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THE CHEMICLL DET)-IPTIIMPIU OF THGRIUM IN ITS ORES 

by 

John C. Ingles 

Radioactivity Division 

INTRODUCTION 

Thorium, as it occurs in nature, is invariably associated with 

elements such as the rare earths which resemble it closely in 

chemical properties, and with others, 5uch as niobium and tantalum, 

that do not respond readilyto conventional analytical procedures. 

Like uranium, it is frequently present in considerable amounts in 

refractory  minorais  not ordinarily considered to be radioactive, such 

as biotite and zircon. The stops  required to decompose the sample 

must, therefore, be severe: To date no simple procedure for the 

solution and subsequent separation of thorium from the other consti-

tuents of an ore has proved entirely satisfactory. 

Thorium does not cause interference in the chemical and auori- 

metric procedures used in the Division's laboratories for the determination 

of uranium. It does cause interference however, in routine radiometric 

determinations but its presence is detected readily and the amount 

present may bo estimated roughly by a simple calculation. The direct 

radiometric determination of thorium can be carried out with good 

precision provided  the uranium—thorium ratio is not too high, and the 

sample is in a state of radioactive equilibrium. Since this determination 

requires much less time than any chemical procedure presently available, 

it is preferred where applicable. However, a chemical determination is 
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necessary as a check on radiometric methods and for altered ores or 

other materials in which the radioactive decay products are not in 

equilibrium. 

Tho Division undertook the present investigation to evaluate 

a number of procedures for the separation and determination of 

thorium, and to combine those separations which appeared most reliable 

into an integrated procedure, With a view to lowering the limits of 

determination, the possibility of employing certain elements as 

carriers for thorium precipitates was also investigated. However, 

it was found that the introduction of the elements used reduced  the 

specificity of the separations to a marked degree and the use of 

carriers is  not a  therefore, included in the reconmended procedure 

described in this report. 

This procedure requires from three to six days to complete, 

depending upon the domplexty of the samples. With proper facilities, 

fron six to ton samples can bo handled by one analyst, allowance for 

overnight evaporation of solutions and the digestion of precipitates 

being particularly desirable. 

DETAILS OF EXPERIMENTS 

The Colorinetric  Determination of Thorium  

A rapid method for the detection and the determination of small 

amounts of thorium in the samples is essential-in - the investigation 

of procedures for separating thorium from the various elenents 

commonly associated with it. 



A colorinetric reagent which neets the above requirements,

1-(o-arsonophenylazo)-2 naphthol 3"6 disulphonic acid, is described in

a recent publication by Thorlason.9 Perry., and Byerly (1), Although this

reagent is subject to many interferences^ it has outstanding advantages.

It will dotect 10 nicrogr^..ns of thorium in a 10 ml. volume of solution.

Since the sensitivity of the reagent to the interfering ions$ except

zirconiun$ is much loss than to thoriuns the purity of thorium precipi-

tates can be checked by weighing then., ther/câ.ssolving and estimating the

thorium content colorinetrically. If the weight of the precipitate is

rnzch in excess of that calculated from the colorir.ietric results the

precipitate is almost certainly contaninated. The amount of sample

consunod by this check is insignificant in relation to the usual weight

of thorium precipitated so that the balance can be re-treated, and again

weighod without affecting the over-all accuracy. In a qualitative way.,

this sonetines serves to identify such contaminants as cerium IV which

decolorizes the reagent, and zirconium which gives a distinctive red

turbidity,

Synthosis of 1-(o-arsonophenylazo)-2 naphthol ?-6 disulphonic acid

This reagent is not available commercially so it was necessary to

produce it synthetically. The starting material was o-nitroanilino

which was convorted to o-nitrophenylarsonic acid in good yield by the

method developed by Kashima (2). The next step, reduction of the o-nitro

acid to the o-anino acid., presented considerable difficulty but was

finally accomplished by a procedure devised by Jacobs2 Heidelberger and

Rolfe (3). Kalbis method (4) Tras tried but without success. The

conversion of the o-aninophenylarsonic acid to the corresponding diazo-
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compound and its subsequent coupling with R- sait (sodium salt of 2,3, 

6 naphthol-sulphonic acid) to form the colorimetric reagent was carried 

out as described by Thomason and others . (1). • 

Approximately 3 grans of the reagent were prepared. It was not 

analysed for arsenic content to verify its purity $  but the absorption 

spectrum (page 6 ) coincided with that given by Thomason. Since only 

1 ml. of 0.1 per cent aqueous solution is used per determination, the 

above amount has proved more than eufficient for all the investigational 

work done to date. The reagent is adequately stable. The properties of 

a solution exposed in a clear glass bottle in a well-lighted room with 

northern exposure for several months remained unchanged. 

Interferences  

Table No. 1 illustrates the effect of various cations on the 

absorption of the reagent as determined by the same procedure used with 

thorium solutions. 
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EFFECT OF VARIOUS CATIONS ON THE ABSORPTION  OF 

1-(0-ARSONOPHENYLAZO)-2 NAPHTHOL 3..6  DISULPHONIC  ACID 

TABLE NO .1 

___-- 

Tho2 I 	20 

40 

80 

20 

40 

100 

Zr 	50 

100 (1) 

Ce
+3 	10,000 - 

Y 

Nd 

2,000 

4,000 

8,000 (2) 

2,000 

6,000 

10,000 alono 

in pros. of 12 r̀-; Th02  

in pros. of 24 rh02 

Optical Density 

0.103 

0.206 

0.412 

0.030 

0.075 

0.205 

0.320 

0.365 

0.115 

0.085 

0.157 

, 0.192 

0.000 

0.000 

0.023 

0.033 

0.040 

Thorium equiv. 
as Th02 

5 

14 

40 

62 

72 

22 

16 

30 

37 

nil 

nil 

4 

6 

7 

Amount in 
10 ml. vol. 

Cation micrograms 

(1) began to precipitate 

(2) insufficiont reagent to complexall  the  yttrium 
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Colorinotric  Determination of Corium 

A preliminary survey of the problems involved in the determi. 

nation of thorium in ores showed that the elimination of the rare earths 

constitutes one of the major difficulties from the standpoint of quantity 

involved, frequency of occurrence, and difficulty of chemical separations 

A rapid, sensitive method was therefore required for the determina-

tion of those compounds in the initial work on separations of synthetic 

mixtures. Since the determination of most of tho rare earths is a 

difficult, time-consuming operation, it was dcoidod fcr a number of 

reasons to use cerium as a typical rare earth. It is one of the commonest 

of these earths: in its III oxidation state its chemical properties are 

practically identical with many of the rare earths commonly associated 

with thoriuns and it is a common constituent of thorium ores. It is 

the most readily avnilable in a state of high purity and by virtue of its 

IV oxidation state e -is readily determined chemically. 

Although snail amounts of cerium may be determined by a micro-

volumetric procedure, it was believed that a colorimetric method would 

prove more rapid. Sono preliminary work was done on a method based on 

the use of hydrogen peroxide in alkaline solution. This method has 

been recommended by many writers, all of whom used visual standards for 

•  quantitative  determinations. It wns found that the porcerate compound, 

though highly coloured, is not soluble in the solution from which it is 

prepared and hence, cannot be used for optical measuroments in a speciztphotcmetre  

It was decided therefore, to use the colour of cerium IV in 

sulphuric acid solution which, although somewhat less sensitive, is 
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amenable to objective moasurement and is adequately sensitive for the 

purposo. Ftuthermore, if the amount of corium is too great for colori-

metric obsorvation it can bo determined volumetrically without further 

troatdont, 

The method described below is based on one suggosted by Slnd,11 (5) e, 

A practically identical procodura has since been published by Freedman 

and Hume (6), 

Transfer a 10 ml. aliquot of the sample solution which should bo 

2N in sulphuric acid e  to a 15 ml, beaker with a mark corresponding to 

a 10 ml. volume s  Add 1 drop N/10 AgNO3  and exactly 0.2 grans ammonium 

persulphate. Boil exactly 5 minutes ,  keeping the volume at 10 nl. 

throughout. Cool quickly in a water bath and adjust to exactly 10 ml. 

in a volumetric flask using 2K sulphuric acid which has been boiled with 

ammonium persulphato and silver nitrate. Mix well and road immediately 

on a Beckman spectrophotometer in a 1 cm. cell at 320 nu, slit width 

0.4.m. A blank determination should be carried through the wholo 

proceduro with tho samples. The procedure of bloaching eerie sulphate 

with a reducing agent and using the bleached solution as a blank 

introduces sorious orrors and is not recommended. The observed optical 

density corroctod for tho blank is converted to concentration of eerie 

sulphate by moans of an analytical calibration curvo. 

Docomposition of Ores 

It was desired to utilizo some of the methods used in the Division 

for tho decomposition of ores for uranium determination as many of the 

minerais  encountered are similar. Thoso mothods includo treatment with 

throe acids, nitric '  hydrochloric and sulphurier and fusion wi th  potassium 
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bisulphate, and sodium peroxide sinter. While they have proved entirely 

satisfactory over a period of years as a first stop in uranium 

doterminat.ions, they aro not as well adapted to the preliminary treatment 

of norium-boaring ores as they introduce large quantities of salts, and 

necessitate the separation, and the separate treatment of silica, tantalum, 

niobium, and titanium. 

An initial attack with hydrofluoric acid avoids both those difficulties 

and thus reduces the time required for a determination. Platinum equipment 

must be used, however, and since these ores sometimes contain constituents 

such as sulphides, and compounds of arsenic and antimony, the weighed 

sample must first be roasted in a porcelain or refractory dish. This 

initial roasting also serves to "open up" the ore to the action of tho acid. 

Sono ninerals, for e=imple, zircon and cassiterite, are resistant to 

the action of hydrofluoric acid. Small amounts can be treated separately 

after tho nain part of fhe ore has been brought into solution, but, if the 

bulk of the sample consists of such minerals, one of the other methods of 

attack must bo used, the sodium peroxide sinter being most valuable in 

these cases. It is essential that the entire sample be brought into 

solution as any undissolved residue nay contain thorium. 

Separation of Thorium fron the Common  Interfering Ions  

Tho Fluoride Separation 

Tho initial treatment with hydrofluoric acid renoves a large number 

of interfering elements. Thus, phosphate, niobate, tantalate, titanate, 

silicate, zirconium, aluminum, and wolfram (tungsten) are largely removed, 

and sono uranium  is also separated. Many of these are elements which cause 
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losses of thoriun by occlusion in hydrolytic precipitates and the use of 

this separation as a prelininary stop in the nethod greatly simplifies 

the  subsequent operations of tho procedure. 

Using the recommended procedure outlined below, tho resUlts of a 

check of the separation by qualitative spectrographic examination of the 

residue and filtrates fron a t;,..pical ore sanple confirmed tho efficiency 

of the method. 

Method 

A one-gram  sample of a typical  thorium  mineral, euxenite - a rare 

earth colombo-titanate, was roasted in a porcelain dish at 1000 0  C. and 

the cooled natorial was transferred to a platinum dish. A 50 ml, portion 

of 48 per cent hydrofluoric acid uns added and tho solution vas  taken to 

dryness. A second portion of hydrofluoric acid (20  ml.)  was added and 

taken down to a volume of 10 ml. This wns made to a volume of 50 ml. 

with water and filtered on a # 41 H filter paper in a hard rubber funnel. 

The residue was washed twice with 20  ml. portions of water. Tho paper 

was transferred to the original dish, dried, and ignited. This procedure 

was repeated twice. 

The individual filtrates were taken to dryness and together with the 

residue insoluble in hydrofluoric acid, wore submitted for qualitative 

analYsis. The procedure employed, D.C. arc excitation with graphite 

electrodes, prevents the detection of sono of the rare earths but nost of 

tho elements of interest in this separation can be detected with adequate 

sensitivity. • 
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The rosults are givun in Table No. 2 below. 

SPECTROGRAPHIC  OALYSES SHOWING SEPARATiONS  ACHIEVEM 

BY HYDROFLUORIC ACID TREATMENT 

TABLE NO. 2 

Oro: 	Euxonito 

Weight taken: 14;00. grams 

Major 	Minor 
Sample 	Tt.  gms. 	Constituents 	Constituents 	Strong  Trace  

Rosiduo inscl. 
in hydrofluoric 
acid 	 0.2440 	Y, Yb (1) 	Ca, Pb 	Fe, Si, Mg 

1st filtrato 	0.6212 	Ti 	 Nb,  Fo 	Si, Mg, Y, Yb 

2nd filtrato 	0.0690 	(2) 	Y 	Yb 
, 	

Fo y  Si, Mg 

3rd filtrato 	0.0180 	(2) 	Y, Yb 	Fe, Si, Mg 
_  

(1) Tho prosenco of thorium is not indicated since the amount present 
was below the linit of detection in the method used. 

(2) Major constituent not definitely assigned. 

Tho Oxalate Separation 

A eurvey of the literature indicated that oxalate compounds provide 

one of the best general separations of thorium from the common ions. 

The conventional oxalate precipitation is time-consuming since the 

thorium precipitate requiros a long digestion period before.obtaining 

a granular form which can be successfully filtered and washod. Tho 
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elapsed time can bo considerably shortened by an oporation y  "Precipitation 

from Homogonoous Solution";  dovisod by  Uillard  and Gordon (7). In the 

 oxporimont doscribod bolowe  mothy1 oxalate was Used as the  precipitant 

in placo of oxalic acid and gave satisfactory recoveries of small amounts 

of thorium. It is notod that a considorablo amount of cerium was 

soparatod from tho thorium which of course, incroasos  the  valuo of the 

roagont. 

Mothod 

Synthetic solutions containing 11.8 mg. of thorium oxido and 20:8 mg. 

of corium woro procipitatod and washed according to the diroctions of 

Willord and Gordon (l). The filtratos woro analysed colorimotrically for 

corium and thorium. The precipitates woro redissolved and tho thorium 

was procipitatod again. The second filtrato was similarly oxamined. 

Finally, tho procipitato was df-ssolvod and tested colorimotrically for 

corium and thorium4  In all  cases t  the apparent thorium content was 

corrected for the  known corium content of tho solution. 



Filtrate from 

1st Precipitation 

Filtrate from 

2nd Precipitation 
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The results are given in Table No. 3 below. 

THE SEPARATION OF THORIUM FROM CERIUM 

BY METHYL MUTE PRECIPITATION 

TAME NO. 1 

Thorium taken: 11.8 mg. Th02 

Cerium taken: 20,8 mg. Co 

.Samplo Test 	Th02  found (mg.) 1 Ce found (mg.) 

1 	 0.09 	 2.3 

2 	 0,14 	 4,6 

3 	 0.07 	 400 

4 	 0.10 	 3.9 

1 	 0.04 	 5.9 

2 	 0.09 	 4.6 

3 	 0.02 	 - 4.3 

4 	 0.12 	 6.0  

Precipitate 

1 

2 

3 

4 

	

11.3 	 12.1 

	

11.4 	 10.2 

	

11.5 	 12.3 

	

11,6 	 11.1 



Soparation of Thorium fron Zirconiun

The PIlandelic t,cid Separation

The general excellence of the nandelic acid'precipitation of

zirconium (8) was verified in the Divisionts laboratories In the

estimation of zirconium in ores. Since zirconium is the most serious

source of interference with the colorimotric method for thoriumy a

number of tests were carried out to determine whether or not this

reagent can be used to separato those two elements quantitatively.

Thorium was determined colorimotrical],y in the filtrate after destruction

of the excess mandelic acid with nitric and perchloric acids.

The results confirmed the cleanness of this separationj, and

indicated that it would be usoful in the determination of thorium in

a high-grade zirconium ore. However, the extrone difficulty of

destroying the large amount of riandolic acid present in the filtrate

rules this method out "as a practical thorium separation for routine

use. Nevertheless., it is possible that a rapid method of removing the

excess nandolic acid will be found., in which case this separation could

be extremely valuable.



11.8 mg. 

11.8 mg. 

23.6 mg. 

23.6 mg. 

51 jigEl. 

51 pgm. 
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Tho results obtained are given in Table No. 4 below. 

THE SEPARATION OF ZIRCONIUM FROM THORIUM 

BY MANDELIC  ACID PRECIPITATION 

Wt. Th02 taken 

TABLE  NO. 4 

Wt. Zr taken 
mg. 

Wt. ThOp found 
in filtrate 

100.0 

100.0 

100.0 

100.0 

10.0 

10.0 

11.6 mg. 

11.4 mg. 

23.4 mg. 

23.3 ng. 

43 pea. 
48 ?gm. 

Separation of Thorium from the Rare Earths 

Most thorium minorais  contain a high proportion of the raro earth 

elements. 4 number of the methods most recently recommended for this 

separation were therefore, studied using simple mixtures of synthetic 

solutions. The composition of these mixtures and the results of the 

separation are shown below in tabular form for each method investigated. 

The corium and thorium contents of the precipitates and filtrates were 

determined colorinetrically in each case. 

The Ammonium Benzoate Separation 

In an investigation into the applications of ammonium  benzoate to 

analytical separations, Jewsbury and Osborne (9) reported that thorium 
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can bo separated from the raro oarths, yttrium, scandium, and iron 

by procipitation ulth this reagent at pH 2.0. A number of tests  wore, 

thorefore, màdo to determine the effectiveness of the  thorium-cerium 

separation. Since zirconium is a common constituent of thorium ores 

and is also procipitated by ammonium benzoato, it was included in some 

of the synthetic solutions to ascortain the offect its presence might 

have on tho soparation of corium. 

Tho possibility of employing zirconium as carrier for trace amounts 

of thorium and subsequently using mandolic acid to remove the zirconium, 

was also entortainod at this time. For this reason, zirconium was 

added to  sono of theso solutions to determino its effect on the separation. 

However, as is seen in Table No. 5, corium III can not be satisfactorily 

eoparated from thorium and zirconium whon both are present, although 

satisfactory separations can be achieved from oithor one separatoly. The 

double precipitation roquirod makes the oporation lengthy and filtration 

is slow duo to the limited solubility of the  ammonium bonzoato at the 

low pH usod. 

Mothod 

The method outlinod by Jewsbury and Osborn() (9) was employed with 

tho excoption of an adjustment of tho final pH of the solution containing 

tho ammonium benzoato to a pH of 3.5 to onsuro completo precipitation, 



Tho rosults ca4o even in Tablo No, 5 below. 

THE SEPARATION OF THORIUM FRCM CERIUM AND ZIRCONIUM 

BY AIMMUHI BENZOATE PRECIPITATION 

TABLE N01.._1 

Wt. Th02 	Wt. Co III 	Wte  Zr 	Co in ppt. 	Wt. Th02  in ppt. 
takon y  mg. 	takony  ng, 	takon e  ng 	mg. 	 mg, 

11.8 	20.1 	none 	<0.1 	 11,6 

11.8 	20.1 	nono 	 0,3 	 11,8 

11.8 	20‘1 	10,0 	 7.9 	 .. 

11.8 	20,1 	10,0 	 4.0 	 - 

11.8 	20.1 	10,0 	 631 	 - 

11.8 	20.1 	10,0 	 7.4 	 - 

mono 	20,1 	I 	1O0 	(0,1 	 - 

ncte 	20.1 . 	10,0 	<0.1 	 . 

Tho Hoxanine Separation  

The uso of hoxamothrlcno totramino for the  separation of corium 

and thorium ume invostigctod thoroughly by Ismail and Harwood (10). 

Two precipitations aro roluirod as with tho provious nothod. Tho 

procipitato is not bulky ;  and tho possibility of using aluniaum as a 

carrier for trace amounts of thorium ras investigated. Although this 

mothod gives fatrly satisfactory rosults, it doos not appear to offer 

any advantagos ovor the other methods tested. The use of aluminum as 

a carrier for thorium in thq procedura in inadvisable sinco it leads to 
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 incroasod contamination of the precipitatod thoritua. 

The rosults dro given in Tablo No, 6 bc;low. 

THE SEPARATION OF THORIUM:FROM CERIUM AND ALUMINUM 

HI,MEXAMIDE PRtCIPITATION 

TABLE NO. 6, 

	

Wt. Th02 	Wt. Co 	Wt, Al 	Co in 	Th02 in 

	

takon, mg. 	taken, mg. 	taken, mg, 	ppt., mg. 	ppt., mg. 

- 	 100 	 50 	 5.4 	 - 

- 	 100 	 50 	 6.4 	 - 

11.8 	 100 	 50 	 7.0 	 11.5 

11.8 	 100 	 50 	 5.5 	 10.0 

11.8 	 100 	_ 	 • 	 0.1 	 11.5 

11.8 	 160 	 « 	 0.1 	 11.3 

U.S 	 - 	 50 	 . 	 10.0 

11.8 	 - 	 50 	 - 	 9.1 

Tho Uroa-Fornate Separation  

This method was recommended rocently by Uillard and Gordon (7) 

as a stop in their nethod for the analysis of monazite sand. Hydrolysis 

of uroa slowly raises the pH of tho boiling solution, and the presonco 

of formic acid improves the density of tho precipitate. The soparation 

of corium and thorium was invostigated as describod. Tho results 
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showod that an adoquate . soparation is possible but llko all the fore-

going nothods, it is laboricus and time-consuming. 

THE SEPARATION OF THORIUM FROM CERIUM 

BY UHEA-FORMiWE  PRECIPITATION  

TABLE  NO. 7 

--- 

	

Wt. Th02 	 Wt. Co 	 Wt. Th02  

	

taken, mg. 	 taken 	ma 

	

, 	̀•-e 	 in ppt., mg. 

U.S 	 20.8 	 11.4 

U.S 	 20.8 	 11.3 

U.S 	 20,8 	 11.5 

11.8 	 20,8 	 11.6 

The Mosityl Oxido Soraration  

The use of mosityl oxido, an organic solvent, for tho extraction 

of thorium nitrata  from  mixtures of other nitrates has boon proposed 

by Lovino and Grimaldi (11). Tho advantagos affordod by this separation 

aros 

(1)Thoro is no intorforonco from comploxing agents such as phosphata 

and uulphato ions. 

(2)Thorium is separated from corium (in both valonco states) and from 

othor  rare  earths as well as from most common cations. 

(3)The oporation takos only 10 minutes. 

Thora  are, howevrr, drawbacks to  the mothod. Uranium, zirconium, 
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and vanadium are not soparated from thoriums and the extract is

contaminated with aluminum (aluminum nitrate is used as a salting-

out agent) which must be removed prior to the determination of the

thorium either gravimetrically or coloriciotrically.

Method

A sonos of tests was carried out similar to thoso for the

soparations previously deseribed. Typical results are given in Table

No. 8., and show that the recovery of thorium is quite satisfactory.

Because of the speed and the simplicity of the apparatus required.,

this soparation has been incorporated into the recommended procedure.

As sulphato and phosphate will be removed during the initial stops of

the recommended procedure the effect of those ions on the mes-ityl

oxide extraction was not investigated.

THE SEPIIRGTIOId OF TI?ORIUT.4 FRD?J CERIUM

BY EXTRI►CTION UITH rMSITYL OXIDE

T:,BLE NO. 8

Wt. Th02 R. Co T;t. Co found Wt. Th02 found
taken', mg. taken, mg,, in extract, mg. in extract mg.

11.8 20.8 <0.1 11.65

11.8 20.8 <0.1 11.60
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RECOMMENDED PROCEDURE FOR THE DETERMINATION OF THORIUM IN ORES 

On the basis of the experimental work described, a series of 

separatians wita integrated into the following procedure which has 

been used successfUlly by the Division for the determination of 

thorium in several of the common minerals in which it is found. 

Weigh'accurately a sample sufficient to give 50-100 mg. of 

thorium oxide. Roast in a porcelain dish for one hour at 1000°C. 

Transfer to a 60 ml. platinum dish. Add 10 ml. water, moistening 

the sample thoroughly. Cautiously pour in 30 ml. of 48 per cent 

hydrofluoric acid. Evaporate to dryness, taking care not to bake 

the residue. Moisten with hydrofluoric acid and again take to 

dryness. Add 5 ml. of hydrofluoric acid and 40 ml, of water, and 

warm. Stir with a plastic rod.  Cool,  filter on a Whatman # 41 

filter paper in a hard rubber funnel. Wash twice with 5 per cent 

hydrofluoric acid which may be made conveniently by diluting the 

concentrated acid in the platinum dish and wash twice with water. 

Transfer the residue and paper to a porcelain crucible. Moisten the 

paper with concentrated nitric acid, dry thoroughly, and burn off the 

filter paper at a low temperature (4000  G). Wash the residue into a 

600 ral. beaker, add 5 ml. concentrated sulphuric acid, 10 ml. 

concentrated hydrochloric acid, and a Levi  drops of Superoxol. Take to 

fumes, and repeat the treatment several times to remove the last trace 

of hydrofluoric acid. Make the solution to 100 ml. and filter off any 

residue. Fuse the residue with an equal weight of sodium peroxide at 

8000  F for hour, take up in water, neutralize with sulphuric acid, 
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and combine with tho original solution, keeping total volume below 

150 ml. 

Oxalate_amaration 

To. the solttion in the beaker add concentrated ammonium hydroxide 

drop/is() with vigorous stirring until a slight permanent turbidity 

romains. If the solution is already slightly turbid at this point, 

adjust the pH to 2.5. Add 10 ml. concentrated hydrochloric acid and 

let stand 5 minutes with occasional stirring. Add 6.0 grams of 

methyl oxalate.  Warin the solution to about 750  C and stir slowly 

with a mechanical stirrer for 30 minutes. Then add a hot solution 

of 8 grams of oxalic acid in 300 ml,  water and stir for an additional 

30 minutes, keeping the solution warm, gool the solution and filter 

through a Vhatman #40 paper. Wash 10  timon  with a 2 per cent oxalic 

acid solution adjusted to pH 2.0 with hydreahloric acid. Transfer 

the paper and precipitate to a porcelain dish y  moisten with concentrated 

nitric acid, and dry thoroughly. Burn off the paper at a low 

temperature (4000  0) and dissolve the residue in concentrated nitric 

acid. Transfer to a 100 ml,  beaker and evaporate to dryness on the 

steam bath, 

Mesityl Oxide Separation  (11) 

Take up the residue in 10 ml. of nitric acid  (15+ 85) warming 

the eolution to dirmolve the reeidus. Add 19 grams Al(NO3 )

3

.9H20 

and warm to dissolve the crystals. Cool. Pour into a 60 ml,  separatery 

funnel. Add 20 ml, of mesityl oxide to the beaer containing the 

original solution. Agitato gently and pour the solvent into the 
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separatory funnel, Shake the funnel vigorously and allow the layers 

to separate. Draw off the aqueaus layer into a second 60 ml, 

separatory funnol. Reserve the organic solvent.layer. Repeat the 

extraction of the alurinium nitrate solution with 10 ml. of mesityl 

oxide °  Combine the mosityl oxido extracts and discard the aqueous 

layer. Backwash the organic solvent with 3 soparato 10 ml , portions 

of aluminium nitrato solution (9 e 5  gins.  Al(NO3). 9E20 -4 5 ml. of 

(15 4. 85) HNO3 ) and reject the washings, Strip the thorium from tho 

organic solvent with 3 — 20 ml, portions of water and transfor the 

aquoous layers to a 600 ml. beakor. 

Make to 300 ml. with water and add concentrated ammonium hydroxido 

dropwiso with vigorous stirring until a slight permanent turbidity 

romains. Add 10 ml. concentrated hydrochloric acid and stir. Let 

stand 5 minutes. Add 6 grams methyl oxalate._ Warm the solution to 

75°  0 and stir slowly for 30 minutes. 4dd a hot solution of 8 grans of 

oxalic acid in 300 ml. of water and stir for an additional 30 minutes 

keeping the solution warm. Cool the solution and filter through a 

Whatman #40 filter papor, Wash 10 times with 2 per cent oxalic acid 

solution adjusted to pH 2.0 with hydrochloric acid. Transfer tho 

paper and precipitate to a tared porcelain dish, moiston with concentrated 

nitric acid, and dry thoroughly. Burn off the paper at a laJ tomporaturo 

(400 — 500' o), 0001, and woigh as Th02. Dissolvo the rosiduo in the  

crucible in concentrated hydrochloric acide  using a few drops of 

"Superoxol" and taking care to avoid losses due to effervescence. Transfer 

to a 50 ml. beaker. Take to dryness soveral times with hydrochloric acid, 

Transfer to a volumotric flask of saitablo sizo, so that the diluted 
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solution will contain 20-80 ugms, Th0 2  per ml. A 500 ml,  volumetric 

flask is required for the  sample sizo recommended. Mako to the mark 

with dilute (1:20) hydrochloric acid. Pipette 1.0 ml. of this 

solution into a 50 ml„ beaker and tako to dryness. Add 5 ml. of 1:20 

hydrochloric acid, 10 ml. water, 1 ml. of 10 per cent hydroxylamino 

hydrochlorido and boil down to a 5 mole  volumo. Transfer to a 10 ml0  

volumetric flask, add 1 ml. of a 0.1 per cont aquoous solution of 

1 - (o-arsonophenylazo) 2 - naphthol 3-6 disulphonic acid and make 

to the mark. Prepare a blarl-  at the same time, using identical 

quantities of reagents. Road tho doveloped colour against the blank 

using the Beckman Spectrophotometer, set at 545 mu, slit 0,03 mm. 

in 1.0 cm, colls, 

Dotormine the thorium concentration from an analytical 

calibration graph. 

If there is any serious discrepancy betwoon the colorimotric 

and gravimotric resùlts, the thorium samplo solution should be 

subjected to a second methyl oxalate precipitation and again determined 

by the two methods@ 

Results  

The following rosults woro obtained on typical thorium ores. The 

only analyzed samples available were all monazites@ 

Th02 per cont 1 	Found 

me. 
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APPENDIX 

ReportinR of  Uranium or Thorium Determinations .  

Undor the Atomic Energy Regulations of Canada, the results of 

an assay or analysis of a minorai  that indicates a content of more 

than 0.05 per  cent  by weight of uranium or thorium are to be 

reported forthwith to the Director of the Geological Survey, 

Department of Mines and Technical Surveys, Ottawa, for the Atomic 

Ehergy Control Board, together with full particulars relating to 

the material assayed or analysed, including the name and address 

of the person from whom such material was received, the purpose 

of the assay or analysis, and the  origin of the material so far 

as known to the person making the report. This requirement does 

not apply to assays or analyses made for persons operating under 

orders of tho Board -which provido for periodical reports. 

Copies of the Regulations may be obtained on application to 

tho Socrotary, Atomic Energy Control Board, Ottawa. 


