 100 ml. 
Add 75 ml of hot concentrated hydro
chloric acid to the funnel and, slow
ly , in approximately 10-ml increments, 
add the acid to the distillation 
flask . Distil until approximately 
50 ml more of distillate has been 
collected. Continue the distillation 
as described, using two more 25-ml 
portions of hot concentrated hydro-
ch loric acid, then proceed as des
cribed with the subsequent titrati on 
of arsenic. 

13. The solution remaining in the 
distillation flask (or both solutions 
if a double distillation of arsenic 
has been carried out) (Note 12) can 
be used for the determination of 
antimony by the Volumetric-Bromate 
Method (Procedure B, p 230). 

14. Arsenic (III) can also be 
titrated with standard iodine solution 
at this stage, using starch solution 
as internal indicator, after neutrali
zation of the distillate with sodium 
hydroxide solution, slight acidifica
tion of the solution with hydro
chloric acid, and the addition of 
solid sodium bicarbonatel,2,7,9. 

Alternatively, both low (0.0002%) and 
moderate concentrations of arsenic 
(up to approximately 3.5%) can be 
determined spectrophotometrically by 
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the Molybdenum Blue Method (p 41), 
after dilution of the distillate to a 
definite volume with water. 

15. If antimony is to be determined 
in the solution remaining after the 
distillation of arsenic trichloride, 
potassium carbonate should be employed 
in the fusion mixture rather than 
sodium carbonate because potassium 
salts of antimony are considerably 
more soluble than sodium salts9,ll. 
Alternatively, refractory samples can 
be fused with sodium peroxide, or 
with a 50% by weight mixture of sodium 
peroxide and sodium or potassium 
carbonate, followed by digestion of the 
melt in water, acidification of the 
solution with sulphuric acid as des
cribed, and evaporation of the solution 
to fumes of sulphur trioxide to expel 
hydrogen peroxide. 

16. To avoid possible loss of 
aréenic by volatilization, the initial 
heating should be gradual so that the 
mixed salts will melt and permeate the 
mixture before sample decomposition 
occurs 2 • 

17. Prolonged heating may be necess
ary to decompose some oxidized ores, 
particularly those containing lead 2 . 

Calculations 

Arsenic equivalent (mg/ml) of the 
0.05 N potassium bromate solution 

(AsEQ0.05) 
1 = N X 2 X 74.92 

where: 

N = normality of the potassium 
bromate solution. 

Arsenic equivalent (mg/ml) of the 
0.01 N potassium bromate solution 

(AsEQ0.01) 
1 

= AsEQ0.05 x 5 

% As = (Vs - VB) x AsEQ0.05 or 0.01 x 100 
Sample weight (mg) 

where: 

V = volume (ml) of potassium 
S bromate solution (0.05 or 0.01 N) 

required by the sample. 



VB volume (ml) of potassium bromate 
solution (O. 05 or 0.01 N) re-
quired by the blank. 

% As203 1.320 X % As 

% As 2o 5 1. 534 X % As 

Other applications 

The method described in Procedure A 
can be employed to determine arsenic 
in lead- and tin-base solder metals 1 
and in various metals and alloysl,lz. 
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DETERMINATION OF CALCIUM IN AC ID- SOLUBLE AND REFRACTORY SILICATE ROCKS 
AND MINERALS, CARBONATE ROCKS, CLAY, SHALE, AND IRON, CHROMIUM, 
TITANIUM, MOLYBDENUM AND SULPHIDE ORES AND MILL PRODUCTS BY THE OXALATE
POTASS 1 UM PERMANGANATE METHOD 

Princip le 

This methodl i s based on the sepa r at i o n 
of calcium as t he oxalate from a dilu t e 
ammonium hydro x ide medium, and the d is
solution o f th e precip i ta t e in d i lut e 
sulphuric acid. Calcium i s determ i n ed 
by titration o f the liberated oxala t e 
ion with potassium permanganate, in an 
approximately 0.6 M sulphuric acid 
medium, according to the reaction 

2KMn0 4 + 5CaC204.H20 + 8H2S04 

Outline 

+ 5CaS04 + K2S04 + 2MnS0 4 

+ 13H20 + lOC0 2 . 

Following the separation of aluminum 
or the mixed hydrous oxides (R203) by 
double precipitation with ammonium 
hydroxide as described in the Gravi
metric-Ammonium Hydroxide (Procedures 
A to D, pp 14 3-145, ~ote 15) and 
the Gravimetric-8-Hydroxyquinoline 
(Procedures A a nd B, pp 153 and 
154, Note 16) Methods for aluminum, 
the combined filtrates and washings 
are acidified with hydrochloric acid. 
After decomposition o f the excess 
ammonium salts, the copper and arsenic 
group elements, if present, a r e preci
pitated as the sulphides from a dilute 
hydrochloric acid medium and separated 
from calcium b y filtration. Manganese 
is subsequently separated from calcium 
by precipitation as the dioxide from 
an ammoniacal medium. The calcium in 
the resultant f i ltrate is ultimately 
precip i tated a s the oxalate f r om a 
dilute ammoniacal medium, and separa t ed 
from magnesium , sodium, potassium, 
lithium, chromium (VI), and vanadium 
(V) by filtra ti on. After dissolution 
of the precipitate, calcium is re-pre
cipitated to remove occluded elements, 
and the precipitate is dissolved in 
dilute sulphuric acid. The o x alate in 
the resulting solution is tit r ated with 
potass i um permanganate solution. 

2 4 1 

Discussion of interferences 

With the exception of magnesium and 
manganese, and possibly chromium (VI), 
vanadium (V), and the copper and 
arsenic group elements, depending on 
the history of the sample solution, the 
ma j o rity of the elements that interfere 
in the prec ipitation of calcium by 
forming insoluble hydrous oxides will 
have been previously separated from 
calcium by one or more of the separa
ti o n procedures (i.e., mercury cathode 
electrolysis, cupf erron-chloroform 
extraction, and hydrogen sulphide and 
ammonium hydroxide precipitations) des
cr i bed in the gravimetric methods for 
aluminum. 

I n t erf e rence from carbonate, phosphate, 
and flu o ri d e, which cause low resul t s 
fo r c alc i um b ecause of the formation of 
i nsolub le calcium compounds, is avoided 
during the ammonium hydroxide separation 
of al uminum and other hydrous oxides by 
e mploying carbonate-free ammonium hydr
oxide f o r precipitation; by co-precipi
tat in g p hosphate, when necessary, as 
fer r ic ph o sphate in the presence of 
e xc e ss iron (III); and by preliminary 
evaporatio n of the sample solution with 
sulphuric acid, respectively 2 • Inter
f erenc e from copper and arsenic group 
elemen ts remaining in the filtrate 
fr om t h e ammonium hydroxide separation 
s tep is e liminated by separating these 
e leme nts from calcium by precipitation 
as the sulphides. 

Stron t ium causes high results for 
calcium because it is co-precipitated 
as the oxalatel• 2 • The rare earth 
elements are also precipitated as 
o x al ates in dilute ammoniacal media, 
b ut these elements do not interfere 
because they are precipitated as the 
h y drous oxides an d separated from 
c alciu m during the ammonium hydroxide 
separa tion step 2 • 

Magnesium, manganese, and barium inter
fe r e because they form oxalates that are 
pa rt ly o ccluded by the calcium oxalate 
pr ecip itate 1 - 3 • Magnesium forms a 
s tr o ng oxalate complex in ammoniacal 



media and, unless an e x cess of ammonium 
oxalat e is present during the initial 
precipitation of calcium, may inter
f er e b y combining with, and/or reducing 
the exc e ss of oxalate required for the 
complete precipitation of the calcium. 
Int e r fere nc e from moderate amounts of 
ma gnesium (less than, or approximately 
e q ual to t he amount of calcium present) 
i s eliminat e d by precipitating the 
calcium in i tially in the presence of a 
considerable excess of ammonium oxalate , 
and by re-precipitation. Interference 
f rom amounts that are slightly greater 
th a n t h e amount of calcium present can 
be min imi ze d by a third precipitation 2 . 
The meth o d is not applicable to 
s amples containing small amounts of 
c a lci um a n d inordinately large amounts 
o f magn e s ium2 , Manganese is separated 
fro m ca lcium b y oxidizing it to the 
dio x id e wi th a mmonium persulphate in 
a weak ly a cid medium, and subsequently 
o c cluding the dioxide with the hydrous 
o x id~ o f zirconium in a weakly 
ammoniacal medium 1 • 4 • If sulphuric 
acid is employed at any stage prior to 
th e a mmonium hydroxide separation of 
a luminum and other hydrous oxides, 
barium will not be present in the 
filtrate emplo y ed for the determination 
of c a lcium, because of its precipita
t i on a s the insoluble sulphate and 
subsequent removal by filtration. 
Interference from small amounts of 
barium (up to approximately 5 mg), and 
f rom van a dium, chromium, sodium, 
po t assium, and lithium, which are 
par tl y o ccluded b y the precipitate, is 
elimina t ed b y re-precipitatin g the 
calcium . 

Large amounts of sulphate may cause 
low results for calcium because of the 
occlusion of c alcium sulphate 1 •3, but 
mo de ra t e amounts may b e present without 
producing appreciable error in the 
c al c ium result 4 • Incomplete removal 
of th e exces s ammonium oxalate from 
t h e ca lcium precipitate will cause 
high r es ult s f or calcium. 

Ran ge 

The method is suitable for samples 
containing more than approximately 
0.5 % of calcium. 
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Re a g ent s 

Standard potassium permanganate 
solution , 0 . 1 N. Dissolve 3.1606 g of 
potassium permanganate in 1 litre of 
f reshl y boiled a nd c o o l ed water, and 
all ow th e solu ti o n to stand for several 
days . Filter t he solution, without 
washin g , th rou gh g l ass-wool or a sinter
ed-g l a s s cr uc ible of fine porosity to 
remove ma n g a nese d i oxide. Store in a 
dark-col o ured, glass-stoppered bottle 
(Note 1). 

Zirconium solution , 1 . 4% w/v. Dissolve 
10 g of zir c on y l chloride octahydrate 
( ZrOCl 2 .8H 20) i n a pp roximately 80 ml of 
water containin g 2 ml of concentrated 
hydrochlo r ic acid , and allow the solu
tion to stand overnight . Filter the 
solution ( Wh a t man No. 42 paper) into a 
200-ml volume tr i c flask, dilute to 
volume with wat er and mix. 

Ammonium oxalate soluti on , 6% w/v. 
Prepare fresh as required, and heat to 
70- 80° C and f il te r before use. 

Silver nitrate solution, 1% w/v. Dis
solve 1 g o f silver n i trate in water, 
add 5-10 d rops of concentrate<l nitric 
acid, and dilut e t o 100 ml with water. 

Methyl orange indicator solution, 
0.02 % w/v. 

Ammonium hydroxide , 50% v/v. 

Hyd r ochloric acid, 50% and 5% v/v. 

Sulphuric acid, 10% v/v. 

Hydrogen sulphide (cylinder) gas. 

Hydrogen sulphide wash solution. 1% 
hydrochl o ric acid saturated with 
hydrog e n sulphi de. 

Ammonium nitrate wash solution, 2% w/v. 

Ammonium oxalate wash solution, 0.1% 
w/v. 

Standardizat io n QJ potassium 
permanganate s o lutio n 

Transf e r 0.300 0 g of pure sodium 
oxalate (dried at 105 °C for 1-2 hours) 
to a 300-ml Erl e nmeyer f lask contain
ing 50 ml of 10 % s ul phuric acid and 
a ppro x imately 100 ml of water (previous
ly boiled for 10 minut es and cooled to 



room temperature), and swirl the flask 
until the oxalate has dissolved, Heat 
the resulting solution to 70-80°C, and 
slowly (Note 2) titrate with standard 
potassium permanganate solution until 
a faint pink colour is obtained which 
persists for approximately 30 seconds 
(Note 3). Correct the result obtained 
by subtracting that obtained for a 
blank that is carried through the 
same procedure (Note 4). Determine 
the normality of the potassium per
manganate solution, and calculate the 
calcium equivalent (mg/ml) (1 ml of 
0.1 N potassium permanganate solution 
= 2.004 mg of calcium). 

Procedure 

Following the separation of aluminum 
or the mixed hydrous oxides (R203) 
by precipitation with ammonium hydr
oxide (Note 5) as described in 
Procedures A to D (pp 143-145, 
(Note 15) of the Gravimetric-
Ammonium Hydroxide Method, and Proce
dures A and B (pp 153 and 154, Note 16) 
of the Gravimetric-8-Hydroxyquinoline 
Method for aluminum, neutralize the 
combined filtrates and washings 
obtained after the double ammonium 
hydroxide separation with concentrated 
hydrochloric acid. Add 4 or 5 drops 
in excess and, if necessary, evaporate 
the solution to approximately 400 ml. 
If the sample contains more than 
approximately 100 mg of calcium, 
transfer the solution to a 500-ml 
volumetric flask, dilute to volume 
with water (Note 6), mix, and then 
transfer a suitable aliquot (up to 
200 ml), containing approximately 40-
80 mg of calcium, to a 600-ml beaker 
(Note 7). Evaporate the initial solu
tion or, if necessary, the aliquot of 
the solution (Note 8) to approximately 
150 ml. Add 60 ml of concentrated 
nitric acid and 20 ml of concentrated 
hydrochloric acid, cover the beaker, 
and heat gently until the vigorous 
reaction ceases. Remove the cover, 
and evaporate the solution to appro
ximately 100 ml. Add 30 ml of con
centrated nitric acid and 10 ml of 
concentrated hydrochloric acid, cover 
the beaker, and heat the solution 
again until the reaction ceases. Re
move the cover, wash down the sides 
of the beaker with water, and careful
ly evaporate the solution to dryness 
(Note 9). Add 8 ml of concentrated 
hydrochloric acid and approxicatelv 
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100 ml of water to the residue, and heat 
gently until the solution is clear. 

If the copper and arsenic group ele
ments were not previously removed by 
precipitation with hydrogen sulphide, 
or if a mercury cathode separation was 
not carried out (Note 10), dilute the 
solution to approximately 200 ml with 
water, and heat it to the boiling 
point. Pass hydrogen sulphide through 
the solution for approximately 30 
minutes, then filter it (Whatman No. 
32 paper) into a 600-ml beaker, and 
wash the beaker, paper, and precipi
tate thoroughly with hydrogen sulphide 
wash solution. Discard the paper and 
precipitate. Boil the filtrate to 
expel hydrogen sulphide, and evaporate 
the solution to approximately 100 ml. 
If necessary, filter the solution to 
remove coagulated sulphur, and eva
porate it to 100 ml again. 

Add 1 ml of 1.4% zirconium solution 
and approximately 0.1 g of dry paper 
pulp to the initial hydrochloric acid 
solution of the sample, or to that 
obtained after the hydrogen sulphide 
separation step. Using universal 
indicator paper, add concentrated 
ammonium hydroxide, by drops, until 
the solution is slightly ammoniacal, 
then add 50% hydrochloric acid, by 
drops, until the solution is just 
barely acidic (Notes 11 and 12). Add 
1 g of ammonium persulphate, stir to 
dissolve, and heat the solution in a 
hot water-bath for 20 minutes. Add 
1 ml of concentrated ammonium hydroxide, 
heat the solution for an additional 
5 minutes, and immediately filter it 
(Whatman No. 541 paper) into a 600-ml 
beaker. Wash the beaker 3 times with 
hot 2% ammonium nitrate solution, then 
wash the paper and precipitate 10 
times with the same solution (Note 13). 
Discard the paper and precipitate. 
Boil the filtrate vigorously to decom
pose the excess ammonium persulphate, 
and dilute the solution to approximate
ly 200 ml with water. 

Add 5 ml of concentrated hydrochloric 
acid, several drops of 0.02% methyl 
orange solution, and 50 ml of hot, 
filtered 6% ammonium oxalate solution 
to the resulting solution. Heat the 
solution almost to the boiling point 
and, while stirring vigorously, slowly 
add 50% ammonium hydroxide, by drops, 
until the indicator changes colour. 
Add approximately 1 ml in excess, stir, 



and heat the solution almost to the 
boi l ing po i nt again (Note 14), then 
a l low it to stand at room temperature 
f or 2-3 hours (Note 15). Filter the 
supernatant solution (9 cm Whatman 
No. 40 paper) into an 800-ml beaker, 
an d r eta i n a s much of the precipitate 
a s possible in t he original beaker. 
Was h the prec i p i tate in the beaker 3 
or 4 t i mes, by decantation, with cold 
0 . 1 % ammonium oxa l ate solution. 
Filt er the washings through the paper , 
t hen wash the paper 3 or 4 times with 
the ammon i um oxalate solution. 

Wa sh down the sides of the beaker 
co n t aining the calcium oxalate preci- 
pitate with hot 5 % hydrochloric acid, 
ad d 2 ml of concentrated hydrochloric 
a cid , and heat the solution to the 
boil i ng p o int to dissolve the preci
p it a te. Place a 2 50-ml beaker under 
th e f unnel and pour the hot solution 
through the filter paper. Wash the 
beaker thoroughly with hot 5 % hydro
chloric acid and pour the washings 
t h rough the paper. Wash the paper 
thoroughly, including the inside flap, 
with the hot acid solution, then 
r e move a nd discard the paper, and 
wa sh the funnel once or twice with the 
aci d so lution. 

Dil u te t h e resulting solution to 100-
125 ml with water, and add several 
drop s o f 0.0 2% methyl orange solution 
and 10 ml of hot, filtered 6% 
ammonium oxalate solution. Re-preci
p i t a te th e calcium as described above, 
a nd allow the solution to stand for 
at least 4 hours or preferably over
night (Notes 16 and 17). Using 
suction, filter the solution through 
a s intered-gl a ss, fine-porosity filter
i ng c ru c ible (Note 18), transfer the 
bu l k o f th e precipitate to the 
c r ucibl e , and collect the filtrate in 
a 500-ml Erlenmeyer filtration flask . 
Wash th e beaker thoroughly with small 
portions o f cold water, add the wash
i ng s to the c rucible, then wash the 
c ru c ible and precip i tate with small 
p o rt i on s o f cold water until the 
p r ecipitate is fr e e of excess ammonium 
ox a late and ammonium chloride (Notes 
19 and 20). 

Place a 300-ml Erlenmeyer filtration 
flask under the crucible, wash down 
th e sides of the beaker that contained 
the precipitate with 50 ml of hot 10 % 
sulphuric acid and, slowly, in small 
portions, add the hot solution to the 

244 

c ruc i bl e to dissolve the precipitate. 
Wa sh th e beaker 3 or 4 times with hot 
water , a d d the washings to the crucible, 
a nd wa sh t he c rucible twice with hot 
water. Dilute t he resulting solution 
to appr oxi mate ly 1 50 ml with water, 
heat it t o 70 - 80°C, and proceed with 
the tit r at ion of oxalate as described 
a b ove ( Note s 21 and 22). Correct the 
resu l t obt a ined for the sample by sub
t r actin g t hat obtained for the blank 
that wa s car ried through the standard
ization pro c e dure (Note 4). 

Not es 

1. Po ta s sium permanganate solutions 
s h ould n o t be allowed to corne into 
contact wi t h r ed u cing materials ( e.g., 
filter paper o r rubber), and should be 
stored in the dark and protected from 
evaporation an d exposure to reducing 
vapours or du st . If traces of man
ganese dio x i de are deposited in the 
solution on st anding, it should be re
filtered and r e - standardized. 

2. Th e rea ction between oxalate ion 
and pota s sium permanganate is slow at 
the be ginnin g of the titration, but as 
so on as s ome manganese ion is present 
the react i on becomes almost instantan
eous and t he permanganate solution can 
then be added more rapidly. If the 
solution co o ls below 60°C before the 
end-point is r eached it should be re
heated to 70- 80°C before completing the 
titrat ionl. 

3. A 0.3000- g portion of sodium 
oxalate requ i r es 44 . 77 ml of 0.1 N 
potassium perman ganate solution. The 
last 0.5-1 ml s h ould be added carefully, 
by drops, and each drop should be 
completel y re duced (i.e., de-colourized) 
be f ore th e a d d it io n of the next drop. 

4. The bl a nk correction is generally 
e quiva l e nt to 0 .03-0.05 ml of 0.1 N 
potassium permanganate solution. 

5. Low concentrations of calcium 
(part ic ul a rl y 1% or less) in acid
solub le sil icate r ocks and minerals, 
clay, sh a le, and iron ores and con
centrates s hou ld preferably be deter
mined b y the a p propriate atomic
absorpti o n sp ec t rophotometric methods 
described for these sample materials 
(pp 3 a n d 7 ) . Small amounts in 
chromium, t itan ium, molybdenum, and 
sulphide o r es and mill products, and 



in iron ores and mill products can be 
determined by atomic-absorption 
spectrophotometry, after sample decom
position (using a fresh portion of 
sample) and separation of the matrix 
elements by the mercury cathode and 
cupferron-chloro form separation pro
cedures described in the Gravimetric-
8-Hydroxyquinoline Method for aluminum 
(p 151). The resulting solution 
should subsequent ly be evaporated _to 
dryness to re~ovc excess sulphuric or 
perchloric acids, followed by dissolu
tion of the residue in water or a suit
able dilute acid . In all of the above 
methods the resulting solutions _can also 
be used for the determination of magne
sium by atomic-absorption spectrophoto
met ry. 

6. Dilution of the filtrate is 
generally necessary only for limestone 
and dolomite sample solutions. 

7. If a small aliquot (e.g., 50 ml) 
of the sample solution is taken, the 
subsequent ~reatment of the solution 
with nitric and hydrochloric acids to 
remove ammonium salts is not necessary. 
In this case, add 8 ml of concentrated 
hydrochloric acid, dilute to 100 ml 
with water, and proceed as described 
with the hydrogen sulphide separation, 
if necessary (Note 10), and/or the 
manganese separation. 

8. If an aliquot of the solution is 
taken, approximately half the re
commended amounts of nitric and 
hydrochloric acids can be employed 
for the destruction of the excess 
ammonium salts. 

9. Extreme care in evaporation is 
required to avoid "bumping" and sub
sequent loss of sample, particularly 
when the solution contains large 
amounts of sodium salts resulting 
from the initial fusion of the sample 
or the acid-insoluble material with 
sodium carbonate. 

10. Separation of the copper and 
arsenic group elements by precipita
tion with hydrogen sulphide may be 
necessary for the filtrates obtained 
after the ammonium hydroxide separa
tion steps in Procedures B, C, and D 
of the Gravimetric-Ammonium Hydroxide 
Method for aluminum (pp 144-145, 
see Note 7, p 146). This separation 
step should be . applied to the filtrates 
obtained in Procedure B of the 
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Gravimetric-8-Hydroxyquinoline Method 
for aluminum (p 154), and also to that 
obtained in Procedure A (p 153) if iron 
was separated by methyl isobutyl ketone 
extrâction of its · chlora complex (see 
Note 7, p 156) instead of by electro
lysis with a mercury cathode. 

11. The filtration of a solution 
containing colloidal hydrated mangan
ese dioxide is slow, and the separation 
of manganese is usually incomplete 
because of the tendency of the preci
pitate to pass through the filter 
paper. Separation of manganese by 
occlusion with the hydrous oxide of 
zirconium results in rapid filtration 
of the precipitate and complete separa
tion of manganese. The addition of 
paper pulp to the solution prevents 
channelling during the subsequent 
washing of the precipitate 4 • 

_12. Magnesium, but not calcium, is 
appreciably occluded by hydrated 
manganese dioxide (Note 13). Occlusion 
of magnesium is minimized if manganese 
is precipitated as the dioxide from an 
acid solution, but the precipitation 
of manganese is incomplete. The best 
separation of manganese is obtained if 
the precipitation is started in an 
acid solution, and the solution is 
subsequently heated, made ammoniacal, 
and heated again 4 • 

13. If the sample contains more 
than approximately 10-15 mg of man
ganese and, particularly if magnesium 
is to be determined in the filtrate 
remaining after the separation of 
calcium as the oxalate (Notes 12 and 
20), the precipitate should be dissolv
ed and manganese should be re-preci
pitated as follows 1 • 4 : 

Dissolve the precipitate in warm 50% 
hydrochloric acid containing several 
mg of sodium sulphite, dilute the 
solution to 100 ml with water, and re
precipitate the manganese as described. 
Collect the filtrate and washings in 
the beaker containing the initial 
filtrate , evaporate the solution to 
approximately 200 ml, then proceed as 
described . 

14. The solution should not be boil
ed or stirred, and the bottom of the 
beaker should not be scratched at this 
stage, particularly if an appreciable 
amount of magnesium is preeent. The 
occlusion of magnesium is minimized by 



introducing a large excess of ammonium 
oxalate into the solution to f orm a 
super-saturated solution of magnesium 
oxalate. This super-saturation is 
decreased by boiling, stirring, and 
scratchi~g of the beaker and, if a 
considerable amount of magnesium is 
present, some magnesium oxalate may 
precipitate on standing. This post
precipitation of magnesium should be 
avoided because even a third precipita
tion of calcium as the oxalate may not 
be suificient to remove all of the 
occluded magnesium from the precipit
tate1, 3. 

15. If the sample contains only 
milligram-quantities of calcium the 
precipitate may not appear until 
several minutes after the solution has 
been heated. Calcium should not be 
considered to be absent until the 
solution has stood for the recommended 
t ime 1 • 

16.·If the sample contains more 
magnesium than calcium (e.g., some 
dolomites), or more than approximately 
5 mg of barium, the solution should be 
filtered and the precipitate washed as 
described previously, followed by re
dissolution of the precipitate and re
precipitation of calcium as described 
to ensure the complete removal of the 
occluded magnesium and barium2 • If 
magnesium is to be determined in the 
filtrate remaining after the separation 
of calcium (Note 20), collect the re
sultant filtrate and washings in the 
beaker containing the initial filtrate. 

17. If desired, calcium can be de
termined gravimetrically at this stage 
by weighing as the oxide, as followsl,2: 

Filter the solution (9 cm Whatman No. 
40 paper) into the beaker containing 
the initial filtrate (Note 20), trans
fer the precipitate quantitatively to 
the filter paper, and wash the paper 
and precipitate 10 times with cold 
0.1% ammonium oxalate solution (not 
cold water). Transfer the paper and 
precipitate to a tared 30-ml platinum 
crucible, partly caver the crucible 
with a platinum caver and, starting 
with a cold muffle furnace, burn off 
the paper at a low temperature, then 
ignite at approximately 1200°C for 
10-15 minutes. Remove the caver for a 
moment to permit the escape of entrapp
ed carbon dioxide, place the covered 
crucible in a dessiaator aontaining 

sulphuric acid or phosphorus pentoxide 
(not calcium chloride), and weigh as 
soon as the crucible is cool. 

Because calcium oxide is hygroscopie, 
the ignited residue may gain appre
ciably in weight if it is left for too 
long in the dessicator. In a well
covered crucible, the ignited residue 
does not gain in weight during ex
posure for up to 1 minute under 
ordinary atmospheric conditions. How
ever, to avoid possible error result
ing from the absorption of water, the 
first weighing should be a preliminary 
one, and should be followed by a short 
re-ignition and a second rapid weigh 
ing, in which the balance is previous
ly adjusted to the approximate combin
ed weight of the crucible and residu el . 

Th en, 
% Cao 
= Weight of ignited precipitate (g)x 

10 0 s 
where: 

S = weight (g) of the sample in the 
solution or in the aliquot taken. 

The ignited residue should be white. 
A yellow, light brown, or green col o ur 
indicates the presence of manganese, 
and a grayish-white colour indicates 
the presence of platinum. If the 
hydrogen sulphide and manganese separa
tions have been carried out as des
cribed, neither of these elements 
should be presentl. If the sample 
contains strontium, the residue will 
be contaminated with strontium oxide. 
A correction for strontium can readily 
be made by dissolving the residue in 
nitric or hydrochloric acid, dilutin g 
the solution to a definite volume with 
water, and determining the strontium 
present by atomic-absorption spectro
photometry. The amount of strontium 
obtained can then be calculated as 
strontium oxide and subtracted from 
the weight of the residue. 

SrO (g) = 1.183 X Sr (g). 

18. Filter paper can also be em
ployed for the final filtration of the 
precipitate, but oxidation of the 
paper fibres by potassium permanganate 
during the titration procedure must be 
avoided as described in Note 21 1 • 2 

19. The point at which the preci
pitate is free of excess ammonium 
oxalate is difficult to determine, but 
a reasonable estimate can be made by 
testing for the absence of chlorid e 
ion with silver nitrate solution 3 • 
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The complete removal of chloride ion 
is indicated when the addition of 
several drops of 1% silver nitrate 
solution to a small separate portion 
of the last washings yields a clear 
solution (i.e., absence of silver 
chloride) or only a very faint 
opalescence. Because calcium oxalate 
is slightly soluble in water, excess
ive washing of the precipitate should 
be avoided. 

20. Following the addition of the 
filtrate and washings to the beaker 
containing the initial filtrate and 
washings, the combined solution can 
be used for the determination of 
magnesium by the Gravimetric-Pyro
phosphate Method (p 182 ) • 

21. If filter paper was employed 
for the second filtration, proceed 
as follows 1 : 

Remove the paper from the funnel with 
platinum-t ipped forceps, and spread 
the paper out on the upper wall of the 
beaker that contained the precipitate. 
Pour 50 ml of hot 10% sulphuric acid 
through the funnel into the beaker, 
and wash the funnel with water . Wash 
the precipitate from the paper with a 
jet of water, partly fold up the paper, 
and retain it, out of the solution, on 
the upper part of the beaker . Heat the 
solution to dissolve the precipitate, 
dilute ta 150 ml with water, heat to 
?0-80°C, and titrate rapidly to the 
first permanent tinge of pink. Add 
the filter paper to the solution and 
wash down the sides of the beaker with 
a small amount of water. Macerate the 
paper with a stirring rad, re-heat the 
solution, if necessary (Note 2), and 
continue the titration to the second 
end-point . 

22. The results obtained by this 
method are generally slightly low 
because of the slight solubility of 
the calcium oxalate precipitate in 
aqueous media. Up to approximately 0.1 
mg of calcium is lost to the filtrate 
and washings for each precipitation 
stage2. In exact work, if magne-
sium is not to be determined by the 
Gravimetric-Pyrophosphate Method in 
the combined filtrates and washings 
remaining after the separation of 
calcium, the small amount of calcium 
remaining in the filtrate can be deter
mined by atomic-absorption spectro
photometry and added to the result 
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ob tained. This necessitates the des-
truction of the excess ammonium salts 
and ammonium oxalate in the f iltrate, 
after acidification of the solution 
with sulphuric acid (approximately 25 
or 30 ml of a 50% solution), by two 
treatments of the solution with 60-
and 30-ml portions of concentrated 
nitric and hydrochloric acids, res
pectively. This should be followed by 
evaporation of the solution to dryness, 
dissolution of the residue in water or 
dilute hydrochloric or nitric acid, and 
dilution of the solution to a definite 
volume with water. If the sample 
contains only a small amount of magne
sium, the resulting solution can also 
be used for the determination of magne
sium by atomic-absorption spectro
photometry. 

If magnesium is to be determined in the 
combined filtrates and washings by the 
Gravimetric-Pyrophosphate Method, a 
correction for calcium can also be 
made by dissolving the ignited magne
sium pyrophosphate residue in hydro
chloric or nitric acid, and diluting 
thè solution to a definite volume with 
water, followed by the determination of 
calcium by atomic-absorption spectro
photometry, and the addition of the 
amount obtained to the amount of calcium 
obtained by titration with potassium 
permanganate. 

Calculations 

Normality of potassium permanganate 
solution (NKMn0

4
) 

where: 

Weight of sodium oxalate (g) 
0.06701 X (V - v) 

V = volume (ml) of potassium perman
ganate solution required by the 
sodium oxalate. 

v volume (ml) of potassium perman
ganate solution required by the 
blank. 

Calcium equivalent (mg/ml) of the 
potassium permanganate solution (CaEQ) 

1 
= NKMn04 X 2 X 40.08 

%Ca = 
x CaEQ 

- X 100 s 
where: 



V 

s 

volume (ml) of potassium perman
ganate solution required by the 
sample. 

is as described above. 

weight (mg) of the sample in the 
solution or aliquot taken for 
analysis. 

% Cao 1.399 x % Ca 

% CaC03 = 2.497 x % Ca 

Other applications 

This method can be employed to deter
mine calcium in fire-brick, glass, 
cernent, and bauxite. 
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DETERMINATION OF CHROMIUM IN CHROMITE, AND CHROMIUM ORES AND MILL 
PRODUCTS BY POTENTIOMETRIC TITRATION WITI-1 FERROUS AMMONIUM SULPHATE 

Princip le 

This method 1 - 4 involves the oxidation 
of chromium to the hexavalent state in 
a sulphuric-nitric acid medium with 
ammonium persulphate, in the presence 
of silver nitrate as catalyst. Chrom
ium is determined by potentiometric 
(reductimetric) titration of the re
sultant chromium (VI) with ferrous 
ammonium sulphate, in a 1 M sulphuric 
acid medium, according to the reaction 

Cr207- 2 + 6Fe+ 2 + 14H+ 

+ 2cr+ 3 + 6Fe+ 3 + 7H 20. 

Outline 

The sample is decomposed by fusion 
with sodium peroxide. The melt is 
digested in water, and the solution is 
ultimately acidified with sulphuric 
and nitric acids. The chromium in the 
result i ng solution is oxidized with 
ammonium persu lphate, and ultimately 
titrated with ferrous ammonium sul
phate solution. 

Discussion of interferences 

Manganese interferes in the determina
tion o f chromium because, in the pre
sence of ammonium persulphate and 
silver nitrate, it is simultaneously 
oxidized to permanganate which also 
oxidizes the ferrous ammonium sulphate. 
Interference from manganese is avoided 
before the titration step by reducing 
the permanganate, and any manganese 
dioxide present, to the divalent state 
with sodium nitrite; the excess 
nitrite is destroyed with urea 5 • 

Vanadium causes high results for chrom
ium because vanadium (V), which is 
formed during fusion of the sample 
with sodium peroxide, is quantitative
ly reduced to the tetravalent state 
during the titration of chromium. 
The result obtained can be corrected 
for co-titrated vanadium by re-oxidiz
ing the vanadium (IV) with potassium 
permanganate at room temperature, 
followed by the reduction of the 
excess permanganate with sodium nitrite, 
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and subsequent re-titration of the 
vanadium (V); chromium (III) is not 
re-oxidized under these conditionss. 

Other elements that oxidize iron (II) 
[e.g., cerium (IV] interfere in this 
method 1 • Selenium and tellurium may 
interfere in a similar manner6. Iron 
(III), copper (II), cobalt, nickel, 
arsenic (V), uranium (VI), beryllium, 
aluminum, manganese, zinc, phosphate, 
and moderate amounts of molybdenum, 
titanium, zirconium, niobium, and 
tantalum do not interfere 6 • 

Small amounts of tungsten do not cause 
appreciable error in the chromium 
result, but large amounts of hydrated 
tungsten trioxide, if preient during 
the titration step, cause low results 
because the precipitate occludes 
chromium3. In the absence of large 
amounts of coloured ions (i.e., copper, 
nickel, and cobalt), interference from 
tungsten can be avoided by complexing 
the sodium tungstate, formed during 
digestion of the sodium peroxide melt 
in water, with hydrofluoric acid, 
followed by titration of the chromium 
in the presence of sodium diphenyl
aminesulphonate as internal indicator 5 • 

Range 

The method is suitable for samples 
containing more than approximately 7% 
of chromium, but material containing 
lower concentrations can also be 
analyzed if more dilute (e.g., 0.025-
0.1 N) ferrous ammonium sulphate 
solution is employed as titrant. 



~ 

H 
_., 

. ~ 
A 

"' 

·~ 
Il ~r 

~'--
........ 

i--

-

B 

..--G 

F 

_E 

-o 
c 

FIGURE 1. Apparatus f or the potentiometric titration of chromium 

A - pH meter. 
B - Magnetic stirrer. 
C - Teflon-coated magnet. 
D - Titration vessel (600-ml b eaker). 
E - Calomel reference e l e c t r ode. 
F - Burette (50-ml). 
G - Clamp. 
H - Platinum electrode. 

Apparatus 

Appa r atus for the potentiometric 
titration of ch r omium . Illustrated 
in Figure 1. 

Reagents 

St andar d f errous ammoni um sulphate 
s olution , 0.2 N. Dissol v e 78 . 4 32 g of 
ferrous ammonium sulphate hexah y drate 
in approximately 700 ml of oxygen-
free water, add 100 ml of 56% sulphuric 
acid, and dilute to 1 l i tre with 
oxygen-free water. 

Silv e r ni t rat e s olut ion , 0.8 % w/v. 
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Ammonium pe r sulphate solu tion , 25 % 
w/v. Prepare fresh as required. 

Potassium permanganate solution , 2% 
w/v. 

Sodium nitrite solution , 0.5 % w/v. 
Prepare fresh as required. 

Sulphuric acid , 50 % v/v. 

Wate r (oxygen - f r ee ). Freshly boiled 
and cooled water. 

Standardization of ferrous ammonium 
sulphate solution 

Transfer 0.1-0.4 g (Note 1) of pure 
potassium dichromate (dried at 105°C 
for 1-2 hours) to the titration vessel 
D (Figure 1), add approximately 100 ml 
of water, and stir until the dichromate 
has dissolved. Add 40 ml of 50 % 
sulphuric acid, dilute to approximately 
350 ml with water, and titrate the 
resulting solution potentiometrically 
with 0.2 N ferrous ammonium sulphate 
solution (Note 2). Determine the 



normality of the ferrous ammonium 
sulphate solution, and calculate the 
chromium equivalent (mg/ml) (1 ml of 
0.2 N ferrous ammonium sulphate solu
tion= 3.466 mg of chromium). 

Procedure 

Transfer 0.2-0.5 g of powdered sample, 
containing up to approximately 170 mg 
of chromium, to a 30-ml iron crucible 
(Note 3), and add 8 g of sodium per
oxide (Note 4). Mix thoroughly and 
caver the mixture with an additional 
1-2 g of sodium peroxide. Caver the 
crucible with an iron caver, fuse the 
contents over a blast burner, and 
keep the melt at red heat for several 
minutes to ensure complete sample 
decomposition. Allow the melt to cool 
for approximately 5 minutes, then 
transfer the crucible and caver to a 
600-ml (covered) beaker containing 
approximately 150 ml of water. When 
the subsequent reaction has ceased, 
remove the crucible and caver after 
washing them thoroughly with hot 
water, and boil the solution for appro
ximately 10 minutes to destroy the 
residual peroxide (Notes 5 and 6). 
Cool, add 60 ml of 50% sulphuric acid 
and 5 ml of concentrated nitric acid, 
and bail the solution until any iron 
scale from the crucible has dissolved. 

Cool the solution to approximately 
60°C, add 15 ml of 0.8% silver nitrate 
solution, 2 drops of 2% potassium per
manganate solution, and 10 ml of 25% 
ammonium persulphate solution, and 
bail the solution for 5-10 minutes to 
oxidize the chromium (and manganese) 
and to destroy the excess persulphate 
(Note 7). Add 0.5% sodium nitrite 
solution, by drops, to the boiling 
solution until the reduction of per
manganate and the subsequent decom
position of any precipitated manganese 
dioxide is complete, then add 1-2 
drops in excess. Add 1 g of urea, 
stir to dissolve, and cool the solu
tion to 20-25°C. If necessary, dilute 
the solution to approximately 350 ml 
with cold water, and proceed with the 
potentiometric titration of chromium 
(and vanadium, if present) as describ
ed above (Note 8). 

If the sample contains vanadium, add 
2% potassium permanganate solution, 
by drops, to the titrated solution 
until a faint pink colour is obtained 
which persists for 1-2 minutes. Add 

0.5% sodium nitrite solution, by drops, 
until the excess permanganate is reduc
ed, then, without delay, add 1 g of 
urea, stir to dissolve, and titrate the 
resulting vanadium (V) with standard 
ferrous ammonium sulphate solution 
(Note 9). Correct the initial result 
obtained by subtracting that obtained 
for the vanadium. 

Notes 

1. The reaction between dichromate 
and ferrous ammonium sulphate is not 
completely stoichiometric; the result 
obtained is influenced by acidity, 
volume of solution, and concentration 
of dichromate 2 •3• 7 • For these reasons, 
and because iron (II) solutions are 
susceptible to air-oxidation, the 
ferrous ammonium sulphate solution 
should be standardized daily just 
before or pref erably after use under 
the same conditions of acidity and 
volume prevailing in the analysis. The 
amount of potassium dichromate taken 
should be such that the volume of 
titrant required is approximately the 
same as that required for the sample. 
A 0.4000-g portion of potassium di
chromate (i.e., 0.1414 g of chromium) 
requires 40.79 ml of 0.2 N ferrous 
ammonium sulphate solution. 

2. Instead of titrating potentio
metrically, oxidized sodium diphenyl
aminesulphonate can be employed as an 
internal indicator if the sample does 
not contain an appreciable amount of 
coloured ions (i.e., copper, nickel, 
and cobalt). If this indicator is 
employed, 5 ml of concentrated phos
phoric acid or 3 ml of concentrated 
hydrofluoric acid should be added, 
prior to titration, to form a colour
less complex with the iron (III) that 
is formed during titration. During 
titration the solution is yellowish
brown, at first, then changes to 
purple-red, and to purple. The colour 
change at the end-point is f rom 
purple to greens. With 0.2 N ferrous 
~mmonium sulphate solution as titrant, 
a correction for an indicator blank is 
not necessary, particularly if appro
ximately the same volume of iron (II) 
solution, required to titrate the 
sample, is employed in the standardiza
tion procedure (Note 1) 5 . A correction 
for an indicator blank is necessary if 
a more dilute iron (II) solution (e.g., 
0.025-0.1 N) is employed as titrant 8 • 
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3. Nickel crucibles, or crucibles 
made of ingot iron should be employed. 
Ordinary iron crucibles may contain 
significant amounts of chromium. 

4. Less sodium peroxide (approxi
mately 5 g) is required if about 0.2 g 
of finely-pulverized sugar charcoal is 
mixed with the peroxide. Ignition of 
the charcoal takes place after heating 
for about 30 seconds, and the crucible 
will suddenly become a ·dull red on the 
outside. The total time required to 
complete the fusion is about 2 minutes. 
This extends the life of the crucible 
because of the reduced time of contact 
with the molten flux 4 • 

5. Because peroxide reduces chrom
ium (VI) to the trivalent state in 
acid solution, the residual peroxide 
must be destroyed, by boiling, before 
the solution is acidified. Boiling 
for 10 minutes is usually sufficient 
for s"olutions containing iron, mangan
ese or other active decomposition 
catalysts (e.g., nickel); at least 
30 minutes is required if these 
elements are absent. Manganese is 
almost completely converted to the 
dioxide under these conditions 1 • 

6. If the sample contains tungsten 
and only moderate amounts of coloured 
ions (i.e., copper, nickel, and 
cobalt), sodium diphenylaminesulphon
ate (Note 2) can be advantageously 
employed at this stage as internal 
indicator in the titration of chromium 
(and vanadium, if present) (Note 9), 
after complexing tungsten with hydro
fluoric acid, as follows 5 : 

Using litmus paper, neutralize the 
solution approximately with 50% sul
phuric acid, add 5 ml of concentrated 
hydrofluoric acid, then add 40 ml of 
50% sulphuric acid and 5 ml of con
centrated nitric acid. Boil the solu
tion to dissolve the iron scale from 
the crucible, and proceed with the 
oxidation of chromium (and manganese), 
the reduction of the permanganate with 
sodium nitrite, and the destruction of 
the excess nitrite with urea as des
cribed. Add 3 ml of concentrated 
hydrofluoric acid to de-colourize 
iron (III), titrate the chromium (and 
vanadium, if present) until a clear 
green end-point is obtained (Note 2) 
then , depending on the amount of 
chromium (III) present (as described 
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below), proceed as described with the 
re-oxidation and subsequent titration 
of vanadium (Note 9). 

If the above titration procedure is 
employed in the presence of more than 
50 mg of chromium, . the solution obtain
ed after the titration of chromium and 
vanadium should be diluted to a 
definite volume with ap~roximately 5% 
sulphuric acid, and an aliquot contain
ing 50 mg or less of chromium should be 
taken for the re-oxidation and titra
tion of vanadium. More than approxi
mately 50 mg of chromium (III) obscures 
the end-point of the vanadium titration 
when sodium diphenylaminesulphonate is 
employed as internal indicator. The 
initial result obtained for chromium 
plus vanadium can be corrected accord
ingly. 

Because hydrofluoric acid is readily 
volatilized from boiling solutions, 
more may be required to maintain 
tungsten in solution when the solution 
is boiled to dissolve the iron scale 
and/or to oxidize the chromium. Hydro
fluoric acid also maintains titanium, 
zirconium, niobium, and tantalum in 
solution during the titration step. 
Potentiometric titration of chromium is 
not recommended in the presence of 
hydrofluoric acid because etching of 
the glass electrodes will occur. 

7. Because the last traces of per
oxide are dif ficult to remove by boil
ing the alkaline solution (Note 5), re
oxidation after acidification of the 
solution ensures that all of the chrom
ium is present in the hexavalent state 
prior to the titration step. Potassium 
permanganate solution [or a small amount 
of manganese (II) salt] is added to 
the solution, prior to oxidation with 
ammonium persulphate, to ensure that 
some manganese is present. Complete 
oxidation of chromium is signalled by 
the development of the permanganate 
c·olourl. 

8. The subsequent procedure for the 
re-oxidation and re-titration of 
vanadium should only be omitted if it 
is definitely known that the sample 
does not contain vanadium. 

9. If the sample contains a moder
ate amount of vanadium (more than 
approximately 20 mg), and if cerium, 
selenium, tellurium, and hydrated 
tungsten trioxide (which occludes 



vanadium) are absent, the vanadium 
content of the sample can be cal
culated as follows: 

V X N X 50.94 
% V = Fe(II) 

Sample weight (mg) X 100 

where: 

V = volume (ml) of ferrous ammonium 
sulphate solution required for 
the potentiometric titration of 
the vanadium. 

NFe(II) = normality of the ferrous 
ammonium su l phate solution. 

In the absence of the above interf er
ing elements, large amounts of 
coloured ions (i.e., copper, nickel, 
and cobalt), and more than approxi
mately 50 mg of chromium (III) (Note 
6)~ sodium diphenylaminesulphonate 
(Note 2) can also be employed as an 
internal indicator in the titration of 
the vanadium 5 . In the presence of 
tungsten, low results will be obtained 
for vanadium, unless tungsten is com
plexed with hydrofluoric acid, prior 
to the titration step, as described in 
Note 6. Failure to correct for an 
indicator blank does not produce an 
appreciable error in the vanadium 
result when 0.2 N ferrous ammonium 
sulphate solution and oxidized sodium 
dipheny laminesulphonate are employed 
for the titrationB. An indicator 
blank correction can be made as des
cribed in Note 7 (p 371) of the 
Volumetric-Ferrous Ammonium Sulphate 
Method for vanadium. 

If the sample contains only a small 
amount of vanadium, it should be 
determined by using the appropriate 
procedure described in the above 
method for vanadium (p 365). 

Calculations 

Normality of ferrous ammonium sulphate 
solution [NFe( II)] 

Weight of potassium dichromate (g) 
0.04904 X V 

where: 

V = volume (ml) of ferrous ammonium 
sulphate solution required by the 
potassium dichromate. 
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Chromium equivalent (mg/ml) of the 
ferrous ammonium sulphate solution 
(CrEQ) 

= NFe(II) X ; X 52.00 

% Cr = 
(Vs - V) x CrEQ 

X 100 
Sample weight (mg) 

where: 

V 
s 

V 
V 

volume (ml) of ferrous ammonium 
sulphate solution required by 
the sample. 

volume (ml) of ferrous ammonium 
sulphate solution required by 
vanadium, if present. 

Other applications 

This method can be employed to deter
mine chromium in ferro-chromium, and 
iron ores and mill products9. In the 
absence of an appreciable amount of 
tungsten, it is also applicable to 
steel and non-ferrous chromium alloys, 
after sample decomposition with 
suitable acidss,6. 
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DETERMINATION OF COPPER IN ORES AND MILL PRODUCTS BY THE IODOMETR IC METHOD 

Princip le 

This method 1- 4 is based on the forma
tion of cuprous iodide and iodine by 
the addition of potassium iodide to a 
weakly acid ammonium hydrogen fluoride 
or acetic acid solution of copper (II). 
Copper is determined by titration of 
the liberated iodine with sodium thio
sulphate, in the presence of Thyodene 
(soluble starch) as internal indicator. 

The corresponding reactions for these 
processes are: 

Outline 

" Short i o di-de" pro ce dure 

If molybdenum, small amounts of man
ganese, and moderate amounts of iron 
are present, and vanadium, selenium, 
tellurium, and large amounts of 
chromium, nickel, cobalt, and acid
insoluble material are absent, the 
sample is decomposed with hydro
chloric, nitric, hydrofluoric, and 
sulphuric acids. The acid-insoluble 
material is ultimately removed by 
filtration, and the filtrate is treat
ed with bromine water to ensure the 
complete oxidation of arsenic and 
antimony. The solution is subse
quently neutralized with ammonium 
hydroxide and re-acidified with 
acetic acid, and iron and molybdenum 
are complexed with ammonium hydrogen 
fluoride. After the addition of 
potassium iodide, the liberated 
iodine in the resulting solution is 
titrated with sodium thiosulphate 
solution. 

"Long iodide" procedure 

If vanadium, and large amounts of 
iron, manganese, chromium, nickel, and 
cobalt are present, the sample is 
decomposed with hydrochloric, nitric, 
hydrofluoric, and perchloric acids. 
Copper and other elements of the 
copper and arsenic groups (molybdenum, 
cadmium, bismuth, mercury, lead, tin, 
arsenic, antimony, gold, and the 
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platinum metals) are subsequently pre
cipitated as the sulphides from a 
dilute hydrochloric-tartaric acid 
medium and separated f rom iron, man
ganese, vanadium, chromium, nickel, 
cobalt, tungsten, aluminum, and zinc 
by filtration. After dissolution of 
the mixed sulphide precipitate in 
nitric acid-bromine water solution, 
nitric acid is removed by evaporation 
with sulphurië acid. 

If selenium and/or tellurium are 
absent, the resultant solution is 
ultimately neutralized with ammonium 
hydroxide and re-acidified with 
acetic acid. Potassium iodide is 
added and, if molybdenum is absent, 
the copper in the resulting solution 
is determined by titrat{on of the 
liberated iodine in an acetic acid 
medium. If molybdenum is present, 
copper is determined by titration in 
an ammonium hydrogen fluoride 
medium. 

If selenium and/or tellurium are pre
sent, iron solution is added, and 
selenium, tellurium, and certain 
other elements (bismuth, arsenic, 
antimony, and some lead) are co
precipitated as the hydrous oxides, 
by occlusion with hydrous ferric 
oxide from an ammoniacal medium, and 
separated from copper by filtration. 
After dissolution of the precipitate, 
the hydrous oxides are re-precipitat
ed to recover occluded copper. 
Depending on the presence or absence 
of molybdenum, the copper in the 
combined filtrates is ultimately 
determined as described above. 

Discussion of interferences 

Iron (III), molybdenum (VI), vanadium 
(V), selenium, tellurium, and oxidiz
ing agents [e.g., nitric acid, nitrogen 
oxides, chromium (VI), manganese (VII), 
bromine, and chlorine] interfere in the 
determination of copper because they 
also react with potassium iodide to 
produce f ree iodine which is subse
quently reduced by the sodium thio
sulphate 1·3-8 Arsenic (V) and 
antimony (V) interfere in a similar 
manner if the titration is performed 
in a moderately strong acid medium 



(i.e., pH less than approximately 
3.5)1,2. Arsenic (III) and antimony 
(III) interfere by reacting with the 
liberated iodinel,3,6,7. Large 
amounts of coloured ions [i.e., 
chromium (III), nickel, and cobalt] 
interfere by obscuring the end-point 
of the titration. 

Lead, bismuth and silver react with 
potassium iodide to form insoluble 
iodides, but moderate amounts of 
these elements do not interfere. 
Interf erence from large amounts can be 
minimized by adding a large excess of 
potassium iodide 6 • 

Interference from arsenic and antimony 
is avoided by oxidizing these elements 
to the pentavalent state with bromine, 
and by performing the titration in a 
weakly acidic (i.ed pH greater than 
3.5) ammonium hydrogen fluoride (i.e., 
the "short iodide" procedure) or 
acetic acid (i.e. the "long iodide" 
procédure) mediumi, 2 , 7 Interference 
from arsenic, antimony, and selenium 
can be avoided by volatilizing these 
elements as the bromides from a hydro
bromic-perchloric acid medium. In
terference from moderate amounts of 
iron (up to approximately 200 mg) in 
the "short iodide" procedure, and 
from large amounts of molybdenum in 
both the "short" and "long iodide" 
procedures is avoided by complexing 
these elements as the fluorides with 
ammonium hydrogen fluoridel• 4 • 

Manganese (II), in the absence of 
iron, does not interfere in either the 
"short" or "long" iodide procedure. 
However, in the presence of iron 
(i.e., the "short iodide" procedure), 
high results are obtained for copper, 
presumably because manganese catalyzes 
and increases the rate of the reaction 
between iron (III) and iodide ion, and 
subsequently inhibits the complete 
complexation of iron (III) by ammonium 
hydrogen fluoride 1 • 7 . Several mg of 
manganese (II), in the presence of 
iron, do not cause significant error 
in the copper result7. 

Interference from large amounts of 
iron, vanadium, chromium, nickel, and 
cobalt is eliminated, in the "long 
iodide" procedure, by separating 
copper from these elements by preci
pitation as the sulphide from an 
approximately 0.5 M hydrochloric acid 
medium. Interference from selenium 
and/or tellurium (up to approximately 
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20 mg) is eliminated by separating 
these elements from copper by co
precipitation as the hydrous oxides 
with hydrous ferric oxide from an 
ammoniacal medium 4 ,9. Nitrogen 
oxides, bromine, and chlorine are 
removed by boiling the solution, or by 
evaporation with sulphuric acid. 

Gold, platinum, and palladium (up to 
one-tenth the amount of copper pre
sent) 4, and zinc, cadmium, mercury, 
tin, and uranium do not interfere3,6,7. 
Large amounts of ammonium acetate 
interfere by decreasing the rate of the 
reaction between copper (II) and 
potassium iodidel,6. 

Range 

The method is suitable for samples 
containing more than approximately 
0.2% of copper. 

Reagents 

Standard sodium thiosulphate solution, 
0.1 N. Dissolve 49.6360 g of sodium 
thiosulphate pentahydrate (Na2S203.5H 20) 
in approximately 1500 ml of previously 
boiled and cooled water, and dilute to 
2 litres (Note 1). 

Standard copper solution (1 ml = 10 mg 
of copper). Dissolve 1.0000 g of pure 
copper metal in 25 ml of 50% nitric 
acid, add 15 ml of 50% sulphuric acid 
and evaporate the solution to fumes of 
sulphur trioxide. Cool, wash down the 
sides of the beaker with water, and 
evaporate the solution to fumes again 
to ensure the complete removal of 
nitric acid. Cool, add approximately 
25 ml of water, heat gently to dissolve 
the salts, cool, and dilute to 100 ml 
with water. 

Thyodene (soluble starch) indicator 
solution, 5% w/v. Dissolve 5 g each 
of Thyodene and potassium iodide in 
water, and dilute to 100 ml. Prepare 
fresh as required. 

Potassium iodide solution, 30% w/v. 
Prepare fresh as required. 

Sodium thiocyanate solution, 40% w/v . 

Ammonium hydrogen fluoride solution, 
40% w/v. Transfer 100 g of the re
agent (NH 4 HF 2 ) to a 250-ml polyethylene 
beaker, add approximately 200 ml of 
water, and stir until the reagent has 



dissolved. Using a polyethylene 
funnel, filter the solution, if 
necessary, into a polyethylene bottle 
marked at 250-ml, and dilute to the 
mark with water. 

Iron solution, 2% w/v. Dissolve 2 g 
of high-purity iron metal in 15 ml of 
concentrated hydrochloric acid, add 
10 ml of concentrated perchloric acid, 
and evaporate the solution to dense 
fumes of perchloric acid. Cool, add 
approximately 40 ml of water, heat 
gently to dissolve the salts, cool, 
and dilute to 100 ml with water. 

Bromine water. 
bromine. 

Water saturated with 

Nitria aaid-bromine water solution, 
50% each by volume. 

Sulphuria aaid, 50% and 1% v/v. 

Hydrogen sulphide (aylinder) gas. 

Hydrogen sulphide wash solution. 1% 
hydrochloric acid saturated with 
hydrogen sulphide. 

Ammonium hydro xide wash solution, 2% 
v/v. 

Standardization of sodium thiosulphate 
solution 

Transfer a 10-20-ml aliquot of the 
standard copper solution to a 300-ml 
Erlenmeyer flask, and dilute to 
approximately 30 ml with water. Using 
litmus paper (Note 2), add sufficient 
concentrated ammonium hydroxide, by 
drops, until the solution is just 
ammoniacal (Note 3), then add con
centrated acetic acid, by drops, until 
the solution is just acidic. Add 
4 ml in excess, cool the resulting 
solution to room temperature in a 
water-bath, and dilute to approximately 
50 ml with water. Add 10 ml of freshly 
prepared 30% potassium iodide solution 
(Note 4), mix thoroughly and, while 
swirling the flask, immediately titrate 
the solution with standard sodium thio
sulphate solution until the brown 
colour of the liberated iodine has 
almost disappeared and the solution is 
pale yellow. Add 5 ml of 40% sodium 
thiocyanate solution (Note 5), mix, 
add 5 ml of 5% Thyodene solution, and 
carefully continue the titration, by 
drops, until the blue starch-iodine 

257 

colour has completely disappeared and 
the solution is pure white (Note 6). 
Determine the normality of the sodium 
thiosulphate solution , and calculate 
the copper equivalent (mg/ml) (1 ml of 
0.1 N sodium thiosulphate solution 
6.354 mg of copper) (Note 7). 

Procedures 

A - "Short iodide" procedure in the 
presence ~ molybdenum, several 
~ ~ manganese, and ~ ~ ~
xima tely 200 !!!.B.~ iron (vanadium, 
selenium, tellurium, and large 
amounts ~ chromium, nickel, cobalt, 
and acid-insoluble material absent) 

Transfer 0.2-1 g of powdered sample, 
containing up to approximately 200 mg 
of copper, to a 250-ml Teflon beaker. 
Add 10 ml of concentrated hydrochloric 
acid, cover the beake r with a Teflon 
cover and boil for several minutes. 
Add 10 ml of concentrated nitric acid 
and 5 ml of concentrated hydrofluoric 
acid, and boil until the decomposition 
of acid-soluble material is complete. 
Add 10 ml of 50% sulphuric acid, boil 
for several minutes, remove the cover, 
and evaporate the solution to fumes of 
sulphur trioxide. Cool, wash down the 
sides of the beaker with water, and 
evaporate the solution to approximately 
3-4 ml to ensure the complete removal of 
nitric acid. Cool, ~dd approxiMately 
20 ml of water, heat gently to dissolve 
the soluble salts and, ij necessary 
(Note _8), fil ter the solution (Whatman 
No. 541 paper) into a 300-ml Erlenmeyer 
flask. Wash the beaker, paper, and 
residue thoroughly with hot 1% sulphuric 
acid, and discard the paper and residue. 

Add 5 ml of bromine water to the 
filtrate, boil vigorously to expel 
excess bromine, and evaporate the solu
tion to approximately 30 ml. Using 
litmus paper (Notes 2 and 9), add 
sufficient concentrated ammonium hydr
oxide, by drops, until the solution is 
just ammoniacal (Note 3), then add 
concentrated acetic acid, by drops, 
until the solution is just acidic. Add 
5 ml of 40% ammonium hydrogen fluoride 
solution (Note 10), mix thoroughly and 
cool the solution to room temperature 
in a water-bath. Add 10 ml of 30% 
potassium iodide solution (Note 11), 
and immediately proceed with the 
titration of the liberated iodine as 
described above (Note 12). 



B - "Long iodide" procedure in the 
presence ~ vanadium, ~ than 
approximately 200 .!!!..& ~ iron, 
and/or large amounts ~ manganese, 
chromium, nickel, and cobalt 

(a) Selenium and tellurium absent 

Following sample decomposition as des
cribed above, using 10 ml of concen
trated perchloric acid rather than 
sulph~ric acid (Notes 13 and 14), 
evaporation of the solution to 3-4 ml, 
and dissolution of the soluble salts 
in water, transfer the solution and 
any insoluble material present to a 
400-ml pyrex beaker and, without 
baking, evaporate the solution to 
dryness. Add 20 ml of water and 7 ml 
of concentrated hydrochloric acid to 
the residue, and heat gently to dis
solve the soluble salts (Note 15). 

Add 5 g of tartaric acid (Notes 16 and 
17), ~ilute to approximately 100 ml 
with water, and heat the solution to 
the boiling point. Pass hydrogen sul
phide through the solution for 15 
minutes to precipitate copper and 
various other copper and arsenic group 
elements, and dilute the solution to 
approximately 150 ml with hot water. 
Continue passing hydrogen sulphide 
through the solution for a further 15 
minutes to ensure the complete preci
pi ta tion of copper. Filter the solu
tion (Whatman No. 42 paper) (Note 18) 
and wash the beaker, paper, and pre
cipitate thoroughly with cold hydrogen 
sulphide wash solution. Discard the 
filtrate and washings and, using a jet 
of hot water, transfer the bulk of the 
precipitate to the beaker in which the 
precipitation was carried out. Dis
solve the small amount of precipitate 
remaining on the filter paper, using 
20 ml of 50% nitric acid-50% bromine 
water solution, and wash the paper 
thoroughly with hot water. Collect 
the solution in the beaker containing 
the precipitate, and discard the 
paper. Add 10 ml of 50% sulphuric 
acid to the resulting solution and 
evaporate it to fumes of sulphur tri
oxide. Cool, wash down the sides of 
the beaker with water, and evaporate 
the solution to 3-4 ml to ensure the 
complete removal of nitric acid (Note 
19). Cool, add approximately 20 ml of 
water and heat gently to dissolve the 
soluble salts. If necessary (Note 8), 
filter the solution (Whatman No. 541 
paper) into a 300-ml Erlenmeyer flask, 
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and wash the beaker, paper, and residue 
thoroughly with 1% sulphuric acid. 
Discard the paper and residue, and 
evaporate the resultant solution to 
approximately 30 ml. 

If the sample contains molybdenum , 
proceed with the neutralization (Note 
20), re-acidification, addition of 
ammonium hydrogen fluoride and potas
sium iodide solutions, and the subse
quent titration of the liberated 
iodine as described in Procedure A. 

If molybdenum is absent, proceed with 
the neutralization, re-acidification, 
addition of acetic acid and potassium 
iodide, and the subsequent titration 
of the liberated iodine as described 
under "Standardization of sodium thio
sulphate solution". 

(b) Selenium and/or tellurium present 

Following the separation of copper and 
various copper and arsenic group 
elements by precipitation with hydrogen 
sulphide (Note 21) as described above, 
and the dissolution of the precipitate 
in nitric acid-bromine water solution, 
boil the solution vigorously to expel 
bromine (Note 22), cool, and add 10 ml 
of 2% iron solution. Dilute the solu
tion to approximately 150 ml with water, 
add sufficient concentrated ammonium 
hydroxide to precipitate hydrous ferric 
oxide, and add 5 ml in excess. Boil 
the solution for several minutes to 
coagulate the precipitate, filter it 
(Whatman No. 541 paper) into a 600-ml 
beaker, and wash the beaker, paper, and 
precipitate thoroughly with 2% ammonium 
hydroxide . 

Using a jet of hot water, transfer the 
bulk of the precipitate to the beaker 
in which the precipitation was carried 
out, add 10 ml of concentrated nitric 
acid, and heat gently to dissolve the 
precipitate. Dilute the resulting 
solution to approximately 150 ml with 
water, and re-precipitate, filter 
(using the same filter paper), and 
wash the hydrous ferric oxide preci-
pi ta te as described above. Collect the 
filtrate and washin~s in the beaker 
containing the initial filtrate, and 
discard the paper and precipitate. 

Using litmus paper, neutralize the 
combined filtrates and washings appro
ximately with concentrated hydrochloric 
acid. Remove the litmus paper, and 
add 20 ml each of concentrated nitric 
and hydrochloric acids and 15 ml of 



5Q% sulphuric acid. Cover the beaker, 
heat gently until the vigorous reaction 
ceases, then remove the cover, and 
evaporate the solution to approximately 
75 ml. Add 10-15 ml each of concentrat
ed nitric and hydrochloric acids and 
evaporate the solution to fumes of 
sulphur trioxide. Cool, wash down the 
sides of the beaker with water, and 
evaporate the solution to fumes again. 
Cool, wash down the sides of the beaker 
with water again, and evaporate the 
solution to 3-4 ml. Cool, add appro
ximately 20 ml of water and heat 
gently to dissolve the soluble salts. 
If necessary, filter the solution 
(Whatman No. 541 paper) into a 300-ml 
Erlenmeyer flask, and wash the beaker 
and paper thoroughly with 1% sulphuric 
acid. Discard the paper. Evaporate 
the solution to approximately 30 ml 
and, depending on the presence or 
absence of molybdenum, proceed with the 
neutralization (Note 20), re-acidifica
tion, and subsequent titration of the 
liberated iodine as described in Pro
cedure A or under "Standardization of 
sodium thiosulphate solution", res
pectively. 

Notes 

1. Because of the instability of 
sodium thiosulphate solutions in the 
presence of thiobacteria, the standard 
solution should be prepared under 
reasonably sterile conditions. If a 
pure reagent and good water are used 
during preparation, and the solution 
is kept sterile, it should be stable 
for several months. If sulphur pre
cipitates during preparation of the 
solution or during standing, discard 
it and prepare a fresh solution. The 
stock flask or bottle should be 
cleaned thoroughly and disinfected with 
hot chromic acid cleaning solution 10 • 

2. Moisten the strip of litmus 
paper with water, and place it upright 
in the flask so that approximately one
third of the paper is below the surface 
of the solution. Because of the dark 
blue colour of slightly ammoniacal 
copper solutions, this technique 
facilitates the subsequent detection 
of the point at which the solution just 
becomes ammoniacal. 

3. An excess of ammonium hydroxide 
should be avoided because excessive 
amounts of ammonium acetate, which is 
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produced during the subsequent re
acidification of the solution with 
acetic acid, interfere in the final 
titration of the liberated iodinel, 6 • 

4. The solution should be titrated 
immediately after the addition of 
potassium iodide solution to prevent 
error resulting from the loss of iodine 
by volatilization, and from the libera
tion of iodine by air-oxidation of 
iodide ion, according to the reaction 

4I- + 02 + 4H+ + 2I2 + 2H20. 

The rate of air-oxidation of iodide ion 
is increased by increased acidity and 
by sunlight. Consequently, the titra
tion should not be performed in direct 
sunlight, and solutions containing 
iodide should be prepared just before 
use or kept in brown bottless. Alter
natively, 3 g of solid potassium 
iodide can be employed instead of a 
30:::; solution. 

S. The addition of sodium thio
cyanate solution can be omitted, but a 
sharper and more accurate end-point is 
obtained in its presence. The cuprous 
iodide precipitate, which is formed on 
the addition of potassium iodide, tends 
to absorb some iodine which impairs the 
sharpness of the end-point and intro
duces some error. The addition of a 
soluble thiocyanate compound, just 
before the addition of the Thyodene 
indicator solution, converts the buff
coloured cuprous iodide to the less
sol uble white cuprous thiocyanate, 
which releases the absorbed iodine and 
subsequently produces a pure white, 
instead of a yellowish-white end-
point 11. 

6. A 20-ml portion of the copper 
solution (i.e., 200 mg of copper) 
requires 31.48 ml of 0 . 1 N sodium 
thiosulphate solution. 

7. Because sodium thiosulphate 
solutions slowly change in concentra-
tion on standing (Note 1), the standard 
solution should be re-standardized 
periodically. If the concentration has 
decreased by more than approximately 1%, 
a fresh solution should be prepared. 
Once decomposition has started, it 
generally proceeds rap i dlylO. 



8. If only a small amount of acid
insoluble material (e.g., lead sul
phate) is present, transfer the solu
tion directly to the Erlenmeyer flask 
and proceed as described. Open beak
ers can be employed for the subsequent 
titration of the liberated iodine, but 
Erlenmeyer flasks are recommended to 
minimize error resulting from volat
ilization of iodines. 

9. Instead of using litmus paper, 
the solution can be carefully neutra
lized with ammonium hydroxide until 
all of the iron present has been pre
cipitated as the brown hydrous oxide 
and the solution becomes brownish
green because of the first f aint for
mation of the blue copper-ammonia 
complex. If this technique is employ
ed, and too much ammonium hydroxide is 
added, the solution will become deep 
blue. If this happens, add sufficient 
dilute (approximately 10%) · sulphuric 
acid to restore the brown-green colour, 
then add 5 ml of 40% ammonium hydrogen 
fluoride solution (Note 10), and pro
ceed as describedl 2 • 

10. Approximately 2 g of ammonium 
hydrogen fluoride are required for the 
complexation of 200 mg of iron. The 
hydrous ferric oxide precipitate 
should dissolve completely when the 
ammonium hydrogen fluoride solution is 
added and the solution is mixed 
thoroughly. If it does not dissolve, 
either too much ammonium hydroxide or 
insufficient ammonium hydrogen fluoride 
solution was added. Additional 
fluoride solution may be necessary if 
the sample contains an appreciable 
amount of aluminum and/or molybdenum, 
or if the solution is still yellow 
because of un-complexed iron (III). 
Aluminum forms an insoluble fluoride 
compound with ammonium hydrogen 
fluoride which, if present in large 
amounts, may occlude copper and slow 
up the titrationl,3,4,7. 

11. Because lead, bismuth, and silver 
react with iodide, more potassium 
iodide solution may be required if an 
appreciable amount of these elements 
are present 6 • 

12. The blue starch-iodine colour 
should not return within at least 10-
15 minutes after the end-point. A 
quick return of the colour may be 
caused by the addition of too much 
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ammonium hydroxide, insufficient 
ammonium hydrogen fluoride (Note 10), 
or insufficient acidity (i.e ., pH 
greater than approximately 5.5). The 
reaction between copper (II) and 
iodide ion is slow at higher pH 
values 1 • 7 , 13 • 

13. Perchloric acid, instead of 
sulphuric acid, is recommended for 
sample decomposition in this procedure 
because iron, lead, and particularly 
chromium perchlorates are considerably 
more soluble than their sulphates. 

14. If the sample contains an 
appreciable amount of arsenic and/or 
antimony, these elements will be co 
precipitated with copper sulphide in 
the subsequent hydrogen sulphide 
separation procedure. Because the 
presence of a large amount of arsenic 
and/or antimony sulphides in the mixed 
sulphide precipitate is an unnecessary 
inconvenience during the filtration 
and washing of the precipitate, pre
liminary removal of these elements by 
volatilization as the bromides is 
recommended as follows: 

Following evaporation of the sample 
solution to fumes of perchloric acid 
(Note 13), cool, and wash down the 
sides of the beaker with water. Add 
10 ml of concentrated hydrobromic acid 
and evaporate the solution to fumes of 
perchloric acid. Cool, and wash down 
the sides of the beaker again. Repeat 
the hydrobromic acid treatment and 
subsequent evaporation to fumes, then 
evaporate the solution to 3-4 ml and 
proceed as described. 

Selenium and tin are also volatilized 
as the bromides by the above procedure . 

15. If much acid-insoluble residue 
is present, or if the residue is 
suspected to contain copper, filter 
the solution (Whatman No. 30 paper) 
into a 400-ml beaker, and transfer the 
residue quantitatively to the filter 
paper. Wash the paper and residue 
thoroughly with hot water, and treat 
the paper and residue as follows: 

Transf er the paper and residue to a 
30-ml porcelain crucible, burn off the 
paper, and ignite at a low temperature . 
Fuse the residue with 1-2 g of 
potassium pyrosulphate, cool, and 
transfer the crucible and contents to 



a 250-ml beaker. Add approximately 
75 ml of water, heat gently until the 
disintegration of the melt is complete, 
and remove the crucible after washing 
it thoroughly with hot water. If 
necessary, filter the solution (What
man No. 30 paper) into the beaker con
taining the initial filtrate, and 
wash the beaker and paper thoroughly 
with hot water. Discard the paper. 
Evaporate the solution to approximate
ly 75 ml, then proceed as described. 

16. The addition of tartaric acid 
may be omitted if vanadium is absent 
and the sample contains only a small 
amount of tungsten. 

17. If the sample contains an 
appreciable amount of tin, which was 
not previously removed by volatiliza
tion as the bromide (Note 14), 10 g of 
oxalic acid may be added at this stage 
to prevent the subsequent precipita
tion of tin (IV) sulphide. Tin (IV) 
does not interfere in the titration 
©f iodine with sodium thiosulphate, 
but the presence of a large amount of 
tin sulphide in the mixed sulphide 
precipitate is an unnecessary incon
venience during the filtration and 
washing of the precipitate. 

18. Because cuprous sulphide is 
easily oxidized or rendered colloidal, 
the filter paper should be kept at 
least two-thirds full of solution 
during filtration and washing to 
avoid undue exposure of the sulphide 
precipitate to airl4. 

19. If the sample contains an 
appreciable amount of iron, vanadium, 
chromium, nickel, and/or cobalt, 
evaporate the solution to dryness at 
this stage. Cool, add 20 ml of water 
and 7 ml of concentrated hydrochloric 
acid, and heat gently to dissolve the 
salts. If necessary (Note 16), add 
1-2 g of tartaric acid, dilute the 
solution to approximately 100 ml with 
water, and re-precipitate, filter, 
and wash the copper sulphide as des
cribed to remove occluded elements. 
Following dissolution of the preci
pi tate with nitric acid-bromine water 
solution, addition of sulphuric acid, 
and evaporation of the solution to 
3-4 ml, proceed as described. 
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20. Litmus paper must be employed 
for the neutralization and re-acidifi
cation steps at this stage. The pro
cedure described in Note 9 cannot be 
used because the solution no longer 
contains iron to function as an 
internal indicator. 

21. If tellurium is absent, and 
selenium has previously been removed 
by volatilization as the bromide 
(Note 14), the subsequent ammonium 
hydroxide separation procedure is not 
necessary, and copper can be determined 
as described in Procedure B (a). 

22. If the sample contains an 
appreciable amount of iron, vanadium, 
chromium, nickel, and/or cobalt, and 
re-precipitation of the copper sulphide 
is necessary (Note 19), add 10 ml of 
50% sulphuric acid to the initial solu
tion obtained after dissolution of the 
mixed sulphide precipitate in nitric 
acid-bromine water solution. Evaporate 
the solution to dryness, proceed with 
the re-precipitation of the copper as 
described in Note 19, re-dissolve the 
precipitate in nitric acid-bromine 
water solution, then proceed as 
described. 

Calculations 

Normality of sodium 
thiosulphate solution (NNaTS) 

Weight of couper in aliquot taken (g) 
0.06354 X V 

where: 

V = volume (ml) of sodium thiosulphate 
solution required by the iodine 
liberated by the copper. 

Copper equivalent (mg/ml) of the 
sodium thiosulphate solution (CuEQ) 

NNaTS x 63.54 OR 

Weight of copper in aliquot taken (mg) 
V 

where: 

V is as described above. 

% Cu h (mg) X 100 
Sample weig t 



where: 

V = volume (ml) of sodium thiosul
S phate solution required by the 

sample. 
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DETERMINATION OF FLUOR IDE IN FLUORSPAR ORES AND MILL PRODUCTS, AC ID-SOLUBLE 
AND REFRACTORY SILICATE ROCKS, CARBONATE ROCKS, CLAY, SHALE, AND FLUORIDE
BEARING MINERALS BY AMPEROMETRIC TITRATION WllH THORIUM NITRATE AFTER 
DISTILLATION AS HEXAFLUOSILICIC ACID 

Princip le 

Fluoride is determined by amperometric 
titration with thorium nitrate in an 
approximately neutral (pH 7-7.5) 0.1 M 
potassium chloride supporting electro
lyte solution 1 • 2 , according to the 
reaction 

2H2SiF6 + 3Th(N03)4 + 6H20 

+ 3ThF4+ + 12HN03 + 2H2Si03, 

after separation by distillation as 
hexafluosilicic acid from a perchloric 
acid medium 3 • 4 • 

Outline 

Fluorspar ores and mill products are 
decomposed with perchloric acid, and 
fluoride is separated from the matrix 
elements by steam-distillation as 
hexafluosilicic acid. The fluoride in 
the distillate is ultimately titrated 
with thorium nitrate solution. 

Acid-soluble and refractory silicate 
rocks, carbonate rocks, clay, shale, 
and fluoride-bearing minerals are 
decomposed by fusion with sodium car
bonate and the melt is digested in 
water. The insoluble carbonates are 
removed by filtration, and the bulk of 
the silica in the filtrate is preci
pitated as zinc silicate and separated 
from soluble sodium fluoride by filtra
tion. The fluoride in the filtrate is 
ultimately separated from sodium 
salts, residual silica, aluminum, 
sulphate, and phosphate by steam
distillation and determined as des
cribed above. 

Discussion of interferences 

Titanium, zirconium, hafnium, iron, 
aluminum, magnesium, boron, lead, 
uranium, bismuth, antimony, alkaline 
earths, and rare earths interfere in 
the determination of fluoride because 
they form insoluble or slightly solu
ble fluoride compounds, or relatively 
stable complexes with fluoride ion. 
Anions that form insoluble compounds, 
soluble non-dissociated compounds, or 
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stable complexes with thorium (e.g., 
sulphate, sulphite, sulphide, phos
phate, carbonate, chloride, bromide, 
iodide, arsenite, and arsenate) also 
interfere 1 depending on the amount 
present 3 ,::.-l 2 • 

Fluoride is separated from most of the 
above interfering elements and anions, 
and from various other elements [e.g., 
cerium (IV), scandium (III), thorium 
(IV), beryllium, cadmium, chromium 
(III), cobalt, copper, gallium (III), 
indium (III), germanium, sodium, 
potassium, lithium, manganese (II), 
mercury (II), molybdenum (VI), 
tungsten (VI), nickel, niobium, tanta
lum, platinum, rhenium (VII), rhodium 
(III), selenium (IV), tellurium (IV), 
sil ver, thallium (I), tin (II), and 
zinc] by distillation as hexafluo
silicic acid (or a mixture of silicon 
tetrafluoride and hydrofluoric acid) 
from a perchloric acid medium at a 
temperature (i.e., solution tempera
ture) of approximately 135°C3,4,ll,13. 

Free sulphur and sulphides, particula
ly pyritic sulphur cause high results 
for fluoride because they are oxidized 
during sample decomposition and co
distilled as sulphur oxides, which are 
converted to sulphite and sulphate ions 
in the distillate, and subsequently 
react with the thorium nitrate9,14. 
Halides, nitrates, and carbonates are 
co-distilled as acids and/or free 
gases, as nitric acid 1 and as carbon 
dioxide, respectively 1 9. Borate is 
partly co-distilled as boron trifluor
ide, which interferes because of the 
resultant formation of non-ionized 
fluoboric acid in the distillate9,ll. 
Phosphate, if present in large amounts, 
is partly co-distilled (i.e., micro
gram-quantities) as phosphoric acid, 
which reacts quantitatively with 
thorium nitrate9,10. 

Organic compounds, if present in large 
amounts, may interfere in the dis
tillation procedure by causing an ex
plosive reaction with perchloric 
acid3, 4 • Large amounts of zirconium, 
boron compounds, and gelatinous silica 



produced during sample decomposition 
retard the volatilization of 
fluoride3, 4 ,9,ll, Aluminum also retards 
the volatilization of fluoride because 
it forms an acid-soluble aluminum 
fluoride complex that greatly reduces 
the partial pressure of fluoride com
pounds in the gaseous phase above the 
solution in the distillation flask 1 3, 

Interference from organic compounds, 
free sulphur, and sulphides can be 
avoided by igniting the sample at S00-
6000C in the presence of calcium 
oxide as a retentive agent for volatile 
fluorides 2 • 7 > 14 , or can be minimized 
by oxidi zing these compounds with 
potassium permanganate before the dis
tillation step9, Chloride, if present 
in large amounts, can be prevented 
from co-distilling as the acid or free 
chlorine by converting it to insoluble 
silver chloride 4 • 8 Co-distillation 
of phosphat e can be minimized by dis
tilling f luoride at a lower tempera
ture (appro ximately 125°C) 15 , or 
interference from co-distilled phos
phate can be eliminated by re-distill 
ing the fluoride from the initial dis
tillate4, 9, l O, Complete distillation 
of fluoride can be obtained in the 
presence of moderate amounts of 
silica, aluminum, zirconium, and 
baron compounds by collecting 500 ml 
or more of distillate3,4,ll, 

Interference from large amounts of 
silica, and also from aluminum can be 
avoided by separating silica from 
fluoride as insoluble zinc silicate 
from an alkaline medium, after sample 
decomposition by fusion with sodium 
carbonate; the bulk of the aluminum is 
separated from fluoride as the hydrous 
oxide under these conditions3,ll ,16, 
Slightly low results are obtained for 
fluoride by the above method because 
a small amount of fluoride is retained 
by the mixed zinc silicate-hydrous 
aluminum oxide precipitate, Negative 
error caused by the retained fluoride 
can be minim ized by recovering the 
fluoride f rom the mixed precipitate by 
Jistillation. Low results are also 
obtained if the sample contains bath 
calcium and phosphate, because calcium 
fluoride, initially present in the 
sample or formed during the fusion 
procedure, is not completely converte d 
to soluble fluoride by reaction witlt 
sodium carbonate solution. In the 
absence of phosphate, fluoride present 
as calcium fluoride is completely con
verted to soluble fluoridel 1 • 

Interference from carbon dioxide, which 
ls converted to carhonat 0 io n when the 
distillate is neutralized with sodium 
hydroxide, is eliminated by removing 
it, prior to the pH adjustment step, 
by bubbling nitrogen gas through the 
distillate. 

Large amounts of perchlorate, co-dis
tilled as perchloric acid, and moder
ate amounts of chloride, bromide, 
iodide, and nitrate do not interfere 
in the amperometric titration methodl. 
Up to approximately 2 mg of sulphate, 
and up to approximately 10 mg of 
borate do not cause siÎnif icant error 
in the fluoride result , 11 • Large 
amounts of borate interferell, 

The method is suitable for samples 
containing more than approximately 
0.04% of fluoride. Silicate and 
carbonate rocks, and clay and shale 
samples containing lower concentra
tions can also be aualyzed with 
reasonable accuracy if the distillate 
is evaporated to a small volume and 
the whole solution is taken for 
titration. 
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FIGURE 1. Apparatus for the amperometric titration of fluoride 

A - Manual polarograph. 
B - Burette (10-ml). 
C - Clamp. 
D - Platinum wire connection to 

polarograph. 
E - Titration vessel (clear plastic 

125-ml pharmaceutical graduate). 
F - Mercury-pool anode. 
G - Plastic nitrogen-inlet tube con

nected with rubber tubing to the 
nitrogen tank via a needle valve. 

H - Dropping mercury electrode. 
I - Dropping mercury electrode mercury

inlet tube connected with rubber 
tubing to the mercury reservoir. 

J - Platinum wire connection to 
polarograph. 

Apparatus 

Apparatus for the amperometric titra
tion of fluoride. A typical arrange
ment of the apparatus is illustrated 
in Figure 1. The platinum wire con
nection D to the polarograph consists, 
with the exception of the tip, of a 
glass-encased wire surrounded by 
mercury. Damping of the manual polaro
graph can be inçreased, if necessary, 
by inserting a 4000 microfarad con
denser across the galvanometer 
terminals. 265 
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FIGURE 2. Apparatus for the distillation of fluoride 

A - Safety pressure-release tube 
(approximately 2 ft in length). 

B - Rubber stopper. 
C - Steam-generator fl a sk (1-litre 

Florence-type). 
D - Glass beads. 
E - Burner. 
F - Clamp. 
G - Glass steam-release tube. 
H - Rubber tubing. 
I - Screw-clamp. 
J - Screw-clamp. 
K - Distillation head. 
L - Funnel for the addition o f acid 

(approximately 75 ml capacity). 
M - Ground-glass joint (female-type). 
N - Ground-glass joint (male-type). 
0 - Distillation flask (500-ml 

modified Claison-type). 
P - Heating element. 
Q - Thermometer (range 0 to 150°C). 
R - Ball and socket joint. 
S - Condenser. 
T - Water-outlet. 
U - Water-inlet. 
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V - Collecting beaker (600-ml 
polyethylene). 

Apparatus (continued) 

Ap p a r a t u s for the di s t i lla t io n o f 
f luo r ide . Illustrated in Figure 2. 
Leakage in the apparatus is minimized 
by using ground-glass and ball and 
socket joint connections wherever 
possible, and by lubricating these 
connections and all stopcocks with 
silicone stopcock grease. 

Stainle s s s teel beake rs. 250-ml. 

Re agents 

Standa r d t horium nitr ate s olut ion , 
0.1 N. Dissolve 13.8055 g of thorium 
nitrate tetrahydrate [Th(N03)4.4H20] 
in water and dilute to 1 litre. 
Bubble nitrogen through the resulting 
solution for 30-40 minutes, prior to 
use, to remove dissolved oxygen. 



Standard thorium nitrate solution, 
0.01 N. Dilute 50 ml of the 0.1 N 
solution to 500 ml with water, and 
remove oxygen, prier to use, as des
cribed above. 

Standard fluoride solution (1 ml = 
0.7 mg of fluoride). Transfer 0.3868 
g of pure sodium fluoride (dried at 
110°C for 1 hour), or 0.2389 g of 
pure lithium fluoride to a 250-ml 
polyethylene beaker, add approximately 
100 ml of water, and swirl the beaker 
until the fluoride has dissolved. 
Transfer the resulting solution to a 
250-ml volumetric flask and add 12.5 
ml of 2 M potassium chloride solution. 
Dilute to volume with water, mix 
thoroughly, and immediately transfer 
the solution to a polyethylene bottle 
(Note 1). 

Potassium chloride solution, 2 M. 
Dissolve 149 g of the reagent in 
water, and dilute to 1 litre. 

Potassium chloride solution, 0.1 M. 
Dilute 25 ml of the 2M solution to 
500 ml with water. 

Sodium hydroxide solution (carbonate
free), 0.1 M. Dissolve 2.000 g of 
the reagent in water, and dilute to 
500 ml. Prepare fresh as required. 

Hydrochloric acid, 0.1 M. Dilute 4.28 
ml of concentrated hydrochloric acid 
to 500 ml with water. 

Zinc perchlorate solution, 20% w/v. 
Dissolve 10 g of zinc oxide in 112 ml 
of concentrated perchloric acid, and 
add 50 ml of water. 

Silver perchlorate solution, 50% w/v. 
Transfer 10.24 g of silver nitrate to 
a 250-ml beaker, and add approximately 
20 ml of water and 15 ml of concentrat
ed perchloric acid. Swirl the beaker 
until the salt has dissolved, and 
evaporate the solution to fumes of 
perchloric acid. Wash down the sides 
of the beaker with water, and evapor
ate the solution to fumes again to 
ensure the complete removal of nitric 
acid. Transfer the resulting solution 
to a 25-ml volumetric flask, cool, 
and dilute to volume with water. 

Potassium permanganate solution, 
saturated. 
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Sodium carbonate wash solution, 
2% w/v. 

Mercury. Triple-distilled. 

Nitrogen (oxygen-free). 

Standardization of thorium nitrate 
solution 

Transfer a 25-ml aliquot (Note 2) of 
the standard fluoride solution to the 
titration vessel E (Figure 1), add 
approximately 5 ml of mercury, and 
bubble nitrogen through the solution 
for about 5 minutes to remove dissolv
ed oxygen. Insert the platinum wire 
connection D into the solution so that 
the tip of the wire is immersed in the 
mercury pool, then insert the dropping 
mercury electrode H so that the tip of 
the capillary tube is approximately 
one-quarter inch below the surf ace of 
the solution. Apply a potential of 
-1.7 volts to the circuit, adjust the 
galvanometer setting to the lower end 
of the scale, stop the nitrogen flow, 
and record the galvanometer reading. 
Re-bubble nitrogen through the solu
tion for several minutes to ensure that 
all dissolved oxygen has been removed 
(Note 3), then titrate the solution 
amperometrically with 0.1 N thorium 
nitrate solution (Notes 4-6). De ter
mine the normality of the thorium 
nitrate solution, and calculate the 
fluoride equivalents (mg/ml) of both 
the 0.1 N and the diluted 0.01 N 
solutions (1 ml of 0.1 N thorium 
nitrate solution = 1,900 mg of fluor
ide; 1 ml of 0.01 N solution = 0.1900 
mg of fluoride). 

Alternatively, the thorium nitrate 
solution can be standardized against a 
sample of fluorspar of known fluoride 
content, or against pure sodium or 
lithium fluoride, after carrying these 
materials through the described dis
tillation procedure (Note 7), and the 
fluoride equivalent can be determined 
by direct calculation. 

Procedures 

In these procedures a blank determina
tion is carried out before the analysis 
of the sample. 



A - Fluorspar ores and mill products 

Transfer 0.5-2 g of powdered sample 
(Note 8), containing up to approxi
ma tely 250 mg of fluoride, to the 
distillation flask (Figure 2) (Note 
9). Add 8 or 10 soft glass beads 
approximately 3 mm in diameter (Note 
10), and connect the flask firmly to 
the distillation head. Add approxi
mately 650 ml of water and 8 or 10 
glass beads to the steam-generator 
flask, close the flask with the 
rubber stopper B, and open the screw
clamp I in the steam-release tube G. 
Connect the steam-inlet tube of the 
distillation head to the steam-outlet 
tube of the steam-generator flask by 
means of the rubber tube H, close the 
screw-clamp J, and heat the water in 
the flask until it is boiling 
vigorously. 

Place a 600-ml polyethylene beaker 
containing approximately 35 ml of 
water_ under the condenser, and adjust 
the height of the beaker so that the 
lower outlet end of the condenser 
dips well beneath the surface of the 
water. Start a flow of cold water in 
the condenser, open the stopcock in 
the funnel L, and add 20 ml of water 
and 35 ml of concentrated perchloric 
acid to the distillation flask (Note 
11). Close the stopcock, heat the 
contents of the distillation flask 
until the temperature of the solution 
in the flask reaches 135°C (Note 12), 
then introduce steam into the f lask by 
opening the screw-clamp J and closing 
the screw-clamp I (Note 13). Maintain 
the temperature of the solution in the 
distillation flask at 135 ± 3°C, and 
the volume at approximately 50 ml by 
regulating the rate of the steam-flow 
by means of screw-clamps J and I, and 
the rate of heating of the sample 
solution by means of the heating 
element. Continue the distillation 
until the volume of the solution in 
the collecting beaker has increased by 
approximately 300 ml (Note 14). Dis
connect the condenser from the dis
tillation head, wash the inner part 
and the outside tip with a small amount 
of water and collect the washings in 
the collecting beaker, then open 
screw-clamp I and close screw-clamp J. 

Bubble nitrogen through the distillate 
for 10-15 minutes to remove carbon 
dioxide, then, using a pH meter, adjust 
the pH of the solution to 7-7.5 with 

freshly prepared, carbonate-free 0.1 M 
sodium hydroxide solution and 0.1 M 
hydrochloric acid as required. Trans
fer the solution to a 500-ml volumetric 
flask, add 25 ml of 2 M potassium 
chloride solution, dilute to volume 
with water and mix (Note 15). Transfer 
a 25-ml aliquot (Note 16) of the result
ing solution to the titration vessel, 
add 5 ml of mercury and, depending on 
the expected fluoride content of the 
sample, proceed with the titration of 
fluoride as described above, using 
either 0.01 or 0.1 N thorium nitrate 
solution as required (Notes 17 and 18). 
Correct the result obtained for the 
sample by subtracting that obtained 
for the reagent blank. 

B - Acid-soluble and refractory 
silicate rocks, carbonate rocks, 
~ shale, and fluoride-bearing 
minerals 

Transfer 0.5 g of powdered sample (Note 
19) to a 30-ml platinum crucible, add 
3 g of sodium carbonate (Note 20) and 
mix thoroughly. Caver the crucible 
with a platinum caver and heat the 
mixture in a muffle furnace at appro
ximately 900°C for 30 minutes (Note 
21). Remove the caver, swirl the 
crucible to distribute the melt in a 
thin layer around the inner walls, and 
allow the crucible and contents to 
cool. Transfer the crucible and caver 
to a 250-ml stainless steel beaker 
(Note 22), add approximately 40 ml of 
hot water, heat gently in a hot water
bath to disintegrate the melt (Note 
23), then remove the crucible and 
caver af ter washing them thoroughly 
with hot water. Filter the resulting 
solution (Whatman No. 40, 9-cm paper) 
into a 250-ml stainless steel beaker, 
and wash the beaker, paper and residue 
3 times with approximately 10-ml 
portions of 2 % sodium carbonate 
solution. 

Using a jet of sodium carbonate solu
tion, transf er the bulk of the resi
due to the original beaker, dilute the 
mixture to 20-30 ml with the same 
solution, and boil the solution for 
several minutes. Filter the solution 
through the original filter paper, 
wash the beaker, paper, and residue 
thoroughly with approximately 10-ml 
portions of 2% sodium carbonate solu
tion, and collect the filtrate and 
washings in the beaker containing the 
initial filtrate. Discard the paper 
and residue. 
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By pipette, and while stirring, add 
8 ml of 20% zinc perchlorate solution 
(Note 24) to the combined filtrates, 
heat the solution to the boiling point, 
and bail for approximately 1 minute. 
Filter the solution (Whatman No . 40 
paper) into a 250-ml stainless steel 
beaker, and wash the beaker, paper, 
and precipitate thoroughly with hot 
water. Using a jet of hot water, 
transfer the precipitate to the 
beaker in which the precipitation was 
carried out, dilute the mixture to 
approximately 30 ml with water, and 
bail the solution for approximately 
1 minute. Filter the solution through 
the same filter paper, wash the 
beaker, paper, and precipitate 
thoroughly with hot water (Note 25), 
and collect the filtrate and washings 
in the beaker containing the initial 
filtrate. Discard the paper and pre
cipitate. Evaporate the combined 
filtrates to approximately 10-15 ml in 
a hot water-bath and transfer the 
solution to the distillation flask, 
using a minimum amount of water to 
wash the beaker (Note 26). Add 8 or 
10 soft glass beads and, omitting the 
addition of 20 ml of water, proceed 
with the distillation of fluoride as 
described above (Note 27). 

If the sample contains approximately 
35 mg or less of fluoride, bubble 
nitrogen through the resulting distill
ate for 10-15 minutes to remove 
carbon dioxide, then, using litmus 
paper, neutralize the distillate 
approximately with freshly prepared, 
carbonate-free 0.1 M sodium hydroxide 
solution. Add 3-4 ml in excess, re
move the litmus paper, transfer the 
solution to a large platinum dish or 
a 600-ml vitreous silica beaker (Note 
28), and evaporate the solution to 
approximately 50 ml in a hot water
bath (Note 29). Cool the solution to 
room temperature and, using a pH meter, 
adjust the pH to 7-7.5 with 0.1 M 
hydrochloric acid and 0.1 M sodium 
hydroxide solution as required. 
Transfer the solution to a 100-ml 
volumetric flask, add 5 ml of 2 M 
potassium chloride solution, dilute to 
volume with water and mix. Transfer 
a 5-25-ml aliquot of the resulting 
solution (Note 16), containing up to 
approximately 1.8 mg of fluoride, to 
the titration vessel. Add 5 ml of 
mercury, dilute to 25 ml, if necessary, 
with 0.1 M potassium chloride solution, 
and proceed with the titration of 
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fluoride as described above, using 
0.01 M thorium nitrate solution. 
Correct the result obtained for the 
sample by subtracting that obtained 
for the reagent blank. 

If the sample contains more than 
approximately 35 mg of fluoride, 
bubble nitrogen through the distillate 
for 10-15 minutes, adjust the pH of · 
the solution to 7-7.5, and transfer it 
to a 500-ml volumetric flask. Add 25 
ml of 2 M potassium chloride solution, 
dilute the solution to volume with 
water, mix, and proceed with the 
titration of fluoride as described in 
Procedure A, using 0.1 N thorium 
nitrate solution. 

Notes 

1. If the solution is stored in a 
glass container, etching of the glass 
will occur because of the reaction of 
fluoride ion with the silica in the 
glass. 

2. A smaller aliquot of the standard 
fluoride solution can be employed for 
the standardization of the thorium 
nitrate solution but it should be 
diluted to approximately 25 ml with 
0.1 M potassium chloride solution, 
prior to the titration step. 

3 . A constant galvanometer reading 
indicates the absence of oxygen. 

4. During the titration, stop the 
nitrogen flow af ter the addition of 
each increment of thorium nitrate solu
tion, and allow the thorium fluoride 
precipitate to settle for 3-4 minutes 
before recording the galvanometer 
reading. Within approximately 2 ml of 
the end-point (Note 5), add approxi
mately 0.1 ml-increments of the 
thorium solution, and bubble nitrogen 
through the solution for approximately 
1 minute each time to mix the solution 
and to remove dissolved oxygen. The 
galvanometer readings should remain 
almost constant until the end-point is 
reached. At the end-point a drop or 
two of excess thorium nitrate solution 
will cause a rapid increase in the 
galvanometer reading. At this point, 
readings should be taken after the 
addition of each drop of titraP-t (Note 
6). The height of the mercury column 
for the dropping mercur y electrode 
should be constant throughout the 
titration, and the mercury drop time 
should be approximatel y 3-4 seconds. 



The removal of the dropping mercury 
electrode from the solution, when 
nitrogen is bubbled through the solu
tion after the addition of each incre
ment of thorium nitrate solution, will 
prevent fouling of the mercury drop by 
the thorium fluoride precipitate. The 
temperature of the solution influences 
the amperometric titration of fluoride 
with thorium nitrate, but titrations 
eau be carried out at room temperature, 
without a constant temperature-bath, 
if the temperature change during the 
titration does not exceed 2 or 3°C 1 . 

5. A 25-ml portion of the fluoride 
solution (i.e., 17.5 mg of fluoride) 
requires 9.21 ml of 0.1 N thorium 
nitrate solution. 

6. Damping does not entirely eli
minate the oscillation of the galvano
meter needle after the end-point has 
been reached. Consequently, several 
readings should be taken and averaged 
for each added increment of thorium 
nitrate solution. 

7. In careful work, the distilla
tion apparatus eau be tested for gas
tigh tness, following the standardiza
tion of thorium nitrate solution 
against sodium or lithium fluoride, by 
determining the fluoride content of a 
standard fluorspar sample of known 
fluoride content, or of pure anhydrous 
sodium or lithium fluoride. The 
theoretical amount of fluoride present 
in sodium and lithium fluoride is 
45.24 and 73.25%, respectively. 

8. If the sample contains an 
appreciable amount of organic material, 
an explosive reaction with perchloric 
acid eau occur during the subsequent 
distillation procedure, particularly 
if the solution is inadvertently 
evaporated until the perchloric acid 
is present in concentrated form3,4. 
Organic material, and also free 
sulphur eau be eliminated, before the 
distillation of fluoride, by covering 
the sample with calcium oxide (fluor
ièe-free) and heating it at 500-600°C 
in a silica dish or crucible for 
approximately 30 minutes. Interfer
ence from sulphides eau also be 
eliminated by this method2,7,1 4 . 
Alternatively, organic material, free 
sulphur, and sulphides can be oxidized, 
and prevented from interfering during 
or after the distillation of fluoride, 
by moistening the sample in the dis
tillation flask with approximately 5 ml 
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of saturated potassium permanganate 
solution 9 • 

9. The distillation apparatus should 
be thoroughly cleaned with hot (appro
ximately 10%) sodium hydroxide solution 
between successive distillations to 
remove trace amounts of fluoride ion 
that are adsorbed on the inner glass 
surfaces of the apparatus during the 
distillation procedure 17 , and to remov~ 
accumulated silica, which tenaciously 
retains fluoride ion. If the coating 
of silica is allowed to accurnulate, 
serious errors may occur when the f lask 
is used successively for the analysis 
of sarnples containing widely differing 
quantities of fluoride 7 ,9. It is re
commended that one distillation flask 
or group of flasks should be employed 
for samples containing milligram
quantities of fluoride, and another 
flask or group of flasks should be 
used for samples containing large 
amounts 4 . 

10. The glass beads supply silica 
for the formation of hexafluosilicic 
acid, reduce etching of the distilla
tion flask by fluoride ion, and control 
superheating and "bumping" during the 
distillation procedure3,i+. Hard glass 
beads should not be ernployed. 

11. If the sample contains an appreci
able amount of chloride, add 1 ml of 
50% silver perchlorate solution at this 
stage. 

12. Fluoride eau be quantitatively 
distilled from perchloric acid media 
at temperatures varying from approxi
mately 120 to 150°C, but a temperature 
of 135 ± 3°C is recommended to prevent 
excessive co-distillation of perchloric 
acid. If the sample contains organic 
material, care should be taken that 
the temperature of the solution does 
not rise above 135°C or else an unduly 
violent oxidizing action may occur 
(Note 8)3• 4 . 

13. Optimum distillation of fluoride 
occurs when the water in the steam
genera tor flask is boiling vigorously. 

14. With most samples containing 
moderate amounts of fluoride, all of 
the fluoride is usually collected in 
the first 150-250 ml of distillate, 
but the collection of at least 300 ml 
is recommended to ensure the quantita
tive distillation of the fluoride. If 



the sample contains an appreciable 
amount of aluminum, zirconium, borate, 
or gelatinous silica, it may be nec
essary to collect 500 ml or more of 
distillate to ensure the complete 
distillation of the fluoride4,ll, In 
this case, depending on the expected 
fluoride content of the sample, the 
pH of the distillate can be adjusted 
to 7-7.5 as described and the solu
tion can be diluted to 1000 ml after 
the addition of 50 ml of 2 M potassium 
chloride solution, or the distillate 
can be concentrated by evaporation, as 
described in Procedure B, followed by 
pH adjustment and subsequent treatment 
as described. 

15. If a delay is necessary before 
the titration of fluoride, transfer 
the solution to a polyethylene bottle 
(Note 1). 

16. A larger aliquot (e.g., 50-100 
ml) of the sample solution can be 
taken for the titration of fluoride, 
but longer time intervals are required 
for the complete removal of dissolved 
oxygen with nitrogen prior to, and 
during the titration procedure, and 
for the settling of the thorium fluor
ide precipitate (Note 4). 

17. Considerable time can be saved 
if one aliquot of the sample solution 
is first titrated rapidly to deter
mine the approximate end-point, fol
lowed by a second, accurate titration 
in which all but the last 2 ml of the 
required volume of standard thorium 
solution is added, in one stage, at 
the beginning of the titration 
procedure. 

18. If the fluoride content of the 
aliquot is approximately 2 mg or less, 
0.01 N thorium nitrate solution 
should be employed for the titration 
procedure. 

19. Fluoride can be determined in 
fluoride-bearing minerals, that are 
soluble in perchloric acid and do not 
contain an appreciable amount of 
aluminum (e.g., apatite), by the 
method described in Procedure A. 
However, in the presence of an appre
ciable amount of phosphate, the dis
tillation of fluoride should be 
carried out at a lower temperature 
(i.e., 120-125°C) to prevent the 
"carry-over" of phosphoric acid into 
the distillate 15 , 16 • Preferably, the 
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distillate collected at 135 ± 3°C 
should be made alkaline and concen
trated to 10-15 ml by evaporation as 
described in the subsequent procedure, 
followed by re-distillation of the 
fluoride to remove the co-distilled 
phosphoric acid 10 , 16 • Depending on 
the fluoride and silica contents (Note 
20), fluoride-bearing minerals that 
are insoluble in perchloric acid, and 
do not contain an appreciable amount 
of aluminum and/or silica can be de
composed by fusion with sodium car
bonate as described, and analyzed 
directly (i.e,, without prior separa
tion of aluminum and silica) by the 
method described in Procedure A, after 
disintegration of the melt in a 
minimum amount of water, and transfer
ence of the resulting mixture to the 
distillation flaskl 1 , 12 • If this 
method is employed, the addition of 
20 ml of water should be omitted; the 
perchloric acid should be added slowly 
to the distillation flask; and the 
solution should be heated gently at 
the beginning of the distillation step 
to avoid excessive frothing and 
possible "carry-over" of the solution 
into the condenser because of too 
violent an evolution of carbon 
dioxide. 

If the sample contains both calcium 
and phosphate, low results will be 
obtained by this procedure because 
calcium fluoride, initially present in 
the sample or formed during the fusion 
procedure, is not completely converted 
to soluble fluoride during the subse
quent treatment of the sodium carbon
ate melt with hot water 11 • Probably 
most of the fluoride, in the calcium 
fluoride remaining in the insoluble 
residue obtained after filtration of 
the solution of the melt, can be re
covered by distillation and subsequent
ly determined as described in Note 25. 

20. If the sample contains an appre
ciable amount of fluoride and only a 
small amount of silica, it may be 
necessary to add 50-100 mg of pure 

.powdered silica at this stage to ob
tain complete decomposition of the . 
fluoride-bearing constituent 11 • 

21. A muffle furnace, started cold, 
or at a temperature of approximately 
500°C, followed by gradua! heating to 
900°C, is recommended for fusion of 
the sample to ensure that the mixture 
is not heated at too high a tempera
ture. Fluoride is not volatilized as 



silicon tetrafluoride during fusions 
with sodium carbonate at temperatures 
below approximately 1000°C, but appre
ciable loss occurs at temperatures 
exceeding approximately 1100°cll. 

22. Vitreous silica, and glass 
beakers of low baron content, or 
preferably large platinum dishes can 
also be employed at this stage. Loss 
of fluoride occurs if heating or 
evaporation of alkaline fluoride solu
tions is carried out in borosilicate 
glassware, presumably because of 
partial adsorption of fluoride ion on 
the surface, and partial reaction of 
fluoride with the baron in the 
glass 4 • 17 • 

23. To avoid contamination, care 
should be taken that bottles of hydro
fluoric acid are not in the vicinity 
during heating or evaporation of 
alkaline fluoride sample solutions. 

24. - Because an alkaline medium is 
required for the precipitation of 
silica as zinc silicate, more zinc 
perchlorate solution should not be 
added or else the resultant solution 
may not be alkaline. 

25. Because of its bulk, the zinc 
silicate precipitate must be thorough
ly washed with hot water to avoid too 
great a loss of fluoride. Sorne fluor
ide is usually retained by the volu
minous precipitate 11 , but this does 
not cause signif icant error in the 
result if the sample contains appro
ximately 2 % or less of fluoride. In 
careful work, particularly with 
samples of high fluoride content (i.e., 
fluoride-bearing minerals), most of 
the fluoride retained by the precipi
ta te can be recovered by distillation, 
as described in Procedure A, af teT 
transferring the precipitate quanti
tatively to the distillation flask. 
Following neutralization and evapora
tion of the resultant distillate to 
approximately 50 ml, as described in 
the subsequent procedure, the amount 
of residual fluoride can be determined, 
using a 25-ml aliquot of the resultant 
solution, and added to the result ob
tained after evaporation and distilla
tion of the fluoride in the filtrate 11 • 

26. To avoid the addition of too 
much water to the distillation flask, 
the final wash of the beaker can be 

made with the perchloric acid required 
for the distillation procedure. 

27. With silicate rock, carbonate 
rock, clay, and shale samples, which 
generally contain only small amounts of 
fluoride, the collection of approxi
mately 150-200 ml of distillate is 
usually sufficient for the complete 
recovery of the fluoride. With 
fluoride-bearing minerals containing 
large amounts of fluoride, tne volume 
of distillate recommended in Procedure 
A should be collected. 

28. If necessary, glass beakers of 
low baron content can also be employed 
(Note 22). 

29. Less than 0.04% of fluoride in 
silicate and carbonate rocks, clay, 
and shale can be determined if the 
solution is evaporated to approximately 
5 ml, preferably in a platinum dish, 
and transferred to the titration 
vessel with approximately 10 ml of 
water. Following pH adjustment, addi
tion of 1.25 ml of 2 M potassium 
chloride solution, and dilution of the 
solution to approximately 25 ml with 
water, titrate the resulting solution 
with 0.01 N thorium nitrate solution 
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as described. 

Calculations 

Normality of thorium nitrate 
solution (NTh) 

Weight of fluoride in aliquot taken (g) 

0.019 X V 

where: 

V = volume (ml) of thorium nitrate 
solution required by the fluoride. 

Fluoride equivalent (mg/ml) of the 
0.1 N thorium nitrate solution 

(FEQ 0.1) = NTh x 19.00 

OR 

Weight of fluoride in aliquot taken (mg) 

V 

where: 

V is as described above. 



Fluoride equivalent (mg/ml) of the 
0.01 N thorium nitrate solution 

1 
(FEQ 0.01) = FEQ 0.1 X IO 

%F 
(Vs - VB) x FEQ 0.1 or 0.01 x 100 

s 

where: 

V = volume (ml) of thorium nitrate 
S solution (0.1 or 0.01 N) requir

ed by the sample. 

s 

volume (ml) of thorium nitrate 
solution (O.l or 0.01 N) requir
ed by the blank. 

weight (mg) of the sample in the 
aliquot taken for analysis. 

% CaF2 = 2.055 x %F 

Other applications 

The method described in Procedure A 
can be employed to determine fluoride 
in phosphate rock if the distillation 
of fluoride ·is carried out at 120-
1250C, or if the initial distillate 
is concentrated by evaporation, fol
lowed by re-distillation of the 
fluoride to remove co-distilled 

h h .. dl016 p osp oric aci • 
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DETERMINATION 0 F TOTAL IRON IN ORES AND Ml LL PRODUCTS, SLAGS, AC 1 D-SOLUBLÈ 
AND REFRACTORY SILICATE ROCKS AND MINERALS, CARBONATE ROCKS, CLAY, AND 
SHALE BY TITRATION WITH POTASSIUM DICHROMATE AFTER REDUCTION WITH 
STANNOUS CH LOR IDE 

Principle 

This methodl-3 is based on the reduc
tion of iron to the divalent state 
with stannous chloride in a hydro
chloric acid medium. The excess of 
the reductant is eliminated by 
oxidation with mercuric chloride, 
and iron is determined by titration of 
the resultant iron (II) with potassium 
dichromate, in an approximately 0.3 M 
sulphuric-0.2 M phosphoric acid 
medium, in the presence of sodium 
diphenylaminesulphonate as internal 
indicator. 

The corresponding reactions for these 
processes are: 

2FeC13 + SnCl 2+ 2FeC12 + SnCl4 

SnCl2 + 2HgC1 2 + Sn Cl4 + Hg2Cl2+ 

6FeCl2 + K2Cr207 + 14HC1 

+ 6FeCl3 + 2KC1 + 2CrC13 + 7H20. 

Outline 

Ores, mill products, and slags are 
decomposed with hydrochloric acid in 
the presence of potassium chlorate as 
an oxidant (or by treatment with 
other suitable acids, or by fusion 
with a suitable flux, depending on the 
type of sample mate rial). The acid
insoluble material is ultimately re
moved by filtration and ignited. 
Silica is subsequently removed by 
volatilization as silicon tetra
fluoride. The resultant residue is 
fused with sodium carbonate or 
potassium pyrosulphate, and the melt 
is dissolved in dilute hydrochloric 
acid. 

If 2 mg or less of tungsten and 0.5 
mg each or less of vanadium, molyb
denum, and copper are present, the 
residual iron in the solution of the 
melt is precipitated as the hydrous 
oxide with ammonium hydroxide, and 
separated from any platinum present 
by filtration. After dissolution of 
the precipitate, the resultant solu
tion is added to the initial 
filtrate. The iron in the result
ing solution is ultimately reduced 
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with stannous chloride and titrated 
with potassium dichromate solution. 

If more than the above amounts of 
any of the above interfering elements 
are present, the solution of the melt 
is added to the initial filtrate. 
Iron is separated from excess 
amounts of molybdenum and/or copper, 
and from platinum by precipitation 
as the hydrous oxide with ammonium 
hydroxide; from excess amounts of 
tungsten and/or vanadium, and from 
molybdenum and platinum by precipi
tation as the hydrous oxide with 
sodium hydroxide; or from excess 
amounts of all of the above elements 
by both separation procedures. 
After dissolution of the precipitate, 
the iron in the resulting solution is 
determined as described above. 

Acid-soluble silicate rocks and 
minerals, carbonate rocks, clay, and 
shale are decomposed with hydrofluoric, 
hydrochloric, and perchloric acids, 
and the solution is evaporated to fumes 
of perchloric acid to remove silica 
and excess hydrofluoric acid. Re
fractory silicate rocks and minerals 
are decomposed by fusion with sodium 
carbonate, the melt is dissolved in 
dilute perchloric acid, and silica is 
removed by volatilization as silicon 
tetrafluoride. The iron in the re
sulting solutions is ultimately deter
mined as described above, after its 
separation from any platinum present 
by precipitation as the hydrous oxide 
with ammonium hydroxide. 

Discussion of interferences 

Arsenic, antimony, platinum, gold, 
molybdenum, tungsten, and uranium 
interfere in the determination of iron 
because they are either partly or 
completely reduced to lower oxidation 
states with stannous chloride, and are 
subsequently oxidized by the potassium 
dichromate 1 , 4- 7 . Vanadium interferes 
in a similar manner because it is 
reduced below the tetravalent state; 
vanadium (IV) does not interfere be
cause of the high redox potential of 
the vanadium (V)-vanadium (IV) 



system 8 . Titanium interferes if it is 
present in solution in the trivalent 
state prior to the reduction of iron 
with stannous chloride 1 • Carbonaceous 
material causes high results for iron 
because it is partly oxidized by 
potassium dichromate 6 • Copper causes 
low results because it catalyzes the 
air-oxidation of iron (II) to the tri
valent state 5 • 7 • Because of its 
intense colour in solution, chromium 
(III), if present in large amounts, 
may interfere by masking the violet
blue sodium diphenylaminesulphonate 
end-point, and/or by impeding visual 
observation of the completion of the 
stannous chloride reduction stage 1 • 
Moderate amounts of chromium do not 
interfere. 

Up to approximately 0.5 mg each of 
copper, vanadium, and molybdenum 3 , and 
up to approximately 2 mg of tungsten: 
do not cause significant error in the 
iron result. Interference from more 
than 0.5 mg of copper and molybdenum, 
and from platinum is eliminated by 
separating iron from these elements, 
and from calcium, magnesium, manganese, 
zinc, nickel, cobalt, cadmium, and 
some tungsten by precipitation as the 
hydrous oxide with ammonium h y droxide 
from an ammonium chloride medium 5 • 
Interference from arsenic and antimony, 
and from large amounts of chromium 
can be avoided by volatilizing these 
elements as the bromides, and chromyl 
chloride f rom a hydrobromic-perchloric 
and a hydrochloric-perchloric acid 
medium, respectively. Iron is separat
ed from large amounts of vanadium and 
tungsten, and from various other 
elements [e.g., chromium (VI), phos 
phate, aluminum, z inc, tin, and lead], 
including arsenic, a ntimony, molybde
num, platinum, and some uranium and 
gold b y precipitatin g it as the 
hydrous oxide from a s odium hydroxide
hydrogen peroxide medium 4 , 5 ,9. Inter
ference from titanium (III) is avoided 
by oxidizing it to the tetravalent 
state with potassium chlorate (or with 
nitric or perchloric acids) during 
sample decomposition 1 • Interference 
from carbonaceous material is also 
avoided by this procedure. 

Uranium and gold inter f ere in this 
method because they are not completely 
separated from iron b y any of the 
separation procedures described. 
Zinc, aluminum, manganese, nickel, and 
cobalt do not interfere 7 • 

NOTE: 

For samples containing uranium, gold, 
vanadium, and moderate amounts of 
copper, molybdenum, tungsten, arsenic, 
and antimony, the Volumetric-Hydrogen 
Sulphide-Dichromate Method for total 
iron (p 287) is recommended. 

The method is suitable for samples 
containing more than approximately 
0.5% of iron. 

Re agents 

St andard p o t a ssi um dic hromate so l ution, 
0.1 N. Dissolve 9.8070 g of pulveriz
ed reagent (dried at 105°C for 1-2 
hours) in water, and dilute to 2 
litres (Note 1). 

Stannous c hloride solution , 5 % w/v. 
Dissolve 12.5 g of stannous chloride 
dihydrate in 50 ml of hot, concentrat
ed hydrochloric acid, and dilute to 
250 ml with water. Add several pieces 
of tin metal, and store the solution 
in a dark bottle. 
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Fe r rous ammoni um sulphate solution , 
0.1 N. Dissolve 3.9216 g of ferrous 
ammonium sulphate hexahydrate in 5% 
sulphuric acid, and dilute to 100 ml 
with the same solution. 

Sodi um d iphenylamine s ulp honate 
(o x idi z ed ) indicator tablets (0. 00 1 g ). 
If tablets are not available an 
oxidized solution of the indicator can 
be prepared as followslO: 

Dissolve 0.27 g of sodium dipheny
laminesulphonate in 100 ml of water, 
add 10 ml of 50 % sulphuric acid, 
cool, and dilute the solution to 
300 ml with water. Slowly add 25 ml 
of 0.1 N potassium dichromate solu
tion in small increments, followed 
by 8 ml of 0.1 N ferrous ammonium 
sulphate solution, then allow the 
resultant green mixture to stand for 
3-4 days or until a portion of the 
supernatant solution yields no 
colour with a solution containing 
100 ml of 5 % sulphuric acid and 2 ml 
of 0.1 N potassium dichromate solu
tion. Carefully siphon off the 
supernatant solution, add 300 ml of 
water and 15 ml of concentrated 
sulphuric acid, and siphon again 
after the precipitate has settled. 
Centrifuge, and wash the precipitate 



with 5% sulphuric acid. Shake the 
washed precipitate with 100 ml of 
water, transfer the resulting sus
pension to a small brown glass 
bottle, and shake well before use. 

Me rcur ic chloride solution , saturated. 

Sodium hydroxide solutions,10% and 20% 
w/v. Prepare fresh as required. 

Hydroch loric acid wash solutions , 50%, 
30%, 10% and 2% v/v. 

Sodium hydroxide-sodium sulphate wash 
solution, 2% and 1 % w/v, respectively. 

Ammonium hydroxide wash solution, 2% 
v/v. 

Sulphuric acid (oxygen -free) , 50% v/v. 
Prepare with oxygen-free water. 

Phosphoric acid (oxygen - free) , 50% v/v. 
Prepare with oxygen-free water. 

Water ( oxygen-free). 
and cooled water. 

Freshly boiled 

Standardization of potassium dichromate 
solution 

Transfer 0.2000 g of high-purity iron 
metal to a 600-ml beaker, caver the 
beaker, add 20 ml of concentrated 
hydrochloric acid, and heat gently 
until decomposition is complete. Re
move the caver, wash down the sides 
of the beaker with a small amount of 
10% hydrochloric acid, and dilute the 
solution to approximately 30 ml with 
the same solution. Heat the solution 
to just below the boiling point then, 
while stirring, reduce the iron by 
adding 5% stannous chloride solution, 
by drops, until the yel low colour of 
the ferric chloride just disappears. 
Add 1-3 drops in excess (Note 2) and 
cool the solution to room temperature 
in a water-bath. Add 1 0 ml of satu
rated mercuric chloride solution, mix, 
and allow the solution to stand for 
approximately 5 minutes (Note 3). 
Dilute the solution to approximately 
300 ml with cold, oxygen-free water, 
add 10 ml each of 50 % oxygen-free 
sulphuric and phosphoric acids (Note 
4) and one sodium diphenylamine
sulphonate indicator tablet (or 5 
drops of indicator solution), and 
immediately titrate the resulting 
solution with standard potassium 
dichromate solution to a violet-blue 
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end-point (Note 5). Correct the result 
obtained by subtracting that obtained 
for a blank that is carried through 
the reduction procedure (Note 6). 
Determine the normality of the potas
sium dichromate solution, and calculate 
the iron equivalent (mg/ml) (1 ml of 
0.1 N potassium dichromate solution = 
5.585 mg of iron). 

Procedures 

In these procedures a reagent blank is 
carried along with the samples. 

A - Ores and mill products, and slags 

(a) Tungsten content 2 mg or less, 
and vanadium, molybdenum, and 
copper contents 0.5 mg or less 

Transfer 0.25-1 g of powdered sample, 
containing up to approximately 250 mg 
of iron, to a 250-ml beaker, and add 
30 ml of concentrated hydrochloric 
acid and 0.1 g of potassium chlorate 
crystals. Caver the beaker, heat 
gently until the decomposition of the 
sample or acid-soluble material is 
complete, then remove the caver and 
bail the solution for several minutes 
to expel chlorine (Notes 7-9). Dilute 
the resulting solution to approximately 
50 ml with warm water and, if necess
ary, filter it (Whatman No 541 paper) 
into a 600-ml beaker (Note 10). Trans
fer the residue quantitatively to the 
filter paper, and wash the paper and 
residue thoroughl y with warm 2% 
hydrochloric acid until the yellow 
colour of ferric chloride is no longer 
visible. Wash the paper and residue 
6-8 times with warm water, then eva
porate the filtrate and washings to 
approximately 25 ml (Note 11). 

Transfer the paper and residue (Note 
12) to a 30-ml platinum crucible, burn 
off the paper at a low temperature, 
and ignite at 750°C. Cool the 
crucible, and add 1 ml of 50% sul
phuric acid and 3-5 ml of concentrated 
hydrofluoric acid. Heat gently to 
decompose the residue, then evaporate 
the solution to dryness to remove 
silica and excess sulphuric acid. 
Fuse the residue with 1-2 g of sodium 
carbonate (Note 13) or 2-3 g of 
potassium pyrosulphate, cool, and 
transfer the crucible and contents to 
a 250-ml beaker. Add 50 ml of water, 
caver the beaker, and add 5 ml of 
concentrated hydrochloric acid in small 



increments. If necessary, heat gently 
to dissolve the melt, and remove the 
crucible and cover after washing them 
thoroughly with hot water. Dilute 
the resulting solution to approximate
ly 100 ml with water, and neutralize 
it approximately with concentrated 
ammonium hydroxide to precipitate the 
hydrous oxide of iron. Add 5 ml in 
excess and boil the solution for 
several minutes to coagulate the 
precipitate. Allow the precipitate 
to settle, then filter the solution 
(Whatman No. 541 paper) and wash the 
precipitate 6-8 times with hot 2 % 
ammonium hydroxide. Discard the 
filtrate and washings (Note 14). 
Dissolve the precipitate, using 
approximately 20 ml of hot 30 % 
hydrochloric acid, and wash the paper 
6-8 times with hot 2% hydrochloric 
acid, then 2-3 times with hot water. 
Collect the resulting solution in the 
beaker in which the precipitation was 
carried out, and discard the paper. 
Add the solution to the initial 
filtrate and evaporate the combined 
solution to approximately 25 ml. 
Wash down the sides of the beaker 
with a small amount of 10% hydro
chloric acid, and proceed with the 
reduction and subsequent titration of 
iron as described above. 

(b) Molybdenum and/or copper 
contents more than 0.5 mg; 
tungsten content 2 mg or less; 
and vanadium content 0.5 mg 
or less 

Following sample decomposition (Note 
15), filtration of the solution (Note 
16), and subsequent decomposition of 
the acid-insoluble residue by fusion 
with sodium carbonate or potassium 
pyrosulphate as described above, add 
the dilute hydrochloric acid solution 
of the melt to the initial filtrate, 
and evaporate the combined solution to 
approximately 10 ml (Note 17) to 
remove some of the excess hydrochloric 
acid. Dilute the solution to appro
ximately 200 ml with hot water; ~utra
lize it approximately with concentrated 
ammonium hydroxide, add 10 ml in 
excess, and proceed with the ammonium 
hydroxide separation o f iron (Note 18) 
and the dissolution of the precipitate 
as described above. Add 15 ml of 
concentrated hydrochloric acid to the 
resulting solution, and evaporate it 
to approximately 25 ml. Wash down the 

sides of the beaker with a small 
amount of 10 % hydrochloric acid, and 
proceed with the reduction and titra
tion of iron. 

(c) Vanadium content more than 
0.5 mg and/or tungsten content 
more than 2 mg; copper content 
0.5 mg or less 

Following sample decomposition (Notes 
15 and 19), filtration of the solution 
(Note 16), and treatment of the acid
insoluble residue as described in 
Procedure A(a), add the dilute hydro
chloric acid solution of the melt to 
the initial filtrate, and evaporate 
the combined solution to approximately 
10 ml to remove some of the excess 
hydrochloric acid. Dilute the solution 
to approximately 100 ml with water, and 
add 20% sodium hydroxide solution until 
the solution is almost neutral. Heat 
the solution to the boiling point and, 
while stixring, slowly pour it into a 
600-ml beaker containing 100 ml of 
10% sodium hydroxide solution and 2-3 
ml of 30 % hydrogen peroxide. Boil the 
resulting solution for several minutes, 
allow it to stand for approximately 
15 minutes, then filter the solution 
(Whatman No. 541 paper) and wash both 
beakers, the paper, and the precipi
tate thoroughly with hot 2% sodium 
hydroxide-1% sodium sulphate solution. 
Discard the filtrate and washings. 

Dissolve the precipitate, using 
approximately 20 ml of hot 30 % hydro
chloric acid, and wash the paper 6-8 
times with 2 % hydrochloric acid, then 
2-3 times with hot water (Note 20). 
Collect the solution in the beaker in 
which the precipitation was carried 
out, and discard the paper. Wash the 
original beaker 3 times with a small 
amount of 10 % hydrochloric acid and 
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add the washings to the solution con
taining the iron. Add 15 ml of con
centrated hydrochloric acid to the 
resulting solution and evaporate it to 
approximately 25 ml. Wash down the 
sides of the beaker with a small 
amount of 10 % hydrochloric acid, and 
proceed with the reduction and 
titration of iron. 



(d) Vanadium, molybdenum, and 
copper contents more than 
0.5 mg, and tungsten content 
more than 2 mg 

Following the separation of iron from 
vanadium, tungsten, and molybdenum by 
precipitation as the hydrous oxide, 
and the dissolution of the precipitate 
as described in Procedure A(c), eva
porate the resulting solution to 
approximately 10 ml, and proceed with 
the ammonium hydroxide separation and 
subsequent determination of iron as 
described in Procedure A(b). 

Alternatively, iron can first be 
separated from copper and molybdenum 
by precipitation as the hydrous oxide 
as described in Procedure A(b), fol
lowed by dissolution of the precipi
tate and evaporation of the resulting 
solution to approximately 10 ml. Iron 
can subsequently be separated from 
vanadium and tungsten and determined 
as described in Procedure A(c). 

B - Acid-soluble silicate rocks and 
minerals, carbonate rocks, clay, 
and shale 

Transfer 0.5-1 g of powdered sample, 
containing up to approximately 150 mg 
of iron, to a 100-ml platinum dish 
(Note 21), moisten with several ml of 
water (Note 22), and add 15 ml of 
concentrated hydrofluoric acid. 
Allow the mixture to digest at room 
temperature for approximately 30 
minutes, then add 10 ml each of con
centrated hydrochloric and perchloric 
acids, and evaporate the solution to 
fumes of perchloric acid. Cool, add 
10 ml each of water and concentrated 
hydrofluoric and hydrochloric acids, 
evaporate the solution to fumes again 
and, if necessary, repeat the addition 
of hydrofluoric and hydrochloric 
acids and the subsequent evaporation 
to fumes until the decomposition of 
the sample is complete. Cool, wash 
down the sides of the dish with water 
and evaporate the solution to fumes. 
Repeat the washing and evaporation 
steps two more times to ensure the 
complete removal of hydrofluoric acid 
then evaporate the solution to 3-4 ml. 
Cool, add approximately 10 ml of 
water and 10 ml of concentrated hydro
chloric acid (Note 17), and heat 
gently until the solution becomes 
clear (Note 23)~ Transfer the result
ing solution to a 600-ml beaker, 

dilute to approximately 200 ml with 
water, and proceed with the ammonium 
hydroxide separation of iron (Note 24) 
the dissolution of the precipitate 
(Note 25), and the subsequent deter
mination of iron as described in Pro
ced ure A(b). 

C - Refractory silicate rocks and 
minerals 

Transfer 0.5-1 g of powdered sample, 
containing up to approximately 150 mg 
of iron, to a 30-ml platinum crucible, 
and ignite in a muffle furnace at 
800-900°C for approximately 30 minutes 
(Note 26). Cool the crucible, add a 
five-fold weight excess of sodium car
bonate, mix, and cover the mixture 
with 0.5-1 g of sodium carbonate. 
Cover the crucible with a platinum 
cover, heat at a low temperature for 
5-10 minutes, then fuse the mixture 
at 900-1000°C for approximately 30 
minutes (Note 13). Remove the caver, 
swirl the crucible to distribute the 
melt in a thin layer around the inner 
walls, and allow the crucible and 
contents to cool. Transfer the 
crucible and cover to a 400-ml (cov
ered) Tef lon beaker containing appro
ximately 40 ml of water, and add 30 ml 
of concentrated perchloric acid in 
small portions. When dissolution of 
the melt is complete, remove the 
crucible and cover after washing them 
thoroughly with hot water, add 10 ml 
of concentrated hydrofluoric acid, and 
evaporate the solution to fumes of 
perchloric acid. Cool, wash down the 
sides of the beaker with water, eva
porate the solution to fumes again, 
then repeat the washing and evapora
tion steps two more times to ensure 
the complete removal of hydrof luoric 
acid. Evaporate the solution to 
approximately 5 ml or until the sodium 
salts begin to crystallize, cool, add 
approximately 25 ml of water and 10 ml 
of concentrated hydrochloric acid, and 
heat gently to dissolve the salts. 
Transfer the resulting solution to a 
600-ml beaker, dilute to approximately 
200 ml with water, and proceed with 
the ammonium hydroxide separation of 
iron (Note 14), the dissolution of the 
precipitate (Note 25), and the subse
quent determination of iron as describ
ed in Procedure A(b). 
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Notes 

1. I f pure dry potassium dichromate 
is employed, standardization of the 
solution is not necessary. 

2. The excess of stannous chloride 
solution should not exceed 0.2 ml. A 
larger excess may result in the forma
tion of finely-divided free mercury 
(indicated by a gray or black precipi
tate) according to the reaction 

SnC1 2 + HgC1 2 + SnC1 4 + Hg-!- ; 

this ruins the determ i nat i on because it 
reacts with the titrant. A large 
excess may also result in the forma
tion of excessive amounts of mercurous 
chloride, which also reacts? to some 
extent, with the titrant 5 ,lu, If 
enough stannous chlo r ide solution has 
been added, a slight silky precipitate 
of mercurous chloride is obtained 5 • 

3. If the time interval, a f ter the 
addit~on of mercuric chloride solution, 
is less than 5 minutes, high results 
may be obtained because o f incomplete 
oxidation of the excess stannous 
chloride; a longer time interval may 
cause low resultsl, 

4. Because the redox potential of 
the indicator is less than that of the 
ferrous-f erric couple near the end
point, the addition of phosphoric acid 
is necessary. This acid lowers the 
oxidation potential of the ferrous
ferric system by forming a colourless 
complex with the ferric ion; this also 
makes the end-point easier to detect 1 0, 

5. Near the end-point the solution 
will become green, and then blue-green, 
or grayish-blue in the presence of 
large amounts of iron. At this point, 
the dichromate solution should be 
added carefully, b y drops, until the 
violet-blue end-point is reached. 
Over-titration can readil y be avoided 
by titrating the solution first, with
out phosphoric acid, to the dark green 
colour (approximately 1.5 % before the 
end-point), and then adding the phos
phoric acid and titrating to the end
point 10. The titration should be 
completed as quickly as possible 
because of the possible reaction 

Hg z Cl2 + 2FeC13 + 2HgCl z + 2 FeC12 

between mercurous chloride and iron 
(III)ll, 
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A 0.2000-g portion o f iron metal re
quires 35.81 ml o f 0.1 N potassium 
d ich r omate so l ution. 

6. In the absence of iron, the 
sodium diphenylaminesulphonate in
dicator does not react with the 
potassium dichromate solution. In the 
presence of small amounts o f iron, the 
indicator response is slow 2 • Therefore, 
to avoid over-titration of the blank 
solution, because of the slowness of 
the indicator change, the addition of 
1 ml of 0.1 N ferrous ammonium sulphate 
solution, just prior to titration with 
potassium dichromate solution, is 
recommended to promote indicator res
ponse. The ferrous ammonium sulphate 
solution employed should be standard
ized against 0.1 N potassium dichro
mate solution as f ollowsl 2 : 

Add 1 0 ml each of 50% oxygen - free 
sulphuric and phosphoric acids to a 
600 - ml beaker , dilute to 300 ml with 
water , and add 1 ml of 0 .1 N ferrous 
ammonium sulphate solution and one 
sodium diphenylaminesulphonate indi 
cator tablet . Carefully titrate to the 
f i r st appea r ance of the deep violet 
colour, then add 25 ml of the iron (I I) 
solution and titrate to the end- point . 
Calculate the dichromate equivalent of 
the ferrous ammonium sulphate solution 
from the volume required to oxidize 
the iron in the 25 - ml aliquot . 

The volume of 0.1 N potassium dichro
mate solution requir e d b y th e blank 
solution (which includes the indicator 
blank) is subsequentl y determined by 
subtracting the volume (calculated) of 
dichromate solution equivalent to 1 ml 
of 0.1 N ferrous ammonium sulphate 
solution. 

An alternati v e method o f co rrecting 
for the blank involves the a ddition of 
1 ml of 0.1 N ferrous ammonium sul
phate solution to both the b lank and 
the reduced iron solution, j ust prior 
to titration. The res u lt obtained for 
the iron solution i s th e n corrected by 
subtracting that obtained for the blank 
solution. This method precludes the 
necessit y for st a ndardizing the ferrous 
ammonium sulphate solution. 

7. Unless iron is to be de termined 
by Procedures A(c) and (d), arsen1c and 
antimon y , if pr ~ s~nt, shouid be re
mov e d at this sta g e by volatili z ation 
as the bromides, as f ollows: 



Add 10 ml each of concentrated hydro
bromic and perchloric acids and eva
porate the solution to fumes of per
chloric acid. Cool, wash down the 
sides of the beaker with water, and 
add a further 10 ml-portion of hydro
bromic acid. Evaporate the solution 
to 3-4 ml, then add 30 ml of concen 
trated hydrochloric acid, heat to 
dissolve the salts, and proceed as 
described. 

Tin is also volatilized as the 
bromide by the above procedure. 

8. Decomposition with hydrochloric 
acid alone is generally satisfactory 
for most types of iron ore, sinters, 
blast-furnace, and basic slags. Basic 
slags and blast-furnace slag samples 
should first be boiled with water, 
followed by slow addition of the 
hydrochloric acid to prevent coagula
tion of the sample into globules that 
are resistant to attack. The de
composition of less soluble ore and 
mill product materials can be facili
tated by the addition of concentrated 
hydrofluoric acid, using a Teflon 
beaker for decomposition, followed by 
evaporation of the sample solution to 
fumes of perchloric acid or to fumes 
of sulphur trioxide to remove the 
excess hydrofluoric acid 1 • 

Other recommended methods of decompo
sition for certain ores and mill pro
ducts, and slags are as follows 1 ,1 3 : 

(a) Iron oxides, including red and 
brown hematites, magnetic iron ore, 
spathose iron ore, roasted pyrites, 
and iron ore briquettes can be de
composed by heating at 80-90°C with 
hydrochloric acid and several drops of 
5% stannous chloride solution. More 
stannous chloride solution, which 
greatly facilitates sample decomposi
tion , may be required to obtain com-
p lete decomposition of the sample, but 
the addition of an excess, sufficient 
to completely de-colourize the solution, 
should be avoided. This necessitates 
re-oxidation of th e iron with hydrogen 
peroxide , followed by vigorous boiling 
to remove excess hydrogen peroxide, 
prior to the reduction and subsequent 
titration of the iron. If a coloured 
residue remains, it should be removed 
by filtration, ignited in a platinum 
crucible, and treated as described in 
the subsequent procedure. Following dis 
solution of the .resultant hydrous iron 
oxide precipitate (Note 14) with dilute 
hydrochloric acid, the resulting solution 
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should be added to the initial filtrate. 

Sulphide ores containing organic 
material should be roasted in a 
porcelain crucible over an open flame 
for approximately JO minutes until 
oxidized, then dissolved as described 
above . 

(b) Refractory iron ores containing 
an appreciable amount of silica can be 
decomposed by fusion in a platinum 
crucible with a mixture of sodium and 
potassium carbonates (Note 13). Oxide 
ores containing small amounts of 
silica can be decomposed by fusion 
with potassium pyrosulphate in a 
vitreosil crucible . The melts obtained 
should subsequently be dissolved in 
dilute hydrochloric acid, and iron 
should be precipitated as the hydrous 
oxide as described in Procedure A(b) , 
if necessary , to remove any platinum 
that may have been introduced into the 
melt during fusion of the sample in a 
platinum crucible. If sample decom
position following fusion with 
potassium pyrosulphate is incomplete , 
it may be necessary (Note 12) to treat 
the insoluble residue with sulphuric 
and hydrofluoric acids , followed by 
fusion with sodium carbonate, and 
separation of iron from platinum as 
the hydrous oxide , as described in the 
subsequent procedure . 

(c) Acid slags are decomposed best by 
treatment with sulphuric , nitric, and 
hydrofluoric acids in a Teflon beaker , 
followed by evaporation of the solution 
to fumes of sulphur trioxide to remove 
excess nitric and hydrofluoric acids . 

(d) Titanium ores and mill products 
can be satisfactorily decomposed by 
fusion with potassium pyrosulphate in 
a vitreosil crucible if all of the iron 
minerals are soluble. If insoluble iron 
silicates are present the sample can be 
decomposed in a Teflon beaker with 
hydrofluoric and sulphuric acids , fol
lowed by evaporation of the solution to 
fumes of sulphur trioxide to remove 
excess hydrofluoric acid. 

(e) Manganese ores and mill products 
can be decomposed by treatment with 
hydrochloric and sulphurous acids , or 
by treatment with hydrochloric , nitric , 
and sulphuric acids, followed by eva
poration of the solution to fumes of 
sulphur trioxide to remove excess 
nitric acid . 



(f) Chromium ores and mill products 
can be decomposed with hydrochloric, 
nitric, and perchloric acids , fo llow 
ed by evaporation of the solut~on to 
fumes o f perchloric acid. Ch romium 
can subsequently be removed by vola 
ti lization as chromyl chloride , by the 
r e peated addition of small increments 
of concentrated hydrochloric acid, and 
subsequent evaporation of the solution 
to fum e s of perchloric acid . 

If any of the above decomposition pro
cedures are employed, proceed with the 
determination of iron as described in 
Procedures A(a) to (d), depending on 
the amount of vanadium, molybdenum, 
tungsten and/or copper present. If 
the sample contains titanium, care 
must be taken that it is oxidized to 
the tetravalent state, either during 
or after sample decomposition (Note 
9). Antimony and arsenic, if present, 
must be removed by volatilization as 
the bromides as described in Note 7, 
prior _to the reduction and titration 
of the iron. If the sample solution 
contains an appreciable amount of 
potassium salts, resulting from 
fusions with potassium pyrosulphate or 
a mixture of sodium and potassium 
carbonates, antimony and arsenic 
should be removed by volatilization 
from a hydrobromic-sulphuric acid 
medium. Sufficient concentrated 
hydrochloric acid (i.e., 20-25 ml) 
must be present in the sample solution, 
prior to the reduction step, to pro
vide for the reduction of iron. 

9. The addition of potassium 
chlorate crystals to oxidize titanium 
is not necessary if nitric or per
chloric acids are employed for sample 
decomposition (Note 8). 

10. If no acid-insoluble residue is 
present, proceed as described with the 
reduction and subsequent titration of 
total iron. 

11. If only hydrochloric acid
soluble iron is required, discard the 
residue, and proceed with the reduc
tion and titration of iron. 

12. If only a small amount of 
residue is present, and it is perfect
ly white, the subsequent treatment of 
the residue may be omitted without 
causinâ signif icant error in the iron 
result . 

13. Oxidizing conditions must be 
maintained during fusions with sodium 
carbonate, or else iron and other 
easily reducible elements (e.g., lead 
and zinc) will alloy with the platinum 
crucible. If a flame is employed for 
fusion, the mixture should be heated 
gradually to avoid loss by spattering, 
the flame should not be allowed to 
envelop the crucible completely, and 
the bottom of the crucible should 
never be allowed to corne into contact 
with the blue cone of the burner 
flame. Flame fusions generally result 
in some loss of iron from the sample 
material to the platinum crucible. 
The presence of an oxidizing atmos
phere during fusion can be ensured by 
employing a muffle furnace, started 
cold, or at a temperature below 500°C, 
followed by gradual heating to the 
desired temperature (i.e., 900-1000°C). 

14. This separation procedure is 
necessary to eliminate any platinum 
that may have been introduced into the 
melt during fusion of the residue in 
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1 . "bl 5 6 the p atinum cruc1 e ' . 

15. Samples containing more than 
approximately 150 mg of iron cannot be 
conveniently handled by this method 
because of the bulkiness of the iron 
(III) hydrous oxide precipitate. 

16. If only acid-soluble iron is 
required, discard the residue, eva
porate the filtrate to approximately 
10 ml, and proceed with the separation 
and subsequent titration of iron. 

17. Approximately 10 ml of concen
trated hydrochloric acid should be 
present at this stage to provide 
suff icient (2-3% w/v) ammonium chloride 
(formed during neutralization of the 
solution with ammonium hydroxide) to 
maintain calcium, magnesium, and 
manganese in solution during the sub
sequent ammonium hydro x ide separation 
of iron (1 ml of concentrated hydro
chloric acid = 0.625 g of ammonium 
chloride). 

18. If the sample contains an 
appreciable amount of molybdenum and/or 
copper, re-precipitation of the hydrous 
oxide of iron is recommended to ensure 
the complete removal of any of these 
elements that may have been occluded 
or adsorbed by the precipitate. 



19. Alternativel y, samples of iron 
ore can be decompo sed by fusion in an 
Alundum crucible with a ten-fold 
weight excess of a 30% sodium carbon
a te-70% sodium peroxide mixture and 
the iron can be separated direc~ly 
from vanadium, tungsten, and molybde
num by filtration of an aqueous 
solution of the melt 2 • I f this mPthod 
is employed proceed as follows: 

Tr ansfer the cr1icib1,e and cooled melt 
to a 250 - ml beaker, add approximately 
100 ml of water, and bail gently to 
disintegrate the melt . Remove the 
c ~ucible after washing it thoroug~ly 
w~th hot water , and filter , wash , and 
d& ss olve the precipitate as described . 
Wash the crucihle with hot 50% hydro
chloric acid, add the washings to the 
solution containing the iron , then 
pro~eed as _ desc~ibed . If re - precipi 
tat&on of &ron &s necessar. (NotP 20!, 
evaporate tha solutio~ to 10 ml , and 
precioit~te ~ith 10% sodium hydroxide 
solution in the presence of hydrogen 
peroxide as described . 

20. If the sample contains an 
appreciable amount of vanadium 
tungsten, and/or molybdenum, r~-preci
pitation of the hydrous oxide of iron 
is recommended to ens ure the complete 
removal of an y of these elements that 
may have been occluded or adso rbed by 
the precipitate. 

21. Teflon beakers can also be 
employed for sample decomposition, but 
the point at which decomposition is 
complete is more difficult to detect 
than in a platinum dish because of the 
white colour of the beaker. If com
plete decomposition can be readily 
obtained by the subsequent treatment 
with acids, and if the sample does not 
contain platinum, more than approxi
mately 2 mg of tungsten, or more than 
0.5 mg of copper, molybdenum, and/or 
vanadium, the use of a Teflon beaker 
is advantageous because the subsequent 
ammonium hydroxide sepa ration of iron 
(Note 24) is not necessar y . If a 
Teflon beaker i s employed under the 
above conditions, add 10 ml of water 
and 20 ml of concentrated hydrochloric 
acid after the initial evaporation of 
the solution to 3-4 ml. Heat until the 
solution becomes clear, transfer it to 
a 600-ml beaker, e vaporate the solu
tion to approximately 25 ml, and pro
ceed directly with the reduction and 
subsequent titriti on o f iron. 

22. To avoid loss of sample result
ing from the rapid reaction between 
carbonates and acid, if the sample is 
a carbonate rock, moisten the sample 
with approximately 10 ml of water 
caver the beaker, and add 10 ml of 
concentrated hydrochloric acid in 
small portions. When the decomposition 
of the carbonates is complete, add the 
recommended amounts of hydrofluoric 
and perchloric acids and proceed as 
described. 

23. If complete decomposition of 
the sample could not be obtained by 
treatment with hydrofluoric, hydro
chloric, and perchloric acids, and an 
appreciable amount of acid-insoluble 
material is present (Note 12), it 
should be removed by filtration 
ignited in a platinum crucible, 'and 
treated as described in Procedure A(a). 
Following dissolution of the sodium 
carbonate or potassium pyrosulphate 
melt in dilute hydrochloric acid, add 
the resulting solution to the initial 
filtra te, then· proceed as described. 
Alternatively, it may be advantageous 
to determine iron by the method des
cribed in Procedure C. 

24. This separation procedure is 
necessary to eliminate any platinum 
that may have been introduced into the 
solution during sample decomposition in 
the platinum dish 5. Copper and 
molybdenum are also removed by this 
procedure. However, with the exception 
of copper- and molybdenum-bearing 
minerals, the sample materials mention
ed usually do not contain these 
elements in suff icient amounts to cause 
significant error in the iron result. 

25. If the sample contains more than 
approximately 0.5 mg of vanadium and/or 
2 mg of tungsten, evaporate the solu
tion obtained after the dissolution of 
the hydrous iron oxide precipitate to 
approximately 10 ml, dilute to 100 ml 
with water, and proceed with the sodium 
hydroxide-hydrogen peroxide separation 
and the subsequent determination of 
iron as described in Procedure A(c). 
With the exception of tungsten-bearing 
minerals, the sample materials men
tioned usually do not contain tungsten 
or vanadium in suf ficient amounts to 
cause significant error in the iron 
result. 
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26. Ignition of the sample oxidizes 
any reducing substances (e.g., car
bonaceous material and pyrite) that 
could attack the platinum crucible 
during the subsequent fusion procedure. 

Calculations 

Normality of potassium 
dichromate solution (NKD) 

where: 

Weight of iron (g) 
0.05585 X (V-v) 

V = volume (ml) of potassium dichro
mate solution required by the 
iron. 

v volume (ml) of potassium dichro
mate solution required by the 
blank. 

Iron equivalent (mg/ml) of the 
potassium dichromate solution (FeEQ) 

where: 

V and 

% Fe = 

where: 

OR 

NKD x 55.85 

Weight of iron (mg) 
V-v 

v are as described above 

(Vs - VB) X FeEQ 
- X 100 

Sample weight (mg) 

V = volume (ml) of potassium dichro
S mate solution required by the 

sample. 

volume (ml) of potassium dichro
mate solution required by the 
blank. 

% Fe203 

% FeO 

% Fe304 

1.430 x % Fe 

1.287 x % Fe 

1. 382 X % Fe 

Other applications 

With suitable modifications in the 
decomposition and separation proce
dures, the methods described in Pro
cedures A(a) to A(d) can be employed 
to determine iron in silica-base and 
chrome-magnesite refractories, and 

ferrous alloys 1 • The method described 
in Procedure B is applicable to fire
brick, cernent, and glass, and that in 
Procedure C is applicable to bauxite 
and magnesite. 
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DETERMINATI ON OF TOTAL IRON IN ORES AND MILL PRODUCTS, AND SLAGS BY 
TITRATION WllH POTASSIUM Dl CHROMATE AFTER REDUCTION WITH HYDROGEN 
SULPH 1 DE 

Principle 

This methodl-3 is based on the reduc
tion of iron to the divalent state 
with hydrogen sulphide in an approxi
mately 0.36 M sulphuric acid medium. 
Iron is determined by titration of the 
resultant iron (II) with potassium 
dichromate, in an approximately 0.5 M 
sulphuric-0.2 M phosphoric acid 
medium, in the presence of sodium 
diphenylaminesulphonate as internal 
indicator. 

The corresponding reactions for these 
processes are: 

Fe2(S04h + H2S 

+ 2FeS04 + H2S04 + s~ 

+ 

Outline 

The sample is decomposed with hydro
chloric and nitric acids (or by treat
men t with other suitable acids, or by 
fusion with a suitable flux, depending 
on the type of sample mate rial). The 
acid-insoluble material is ultimately 
removed by filtration and ignited. 
Silica is subsequently removed by 
volatilization as silicon tetra-
fluoride. The resultant residue is 
fused with sodium carbonate or potas
sium pyrosulphate, the melt is dis
solved in dilute hydrochloric acid, 
and the solution is added to the 
initial filtrate. Nitric acid is 
removed by evaporation of the com
bined solution with sulphuric acid, 
and iron is ultimately reduced with 
hydrogen sulphide. After removal of 
the insoluble sulphides by filtration, 
the iron in the resulting filtrate is 
ultimately titrated with potassium 
dichromate solution. 

Discussion of interferences 

None of the elements that interfere in 
the Volumetric-Stannous Chloride
Dichromate Method for total iron 
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(p 275) because of their reduction and 
subsequent oxidation by potassium di
chromate (i.e., arsenic, antimony, 
platinum, gold, molybdenum, tungsten, 
and uranium), including copper which 
interferes in the above method by 
accelerating the air-oxidation of 
iron (II), interfere in the titration 
of iron with potassium dichromate 
after its reduction to the divalent 
state with hydrogen sulphidel,3, 4 . 
Uranium is not reduced with hydrogen 
sulphide, and arsenic, antimony, 
platinum, gold, molybdenum, copper, 
and various other elements (e.g., 
mercury, bismuth, cadmium, lead, tin, 
selenium, silver, and palladium) are 
precipitated as the sulphides during 
the reduction step, and are separated 
from iron by filtration. Tungsten 
(VI) is hydrolyzed, to a large extent, 
in the dilute sulphuric acid medium 
employed for reduction, and is subse
quently removed with the sulphide 
precipitate. Residual tungsten (VI) 
remaining in the filtrate does not 
interfere in the determination of iron. 
Vanadium does not interfere because it 
is reduced to the tetravalent state. 

Because of its intense colour in solu
tion, chromium (III), if present in 
large amounts, may interfere by mask
ing the violet-blue sodium diphenyl
aminesulphonate end-point. Interfer
ence from large amounts of chromium 
can be avoided by volatilizing it as 
chromyl chloride from a hydrochloric 
perchloric acid medium. Moderate 
amounts of chromium do not interfere. 

Interference from titanium (III), 
initially present in the sample, is 
avoided by oxidizing it to the tetra
valent state with nitric acid during 
sample decomposition 1 ; titanium (IV) 
~s not reduced to the trivalent state 
with hydrogen sulphide. Interference 
from carbonaceous material is also 
avoided by this procedure. 

Range 

The method is suitable for samples 
containing more than approximately 
0.5% of iron, but samples containing 



lower concentrations can also be 
analyzed if more dilute (e.g., 0.0 2 N) 
potassium dichromate solution is em
ployed as titrant 1 • 

Re agents 

S t andard potas si um di chromate s o lu tio n, 
0.1 N. Prepare as described in the 
Volumetric-Stannous Chloride-Dichro
mate Method for total iron (p 276). 

Fe r ro u s amm oni um s ul phate s olution , 
0.1 N. Prepare as described in the 
above method for iron. 

Sodi um d i ph e ny la mine s ul p honate 
( oxidi ze d) indi ca to r t ablet s (0 . 001 g ) 
o r o x i d i z ed s o luti o n. Prepare the 
solution as described in the above 
method for iron. 

Pota ss ium pe r manganate s ol u tion , 0.5 % 
w/v. 

Bromine wate r. 
bromine. 

Water saturated with 

Nit r ic acid - b r omi n e wate r sol u tion , 
10 % and 5% v/v, respectively. 

Sulp huric acid , 50 % v/v. 

Phos ph o r ic a c i d ( o xy gen-free ), 50% 
v/v. Prepare with oxygen-free water. 

Hydrogen su lp hide ( cylinder) g a s . 

Hy d r ogen s ulphide wa s h solution . 2 % 
sulphuric acid saturated with hydrogen 
sulphide. 

Hydr o chl o r i c acid was h s olu tion , 2% 
v/v. 

Wate r ( oxygen -free ). Freshly boiled 
and cooled water. 

Standardization of potassium dichro
mate solution 

Standardize the solution against pure 
iron as described in the Volumetric
Stannous Chloride-Dichromate Method 
for total iron (p 277). Correct the 
result obtained by subtracting that 
obtained for a blank that is carried 
through the reduction procedure. 
Determine the normality of the potas
sium dichromate solution, and calcu
late the iron equivalent (mg/ml) (1 ml 
of 0.1 N potassium dichromate solution 
= 5.585 mg of iron). 

Alternatively, the potassium dichro
mate solution can be standardized 
against a sample of iron ore of known 
iron content, or against pure iron 
metal (0.2000 g), after carrying these 
materials through the described pro
cedure, and the iron equivalent c an be 
determined by direct calculation. 

Procedure 
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In this procedure a reagent blank is 
carried along with the samples. 

Transfer 0.25-1 g of powdered sample, 
containing up to approximately 250 mg 
of iron, to a 250-ml beaker and add 
25 ml of concentr a ted h y drochloric 
acid. Caver the beaker, and heat 
g e ntly until the decomposition of the 
sample or acid-soluble material is 
complete (Note 1). Add 5 ml of con
centrated nitric acid, heat gently for 
15 minutes (Note 2), then remove the 
caver, and dilute the solution to 
approximately 50 ml with warm water. 
If necessar y , filter the solution 
(Whatman No. 541 paper) into a 600-ml 
beaker (Note 3), transfer the residue 
quantitatively to the f ilter paper, 
and wash the paper and residue 
thoroughly with warm 2 % h y drochloric 
acid until the yellow colour of ferric 
chloride is no longer visible. Wash 
the paper and residue 6- 8 times with 
warm water (Note 4), then evaporate 
the filtrate and washings to approxi
mately 25 ml. 

Transfer the paper and residue to a 
30-ml platinum crucible, burn off the 
paper at a low temperature, and ignite 
at 750°C. Cool the crucible, and add 
1 ml of 50% sulphuric acid and 3-5 ml 
of concentrated hydrofluoric acid. 
Heat gently to decompose the residue, 
then evaporate the solution to dryness 
to remove silica and excess sulphuric 
acid. Fuse the residue with 1-2 g of 
sodium carbonate (Note 5) or 2-3 g of 
potassium p y r osulphate, cool, and 
transfer the crucible and contents to 
a 250-ml beaker. Add 25 ml of water, 
caver the beaker, and add 5 ml of 
concentrated hydrochloric acid in small 
increments. If necessary, heat gently 
to dissolve the melt, then remove the 
crucible after washing it thoroughly 
with hot water, and add the resulting 
solution to the initial f iltrate. 

Add 10 ml of 50 % sulphuric acid to the 
combined solution and evaporate it to 



fumes of sulphur trioxide (Note 6). 
Cool, wash clown th e sicles of the beaker 
with water, and evaporate the solution 
to fumes again to ensure the complete 
removal of nitric acid. Cool, dilute 
to approximately 100 ml with water and 
heat the solution to the boiling point. 
Add 0.5% potassium permanganate solu
tion, by drops, until the solution is 
just pink, then add 0.5 ml in excess 
(Note 7). Dilute the resulting solu
tion to approximately 250 ml with 
water, boil it for several minutes, 
remove the beaker from the hot-plate, 
and pass hydrogen sulphide through the 
solution for approximately 15 minutes. 
Digest the solution at approximately 
60°C for 15 minutes, filter it 
(Whatman No. 42 paper) into a 1-litre 
Erlenmeyer flask, and wash the beaker, 
paper, and precipitate 12-15 times 
with hydrogen sulphide wash solution 
(Notes 8 and 9). Discard the paper 
and precipitate, and add 10 ml of 50% 
sulphuric acid to the filtrate. Add 
4 or 5 glass beads to prevent bumping, 
and boil tha solution for 10-20 
minutes to expel hydrogen sulphide 
(Note 10). Caver the flask with a 
small watch glass and cool the solution 
to approximately 20°C in an ice-bath. 
If necessary, dilute the resulting 
solution to approximately 350 ml with 
oxygen-free water, add 10 ml of 50 % 
oxygen-f ree phosphoric acid and one 
sodium diphenylaminesulphonate in
dicator tablet (or 5 drops of indica
tor solution), and immediately proceed 
with the titration of iron with 0.1 N 
potassium dichromate solution (Note 
11), as described in the Volumetric
Stannous Chloride-Dichromate Method 
for total iron (p 277). Correct the 
result obtained for the sample by 
subtracting that obtained for the 
reagent blank. 

Notes 

1. If only hydro chloric acid-soluble 
iron is required, omit the addition of 
nitric acid, filter the solution, and 
wash the paper and residue as describ
ed in the subsequent procedure. Dis
card the residue. Add 10 ml of 50% 
sulphuric acid to the filtrate, eva
porate the solution to fumes of 
sulphur trioxide, then proceed as 
described with the hydrogen sulphide 
reduction and subsequent titration of 
iron. 
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2. Decomposition with hydrochloric 
and nitric acids is generally satis
factory for most types of iron ore, 
sinters, blast-furnace, and basic 
slags. Basic slags and blast-furnace 
slag samples should first be boiled 
with water, followed by slow addition 
of the hydrochloric acid to prevent 
coagulation of the sample into 
globules that are resistant to attack. 
The decomposition of less soluble ore 
and mill product materials can be 
facilitated by the addition of con
centrated hydrofluoric and sulphuric 
acids, using a Teflon beaker for 
decomposition, followed by evaporation 
of the sample solution to fumes of 
sulphur trioxide to remove excess 
hydrofluoric acid 1 • 

Recommended methods of decomposition 
for certain ores and mill products, 
and slags are described in Note 8 
!P 281) of the Volumetric-Stannous 
Chloride-Dichromate Method . for total 
iron. If any of these decomposition 
procedures are employed and sulphuric 
acid was not used during sample de
composition, approximately 10 ml of 
50% sulphuric acid must be added to 
the combined solution obtained after 
sample decomposition and treatment, if 
necessary (Note 4), of the residue. 
The solution must subsequently be 
evaporated to fumes of sulphur trioxide, 
before the hydrogen sulphide reduction 
step, to remove other acids that were 
employed for decomposition. It is not 
necessary to remove any platinum that 
may have been introduced into the 
solution because of sample decomposi
tion in platinum dishes or crucibles. 
Platinum is precipitated as the 
sulphide during the hydrogen sulphide 
reduction step and subsequently 
separated from iron by filtration. 

3. If no acid-insoluble residue is 
present, add 10 ml of 50% sulphuric 
acid, evaporate the solution to fumes 
of sulphur trioxide, and proceed as 
described with the reduction and 
titration of iron. 

4. If only a small amount of residue 
is present, and it is perfectly white, 
the subsequent treatment of the residue 
may be omitted without causing signi
ficant errer in the iron result 3 • 



5. Ox idizing conditions must be 
maintained during fusions with sodium 
carbonate, or else iron and other 
easily reducible el e ments (e.g., lead 
and zinc) will alloy with the platinum 
crucible. If a flame is employed for 
fusion, the mixture should be heated 
gradually to avoid loss by spattering, 
the flame should not be allowed to 
envelop the crucible completely, and 
the bottom of the crucible should 
never be allowed to corne into contact 
with the blue cane of the burner 
flame. Flame fusions generally result 
in some loss of iron from the sample 
material to the platinum crucible. 
The presence of an oxidizing atmos
phere during fusion can be ensured by 
employing a muffle furnace, started 
cold, or at a temperature below 500°C, 
followed by gradual heating to the 
desired temperature (i.e., 900-1000°C). 

6. If the sample contains an appre
ciabl~ amount of calcium, prolonged 
fuming with sulphuric acid may result 
in the formation of salts that are 
difficult to re-dissolve. In this 
case, allow the solution to fume just 
long enough to e x pel the hydrochloric 
and nitric acids, then cool the solu
tion, wash down the sides o f the 
beaker with water, and evaporate to 
light fumes of sulphur trioxide again 3 • 

7. The addition of potassium per
manganate solution is necessary to 
ensure the complete oxidation of 
carbonaceous material and elements 
that could be present in the sample 
solution in their reduced forms (e.g., 
arsenic, antimony, titanium, tungsten, 
molybdenum, and vanadium), particular
ly if an oxidizing form (i.e., nitric 
and/or perchloric acid) of decomposi
tion was not employed (Notes 1 and 
2) 1 • 

8. To avoid possible loss of iron 
by adsorption or occlusion if the 
amount of precipitate obtained is 
large, the sulphides should be re
precipitated as f ollows: 

Di s solve the precipitate , usin g 1 0% 
nit r ic acid- 5% br omine wate r solut i on , 
and wash the paper tho r oughly with hot 
water . Collect the sol u tion in t he 
beake r in which the pr ecipitate was 
ca r ried out , and discar d the pa per. 
Add 1 0 ml o f 50% sulphur ic ac id to the 
r es u lting solution , evapo r ate it to 

fumes of sul phur trioxide twice to 
ensur e the complete removal of ni tric 
acid, an d r e - precipitate , filte r, and 
wash the s u lp hide precipitate as des 
c r ibed . Add the filtrate to the 
initial f iltr ate and proceed as des~ 
cr ibed 1 

The resultant increase in vo l ume of 
the sample solution does not affect 
the subsequent titrat ion o f iron. 

9. Because some reductio n o f 
molybdenum occurs during the h y drogen 
sulphide separation , p r ecip i t a tion of 
this element ma y not be compl e te if an 
appreciable amaunt is p r e sent. Any 
molybdenum remainin g i n the filtrate 
may be removed as f ollows: 

Boil the filt r ate for 10- 20 minutes 
( Note 10 ) to expel hydr ogen sulphide , 
and add 5 ml o f 0 . 5% potassium per
manganate solution to oxidize the 
r esidual mol ybdenum . Repeat the 
hydr ogen sulphide treatment , filte r, 
and wash any further molybdenum 
sulphide obtained as described , then 
pr oceed as described 1 • 

The resultant increase in volume of the 
sample solution does not affect the 
subsequent titration of iron. 

10. Usually a 10-minute boiling 
period is sufficient to e x pel the 
excess hydrogen sulphide, but its 
absence should be confirmed during the 
boiling stage b y testing the vapour 
with lead acetate paperr, 2 . 

11. Samples cont aining l e ss than 
approximately 0.5 % o f iron can be 
analyzed at this st a ge by e mploying 
more dilute (e. g ., 0.02 N) potassium 
dichromate solut i on for t h e titration. 
llowever, ferrous a mmon i um sulphate 
solution of the same norm a lity should 
be employed for th e determination of 
the reagent bl a nk, as described in 
Note 6 (p 280) of th e Volumetric
Stannous Chloride-Dichromate Method 
for total iron (1 ml of 0.02 N potassium 
dichromate solution = 1 . 117 mg of iron). 
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Calcula tians 

% Fe 
(v 5 - VB) x FeE Q 

Sample weight (m g ) 
X 100 



where: 

% 

% 

% 

V = s 

FeEQ 

volume (ml) of potassium dichro
mate solution required by the 
sample. 

volume (ml) of potassium dichro
mate solution required by the 
blank. 

iron equivalent (mg/ml) of the 
potassium dichromate solution. 

Fe 2o 3 1. 430 X % Fe 

FeO 1. 287 X % Fe 

Fe304 1. 382 X % Fe 

Other applications 

With suitable modifications in the 
decomposition procedure, this method 
can be employed to determine iron in 
silica-base and chrome-magnesite 
refractories, and ferrous alloys 1 • 
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DETERMINATION OF FERROUS IRON IN AC ID-SOLUBLE SILICATE ROCKS AND MINERALS 
BY POTENTIOMETRIC TITRATION WITH CERIC SULPHATE AFTER ACID-DECOMPOSITION 
IN AN AIR-FREE ATMOSPHERE 

Princip le 

This methodl is a modification of that 
developed by Schafer 2 , and involves the 
decomposition of the sample with hydro
fluoric and sulphuric acids in an air
free atmosphere. Ferrous iron is 
determined by potentiometric titration 
with ceric sulphate in a 0.5 M sul
phuric acid medium and a nitrogen 
atmosphere, according to the reaction 

2FeS04 + Ce(S04)2 

+ Fe 2 (S0 4 ) 3 + Ce(S04)3. 

Outline 

The sample is decomposed with hydro
fluoric and sulphuric acids in a 
plastic apparatus and a nitrogen 
atmosphere, and the excess hydro
fluoric acid is complexed with borie 
acid. The ferrous iron in the re
sulting solution is titrated with 
ceric sulphate solution. 

Discussion of interfercnces 

Elements that are present in the 
sample in lower oxidation states [e.g., 
vanadium (III), vanadium (IV), 
molybdenum (III), molybdenum (V), and 
probably chromium (III), titanium 
(III), copper (I), tungsten (III), and 
tungsten (V)], cause high results for 
ferrous iron because they either re
duce any iron (III) that is released 
during sample decomposition, or be
cause they are also oxidized by the 
ceric sulphate 2 - 5 • Vanadium (V) 
causes low results by oxidizing the 
ferrous iron that is released during 
s~mple decomposition 4 . Manganese (IV) 
may interfere in a similar manner 2 . 
Carbonaceous material (excluding 
graphite) causes high results for 
ferrous iron because it is partly 
oxidized by the titrant. 

Pyrite, which is normally resistant to 
decomposition with hydrofluoric and 
sulphuric acids, causes high results 
in the presence of ferric iron, if 
present in appreciable amounts, be
cause it is partly soluble in the 
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presence of iron (III), and the sul
phide sulphur is oxidized to sulphur 
trioxide at the expense of the ferric 
iron in the sample, according to the 
reaction 

S + 3Fe203 + S03t + 6Fe0. 

This reaction produces an amount of 
ferrous iron equivalent to 10.5 times 
the amount of the sulphide sulphur that 
was decomposed, in addition to that 
resulting from the partial decomposi
tion of the pyrite itself. Soluble 
sulphides (e.g., pyrrhotite) that de
compose and evolve hydrogen sulphide 
ùuring sample decomposition also cause 
high results because the hydrogen 
sulphide reduces some of the ferric 
iron that is released during sample 
decomposition, according to the 
reaction 

H2S + Fe2(S04)3 + 2FeS04 + H2S04 + S+. 

The positive error caused by sulphides 
tends to become great~r if the sample 
contains large amounts of either or 
both sulphide and iron (III) compounds. 
The amount of soluble sulphide s normal
ly present in silicate rocks does not 
cause significant error in the ferrous 
iron result because most of the hydro
gen sulphide that is evolved is purged 
{rom the solution with nitrogen during 
sample decomposition3,4. 

Silicate rocks do not usually contain 
pyrite 3 , or vanadium, copper, molybde
num, and tungsten in sufficient amounts 
to cause signif icant error in the 
ferrous iron result. The method is not 
applicable to sulphide minerals, or to 
vanadium-, copper-, molybdenum-, and 
tungsten-bearing minerals. Metallic 
iron, if introduced into the sample 
during the grinding process, causes 

.high results for ferrous iron because 
it is converted to ferrous sulphate 
during the sample decomposition step. 

Range 

The method is suitable for samples 
containing more than approximately 
0.2% of ferrous iron. 



A 

FIGURE 1. Apparatus for sample 
decomposition 

E 

F 

A - Decomposition vessel (body of a 
4-oz polyethylene bottle). 

B - Cap (base of a 4-oz polyethylene 
bottle). 

C - Nitrogen-inlet tube [Nalgene 
(polypropylene or polycarbonate) 
tubing -- inner and outer 
diameters approximately 2 mm and 
5 mm, respectively] connected with 
rubber tubing to a nitrogen tank 
via a gas-control unit. 

D - Nalgene funnel (approximately 
10 ml cap ac i t y) . 

E - Nitrogen-outlet hole. 
F - Nalgene tubing. 

Apparat us 

Apparatus for sample decomposition . 
Illustrated in Figure 1. 
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A 

B 

FIGURE 2. Apparatus for the potentiometric titration of ferrous iron 

A - pH meter. 
B Magnetic stirrer. 
C - Teflon-coated magnet. 
D - Titration vessel (400-ml graduated 

beaker). 
E - Calomel reference electrode. 
F - Rubber cap. 
G - Clamp. 
H - Burette (25-ml). 
I - Nitrogen-outlet tub e . 
J - Nitrogen-inlet gas-dispersion tube 

connected with rubber tubing to 
the nitrogen tank via a needle 
valve. 

K - Platinum electrode. 

Apparatus (continued) 

Appara tus for the potentiometric 
tit r ation of ferrous iron . Illustrat
ed in Figure 2. 

Re agents 

Standard ceric sulphate solution, 
0.01 N in 0.5 M sulphuric acid. 
Transfer 12.6516 g of ceric ammonium 
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sulphate dihydrate [Ce(NH4)4(S04)4• 
2Hz0] or 10.9632 g of ceric ammonium 
nitrate [Ce(NH4)z(N03)5] to a dry 1-
litre beaker, and add 55 ml of con
centrated sulphuric acid. Mix for 2 
minutes, then add water, in 25-ml 
portions, and stir for approximately 
2 minutes after each addition until 
the salt is completely dissolved. 
Cool the resulting solution to room 
temperature and transfer it to a 2-
litre volumetric flask. Dilute the 
solution to approximately 1980 ml with 
water, mix, cool to room temperature 
again, and dilute to volume with 
water. 

Standard sodium oxalate solution , 
0.01 N. Dissolve 0.1676 g of pure 
reagent (dried at 105°C for 1-2 heurs) 
in water and dilute to 250 ml. Pre
pare fresh as required. 

Standard ferrous ammonium sulphate 
solution , 0.01 N. Dissolve 0.3922 g 
of pure ferrous ammonium sulphate 
hexahydrate in oxygen-free water, add 
5 ml of 50% oxygen-free sulphuric acid 



and dilute to 100 ml. 
as required. 

Prepare fresh 

Manganous sulphate solution, 25% w/v. 
Dissolve .25 g of manganous sulphate 
monohydrate in approximately 75 ml of 
hot water, cool, and dilute to 100 ml. 

Borie aaid soluti on , 5% w/v. Dissolve 
50 g of the reagent in approximately 
800 ml of hot water, cool, and dilute 
to 1 litre. Bubble nitrogen through 
the solution for 10-15 minutes, prior 
to use, to remove dissolved oxygen. 

Sulphuria aaid, 50% v/v. Remove 
oxygen, prior to use, as described 
above. 

Water (oxyg en -free). Remove oxygen, 
prior to use, as described above. 

Nitrogen (oxygen-free) . 

Standardization of ceric sulphate 
solution 

Transfer a 10-20-ml aliquot of 0.01 N 
sodium oxalate solution to the titra
tion vessel D (Figure 2), add 20 ml 
of 25% manganous sulphate solution 
(Note 1) and 14 ml of 50% sulphuric 
acid, and dilute the solution to 
approximatel y 250 ml with water. Re
move the burette containing the ceric 
sulphate solution (Note 2) from the 
rubber cap F fitted with the 
electrodes, cover the titration vessel 
with the cap, and bubble nitrogen 
through the solution for about 5 
minutes to remove dissolved air. 
Continue the flow of nitrogen, replace 
the magnetic stirrer B with an electric 
heating element, and heat the solution 
to approximately 60°C (Note 3). Re
place the burette and magnetic stirrer, 
and titrate the solution potentio
metrically with 0.01 N ceric sulphate 
solution. Determine the normality of 
the ceric sulphate solution, and cal
culate the iron equivalent (mg/ml) 
(1 ml of 0.01 N ceric solution = 
0.5585 mg of iron). 

Alternatively, the ceric sulphate solu
tion may be standardized against pure 
ferrous ammonium sulphate as follows: 
Add 14 ml of 50% sulphuric acid to the 
titration vessel and dilute to appro
ximately 230 ml with water. Cover the 
titration vessel with the rubber cap 
fitted with the electrodes, and bubble 
nitrogen through the solution for about 

5 minutes. Then, while maintaining 
the flow of nitrogen, raise the rubber 
cap approximately one-quarter inch 
above the top of the titration vessel, 
and add a 10-20-ml aliquot of 0.01 N 
ferrous ammonium sulphate solution. 
Re-cover the vessel, titrate the re
sulting solution (Notes 3 and 4) as 
described above, and calculate the 
iron equivalent. 

Procedure 

Transfer 0.05-0.1 g of sample (Note 
5), depending on the expected ferrous 
iron content, to the plastic decompo
sition vessel A (Figure 1), and 
moisten with a few drops of water 
(Note 6). Assemble the apparatus, 
immerse it to about one-third of its 
depth in a water-bath maintained at 
approximately 80°C, and pass nitrogen 
into the apparatus for 1 minute at a 
flow rate of about 0.5 litre · per 
minute to displace the air. 

Continue the flow of nitrogen, then 
add 14 ml of 50 % oxygen-free sulphuric 
acid and 5 ml of concentrated hydro-
f luoric acid through the funnel, in 
succession, and swirl the apparatus -
with both the nitrogen-inlet and acid
inlet tubes well below the surface of 
the solution - to disperse the sample. 
Repeat the swirling process several 
times during the decomposition proce
dure. When decomposition is complete 
(generally 45-90 minutes), add 40 ml of 
5% oxygen-free borie acid solution 
through the funnel, and continue the 
flow of nitrogen for approximately 2 
minutes to mix the solution . Stop the 
gas flow, remove the apparatus from 
the water-bath and, using oxygen-free 
water to wash the apparatus, transfer 
the sample solution, without delay, to 
the titration vessel containing 150 ml 
of water previously saturated with 
nitrogen for about 5 minutes. Dilute 
the resulting solution to 250 ml with 
oxygen-free water, cover the titration 
vessel with the rubber cap fitted with 
the electrodes, continue the flow of 
nitrogen, and proceed with the titra
tion of ferrous iron as described above 
(Notes 7 and 8). 
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Notes 

1. Manganous sulphate catalyzes the 
oxidation of sodium oxalate with ceric 
sulphate 6 • 

2. The burette is removed at this 
stage to prevent the ceric sulphate 
solution from expanding during the 
subsequent heating process. 

3. Heating the solution to appro
ximately 60°C, prior to titration, 
increases the rate of oxidation of 
sodium oxalate with ceric sulphate6. 
Heating is not required for the 
titration of ferrous iron with ceric 
sulphate solution. 

4. Ferroin (1,10-phenanthroline 
ferrous sulphate) can be employed as 
internal indicator in the titration 
of ferrous iron with ceric sulphate 
solution 5 , instead of titrating 
potentiometrically. Alternatively, 
potassium dichromate solution (e.g., 
0.02 N) can also be employed, either 
for the potentiometric titration, or 
in the presence of sodium dipheny
laminesulehonate as internal in
dicator2 • , 7 as described in the 
Volumetric-Stannous Chloride
Dichroma te Method for total iron (p 
277) (1 ml of 0.02 N potassium dich
romate solution= 1.117 mg of iron). 
If either of the above internal 
indicators is e~ployed, the titration 
must be performed without delay to 
prevent air-oxidation of the ferrous 
iron, and the result obtained must be 
corrected for an indicator blank. 
If potassium dichromate solution 
(i.e., 0.02 N) and sodium dipheny
laminesulphonate indicator are em
ployed, ferrous ammonium sulphate 
solution of the same normality should 
be employed for the determination of 
the indicator blank, as described in 
Note 6 (p 280) of the Volumetric
Stannous Chloride-Dichromate Method 
for total iron, and 5 ml of concentrat
ed phosphoric acid must be added to 
the solution prior to the titration 
of the iron (II). The addition of 
phosphoric acid is not necessary if 
potassium dichromate solution is 
employed for the potentiometric 
titration of the iron (II) 2 • 7 • 

Potassium permanganate solution is not 
recommended as a titrant for ferrous 
iron because positive error resulting 
from the oxidation of carbonaceous 
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material is greater with potassium 
permanganate than with either ceric 
sulphate or potassium dichromate 
solution. 

5. A sample that has been prepared 
by crushing, without grinding, in an 
agate (not iron or steel) mortar is 
preferable for the determination of 
ferrous iron. Fine grinding in air 
may result in considerable oxidation 
of ferrous iron in the sample because 
of the local heat generated during the 
grinding process. If a preliminary 
trial decomposition shows that only a 
small amount or no residue remains 
after the crushed sample has been 
gently boiled for approximately 20 
minutes with concentrated hydrofluoric 
acid, this sample should be used 
directly for the ferrous iron deter
mination. If a considerable amount of 
residue remains, grind a suitable 
weighed portion of the sample in an 
agate mortar, under absolute ethyl 
alcohol, just long enough to produce 
a powder that should subsequently 
yield only a small amount or no acid
insoluble residue. Allow the alcohol 
to evaporate spontaneously and, when 
the last trace has disappeared, trans
fer the powder from the mortar, and 
that adhering to the pestle to the 
plastic decomposition vessel, using a 
fine jet of water, and proceed as 
described. Because a considerable 
amount of water is absorbed by the 
sample during the above grinding pro
cess, the use of a weighed portion of 
a larger portion of sample, previously 
ground as described above, is not 
recommended. This necessitates the 
separate determination of both loosely
(hygroscopic moisture - HzO-) and 
firmly-bound (combined water - HzO+) 
water in order to correct the ferrous 
oxide result for the water that was 
absorbed during the grinding process 3 • 

6. It is not necessary to carry a 
reagent blank along with the samples 
because the blank correction is usually 
too small (approximately 0.01 ml of 
0.01 N ceric sulphate solution) to 
cause significant error in the ferrous 
iron result. 

7. Any acid-insoluble residue that 
is present in the solution after 
titration should be examined with a 
hand lens. Usually this residue will 
consist of white, or grayish-white 



grains of quart z , which resist decom
position and which can be ignored. 
The presence of yellow grains of 
pyrite in the residue suggest that the 
ferrous iron result obtained is pro
bably unreliable because of the 
possible presence of acid-decomposable 
sulphides (e.g., pyrrhotite) in the 
sample. If there are more than a few 
grains of un-decomposed red to black
coloured material in the residue, a 
second decomposition and titration 
should be carried out as follows 7 : 

Carefully decant the supernatant solu
tion from the titration beaker, and 
r etain a s much of the residue as 
p os s ible in the beaker . Wash the 
beaker and residue once with water and 
decant the solution again . Using a 
fine jet of water , wash the residue 
into a small agate mortar , decant the 
water, and gr ind the residue until no 
gritty particles remain. Wash the 
mixture into the plastic decomposition 
vessel , repeat the decomposition and 
titration steps, and add the volume of 
titrant required to that required for 
the initial titration . 

Any dark un-decomposed material that 
still remains after the above treat
ment is probably chromite, and will 
not decompose with further acid 
treatment. Because of the variable 
nature of chromite, it is not feasible 
to add a correction, based on the 
chromium content of the sample, to 
the ferrous iron result obtained 7 . 

8. If potassium dichromate solution 
(e.g., 0.02 N) and sodium dipheny
laminesulphonate indicator (Note 4) 
have been employed for the titration 
of the ferrous iron, and if the total 
iron content of the sample was not 
previously determined by the Volu
metric-Stannous Chloride-Dichromate 
Method for total iron (Procedure B 
p 279), the total iron, and subse
quently the ferric iron content of the 
sample can be determined at this stage 
as follows7: 

Add 25 ml of concentrated hydrochloric 
acid to the solution obtained after 
the titration of ferrous iron , or to 
the combined solution if the residue 
was r e - t r eated as described in Note 
7, and evaporate it to approximately 
40 ml . If the resulting solution is 
not distinctly yellow or yellowish 
green [b ecause of the presence of 
ch r omium (III) from the initial 
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titration ], add sufficient dilute 
{ approx imately 2%) potassium perman 
ganate solution, by drops, until the 
solution is yellow. Heat the soluti o n 
to just below the boiling point, then, 
omitting the addition of the 50% sul
phuric and phosphoric acids prio r to 
the titration step, proceed with the 
stannous chloride reduction and subse
quent determination of iron as des 
cribed in the Volumetric - Stannous 
Chloride - Dichromate Method for total 
iron (p 277) . 

Then, 

% Total iron 
(Vs - VI) X FeEQ 

X 100 Sample weight (mg) 

where: 

V = volume (ml) of potassium dich r o s mate solution required fo r the 
tit r ation . 

volume (ml) of potassium dichro 
mate solution required for the 
indicator blank . 

FeEQ= iron equivalent (mg/ml) of the 
potassium dichromate solution. 

% Ferric iron = % total iron 
- % ferrous iron. 

% Total iron expressed as Fe203 
= 1.430 x % total iron. 

% Ferric iron expressed as Fe 203 
= 1.430 x % ferric iron. 

If potassium dichromate solution (e.g., 
0.02 N) has been employed for the 
potentiometric titration of ferrous 
iron, proceed as follows 7 : 

Add 25 ml of concentrated hydrochloric 
acid to the solution, or to the com 
bined solution obtained after the 
titration of ferrous iron , and evapor
ate it to approximately 40 ml . Heat 
the solution to just below the boilin g 
point and , omitting the subsequent 
addition of mercuric chloride solution , 
reduce the iron with stannous chloride 
solution , as described in the Volu 
metric- Stannous Chloride - Dichromate 
Method for total iron (p 277) , and add 
1-3 drops in excess . Dilute the solu
tion to approximately 250 ml with 
oxygen-free water , caver the titration 
vessel with the rubber cap fitted with 
the electrodes , and carefully add 
potassium dichromate solution , by 
drops , to oxidize th e e xcess stannous 



ch lo r ide . [The end- point for the tin 
(I I ) oxidation should be indicated by 
a sudden increase in potential of 
a bo u t 50 millivolts in the neighbor
hood o f a potential of app r o x imately 
300 mi llivolts .] Record the volume of 
tit r ant req u i r ed to r each this f i r st 
e nd-point , then continue wi t h t h e 
pote n tiomet r i c tit r ation of i r on unt i l 
the e nd- poi n t has been obtained. 

If the titration is not satisfactory, 
the solution can be evaporated to 
approximately 40 ml again, and the 
reduction and titration can be re
peated. 

Then, 

% Total iron 

where: 

(Vs - vsn) x FeEQ 
- X 100 

Sample weight (mg) 

Vs and FeEQ a r e as described above , 

VSn = volume (ml) of potassium di 
ch r omate solution r eq u i r ed by 
the exc ess stannous chlo r ide 
solution , 

and % Ferri~ iron i s calculated as 
described above. 

Because the ferri c iron content of the 
sample is determined by di f ference, 
the reliability o f the iron (III) 
result is directl y dependent on the 
accuracy of the fe rrous i ron result. 
Any positive or n egative error in
herent in the ir o n (II) r e sult, be
cause of the pre s en c e of carbonaceous 
material, su l ph id e s , or interfering 
elements in the s ample, will produce 
a corresponding n e ga tive or positive 
error in the iro n (III) result. 

Calculations 

Normality of c e ri c sulph a te 
solution (NCe) N x V 

V 

where: 

N = normality of the sodium o x a l a t e 
(or ferrous a mmonium sulphate) 
solution. 

V volume (ml ) of t h e sodium 
oxalate (or fe rrous ammonium 
sulphate) s olution t a ken. 

v volume (ml) o f c e ric sulphate 
solution r e qu i red b y "V" ml o f 
sodium oxalat e (or fe rrous 
ammonium sulph a te) solution. 

Iron equivalent (mg/ml) of the 
ceric sulphate solution (FeEQ) 

= NCe X 55,85 

% Ferrous iron X 100 
Sample weight (mg) 

where: 
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V volume (ml) of ceric sulphate 
solution required by the sample. 

% FeO = 1.287 x % ferrous iron 

Other applications 

This method can be employed to deter
mine ferrous iron in ac i d-soluble iron 
oxides and iron oxide ores and mill 
products. It is also applicable to 
carbonate rocks, clay, and shale in 
the absence of more than trace amounts 
of carbonaceous material. 
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DETERMINATION OF FERROUS IRON IN AC ID-SOLUBLE IRON OXIDES AND IRON OXIDE 
ORES AND MILL PRODUCTS BY TITRATION WllH POTASSIUM Dl CHROMATE AFTER ACID
DECOMPOSITION IN AN AIR-FREE ATMOSPHERE 

Princip le 

This method is based on the decom
po~i tion of the sample with hydru
chloric and hydrofluoric acids in an 
air-free atmosphere. Ferrous iron is 
determined by titration with potassium 
dichromate, in an approximately 0.3 M 
sulphuric-0.2 M phosphoric acid 
medium, in the presence of sodium 
diphenylaminesulphonate as interna! 
indicator, according to the reaction 

6FeS04 + K2Cr207 + 7H2S04 ~ 

3Fe2(S04)3 + K2S04 + Cr2(S04)3 + 7H20. 

Outline 

The sample ls decomposed with hydro
chloric and hydrofluoric acids in a 
nitrogen atmosphere, and the excess 
hydrofluoric acid is complexed with 
b0ric acid. 1he ferrnus iron in the 
resùltinb solution is ültimately 
titrated with potassium dichroma~e 
solution. 

Discussion of interf erences 

1lements chat are preseut in the 
sample in lower oxidation states [e.g., 
vanadium (III), arsenic (III), 
antimony (III), titanium (III), 
copper (I), platinum, gold, uranium, 
molybdenum (III), molybdenum (V), 
and probably tungsten (III), and 
tungsten (V)] cause high results for 
ferrous iron because they either re
duce any iron (III) that is released 
<luri~g sample decorapositiou, or be
cause they are also oxidized by the 
potassium dichromate 1 - 4 . Other 
elements and compounds that interfere 
in the Potentiometric-Ceric Sulphate 
Method for ferrous iron (p 293) [i.e., 
vanadium (V), manganese (IV), car
bonaceous material, pyrite, soluble 
sulphides, and metallic iron] inter
fere in this method in a similar 
manner. 

Range 

The method is suitable for samples 
containing more than approximately 
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0.5 % of ferrous · iron, but material 
containing lower concentrations can 
also be analyzed if more dilute (e.g., 
0.02 N) potassium dichromate solution 
is employed as titrant. 

F 

FIGURE 1. Apparatus for sample 
decomposition 

A - Decomposition flask (250-ml Erlen
meyer-type). 

B - Viny! (Vikem) stopper. 
C - Nitrogen-inlet tube [Nalgene 

(polypropylene or polycarbonate) 
tubing - inner and outer diameters 
approximately 2 mm and 5 mm, 
respectively] connected with rubber 
tubing to a nitrogen tank via a 
gas-coutrol unit. 

D - Nalgene funnel (approximately 10 
ml capacity). 

E - Nitrogen-outlet tube (Nalgene 
tubing). 

F Nalgene tubing. 



Apparat us 

Appar atus f o r s amp le deco mposition. 
Illustrated in Figure 1. 

Re agents 

Standar d potas s ium dic hromate 
s olut ion, 0.1 N. Prepare as described 
in the Volumetric-Stannous Chloride
Dichromate Method for total iron (p 
276). 

Fe rrous a mmonium su lphate s olution , 
0.1 N. Prepare as described in the 
above method for iron. 

Sodi um diphenylamines u lphonate 
( o x idize d) indica to r tablet s ( 0 . 001 g) 
o r ox i d i z e d s olu tion . Prepare the 
solution as described in the above 
method for iron. 

Bo r ie acid s olu tion , 5 % w/v. Dissolve 
50 g of the reagent in approximately 
800 ml of hot water, cool, and dilute 
to 1 litre. Bubble nitrogen through 
the s~lution for 10-15 minutes, prior 
to use, to remove dissolved oxygen. 

Hyd r oc hlo r i c acid ( oxy gen -free ). 
Remove oxygen, prior to use, as des
cribed above. 

Sulp h u r ic acid , 50 % v/v. 
oxygen, prior to use, as 
above. 

Remove 
described 

Phospho r ic a c id , 50 % v/v. Remove 
oxygen, prior to use, as described 
above. 

Wate r ( oxygen -free ). Remove oxygen, 
prior to use, as described above. 

Nit r ogen ( o x ygen - f r ee ). 

Standardization of potassium dichro
mate solution 

Standardize the solution against pure 
iron as described in the Volumetric
Stannous Chloride-Dichromate Method 
for total iron (p 277). Correct the 
result obtained by subtracting that 
obtained for a blank that is carried 
through the reduction procedure. 
Determine the normality of the potas
sium dichromate solution, and calcu
late the iron equivalent (mg/ml) (1 ml 
of 0.1 N potassium dichromate solu
tion= 5.585 mg of iron). 
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Procedure 

In this procedure a reagent blank is 
carried along with the samples. 

Transfer 0.25-1 g o f powdered sample 
(Note 1), containing up to approxi
mately 250 mg of ferrous iron, to the 
250-ml Erlenmeyer decomposition flask 
A (Figure 1) (Note 2), and wash down 
the sides of the f lask with water to 
dislodge any powder adhering to the 
inner walls. Assemble the apparatus, 
and add sufficient water through the 
funnel so that the nitrogen-inlet tube 
C and the acid-inlet tube F are 
a pproximately one-quarter inch below 
the surface of the water. Pass 
nitrogen into the apparatus for 3-4 
minutes, at a flow rate of about 0.5 
litre per minute, to remove dissolved 
air from the wa ter and to d i splace the 
air in the apparatus. 

Continue the flow o f nitro gen, add 15 
ml of concentrated oxy gen-free hydro
chloric acid throu gh the funnel, swirl 
the apparatus - with both the nitrogen
inlet and acid-inlet tubes well below 
the surf ace of the solution - to dis
perse the sample, and heat the solu
tion gently on a hot-plate until the 
decomposition o f a cid-soluble material 
is complete. Repeat the swirling pro
cess several times during the decompo
si tion procedure (Note 3). Add 3-4 ml 
o f concentrated h y dro f luoric acid, 
continue heatin g t h e solution and, if 
necessary, repeat th e addition of 
hydrochloric and hydrofluoric acids, 
in 5- and 2-ml portions, respectively, 
until the decomposition of insoluble 
material is complete ( Note 4). Re
move the apparatus from the hot-plate 
and place it in a co ld wa ter-bath. 
Add 40 ml of 5 % oxyg en- f ree borie acid 
s olution throu gh t he f unnel, and con
tinue the flow o f nitro gen until the 
solution has cooled to approximately 
room temperature. Stop the gas flow, 
remove the apparatus f rom the water
bath and, usin g oxy gen- f ree water to 
wash the apparatus, transfer the 
sample solution, without delay, to a 
600-ml beaker containing approximately 
150 ml of oxygen-free water and 10 ml 
each of 50 % oxygen-free sulphuric and 
phosphoric acids. Dilute the result
ing solution to appro x imately 300 ml 
with oxygen-free water, add o ne sodium 
diphenylaminesulphonat e indicator 
tablet (or 5 drops o f indicator solu
tion), and immediatel y proceed with 



the titration of the ferrous iron with 
0.1 N potassium dichromate solution 
(Note 5) as described in the Volu
metric-Stannous Chloride-Dichromate 
Method for total iron (p 277) (Note 
6). Correct the result obtained for 
the sample by subtracting that obtain
ed for the reagent blank. 

Notes 

1. A sample that has been prepared 
by crushing, without grinding, in an 
agate (not iron or steel) mortar is 
preferable for the determination of 
ferrous iron. Fine grinding in air 
may result in considerable oxidation 
of ferrous iron in the sample because 
of the local heat generated during the 
grinding process 2 • 

2. A 250-ml clear Nalgene (poly
carbonate) Erlenmeyer flask, if avail
able, is preferable as a decomposition 
vessel because of the etching of the 
glass flask by hydrofluoric acid 
during the sample decomposition pro
cedure. If a Nalgene flask is employ
ed, sample decomposition should be 
carried out in a boiling water-bath to 
avoid heating the flask beyond its 
temperature limitations (approximately 
135°C). 

3. During sample decomposition, the 
solution should not be allowed to eva
porate to the point where the nitro
gen- and acid-inlet tubes are above 
the surface of the solution. If nec
essary, oxygen-free water should be 
added to maintain the volume of the 
solution at a suitable level. 

4. The presence of a small amount 
of un-decomposed white or grayish
white siliceous residue will not cause 
significant errer in the ferrous iron 
result. Yellow grains of un-decom
posed pyrite in the residue indicate 
that the ferrous iron result will not 
be reliable. If there are more than 
a few grains of un-decomposed red to 
black-coloured material in the residue, 
heating should be continued until the 
decomposition of this material is 
complete. 

5. Samples containing less than 
approximately 0.5% of ferrous iron can 
be analyzed at this stage by employing 
more dilute (e.g., 0.02 N) potassium 
dichromate solution for the titration. 

However, ferrous ammonium sulphate 
solution of the same normality should 
be employed for the determination of 
the reagent blank, as described in 
Note 6 (p 280) of the Volumetric
Stannous Chloride-Dichromate Method 
for total iron (1 ml of 0.02 N 
potassium dichromate solution = 
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1.117 mg of iron). 

6. If the total iron content of the 
sample was not previously determined 
by the Volumetric-Stannous Chloride
Dichromate Method for total iron 
(Procedure A(a) ,p 277), the total iron, 
and subsequently the ferric iron 
content of the sample can be determin
ed at this stage, as described in Note 
8 (p 298) of the Potentiometric-Ceric 
Sulphate Method for ferrous iron, after 
the addition of 10 ml of concentrated 
hydrochloric acid to the solution 
obtained after the titration of ferrous 
iron, and evaporation of the solution 
to approximately 40 ml. The total 
iron and ferric iron contents of the 
sample are subsequently calculated as 
described in the above Note (p 298), 
except that for the total iron deter
mination, the volume of potassium 
dichromate solution required for the 
titration is corrected for the reagent 
blank instead of an indicator blank. 

Calculations 

% Ferrous iron 
(Vs - VB) X FeEQ 

- X 100 
Sample weight (mg) 

where: 

V = volume (ml) of potassium dichro
S mate solution required by the 

sample. 

volume (ml) of potassium dichro
mate solution required by the 
blank. 

FeEQ= iron equivalent (mg/ml) of the 
potassium dichromate solution. 

~ FeO = 1.287 x % ferrous iron 
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DETERMINATION OF FERROUS IRON IN REFRACTORY IRON OXIDES AND IRON OXIDE 
ORES BY TITRATION WITH POTASSIUM DICHROMATE AFTER DECOMPOSITION IN A 
SEALED TUBE 

Princip le 

This method is based on the decomposi
tion of the sample with hydrochloric 
acid in a sealed tube filled with 
argon 1 - 3 . Ferrous iron is determined 
by titration with potassium dichromate, 
in an approximately 0.3 M sulphuric-
0.2 M phosphoric acid medium, in the 
presence of sodium diphenylaminesul
phonate as internal indicator, accord
ing to the reaction 

6FeS04 + K2Cr207 + 7H2S04 + 

Outline 

The sample is decomposed, at approxi
mately 200°C, with hydrochloric acid 
in a sealed tube filled with argon. 
The ferrous iron in the resulting 
solution is ultimately titrated with 
potassium dichromate solution. 

Discussion of interferences 

All of the elements that interfere in 
the Volumetric-Dichromate Method for 
ferrous iron (p 301) either by re
ducing the iron (III) that is released 
during sample decomposition, or be
cause they are oxidized by potassium 
dichromate [i.e., vanadium (III), 
arsenic (III), antimony (III), titan
ium (III), copper (I), platinum, gold, 
uranium, molybdenum (III), molybdenum 
(V), and probably tungsten (III), and 
tungsten (V)] interfere in this 
method in a similar manner. Other 
elements and compounds that interfere 
in both the Potentiometric-Ceric 
Sulphate (p 293) and the Volumetric
Dichromate Methods [i.e., vanadium 
(V), manganese (IV), carbonaceous 
material, pyrite, soluble sulphides, 
and metallic iron] also interfere in a 
similar manner. Pyrite, even in 
trace amounts, causes large positive 
errors in the ferrous iron result 
because, under the conditions of 
temperature and pressure that prevail 
during sample decomposition in the 
sealed tube, pyrite is completely or 
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almost completely decomposed at the 
expense of the ferric iron in the 
sample. Soluble sulphides (e.g., 
pyrrhotite) cause even larger positive 
errors than pyrite because the hydro
gen sulphide that is evolved in the 
sealed tube cannot escape, and subse
quently reduces f erric iron, according 
to the reaction 

H2S + 4Fe203 + 8Fe0 + H2S04. 

This reaction produces an amount of 
ferrous iron equivalent to approximate
ly 14 times the amount of the sulphide 
sulphur present 4 . Metallic iron also 
causes larger positive errors than that 
resulting from the conversion of the 
iron to f errous chloride during sample 
decomposition, because the hydrogen 
that is evolved during the reaction 
with hydrochloric acid reduces some of 
the iron (III) that is released during 
sample decomposition, according to the 
reaction 

H2 + 2FeC13 + 2FeC12 + 2HC1. 

Range 

The method is suitable for samples con
taining more than approximately 1% of 
ferrous iron, but material containing 
lower concentrations can also be 
analyzed if more dilute (e.g., 0.02 N) 
potassium dichromate solution is 
employed as titrant. 



FIGURE 1. Protecting tube for the sealed decomposition tube 

A - Galvanized iron pipe approximately 
6 in. in length and threaded at 
both ends (inner and outer dia
meters approximately 16 mm and 
20 mm, respectively). 

B - Galvanized iron cap. 
C - Glass-wool. 

Apparat us 

Protecting tube for the sealed decom
position tube . Illustrated in Figure 
1. The glass-wool in the galvanized 
iron caps B protect the ends of the 
sealed tube from breakage during 
handling before and after sample 
decomposition. 

Glass tubes for sample decomposition. 
These should be constructed from 
pyrex glass tubing with an inner 
diameter of approximately 7 mm, and 
a wall thickness of approximately 2.5 
mm (Note 1), and should be 8-9 inches 
in length, and sealed at one end. 
Before use, the tubes should be 
thoroughly washed with hot 30 % hydro
chloric acid followed by water, and 
then dried in an oven at approximately 
120°C. 

Reagents 

Standard potassium dichromate solution, 
0.1 N. Prepare as described in the 
Volumetric-Stannous Chloride-Dichro
mate Method for total iron (p 276). 

Ferrous ammonium sulphate solution, 
0.1 N. Prepare as described in the 
above method for iron. 

Sodium diphenylaminesulphonate 
( oxidi z ed) indicator tablets (0.001 g) 
or oxidized solution. Prepare the 
solution as described in the above 
method for iron. 

Hydrochloric acid (oxygen-free). 
Freshly boiled and cooled concentrated 
hydrochloric acid. 

Hydrochlori.c acid (oxygen-free), 30% 
v/v. Prepare with oxygen-free concen
trated hydrochloric acid and oxygen
free water. 
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sulphuric acid (oxygen-free), 50% v/v. 
Prepare with oxygen-free water. 

Phosphoric acid (oxygen-frqe), 50% v/v. 
Prepare with oxygen-free water. 

Water (oxygen-free). 
and cooled water. 

Argon (oxygen-free). 

Freshly boiled 

Standardization of potassium dichromate 
solution 

Standardize the solution against pure 
iron as described in the Volumetric
Stannous Chloride-Dichromate Method 
for total iron (p 277). Correct t h e 
result obtained by subtracting that 
obtained for a blank t h at is carried 
through the reduction procedure. 
Determine the normality of the 
potassium dichromate solution, and 
calculate the iron equivalent (mg/ml) 
(1 ml of 0.1 N potassium dichromate 
solution= 5.585 ~g of iron). 

Procedure 

In this procedure a reagent blan~ is 
carried along with t h e samples. 

Using a small dry funnel, transfer 
0.25-0.5 g of powdered saople C•ote 2) , 
containing up to approximately 250 ng 
of ferrous iron, to a dry decomposition 
tube that has been clamped in a vertical 
position. Carefully brush any powder 
adhering to the sicles of the funnel 
into the neck of the funnel, then tap 
the neck of the funnel and the glass 
tube to dislodge any powder adhering 
to the walls, and wash the funnel with 
0.5 ml of water. Using a small burner, 



carefully heat the mixture at the 
bottom of the tube to the boiling 
point for a moment to expel air from 
the powder, then remove the funnel 
and, using a narrow glass tube 
inserted to within 1.5-2 inches above 
the moistened sample, pass a slow 
stream of argon into the tube for 
20-30 seconds to displace the air 
from the tube. Remove the narrow 
tube, and add 3 ml of concentrated 
oxygen-free hydrochloric acid through 
the funnel, then remove the funnel, 
and again displace the air from the 
tube with argon. Withdraw the narrow 
glass tube until it is within 1-1.5 
inches below the top of the glass 
tube, continue the passage of a slow 
stream of argon (Note 3) and, using 
an air-propane flame, carefully seal 
the tube about 4-5 inches from the 
bottom (Note 4). Allow the sealed 
tube to cool, remove it from the 
clamp, and tip it horizontally 
several times to distribute the 
sample along most of its length. 

Place the tube in a galvanized iron 
protecting tube (Figure 1) (Note 5) 
firmly capped at one end, and then 
loosely cap the open end (Note 6). 
Place the tube in a horizontal posi
tion in a muf fle furnace maintained 
at approximately 200°C (Note 7), and 
heat for approximately 2 hours or 
preferably overnight. Remove the 
tube from the furnace, allow it to 
cool to room temperature, and remove 
the sealed tube. If sample decompo
sition is complete, or only a small 
amount of un-decomposed white or 
grayish-white residue remains (Note 
8), file a groove around one end of 
the tube, approximately one-half inch 
from the end. Wash the outside of 
the tube and the groove thoroughly 
with 30% hydrochloric acid followed 
by water, to remove traces of metallic 
iron oviginating from the protecting 
tube and the file. 

Using a small burner, apply heat to 
the groove, carefully break off the 
grooved short part of the tube and 
place it in an 800-ml beaker purged 
with argon and containing approximate
ly 150 ml of oxygen-free water and 
10 ml each of 50% oxygen-free sul
phuric and phosphoric acids. Pour 
the solution in the remaining piece 
of tube into the beaker, and wash the 
inside of the tube thoroughly with 
30% oxygen-freé hydrochloric acid 
followed by oxygen-free water. 
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Dilute the resulting solution to appro
ximately 300 ml with oxygen-free water, 
add one sodium diphenylaminesulphonate 
indicator tablet (or 5 drops of indi
cator solution), and immediately pro
ceed with the titration of the ferrous 
iron with 0.1 N potassium dichromate 
solution (Note 9) as described in the 
Volumetric-Stannous Chloride-Dichromate 
Method for total iron (p 277) (Note 10). 
Correct the result obtained for the 
sample by subtracting that obtained 
for the reagent blank. 

Notes 

1. Glass tubes with a wall thickness 
of less than 2-2.5 mm should not be 
used because of the high pressures 
developed by concentrated hydrochloric 
acid in the sealed tube at temperatures 
above 100°C. Breakage may occur during 
sample decomposition, particularly if 
the glass is strained appreciably 
during the sealing process 1 • 

2. A sample that has been prepared 
by crushing, without grinding, in an 
agate (not iron or steel) mortar is 
preferable for the determination of 
ferrous iron. Fine grinding in air 
may result in considerable oxidation of 
ferrous iron in the sample because of 
the local heat generated during the 
grinding process4. 

3. During the sealing process, the 
flow of argon into the upper part of 
the tube should be as slow as possible. 
If too rapid a flow rate is employed, 
the pressure of the gas will cause the 
hot softened glass at the seal to 
bubble and blow out. 

4. The tube can be sealed by con
stricting and drawing out the upper 
part of the tube, then working down the 
hot softened glass on the sealed tip 
until the desired thickness (i.e., 
2-2.5 mm) and a hemispherical shape are 
obtained. Gare must be taken that a 
minute capillary opening does not re
main or else leakage will occur during 
the sample decomposition step. After 
the tube has cooled, the seal can be 
tested for capillary leakage by washing 
the tube with water, wiping it dry, and 
allowing it to stand in a vertical 
position with the sealed end resting 
on a piece of blue litmus paper. Leak
age is indicated if the litmus paper 
exhibits an acid reaction3. 



5. The protecting tube prevents 
glass from scattering throughout the 
muffle furnace in the case of break
age resulting from excessive internal 
pressure . in the sealed tube during 
the subsequent heating step. If a 
protecting tube is not employed, this 
would result in breakage of other 
sealed tubes if two or more samples 
are being decomposed simultaneously. 
The sealed tube can also be surround
ed with solid calcium carbonate in the 
protecting tube. In case of breakage 
the calcium carbonate will neutralize 
the hydrochloric acid and prevent 
corrosion of the inside of the pro
tecting tube3. 

6. The open end of the protecting 
tube should not be capped too tightly 
or else excessive "build-up" of 
pressure will occur in the tube, and 
may cause breakage of the sealed tube 
if the air inside the tube cannot 
escape during the heating stage. 

7. The sealed tube should not be 
heated at temperatures exceeding 
approximately 250°C or else breakage 
may occur because of the high pressure 
developed by the hydrochloric acid 
inside the tube. 

8. Any un-decomposed residue re
maining in the sealed tube after the 
heating stage should be carefully 
examined with a band lens. The pre
sence of a small amount of un-decom
posed white or grayish-white residue 
(i.e., silica, or titanium or zircon
ium oxides) will not cause significant 
error in the ferrous iron result. 
Yellow grains of un-decomposed pyrite 
in the residue indicate that the 
ferrous iron result will not be re
liable. If there are more than a few 
grains of un-decomposed red to black
coloured material in the residue, the 
sealed tube should be replaced in the 
protecting tube, and heating should 
be continued until the decomposition 
of this material is complete. 

9. Samples containing less than 
approximately 1% of ferrous iron can 
be analyzed at this stage by employ
ing more dilute (e. g., 0. 02 N) 
potassium dichromate solution for the 
titration. However, ferrous ammonium 
sulphate solution of the same normality 
should be employed for the determina
tion of the reagent blank, as des-

cribed in Note 6 (p 280) of the Volu
metric-Stannous Chloride-Dichromate 
Method for total iron (1 ml of 0.02 N 
potassium dichromate solution = 1.117 
mg of iron). 

10. If sample decomposition was com
plete, and if the total iron content of 
the sample was not previously determined 
by the Volumetric-Stannous Chloride
Dichromate Method for to~al iron 
(Procedure A(a), p 277, and Note 8(b), 
p 281), the total iron, and subsequent
ly the ferric iron content of the 
sample can be determined at this stage 
as described in Note 8 (p 298) of the 
Potentiometric-Ceric Sulphate Method 
for ferrous iron, after the addition of 
25 ml of concentrated hydrochloric acid 
to the solution obtained after the 
titration of ferrous iron, and evapora
tion· of the solution to approximately 
40 ml. The total iron and ferric iron 
contents of the sample are subsequently 
calculated as described in the above 
Note (p 298), except that for the 
total iron determination, the volume of 
potassium dichromate solution required 
for the titration is corrected for the 
reagent blank instead of an indicator 
blank. 

Calculations 

(Vs - VB) X FeEQ 

% Ferrous iron 
Sample weight (mg) x 100 

where: 

VS = volume (ml) of potassium dichro
mate solution required by the 
sample. 

volume (ml) of potassium dichro
mate solution required by the 
blank. 

FeEQ= iron equivalent (mg/ml) of the 
potassium dichromate solution. 

% FeO = 1.287 x % ferrous iron 
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DETERMINATION OF METALLIC IRON IN REDUCED IRON ORES AND SLAGS BY TITRATION 
WITH POTASSIUM DICHROMATE AFTER EXTRACTION WITH BROMINE-METHYL ALCOHOL 
SOLUTION 

Principle 

This method 1- 3 is based on the selec
tive conversion of metallic iron to 
the bromide by reflux ing the sample 
with bromine-methy l alcohol solution. 
Iron is ultimately reduced to the 
divalent state with stannous chloride 
in a hydrochloric acid medium, and 
the excess of reductant is eliminated 
by oxidation with mercuric chloride. 
Metallic iron is determined by titra
tion of the resultant iron (II) with 
potassium dichromate, in an approxi
mately 0.3 M sulphuric-0.2 M phos
phoric acid medium, in the presence 
of sodium diphenylaminesulphonate as 
internal indicator. 

The corresponding reactions for these 
processes are: 

2Fe + 3Br2 + 2FeBr3 

2FeC13 + SnCl2 + 2FeC12 + SnCl4 

SnCl2 + 2HgC12 + SnCl4 + Hg 2Cl2+ 

6FeCl2 + K2Cr207 + 14HC1 

+ 6FeC1 3 + 2KC1 + 2CrC13 + 7H 20. 

Outl ine 

The sample is refluxed with bromine
methyl alcohol solution, and iron (II) 
and iron (III) oxides and other in
soluble material are removed by filtra
tion. After removal of the bromine 
and methyl alcohol in the filtrate by 
evaporation, carbonaceous material is 
destroyed by evaporation with per
chloric acid, and the salts are dis
solved in hydrochloric acid. The 
iron in the resulting solution is 
ultimately reduced with stannous 
chloride and titrated with potassium 
dichromate solution. 

Discussion of interferences 

Iron carbide (Fe3C) is soluble in the 
bromine-methyl alcohol solution em
ployed for the dissolution of metallic 
iron, and causes high results for 
metallic iron because the iron from 
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the carbide is subsequently oxidized 
by potassium dichromate2,3, Certain 
other iron compounds (e.g., silicides, 
sulphides, and phosphides) may inter
fere in a similar manner. 

Range 

The method is suitable for samples con
taining more than approximately 1% of 
metallic iron. 

A 

FIGURE 1. Apparatus for the extraction 
of metallic iron 

A - Heating element. 
B - Beaker (200-ml tall-form type). 
C - Ground-glass joint. 
D - Condenser (30-cm indented West-type). 
E - Water-inlet. 
F - Water-outlet. 
G - Clamp. 



FIGURE 2. Filtration apparatus 

A - Filtration jar (Witt-type). 
B - Collecting beaker (400-ml). 
C - Teflon cover with a hole drilled 

in the centre to accommodate the 
stem of the funnel. 

D - Rubber stopper. 
E - Funnel. 
F - Crucible holder. 
G - Crucible (25-ml Gooch-type). 
H Suction tube. 

Apparat us 

Ap par at us f o r t h e e x t ract ion o f 
me t allic i r on . Illustrated in Figure 
1. 

Filt r ation a p par atus. 
Figure 2. 

Re agents 

Illustrated in 

Standa r d potass ium di chromat e solut i on , 
0.1 N. Prepare as described in the 
Volumetric-Stannous Chloride-Dichro
ma te Method for total iron (p 276). 

Ferrous a mmoni um su lp ha t e s ol u tion , 
0.1 N. Prepare as described in the 
above method for iron. 

Sod i um diphe n ylamine su l phonate 
( o x idized ) indicator table ts ( 0 . 00 1 g ) 
o r o x idized s olution . Prepare the 
solution as described in the above 
method for iron. 

Stannous chlor ide sol u t i on , 5% w/v. 
Prepare as described in the above 
method for iron. 

Me r c urio chlor ide solution , sa turated. 

Bromine - methyl alcohol solution , 5 % 
v/v. Mix 10 ml of bromine with 200 ml 
of anhydrous methyl alcohol. Prepare 
fresh as required. 

Hydr ochloric acid , 10 % v/v. 

Sulphur ic acid (oxygen - free) , 50 % v /v. 
Prepare with oxygen-free water. 
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Phospho r ic acid (oxygen - free) , 50 % 
v/v. Prepare with o xy gen- f ree water. 

Water (oxygen - free) . 
and cooled water. 

Freshl y boiled 

Methyl alcohol , anhydrous. 

Standardization of potassium dichro
mate solution 

Standardi z e the solution a gainst pure 
iron as describ e d in the Volum e tri c 
S tannous Chlorid e -Dichromate Method 
f or total iron (p 277). Corre c t th e 
result obtained by subtractin g th a t 
obtained for a blank that is carried 
through the reduction procedure. 
Determine the normality of the potas
sium dichromate solution, an d c a l
culate the iron e quivalent (mg/ml) 
(1 ml of 0.1 N potassium di c hromat e 
solution= 5.5 8 5 mg of i r on). 

Procedure 

In this procedure a r ea gent b lank i s 
carried along wi t h the samples. 

Transfer 0.2-0.5 g of sampl e , ground 
to at least minus 100 mesh (Note 1), 
and containing up to appro x imatel y 
200 mg of metalli c iron, to a dr y 
200-ml tall-form b e ak e r, an d add 
several glass beads to pr ev ent bump i ng. 
Start a flow of cold water in the 
condenser D (Fi g ure 1), h e at the 
electric heating element to 60-65 °C , 
then add 50 ml of 5 % br omine-meth yl 
alcohol solution t o the sample. 
Quic k l y a tt ac h t he bea k e r t o th e 
condenser, and place it on the heatin g 
element (Note 2). Allow the mi x ture 
to reflux gentl y for 20 minutes (Note 
3), then remove the beaker from the 
c ondenser, cover it with a watch glass, 
and quickly cool the solution to 
approximately room temperature in an 
ice-bath. 



Assemble the filtration apparatus as 
shown in Figure 2, and insert two 
glass-fibre filter papers into a dry 
25-ml Gooch crucible. Apply suction 
to the apparatus, and moisten the 
filter papers with anhydrous methyl 
alcohol. Add a small amount of glass
fibre filter pulp (Note 4) to the 
crucible, filter the sample solution 
as quickly as possible into the 400-ml 
collecting beaker, and wash the beaker 
thoroughly with anhydrous methyl 
alcohol (Notes 5 and 6). Wash the 
crucible and residue 8-10 times with 
anhydrous methyl alcohol, and remove 
the beaker containing the filtrate 
from the filtration jar. 

Add 25 ml of concentrated hydrochloric 
acid and several glass beads to the 
filtrate, caver the beaker with a 
ribbed watch glass, place it in a hot 
water-bath, and carefully evaporate 
the solution to 15-20 ml to remove the 
bromine and methyl alcohol. Remove 
the beaker from the water-bath, add 25 
ml of concentrated perchloric acid and 
evaporate the solution to dryness 
(Note 7). Cool, add 20 ml of concen
trated hydrochloric acid and heat 
gently to dissolve the salts. Remove 
the watch glass, wash down the sides 
of the beaker with a small amount of 
10% hydrochloric acid, and dilute the 
solution to approximately 30 ml with 
the same solution. Heat the resulting 
solution to just below the boiling 
point, and proceed with the stannous 
chloride reduction and subsequent 
titration of iron with 0.1 N potassium 
dichromate solution as described in 
the Volumetric-Stannous Chloride
Dichromate Method for total iron (p 
277). Correct the result obtained for 
the sample by subtracting that obtain
ed for the reagent blank. 

Notes 

1. Complete extraction of metallic 
iron may not be obtained by the des
cribed procedure if the sample is in 
a coarser state. If the sample has 
been subjected to oxidation (e.g., 
weathering), it is advisable to grind 
it to minus 200 mesh2. 

2. The refluxing and subsequent 
filtration of the sample solution must 
be carried out in a well-ventilated 
fume hood. 
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3. The sample should not be reflux
ed for less than 15 minutes or for 
more than approximately 30 minutes. 
Metallic iron may not be completely 
extracted if the reflux period is less 
than 15 minutes, and high results, 
presumably because of partial dissolu
tion of iron oxides, may be obtained, 
particularly with samples of low 
metallic iron content, if the sample 
is refluxed for more than approximately 
30 minutes3. 

4. If glass-fibre filter pulp is 
not available, it can be prepared by 
adding approximately 200 ml of 
anhydrous methyl alcohol to 8 or 10 
glass-fibre filter papers in a dry 
250-ml flask fitted with a ground
glass stopper, and shaking vigor
ously. 

5. If required, the ferrous iron 
content of the sample can be deter
mined at this stage as follows: 

Transfer the residue quantitatively to 
the crucible, and after washing the 
crucible and residue as described, 
allow the residue to dry in air to 
remove the methyl alcohol. Moisten 
the residue with a small amount of 
water and, using a stirring rod, 
transfer the bulk of the residue and 
the glass-fibre filter papers and pulp 
to a 250-ml E~lenmeyer flask. Wash 
the crucible thoroughly with water to 
remove the remaining residue, and 
collect the washings in the flask 
containing the bulk of the residue. 
Wash down the sides of the flask with 
a small amount of water to dislodge 
any residue adhering to the inner 
walls, then proceed with ~he d~com
position and subsequent t~trat~on of 
ferrous iron as described in the 
Volumetric-Dichromate Method for 
ferrous iron (p 302). 

If the sample is known to be complete
ly soluble in hydrochloric acid, the 
addition of hydrofluoric acid during 
the decomposition step, and the sub
sequent addition of borie acid solution 
to complex the excess hydrofluoric 
acid,may be omitted. 

6. If the ferrous iron content of 
the sample was determined as described 
in Note 5, and the total iron content 
was previously determined by the 
Volumetric-Stannous Chloride-Dichro
mate Method for total iron (Procedure 
A(a), p 277), the ferric iron content 



of the sample can be calculated as 
follows: 

% Ferric iron • % total iron - (% 
metallic iron + % f errous iron) 

% Ferric iron expressed as Fe203 
= 1.430 x % ferric iron. 

7. Both low and moderate concen
trations (up to approximately 5%) of 
metallic iron can be determined 
spectrophotometrically at this stage 
by the 1,10-Phenanthroline Method 
(p 55), after dissolution of the 
salts in water containing several 
drops of concentrated hydrochloric 
acid. Alternatively, up to approxi
mately 10% can be determined by atomic
absorption spectrophotometry (p 3) 
after dissolution of the salts in 
dilute hydrochloric acid. 

Calculations 

% Metallic iron 

(Vs - VB) X FeEQ 
- X 100 Sample weight (mg) 

where: 

VS = volume (ml) of potassium di
chromate solution required by 
the sample. 

volume (ml) of potassium di
chromate solution required by 
the blank. 

FeEQ= iron equivalent (mg/ml) of the 
potassium dichromate solution. 

Ref erences 

1. G. Kraft and J. Fischer, Z. anal. 
Chem., 197, 217 (1963). 

2. United States Steel Corporation 
Applied Research Laboratory, 
Physics and Analytical Chemistry 
Division, "Determination of Forms 
of Iron in Reduced Iron Ores and 
Agglomerates", File No. RM 
2609.1, September (1970). 

3. S.C. Blum and T.D . Searl, Anal. 
Chem., ~. 150 (1971). 

314 



DETERMINATION OF LEAD IN ORES AND MILL PRODUCTS BY THE IODOMETRIC METHOD 
AFTER PRECIPITATION AS LEAD CHROMATE 

Principle 

This method1 is based on the conver
sion of insoluble lead sulphate to 
soluble lead acetate by treatment 
with sodium acetate-acetic acid solu
tion, and the subsequent precipitation 
of lead as the chromate with potassium 
dichromate. The lead chromate pre
cipitate is dissolved in dilute hydro
chloric acid-sodium chloride solution, 
and chromium (VI) is reduced to the 
trivalent state with potassium iodide 
in an approximately 0.7 M hydrochloric 
acid medium. Lead is determined by 
titration of the resultant liberated 
iodine with sodium thiosulphate, in 
the presence of Thyodene (soluble 
starch) as internal indicator. 

The corresponding reactions for these 
processes are: 

PbS04 + 2NaC2H302 

+ 

Outline 

The sample is de c omposed with hydro
chloric, nitric, hydrofluoric and 
sulphuric acids. The solution is 
evaporated to fumes of sulphur tri
oxide and the resultant impure lead 
sulpha t e precipitate and the acid
insoluble material are ultimately 
separated by filtration. 

If barium is absent, the lead sulphate 
in the resultant residue is converted 
to soluble lead acetate by digestion 

315 

of the residue with s odium acetate
acetic acid solution, and the acid
insoluble material is removed by 
filtration. The le ad in the filtrate 
is precipitated as th e chromate with 
potassium dichromate and separated by 
filtration. After dis solution of the 
precipitate, and the addition of 
potassium iodide solu tion, the liberat
ed iodine in the res ulti n g solution is 
titrated with sodium thiosulphate 
solution. 

If barium is present , t he lead sulphate 
in the residue i s co nverted to in
soluble lead carbonat e by digestion of 
the residue with ammo nium carbonate 
solution. The lead carbonate and 
barium sulphate are r emoved by filtra
tion, and the f ilt rate is combined 
with the initial fil trate. Lead 
carbonate i s subseq uently converted to 
soluble l e ad nitrat e b y treating the 
precipitate with dil ute nitric acid, 
and the resultant so lutio n is added to 
the combined filtrat es. The remaining 
residue containin g b arium sulphate and 
acid-insolubl e mat erial is re-treated 
with ammonium carb onate solution to 
ensure the co mplete conversion of any 
remaining lead sulphate to lead car
bonate, and the sol ution and precipi
tate are treated as described above. 
The lead in the c ombined filtrates is 
ultimatel y separate d as the sulphate, 
converted to solubl e lead acetate, 
precipitated a s lea d chromate, and 
d e termined as de scr ibed above. 

Discussion of inter ferences 

Barium, mercur y , an d thallium interfere 
in the determination of lead, following 
its precipitation a s the chromate from 
a dilute sodium ace tate-acetic acid 
medium, be c ause th ey also form insoluble 
chromates th a t rea ct with potassium 
iodide to produ ce f r ee iodine which is 
subsequently reduc ed by the sodium 
thiosulphate 1- 4 . S i l ver and bismuth 
interfere in a simil a r manner because 
they form chromates t hat are partly 
insoluble in sodium acetate-acetic 
acid media. 

Lead is separated fr om mercury and 
thallium, from the maj or portion of 
silver and bismuth, an d f r om cadmium, 



iron, zinc, nickel, manganese, 
aluminum, magnesium, and vanadium by 
precipitation as the sulphate from a 
dilute sulphuric acid medium. Barium, 
calcium, strontium, and chromium con
taminate the lead sulphate precipitate 
because they are completely or partly 
co-precipitated as insoluble sulphates. 
Tungsten, niobium, tantalum, and tin 
contaminate the precipitate because 
they are completely or partly co 
precipitated as insoluble hydrolysis 
compoundsl-3. Antimony is retained 
by the lead sulphate precipitatel. 

With the exception of barium, stron
tium, calcium, bismuth, and silver, 
lead is separated from moderate 
amounts of most of the above contam
inating elements by converting the 
lead sulphate to lead acetate. 
Barium, strontium, calcium, and 
bismuth sulphates are partly soluble, 
and silver sulphate is completely 
soluble in the sodium acetate-acetic 
acid solution employed for the dissolu
tion Ôf the lead sulphate. Large 
amounts of barium and bismuth sul
phates, and antimony and tin compounds 
interfere by preventing the complete 
dissolution of the lead sulphate with 
the acetate solution 1 - 3 • Large 
amounts of gelatinous silica interfere 
in a similar manner, but co-precipita
tion of silica with lead sulphate is 
avoided by removing the silica by 
volatilization as silicon tetrafluoride 
during sample decomposition. 

Interference from antimony and tin can 
be avoided by volatilizing these 
elements as the bromides from a 
hydrobromic-sulphuric acid medium. 
Interference from barium is eliminated 
by converting the lead sulphate in the 
mixed lead and barium sulphate pre
cipi ta te to lead carbonate by treat
ment of the precipitate with ammonium 
carbonate solution. The resultant 
mixed lead carbonate and barium sul
phate precipitate is subsequently 
separated by filtration, and lead is 
separated from barium sulphate by 
dissolving the lead carbonate with 
dilute nitric acid; the lead is subse
quently re-precipitated as the sul
phate2. 

Strontium and calcium do not interfere 
in the precipitation and subsequent 
separation of lead as the chromate 
because they form chromates that are 
soluble in sodium acetate-acetic acid 
media3. Interference from small 

316 

amounts of bismuth that are co-dissolv
ed with the lead sulphate is avoided 
by complexing the bismuth with citric 
acid prior to the filtration of the 
lead chromate precipitate 1 , 2 • Milli
gram-quantities of silver, that may 
co-precipitate and be co-dissolved with 
the lead sulphate, do not cause 
significant error in the lead result 
because the co-precipitated silver 
chromate is partly soluble in the 
dilute sodium acetate solution em
ployed to wash the lead chromate pre
cipitate, and is subsequently removed, 
to a certain extent, during the wash
ing step. Large amounts of silver, 
and probably large amounts of tungsten 
interfere in this method 1 • Moderate 
amounts of bismuth do not interfere. 

Range 

The method is suitable for samples 
containing more than approximately 
0.2 % of lead. 

Re agents 

Standa r d sodium thio s ulphate solution , 
0.1 N. Prepare as described in the 
Volumetric-Iodometrlc Method for 
copper (p 256). 

Standa r d potassium di c h r omate solution 
(1 ml = 5 mg of potassium di c hromate). 
Dissolve 0.5000 g of pure pulverized 
reagent (dried at 105°C for 1-2 hours) 
in water and dilute to 100 ml. 

Thyodene (soluble sta r ch) indicator 
solution , 5 % w/v. Dissolve 5 g 
each of Thyodene and potassium iodide 
in water and dilute to 100 ml. Pre
pare fresh as required. 

Potassium iodide solution , 20 % w/v. 
Prepare fresh as required. 

Sodium chlo r ide solution , saturated. 

Sodium acetate solution , saturated. 
Filter the solution, if necessar y . 

Sodium a c etate - acetic acid solution . 
Add 25 ml of concentrated acetic acid 
to 325 ml of saturated sodium acetate 
solution, and dilute to 1 litre with 
water. 

Hydr ochlo r ic acid - sodium chlor ide 
s olution . Add 150 ml each of water 
and concentrated hydrochloric acid to 
1000 ml of saturated sodium chloride 
solution and mix thoroughly. 



Potassium dichromate solution, 
saturated. 

Ammonium carbonate solution, 
saturated. 

Sodium acetate wash solution. Add 
50 ml of saturated sodium acetate 
solution to 1000 ml of water and mix 
thoroughly. 

Sulphuric acid, 50%, 10%, and 1% v/v. 

Nitric acid , 10% v/v. 

Standardization of sodium thiosulphate 
solution 

Transfer a 20-ml aliquot of the 
standard potassium dichromate solution 
(Note 1) to a 300-ml Erlenmeyer flask 
and add approximately 50 ml of water. 
Add 6 ml of concentrated hydrochloric 
acid and dilute the solution to 
approximately 90 ml with water. Add 
10 ml of freshly prepared 20% potas
sium iodide solution (Note 2), mix 
gently and, while swirling the flask, 
immediately titrate the solution with 
standard sodium thiosulphate solution 
until the brown colour of the liberat
ed iodine has almost disappeared and 
the solution is yellowish-green. Add 
5 ml of 5% Thyodene solution and 
carefully continue the titration, by 
drops, until the blue-st arch iodine 
colour has completely disappeared and 
the solution is clear green (Note 3). 
Determine the normality of the sodium 
thiosulphate solution, and calculate 
the lead equivalent (mg/ml) (1 ml of 
0.1 N sodium thiosulphate solution = 
6.906 mg of lead) (Note 4). 

Alternatively, the sodium thiosulphate 
solution can be standardized against 
pure copper metal as described in the 
Volumetric-Iodometric Method for 
copper (p 257) · 

Procedure 

Barium absent 

Transfer 0.1-2 g of powdered sample, 
containing up to approximately 100 mg 
of lead, to a 250-ml Teflon beaker. 
Add 10 ml of concentrated hydrochloric 
acid, cover the beaker with a Teflon 
cover, and boil for several minutes. 
Add 10 ml of concentrated nitric acid 
and 5 ml of concentrated hydrofluoric 
acid, boil until the decomposition of 
acid-soluble material is complete 
(Note 5), then add 12 ml of 50 % 
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sulphuric acid, remove the cover 
(Note 6), and evaporate the solution 
to fumes of sulphur trioxide (Note 7). 
Cool, wash down the sides of the beak
er with water, evaporate the solution 
to fumes again, then repeat the wash
ing and evaporation steps to ensure 
the complete removal of nitric, hydro
chloric, and hydrofluoric acids (Note 
8). Cool, add approximately 50 ml of 
water, heat gently to dissolve the 
soluble salts, and dilute the solution 
to approximately 100 ml with water 
(Notes 9 and 10). Cool the solution 
below room temperature and allow it to 
stand for approximately 1 hour. Filter 
the solution (Whatman No. 42 paper) 
into a 400-ml pyrex beaker, wash the 
beaker (Note 11), paper, and precipi
tate thoroughly with cold 1% sulphuric 
acid (Note 12), then wash the paper 
and precipitate once with cold water 
(Note 13). 

Place a 250-ml beaker under the funnel, 
punch a hole in the bottom of the 
filter paper with a pointed glass rod, 
and wash the impure lead sulphate 
precipitate into the beaker with a 
minimum amount of hot water. Wash the 
paper, including the inside flap, with 
a small amount of hot water, transfer 
it to the original Teflon beaker, and 
wash the funnel with a small amount of 
hot water. Wash down the sides of the 
Teflon beaker with 25 ml of hot sodium 
acetate-acetic acid solution, macerate 
the paper thoroughly with a glass rod, 
and digest the mixture on a hot-plate 
for 15-20 minutes. Filter the mi xture 
(Whatman No. 40 paper) into the beaker 
containing the impure lead sulphate 
precipitate, and wash the beaker, 
paper, and residue thoroughly with 
small portions of hot sodium acetate
acetic acid solution. Discard the 
paper and residue. Wash the funnel 
with a small amount of hot water, and 
heat the solution until all of the lead 
sulphate has dissolved (Note 14). 
Filter the solution (Whatman No. 40 
paper) into a 300-ml Erlenmeyer flask, 
and wash the beaker, paper, and residue 
with small portions of hot water. 
Discard the paper and residue. 

Dilute the resulting solution to appro
ximately 150 ml with water, heat to 
the boiling point and, by pipette, 
slowly add 10 ml of saturated potassium 
dichromate solution. Boil the solution 
gently for 5-10 minutes, or until the 
yellow colour of the resultant lead 



chromate precipitate changes to red 
(Notes 15 and 16). Allow the preci
pitate to settle until the supernatant 
solution is clear (Note 17), then 
filter the solution (Whatman No. 42 
paper) and wash the flask (Note 11), 
paper, and precipitate 10 times with 
10-ml portions of hot dilute sodium 
acetate wash solution, or until all 
traces of excess potassium dichromate 
solution have been removed from the 
filter paper. Discard the filtrate. 

Place the Erlenmeyer flask that con
tained the precipitate under the 
f unnel and, using 5-10-ml portions, 
dissolve the lead chromate precipitate 
with 25 ml of cold hydrochloric acid
sodium chloride solution. Using a 
wash bottle, wash the paper, including 
the inside flap, with a further 15-ml 
portion of the same solution, then, 
using 5-10-ml portions, wash the 
paper thoroughly with 40 ml of cold 
water to remove all of the yellow 
c olour. Discard the paper. Wash 
down the sicles of the flask with 10 ml 
of the hydrochloric acid-sodium 
chloride solution, add 10 ml of 20% 
potassium iodide solution, mix gently, 
and immediately proceed with the 
titration of the liberated iodine as 
described above. 

Barium present 

Following sample decomposition as 
described above, and filtration of 
the impure lead sulphate precipitate 
(Note 18), wash the paper and preci
pitate with 1 % sulphuric acid (Note 
12) as described, then 3 or 4 times 
with cold water to remove the excess 
sulphuric acid. Retain the filtrate 
and, using a jet of water, transfer 
the precipitate, as quantitatively as 
possible, to a 250-ml beaker. Retain 
the filter paper. 

Evaporate the solution containing the 
precipitate to approximately 5 ml, 
add 3 or 4 drops of concentrated 
ammonium hydroxide and 30 ml of 
saturated ammonium carbonate solution, 
cover the beaker, and boil the solu
tion gently (Note 19) for approxi
mately 10 minutes. Filter the hot 
solution (Whatman No. 40 paper) into 
the beaker containing the initial 
filtrate (Note 20), and wash the 
beaker, paper, and precipitate 
thoroughly with cold water to remove 
ammonium sulphate. Cover the funnel 
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with a watch glass (Note 21), dissolve 
the lead carbonate precipitate with 
20 ml of 10 % nitric acid, and collect 
the solution in the 400-ml beaker 
containing the combined filtrates and 
washings. Wash the watch glass, paper, 
and residue thoroughly with 10 % nitric 
acid, then wash the paper and residue 
3 or 4 times with water to remove 
excess nitric acid. 

Transfer the paper and residue to the 
250-ml beaker that contained the impure 
lead sulphate precipitate, and wash 
the funnel with a small amount of 
water. Add 5 ml of water, 3 or 4 drops 
of concentrated ammonium hydroxide, 
and 15 ml of saturated ammonium car
bonate solution to the beaker contain
ing the paper and residue. Macerate 
the paper thoroughly with a glass rod, 
cover the beaker, and di g est the 
mixture on a hot-plate for approxi
mately 15 minutes. Filter the mixture 
(Whatman No. 40 paper) into the 400-ml 
beaker containing the initial filtrate, 
the filtrate from the initial lead 
carbonate separation, and the dissolved 
lead carbonate, and wash the beaker, 
paper, and residue thoroughly with 
cold water, then with 10 % nitric acid. 
Discard the paper a nd re s idue. 

Add 2 ml o f 50 % s ulphuric a c i d and 
15 ml of concentrated hydrochloric 
acid to the resultin g solution, cov e r 
the beaker, boil vigorously to decom
pose the ammonium salts, then remove 
the cover and evaporate the s olution 
to fumes of sulphur trioxide (Note 7). 
Cool, wash down the sicles of the 
beaker with water, evaporate the solu
tion to fumes of sulphur trioxide 
again, then repeat the washin g and 
evaporation steps to ensure the com
plete removal of hydrochlori c and 
nitric acids. Cool, add approximatel y 
50 ml of water, heat gentl y to dis
solve the salts, and dilute the solu
tion to approximately 100 ml with 
water (Notes 9 and 10). Cool the 
s-0lution below room temperature, allow 
it to stand for 1 hour, th e n, usin g 
the same filter paper that was em
ployed for the filtration of the 
initial impure lead sulphate precipi
tate, proceed with the filtration and 
washing of the resultant impure lead 
sulphate precipitate (Note 22); the 
treatment of the filter paper with 
sodium acetate-acetic acid solution 
in the original Teflon beaker; the 
dissolution of the lead sulphate 



precipitate with the sodium acetate
acetic acid solution; the precipita
tion of lead chromate; and the subse
quent titration of the liberated 
iodine as described above. 

Notes 

1. Because the separation o f lead 
as the sulphate from dilute sulphuric 
acid media is not quite quantitative 
(Note 13), standardization of the 
sodium thiosulphate solution against 
pure lead met al (e. g., 0 .1 g), dis
solved in concentrated nitric acid 
and carried through the initial pro
cedure described, is recommended in 
routine work to minimize error re-
sult ing from the solubility of lead 
sulphate. A 0.1000-g portion of lead 
theoretically requires 14.48 ml of 
0.1 N sodium thiosulphate solution. 
The lead equivalent (mg/ml) of the 
sodium thiosulphate solution can 
subsequently be determined by direct 
calculation. In exact work (Note 13), 
the sodium thiosulphate solution 
should be standardized against pure 
potassium dichromate or, alternatively, 
against pure copper metal as described, 

2. The solution should be titrated 
immediately after the addition of 
potassium iodide solution to prevent 
error resulting from the loss of 
iodine by volatilization , and from the 
liberation of iodine by air-oxidation 
of iodide ion, according to the 
reaction 

4I- + Oz + 4H+ + 2Iz + 2Hz0. 

The rate of air-oxidation of iodide 
ion is increased by increased acidity 
and by sunlight. Consequently, the 
titration should not be performed in 
direct sunlight , and solutions con
taining iodide should be prepared just 
before use or kept in brown bottles 5 . 
Alternatively, 2 g of solid potassium 
iodide can be employed instead of a 
20% solution. 

The reactions for the processes in
volved in the standardization of 
sodium thiosulphate solution with 
potassium dichromate are 
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3. A sheet of white paper placed 
under the flask assists in the recog
nition of the end-point. A 20-ml 
portion of the potassium dichromate 
solution (i.e,, 100 mg) requires 20.39 
ml of 0.1 N sodium thiosulphate solu
tion, 

4. Because sodium thiosulphate 
solutions slowly change in concentra
tion on standing, the standard solu
tion should be re-standardized 
periodically. If the concentration 
has decreased by more than approxi
ma tely 1%, a fresh solution should be 
prepared. Once decomposition has 
started, it generally proceeds 
rapidly 6 . 

S. Additional hydrochloric acid may 
be required at this stage to dissolve 
precipitated lead chloride. 

6. If the sample contains antimony 
and/or an appreciable amount of tin, 
proceed as follows: 

Add 1 0 ml o f co nce n t r ated hydrobromic 
aci d and e vapora te t h e solution to 
fum e s of su l phur t r ioxide (Note ?) . 
Cool , wash do wn t he side s of the 
be a ke r with wa te r, add a further 10- ml 
port i on o f hy dr ob r omic acid, evaporate 
t he s olut i on to f umes again , then pro 
c ee d as des crib e d. 

Arsenic and some mercury are also 
volatilized as the bromides by the 
above procedure. 

7. If the sample contains bis muth, 
the solution should be fumed at a 
relatively low temperature (approxi
mately 250°C) to minimize the co
precipitation of bismuth with lead 
sulphate. Bismuth is heavily co
precipitated if the solution is fumed 
strongly at high temperatures ( e .g., 
350-400 ° C) 3 • 

8. Low results will be obtained for 
lead if the excess nitric and h y dro
chloric acids are not completely e x 
pelled from the solution 2 • 

9. If the sample contains tin, which 
was not previously removed by volati
lization as the bromide (Note 6), the 
solution should be filtered without 
delay after dilution with water. On 
standing, stannic sulphate tends to 
hydrolyze and form insoluble compounds 
that contaminate the lead sulphate 



precipitate, and may subsequently pre
vent the complete dissolution of the 
lead sulphate in sodium acetate-acetic 
acid solutionl-3 . 

10. The loss of lead resulting from 
the slight solubility of lead sulphate 
in dilute sulphuric acid media (Note 
13) can be reduced to negligible pro
portions by diluting the solution to 
100 ml with ethyl or methyl alcohol at 
this stage. However, this procedure 
is not recommended for samples that 
contain elements that form sparingly 
soluble sulphates [e.g., iron (III), 
chromium and, particularly bismuth, 
calcium, strontium, and silver] be
cause of the resultant increased con
tamination of the lead sulphate 
precipitatel-3 . This may result in 
incomplete separation of lead from the 
impure lead sulphate precipitate 
during the subsequent treatment of the 
precipitate with sodium acetate-acetic 
acid solution. 

11. It is not necessary to trans
fer the precipitate quantitatively to 
the filter paper. 

12. If the sample contains an 
appreciable amount of bismuth and/or 
iron, the precipitate should be washed 
with 10% sulphuric acid to maintain 
bismuth in solution, and to prevent 
the formation of the difficultly 
soluble basic ferric sulphate 2 . 

13. According to data on the 
equilibrium solubility of lead sulphate 
in solutions of sulphuric acid 7 , appro
ximately 0.5 mg of lead, for each 100 
mg in the sample, remains in the 
filtrate when lead sulphate is preci
pitated from an ap~roximately 5 % sul 
phuric acid medium . In exact work, 
the small amount of lead remaining in 
the filtrate can be determined by 
atomic-absorption spectrophotometry 
and added to the result obtained, 
followi ng evaporation of the filtrate 
to 1-2 ml; dissolution of the soluble 
salts in concentrated nitric acid; 
conversion of lead sulphate to lead 
carbonate by treatment with ammonium 
carbonate in an ammoniacal medium; 
separation of the mixed hydrous oxide 
of lead and lead carbonate by occlu
sion with hydrous ferric oxidei and 
subsequent conversion to soluble lead 
nitrate, as described in the atomic
absorption spectrophotometric method 
for the determination of lead in 
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sulphide ores and mill products (p 19). 

14. Additional sodium acetate-acetic 
acid solution may be required to dis
solve all of the lead sulphate. How
ever, the resulting solution should 
not contain more than approximately 
75 ml of this solution, prior to the 
precipitation of lead chromate 1 • 

15. The crystalline red or orange 
compound is of definite composition 
and may be quickly filtered and washed. 
The yellow precipitate is of indefinite 
composition, yields high results for 
lead, and is difficult to wash 2 . 

16. If the sample contains bismuth, 
or bismuth is not known to be absent, 
add 2 g of citric acid to the result
ing solution to complex bismuth, and 
stir to dissolve, prier to the filtra
tion of the lead chromatel • 2 . 

17. If sufficient potassium dichro
mate is present, the supernatant solu
tion should be yellow. 

18. The precipitate containing the 
lead and barium sulphates should be 
transferred, as quantitatively as 
possible, to the filter paper. Re 
serve the Teflon beaker for the sodium 
acetate-acetic acid treatment of the 
filter paper after the subsequent second 
filtration of the impure lead sulphate 
precipitate (Note 22) through the same 
filter paper. 

19. To prevent rapid decomposition 
of the ammonium carbonate and, conse
quently, incomplete conversion of the 
lead sulphate to lead carbonate, the 
solution should n o t be boiled too 
vigorously at this stage. 

20 . The filtrate is combined with 
the initial filtrate to avoid loss of 
lead resulting from the slight solu
bility of lead carbonate in th e 
ammonium sulphate solution which is 
produced during the conve rsi on of lead 
sulphate to lead carbonate by treat
ment with ammonium carbonate solution 2 . 

21 The funnel should be covered to 
avoid loss of lead by spraying during 
the subsequent decomposition of the 
lead carbonate with dilute nitric acid. 



22. By combining the initial 
filtrate from the impure lead sulphate 
precipitate with the filtrates from 
the lead carbonate separation, and by 
dissolving the lead carbonate into the 
same solution, followed by re-evapora
tion of the solution to fumes of 
sulphur trioxide and re-precipitation 
of the impure lead sulphate, a second 
loss of lead, resulting from the solu
bility of lead sulphate in dilute 
sulphuric acid medium (Note 13), is 
avoided. 

Calculations 

Normality of sodium thio
sulphate solution (NNaTS) 

Weight of potassium dichromate in 

aliq uot taken (g) 

0 .04 904 X V 

where: 

V = volume (ml) of sodium thiosulphate 
solution required by the iodine 
liberated by the potassium 
dichroma te. 

Lead equival ent (mg/ml) of the 
sodium thiosulphate solution (PbEQ) 

1 
= NNaTS x 3 x 207.2 

% Pb vs X PbEQ X 100 
Sample weight (mg) 

where: 

V = volume (ml) of sodium thio
S sulpha te solution required by 

the sample. 

Other appl ication s 

This method can be employed to deter
mine lead in copper- and zinc-base 
alloys. 
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DETERMINATION OF MANGANESE IN MANGANESE AND IRON ORES AND MILL PRODUCTS 
BY POTENTIOMETR IC TITRATION WITH POTASS 1 UM PERMANGANATE 

Principle 

This method 1 • 2 is based on that devel
oped by Lingane and Karplus3, and 
involves the oxidation of manganese 
(II) to the trivalent state with 
potassium permanganate in a weakly 
acid (pH 6.5) medium. Manganese is 
determined by potentiometric titration 
in the presence of pyrophosphate ion 
(0.2-0.3 M), which forms a stable, 
intensely coloured, reddish-violet 
complex with the manganese (III) pro
duced, according to the reaction 

4Mn+ 2 + Mn04-+ 8H+ + 15H2P207- 2 

~ 5Mn(H2P207)3-3+ 4H20. 

Outline 

The sample is decomposed with hydro
chloric, nitric, and perchloric acids, 
and the solution is evaporated to 
fumes of perchloric acid to oxidize 
various sample components and to de
hydrate silica. The acid-insoluble 
material is ultimately removed by 
filtration and ignited. Silica is 
subsequently removed by volatilization 
as silicon tetrafluoride. The re
sultant residue is fused with sodium 
carbonate, the melt is dissolved in 
the initial filtrate, and chromium, if 
present, is removed by volatilization 
as chromyl chloride. The manganese in 
the resulting solution is ultimately 
titrated with potassium permanganate 
solution. 

Discussion of interferences 

Most of the elements or substances 
that interfere in this method by 
oxidizing manganese (II) [e.g., 
chlorine and chromium (VI)] or by re
ducing permanganate ion [e.g., oxides 
of nitrogen, iron (II), vanadium (IV), 
and cerium (III)] 3- 5 are removed or 
oxidized during sample decomposition 
by evaporation of the solution with 
perchloric acid. Interference from 
chromium (VI) is avoided by volatiliz
ing it as chromyl chloride from a 
hydrochloric -perchloric acid medium. 
Vanadium (V) and cerium (IV), if pre
sent in the sample or produced during 
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sample decomposition, partly oxidize 
manganese (II) to the trivalent state. 
However, large amounts of these ions 
(approximately 50-60 times the amount 
of manganese present) do not interfere 
in the determination of manganese 
because the resultant vanadium (IV) 
and cerium (III) are subsequently re
oxidized by potassium permanganate 
during the titration procedure 4 • 5 . 

Large amounts of chloride, sulphate, 
nitrate, chlorate, perchlorate, 
arsenate, iron (III), cobalt, nickel, 
copper, zinc, cadmium, aluminum, 
magnesium, tin, antimony, lead, 
chromium (III), molybdenum (VI), 
tungsten (VI), and uranium (VI) do not 
interfere 3- 5 • 

Range 

The method is suitable for manganese 
ores and mill products, and iron ores 
and mill products containing more than 
approximately 0.8 and 0.4% of manganese, 
respectively. 

Apparatus 

Apparatus for the potentiometric 
titration of manganese. Illustrated 
in Figure 1 (p 250) of the Potentio
metric-Ferrous Ammonium Sulphate Method 
for chromium. 

Re agents 

Standard potassium permanganate solu
tion, 0.1 N. Prepare as described in 
the Volumetric-Oxalate Method for 
calcium (p 242). 

Hydrogen peroxide, 3% w/v. Dilute 10 
mi of 30% hydrogen peroxide to 100 ml 
with water. 

Sodium hydroxide solution , 20% w/v. 
Prepare fresh as required (Note 1). 

Sodium pyrophosphate solution, 
saturated (Note 2). 

Hydrochloric acid , 50% and 10% v/v. 

Sulphuric acid, 50% v/v. 



Standardization of potassium perman
ganate solution 

Standardize the solution against pure 
sodium oxalate as described in the 
Volumetric-Oxalate Method for calcium 
(p 242). Correct the result obtained 
by subtracting that obtained for a 
blank that is carried through the same 
procedure. Determine the normality of 
the potassium permanganate solution, 
and calculate the manganese equivalent 
(mg/ml) (1 ml of 0.1 N potassium per
manganate solution = 4.395 mg of 
manganese) (Note 3). 

Alternatively, the potassium perman
ganate solution can be standardized 
against a sample of manganese ore of 
known manganese content, by carrying 
the sample through the described pro
cedure, and the manganese equivalent 
can be determined by direct calcula
tion. 

Procedures 

In these procedures a reagent blank is 
carried along with the samples. 

Manganese ores and mill products 

Transfer 0.2-0.5 g of powdered sample, 
containing up to approximately 200 mg 
of manganese, to a 250-ml beaker, and 
add 10 ml each of concentrated hydro
chloric and nitric acids, and 15 ml of 
concentrated perchloric acid. Caver 
the beaker, heat gently until the 
decomposition of acid-soluble 
material is complete, then evaporate 
the solution to fumes of perchloric 
acid, and continue fuming for appro
ximately 10 minutes (Note 4). Cool, 
add 50 ml of water and heat gently to 
dissolve the soluble salts (Note 5). 
Filter the resulting solution (What
man No. 42 paper) into a 600-ml beaker, 
transfer the residue quantitatively 
to the filter paper, and wash the 
paper and residue with hot 10 % hydro
chloric acid, then thoroughly with hot 
water to remove perchlorates. 

Transfer the paper and contents to a 
30-ml platinum crucible, burn off the 
paper at a low temperature, and ignite 
at approximately 800°C. Cool the 
crucible, and add 1 ml each of concen
trated nitric acid and 50% sulphuric 
acid, and 5 ml of concentrated hydro
fluoric acid. Heat gently to decom
pose the residue, then evaporate the 
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solution to dryness to remove silica 
and excess sulphuric acid. Fuse the 
residue with 1-2 g of sodium carbonate, 
allow the melt to cool, then transfer 
the crucible and contents to the beak
er containing the initial filtrate, 
and add 5 ml of ~oncentrated hydro
chloric acid in small increments. 
When dissolution of the melt is com
plete, remove the crucible after wash
it thoroughly with hot water, and 
evaporate the solution to fumes of 
perchloric acid. 

Caver the beaker and, if chromium is 
present, add concentrated hydro
chloric acid in small increments, and 
evaporate the solution to fumes of 
perchloric acid after the addition of 
each increment until no further 
chromyl chloride (i.e., orange vapour) 
is expelled. Evaporate the resultin g 
solution to 2-3 ml, or until the 
sodium salts begin to cryst a llize. 
Cool, add 10 ml of 50 % hydrochloric 
acid and 1 ml of 3% hydrogen peroxide, 
and boil the solution for 4-5 minutes 
to expel hydrogen peroxide. Add 250-
300 ml of cold saturated sodium 
pyrophosphate solution, then, using a 
pH meter, adjust the pH of the result
ing solution to 6.5 (Note 6) with 20% 
sodium hydroxide solution, and concen
trated hydrochloric acid, if required 
(Note 7). Cool the solution to 10-
200C, and titrate the manganese 
potentiometrically (Note 8) with 0.1 N 
potassium permanganate solution. 
Correct the result obtained for the 
sample by subtracting that obtained 
for the reagent blank. 

Iron ores and mill products 

Transfer 1 g of powdered sample to a 
250-ml beaker and add 30 ml of con
cent rated hydrochloric acid . Caver 
the beaker, and heat gently, without 
boiling, until the decomposition of 
acid-soluble material is complete. 
Add 10 ml of concentrated nitric acid 
and 15 ml of concentrated perchloric 
acid, and evaporate the solution to 
fumes of perchloric acid. Co ntinue 
fuming for approximately 10 minutes, 
then proceed with the filtration, the 
decomposition of the residue, the 
volatilization of chromium, if present, 
and the subsequent titration of man
ganese as described above . 



Notes 

1. The sodium hydroxide solution 
employed should be free of reducing 
substances; these are present if a 
green colour, indicating the reduc
tion of permanganate ion to manganate 
ion, is formed on the addition of 1 
drop of 0.1 N potassium permanganate 
solution to a 10-ml portion of the 
sodium hydroxide solution3. 

2. Because pyrophosphate ion slowly 
hydrolyzes in cold neutral solutions, 
solutions of sodium pyrophosphate that 
are more than 2-3 weeks old should not 
be employed. Sorne batches of the 
reagent contain impurities that cause 
erratic potential readings and yield 
high blanks. Each new batch should 
be tested by using it in the titration 
of a known amount of manganese, and 
only batches which rapidly provide 
steady potentials should be employed 3 . 

3. The apparent concentration 
(i.e., 0.1 N) of the potassium per
manganate solution employed is based 
on the usual valence change of 
manganese in acid solution from 7 to 
2. Although this concentration 
applies in the titration of sodium 
oxalate, according to the reaction 

(+7) 
2KMn04+5Na2C204+8H2S04t, 

(+2) 
+ K2S04+2MnS04+5Na2S04+8H20+lOC02+, 

the actual normality of the solution 
for the reaction involved in this 
method is 0.08 (i.e., 4/5 x 0.1) 
because manganese (VII) is reduced to 
manganese (III) - a valence change of 
4 instead of 5 - during the oxidation 
of manganese in the sample from the 
divalent to the trivalent state. 
Consequently, the manganese equivalent 
of the potassium permanganate solution 
employed = 0.1 x 4/5 x 54.94 mg of 
manganese per ml. 

4. The sample solution must be 
fumed strongly with perchloric acid 
to ensure the complete oxidation of 
various sample constituents, particu
larly vanadium. 

5. If some manganese has separated 
as manganese dioxide, add 2-3 drops 
of 3% hydrogen peroxide at this stage 
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to dissolve the brown dioxide, then 
boil the solution for approximately 
4-5 minutes to remove excess hydrogen 
peroxide. 

6. Although the titration can be 
performed successfully at pH values 
between approximately 1 and 8, the 
potential break at the equivalence 
point is maximal when the pH of the 
solution is between 6 and 7. Below 
pH 6 the magnitude of the potential 
break decreases considerably. Above 
pH 8 no break is observed at the point 
corresponding to the oxidation of 
manganese to the trivalent state, 
because the pyrophosphate complex of 
manganese (III) is unstable and dis
proportionates into hydrous manganese 
dioxide and manganese (II)3. 

7. The solution should be clear 
and colourless at this stage. If a 
pink colour due to permanganate ion 
is observed, the solution ~hould be 
discarded and the analysis repeated. 
If a white precipitate (i.e., mangan
ous pyrophosphate) forms, clarify the 
solution, while maintaining a pH of 
6.5, by adding more sodium pyrophos
phate solution. 

8. With relatively pure manganese 
solutions and a sodium pyrophosphate 
concentration between 0.2-0.3 M, the 
equivalence point potential, at pH 
6-7, is approximately +0.47 volt vs. 
the saturated calomel electrode. A 
slightly lower value is usually found 
in the presence of large amounts of 
other metal ions, The magnitude of 
the potential change at the equi
valence point (i.e., the maximal 
value of ôE/ôV) is between 100 and 
200 milliv~lts per 0.1 ml of potassium 
permanganate solution3. 

Calculations 

Manganese equivalent (mg/ml) of the 
potassium permanganate solution 
(MnEq) = N x 4 x 54.94 

5 
where: 

N = normality of the potassium per
manganate solution. 

(Vs - VB) X MnEQ 
% Mn = X 100 Sample weight (mg) 



where: 

V = s volume (ml) of potassium per
manganate solution required by 
the sample. 

volume (ml) of potassium per
manganate solution required by 
the blank. 

% MnO = 1.291 x % Mn 

Other applications 

With modifications in the decomposi
tion procedure, this method can be 
employed to determine manganese in 
ferromanganese, silicomanganese, 
speigeleisen, cast iron, steel, and 
bronze 3 • 
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DETERMINATION OF MOLYBDENUM IN MOLYBDENUM ORES AND MILL PRODUCTS BY 
TITRATION WITH POTASSIUM PERMANGANATE AFTER REDUCTION IN A JONES REDUCTOR 

Princip le 

This methodl-3 is based on the reduc
tion of molybdenum to the trivalent 
state, in an approximately 1 M sul
phuric acid medium, by passing the 
solution through a column of amalga
mated zinc. The reduced compound, 
which is susceptible to air-oxidation, 
is collected in a nitrogen atmosphere 
in a solution containing an excess of 
ferric sulphate. Molybdenum is 
determined by titration of the result
ant iron (II) and molybdenum (V) 
[formed during the reaction of 
molybdenum (III) with ferric sulphate] 
with potassium permanganate. 

The corresponding reactions for these 
processes are: 

2Mo04- 2 + 3Zn + 16H+ 

+ 2Mo+ 3 + 3Zn+ + 8Hz0 

Mo+ 3 + 2Fe+ 3 + Mo+ 5 + 2Fe+ 2 

5Mo+ 5 + 10Fe+ 2 + 24H+ + 3Mn04 -

Outline 

Molybdenite ores and mill products are 
decomposed with nitric and sulphuric 
acids, and the solution is evaporated 
to fumes of sulphur trioxide to re-
move excess nitric acid. The acid
insoluble material is ultimately 
removed by filtration and ignited. 
Silica is subsequently removed by 
volatilization as silicon tetrafluoride. 
The resultan~ residue is fused with 
sodium carbonate, and the melt is dis
solved in the initial filtrate. Chrom
ium (VI), if present, is reduced with 
hydrogen peroxide, and chromium (III), 
iron, arsenic, and certain other inter
fering elements (titanium, uranium, 
niobium, and some antimony and tin) are 
precipitated as the hydrous oxides with 
ammonium hydroxide, and separated from 
molybdenum by filtration. After dis
solution of the precipitate, the 
hydrous oxides are re-precipitated 
twice to recover the occluded molybde
num, and the f iltrates are combined 
with the initial filtrate; 

If tungsten, nickel, and vanadium 
are absent, the combined filtrates 
are acidified with perchloric acid, 
and the excess ammonium salts are 
decomposed by treatment with nitric 
and hydrochloric acids. After re
moval of nitric acid by evaporation 
with sulphuric acid, copper, if 
present, is ultimately reduced to 
the metallic state with zinc metal, 
and separated from molybdenum by 
filtration. The molybdenum in the 
resultant filtrate, or the preceding 
solation if copper is absent, is 
ultimately reduced by passing the 
solution through the Jones reductor, 
and the solution is collected in a 
solution containing excess ferric 
sulphate. The molybdenum (V) and 
iron (II) in the resulting solution 
are titrated with potassium per
manganate solution. 

If tungsten, nickel, and/or vanadium 
are present, some nickel and platinum 
and certain other elements (zinc, 
cobalt, and cadmium) are precipitat
ed as the sulphides with ammonium 
sulphide in the combined ammoniacal 
filtrates obtained after the separa
tion of iron, arsenic, and other 
elements, and separated from molyb
denum by filtration. Molybdenum is 
subsequently precipitated as the 
trisulphide in a tartaric-sulphuric 
acid medium, and separated from 
vanadium, tungsten, and residual 
nickel by filtration. The residual 
molybdenum in the filtrate is 
ultimately recovered as the sulphide 
and the precipitates are combined. 
After dissolution of the precipitate 
with nitric and sulphuric acids, and 
the removal of nitric acid by eva
poration with sulphuric acid, the 
molybdenum in the resulting solution 
is ultimately determined as describ
ed above, after the separation of 
copper, if present, by reduction with 
zinc metal. 

Wulfenite ores and mill products are 
decomposed as described above and the 
solution is evaporated to fumes of 
sulphur trioxide. Arsenic is reduced 
to the trivalent state with sulphurous 
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acid, and separated from moly b denum 
by volatilization as the trichl o ride . 
Lead sulphate and acid-insoluble 
material are ultimately separated by 
filtration, and the residue is digest
ed in slightly ammoniacal ammonium 
acetate solution to dissolve the lead 
sulphate. The remaining residue is 
ignited, and silica is removed by 
volatilization as silicon tetrafluor
ide. The resultant residue is fused 
with sodium carbonate, and the melt is 
dissolved in the initial filtrate. 
Iron, chromium, residual arsenic and 
other interf ering elements are subse
quently precipitated as the hydrous 
oxides and separated from molybdenum 
as described above. After the addi
tion of tartaric acid to the combined 
ammoniacal filtrates, some nickel and 
platinum are separated from molybde
num by an ammonium sulphide separa
tion, and molybdenum is subsequently 
separated from tungsten, vanadium, 
and residual nickel by precipitation 
as thé trisulphide and determined as 
described above. 

Discussion of interf erences 

Iron, chromium, titanium, uranium, 
vanadium, niobium, and tungsten inter
fere in the determination of molybde
num because they are also reduced to 
lower valence states by amalgamated 
zinc, and subsequently react with 
either the ferric sulphate employed 
for the collection of the molybdenum 
(III), or with the potassium perman
ganate employed as titrant 3- 5 • Copper, 
nickel, arsenic, antimony, and tin are 
reduced to the elemental state and 
contaminate the reductor 4 • 5 . Nitric 
acid is reduced to hydroxylamine which 
is oxidized by the titrant 4 . Organic 
material causes high results for 
molybdenum because it is oxidized by 
the titrant 3 . 

Interference from iron, chromium, 
titanium, uranium, niobium, antimony, 
and tin is eliminated by separating 
these elements, and vari o us other 
elements (e.g., zirconium, aluminum, 
beryllium, bismuth, tantalum , selenium, 
and tellurium) f rom molybdenum by 
precipitation as the hydrous oxides 
with ammonium hydroxide . Interference 
from small amounts of arsenic (up to 
approximately 10 mg) is avoided by 
separating it by occlusi o n with 
hydrous ferric oxide 1- 3 . Interference 
from large amounts of arsenic is 

eliminated by volatilizing it as the 
trichloride from a hydrochloric
sulphuric acid medium 3 • Copper is 
separated from molybdenum by reducing 
it to the metallic state with zinc 
metal. 

Sorne nickel and platinum are separat
ed from molybdenum by precipitation 
as the sulphides with ammonium sul
phide. Molybdenum is separated from 
tungsten, vanadium, and residual 
nickel by precipitating it as the 
trisulphide from a dilute sulphuric
tartaric acid mediuml-3, 

Lead, which is present in wulfenite 
ores and mill products, and which 
interferes because it forms insoluble 
lead molybdate during the ammonium 
hydroxide separation of iron, arsenic, 
and other el9ments, is separated from 
molybdenum as lead sulphate prior to 
the ammonium hydroxide separation step. 
Lead sulphate is subsequently separat
ed from the molybdenum-bearing acid
insoluble residue by digestion of the 
residue with ammonium acetate solu
tion1•3. 

Interference from carbonaceous 
material, introduced from filter 
paper, is eliminated by oxidizing it 
with nitric acid and/or potassium 
permanganate prior to the reduction of 
molybdenum. Nitric acid is removed 
by evaporation with sulphuric acid. 
Platinum, introduced in small amounts 
from fusions of the acid-insoluble 
residue in platinum vessels, is re
duced to the metallic state in the 
upper part of the reductor column 
and does not interfere4,5. 

The method is suitable for samples 
containing more than approximately 
0.5% of mol y bdenum. 

Apparat us 

Apparatus for the reduction of 
molybdenum . Illustrated in Figure 1. 

Reagents 

Standard potassium permanganate 
solution, 0.1 N. Prepare as describ
ed in the Volumetric-Oxalate Method 
for calcium (p 242). 
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FIGURE 1. Apparatus (Jones reductor) 
for the reduction of 
molybdenum 

A - Reservoir (approximately 150 ml 
capacity). 

B - Glass-wool. 
C - Column of amalgamated zinc 

(3 x 17 cm). 
D - Glass beads. 
E - Nitrogen-inlet (gas-dispersion) 

tube. 
F - Titration vessel (1-litre 

Erlenmeyer flask). 
G - Reductor tube. 
H - Rubber stopper. 
I - Nitrogen-outlet tube. 
J - Ball and socket joint. 
K - Clamp. 
L - Perforated porcelain dise. 
M - Clamp. 

Reagents (continued) 

Amalgamated zinc. Add approximately 
800 g of 10-mesh zinc metal (iron 
content as low as possible) to a 1-
litre flask, and add sufficient 8% 
hydrochloric acid to cover the zinc. 
Allow the mixture to stand for appro
ximately 1 minute, then pour off the 
acid (Note 1). Add approximately 
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400 ml of 2.5% mercuric chloride 
(HgCl2) solution, shake the mixture 
for 2-3 minutes, and decant the solu
tion from the zinc. Wash the result
ing zinc-mercury amalgam several 
times, by decantation, with 2% 
sulphuric acid, then thoroughly with 
water. Use the washed amalgam to 
prepare the reductor column (Figure 1) 
(Notes 2 and 3). 

Ferri~ sulphate solution, 10% w/v. 
Dissolve 100 g of anhydrous ferric 
sulphate or an equivalent amount of 
hydrated reagent, in 1 lit~e of hot 
2% · sulphuric acid. Cool the solution, 
and oxidize any ferrous iron present 
by adding 2.5% potassium permanganate 
solution, by drops, until the solution 
is just slightly pink. 

Potassium permanganate solution, 2.5% 
w/v. 

Sulphurous acid solution. Water 
saturated with sulphur dioxide. 

Ammonium hydroxide, 25% and 15% v/v. 

Ammonium acetate solution (slightly 
ammoniacal), 32% w/v. Mix 180 ml of 
concentrated ammonium hydroxide with 
200 ml of water, and add 120 ml of 
concentrated acetic acid. 

Sulphuria aaid, 50%, 8%, 6%, 5%, and 
2% v/v. 

Zinc (20-mesh) granules, high-purity 
(iron content 0.002% or less). 

Hydrogen sulphide (aylinder) gas . 

Hydrogen sulphide-tartaric aaid wash 
solution. Dissolve 20 g of tartaric 
acid in 1 litre of 1% sulphuric acid, 
and saturate the resulting solution 
with hydrogen sulphide. 

Ammonium acetate wash solution, 5% 
w/v. 

Ammonium sulphide-ammon i um tartrate 
wash solution. Dissolve 10 g of 
ammonium tartrate in 1 litre of 1% 
ammonium hydroxide, and saturate the 
resulting solution with hydrogen 
sulphide. 



Standardization ~ potassium 
permanganate solution 

Standardize the solution against pure 
sodium oxalate as described in the 
Volumetric-Oxalate Method for calcium 
(p 242). Correct the result obtained 
by subtracting that obtained for a 
blank that is carried through the same 
procedure. Determine the normality of 
the potassium permanganate solution, 
and calculate the molybdenum equiva
lent (mg/ml) (1 ml of 0 .1 N potassium 
permanganate solution = 3.198 mg of 
molybdenum). 

Procedures 

A - Molybdenite ores and mill products 

(a) Tungsten, nickel, and vanadium 
absent 

Transfer 0.5-4 g of powdered sample, 
containing up to approximately 300 mg 
of molybdenum and 150 mg of iron (Note 
4), to a 250-ml beaker and, depending 
on the amount of sample taken, add 
10-35 ml of concentrated nitric acid. 
Add 25 ml of 50% sulphuric acid, caver 
the beaker, heat gently until the de
composition of the sample or acid
soluble material is complete, then 
remove the caver and evaporate the 
solution to dense fumes of sulphur 
trioxide (Note 5). Cool, wash down 
the sides of the beaker with water, 
and evaporate the solution to fumes 
again to ensure the complete removal 
of nitric acid. Cool, add approxi
mately 50 ml of water and boil the 
solution to dissolve the soluble 
salts. Filter the resulting solution 
(Whatman No. 40 paper) into a 250-ml 
beaker, transfer the residue quantita
tively to the filter paper, and wash 
the paper and residue thoroughly with 
hot water, then 6-8 times with 5-ml 
portions of hot 25% ammonium hydroxide 
follow ed by hot water. 

Transfer the paper and residue (Note 
6) to a 30-ml porcelain crucible (Note 
7), burn off the paper at a low temp
erature, and ignite at approximately 
400-450°C (Note 8). Cool the crucible, 
transfer the residue to a 30-ml 
platinum crucible, and add 1 ml of 50% 
sulphuric acid and 3-5 ml of concen
trated hydrofluoric acid. Heat gently 
to decompose the residue, then evapor
ate the solution to dryness to remove 
silica and excess sulphuric acid. 
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Fuse the residue with 1-2 g of sodium 
carbonate, cool, and transfer the 
crucible and contents to the beaker 
(covered) containing the initial 
filtrate. Allow the solution to stand 
until the dissolution of the melt is 
complete, then remove the crucible 
after washing it thoroughly with hot 
water. Add 0.5-1 ml of 30% hydrogen 
peroxide to reduce any chromium (VI) 
present, and boil the solution for 
approximately 10 minutes to expel 
carbon dioxide and to remove excess 
hydrogen peroxide. 

Cool the solution to room temperature 
and, if necessary, add sufficient 10 % 
ferric sulphate solution so that 
approximately 100-150 mg of iron are 
present (Note 9). Caref ully add 
concentrated ammonium hydroxide, by 
drops, until the solution is nearly 
neutral but still clear yellow (Note 
10). Heat the solution almost to the 
boiling point and, while stirring 
vigorously, slowly pour it into a 
second 250-ml beaker containing 75 ml 
of hot (nearly boiling) 15 % ammonium 
hydroxide solution ( No te 11). Wash 
the first beaker with hot water, then 
with a small amount of hot 15 % 
ammonium hydroxide, a nd add the wash
ings to the second beaker. Boil the 
solution for approximately 1 minut e, 
and allow the precipitate to settle . 
Add a small amount of paper pulp, 
filter the solution (Whatman No. 540 
paper) into an 800-ml beaker, and wash 
the beaker, paper, and precipitate 
thoroughly with hot water. Using a 
jet of hot water, transfer the bulk of 
the precipitate to the first beaker, 
add sufficient hot 50 % sulphuric acid 
to dissolve the precipitate, then add 
1-2 ml in excess. Add concentrated 
ammonium hydroxide, by drops, until 
the solution is nearly neutral, then 
re-precipitat e the hydrous oxides as 
described above and, using the same 
filter paper, filter the solution into 
the beaker containing the initial 
filtrate. Wash the beaker, paper, and 
precipitate with hot water. Re
dissolve the precipitate as described 
above, repeat the precipitation and 
filtration procedure, and discard the 
paper and precipitate. 

Neutralize the combined filtrates with 
concentrated perchloric acid, add 10 
ml in excess, and evaporate the solu
tion to approximately 100 ml. Add 
60 ml of concentrated nitric acid and 



20 ml of concentrated hydrochloric 
acid, cover the beaker, and heat the 
solution gently until the vigorous 
reaction ceases. Remove the cover, 
evaporate the solution to approximate
ly 50 ml, then add 30 ml of concentrat
ed nitric acid and 10 ml of concentrat
ed hydrochloric acid, cover the beaker, 
and heat the solution again until 
the reaction ceases. Remove the 
cover, wash down the sides of the 
beaker with water, and evaporate the 
solution to dryness. Cool, add 13 ml 
of 50% sulphuric acid and heat gently 
to dissolve the salts (Note 12). Cool 
the solution to room temperature, add 
2.5% potassium permanganate solution, 
by drops, until a permanent red tint 
is obtained, and evaporate the solu
tion to fumes of sulphur trioxide. 
Cool, wash down the sides of the 
beaker with water, evaporate the solu
tion to fumes again to ensure the com
plete removal of nitric acid, and cool 
to room temperature. 

In the absence of copper, add approxi
mately 100 ml of water and, if necess
ary, sufficient 50% sulphuric acid so 
that approximately 6 ml of the concen
trated acid are present, and boil the 
solution for several minutes. Cool the 
solution to room temperature, and add 
2.5% potassium permanganate solution, 
by drops, until the solution is just 
slightly pink (Note 13). 

Wash the Jones reductor (Figure 1) 5 
times with approximately 75-ml por
tions of warm (40-50°C) 5% sulphuric 
acid, if it has not been in use for 
some time. Discard the washings 
(Notes 14 and 15). Add 35 ml of 10% 
ferric sulphate solution and 5 ml of 
concentrated phosphoric acid (Note 16) 
to the 1-litre Erlenmeyer titration 
flask F, then add sufficient water so 
that the tip of the reductor tube G 
dips well beneath the surface of the 
solution when the flask is capped with 
the rubber stopper fitted with the 
reductor tube. Connect the titration 
flask to the reductor column, by 
means of the ball and socket joint J, 
and bubble nitrogen through the solu
tion for 2-3 minutes to remove dis
solved air. Continue the flow of 
nitrogen (Note 17), and pass the 
sample solution containing the molyb
denum through the reductor (Note 18). 
Wash the beaker 3 times with 50-ml 
portions of cold 5% sulphuric acid, 
and pass the washings through the 
reductor. Wash the reductor twice 
with 50-ml portions of water, then 

close the stopcock while some of the 
wash water still remains above the 
zinc (Note 15). Disconnect the 
reductor at the ball and socket joint, 
stop the flow of nitrogen, remove the 
cap of the f lask, and wash the inside 
and outside of the reductor tube and 
the nitrogen-inlet tube with a small 
amount of water. Titrate the result
ing solution immediately with 0.1 N 
potassium permanganate solution until 
a faint pink colour is obtained which 
persists for approximately 30 seconds 
(Note 19). Carry a blank, consisting 
of 100 ml of 6% sulphuric acid, 
through the reduction procedure, and 
correct the result obtained for the 
sample by subtracting that obtained 
for the blank (Note 20). 

In the presence of copper, add approxi
mately 60 ml of water and sufficient 
50% sulphuric acid so that approximate
ly 8 ml of the concentrated acid are 
present (Note 21), and boil the solu
tion for several minutes. Add 2 g of 
20-mesh zinc granules, and continue 
boiling the solution until all of the 
copper present has been reduced to the 
metallic state and most of the zinc 
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has dissolved. Filter the solution 
(Whatman No. 30, 9-cm paper) into a 
400-ml beaker, and wash the beaker, 
paper, and residue with small portions 
of hot water. Discard the paper and 
residue. Dilute the filtrate to 
approximately 100 ml with water and 
cool to room temperature. Add 2.5% 
potassium permanganate solution, by 
drops, until the solution is just 
slightly pink, then proceed with the 
reduction and subsequent titration of 
molybdenum as described above. Carry 
a blank, prepared by dissolving 2 g 
of 20-mesh zinc granules in 100 ml of 
8% sulphuric acid (Notes 21 and 22), 
through the reduction procedure, and 
correct the result obtained for the 
sample by subtracting that obtained 
for the blank. 

(b) Tungsten, nickel, and/or 
vanadium present 

Following the separation of iron, 
arsenic, and other elements by pre
cipitation as the hydrous oxides with 
ammonium hydroxide as described above, 
add 3 g of tartaric acid (Note 23) to 
the combined ammoniacal filtrates con
taining the molybdenum, stir to dis
solve and, if necessary, warm the 
solution. Pass hydrogen sulphide into 
the solution for 20-30 minutes (Note 
24), then filter it (Whatman No. 42 
paper) into an 800-ml beaker (Note 25), 



and wash the paper and precipitate 
about 15 times with ammonium sulphide
ammonium tartrate wash solution. 
Discard the paper and precipitate. 

Warm the filtrate, caver the beaker 
and, using litmus paper, carefully 
neutralize the solution with 50 % 
sulphuric acid. Add 20 ml in excess 
(Note 26) and heat the solution to the 
boiling point. Allow the resulting 
molybdenum trisulphide precipitate to 
settle, then filter the solution 
(Whatman No. 42 paper) into a second 
800-ml beaker, and wash the paper and 
precipitate about 15 times with hydro
gen sulphide-tartaric acid wash solu
tion. Transfer the paper and precipi
tate to a 400-ml beaker. 

Wash the beaker that contained the 
precipitate with approximately 20 ml of 
concentrated nitric acid followed by 
hot water, add the washings to the 
filtrate (Note 27), and evaporate the 
resulting solution to fumes of sulphur 
trioxiae. Cool, add 5-10 ml of con
centrated nitric acid, evaporate the 
solution to fumes again, and continue 
the nitric acid treatment and subse
quent evaporation to fumes until the 
black or yellow colour due to organic 
material (i.e., tartaric acid) has 
disappeared. Cool, add sufficient 
water to dissolve the salts, then add 
2 g of tartaric acid, stir to dissolve, 
and neutralize the solution approxi
mately with concentrated ammonium 
hydroxide. Add 5 ml in excess and 
warm the resulting solution. Saturate 
the solution with hydrogen sulphide, 
then neutralize and acidify it with 50% 
sulphuric acid, as described above, to 
precipitate the residual molybdenum. 
Allow the solution to stand for at 
least 1 hour at 40-60°C, then filter it 
and wash the precipitate as described 
above. Discard the filtrate, and 
transfer the paper and precipitate to 
the beaker containing the initial 
precipitate. Wash the beaker that 
contained the residual molybdenum 
precipitate with approximately 10 ml 
of concentrated nitric acid followed 
by a small amount of hot water. Add 
the washings to the beaker containing 
the combined precipitates, and macer
ate the filter paper thoroughly with 
a glass rod. 

Caver the beaker containing the com
bined precipitates with a ribbed 
watch glass, add 10 ml of concentrated 
sulphuric acid, and cautiously 
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evaporate the solution to dense fumes 
of sulphur trioxide. Cool, add 10 ml 
each of water and concentrated nitric 
acid, evaporate the solution to fumes 
again, and continue the nitric acid 
treatment and subsequent evaporation 
to fumes until the filter paper has 
been completely destroyed and the 
yellow colour due to carbonaceous 
material has disappeared. Cool the 
solution, remove the caver , and wash 
down the sides of the beaker with a 
small amount of water, Add 2.5% 
potassium permanganate solution, by 
drops, until a permanent red tint is 
obtained, and evaporate the solution 
to fumes of sulphur trioxide. Cool, 
wash down the sides of the beaker with 
water, and evaporate the solution to 
fumes again ~o ensure the complete 
removal of nitric acid. Cool the solu
tion to room temperature, then, de
pending on the absence or presence of 
copper, proceed with the determination 
of molybdenum as described in Proce
dure A(a). 

B - Wulfenite ores and mill products 

Decompose 1-4 g of powdered sample, 
containing up to approximately 300 mg 
of molybdenum and 150 mg of iron, as 
described in Procedure A(a). After 
evaporation of the solution to fumes 
of sulphur trioxide, cool the solution, 
and remove arsenic by volatilization 
as the trichloride (Note 28) as des
cribed in Note 5. Wash down the sides 
of the beaker with water, and evapor
ate the solution to fumes of sulphur 
trioxide to ensure the complete re
moval of nitric acid. Cool, add 
approximately 50 ml of water and bail 
the solution to dissolve the soluble 
salts. Filter the solution (Whatman 
No, 40 paper) into a 250-ml beaker, 
transfer the residue quantitatively to 
the filter paper, and wash the paper 
and residue thoroughly with 2% sul
phuric acid. 

Transfer the paper and residue to a 
250-ml beaker, macerate the paper with 
a glass rod, and add 50 ml of 32 % 
ammonium acetate solution. Digest 
the mixture just below the boiling 
point for approximately 5 minutes, 
then filter the resulting solution 
(Whatman No. 40 paper) and wash the 
beaker, paper, and the remaining 
residue thoroughly with hot 5% 
ammonium acetate solution. Discard 
the filtrate. 



Transfer the paper and residue to a 
30-ml porcelain crucible, burn off the 
paper at a low temperature, and 
ignite, decompose, and fuse the re
sulting residue as described in 
Procedure A(a). Transfer the crucible 
and contents to the beaker containing 
the initial filtrate, allow the solu
tion to stand until the dissolution of 
the melt is complete, then remove the 
crucible after washing it thoroughly 
with hot water. Add 0.5-1 ml of 30% 
hydrogen peroxide to reduce any 
chromium (VI) present, and boil the 
solution for approximately 10 minutes 
to expel carbon dioxide and to remove 
excess hydrogen peroxide. 

Cool the solution to room temperature, 
add sufficient 10% ferric sulphate 
solution, if necessary, so that appro
ximately 100-150 mg of iron are pre
sent, and proceed with the ammonium 
hydroxide separation of iron, arsenic, 
and other elements as described in 
Procedure A(a). Add 3 g of tartaric 
acid to the resulting combined 
ammoniacal filtrates containing the 
molybdenum, stir to dissolve, and 
proceed with the ammonium sulphide 
separation procedure, the separation 
of molybdenum as the trisul~hide 
(Note 29), and the subsequent deter
mination of molybdenum as described in 
Procedure A(b). 

Notes 

1. The addition of dilute hydro
chloric acid to the zinc metal, before 
the amalgamation procedure, removes 
some of the "surface" iron present. 

2. To prepare the reductor column, 
fill the reductor with water, add the 
amalgamated zinc, in small portions, 
until the tube is filled to the re
quired height, then wash the column 
with approximately 50 ml of water. 
When the reductor is not in use it 
should be kept covered with an in
verted beaker and the zinc should 
be covered with water; this prevents 
the formation of basic salts which 
may cause clogging of the column. 

3. Care should be taken that no air 
bubbles are present in the column; 
this causes low results for molyb
denum presumably because of peroxide 
formation 4 • 
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4. Samples containing more than 
approximately 150 mg of iron cannot be 
conveniently handled by this method 
because of the bulkiness of the iron 
(Ill) hydrous oxide precipitate that 
is obtained during the subsequent 
ammonium hydroxide separation 
procedure. 

5. If the sample contains more than 
approximately 10 mg of arsenic, most 
of it should be removed at this stage 
(Note 9), by volatilization as the 
trichloride, as follows3: 

Cover the beaker , add 20 ml of sul 
phurous acid solution to reduce the 
arsenic, and evaporate the solution 
to approximately 10 ml. Remove the 
cover, add 10 ml of sulphurous acid 
solution and 50 ml of concentrated 
hydrochloric acid, and evaporate the 
s o lu t ion t o 1 0 - 2 0 m l . A dd 1 0 m l o f 
concentrated nitric acid to re-oxidize 
the molybdenum , evaporate the solu 
tion to dense fumes of sulphur tri 
oxide, then proceed as described . 

6. With high-grade molybdenite 
ores and concentrates, small amounts 
of acid-insoluble siliceous residue 
are usually free from molybdenum, 
after washing with 25% ammonium 
hydroxide, and can generally be dis
carded1. Large amounts of residue 
should not be discarded. 

7. Residues containing sulphates, 
sulphides, or other salts of easily 
reducible elements (e.g., lead, silver, 
mercury, bismuth, antimony, and tin) 
should not be ignited in platinum 
crucibles. These elements may be 
reduced to the metallic state by the 
carbon from the filter paper, or by 
reducing gases from the flame, and 
will subsequently alloy with and 
contaminate the crucible. 

8. Molybdenum may be lost by 
volatilization as the trioxide if a 
higher temperature is employed for 
ignition. 

9. Arsenic (Note 5) is not complete
ly removed by volatilization as the 
trichloride in the presence of molyb
denum1. Consequently, to separate any 
arsenic present in the sample, or re
maining after volatilization as the 
trichloride, sufficient iron (III) 
must be present in the solution at 



this stage to remove the arsenic b y 
occlusion with hydrous ferric oxide 
during the subsequent ammonium hydr
oxide separation of iron and other 
elements. Approximately 100-150 mg 
of iron (II) (i.e., 4-5 ml of 10% 
ferric sulphate solution) are suffic
ient for the separation of up to 
approximately 10 mg of arsenic 1 • 

10. The addition of sufficient 
ammonium hydroxide to impart a per
manent amber or red tint to the solu
tion should be avoided 1 -3. 

11. More molybdenum is retained in 
the hydrous ferric oxide precipitate 
if the precipitation of iron is 
carried out by the usual reverse 
procedure, in which ammonium hydroxide 
is slowly added to an acid solution 3 • 

12. If the solution is amber or 
deep yellow at this stage the presence 
of vanadium is indicated. A green 
colour indicates the presence of 
copper or nickel. The presence of 
tungsten is indicated by yellow in
soluble hydrated tungsten trioxide. 
If the solution is green, and nickel, 
tungsten, and vanadium are known to be 
absent, remove nitric acid as describ
ed, and proceed with the reduction of 
copper and the subsequent determina
tion of molybdenum as described . If 
nickel, vanadium, and/or tungsten are 
present, evaporate the solution to 
approximately 3 ml, cool, and add 
about 500 ml of water. Neutralize 
the solution approximately with con
centrated ammonium hydroxide, add 
25-30 ml in excess, then add 3 g of 
tartaric acid, and proceed with the 
ammonium sulphide separation and the 
subsequent determination of molybdenum 
as described in Procedure A(b). 

13. The addition of a slight excess 
of potassium permanganate solution at 
this stage ensures that any car 
bonaceous material that may still be 
present is destroyed before passing 
the solution through the Jones 
reductor 3 . 

14. In normal circumstances, when 
a series of sample solutions are to 
be passed through the reductor, 2-3 
washes with 75-ml portions of 5% 
sulphuric acid are sufficient before 
each subsequent reduction step. 

15. To prevent air being drawn 
through the reductor (Note 3), the 
level of the liquid in the column 
should not be allowed to f all below 
approximately 1 cm above the surface 
of the zinc during the reduction and 
washing stages. 

16. Phosphoric acid forms a colour
less complex with the iron (III) which 
makes the subsequent end-point easier 
to detect. 

17. A nitrogen atmosphere in the 
receiving vessel during the reduction 
stage prevents air -o xidation of the 
resultant iron (II) and molybdenum 
(V) • 

18. The molybdenum solution is 
green [i.e. , molybdenum (III)] as it 
passes through the lower part of the 
reductor column, but changes to a 
bright red [i . e., molybdenum (V)] when 
it cornes into contact with the ferric 
phosphate (Note 16) in the receiving 
vessel. 

19. The reduced solution can also 
be titrated with standard potassium 
dichromate or ceric sulphate solutions, 
using sodium diphenylaminesulphonate 
and Ferrain (1,10-phenanthroline 
ferrous sulphate) as internal indica
tors, respectively2,6. 
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20. The hlank compensates for small 
amounts of iron in the acid solutions 
passed through the reductor, and in 
the zinc metal employed in the column. 
If the zinc is pure, the blank correc
tion should be less than 0.05 ml of 
0.1 N potassium permanganate solution 5 • 

21. Because 2 g of zinc metal react 
with approxiMately 2 ml of concentrat
ed sulphuric acid, about 8 ml of con
centrated acid should be present at 
this stage so that the final solution, 
after removal of the metallic copper 
by filtration, will be approximately 
6% or 1 M in sulphuric acid before 
passage through the reductor. 

22. This blank compensates for any 
iron present in the zin c metal employ
ed for the reduction of the copper. 

23. Tartaric acid prevents tungsten 
and vanadium from co -precipitating with 
molybdenum trisulphide in the subse 
quent procedure when the alkaline 



filtrate obtained after the ammonium 
sulphide separation step is acidified 1 • 

24. Under these conditions the 
ammonium hydroxide is converted to 
ammonium sulphide. The molybdenum 
remains in solution as ammonium thio
molybda t e [(NH4) 2MoS4] which imÎarts a 
deep red colour t o the solution . 

25. Filtration is not necessary if 
the solution remains clear. Copper, 
if pres e nt, remai n s entirely in 
solution at this s tage and is co
precipi t ated a s the sulphide with the 
mol y bdenum sulphide when the solution 
is subs e quently a c idified 1 • 

26. Under these conditions the 
ammonium sulphide is converted to 
ammonium sulphate, the red colour o f 
the ammonium thiomolybdate disappears, 
and mol y bdenum i s precipitated as the 
trisulphide, a ccording to the 
r e a c tio n s 1 

(NH4) 2 S + H2S04 + H2St + (NH4)2S04 

(NH4) 2MoS4 + Hz S04 

27. Sorne mol y bdenum is reduced by 
h y dro g en sulphid e in acid solution and 
passes into the filtrate. This resi
dual molybdenum c a n be recovered, 
a f ter r e -oxid a t i on to the hexavalent 
state wi th nitr ic acid and the des
truction o f the tartaric acid, by re
precipitation as the trisulphide as 
describ e d in th e subsequent procedure 3 . 
Alternatively, i f the sample does not 
cont a in an appr e ciable amount of 
v a nadiu m, tun gst e n, or coloured ions 
( i .e., c opper and nickel), the residual 
mol y bdenum in the filtrate can be 
determined spectrophotometricall y by 
the Th i o cyanate Method, (p 65) as 
fo llows : 

Fo llowing the destruction of the 
tartaric acid with nitric acid , eva 
porate the solution to d r ynes s to re 
move nit r ic and sulphuric acids . 
Dissolve the residue in wate r contain 
ing several drops of concent r ated 
hydrochlo r ic acid , transfe r the solu 
tion to a volumetric f lask of appro 
priate si z e ( 100 o r 200 ml ), a nd di l u te 
to volume with water . Dete r mine 
molybdenum in a 5 - 20 - ml aliquot of the 
r esulting solution , and add the per -
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centage obtained t o th e resu lt obtain
ed afte r the de s t ruc tion o f the pape r 
and precipitate con t a i ning t he mol y b 
denum trisulphid e preci pita t e a s de s
cribed in the subsequent proc edure . 

28. Preliminary removal of arsenic 
is recommended because wulfenite ores 
and concentrates often contain several 
percent o f mimetite (lead chloro
ar s enate) l, 3 • 

29. The s eparation of molybdenum as 
t he trisulphide is generally necess
ary with wulfenite ores and mill pro
ducts because wulfenite ores usually 
contain tungsten 1 • 

Calculations 

Mo lyb~enum e quivalent (mg/ml) of the 
p ota ssium permanganate solution (MoEQ) 

1 = N X) X 95.94 

wh ere: 

N = n o rma l i ty of the potassium per
ma n ga nate solution. 

% Mo 
(Vs - VR) X MoEQ 

X 100 Sample weight (mg) 

wher e: 

V = s volume (ml) of potassium per
man ganate solution required by 
the sample. 

volume (ml) of potassium per
ma n ga n a te soluti o n requir e d b y 
th e bl a n k . 

% MoS 2 

% Mo0 3 

1.669 X % Mo 

1.500 x % Mo 

Oth e r a ppl i cations 

This me th o d can be employed to deter
mine mol y bdenum in ferro-molybdenum 7 . 
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DETERMINATION OF PHOSPHORUS IN MANGANESE, IRON, MOLYBDENUM AND TUNGSTEN 
ORES AND MILL PRODUCTS, PHOSPHATE ROCK, LIMESTONE, CLAY, SHALE, ACID
SOLUBLE AND REFRACTORY SILICATE ROCKS AND MINERALS, AND BAUXITE BY THE 
ALKALIMETRIC METHOD AFTER PRECIPITATION AS AMMONIUM PHOSPHOMOLYBDATE 

Principle 

This method1 • 2 involves the precipita
tion of orthophosphate as ammonium 
phosphomolybdate from a 2 M nitric 
acid-ammonium nitrate medium, and the 
subsequent dissolution of the yellow 
precipitate in a measured excess of 
standard sodium hydroxide solution. 
Phosphorus is determined from the 
amount of sodium hydroxide solution 
required to react with the precipitate, 
after back-titration of the excess 
alkali with standard nitric acid, in 
the presence of phenolphthalein as 
internal indicator. 

The corresponding reactions for these 
processes are: 

H3P04 + 12(NH4)2Mo04 + 23HN03 

+ (NH4)3P04·12Mo03·2HN03·H20 

+ 21NH4N03 + 12H20 

(NH4)3P04·12Mo03 + 23NaOH 

+ llNa2Mo04 + (NH4)2Mo04 

+ NaNH4HP04 + llH20. 

Outline 

Manganese and iron ores and mill pro
d uc t s, containing up to approximately 
15 mg of titanium, are decomposed with 
hydrochlo ric acid. The solution is 
treated with nitric acid to convert 
phosphorus to orthophosphate, and 
silica is dehydrated by evaporation 
with perchloric acid. The acid
insoluble material is ultimately re
moved by filtration and ignited. 
Silica is subsequently removed by 
volatilization as silicon tetra
fluoride. The resultant residue is 
fused with sodium carbonate to convert 
refractory phosphates (titanium, 
zirconium, and possibly thorium) to 
soluble sodium phosphate. The melt is 
digested in water, and the hydrous 
oxides of the above elements are re
moved by filtration. The residual 
phosphorus in the f iltrate is subse-
q uen tly co-precipitated as ferric 
phosphate with hydrous ferric oxide. 

After dissolution of the precipitate, 
the resultant solution is added to the 
initial filtrate , and the phosphorus in 
the combined solution is ultimately 
precipitated as ammonium phospho
molybdate with ammonium molybdate, and 
separated by filtration. The precipi
tate is dissolved in sodium hydroxide 
solution, and the excess sodium hydr
oxide in the resulting solution is 
titrated with dilute nitric acid. 

Samples containing more than 15 mg 
of titanium are decomposed by fusion 
with sodium carbonate and sodium 
nitrate. The melt is digested in 
water, and the hydrous oxides of 
titanium, zirconium, thorium, and 
various other elements are removed 
by filtration . The phosphorus in 
the filtrate is subsequently co
precipitated as ferric phosphate with 
hydrous ferric oxide, and the pre
cipitate is dissolved in dilute hydro
chloric acid. After dehydration of 
the residual silica, and its removal 
by filtration, the phosphorus in the 
resulting filtrate is ultimately 
precipitated with ammonium molybdate 
and determined as described above. 

Molybdenum and tungsten ores and mill 
products are decomposed with hydro
chloric, nitric, and sulphuric acids, 
and the solution is evaporated to fumes 
of sulphur trioxide to dehydrate silica. 
The acid-insoluble material is removed 
by filtration, and ignited, decomposed, 
and fused as described above. The melt 
is dissolved in dilute hydrochloric 
acid, and the solution is added to the 
initial filtrate. Molybdenum and 
tungsten are ultimately complexed with 
tartaric acid, and phosphorus is pre
cipitated as magnesium ammonium phos
phate with magnesium sulphate from an 
ammoniacal medium, and separated from 
rnolybdenurn, tungsten, and other inter
fering elements by filtration. After 
dissolution of the precipitate, the 
phosphorus in the resulting solution 
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is ultimately precipitated with 
ammonium molybdate and determined as 
described above. 



Phosphate rock and limestone are de
composed by the acid-decomposition 
procedure described for manganese and 
iron ores, and the acid-insoluble 
material is treated in a similar 
manner. The phosphorus in the subse
quent combined phosphate rock solution 
is determined in an aliquot of the 
solution after precipitation as 
ammonium phosphomolybdate. The phos
phorus in the combined limestone solu
tion is determined as described in the 
fusion procedure for manganese and 
iron ores, after its separation by co
precipitation with hydrous ferric 
oxide, and dissolution of the precipi
tate in dilute hydrochloric acid. 

Refractory silicate rocks and minerals, 
and clay, shale, bauxite, and acid
soluble silicate rocks and minerals 
containing more than 15 mg of titanium 
are decomposed and analyzed as describ
ed in the fusion procedure for man
ganese and iron ores. Clay, shale, 
bauxi~e, and acid-soluble silicate 
rocks and minerals containing 15 mg 
or less of titanium are decomposed 
with nitric, hydrofluoric, and per
chloric acids. The solution is eva
porated to fumes of perchloric acid to 
remove silica and hydrofluoric acid, 
and phosphorus is ultimately separated 
by co-precipitation with hydrous 
ferric oxide, and determined as des
cribed in the acid-decomposition pro
cedure for manganese and iron ores. 

Discussion of interferences 

Titanium, zirconium, bismuth, thorium, 
and tin interfere in the precipitation 
of phosphorus as ammonium phospho
molybdate by forming insoluble phos
phates. Tungsten (VI) and vanadium 
(V) retard precipitation and/or con
taminate the precipitate because they 
form heteropoly compounds with phos
phorus. Arsenic, germanium, silicon, 
selenium, and tellurium interfere in 
a similar manner because they form 
similar heteropoly compounds with 
ammonium molybdate 3- 5 . Hydrochloric 
and hydrofluoric acids, employed for 
sample decomposition, also retard the 
precipitation of phosphorus 3- 5 ; these 
are removed during sample decomposi
tion, or before precipitation, by 
evaporation with perchloric acid. 

Interference from arsenic, germanium, 
and tin can be avoided by volatilizing 
these elements as the bromides from a 
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hydrobromic-perchloric or a hydro
bromic-sulphuric acid medium. Silica 
is volatilized as silicon tetrafluoride 
by treatment of the sample or the acid
insoluble residue with hydrofluoric 
and perchloric acids. Titanium, 
zirconium, thorium, some bismuth, and 
various other elements (e.g., iron, 
nickel, cobalt, copper, cadmium, 
manganese, niobium, tantalum, and the 
alkaline earths) are separated from 
phosphorus (either in the sample or in 
the acid-insoluble residue) by filtra
tion of their hydrous oxides, after 
fusion of the sample or acid-insoluble 
residue with sodium carbonate and 
subsequent digestion of the melt in 
water 3 • 6 , 

Phosphorus is separated from large 
amounts of sodium salts, introduced 
during the sodium carbonate fusion, 
and from copper, nickel, and chromium 
(VI), which may interfere if present 
in appreciable amounts, by co-preci
pitating it as ferric phosphate with 
hydrous ferric oxide from an 
ammoniacal ammonium chloride medium 3 • 

Interference from large amounts of 
tungsten and molybdenum, and from 
other elements that may be present in 
tungsten and molybdenum ores (e.g., 
tin, titanium, vanadium, chromium, 
bismuth, selenium, tellurium, and 
zirconium) is eliminated by separating 
phosphorus from these elements by 
precipitation as magnesium ammonium 
phosphate from an ammoniacal tartrate 
medium3, 7 , 8 • Interference from 
vanadium (V), during the precipitation 
of phosphorus as ammonium phospho
molybdate, is avoided by reducing it 
to the tetravalent state with iron 
(II); vanadium (IV) does not interfere 
if phosphorus is precipitated at 10-
200C3. 

Lead interferes in this method because 
it forms insoluble lead molybdate 
which reacts with the sodium hydroxide 
solution employed for the dissolution 
of the ammonium phosphomolybdate pre
cipitate 5. Bismuth, selenium, and 
tellurium interfere in all of the pro
cedures described except that in which 
phosphorus is f irst separated as 
magnesium ammonium phosphate. 



FIGURE 1. Apparatus for the protection of the standard sodium hydroxide solution 
against carbon dioxide 

A - Plastic (Tygon) tubing. 
B - Glass tubing. 
C - Drying tube filled with Ascarite. 
D - Glass-~ool. 
E - Rubber stopper. 
F - Polyethylene bottle containing 

standard sodium hydroxide solution. 

Range 

The method is suitab le for ores and 
mill products containing approximately 
0.02 to 4 % of phosphorus, and for 
various other materials containing 
more than approximately 0.01 % of 
phosphorus. 

Apparatus 

Appa r atus for the protection of the 
standard sodium hydroxide solution 
against carbon dioxide . Illustrated 
in Figure 1. 

Shaking machine . 

Reagents 

Sodium hydr oxide stock solution , 30 % 
w/v. Dissolve 300 g of sodium hydr
oxide in 1 litre of water, and add a 
slight excess of barium hydroxide to 
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G - Clamp. 
H - Titration vessel (300-ml). 
I - Burette (50-ml). 
J - Connection for suction. 

precipitate any carbon dioxide present 
(Note 1). Allow the precipitate to 
settle, then store the solution in a 
polyethylene bottle. 

Standard sodium hydrox ide solution , 
0.15 N. Dilute 40 ml of the clear, 
supernatant stock solution to 2 litres 
with carbon dioxide-free water. Store 
the solution in a polyethylene bottle 
and protect it from atmospheric carbon 
dioxide by means of drying tubes filled 
with Ascarite (asbestos impregnated 
.with sodium hydroxide) as shown in 
Figure 1. 

Standar d nitric aci d, 0.15 N. Dilute 
20 ml of concentrated, colourless 
nitric acid to 2 litres with water. 

Phenolphthalein indicator solution , 
0.2% w/v in ethyl alcohol. Store in 
a dropping bottle. 



Ammoni um mol y b d a t e s olu t i on. Transfer 
100 g of molybdic acid (85% molybdenum 
trioxide) to a 600-ml beaker contain
ing 240 ml of water, mix thoroughly 
and, while stirring, add 140 ml of 
c oncentrated ammonium hydroxide. When 
dissolution of the molybdic acid is 
complete, filter the solution (Whatman 
No. 30 paper), add 60 ml of concentrat
ed nitric acid, and cool the solution 
to room temperature. Ad d 400 ml of 
concentrated nitric acid to 960 ml of 
water in a separate 2-litre beaker, 
and cool the solution to room tempera
ture. While stirring , combine the 
two solutions, add 0.1 g of dibasic 
ammonium orthophosphate [(NH4)2HP04] 
(Note 2), and allow the resulting 
solution to stand for at least 24 
hours. Use only the clear supernatant 
liquid, or filter the solution before 
use. 

Magnesium s ulp ha te s olu tion , 40% w/v. 
Dissolve 40 g of magnesium sulphate 
heptah.ydrate (MgS04 · 7H 20) in water and 
dilute to 100 ml . 

I r o n (I I I) s oluti o n, 3% w/v. Dissolve 
15 g of high-purity iron metal (phos
phorus-free) in 100 ml of concentrated 
h y drochloric acid, add several drops 
of concentrated nitric acid to oxidize 
any ferrous iron present, cool, and 
dilute the solution to 500 ml with 
water. 

Ferro us s u lp hat e s oluti on , 10% w/v . 
Dissolve 10 g of ferrous sulphate 
heptahydrate (FeS04•7H20) in 100 ml of 
5 % sulphuric acid . Prepare fresh as 
r e quired. 

Hydrogen pe r o x ide , 3 % w/v. Dilute 
10 ml of 30 % hydrogen peroxide to 
100 ml with water. 

Nit r ic acid , 25% v/v. 

Ammonium hydr o xi de , 50% and 5 % v/v. 

Hydrochloric acid , 50 % v/v. 

Sulphu r ic acid , 50% v/v. 

Nitric acid wa s h s ol u tion ( car bon 
diox i d e -free ) , 1% v/v. Prepare with 
carbon dioxide-free water. 

Pota ss i um n i t rat e wa sh s ol u t ion 
(c a rb on d ioxide - free), 1 % w/v. Pre
pare with carbon dioxide-free water. 

Sodium carbonate wash solution , 2 % w/v. 

Sodium carbonate - sodium nitrate fusion 
mi x tur e , 90 % and 10 % by weight, 
respectively. 

Water (carbon dio x ide - f r ee ). 
boiled and cooled water . 

Freshly 

Standardization of sodium hydroxide 
solution 

Transfer 1.0000 g of pure potassium 
acid phthalate (dried at 120 °C for 

340 

1-2 hours) to a 300-ml Erlenme y er 
flask that has been purged of carbon 
dioxide with nitrogen. Add 50 ml of 
carbon dioxide-free water, stopper, 
and shake gently until the phthalate 
has dissolved. Add 3 drops of 0.2 % 
phenolphthalein solution, and titrate 
the resulting solution with standard 
sodium hydroxide solution to a faint 
pink end-point (Note 3) . Determine 
the normality of the sodium hydroxide 
solution, and calculate the phosphorus 
equivalent (mg/ml) (1 ml of 0.15 N 
sodium hydroxide solution 0.2021 mg 
of phosphorus). 

Alternatively, the sodium hydro x id e 
solution c an be standardized a gainst 
a sample of iron ore or phosph a te roc k 
of known phosphorus content, by carr y 
ing the sample through the described 
procedure, and the phosphorus equiva
lent can be determined by direct 
calculation. 

Standardization of nitric acid solution 

Transfer a 25-40-ml aliquot of the 
standard sodium hydroxide solution to 
a 300-ml Erlenmeyer flask, and dilute 
to approximately 50 ml with carbon 
dioxide-free water. Add 3 drops o f 
0. 2% phenolphthalein solution, and 
titrate the resulting solution with 
standard nitric acid to a colourless 
end-point. Determine the normality of 
the nitric acid solution, and calculate 
the sodium hydroxide equivalent (ml/ml) 
(1 ml o f 0.15 N nitric acid = 1 ml of 
0.15 N sodium hydroxide solution) (Note 
4) • 

Procedures 

In these procedures a reagent blank is 
carried along with the samples. 



A - Manganese and iron ores and mill 
products 

(a) Titanium content 15 mg or 
less 

Transfer 0.2-1 g of powdered sample, 
containing up to approximately 7.5 mg 
of phosphorus, to a 400-ml beaker, 
moisten with several ml of water, and 
add 25 ml of concentrated hydrochloric 
acid. Cover the beaker, and heat 
gently, without boiling, until the 
decomposition of acid-soluble material 
is complete. Add 5 ml of concentrated 
nitric acid and 20 ml of concentrated 
perchloric acid, evaporate the solu
tion to fumes of perchloric acid, and 
continue fuming for 5-10 minutes to 
dehydrate the silica. Cool, add 50 ml 
of water and heat gently to dissolve 
the soluble salts (Note 5). Filter 
the resulting solution (Whatman No. 
40 paper) into a 300-ml Erlenmeyer 
flask, transfer the residue quanti
tatively to the filter paper, and wash 
the paper and residue 3-5 times with 
1% nitric acid, then thoroughly with 
hot water to remove perchlorates. 
Evaporate the filtrate and washings to 
approximately 25 ml. 

Transfer the paper and residue to a 
30-ml platinum crucible, burn off the 
paper at a low temperature, and ignite 
at approximately 750°C. Cool the 
crucible and add 2 ml of concentrated 
perchloric acid and 5 ml of concentrat
ed hydrofluoric acid. Heat gently to 
decompose the residue, then evaporate 
the solution to dryness to remove 
silica and excess perchloric acid. 
Fuse the residue with 1-3 g of sodium 
carbonate, cool, and transfer the 
crucible and contents to a 250-ml 
beaker. Add 100 ml of water, heat 
gently to disintegrate the melt and 
to dissolve the soluble salts, then 
remove the crucible after washing it 
thoroughly with hot water. Filter the 
resulting solution (Whatman No. 40 
paper) into a 400-ml beaker, and wash 
the beaker, paper, and residue 
thoroughly with hot water. Discard 
the paper and residue (Note 6). 

Add 10 ml of concentrated hydrochloric 
acid to the filtrate, boil the solu
tion for several minutes to expel 
carbon dioxide, cool and add 1 ml of 
3% iron (III) solution. Neutralize 
the solution approximately with con
centrated ammonium hydroxide to pre
cipitate the hydrous oxide of iron 
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and ferric phosphate, add 1-2 ml in 
excess, and boil the resulting solution 
for approximately 1 minute to coagulate 
the precipitate. Filter the solution 
(Whatman No. 541 paper), wash the 
beaker, paper, and precipitate several 
times with hot water, and discard the 
filtrate. Dissolve the precipitate, 
using 10 ml of warm 50% hydrochloric 
acid, and wash the paper thoroughly 
with hot water. Collect the solution 
in the beaker in which the precipita
tion was carried out, and discard the 
paper. Add the solution to the initial 
filtrate (Note 7) and evaporate the 
combined solution to fumes of per
chloric acid. Cool, add 50 ml of 
water and heat gently to dissolve the 
salts (Notes 5 and 8). 

Add concentrated ammonium hydroxide to 
the r?sulting solution until a small 
precipitate of hydrous ferric oxide is 
formed which persists on shaking or 
stirring. Add concentrated nitric 
acid, by drops, until the precipitate 
just dissolves, then add 3-5 ml in 
excess. Add 10 g of ammonium nitrate 
(Note 9), shake to dissolve, and dilute 
the solution to approximately 100 ml 
with water. Cool the solution to 15°C 
(Note 10) in an ice-bath, add 5 ml of 
10 % ferrous sulphate solution, swirl 
the flask to reduce vanadium (Note 11), 
and add 60 ml of ammonium molybdate 
solution. Stopper, and shake the flask 
vigorously in a shaking machine for at 
least 10 minutes, then allow the solu
tion to stand for 1 hour, or until the 
yellow ammonium phosphomolybdate pre
cip itate has settled (Note 12). 
Filter the solution, using a smooth 
funnel containing a pad of macerated 
paper pulp (Whatman No. 40) supported 
on a perforated dise. Wash the flask 
3 times and the precipitate 5 times 
with 5-ml portions of 1 % carbon dioxide
free ni tric acid (Note 13), then wash 
the flask and precipitate with 1 % 
carbon dioxide-free potassium nitrate 
solution until the washings are free 
of acid, as indicated by a test with 
litmus paper (Notes 14 and 15). 

îransfer the disk, paper pulp pad, and 
the precipitate to the Erlenmeyer flask 
in which the precipitation was carried 
out (Note 16). Add 25 ml of carbon di
oxide-free water, and sufficient 0.15 N 
sodium hydroxide solution to decompose 
the precipitate and to provide approxi
mately a 5-ml excess. Stopper, apd shake 
until the precipitate has dissolved. 



Wash down the sides of the flask with 
carbon dioxide-free water, add 3 drops 
of 0.2% phenolphthalein solution, and 
titrate the excess sodium hydroxide 
solution with 0.15 N nitric acid to a 
colourless end-point. Determine the 
volume of sodium hydroxide solution 
required by the sample, and correct 
the result obtained by subtracting 
that obtained for the reagent blank. 

(b) Titanium content more than 15 mg 

Transfer 0.2-1 g of sample to a 30-ml 
platinum crucible lined with fused 
sodium carbonate, add a ten-fold 
weight excess of 90% sodium carbonate-
10% sodium nitrate fusion mixture and 
mix thoroughly. Cover the crucible, 
fuse the mixture over a blast burner, 
and keep the melt at red heat for 
several minutes to ensure complete 
sample decomposition. Cool, transfer 
the crucible and cover to a 400-ml 
beaker, and add approximately 100 ml 
of water. Heat gently to disintegrate 
the melt, then remove the crucible and 
cover after washing them thoroughly 
with hot water. Boil the solution for 
several minutes to dissolve the 
soluble salts, filter it (Whatman No. 
540 paper) into a 600-ml beaker, and 
wash the beaker, paper, and precipita t e 
thoroughly with 2% sodium carbonate 
solution. Discard the paper and 
precipitate. 

Add 10 ml of concentrated hydrochloric 
acid to the filtrate, and boil the 
solution for several minutes to expel 
carbon dioxide. Add 4 ml of 3% iron 
(III) solution, then proceed with the 
precipitation, filtration, and washing 
of hydrous ferric oxide and ferric 
phosphate as described in Procedure 
A(a). Dissolve the precipitate, using 
20 ml of warm 50% hydrochloric acid, 
and wash the paper thoroughly with 
hot water. Collect the resulting solu
tion in a 250-ml beaker, and discard 
the paper. Wash the beaker that con
tained the precipitate with a small 
amount of 50% hydrochloric acid fol
lowed by hot water, and add the wash
ings to the main solution. 

Add 10-15 ml of concentrated per
chloric acid (Note 7) to the result
ing solution, evaporate it to fumes of 
perchloric acid, cover the beaker, and 
continue fuming for 5-10 minutes to 
dehydrate any silica present. Cool, 
add 50 ml of water and heat gently to 

342 

dissolve the salts (Note 5). If 
necessary, filter the solution (What
man No. 541 paper) into a 300-ml 
Erlenmeyer flask, and wash the 
beaker, paper, and residue with warm 
1% nitric acid. Discard the paper and 
residue (Note 8), and evaporate the 
filtrate and washings to approximately 
50 ml. Neutralize the solution appro
ximately with concentrated ammonium 
hydroxide, add 3-5 ml of concentrated 
nitric acid and 10 g of ammonium 
nitrate, then proceed with the precipi
tation of ammonium phosphomolybdate 
(Note 11) and the subsequent determina
tion of phosphorus as described above. 

B - Molybdenum and tungsten ores and 
mill p r oducts 

Transfer 0.2-1 g of powdered sample, 
containing up to approximately 7.5 mg 
of phosphorus, to a 400-ml beaker, and 
moisten with several ml of water. Add 
20 ml of concentrated nitric acid, 
cover the beaker, and boil gently until 
the decomposition of sulphide minerals 
appears to be complete. Add 20 ml of 
concentrated hydrochloric acid and 20 
ml o f 50 % sulphuric acid, and gently 
(Note 17) evaporate the solution to 
fumes of sulphur trioxide to dehydrate 
silica (Note 18). Cool, add 50 ml of 
water and heat gently to dissolve the 
soluble salts. Filter the resulting 
solution (Whatman No. 40 paper) into 
a 300-ml Erlenmeyer flask, transfer 
the residue quantitatively to the 
filter paper, and wash the paper and 
residue (Note 19) thoroughly with hot 
water, then with 5-10 ml of 50% 
ammonium hydroxide followed by hot 
water. Evaporate the filtrate and 
washings to approximately 25 ml. 

Transfer the paper and residue to a 
30-ml platinum crucible, and ignite, 
decompose, and fuse the residue as 
described in Procedure A(a). Transfer 
the crucible and contents to the 
original beaker, add approximately 50 
ml of water, cover the beaker, and 
dissolve the melt by adding 6 ml of 
concentrated hydrochloric acid in small 
portions. Remove the crucible after 
washing it thoroughly with hot water, 
cover the beaker, and boil the solution 
to expel carbon dioxide. Add the 
resulting solution to the initial 
filtrate (Note 20), and evaporate the 
combined solution to fumes of sulphur 
trioxide. Cool, add 50 ml of water 
and heat gently to dissolve the salts 
(Note 21). 



Add 2 g of tartaric acid (Note 22), 
stir to dissolve, then cool the solu
tion to approximately 50°C, and add 
40 ml of 50% ammonium hydroxide (Note 
23). While the solution is still hot 
from the reaction between sulphuric 
acid and ammonium hydroxide, add 10 ml 
of 40% magnesium sulphate solution, 
then cool the solution to 5-10°C in 
an ice-bath, add 4 or 5 glass beads 
(approximately 6 mm in diameter) 
(Note 24) and stopper the f lask 
tightly. Shake the f lask vigorously 
in a shaking machine for at least 10 
minutes, then add 15 ml of concentrat
ed ammonium hydroxide, place the 
flask in a refrigerator, and allow the 
solution to stand overnight (Note 25) 
to complete the precipitation of 
magnesium ammonium phosphate. Filter 
the resulting solution through a 9-cm 
Whatman No. 40 paper containing a 
small amount of ashless paper pulp, 
and wash the flask, paper, and pre
cipitate thoroughly with small por
tions of 5% ammonium hydroxide (Note 
26). 

Place the Erlenmeyer f lask that con
tained the precipitate under the 
funnel, and dissolve the precipitate 
with approximately 40 ml of 25% nitric 
acid. Wash the paper, including the 
inside flap, thoroughly with hot water, 
and discard the paper. Wash down the 
sides of the flask with a small amount 
of 25% nitric acid (Note 27) and 
neutralize the resulting solution 
approximately with concentrated 
ammonium hydroxide. Add 3-5 ml of 
concentrated nitric acid and 2 g of 
ammonium nitrate (Note 28) and stir to 
dissolve. Cool the solution to approxi
mately 20-25°C, add 60 ml of ammonium 
molybdate solution, then proceed with 
the precipitation of ammonium phospho
molybdate and the subsequent determina
tion of phosphorus as described in 
Procedure A(a). 

C - Phosphate rock 

Transfer 1 g of powdered sample to a 
250-ml beaker, add approximately 10 ml 
of water, 5 ml each of concentrated 
nitric and hydrochloric acids, and 
20 ml of concentrated perchloric acid. 
Cover the beaker, evaporate the solu
tion to fumes of perchloric acid, and 
continue fuming for 5-10 minutes to 
dehydrate silica. Cool, add 50 ml of 
water and heat gently to dissolve the 
soluble salts. Filter the resulting 
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solution (Whatman No. 40 paper) into 
a 400-ml beaker, and transfer the 
residue quantitatively to the filter 
paper. Wash the paper and residue with 
1% nitric acid followed by hot water 
to remove perchlorates, then ignite, 
decompose, and fuse the residue, and 
digest the melt in water as described 
in Procedure A(a). Filter the result
ing solution into the beaker contain
ing the initial filtrate, and wash the 
beaker, paper, and residue thoroughly 
with hot water. Discard the paper and 
residue, and boil the solution f~r 
several minutes to expel carbon 
dioxide (Note 7). 

Cool the solution to room temperature, 
transfer it to a 500-ml volumetric 
flask, dilute to volume with water and 
mix. Transfer a 20-25-ml aliquot, 
containing up to 7.5 mg of phosphorus, 
to a 300-ml Erlenmeyer flask, and 
evaporate to fumes of perchloric acid. 
Cool, add 50 ml of water and heat 
gently to dissolve the salts (Note 8). 
Neutralize the solution approximately 
with concentrated ammonium hydroxide, 
add 3-5 ml of concentrated nitric acid 
and 10 g of ammonium nitrate, then 
proceed with the precipitation and 
determination of phosphorus as describ
ed in Procedure A(a). 

D - Limestone 

Decompose 0.5-2 g of powdered sample 
by the method described in Procedure 
C, using 10 ml of concentrated per
chloric acid rather than 20 ml (Note 
29). Filter the resulting solution 
and treat the residue as described in 
Procedure A(a), then filter the solu
tion of the sodium carbonate melt into 
the beaker containing the initial 
filtrate. Wash the beaker, paper, and 
residue thoroughly with hot water, and 
discard the paper and residue. Boil 
the combined solution for several 
minutes to expel carbon dioxide, then 
add 10 ml of concentrated hydrochloric 
acid and 4 ml of 3% iron (III) solution. 
Dilute the solution to approximately 
200 ml with water, and proceed with 
the precipitation and filtration of 
hydrous ferric oxide and f erric phos
phate, and the subsequent precipita
tion and determination of phosphorus 
as described in Procedure A(b). 



E - Clay, shale, bauxite, and acid
soluble silicate rocks and 
minerals containing 15 .!!!.K or less 
of titanium 

Transfer 0.5-2 g of powdered sample to 
a 100-ml platinum dish, and moisten 
with approximately 5 ml of water. Add 
5 ml of concentrated nitric acid and 
10 ml each of concentrated hydro
fluoric and perchloric acids, and 
evaporate the solution to fumes of 
perchloric acid. Cool, add 10 ml each 
of water and concentrated hydro
fluoric acid, evaporate the solution 
to fumes again and, if necessary, re
peat the addition of water and hydro
fluoric acid and the subsequent eva
poration to fumes until the decomposi
tion of the sample is complete. Cool, 
wash down the sides of the dish with 
water, and evaporate the solution to 
fumes again to ensure the complete 
removal of hydrofluoric acid. Cool, 
add 30 ml of water and heat gently to 
dissolve the salts. If necessary 
(Note 30), filter the solution into a 
400-ml beaker, and wash the dish and 
paper thoroughly with 1% nitric acid 
and hot water (Note 7). 

Add 10 ml of concentrated hydrochloric 
acid and 4 ml of 3% iron (III) solu
tion (Note 31), dilute the solution to 
approximately 200 ml with water, and 
proceed with the precipitation and 
f iltration of hydrous f erric oxide and 
ferric phosphate as described in Pro
c edure A(b). Dissolve the precipitate, 
using 40 ml of 25% nitric acid, and 
wa sh the paper thoroughly with hot 
water. Collect the solution in a 
300-ml Erlenmeyer flask, and discard 
the paper. Wash the beaker that con
tained the precipitate with a small 
amount of 25% nitric acid followed by 
hot water, and add the washings to 
the main solution. Neutralize the 
resulting solution approximately with 
concentrated ammonium hydroxide, add 
3-5 ml of concentrated nitric acid 
and 2 g of ammonium nitrate (Note 28), 
and proceed with the precipitation and 
determination of phosphorus as des
cribed in Procedure A(a). 
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F - Refractory silicate rocks and 
minerals, and clay, shale, bauxite, 
and acid-soluble silicate rocks 
and minerals containing 12. .!!!.K or 
more of titanium --- --

Decompose 0.5-2 g of powdered sample 
and determine phosphorus by the method 
described in Procedure A(b). 

Notes 

1. All glassware should be cleaned 
wi t h hot concentrated hydrochloric 
acid, and then washed with water to 
remove any phosphorus-bearing com
pounds. 

2. Dibasic ammonium orthophosphate 
is added to saturate the solution with 
ammonium phosphomolybdate. During 
analysis this reduces the loss of 
phosphorus due to the solubility of 
the precipitate. 

3. A 1.0000-g portion of potassium 
acid phthalate requires 32.64 ml of 
0.15 N sodium hydroxide solution. 

4. For convenience, the standard 
nitric acid can be made equivalent to 
the standard sodium hydroxide so l ution 
by the addition of more concentrated 
nitric acid, or by appropriate dilu
tion with water as required. If more 
nitric acid is required, the volume to 
be added can be calculated as follows: 

Volume (ml) of concentrated 
nitric acid required V x (D N - AN ) 

NHN03 

where: 

V = volume (ml) of stock solution 
remaining . 

desired normality . 

AN actual no r mality . 

NRNO = no~mality of concentrated nitric 
3 ac1,d , 

If dilution is required, the volume of 
the solution after dilution, and 
subsequently the amount of water to be 
added, can be calculated as follows: 

Volume 
(VAD) 

(ml) after dilution 
AN X V 

DN 



where: 

AN' V and DN are as described above. 

Then,volume (ml) of water to be added 
= VAD - V. 

After adjustment of the normality by 
either method the solution should be 
checked by further titration against 
the standard sodium hydroxide solution. 

5. If the sample contains an appre
ciable amount of manganese, any 
manganese dioxide that may have pre
cipitated during evaporation of the 
solution to fumes of perchloric acid 
may be re-dissolved by the addition of 
several drops of 3% hydrogen peroxide. 
The solution should subsequently be 
boiled for approximately 5 minutes to 
remove excess hydrogen peroxide. 

6. Filtration of the aqueous solu
tion of the sodium carbonate melt 
removes the titanium that was present 
in the acid-insoluble residue, but 
most of the titanium that is present 
in the sample remains in the initial 
filtrate. Small amounts do not inter
fere appreciably during the precipi
tation of phosphorus as ammonium 
phosphomolybdate3, but prior separa
tion of titanium, as described in 
Procedure A(b), is necessary for 
samp les containing more than approxi
ma tely 15 mg2 

7. If the sample contains arsenic, 
tin, or germanium proceed as follows: 

Evaporate the solution to approximate 
ly 30 ml , add 5-1 0 ml of concentrated 
hydrobromic acid , and evaporate the 
solution to fumes of perchloric acid . 
Cool , wash down the sides of the flask 
with water , evaporate the solution to 
fumes again , then proceed as described . 

Antimony is also volatilized as the 
bromide by the above procedure. 

8. If a small amount of insoluble 
silica is present, filter the solution 
(Whatman No. 541 paper) into a 300-ml 
Erlenmeyer flask and wash the paper 
and residue with warm 1% nitric acid. 
Discard the paper and residue, and 
evaporate the filtrate and washings 
to approximately 50 ml, then proceed 
as described. 

If a large amount is present, ignite 
the paper and residue, and treat the 
resulting residue as described in 
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Procedure A(a). After digestion of the 
sodium carbonate melt, filter the solu
tion, and add the filtrate to the main 
solution. 

9. Ammonium nitrate hastens the 
separation of the ammonium phospho
molybdate precipitate, and decreases 
its solubility because of the common
ion effect4. 

10. Precipitation of phosphorus at 
15°C eliminates interference from 
vanadium (IV). Tetravalent vanadium 
retards precipitation, to some extent, 
but it is not occluded by the pre
cipitate if phosphorus is precipitated 
at 10-20°C 3 • 

11. If vanadium is absent, cool the 
solution to approximately 20°C, omit 
the addition of ferrous sulphate solu
tion, and allow the solution to stand 
for 20 minutes after it is removed 
from the shaking machine, or until th e 
yellow precipitate has settledl. 

12. If the amount of precipitate is 
small, the solution should be allowed 
to stand for at least 4 hours or pre
ferably overnightl,3. 

13. Because the yellow precipitate 
tends to climb up the sides of the 
funnel, wash it by directing a jet of 
the wash solution around the inner 
edge of the funnel and spirally down. 
It is not necessary to remove all of 
the precipitate from the flask. 

14. Because sodium hydroxide reacts 
with nitric acid and carbon dioxide 
high results will be obtained if ' 
potassium nitrate solution containing 
carbon dioxide is employed as wash 
solution, and if all of the acid is not 
removed from the flask and precipitate. 

15. When only a few determinations 
are required, phosphorus can be deter
mined gravimetrically at this stage by 
collecting the precipitate quantita
tively in a tared porcelain f iltering 
crucible, and washing it with 1 % nitric 
acid. Subsequently, the precipitate 
can be weighed as ammonium phospho
molybdate [ (NH4) 3P04·12Mo03], after 
drying it to constant weight at 110-
1150C, or as phosphomolybdic anhydrid e 
(P205•24Mo03), after igniting it at 
approximately 400°C. 



Then, %P = 
0.01651 x Weight of dried 
ammonium phosphomolybdate (g) x 100 

Sample weight (g) 

OR 

0.01722 x Weight of ignited 
phosphomolybdic anhydride (g) x lOO 

Sample weight (g) 

The latter method is more accurate 
than the preceding method because all 
ammonium salts are expelled, and 
possible error resulting from varia
tions in the composition of the 
ammonium phosphomolybdate precipitate 
because of occluded ammonium salts is 
eliminated4. 

16. Any precipitate adhering to the 
glass funnel can be removed by first 
washing the funnel with a small amount 
of carbon dioxide-free water, then by 
wiping it with a moistened piece of 
filter paper. 

17. Rapid evaporation and strong 
fuming at high temperatures result in 
spattering and possible loss of phos
phorus by volatilization 4 , and cause 
hard crusts, that resist subsequent 
treatment, to form on the bottom of 
the beaker. 

18. If th~ sample is a molybdenite 
concentrate, more nitric acid, fol
lowed by evaporation of the solution 
to fumes of sulphur trioxide, may be 
required to decompose any remaining 
sulphides. 

19. If the sample contains an 
appreciable amount of tungsten, in
soluble yellow hydrated tungsten 
trioxide will constitute most of the 
acid-insoluble material after filtra
tion. This compound is re-dissolved 
into the filtrate by the subsequent 
treatment with 50% ammonium hydroxide. 
The ammonium hydroxide employed 
should be kept to a minimum so that 
the filtrate will remain acid. 

20. If the sample contains arsenic, 
tin, or germanium proceed as follows: 

Evaporate the solution to approximate
ly 30 ml, add 5-10 ml of concentrated 
hydrobromic acid, and evaporate the 
solution to fumes of sulphur trioxide . 
Cool, wash down the sides of the flask 
with water, evaporate the solution to 
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fumes again, then proceed as described. 

21. Insoluble hydrated tungsten tri
oxide may be present at this stage. 

22. The amount of tartaric acid 
employed should not exceed 2 g because 
the ammonium tartrate that is subse
quently produced retards the formation 
of magnesium ammonium phosphate (Note 
25) 8 . 

23. If a large amount of hydrated 
tungsten trioxide is present, more 
ammonium hydroxide and gentle heating 
may be required to dissolve this 
compound and produce a clear solution. 

24. Glass beads initiate the forma
tion of the magnesium ammonium phos
phate precipitate. 

25. In the presence of ammonium 
tartrate, complete precipitation of 
phosphorus as magnesium ammonium phos
phate can be obtained only by vigorous 
agitation of a very cold solution, 
followed by long standing at 5-10°C3,8. 

26. During filtration and washing 
it is not necessary to remove all of 
the precipitate from the flask. How
ever, the glass beads should be trans
ferred to the filter paper because they 
may cause some precipitation of hydrat
ed molybdenum trioxide during the 
subsequent precipitation of phosphorus 
as ammonium phosphomolybdate. 

27. Small amounts of phosphorus can 
be determined spectrophotometrically at 
this stage by the Phosphovanadomolybdic 
Acid-Isoamyl Alcohol Extraction Method 
(p 81), after the addition of iron 
(III) solution and perchloric acid to 
the solution, or to a suitable aliquot 
of the solution, followed by evapora
tion of the solution to fumes of 
perchloric acid to remove excess nitric 
acid. 

28. Because ammonium nitrate is 
formed during the neutralization of 
nitric acid with ammonium hydroxide, 
the addition of 10 g,as recommended in 
Procedure A(a), is not necessary in 
this procedure. 

29. To avoid loss of sample result
ing from the rapid reaction between 
carbonates and acid, moisten the 
sample with approximately 10 ml of 
water, cover the beaker, and slowly 



add concentrated nitric acid in small 
portions. When the decomposition of 
the carbonates is complete, add the 
recommended amounts of hydrochloric 
and perchloric acids, and proceed as 
described. 

30. If any residue (i.e., titanium 
and zirconium phosphates) is still 
present at this stage, it should be 
quantitatively removed by filtration, 
ignited, and fused with sodium car
bonate. After digestion of the melt 
in water, filter ~he resulting solu
tion and add the filtrate to the 
initial filtrate. Boil the combined 
solution to expel carbon dioxide, 
then proceed as described, 

31. The addition of iron (III) 
solution to co-precipitate phosphorus 
is not necessary if the sample con
tains an equivalent amount (i.e., 
120 mg) or more of iron and/or 
aluminum. 

Calculations 

Normality of sodium hydroxide 
solution (NNaOH) 

Weight of potassium acid phthalate (g) 
0 . 2042 X V 

where: 

V = volume (ml) of sodium hydroxide 
solution required by the potas
sium acid phthalate. 

Phosphorus equivalent (mg/ml) of the 
sodium hydroxide solution (PEQ) 

1 
NNaOH x 23 x 30.97 

Normality of nitric acid 

solution (NHN03) V x NNaOH 

V 

where: 

V = Volume (ml) of sodium hydroxide 
solution required by "v" ml of 
nitric acid solution. 

Sodium hydroxide equivalent 
of the nitric acid solution 

NHN03 

N NaOH 
OR 

(ml/ml) 
(NaOHEQ) 

V 
V 
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where: 

V and v are as described above. 

%P 
[(V 5 -NaOHEQxv 5 )-(VB-NaOHEQxvB)] 

xPE 

Sample weight (mg) X 100 

where: 

VS • volume (ml) of sodium hydroxide 
- solution added to the sample. 

~olume (ml) · pf nitric acid solu
tion required by the excess 
sodium hydroxide solution added 
to the sample. 

volume (ml) of sodium hydroxide 
solution added ~o the blank. 

volume (ml) of nitric acid solu
tion required by the excess 
sodium hydroxide solution added 
to the blank. 

% P205 = 2.291 X %P 

Other applications 

The method described in Procedure A(b) 
can probably be employed to determine 
phosphorus in chromium ores and mill 
products. 
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DETERMINATION OF TOTAL SULPHUR IN ORES AND MILL PRODUCTS BY THE DIRECT
COMBUSTION METHOD 

Principle 

This method 1 - 3 is based on the oxida
tion of elemental and sulphide sulphur, 
and the decomposition of inorganic 
sulphates and sulphites to sulphur 
dioxide and some sulphur trioxide by 
combustion of the sample in a water
and sulphur oxide-free oxygen atmos
phere. The resultant gases are 
absorbed in a neutral silver nitrate 
solution. Sulphur is determined by 
titration of the resultant nitric and 
sulphuric acids, formed during the 
reaction of sulphur dioxide and sul
phur trioxide with silver nitrate and 
water, respectively, with sodium 
hydroxide 4 , in the presence of methyl 
red and Xylene Cyanole FF as interna! 
indicators. 

The correspqnding reactions for the 
absorption and titration processes 
are: 

H2S04 + 2Na0H + Na2S04 + 2H20• 

Outline 

The sample is ignited at approximately 
1450°C in a water- and sulphur oxide
free oxygen atmosphere. The result-
ing sulphur dioxide and trioxide are 
collected in a neutral silver nitrate 
solution. The nitric and sulphuric 
acids in the resulting solution are 
titrated with sodium hydroxide solution. 

Discussion .Q.f interferences 

Chlorine and fluorine, which are pro
duced during the combustion of 
samples containing fluoride and 
chloride compounds, interfere in this 
method because they readily oxidize 
sulphur dioxide to sulphur trioxide in 
the presence of water. This reaction 
results in the formation of sulphuric, 
hydrochloric, and hydrofluoric acids, 
and causes high results for sulphur 
because the hydrofluoric acid, and the 
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nitric acid that is produced by the 
reaction of hydrochloric acid with the 
silver nitrate solution employed for 
the absorption of the sulphur oxides, 
are also titrated with the sodium 
hydroxide solution 5 • Nitrates, 
molybdenum, arsenic, selenium, and 
tellurium interfere because they are 
volatilized as oxides during the 
combustion of sulphur, and subsequent
ly form soluble acidic compounds that 
react with the titrant 6 , 7 • 

Water causes low results for sulphur 
because it reacts with sulphur oxides 
to fu~m acids that condense in the 
exit tube 7 . Interference from hygro
scopie moisture (H20-) can be eliminat
ed by drying the sample at 105-110°C 
prior to the determination of sulphur. 
The method is not applicable to 
samples containing combined water 
(H20+). 

Iron oxide dust and part of the vola
tile acidic oxides (e.g., molybdenum 
trioxide) are removed by passing the 
sulphur oxides through a glass tube 
filled with dry cotton-wool. Up to 
approximately 1% by weight of molyb
denum does not cause significant error 
in the sulphur result 2 . 

A purification unit containing Ascarite 
(asbestos impregnated with sodium 
hydroxide) and anhydrous magnesium per
chlorate removes sulphur oxides and 
water, respectively, from the oxygen em
ployed for combustion and as the carrier 
gas. 

Range 

The method is suitable for samples 
containing approximately 0.01 to 5% of 
sulphur, but material containing high
er concentrations can be analyzed with 
reasonable accuracy if more concentrat
ed (e.g., 0.1-0.2 N) sodium hydroxide 
solution is employed as titrant. 
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FIGURE 1. Apparatus for the determination of total sulphur by direct-combustion 

A - Oxygen tank with two-stage 
regulator. 

B - Rubber tubing. 
C - Oxygen-flow meter. 
D - Purification unit containing 

Ascarite (20-30 mesh) and 
anhydrous magnesium perchlorate 
(Anhydrone). 

E - G 1 as s -w o o 1. 
F - Ascarite. 
G - Anhydrous magnesium perchlorate. 
H - Rubber stopper. 
I - Glass tube. 
J - Tygon tubing (approximately 

2.5 ft). 
K - Rubber stopper with oxygen (heat

deflec tor) baffle. 
L - Electric furnace, resistance-type 

with appropriate temperature con
trols, or induction-type with 
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appropriate power input indicating 
device. 

M - Combustion tube, hi gh-temperature. 
N - Glass fume- and dust-trap tube 

filled with dry cotton-wool. 
0 - Glass gas-bubbler tube. 
P - Titration vessel (approximatel y 

200 ml capacity) marked at 65 ml. 
Q - Sodium hydroxide over f low bottle. 
R - Drain for titration vessel. 
S - Clamp. 
T - Tygon tubing. 
U - Burette (automatic Shellbach-type, 

50 ml capacity). 
V - Bottle platform. 
W - Bottle (brown) containing silver 

nitrate solution. 
X - Bottle containing sodium hydroxide 

solution. 
Y - Carbon dioxide-guard tube contain

ing Ascarite (20-30 mesh). 



Apparat us 

Apparatus f o r the dete rm i nati o n of 
total s ul phur b y d ire c t comb usti o n. 
A typical arrangement bf the apparatus 
is illustrated in Figure 1. Various 
types of specialized apparatus that 
are commercially available have been 
reviewed in the literatureB, but a 
suitable apparatus can also be readily 
c onstructed in the laboratory. The 
f ollowing general recommendations 
indicate the types of apparatus and 
related materials that are acceptable9: 

(a) Combu st ion appara tu s - Any electric 
tube-fuinace capable of continuous 
operation at 1425-1450°C may be 
employed, and the combustion can 
be accomplished either by resist
anc e or induction heating. If an 
induction-type furnace is employed, 
a rheostat to control the power 
inp u t to the induction coil is 
req u ired to avoid heating some 
types of samples too rapidly 
during the earl y stages of com
bustion.. The combustion zone of 
the resistance-type furnace must 
be 20-25 cm (8-10 in.) in length, 
a nd that of the induction-type 
fu r nace must provide amply for 
a dequate heating of the sample. 

(b) Combustion tubes - The combustion 
tub e must be a low-sulphur re
f r ac tory type (e.g., synthetic 
z ir c on) that can withstand the 
maximum operating temperature 
without becoming porous, and 
sho u ld pref e rably be tapered at 
on e end. Tubes approximately 30 
i nc he s long, with an inside 
di a meter of 1.25 inches, are 
generally used with resistance 
fur n aces. 

( c ) Combustion boats and cove rs -
The boats, crucibles and covers 
( No te 1) employed with the res
pective types of furnaces should 
be e ssentiall y sulphur-free. 
Pr i er to use t hey should be pre
ignited in oxygen in the combus
tion tube, at 1425-1450°C, for at 
l ea st 2 minutes, then cooled and 
sto r ed in a dessicator to prevent 
the adsorption of sulphur gases or 
fumes from the air. 

(d) Oxygen - purification unit - The 
purity of the oxygen should be not 
less than 99.5 %. It should be 
passed through two reduction 
pressure valves (approximately 30 
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and 2 tG • psi, respect i ve ly) or a 
suitable two-stage reducti on valve 
to provide a steady and adeq uate 
flow. Water and sulp h ur o x i des 
should be removed b y passin g the 
gas through anhydrous ma gnes ium 
perchlorate and Ascarite, r e s
pectively. 

(e) Co n nections - A met a l b ree ch con
necter at the entran ce o f the com
bustion tube is re c ommend ed. If a 
rubber stopper (il l us tr at ed in 
Figure 1) is used, it mus t be pro
tected by heat-reflectin g baffles, 
pref erably of the d o uble -disk type. 
Connection between th e outlet end 
of the combustion tub e and the 
absorption and t i tration assembly 
should be as short and f r ee of 
bends as possible. All rubber 
s~oppers and tubin g emplo y e d for 
connections must b e essentially 
sulphur-free. 

(f) Absorption and ti t r a ti o n assembly . 
The apparatus (e. g ., th e Dietert 
titration unit - ill u s t rated in 
Figure 1) should c o ns is t of an 
absorption and titr a t ion vessel of 
appropriate volume a nd shaped to 
ef fect complete abs orp t ion of 
sulphur oxides in a small volume 
of solution. 

Reagents 

Sodium hydroxide stock s olut ion , 0.05 N. 
Transfer 2.000 g of s odium hydroxide 
to a 300-ml Erlenme y er flask , and add 
approximatel y 100 ml of wa t er and 0.1 g 
of barium hydroxide to pr ecipitate an y 
carbonate present. Stoppe r, and shake 
until the sodium hydro x i d e has dissolv
ed, then allow the solut i on t o stand 
for at least 24 heur s . Fi lt er the re
sulting solution (What man No. 42 paper) 
and wash the paper th orough l y with 
carbon dioxide-free wate r. Dilute the 
filtrate to 1 litre with carbon 
dioxide-free water, an d s t ore in a 
polyethylene bottle. 

Standard sodium hydrox i d e s olution , 
0.005 N. Dilute 1 00 ml o f t he stock 
solution to 1 litre with ca r bon 
dioxide-free water, an d prot ect the 
solution from atmospher ic c arb on 
dioxide by means of a g u a rd t ube con
taining Ascarite as s hown in Figure 1. 

Methyl red indicator s oluti on , 0 . 1 % 
w/v in ethyl alcohol. 

Xylene cyanole FF indicat o r s olution , 
0.1 % w/v. 



Si l v e r nitrate solution, 0.34% w/y. 
Dissolve 3.4 g of the reagent in 
approximately 400 ml of water, add 
7 ml each of 0.1% methyl red and 0.1% 
xylene cyanole FF indicator solutions 
and dilute to 1 litre with water. 

Wat e r (carbon dioxide - free). 
boiled and cooled water. 

Freshly 

Standardization of sodium hydroxide 
solution 

Standardize the dilute 0.005 N sodium 
hydroxide solution by carrying 0.05-
1 g of a sample of ore of known sul
phur content, similar in type and 
containing approximately the same 
amount of sulphur as that present in 
the sample taken for analysis (Note 
2), through the described procedure. 
Calculate the sulphur equivalent 
(mg/ml) of the sodium hydroxide solu
tion (Note 3). 

Procedure 

Heat the furnace to 1425-1450°C and, 
by means of the upper stopcock in the 
titration vessel P (Figure 1), add 
65 ml of 0.34% silver nitrate solution 
to the vessel (Notes 4 and 5). Place 
the gas-bubbler tube 0 in the titra
tion vessel (Note 6), close the inlet 
end of the combustion tube (Note 7) 
with the rubber stopper K, and pass 
oxygen through the tube at a rate of 
approximately 1.5 litres per minute 
for 10-15 minutes to remove air and 
moisture from the apparatus. Maintain 
the flow of oxygen and, from the 
burette U, add sufficient standard 
sodium hydroxide solution to the 
titration vessel, by drops, until the 
purple colour has disappeared and the 
solution is clear green . Record the 
volume of titrant required to reach 
this first end-point. 

Open the inlet end of the combustion 
tube, and quickly insert a previously
ignited covered boat or crucible 
(Note 8) containing 0.05-1 g of dry 
powdered sample (Notes 9 and 10), 
containing up to approximately 4 mg of 
sulphur,into the tube. Push the boat 
or crucible into the hot central zone 
with a steel rod and immediately 
close the tube. Continue to pass 
oxygen through the tube at a rate of 
approximately 1.5 litres per minute 
for 5 minutes, maintain the flow of 
oxygen, and again titrate the solution 
in the titration vessel to a clear 

green end-point (Note 11). Correct the 
total volume of titrant required for 
the titration by subtracting that re
quired to reach the first end-point 
(Note 12). 

Notes 

1. The caver employed with boats 
used in the resistance-type furnace i s 
usually a sleeve-type, open at bath 
ends to allow free access of oxygen. 
That employed with crucibles used in 
some induction furnaces is a round 
porous-type. The cover pr e vent s 
damage to the combustion tube if t he 
sample spatters during the combustion 
process. 

2. Because the proportion of s ulp h ur 
evolved as the oxides varies wit h 
different sample materials anrl wit h 
the amount of s ulphur present, a nd 
because the evolution of the oxid e s is 
not quite quantitative, the s odium 
hydroxide solution must be s t a ndar di z e d 
empirically, preferabl y u s ing the sam e 
weight of a similar type o f s ampl e o f 
known sulphur content, and containin g 
approximately the same amount o f s u l
phur as that present in the sample 1 ,3. 
If a standard or e sa mple co nt a inin g 
approximately the s ame am o unt of s ulphur 
is not available, a suitable st a nd a rd 
sample can be prep a red b y mixin g 
appropriate amounts of s tandard s a mple s 
of higher and lower sulphur c ontent s . 
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For the routine determination of lar g e 
amounts of sulphur, in which high 
accuracy is not required, the s odium 
hydroxide solution can be st a ndardized 
against any ore sample (but pref erably 
of the same type) of known (i.e., h i g h 
or low) sulphur c ontent. The wei g ht 
of the standard sample taken need not 
be the same as that of the sample taken 
for analysis, but the amount of sulphur 
present in bath samples should be 
approximately the same. 

3. Theoretically 1 ml of 0.005 N 
sodium hydroxide solution= 0.0802 mg 
o f sulphur, but because the evolution 
of sulphur oxides is not quite quanti
tative (Note 2) the sulphur equivalent 
found will be sli ghtly less than the 
above value. Regardless of whether 
nitric acid, formed by the reaction o f 
sulphur dioxide with silver nitrate, 
or sulphuric acid, formed by the re
action of sulphur trioxide with water, 
are being titrated, there is no change 



in the sulphur equivalent because the 
number of moles of nitric and sulphuric 
acids that are formed per mole of 
sulphur during the above reactions 
(i.e., 2 moles and 1 mole, respective
ly) both combine with 2 moles of sodium 
hydroxide 4 . 

4. The volume of silver nitrate 
solution taken, the time and tempera
ture of combustion, and the oxygen 
flow rate employed for the analysis of 
the sample must be the same as those 
employed for the standardization of 
the sodium hydroxide solution, or else 
the result obtained for the sample 
will not be accurate3. 

5. Instead of absorbing the evolved 
sulphur oxides in dilute silver 
nitrate solution, sulphur dioxide 
(but not sulphur trioxide) can be 
absorbed in a dilute hydrochloric 
acid-starch-potassium iodide solution, 
followed by oxidation of the dioxide 
to sulphuric acid with iodine, pro
duced by titration of the solution 
with standard potassium iodate solu
tion2•3•6. Alternatively, sulphur 
dioxide can be absorbed in the above 
solution in the presence of an excess 
of standard potassium iodate solution, 
followed by titration of the excess 
liberated iodine with standard sodium 
thiosulphate solution 1 ,l0,ll, Sulphur 
dioxide and sulphur trioxide can also 
be absorbed in dilute hydrogen per
oxide, followed by titration of the 
resultant sulphuric acid with standard 
sodium hydroxide or sodium borate 
solution2,6, Chlorine and fluorine 
interfere in all of the above titration 
procedures. 

6. If the inner walls of the titra
tion vessel become coated with white 
silver sulphite after numerous 
analyses, the vessel can be cleaned 
with aqua regia. 

7. If the sulphur equipment is in 
frequent use, the residue that 
accumulates in the cooler part of the 
combustion tube should be burned out 
either daily or weekly after discon
necting the exit tube. This can be 
accomplished by moving the cooler part 
of the tube into the hot central zone 
of the furnace and allowing oxygen to 
flow through the tube for 15-20 
minutes. If the residue is allowed 
to accumulate, the yield of sulphur 
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oxides is reduced during combustion 
because the residue absorbs sulphur 
oxides 1 • 12 . 

8. To avoid possible contamination 
and moisture (Note 9) from the hands, 
the pre-ignited boat or crucible and 
caver should be handled with clean 
tongs or forceps. 

9. The sample must be free of 
moisture or else low results will be 
obtained because of the retention of 
sulphur oxides by water vapour which 
condenses in the glass fume- and 
dust-trap N and in the connecting 
rubber exit tubes. If the sample is 
suspected to contain moisture, it 
should be dried at 105-110°C for 
approximately 1 hour, prior to the 
deter~ination of sulphur. Previously 
weighed dried samples that have been 
transferred to the combustion boat or 
crucible should be covered and stored 
in .a dessicator until required. This 
also prevents contamination of the 
sample from atmospheric dust. 

10. If necessary (e.g., with an 
induction furnace), low-sulphur iron 
chips or powder, and tin granules 
(30-mesh) can be employed as accelera
tors to promote combustion and to form 
a conductible mass 3 • If these fluxes 
are employed, a blank determination 
should be carried out, using the same 
amount of iron and tin as that employ
ed for the sample, and the result 
obtained should be subtracted from 
that obtained for the sample. 

11. If a definite end-point cannot 
be obtained, the cotton-wool in the 
glass fume- and dust-trap N should be 
changed, and the tube should be clean
ed and dried. Only dried cotton-wool, 
handled with clean tongs or forceps, 
should be employed. 

12. Standardization of the sodium 
hydroxide solution with appropriate 
standard samples, if necessary, and 
.the determination of sulphur in other 
samples can be carried out in succes
sion at this stage, as described in 
the procedure, if the flow of oxygen 
is maintained throughout the course of 
the analyses. Fresh silver nitrate 
solution should be employed for each 
determination. 



Calculations 

Sulphur equivalent (mg/ml) of 
the 0.005 N sodium hydroxide 
solution (SEQ) 

Weight of sulphur in the 
standard sample taken (mg) 

V - V 

where: 

V = total volume (ml) of sodium 
hydroxide solution required 
for the titration. 

V volume (ml) of sodium hydroxide 
solution required to reach the 
first end-point. 

(V - v) x SEQ 
- X 100 

Sample weight (mg) % s = 

where: 

V and v are as described above. 

Other applications 

This method can be employed to deter
mine sulphur in iron, steel, and 
ferrous and non-ferrous alloys2,4,6,13, 
and in silicate and carbonate rocks 
and minerals, if suitable standard 
materials are available and if iron 
and tin are used as accelerators to 
promote combustionlD-12, 
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DETERMINATION OF TIN IN ORES AND MILL PRODUCTS BY THE IODIMETRIC METHOD 
AFTER REDUCTION WITH METALLIC IRON 

Princip le 

This method 1 is based on the reduction 
of tin to the divalent state with 
metallic iron in an approximately 
4.7 M hydrochloric acid medium and an 
air-free atmosphere. Tin is deter
mined by titration of the resultant 
tin (II) with iodine (formed by the 
reaction of potassium iodate and 
potassium iodide in an acid medium), 
in a carbon dioxide atmosphere, in the 
presence of Thyodene (soluble starch) 
as internal indicator. 

The corresponding reactions for these 
processes are: 

SnCl4 + Fe + SnCl2 + FeCl2 

KI03 + SKI + 6HC1 + 312 + 3H20 + 6KC1 

SnC1 2 + I2 + 2HC1 + SnCl4 + 2HI. 

Outline 

The sample is decomposed by fusion 
with sodium carbonate and sodium 
peroxide. The melt is dissolved in 
dilute hydrochloric acid, and tin, 
iron, and certain other elements are 
ultimately precipitated as the hydrous 
oxides with ammonium hydroxide, and 
separated from copper, molybdenum, 
and some tungsten by filtration . 
After dissolution of the precipitate, 
tin is re-precipitated to remove 
occluded copper and molybdenum, and 
the precipitate is dissolved in 
dilute hydrochloric-hydrofluoric acid 
solution. The tin in the resulting 
solution is ultimately reduced with 
iron metal, and titrated with potas
sium iodate solution containing 
potassium iodide. 

Discussion of interferences 

Molybdenum interferes in the titration 
of tin because it is reduced to a 
lower oxidation state by metallic iron, 
and is subsequently oxidized by the 
iodine. Copper, arsenic, antimony, 
and bismuth interfere because they are 
reduced to the elemental state and 
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obscure the end-point of the titra
tion 1-3 

Interference from copper and molybde
num is eliminated by separating tin 
from these elements by precipitation 
as the hydrous oxide with ammonium 
hydroxide. Tungsten is not completely 
separate~ from tin by this procedure, 
but the blue compound f ormed by re
duc t ion with iron does not react with 
iodine, and interferes only if it 
masks the blue colour of the starch
iodir.e end-point 2 ,3. 

Small amounts of arsenic, antimony, 
and bismuth, and moderate amounts of 
other elements (e.g., titanium, 
zirconium, and aluminum) that precipi
tate as hydrous oxides, or are co
precipitated during the ammonium 
hydroxide separation of tin, do not 
interfere in the reduction and subse
quent titration of tin 2 • 3 . Interfer
ence from large amounts of elemental 
arsenic, antimony, and bismuth, which 
are formed during the reduction pro
cedure, can be avoided by repeating 
the reduction step, after the removal 
of the precipitated elements by 
filtration 1 . 

Range 

The method is suitablé for samples 
containing more than approximately 1% 
of tin. 
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FIGURE 1. Apparatus for the reduction 
of tin 

A - Rubber stopper. 
B - Lead weight. 
C - Reduction flask (500-ml Erlenmeyer

type) . 
D - Beaker (250-ml) containing saturat

ed sodium bicarbonate solution. 
E - Glass siphon tube. 

Apparat us 

Apparatus for the reduction of tin . 
Illustrated in Figure 1. 

Reagents 

Standard potassium iodate solution , 
0.05 N. Dissolve 3.5670 g of potassium 
iodate, 10 g of potassium iodide, and 
2 g of sodium hydroxide in water and 
dilute to 2 litres. 

Standard tin solution (1 ml = 3 mg of 
tin). Dissolve 1.5000 g of high-purity 
tin metal by heating gently in a 
covered 400-ml beaker with 50 ml of 
concentrated hydrochloric acid. Cool 
the resulting solution, add an addi
tional 50-ml portion of concentrated 
hydrochloric acid, transfer the solu
tion to a 500-ml volumetric flask, and 
dilute to volume with water. 

Iron granules , high-purity. 

Thyodene (soluble starch) indicator 
solution , 5 % w/v. Dissolve 5g each of 
Thyo dene and potassium iodide in water, 
and dilute to 100 ml. Prepare fresh 
as required. 

Antimony trichloride solution , 1 % w/v 
in concentrated hydrochloric acid. 

Hydrochloric - hydr ofluoric acid 
50 % and 2% v/v, respectively. 
a polyethylene bottle. 

Hydrochloric acid , 50 % v/v. 

solution , 
Store in 

Sodium bicarbonate solution, saturated. 

Sodium bicarbonate tablets (10 grains). 

Standardization of potassium iodate 
solution 

Transfer a 20-40-ml aliquot of the 
standard tin solution to a 500-ml 
Erlenmeyer reduction flask (Figure 1), 
add sufficient concentrated hydro
chloric acid so that approximately 
80 ml are present, and dilute the solu
tion t~ approximately 200 ml with 
water. Add 5 g of iron granules and 
5-10 drops of 1% antimony trichloride 
solution (Note 1), and bail the solu
tion gently on a hot-plate until most, 
but not all of the iron granules are 
dissolved. Cap the flask with the 
rubber stopper A fitted with the 
siphon tube, immerse the outlet end of 
the tube in a beaker containing 
saturated sodium bicarbonate solution, 
and continue boiling the solution 
until several minutes af ter the dis
solution of the remaining iron 
granules (Note 2). Remove the flask 
from the hot-plate - with the outlet 
tube still immersed in the sodium 
bicarbonate solution - and place the 
lead weight B around the neck of the 
flask . Cool the resulting solution in 
a water-bath maintained at room temp
erature, and finally in an ice-bath 
(Note 3). Remove the cap of the flask, 
add two sodium bicarbonate tablets 

356 

( No t e 4 ) an d 1 0 m 1 o f 5 % Th y o d en e 
solution, and immediatel y titrate the 
solution with standard potassium 
iodate solution to the blue starch
iodine end-point (Note 5). Correct 
the result obtained by subtracting th a t 
obtained for a blank that is carried 
through the reduction procedure (Note 
6). Determine the normality of the 
potassium iodate solution, and calcu
late the tin equivalent (m g /ml) (1 ml 
of 0.05 N potassium iodate solution = 
2.967 mg of tin). 

Procedure 

Transfer 0.2- 2 g of powdered sample, 
containing up to approximately 150 mg 
of tin, and 3-4 g each of sodium 
carbo nate and sodium peroxide to a 



50-ml zirconium crucible. Mix 
thoroughly and cover the mixture with 
a thin layer of sodium peroxide. 
Cover the crucible with a zirconium 
cover, fuse the contents over a blast 
burner, and keep the melt at red heat 
for several minutes to ensure complete 
sample decomposition. Allow the melt 
to cool for approximately 5 minutes, 
then transfer the crucible and cover 
to a 600-ml (covered) beaker contain
ing 100 ml of water. When the subse
quent reaction has cease d, remove the 
crucible and cover af ter washing them 
thoroughly with concentrated hydro
chloric acid and water, and neutralize 
the solution approximately with con
centra ted hydrochloric acid. Add 5 ml 
in excess and dilute the solution to 
approximately 400 ml with water. 

Boil the resulting solution for about 
5 minutes to remove the carbon dioxide 
and hydrogen peroxide formed during 
the acidification step, then, using 
litmus paper, neutralize the solution 
approx imately with concentr ated 
ammonium hydroxide to precipitate the 
hydrous oxides of tin and iron. Add 
5 ml of ammonium hydr oxide in excess 
and boil the solution for several 
minutes to coagulate the precipitate. 
Allow the precipitate to settl e, then 
filter the solution (Whatman No. 541 
paper) and wash the beaker, paper, and 
precipitate thoroughly with hot water , 
Discard the filtrate and washings. 

Using a jet of hot water, transfer the 
bulk of the precipitate to the beaker 
in which the precipitation was carried 
out . Dissolve the small amo unt of 
precipitate remaining on the filter 
paper, using hot 50 % hydrochloric acid, 
and wash the paper thoroughly with hot 
water to remove the excess acid (Notes 
7 and 3). Collect the resulting solu
tion in the beaker containing the 
precipitate. If necessary, add suffi
cient concen trated hydrochloric acid to 
dissolve the precipitate, then add 5 ml 
in excess, and re-precipitate the 
hydrous oxides as de scribed above. 
Filter the hot solution through the 
original filter paper, wash the beaker, 
paper , and precipitate thoroughly with 
hot water, and again transfer the bulk 
of the precipitate to the beaker in 
which the precipitation was carried out. 
Dissolve the precipitate remaining on 
the paper by repeated washing of the 
paper with hot 50 % hydrochlo ric-2% 
hydrofluor ic acid solution followed by 

hot water, and collect the solution in 
the beaker containing the precipitate . 

Add sufficient concentrated hydrochloric 
acid to the resulting solution so that 
approximately 80 ml are present (Note 
9), and transfer it to a reduction 
flask. Dilute the solution to appro
ximately 200 ml with water, and pro
ceed with the reduction (Notes 10 and 
11) and subsequent titration of tin as 
described above. Correct the result 
obtained for the sample by subtracting 
that obtained for a blank that is 
carried through the reduction pro
cedure (Note 12). 

Notes 

1. Antimony trichloride catalyzes 
the reduction of tin (IV) with metallic 
iron 1 • 

2. Although tin (II) is readily air
oxidized to the tetravalent state, 
capping of the reduction flask at the 
beginning of the reduct ion step is not 
necessary because the steam evolv ing 
during the boiling process prevents 
air from entering the f lask. Further
more, if the flask is capped at this 
stage, and the outlet tube is placed 
in a solution of sodium bicarbonate, 
the hydrochloric acid that dist ils 
over during the boiling process will 
neutralize the bicarbonate solution. 

3. If the solution is cooled t oo 
rapidly, sodium bicarbonate solution 
will occasionally siphon back in to the 
reduction flask. This can be avoided 
by using a slow stream of carbon 
dioxide or nitrogen gas to mainta i n an 
air-free atmosphere in the flask during 
both the reduction and cooling stages. 

4. The carbon dioxide formed by the 
dissolution of the sodium bicarbonate 
tablets in the acid solution helps to 
exclude air f rom the flask durin g the 
titration of tin (II). 

5. A 40-ml portion of the tin solu
tion (i.e., 120 mg of tin) requires 
40.44 ml of 0.05 N potassium iodate 
solution. 

6. The magnitude of the blank de
pends on the amount and purity of the 
iron used for the reduction of tin. 
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7. Complete removal of the excess 
acid can be ensured by washing the 
paper with dilute ammonium hydroxide . 
The excess acid must be removed from 
the paper to avoid loss of tin during 
the subsequent filtration step . The 
original filter paper should be used 
for the second filtration step because 
small amounts of the hydrous oxide of 
tin (IV) are strongly held in the 
fibres of filter paper3; this residual 
tin is not readily dissolved when the 
mixed hydrous oxide precipitate re
maining on the paper is treated with 
50% hydrochlo ric acid. The residual 
tin is removed from the paper, after 
the second precipitation of the hydrous 
oxides, by washing the paper with 50 % 
hydrochloric acid containing hydro
fluoric acid. This wash solution can
not be used to dissolve the initial 
precipitate because fluoride ion com
plexes tin (IV) and, consequently, 
would prevent its re-precipitation as 
the hydrous oxide. 

8 . If the sample contains only 
small amounts of copper , molybdenum, 
and/or tungsten, the subsequent re
precipitation of the hydrous oxides 
may n ot be necessary. In this case, 
dissolve the precipitate remaining on 
the filter paper with 50 % hydrochloric-
2% hydrof luoric acid solution, and 
proceed as described with the reduction 
and subsequent titration of tin. 

9. Any gela tinous silica that is 
present in the solution can be dis
solved by the addition of several 
drops of concentrate d hydrofluoric 
acid. 

10. The presence of tungsten or 
molybdenum is indicated during the 
reduction ste p by the blue or brown 
colour of th e solution, respectively. 

11 . If the sample contains an 
appreciable amount of arsenic, 
antimony , a nd/or bismuth (e.g . , a 
sulphide concentrate), as indicated by 
the precipitation of the respective 
elements or metals during the reduc 
tion step, boil the solution gently 
until all of the iron granules have 
dissolved. Filter the solution 
(Whatman No . 541 paper) into a second 
reduction flask, and wash the flask, 
paper, and precipitate with hot water . 
Discard the paper and precipitate, and 
repeat the reduction procedure (Note 
12) . 

12. If the reduction procedure has 
been repeated , the result obtained for 
the sample must be corrected by sub 
tracting that obtained for a blank that 
is treated in a similar manner (Note 
6) • 

Calculations 

Normality of potassium iodate 
solution (NKI0

3
) 

Weight of tin in aliquot taken (g) 
0.05935 X (V - v) 

where: 

V = volume (ml) of potassium iodate 
solution required by the tin . 

v = volume (ral) of potassium iodate 
solution required by the blank. 

Tin equivalent (mg/ml) of the 
potassium iodate solution (Sn EQ ) 

1 
NKI03 X 2 X 118 . 7 

OR 

Weight of t i n in aliquot taken (mg) 
V - V 

where: 

V and v are as described above . 

% Sn 

where: 

(Vs - VB) X SnEQ 

Sa mple weight (mg) 
X 100 

volume (ml) of potassium iodate 
solution required by the sample . 

volume (ml) of potassium iodate 
solution required by the blank. 

% SnOz = 1.270 x % Sn 
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DETERMINATION OF TITANIUM IN TITANIUM ORES AND MILL PRODUCTS BY TITRATION 
WITH FERRIC AMMONIUM SULPHATE AFTER REDUCTION WllH METALLIC ALUMINUM 

Principle 

This methodl, 2 is based on the reduc
tion of titanium to the trivalent 
state with metallic aluminum in a 
sulphuric-hydrochl oric acid medium 
and an air-free atmosphere. Titanium 
is d e termined by ti trati on of t he 
resultant titanium (III) with ferric 
ammonium sulphate, in a carbo n dioxide 
atmosphere, in the presence of 
potassium thiocyanate as internal 
indicator. 

The corresponding reactions for these 
processes a re: 

6Ti(S04)2 + 2Al 

+ 3Ti2(S04)3 + Al2 (S 04)3 

Ti2(S04)3 + 2FeNH4 ( S04)2 

+ 2T i (S04)2 + 2FeS04 + (NH4) 2S04 . 

Outline 

Th e sample is decomposed by fusion 
with potassium pyrosu lphate o r sodi um 
peroxide , depending on the absence or 
presence of titanium silicates, res
p ec tivel y . Af ter dissolution of the 
me lt, the tit a nium in the resulting 
solution is reduced with alumin um 
metal and titrated with ferric 
ammonium sulphate solution. 

Discussion of interferences 

Vanadium, tin, chromium , molybdenum, 
platinum, tun g sten , a nd niobium 
interfere in this method because they 
a re reduced to l owe r valence states by 
metalli c aluminum, and s ub sequen tl y 
o x idized by ferric ammonium sul
phate1• 2 . Copper , arsenic, and 
antimony are reduced to the elemental 
state and interfere during titration 
by obscuring the orange or fa int red 
iron (III)-thiocyana te complex end 
point1. 
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The method is suitabl e for samples 
containin g more than a p pr oximately 
0.5 % of titanium. 

Apparatus 

Appa r atus 
titanium . 
(p 356) of 
Method for 

Reagen~ 

for the reduc tion of 
Illustrated in F i g ur e 1 
the Volumet r i c -Iodimetric 
tin. 

Standard fe rr ic ammonium sulphate 
solution , 0 .0 6 N. Tr ansfer 28.9326 g 
of ferric ammonium sulp h ate dodec a
hydrat e [FeNH4(S04) 2·12H20] to a 600-
ml beaker, add appro x i mately 300 ml of 
water and 50 ml of 50 % sulphuri c acid 
a n d stir to dissolve. Transfer the 
resulting solution t o a 1-litre volu 
metric flask, and dil ute to volume 
with wat e r . 

Potassium thiocyanate indicator 
solution , 45 % w/v . 

Aluminum f oil , hi gh- purity . 

S u lphuric acid, 50 % v/v . 

Sodium bicarbonate solution, saturated. 

Standardizatio n of ferric ammoniu m 
s ul phate s olution 

Transfer 0.2000 g of pure ti t anium 
dioxide to a 500-ml Erlenmeyer reduc
tion f la sk , add 8 g of ammonium sul
phate and 2 0 ml of concent r ated 
sulphuric acid, a nd heat the mixture 
over an open flame until decomposition 
is complete. Allow the flask and 
content s t o co ol t o room temperature, 
then c arefu l l y a dd 130 ml of water in 
small porti o n s . Arl d 20 ml of concen
trated h y dro c hloric acid , and boil the 
solution for several min utes . Remove 
the flask from the vi cinity of the 
burner and swirl it gently to release 
superheated s t e a m. Add 1 g of aluminum 
foil , immediatel y ca p the flask with 
th e rubber s topper fitted with th e 
siphon tube, and immer s e th e o utle t 
end of the tube in a 250 - ml beaker 



containing saturated sodium bicarbon
ate solution (Note 1). When all of 
the aluminum has dissolved, boil the 
solution gently for 3-5 minutes -
with the outlet tube still immersed in 
the sodium bicarbonate solution -
then place the lead weight around the 
neck of the flask, and cool the solu
tion to less than 60°C (Note 2) in a 
water-bath. Remove the cap of the 
flask, add 2 ml of 45% potassium 
thiocyanate solution, and immediately 
titrate the resulting solution with 
standard ferric ammonium sulphate 
solution to a light orange or faint 
red end-point (Note 3). Correct the 
result obtained by subtracting that 
obtained for a blank that is carried 
through the reduction procedure (Note 
4). Determine the normality of the 
ferric ammonium sulphate solution, an<l 
calculate the titanium equivalent 
(mg/ml) (1 ml of 0.06 N ferric 
ammonium sulphate solution = 2.874 mg 
of titanium). 

Procedures 

In these procedures a reagent blank is 
carried along with the samples. 

Titanium silicates absent 

Transfer 0.1-0.5 g of powdered sample, 
containing up to approximately 100 mg 
of titanium, to a dry 500-ml reduction 
flask containing 15 g of potassium 
pyrosulphate, and fuse the mixture 
over an open flame for approximately 
30 minutes. Cool, add 130 ml of 
water, 30 ml of 50% sulphuric acid, 
and 25 ml of concentrated hydro
chloric acid, and boil to dissolve 
the melt (Note 5). Remove the flask 
from the vicinity of the burner, 
swirl it gently to release super
heated steam, then add 3 g of aluminum 
foil (Note 6) and proceed with the 
redu c tion and subsequent titration of 
titanium as described above. Correct 
the result obtained for the sample by 
subtracting that obtaincd for the 
reagent blank. 

Titanium silicates present 

Transfer 0.1 - 0.5 g of sample to a 
30-ml iron crucible, add 2-3 g of 
sodium peroxide and mix thoroughly. 
Caver the crucible with an iron caver, 
cautiously (to avoid spattering) fuse 
the mixture over a low flame, and 
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maintain it in the molten state for 
3-5 minutes to ensure complete sample 
decomposition (Note 7). Allow the 
melt to cool, then transfer the 
crucible and caver to a 400-ml (cover
ed) beaker containing approximately 
150 ml of water. When the subsequent 
reaction has ceased, add sufficient 
50% sulphuric acid to dissolve the 
precipitate , then add approximately 
5 ml in excess. Remove the crucible 
and caver af ter washing them thorough
ly with water, and add 25 ml of con
centrated hydrochloric acid to the 
resulting solution . 

Transfer the solution to a reduction 
flask and add a small strip of 
aluminum foil. Place a short - stemmed 
funnel in the neck of the f lask to 
prevent loss of sample by spraying, 
and heat the solution on a hot-plate 
to initiate the reaction. Remove the 
flask from the hot-plate, and continue 
adding small portions of aluminum foil 
until approximately 2 g have been dis
sol ved (Note 8). Add 1 g of foil, 
immediately cap the flask with the 
rubber stopper fitted with the siphon 
tube and continue with the reduction 
and subsequent titration of titanium 
as described above. 

Notes 

1. Care should be taken that the 
beaker does not contain any solid 
sodium bicarbonate; this may black 
the siphon tube and could result in 
the explosion of the reduction flask. 
Because the dissolution of the 
aluminum foil is rapid, the reduction 
flask should be swirled , when the 
reaction is nearly complete, to ensure 
thorough mixing and complete reduction. 

2. Decomposition of the potassium 
thiocyanate indicator occurs at temp
eratures exceeding 70°Cl. During the 
cooling stage, the sodium bicarbonate 
solution is drawn into the Erlenmeyer 
flask and reacts with the acid to 
form carbon dioxide which prevents 
air-oxidation of the titanium (III). 

3 . A 0.2000-g portion of titanium 
dioxide (i.e., 119.9 mg of titanium) 
requires 41.72 ml of 0.06 N ferric 
ammonium sulphate solution. 

4. A correction for a reagent blank 
is necessary to eliminate error re
sulting from the presence of small 



amounts of titanium and tin in the 
aluminum metal. Alum inum metal con-
taining copper, arsenic, and antimony 
should not be employed as reductant 
because these elements are reduced to 
the elemental state and subsequently 
interfere with the titration by ob
scuring the end-point 1 • 

5. Any insoluble residue that is 
present at this stage can be ignored 
unless it is suspected to contain 
titanium silicates. If titanium 
silicates are present, sample decom
position by fusion with sodium per
oxide is recommended. 

6. More aluminum is required for 
the reduction of titanium in an ore 
sample than for a comparable quantity 
of titanium dioxide. Ore samples 
contain an appreciable amount of iron, 
which is oxidized to the ferric state 
during fusion of the sample, and 
which must be reduced to the ferrous 
state before the reduction of titanium 
(IV) can proceed 1 • 

7. The crucible should be removed 
from the flame periodically and cooled 
by swirling. Over-heating results in 
rapid destruction of the crucible by 
the sodium peroxide. 

8. Because excessive frothing 
occurs on the addition of aluminum 
foil, the reduction flask should not 
be capped until the frothing subsides 
and most of the ferric iron is reduced 
to the ferrous state . The foil should 
be added in small portions to maintain 
a continuous evolution of hydrogen 
gas. 

Ca lculations 

Normality of ferric ammonium 
sulphate solution [NFe(III)] 

Weight of titanium dioxide (g) 
0.07990 X (V - v) 

where: 

V = volume (ml) of ferric ammonium 
sulphate solution required by the 
titanium dioxide. 

v volume (ml) of ferric ammonium 
sulphate solution required by the 
blank. 
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Titanium equivalent (mg/ml) 
of the f erric ammonium sulphate 
solution (TiEQ) = NFe(III) x 47.90 

(VS - VB) x TiEQ 
% Ti = ) X 100 Sample weight (mg 

where: 

V = s volume (ml) of ferric ammonium 
sulphate solution required by 
the sample. 

volume (ml) of ferric ammonium 
sulphate solution required by 
the blank. 

% Ti02 = 1.668 X % Ti 

Other applications 

This m~thod can be employed to deter
mine titanium in titanium dioxide 
pigments, after sample decomposition 
with concentrated sulphuric acid and 
a mmonium sulphate 1 • 
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DETERMINATION OF VANADIUM IN MINERALS, ORES AND MILL PRODUCTS BY TITRATION 
WllH FERROUS AMMONIUM SULPHATE 

Princip le 

This methodl-4 involves the oxidation 
of vanadium to the pentavalent state 
with potassium permanganate in an 
approximately 1 M sulphuric acid 
medium, the reduction of the excess 
permanganate with sodium nitrite, and 
the destruction of the excess nitrite 
with urea. Vanadium is determined by 
titration (reductimetric) of the re
sultant vanadium (V) with ferrous 
ammonium sulphate in the presence of 
sodium diphenylaminesulphonate as 
internal indicator, according to the 
reaction 

Outline 

Samples containing small amounts of 
silica are decomposed by fusion with 
sodium peroxide, and the melt is 
digested in water. 

If cerium, selenium, tellurium, and 
large amounts of copper, nickel, 
cobalt, and chromium are absent, 
the solution is acidified with 
sulphuric acid, and tungsten, 
titanium, zirconium, niobium, and/or 
tantalum, if present, are complexed 
with hydrofluoric acid. Chromium 
(VI) is subsequently reduced with 
ferrous ammonium sulphate. The 
vanadium in the resulting solution 
is oxidized to the pentavalent state 
with potassium permanganate, and 
ultimately titrated with ferrous 
ammonium sulphate solution. 

If cerium and large amounts of 
copper, nickel, and/or cobalt are 
present, the hydrous oxides of iron 
and the above elements are removed 
by filtration. After dissolution 
of the precipitate, the hydrous 
oxides are re-precipitated with 
sodium hydroxide to recover occluded 
vanadium. The f iltrate is combined 
with the initial filtrate, and 
chromium is ultimately reduced to 
the trivalent state with hydrogen 
peroxide in an acetic acid medium. 
Vanadium is subsequently precipitated 
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as lead vanadate and separated from 
sodium salts and chromium by filtra
tion. After dissolution of the 
precipitate in dilute nitric acid, 
lead is converted to the sulphate, 
and nitric acid is removed by 
evaporation of the solution with 
sulphuric acid. If tungsten is 
absent, the vanadium in the resulting 
solution is ultimatel y oxidized with 
potassium permanganate and titrated 
as described above. If tungsten is 
present, hydrated tungsten trioxide 
is ëemoved by filtration, dissolved 
in sodium hydroxide solution, and 
subsequently complexed with hydro
fluoric acid . The resultant solu
tion is added to the filtrate, and 
vanadium is determined as desc rib ed 
above. 

Samples containing large amounts of 
silica are decomposed with nitric, 
hydrochloric, hydrofluoric, and per
chloric acids, and the solution is 
evaporated to fumes of perchloric 
acid. The acid-insoluble material is 
ultimately removed by filtration, 
ignited, and fused with sodium carbon 
ate and potassium nitrate. The melt 
is dissolved in the initial filtrate 
and the solution is evaporated to 
fumes of perchloric acid to remove the 
resultant nitric acid. 

If cerium and large amounts of 
copper, nickel, and cobalt are absent, 
chromium, if present in large 
amounts, is removed by volatiliza
tion as chromyl chloride. Depending 
on the absence or presence of 
tungsten, the vanadium in the re
sulting solution is ultimately 
determined as dcscribed above . 

If cerium and large amounts of 
copper, nickel, and/or cobalt are 
present, iron and the above elements 
are precipitated as the hydrous 
oxides with sodium hydroxide, and 
separated from vanadium by filtra
tion. After dissolution of the 
precipitate, the hydrous oxides are 
re-precipitated to recover occluded 
vanadium, and vanadium is subsequent
ly separated from the excess sodium 



salts and chromium (III) by precipi
tation as lead vanadate, and deter 
mined as described above. 

Discussion of interferences 

Chromium (VI), cerium (IV), selenium 
(VI), and tellurium (VI) interfere in 
the determination of vanadium because 
they are also reduced to lower oxida
tion states by ferrous ammonium sul
phate1-4. Large amounts of chromium 
(III), and other coloured ions [e.g., 
iron (III), copper (II), cobalt, and 
nickel] interfere by masking the green 
sodium di4henylaminesulphonate en~
point l, 3, . Large amounts of sodium 
salts interfere in the oxidation and/ 
or titration of vanadium and cause 
erroneous results 5 . 

Tungsten, if present as hydrated 
tungsten trioxide during the titration 
step, causes low results for vanadium 
because the precipitate partly adsorbs 
or occludes vanadium 1- 4 Tungsten 
also causes low results if it is pre
sent in a soluble reduced form during 
the ferrous ammonium sulphate reduc
tion step, presumably because the re
duced tungsten is not completely 
oxidized to the hexavalent state with 
potassium permanganate at room temp
erature, and subsequently reduces 
vanadium (V) 1 • During sample decom
position, tungsten is oxidized to the 
hexavalent state either by fusion with 
sodium peroxide or by treatment with 
nitric and perchloric acids . llydrated 
tungsten trioxide is prevented from 
precipitating and interfering during 
titration by complexing soluble sodium 
tungstate, formed either by treatment 
of the sodium peroxide melt with 
water or after dissolution of tungsten 
trioxide in sodium hydroxide solution, 
with hydrofluoric acid 1 . Hydrofluoric 
acid also maintains titanium, 
zirconium, niobium, and tantalum in 
solution during the titration step, 
and eliminates interference from iron 
(III) in the sodium diphenylaminesul
phonate end-point by forming a colour 
less ferric fluoride complex 1- 4 

Interference from chromium (VI) is 
eliminated by reducing it to the tri
valent state with ferrous ammonium 
sulphate. Vanadium (V) is also re
duced by this reagent but is subse
quently re-oxidized to the pentavalent 
state with potassium permanganate at 
room temperature; chromium (III) is 
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not re-oxidized under these condi 
tions 1-4. Selenium, tellurium 3 , and 
cerium are re-oxidized with potassium 
permanganate and cause high results for 
vanadium . 

Up to approximately 50 mg of chromium 
(III), and moderate amounts of copper, 
cobalt, and nickel do not interfere in 
the detection of the end -po int . In 
terference from cerium, and large 
amounts of copper, cobalt , and nickel 
is eliminated by separating these 
elements , and certain other elements 
(e.g. , iron, titanium, zirconium , 
manganese, magnesium, cadmium , and 
some niobium and tantalum) from 
vanadium, as the hydrous oxides , by 
filtration of the aqueous solution of 
the sodium peroxide melt, and/or by 
precipitation of their hydrous oxides 
with sodium hydroxide6• 7 • During 
sample decomposition with acids , 
interference from 50 mg or more of 
chromium can be avoided by vola tili z
ing it as chromyl chloride from a 
perchloric-hydrochloric acid medium, 
or by removing it by electrolysis with 
a mercury cathode. 

Interference from l arge amounts of 
sodium salts , which are accumulated 
during the sodium hydroxide separation 
procedure, is avoided by separating the 
vanadium from the excess salts by 
precipitation as lead vanadate from an 
acetic acid mediumB. Chromium is also 
separated from vanadium by this proce
dure after reducing it to the tri-

, . 8 
valent state with hydrogen perox1de . 
Selenium , tellurium, molybdenum, and 
tungsten are not separated from 
vanadium by either the sodium hydroxide 
or the lead vanadate separation pro
cedures. Selenium, molybdenum, and 
tungsten co - precipitate as insoluble 
lead compounds with lead vanadate; 
tellurium is co -pr ecipitated because 
of a similar reaction and/or because 
of the formation of hydrolysis com
pounds9•10. Moderate amounts of 
molybdenum and tungsten do not inter
fere in the separation of vanadium as 
lead vanadate. Large amounts of 
molybdenum may interfere. 

In the metho<l involving sample decom
position with acids, or after the 
dissolution of the lead vanadate pre 
cipitate, interference from selenium 
and tellurium can be eliminated, in the 
absence of hydrated tungsten trioxide, 
by separating these elements from 
vanadium by electrolysis with a mercury 



cathode in a perchloric or sulphuric 
acid medium, respectively 1 1. In the 
presence of hydrated tungsten tri
oxide, interference from selenium, but 
not tellurium, can be eliminated by 
volatilizing it as the bromide from a 
hydrobromic-sulphuric acid mediuml2. 

Molybdenum (VI), arsenic (V), uranium 
(VI), beryllium, aluminum, manganese, 
zinc, and moderate amounts of phos
phate do not interfere in the titra
tion of vanadium3. 

Range 

The method is suitable for samples 
containing approximately 0.1 to 60% of 
vanadium, but material containing 
higher concentrations can also be 
analyzed i f a smaller sample, or a 
suitable aliquot of a solution of the 
sample is taken. 

Re agents 

Standard ferrous ammonium sulphate 
solution , 0.025 N. Dissolve 9.8038 g 
of ferrous ammonium sulphate hexa
hy drate in approximately 500 ml of 
oxygen-free water, add 50 ml of 50% 
sulphuric acid, and dilute to 1 litre 
with oxygen-free water. 

Standard vanadium solution (1 ml = 
2.5 mg of vanadium). Transfer 
0.8926 g of pure vanadium pentoxide 
( Note 1) to a 250-ml beaker, add 20 ml 
of 10 % sodium hydroxide solution, and 
heat gen t ly until the oxide has dis
solved . Dilute to approximately 75 ml 
with water and, using litmus paper, 
neutralize the solution approximately 
with 50 % sulphuric acid. Add 10 ml in 
excess, and dilute the resulting solu
tion t o 200 ml wi th water. 

Sodium diphenylaminesulphonate 
(oxidized) indicator tablets (0 . 001 g) 
or oxidi zed solution . Prepare the 
solution as described in the Volu-
met ric-Stannous Chloride-Dichromate 
Method for total iron (p 276). 

Ferrous ammonium sulphate solution , 
8% w/v. Dissolve 8 g of ferrous 
a mmonium sulphate hexahydrate in 
approximately 50 ml of water, add 5 ml 
of 50 % sulphuric acid, and dilute to 
100 ml with water. Prepare fresh as 
req uir e d. 

Potassium permanganate solution , 1 % 
w/v. 
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So d ium nitrite s olution , 0.5% w/v. 
Prepare fresh as required. 

Lead acetate solution, 10 % w/v. Dis
solve 10 g of lead acetate trihydrate 
[Pb(CH3C00)2·3Hz0] in water and dilute 
to 100 ml. 

Sodium carbonate -potassium nitrate 
fusion mixture , 90% and 10 % by weight, 
respectively. 

Sulphuric acid, 50 % and 1% v/v. 

Nitric acid , 50 % and 10 % v/v. 

Hydrochloric acid , 10 % v/v. 

Sodium hydroxide solutions , 50%, 10% 
and 2 % w/v. 

Acetic acid wa.sh solution , 3 % v/v. 

Water (oxygen-free). Freshly boiled 
and c~oled water. 

Standardization of f errous ammonium 
sulphate solutio~ 

Transfer a 10-20-ml aliquot of the 
standard vanadium solution to a 400-ml 
Teflon beaker (Note 2) and add 20 ml 
of 50 % sulphuric acid. Dilute the 
solution to approximately 200 ml with 
water and allow it to cool to room 
temperature. While stirring, add 1% 
potassium permangan a te sol ution, b y 
drops, until a pink colo ur is obtained 
which persists for approximatel y 1 
minute, then add 0.2-0.3 ml in excess, 
and allow the solution to stand for 
approximately 2 minutes to ensure the 
complete oxidation of the vanadium. 
Add 0.5 % sodium nitrite solution (Note 
3), by drops, until the purple colo ur 
of the permanganate ion is completely 
discharged, then add 4-5 drops in 
excess. Ad d 2 g of urea (Note 4), mi x 
thorou ghly, and allow the solution to 
stand for approximatel y 5 minutes to 
ensure the complete destruction of the 
excess nitrite. Add 3 ml of co nc e n
trated hydrofluoric acid (Note 5) and 
one sodium diphenylaminesulphonate 
indicator t ab let (or 0.3 ml of oxidiz 
ed solution). Allow the solution to 
stand for approximately 2 minutes to 
allow the complete development of the 
violet-blue indicator colour, t hen 
titrate the resulting so luti on with 
standard fe rrous ammonium sulphate 
solution until the violet-blue colour 
has completely disappe a r e d and the 
solution is pure gre e n (Note 6). 



Correct the result obtained by adding 
that obtained for an indicator blank 
(Notes 7 and 8). Determine the norm
ality of the ferrous ammonium sulphate 
solution, and calculate the vanadium 
equivalent (mg/ml) (1 ml of 0.025 N 
ferrous ammonium sulphate solution 
1.274 mg of vanadium) (Note 9). 

Al ternatively, the ferrous ammonium 
sulphate solution can be standardized 
against a samp le of ferrovanadium of 
known vanadium co ntent, after decom
position of the samp le, in a Teflon 
beaker, with sulphuric, hydrofluoric, 
and nitric acids, followed b y evapora
tion of the solution to fumes of sul
phur trioxide to ~emove excess hydro
fluoric and nitric acids ( Note 10). 
After dilution of the resulting solu
tion to 200 ml with water, add suffi
cient 8% ferrous ammonium sulp hate solu
tion [ as described in Procedure A(a)], 
if necessary, to reduce a ny chromium 
present, then proceed with the oxida
tion and subsequent titration of 
vanadium as described above . The 
vanadium equivalent of the fer rou s 
ammonium sulphate solution can subse
quently be determined by direct cal
culation. 

Procedures 

A - Large amounts of silica absent 

(a) Cerium , seleni um, tellurium, 
and large amounts of co pper, 
nickel, cobalt and chromi um 
absent 

Transfer 0.1-1 g of powd e red sample, 
containing up to app r oximate l y 60 mg 
of vanadium, to a 60-ml iron crucible, 
and add a four - fold weight excess of 
sodium peroxide . Mix thoroughly a nd 
caver the mixture with an additio nal 
1 g of sodium peroxide . Caver the 
crucible with an iron cover, fuse the 
contents over a blast burner, and 
keep the melt at red heat for several 
minutes to ensure comp l ete sample 
decomposition. All ow the melt t o coo l 
for approximately 5 minutes, then 
transfer the crucible and caver to a 
600 - ml (covered) Teflo n beake r ( No t e 
2) containing approximately 150 ml of 
water. When th e subseq uent reaction 
has ceased , remove the cr u cible and 
cover af ter washing them thoroughly 
with hot water, and bail t he sol ution 
for approximately 10 minutes to des·
troy the residual peroxide. Using 

litmus paper, neutralize the solution 
approximately with 50% sulphuric acid 
and, if the sample contains tungsten, 
titanium , zirconium , niobium, and/or 
tantalum, add 5 ml of concentrated 
hydrofluoric acid (Note 11). Add 20 
ml of 50 % sulphuric acid in excess and 
c ool the resulting solution to room 
temperature (Note 12) . 

By burette, add sufficient 8% ferrous 
ammonium sulphate solution to reduce 
a n y chromium (VI) present (Note 13), 
add 8-10 drops in excess, and mix 
thoroughly. While stirring, add 1 % 
potassium permanganate solution from 
a burette until a pink colour is 
obtained which persists for approxi
matel y 1 minute, then add 0.2-0.3 ml in 
excess. Allow the solution to stand 
for approximately 2 minutes to ensure 
the complete oxidation of the vanadium 
(N o te 14), then proceed with the re
duction of the excess potassium per
manganate with sodium nitrite solution, 
the destruction o f the excess sodium 
nitrite with urea, and the subsequent 
titration of the vanadium as described 
above. Correct the result obtained 
for the sample by adding that obtained 
for the indicator bl a n k (Note 7). 

(b) Cerium a nd large a mounts of 
cop per, nickel, and/or cobalt 
present 

Following sample decomposition by 
f usion with sodium peroxide a nd diges
tion of the melt in water as described 
above (Note 15), bail the solution for 
several minutes to coagulate the pre
cipitate, and allow it to stand for 
approximately 15 minutes. Using a 
Buchner funnel and suction, filter the 
solution (Whatman No. 540 paper) (Note 
16), a nd wash the beaker, paper, a nd 
precipitate thorou ghly with hot 2% 
sodium hydroxide so lution. Transfer 
the fi ltrat e to a 600 - ml Teflon beaker 
and , using litmus paper, neutralize 
th e so lut ion app roximatel y with con
centrated nitric acid. Add 2-3 ml in 
excess and evapora te the solution to 
app roximatel y 100 ml. 

Dissolve th e precipitate with hot 10% 
nitric acid , and wash the p ape r and 
fun n e l thoroughly with th e same solu
t ion followed by hot water . Discard 
the paper. Transfer the resulting 
sol ut ion to the beaker that contained 
the initial precipitate, and dilute to 
approximately 100 ml with water. Add 
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50 % sodium hydroxide solution until 
the solution is almost neutral, heat 
to the boiling point and, while stir
ring, slowly pour the solution into a 
600-ml beaker containing 100 ml of 
10 % sodium hydroxide solution. Boil 
the solution for several minutes, 
allow it to stand for approximately 15 
minutes, then filter the solution as 
described above, and wash both beakers, 
the paper, and the precipitate 
t h oroughly with 2% sodium hydroxide 
solution. Discard the paper and pre
c ipitate, and transfer the filtrate to 
t he beaker containing the initial 
f iltrate. 

Us ing litmus paper, neutralize the 
combined solution approximately with 
c oncentrated nitric acid, add 0.5-1 ml 
in excess, and evaporate the solution 
to approximately 200 ml. Cool, add 
1 0 % sodium hydroxide solution until 
the solution is just alkaline, add 
5 -10 drops in e x cess, then add 30 ml 
of concentrated acetic acid. Add 
s u f ficient 30 % hydrogen peroxide, by 
d rops, to reduce any chromium (VI) 
present (Note 17), and boil the solu
ti o n to remove exc ess hydrogen per
oxi de. While stirring, add sufficient 
10 % lead acetate solution to precipi
ta te th e vanadium as lead vanadate 
( No te 1 8 ), place the beaker on a 
ste am-bath, and allow the solution to 
stan d until the precipitate has settl
ed ( Note 19). Filter the solution 
(Wh atman No. 42 paper) (Note 16) and 
wash the beaker, paper, and precipi
tate th o rough ly wi th 3 % acetic acid. 
Dis car d th e filtr a te. 

Us in g a jet o f hot water, transfer the 
p r e cipitate, as quantitatively as 
pos sible, to the beaker in which the 
p r e cipitation was carried out. Place 
the b eak er under t he funnel, and wash 
the paper thoroughly with hot 50 % 
ni tric a cid to dissolve the remaining 
lea d v anadate. Discard the paper. 
Wash down the sides of the beaker with 
ho t 50 % nitric acid (Note 20), then 
a dd 20 ml of 50 % sulphuric acid, and 
eva porate the solution to fumes of 
sulphur trioxide (Notes 21 and 22). 
Cool, wash down the sides of the 
b e aker with water, and evaporate the 
so lution to fumes again to ensure the 
complete r e moval of nitric acid. Cool, 
add approximatel y 50 ml of water and 
he at gently to dissolve the soluble 
sa lts. 

In the absence of tungsten, dilute the 
solution to approximately 200 ml with 
water, cool to room temperature, and 
proceed with the ferrous ammonium 
sulphate reduction step, if necessary 
(Note 23), the oxidation of vanadium, 
and the subsequent titration of 
vanadium as described in Procedure 
A(a). 

In the presence of tungsten, cool the 
solution to room temperature, filter 
it (Whatman No. 42 paper) into a 
600-ml Teflon beaker (Note 16), and 
wash the beaker, paper, and precipitate 
thoroughly with cold 1% sulphuric acid. 
Transfer the paper and precipitate to 
the beaker that initially contained 
the precipitate, and add 25 ml of water 
and 2 ml of 50% sodium hydroxide solu-
tion. Maeerate the paper thoroughly 
with a glass rod, boil the solution for 
several minutes to dissolve the yellow 
hydrated tungsten trioxide, and digest 
the mixture on a hot-plate for appro
ximately 10 minutes. Filter the solu
tion (Whatman No 541 paper) into a 
250-ml Teflon beaker, and wash the 
beaker, paper, and paper pulp residue 
thoroughly with hot water. Discard the 
paper and residue. Using litmus paper, 
neutralize the filtrate approximately 
with 50 % sulphuric acid, add 5 ml of 
concentrated hydrofluoric acid, and add 
the resulting solution to the main 
solution containing the vanadium. 
Dilute the combined solution to appro
ximately 200 ml with water, cool to 
room temperature, and proceed with the 
determination of vanadium as described 
above. 
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B - Large amounts 9.J silica present 

(a) Cerium and large amounts of 
copper, nickel, and/or cobalt 
absent 

Transfer 0.1-1 g of powdered sample, 
containing up to approximately 60 mg 
of vanadium, to a 250-ml Teflon beaker, 
and moisten with several ml of water. 
Add 5 ml each of concentrated nitric 
and hydrochloric acids and 10 ml of 
concentrated hydrofluoric acid and 
allow the mixture to digest at room 
temperature for 15-20 minutes (Note 
24). Add 20 ml of concentrated per
chloric acid and evaporate the solution 
to fumes of perchloric acid. Cool, 
add 10 ml of water and 5 ml each of 
concentrated hydrochloric and hydro
fluoric acids, and evaporate the 



solution to fumes again. Cool, add 
50 ml of water, heat gently to dissolve 
the soluble salts, and filter the re
sulting solution (Whatman No. 40 
paper) into a 600-ml Teflon beaker. 
Transfer the residue quantitatively to 
the filter paper, wash the beaker, 
paper, and residue with hot 10% hydro
chloric acid, and then thoroughly with 
hot water to remove perchlorates. 

Transfer the paper and contents to a 
30-ml platinum crucible, burn off the 
paper at a low temperature, and ignite 
at approximately 750°C. Cool the 
crucible and fuse the residue with 
1-2 g of 90% sodium carbonate-10% 
potassium nitrate fusion mixture. 
Allow the melt to cool and transfer 
the crucible and contents to the beak
er (covered) containing the initial 
filtrate. When dissolution of the 
melt is complete, remove the crucible 
after washing it thoroughly with hot 
water, and evaporate the solution to 
fumes of perchloric acid. 

Cover the beaker and, if more than 
approximately 50 mg of chromium (Note 
25) are present, add concentrated 
hydrochloric acid in small increments , 
and evaporate the solution to fumes of 
perchloric acid after the addition of 
each increment until no further 
chromyl chloride (i.e., orange vapour) 
is expelled. Evaporate the resulting 
solution to 2-3 ml, or until the 
sodium and potassium salts begin to 
crystallize. Cool, wash down the 
sides of the beaker with water, add 
30 ml of 50% sulphuric acid, and 
evaporate the solution to approximate
ly 10 ml to ensure the complete re
moval of perchloric acid. Cool, add 
approximately 50 ml of water, heat 
gently to dissolve the soluble salts 
and, depending on the absence or 
presence of tungsten, proceed with the 
determination of vanadium as described 
in Procedure A(b). 

(b) Cerium and large amounts of 
copper , nickel, and/or cobalt 
present 

Following sample decomposition (Note 
26), filtration of the solution (Note 
27), and treatment of the acid
insoluble material as described above, 
evaporate the solution to approximate
ly 5 ml (Note 28), cool, and dilute to 
100 ml with water. Add 50% sodium 
hydroxide solution until the solution 

is almost neutral, heat to the boiling 
point, and proceed with the sodium 
hydroxide separation and filtration as 
described in Procedure A(b). Transf er 
the filtrate to a 600-ml beaker and, 
using litmus paper, neutralize the 
solution approximately with concentrat
ed nitric acid. Add 2-3 ml in excess, 
and evaporate the solution to approxi
mately 100 ml. 

Dissolve the precipitate with hot 10% 
nitric acid, wash the paper and funnel 
thoroughly with the same solution, 
followed by hot water, and discard the 
paper. Transfer the resulting solution 
to the beaker that contained the 
initial precipitate and, if necessary, 
dilute to approximately 100 ml with 
water. Add 50% sodium hydroxide solu
tion until the solution is almost 
neutral, ana re-precipitate, filter, 
and wash the mixed hydrous oxide pre
cipitate as described in Procedure 
A(b). Discard the paper and precipi
tate. Add the resulting filtrate to 
the initial filtrate, then proceed 
with the neutralization, acidification, 
and evaporation of the combined solu
tion; the addition of sodium hydroxide 
solution and acetic acid; the reduction 

·of chromium (VI) with hydrogen peroxide; 
the separation of vanadium as lead 
vanadate; and the subsequent determina
tion of vanadium as described in 
Procedure A(b). 

Notes 

1. If the purity of the vanadium 
pentoxide is in doubt, the vanadium 
content of the reagent can be deter
mined by titration with standard 0.1 N 
potassium permanganate solution, after 
the reduction of vanadium to the 
tetravalent state, as described in 
Note 1 (p 116) of the Spectrophoto
metric-N-Benzoyl-N-Phenylhydroxyl
amine Method for vanadium. 
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Then, the weight of vanadium 
pentoxide required for the 
standard solution 

where: 

56.01 

= 0.8926 X 
56.01 

Vanadium found 

the theoretical percentage 
vanadium in pure vanadium 
pentoxide . 

(%) 

of 



If vanadium pentoxide is not available, 
ammonium metavanadate (NH4V03) can be 
employed for the preparation of the 
standard vanadium solution, but the 
purity of this reagent should be deter
mined as described in the above method. 

2. A glass beaker can also be em
ployed at this stage, but a Teflon 
beaker is preferable because etching 
of the glass will occur because of the 
reaction of hydrofluoric acid with the 
silica in the glass during the subse
quent titration step. 

3. Instead of sodium nitrite solu
tion, approximately 0.65% sodium azide 
solution can be employed for the re
duct ion of the excess potassium per
manganate solution. However, the 
excess azide must be destroyed, prior 
to the titration of vanadium, by boil
ing the solution vigorously for about 
10 minutes. The solution must subse
quently be cooled to room temperature 
before the titration stepl• 4 . 

4. Instead of urea, 5 ml of 10% 
sulphamic acid solution can be employ
ed for the destruction of the excess 
sodium nitrite3,4. 

5. Instead of hydrofluoric acid, 5 
or 10 ml of concentrated phosphoric 
acid can be employed for decolourizing 
the iron (III) that is produced during 
the subsequent titration step. How
ever, hydrofluoric acid is recommended 
because it intensifies the sodium 
diphenylaminesulphonate indicator 
colour and sharpens the end-point. 
Hydrofluoric acid also eliminates 
interference from tungsten during the 
titration of vanadium in sample solu
tions prepared by the subsequent 
procedures 1- 4 . Phosphoric acid cannot 
be employed to de-colourize iron (III) 
in the presence of tungsten, because a 
phosphovanadotungstic acid complex, 
which is only partly reduced by the 
iron (II) titrant, is formed and subse
quently causes low results for 
vanadium 1 . 

6. A 20-ml portion of the vanadium 
solution (corrected for the indicator 
blank) (Note 7) requires 39.26 ml of 
0.025 N ferrous ammonium sulphate 
solution. 

7. Because sodium diphenylamine
sulphonate is oxidized by vanadium (V), 
the result obtained will be low unless 
an indicator blank is determined and 
added to the result obtained. The 
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indicator blank can be determined as 
follows 1 3: 

Treat an identical portion of the 
standard vanadium solution as describ
ed in the standardization procedure , 
but add 4 sodium diphenylaminesulphon 
ate tablets (or 1.2 ml of oxidized 
solution) , and titrate the solution as 
described. 

Then, the amount "X" of vanadium (V) 
(in terms of the ferrous ammonium 
sulphate solution) required to oxidize 
the three additional indicator tablets 
(or the additional 0.9 ml of solution) 
= V1 - V4 

where: 

V1 = volume (ml) of ferrous ammonium 
sulphate solution required for 
the titration in the presence of 
one indicator tablet (or 0.3 ml 
of solution). 

V4 volume (ml) of ferro~s ammonium 
sulphate solution required for 
the titration in the presence of 
four indicator tablets (or 1. 2 
ml of solution). 

Consequently, the indicator blank, or 
the amount of vanadium (V) [in terms 
of the iron (II) solution] required to 
oxidize one sodium diphenylaminesul
phonate tablet (or 0.3 ml of solution) 
is equivalent to ~ml of 0.025 N 
ferrous ammonium 3 sulphate solution. 

8. Ferrain (1,10-phenanthroline 
ferrous sulphate) can also be employed 
as internal indicator, but the sul
phuric acid concentration of the solu
tion should be adjusted to approxi
mately 5 M prior to the titration step; 
at lower acidities the end-point 
appears too early. With this indicator 
(i.e., 1 drop of 0.025 M solution), 
the colour change at the end-point is 
from greenish-blue to reddish-green. 
The result obtained with this indica
tor should also be corrected by adding 
that obtained for an indicator blank 
determined as described in Note 714,15. 

9. Because iron (II) solutions are 
susceptible to air-oxidation, the 
ferrous ammonium sulphate solution 
should be standardized daily just 
before use. 

10. Any acid-insoluble material that 
is present at this stage should be 
quantitatively removed by filtration, 
ignited in a platinum crucible, and 



fused with 1-2 g of sodium carbonate. 
The melt should subsequently be dis
solved in the initial solution. 

11. Additional hydrofluoric acid 
may be required to maintain tungsten, 
titanium, zirconium, niobium, and/or 
tantalum in solution, if the sample 
contains an appreciable amount of 
these elements. 

12. The solution should not be 
warm during the subsequent reduction 
and oxidation steps or else chromium 
(III) may be partly oxidized to the 
hexavalent state during the oxidation 
of vanadium (IV) with potassium per
manganate solution4. 

13. Complete reduction of chromium 
is indicated when the solution be
comes clear green. 

14. The reaction between vanadium 
(IV) and potassium permanganate is 
rapid ·in hot solutions but consider
ably slower at room temperature 4 . 
Consequently, the solution should be 
allowed to stand for several minutes 
after the addition of the excess 
potassium permanganate solution to 
ensure the complete oxidation of the 
vanadium. 

15. A glass beaker can be employed 
for the digestion of the melt. 

16. I t is not necessary to transfer 
the precipitate quantitatively to the 
filter paper. 

17. Complete reduction of chromium 
is indicated when the solution becomes 
clear green after it has been boiled 
to remove excess hydrogen peroxide. 
The solution will be brown initially 
because of the formation of the brown 
vanadium (V)-hydrogen peroxide complex. 

18. Approximately 4 ml of 10% lead 
acetate solution are required for the 
precipitation of 60 mg of vanadium, 
but more will be required if molybde
num or soluble tungsten compounds are 
present at this stage. Both tungsten 
and molybdenum are precipitated, 
presumably as lead tungstate and lead 
molybdate, under the conditions em
ployed for the precipitation of lead 
vanadate 10 • Complete separation of 
vanadium may not be obtained in the 
presence of an appreciable amount of 

Molybdeuum becaus~ the lead-molybde
num precipitate that is formed in 
acetic acid media tends to form a 
colloidal mixture that passes through 
the filter paper. 

19. The lead vanadate precipitate 
is initially orange then fades to a 
white or yellowish-amber colour on 
standing. 

20. Lead tungstate, if present in the 
precipitate, will not dissolve in the 
50 % nitric acid employed for the dis
solution of the lead vanadate precipi
tate. This compound is converted to 
yellow hydrated tungsten trioxide, 
and lead is precipitated as the sul
phate during the subsequent evaporation 
of the solution to fumes of sulphur 
trioxide. 

21. I f the sample contains selenium 
and/or tellurium, these elements will 
be present in the sample solution at 
this stage and will interfere in the 
subsequent determination of vanadium. 
Under the conditions employed for the 
precipitation of lead vanadate, 
selenium is co-precipitated as an 
insoluble lead-selenium compound that 
is soluble in t h e 50 % nitric acid 
employed f or the dissolution of the 
lead vanadate precipitate. Tellurium 
forms insoluble hydrolysis compounds 
and/or an insoluble lead-tellurium 
compound that is also soluble in 50 % 
nitric acid. In the absence of hy
drated tungsten trio x ide, both 
selenium and tellurium can be separat
ed from vanadium at this stage by 
electrol y sis with a mercury cathode, 
as follows: 
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Evaporate the solution to app r o x ima t el y 
5 ml , add 50 ml of water , and heat 
gently to dissolve the salts . Cool , 
transfer the solution to a me rc u r y 
cathode cell , dilute to app r o ximately 
200 ml with wate r, and electrolyze the 
solution for 1 hour at appro x imately 
1 0 ampere s. Filter the electrolyte 
( Whatman No . 541 paper ) into a 600 - ml 
Teflon be a ke r and wa s h the ca t ho d e c e l l 
and pape r with wate r. Dis c a r d the 
pape r. Evapo r ate the solution to 
app r oximately 200 ml , add 1 0 ml of 50% 
sulphuric acid , cool the solution to 
room tempe r atur e , and p r oceed with th e 
dete r mination of vanadium a s des cr ibed . 

Selenium and tellurium are not deposit
ed in the mercury, but are quantitative 
l y reduced to the elemental state 



during electrolysis and subsequently 
separa ted from vanadium durinÎ the 
filtra tion of the electrolyte 1 . In 
the presence of tungsten, prior re
moval of the hydrated tungsten tri
oxide by filtration is not recommended 
because the precipitate may occlude 
selenium and, particularly tellurium, 
which readily forms insoluble 
hydrolysis compounds in dilute acid 
media 9 . Sorne selenium and/or tellur
ium would subsequently be present in 
the final solution when the hydrated 
tungsten trioxide is treated as des
cribed in the subsequent procedure to 
recover the occluded vanadium. 

22. If the sample contains selenium, 
but not tellurium, the selenium can be 
separated from vanadium at this stage, 
in the presence of hydrated tungsten 
trioxide, by volatilizing it as the 
bromide by the repeated addition of 
concentrated h ydr obromic acid to the 
solution, followed by evaporation of 
the solution to fumes of sulphur tri
oxide. Tellurium is not separated 
from vanadium by this procedurel 2 . 

23, If t he sample contains chromium, 
the ferrous ammonium sulphate reduction 
step is recomme nd ed to avoid possible 
error result in g from an y chromium (VI) 
that may not h av e been reduced during 
treatment of the solution with hydro
gen peroxide prior to the precipita
tion of lead vanadate. Any un-reduced 
chromium (VI) would be co-precipitated 
as lead chro mat e with the le ad vanadate 
precipitate 1 0 . If chromium is known 
to be absent, the reduction step can 
be omitted . 

24. If lea d, tungsten, and more 
than approxi matel y 50 mg of chromium 
are absent, proceed as follows: 

Add 30 ml of 50% sulphuric acid, 
instead of 20 ml of perchloric acid, 
and evaporate the solution to fumes of 
sulphur trio xi de . Cool , add 1 0 ml of 
water and 5 ml each of concentrated 
hydrochloric and hydrofluoric acids , 
and evaporate the solution to fumes 
again. After filtration , ignition , 
and fusion of the acid- insoluble 
material , followed by dissolution of 
the melt in the initial filtrate , 
evaporate the solution to approximate 
ly 10 ml to remove hydrochloric acid 
and nitrate ion . Add 50 ml of water , 
heat to dissolv& the soluble salts 
(Notes 22 and 25) , then proceed with 

the determination of vanadium as 
described . 

25. If tungsten is absent and 
selenium and tellurium are present, 
selenium, tellurium, and chromium can 
be separated frpm vanadium at this 
stage by electrolysis with a mercury 
cathode as described in Note 21. If 
sulphuric acid was employed for sample 
decomposition instead of perchloric 
acid (Note 24), proceed as described 
in Note 21, after filtration of the 
electrolyte. If perchloric acid was 
employed, proceed as described in the 
subsequent procedure, Iron, cobalt, 
nickel, copper, and lead are also 
separated from vanadium by this pro
cedure11. 

If selenium alone is present, it can 
be separated from vanadium by volati
lization as the bromide as described 
in Note 22, after the separation of 
chromium by volatilization ~s chromyl 
chloride, and the subsequent removal 
of the perchloric acid by evaporation 
with sulphuric acid. 
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26. In this procedure, sulphuric 
acid (Note 24) cannot be employed for 
sample decomposition because lead will 
precipitate as the insoluble sulphate, 
rather than lead vanadate, during the 
subsequent separation of vanadium as 
lead vanadate. 

27. A glass beaker can be employed 
for the collection of the filtrate. 

28. If hydrated tungsten trioxide 
is absent, selenium and/or tellurium, 
if present, should be removed at this 
stage by a mercury cathode separation 
as described in Note 21. 

Calculations 

Normality of ferrous ammonium 
sulphate solution [NFe(II)] 

Weight of vanadium in aliquot taken 
0.05094 x (V+ v) 

where: 

V volume (ml) of f errous ammonium 
sulphate solution required for 
the vanadium. 

v volume (ml) of ferrous ammonium 
sulphate solution required for 
the indicator blank. 

(g) 



Vanadium equivalent (mg/ml) of 
the ferrous ammonium sulphate 
solution (VEQ) = NFe(II) x 50.94 OR 

Weight of vanadium in aliquot taken 
(m 

V + V 

where: 

V and v are as described above. 

% V 
(Vs+ v) X VEQ 

- X 100 
Sample weight (mg) 

where: 

V = volume (ml) of ferrous ammonium s sulphate solution required for 
the sample. 

v is as described above. 

1. 7 85 X % V 

1.471 X % V 

Other applications 

With suitable modifications in the 
decomposition procedure, the method 
described in Procedure B(a) can be 
employed to determine vanadium in iron 
and steel 1 - 3 • 
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APPEND~X 





TABLE I 

Common Acids and Alkalies - Useful Data 

HCl HN03 HF HCl04 H2S04 H3P04 CH3COOH NH40H 

Molecular Weight 36.46 63.02 20.01 100.46 98.07 98.00 60.03 35.04 

Average specific 
gravit y of con- 1.19 1. 42 1.15 1. 68 1. 84 1. 69 1. 06 0.90 
centrated reagent 

Average % present 
in concentrated 36.0 69.5 48.0 71. 0 96.0 85 .0 99.5 58.6 
reagent 

Gms " active " 
ingredient per ml 0.426 0.985 0.552 1. 19 1.77 1. 44 1. 055 0.527 

Normality of con -
centrated reagent 11. 7 15.6 2 7. 6 11. 8 36.1 44 .0 17.6 15.1 

Molarity of con -
centrated reagent 11. 7 15.6 27.6 11. 8 18 . 0 14.7 17.6 15.1 

Ml co n cent rat ed 
reagent per litre 85.5 64.0 36.2 8/f. 4 2 7. 8 22. 7 56.9 66.5 
of IN solution -

Ml concentrated 
reagent per litr e 85.5 64.0 36. 2 84 . 4 55.6 68.2 56.9 66. 5 
of l M solution 

-
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