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Abstract 

The report describes a method for the determination of thorium 

in radioactive ores. Thorium nitrate and uranyl nitrate are extracted 

with ether containing nitric acid in the presence of activated alumina 

and activated cellulose contained in a water-jacketed glass column. 

Uranium and thorium are then separated by a second column extraction 

using different concentrations of ether-nitric solvent, or by an oxalate 

precipitation of thorium. The thorium is finally precipitated as the 

oxalate and the precipitate ignited and weighed as thorium oxide. 

Microgram amounts of thorium can be determined colorimetrically 

with 1-(o-arsonophenylazo) -2-naphthol-3, 6-disulphonic acido This 

method is used in conjunction with the column method when the amount of 

thorium oxide in the sample is one percent or less. Samples containing 

as low as OeOOl percent thc7ium oxièe can be analysed successfullyo 

By using lanthanum as a carrier, small amounts of thorium may be recovered 

by means of an oxalate precipitation. The method compares favourably in 

rauidity and accuracy with other analytical methods for the determination 

of thorium in oreso 
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THE DETERMINATION OF THORIUM IN ORES BY THE COLUMN l-'IETHOD 

PARTI - SEPARATION OF THORIUM BY Tl-i"E ALUMINA-CELLULOSE COLUMN AND 

GRAVIMETRIC ESTIMATION 

INTRODUCTION 

A fast, ai.ccurate method for the determination of th'.:':r:i:..un and 

* uranium in ores was developed recently at CoR.L. This method utilizes 

selective extraction of these elements with ether-nitric soJ.vent through 

(1) 
a column of activated alumina and activated celluloseo C. R.L . widened 

the scope of this method to include the analysis of micro-quantities of 

thorium by developing an accurate spectrographie procedure to be used in 

conjunction with it. The procedure described in this report is essentially 

the same as that used at CoR.L., except for some necessary minor modificationso 

The general method used begins with fusion of the sample with 

potassium hydroxide in a nickel crucible, dissolution of the melt in the 

appropriate acids, and removal of most of the potassium salts by means of an 

ammonium hydroxide precipitation. The hydroxide precipitate is then dissolved 

in nitric acid and the sample prepared for the column by "wadding 0 with 

activated alumina. The column consists of a layer of activated alumina over 

a layer of activated celluloseo It is made up in 12o5 percent ether-nitric 

solvent and contained in a water-jacketed glass columno The selective 

absorption is accomplished by means of the aluminao The cellulose serves as a 

base and as a purifier for the uranium and thorium. Under the conditions used, 

thorium and uranium are extracted in a pure state and can be ~~ sily separated 

from each other . 

* Chemical Research Laboratory, Teddington? Middlesex, England 
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If uranium is required, a second column extraction is performed 

with uranium being extracted by one percent ether-nitric solvent and 

then, thorium by 12o5 percent ether-nitric solvento The uranium is 

determined in the usual manner wl:i::Ce thorium is precipitated as the oxalateo 

In cases where the thorium content is less than one percent, a second 

column extraction should be carried out thereby lessening the danger of 

error through contaminationo When the thorium content is less than 0ol per 

cent the analysis should be finished spectrographically or colorimetrically. 

REAGENTS AND APPARATUS 

Special reagents 

lo Ether, redistilled over potassium hydroxide. 

2. Activated alumina (80-200 mesh, Fisher). 

3o Whatrnan's Ashless Cellulose rowèor, standard grade. 

4. Ether-nitric solvent A: Redistilled ether containing one per 
cent (v/v; nitric acid. 

5. Ether-nitric solvent B: Redistilled ether containing 12.5 per 
cent (v/ v~ nitric acid. 

6. Lanthanum solution: 2.673 gms lanthanum chloride (Lac13.?H20) 
dissolved in 100 ml. of 1 percent hydrochloric acid (v7v). 
1 ml.= 10 mg. lanthanum. 

Special apparatus 

A water-jacketed glass column (internal diameter 2.7 cm., length 

about 45 cm.). See Figure 1. 

EXPERIMENTAL 

Standard samples from C.R.L. and the National Bureau of Standards 

were run according to the regular C.R.L. method and results were found to 

be low. Recovery was especially poor on samples low in thorium content, 
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l osses here running as high as 50 per cent when 400 5 mg., of thorium were being 

r ecoveredo An intensive program was undertaken to discover the reason for 

t his., 

The procedure was followed through step by step with ex:perimental 

conditions being varied at points where error seemed possible, the cause of 

the low results being finally traced to the oxalate precipitation stageo At 

CoRoLo , after the ether has been removed from the column extract, an 

ammonium hydroxide precipitation is done to remove most of the neutral salts 

before the oxalate precipitationo This step did not prove to be advisable 

in the Mines Branch laboratory because of the presence of organic matter in 

the sample after the coluwn stage., In the presence of this organic matter 

the ammonium hydroxide precipitation is not complete., Trouble from this 

source was eliminated by evaporating the sample solution to dryness with 

1:1 HCl~HN030 In this way the ammonium salts are volatilized and the organic 

matter removedo Since this modification has been introduced into the method, 

no difficulty has been experienced in obtaining good resultso Results 

obtained on typical samples are shown in Table l on page lOo 

PROCEDURE 

Dissolution of sample 

Weigh 10 gmo (15gm., for a 2 gmo sample) of potassium hydroxide 

pellets into a 100 mlo nickel crucible and heat over a Meker burner until water 

is driven off and the melt turns redo During this operation keep the crucible 

covered and place an asbestes shield around it so that only one- third of the 

outer crucible surface is in the direct flameo Cool the melt and place a one 

gmo sample in the crucible@ 

at red heat for one houro 

Heat slowly to red heat as before and continue 

Cool., Immerse the crucible in a 400 mlo beaker 



conta.ining about 200 mlo 25 per cent ( v/v) nitrlc acid and wash out thei 

crucible with water after the reaction c.eases to be violent., Boil for 

about 20 minu:tes 11 tben add 3-4 drops of lg40 (v/v) hydrofluoric a.cid and 

bail until clearo 

f'..!.'.e12arat ion of sam:gle for column 

Carry out an ammonium hydroxide precipitation and filter on 

15 cmo Whatman 1 s 41H paper,. Wash the beaker and filter paper twice each 

with boili ng Oo5 per cent ammonium hydroxide:i transfer the precipitate to 

the original. beaker and dissolYe it in nitric acido Evaporate to a l.)'W' 

volume on the side of the hot plate and evaporate further by means of an 

infra=red lamp until the contents are just moisto Add 20 mlo of 25 per 

c.ent ( v/v) nit rie acidl' cover and heat for 5 minut,es under the lampo After 

cooling somewha.t 1 a.dd Oo5=1o0 mlo 30 percent hydr ogen peroxide and heat 

for 10 mi nutes moreo Finally add in the proper order 9 8 gmo ferria nitrate 

and then lo4 gm., disodium hydrogen phosphate 9 following each addition with 

5=10 minutes heating under the infra.=red lampo ( In the case of pure 

monazite add 4o0 gmo ferric nitr ate and Oo3 gmc disodium hydrogen phosphate j 0 

Cool for 30 minuteso See Note 1 on page '7 • 

Column extraction 

Add 50 gmo activated alumina to the thoroughly chilled mix and 

stir thoroughly until the 11wadn is a dry homogeneous mass., Cool ., Prepare 

the co1umn with 12o5 per cent ether=nitric solvent B which has been kept 

cool o Place a porcelain dise covered by a dise of Whatrnan 1 s 41H filte:r paper 

in the bottom of the columno Add 12o5 per cent ether=nitric solvent B Hi 

the column and add activated cellulose pulp 9 mixing well with a glass 

plunger until a cellulose layer 5 cm., thick is formed., Add activated 

alumina to the column until a layer of' 6 cm., has formed., Mi:x: the. activated 
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alumina with the glass plunger to obtain a homogeneous layero The layers of 

cellulose and alumina should be distinctly separate .. Keep these layers 

covered by ether nitric solvent Bat all timeso Transfer the contents of the 

beaker to the column .. Rinse the beaker several times with the solvent and 

pass the solvent through the column until 500 mlo of effluent have been 

collected (Note 3 on page a )e Add 20 mlo water and then, cautiously~ 50 ml 0 

ammonium hydroxideo Remove the ether on the steam batho If uranium is 

required or if the thorium is less than one per centj a second column extraction 

will be necessary.. In this case see Note 2 on page 7 and continue with the 

procedure as outlined thereo 

Oxalate precipitation 

Transfer the residual solution to a 250 mlo beaker, boil for 5 

minutes and add 10 mlo hydrochloric acido Warm cautiously until most of the 

activity has subsided and then take to dryness on the side of the hot plate 0 

Dissolve the residue in a little l&l hydrochloric-nitric and evaporate t o 

dryness again .. Adda little more l&l hydrochloric-nitric , warm until the 

solution is clear and dilute to slightly under the volume in which the oxalate 

precipitation is to be madeo Neutralise with ammonia and add one ml 0 of 

hydrochloric acid for every 25 ml. of solution presento Boil a.nd add one gm<> 

of oxalic acid for every 25 mlo of solution present o Continue boiling for 

2 to 3 minutes more and allow to stand for at least 4 hourso Filter on 

Whatman's #42 paper, wash twice with 2 percent oxalic acid solution containing 

0 0 1 per cent hydrochloric acid (conco) and ignite the precipitate at about 

900°Ce in a tared porcelain or platinum crucible. Weigh as thorium oxide (Th02)o 
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NOTE 1 

These directions should be followed exactlyo Any alteration 

in volume or order of addition of reagents may cause erratic results. 

NOTE 2 

After the ether has been removed from the first column extract, 

transfer the residual solution to a 250 mlo beaker and evaporate to a low 

volume~ Take the solution just to dryness with nitric acid or until most 

of the ammonium salts are removedo Adda little nitric acid and evaporate 

the solution by means of an infra-red lamp until just moisto Add 5 mlo 

25 percent ~v/v) nitric acid and heat for 5 minutes under the infra-red 

lampo Then add Oo5 mlo hydrogen peroxide and heat 5 minutes moreo Add 

Oo25 gmo ferric nitrate and heat for 5 minuteso Finally add OQ05 gmo 

disodium hydrogen phosphate and heat for 5 minutes moreo Coolo Add 12o5 

gmo activated alumina to the beaker 1 stir, cool and transfer to the 

column which has been prepared as above except that one percent ether

nitric solvent A has been used and the column consists of 4 cmo activated 

cellulose and 5 cm. activated alumina o Extract with one percent ether

nitric solvent A and collect 250 ml o This fraction can be used for the 

uranium determinationo 'J:or. the level of the one per cent solvent A 

has dropped to the top of the wad, add 12o5 per cent solvent B and ;_,c::;.t 

up the wad with a glass plungero Pass 12o5 percent solvent through the 

column and collect 350 mlo for the thorium determinationo If the thorium 

content is expected to be less than OolO percent, the analysis should be 

finished spectrographicallyo In this case see Note 4. Add 20 mlo water 

and 25 mlo ammonium hydroxideo Remove the etherj transfer the residual 

solution to a beaker, bail 5 minutes, add hydrochloric acid and cautiously 

evaporate to dryness o Continue as above, finally precipitating the thorium 

as the oxalateo 



NOTU 

The effluent from the column should be collected dropwise over a 

period of at least 45 minutes o 

NOTE /4 

To the thorium effluent from the second column extraction add 200 mlo 

distilled water and remove the ether on the steam batho (Cautiono Do not 

use ammoni a at this stageo) Transfer the residual solution to a beaker and 

evaporate to a low volumeo Add 20 mgo lanthanum in solution form and evaporate 

the sample just to drynesso Take up the salts in a l ittle dilute nitric acid, 

neutralize with as little ammonia as possible 9 and add 4rnlo hydrochloric acid o 

Adjust the volume to about 100 ml$ and boil the solution. Add 4 gtno oxal ic 

acid and boil for 2 to 3 minutes moreo Allow to stand overnight, filter on 

Whatman 1 s #43 paper and wash twice with a solution containing 2 percent oxalic 

acid and Oo l percent concentrated hydrochloric acido Ignite the precipitate 

at about 900°0 in a tared platinum or porcelain crucible and weigh as thorium 

and lanthanum oxideso Transfer the oxides to a small tube or sample bottle 

and determine the percent Th02 spe trographically or colorimetrically as out~ 

lined in Part II of this reporta 

Suggested volumes for 
oxalat·e precipitation Th02 present 

12o5 ml,, ,C. 2o0 mgo 

25 mlo 2-10 mgo 

100 mlo 10=40 mgo 

200 mlo 40-80 mgo 

250 mlo 80-100 mg., 

Suggested 
sample weight 

2 gtno 

1 gmo 

1 gmo 

1 gmo 

Oo5 gmo 
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RESULTS AND DISCUSSION 

After uranium and thorium, zirconium is the most mobile element 

in ether-nitric solvento By adding phosphate to the sample, zirconium 

is complexed and is not extractedo The presence of phosphate, howeveri 

will prevent complete extraction of uranium and thorium so ferric i.ron 

is added to complex the excess phosphatea The ferric iron is unable to 

complex the phosphate unless the iron is added first, so the order of 

addition of reagents when preparj_ng the sample for the column is a 

critical factoro 

Neutral salts must not be present in appreciable quantities when 

thorium is being precipitated as the oxalate precipitation will be in

complete o In the procedure described here, neutral ammonium salts are 

removed by volatilization with HC1-HN03 before the oxalate precipitation 

stageo 

Cerium will move during the column extraction unless it is 

reduced beforehando The addition of hydrogen peroxide before the column 

stage prevents interference from cerium by reducing it to the cerous form 

whi ch i s retained in the · ,:ad" o 

Iron will occasionally move in the column and be collected with 

the thorium extract o This contaminant can be easily removed by means of 

a second colUlllll extraction or by the 1..::-:: :.ate precipi tation., If care is 

taken 1,.rith the sample uwadding" before the column stage , little trouble 

will be met from this source o 

Most of the potassium salts are removed before the column stage 

by performing an ammonium hydroxide precipitationo The presence of a 

large amount of potassium salts will make the physical state of the 

sample "wad 11 unsatisfactoryo 
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Table 1 

Comparison of analyses 

Percent Th02 
Description original value 

Duni te-monazite 
I ~ ) (' ··, 4 .. 

I • t _,. , 

:C·.mi te-monazite 1.14(l) 

Monazite 6 .. 48( 2) 

9.6o( 2) 

Fergusonite 1.06(3) 

Euxenite 1.82(3) 

2.41(4 ) 

Percent Th02 
column method 

00125, 0.130 

1.12, 1.14, 
1 .. 07 

6 .. 41,6 .. 28,6~44, 
6.48,6.50 

9o 58 , 9,.61 

1.12 

L90 

2 .. 49 

(1) 

( 2) 

(3) 

(4) 

Bureau of Standards value (average value from eight different methods . o 

C.R.L. value (column method). 

Method of ,T . C. Ingles (3) 

Geological Survey value. 

SUMMARY 

This procedure provides a fast, accurate method of analysis for thorium 

i n ores. If desired, urani um can be determined on the same sa~ple .. Thorium as 

low as 0.1 percent can be determined gravimetrically while samples of lower 

thorium content can be determined spectrographically or colorimetricallyo A 

determination -~'or thorium by the column method can be com.pleted in 12 hours. 

Classical methods require at least 24 hours for a determination. 
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PART II - THE COLORIMETRIC ESTIMATION 

OF SMALL AMOUNTS OF TnORIUM 

INTRODUCTION 

Gravimetric procedures for the determination of thorium leave nn.ich 

to be desired if the amount of thorium present is very low., In such cases 

weighing errors have serious effects on the final resultso In the colurnn 

method for the determination of thorium~ the thorium is precipitated finally 

as the oxalateo When the quantity of thorium present is srnall (one mgo or 

less) the oxalate precipitation may not be complete and it is necessary to 

use a carrier such as lanthanum and determine the thorium spectrographically0 

Thornason, Perry and Byerly( 5)have described a colorimetri c method for 

thorium utilizing the fact that thorium develops a colour with the compound 

1-(0-arsonophenylazo)-2-naphthol-Ji>6-disulphonic acid (Thoron reagent) 0 Wh.Ue 

this colorimetric reagent is not specific for thorium, small amounts of 

contaminants such as uranium and iron can be toleratede The only elements 

present after the column separation should be uranium and thorium and these can 

be separated by an oxalate precipitation, sometimes using a rare eart h as a 

thorium carrier during the precipitationo As the colour development of t.he 

rare earths with Thoron reagent is known to be considerably less than that of 

thorium (3,5)~ it was decided to attempt to apply the colorimetric method t0 

solutions containing small arnounts of thorium and preponderant amounts of rare 

earths 0 An alternative consideration was the application of the colorimetric 

method after a double column separationo In this case urani um will have been 

removed and the oxalate precipitation can be eliminatedo 



RE~GENTS AND APP ARATUS 

Beckman spectrophotometer, model 11B11 o 

(1) La.nthanum solution 

Dissolve 1lo4 gm., lanthanum chloride (LaC13o7H20) in 

water slightly acidified with hydrochloric acid., Make the 

solution up to 500 mlo in a volumetric flasko 

One mlo is equivalent to approximately 10 mgo lanthanum 

oxide (La-20.3)0 The strength of the solution should be checked 

by means of an oxalate precipitationo 

(2) Thorium soluti9~ 

Dissolve 1005 gmo thorium nitrate (Th(N0.3)4 f H20) in 

water slightly acidified with hydrochloric acido Make the 

solution up to 500 mlo in a volumetric flasko 

One mlo is equivalent to approximately 10 mgo thorium 

oxide (Th02)., This solution is then diluted to the desired 

strengtho An oxalate precipitation is carried out on the 

solution as a check on its thorium contento 

(3) 09 1 percent Thoron reagent 

Dissolve Ool gmo of l-(0-arsonophenylazo)~2~ 

naphthol=J,6-disulphonic acid in 100 mlo of watero 

(4) 1~40 hydrofluoric acid solution 

One mlo of 40 per cent hydrofluoric acid is added to 

40 mlo of watero 
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EXPERIMENTAL 

Amounts of thorium oxide varying from 5 microg.rams to 225 micrograms 

were fumed to dryness with perchloric acidj taken up with 12 drops hydrochloric 

acid (conco) and made up to about 20 mlo volumeo 2o5 mlo of Ool percent 

Thoron reagent were added and the solution made up to 25 ml. in a volumetr1e 

flasko The colour intensi ty was read at 545 millimicrons on the Bec i;:man 

spectrophotometero Standard curves for 10 ml o and 25 ml. volumes using 10 mmo 

and 50 mm. cells were drawn upo The plots were linear agreeing with previous 

resul tso ( 5) 

For the oxalate precipitation of small amounts of thorium 9 especially 

amounts under one mgo~ it was expected that the use of a carrier would be 

ne~essaryo Accordinglyj the su.itabilities of neodym.ium and lanthanum for this 

purpose were testedo It had been indicated in the literature (3) that 

neodymium produced a negligible colour with the colorimetric reagentQ 

Lanthanum, while giving a definite colour with the colorimetric reagent (3,5)J 

had proven valuable as a carrier in the spectrographie method; hence it was 

tested for its applicability in this case. 

Colour development of neodymium and lanthanum with the colorimetric reagen~ 

Amounts of lanthanum oxide and neodymium oxide from one mgo to 10 mgo 

were tested unde.r the conditions of colour developmento The final volumes for 

colour development were 10 ml., and 25 mlo 9 wi th one ml. of C 1 per cent colorj •L 

metric reagent present per 10 ~.lo of solutiono The acidity of the solQtion was 

adjusted to about Oo3 No with hydrochloric acid and the colour read against a, 

reagent blanko 



Results 

Lanthanum appeared to be the more promising carriero The 

colorimetric values with lanthanum were more consistent than with neodym:i.um 

and the physical structure of lanthanum oxide (La203) is more suitable 

than that of neodymium oxide (Nd2Û3) when the sample is to be analysed 

spectrographically., as well a.s colorimetricallyo Results indicated that 

neodymium oxide would not be suitable for this purpose as it appeared to 

melt upon ignition at 800°C-900°Co Indications were that a working volume 

of 25 mlo would be more satisfactory than a 10 mlo volume (Figure 2) 0 

The oxalate precipitation of small amounts of thorium 

Four samples (1-4 containing amounts of thorium oxide from 

llo3 micrograms to 22600 micrograms were subjected to an oxalate 

precipitation in 25 mlQ of solutiono In four cases (5-8) 10 mgo of 

lanthanum oxide was used as a carrier for the thoriumo The volume for the 

oxalate precipitation was 25 mlo 10 mgo of lanthanum oxide was chosen as 

a convenient amount for the oxalate precipitationo 

Results 

A carrier is necessary to recover small amounts of thorium during 

the oxalate precipitationo Lanthanum appears ta be adequate for this 

purpose (see Table 2)o The minimum amount of lanthanum oxide required to 

assure complete precipitation of the thorium is not knowno It is expected 

that amounts greater than 5 mgo lanthanum oxide will be satisfactory for 

this purpose., 
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EFFECTS OF LANTHANUM AND NEODYMIUM ON THE 
COLORIMETRIC DETERMINATION OF THORIUM. 
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Table 2 

Use of J.anthanum as a carrier 

I.a203 Th0 2 Tho/· Aliquot before 
present present found colorimetric 

micrograms micrograms microgr ams determination 

----- 11.J none ---... -
det. 

------ 45.2 2a5 -----
--'T"-- 113 .. 0 1.0 -----
----- 226.0 1.0 -----
10000 ll.J 1 2. l ----""' 
10000 45.2 44.7 ca.--- s-

113~0 ** 2)00 113.0 25/5 

2000 226.0 225 .0 25/5 ** 
' 

* Corrected for lanthanum as per Figure 2. 

** A 5 ml. aliquot is taken from the 25 ml. in 
the volumetric flask. This in turn is diluted 

. to 25 ml. for the final colorimetric reading. 

Dissolution of the mixed oxides after their ignition 

After the oxalate precipitation; the precipit ate is ignited at 

about 800 °G. Tests were carried out to determine the best way to bring the 

ignited oxide s into solution. Nitric acid, hydrochloric acid and perchloric 

~cid, alone or together, f ail to dissolve the ignited thorium oxide unless 

i gnition is carried out at a very low t emperature. This procedure is 

laborious and ti:me consuming. The most effective method found was ignition 

0 O 
of the oxidfü: at &)O -900 C. and t heir dissolution by concentrated nit:ric 

acid cont aining 2-3 drops of 1 t40 hydrofluoric acid. Fluorides are then 

r emoved by fuming the sample with perohJ.cric acid . 



Effect of lanthanum on colorirnetric values for thorium 

Several sarnples containing varying amounts of tho1i.um were 

analysed colorimetrically in the presence of varying amounts of lanthanurn. 

An oxalate precipitation was carried out first in all caseso 

Results 

If the quantity of lanthanum oxide in the final volume is kept 

at 2o0 mg. or lower, recovery of thorium appears to be quantitative up to 

at least 200 micrograms of thorium oxide. In actual practice, the 

dilution is arranged so that not more than 2o0 mg. of lanthanum oxide 

are present in the final volume for colorimetric determinationo A small 

correction is made for the amount of lanthanum present (Figure J and 

The amount of Thoron reagent in the final volume is not adequate 

to take care of large amounts of thorium and lanthanum togethero This is shown 

in Figure Jo For example, if 50 micrograms of thorium oxide are analysed 

colorimetrically in the presence of 10,000 micrograms of lanthanum oxide~ a 

correction can be applied for lanthanum (from Figure 2) and a quantitative 

result for thorium obtained. In the case of a sample containing 150 micro

grams o~ thorium oxide and 10,000 micrograms of lanthanum oxide, thorium 

results will be low if the lanthanum correction is applied from Figure 20 

The combined lanthanum-thorium curve approaches the true thorium curve for 

thorium values greater than 100 micrograms when 10,000 micrograms .of 

lanthanum oxide are presento As will be seen from Figure J this effect is 

not noted when as muchas 225 micrograms of thorium oxide are present as 

long as lanthanum oxide content is limited to 2,000 microgramso The final 

volume for the colorimetric deterrnination was 25 mlo in all cases~ 
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PRQ.ÇEDURE 

After the column extraction~remove the ether from the effluent and 

transfer the solution to a 250 ml. beakero Add 5 mlo hydrochloric acid and 

evaporat~ the solution to drynesse Take the sample to dryness with lgl hydro

chloric - nitric acid mixture until all the ammonium salts and organic matter 

are removedo If the thorium is expected to be below one percent$ add 10 Inge 

lanthanum oxide in solution form and take up the salts in a small amount of 

hydrochloric acid and watero 

Carry out an oxalate precipitation in 25 mlo to 50 mlo of solution in 

a 250 mlo beakero A control sample containing lanthanum alone is carried along 

at the same timeo Add one mlo concentrated hydrochloric acid for every 25 mlo 

of solution presento Bring sample to bail and add one gmo of oxalic acid for 

every 25 mlo of solution presente Boil 3-5 minuteso If precipitation is slow 

add a drop or two of concentrated ammonium hydroxide to induce precipitation 0 

Allow the precipitate to stand for about 4 hours and then filter on #42 Whatman 

papero Dry the paper and precipitate in a tared crucible and ignite at 8oo0 c 

(see Note 1) 0 Weigh the precipitateo If the amount of thorium is appreciable 

the percentage thorium may be calculated by weighto If lanthanum has been 

added the thorium may be calculated by weight differenceo 

Place several ml. of concentrated nitric acid in the crucibleo Add 

2-3 drops of lz40 hydrofluoric acid solution to the hot mixture and heat gently 

until dissolution of the precipitate is completeo The solution is transferred to 

a 50 mlo beaker and 2 mlo perchloric acid addedo Fume the sample to dryness. 

Wash down the sides of the beaker, add one ml. perchloric acid and a few drops of 

concentrated nitric acido Fume the sample to dryness~ 
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Take up the residue with several drops of hydrochloric acid 

and water and make up to volume in a volumetric flasko Take an 

appropriate aliquot for the colorimetric determination~ 

Place the chosen aliquot in a 25 ml 0 volumetric flask 0 Add 

enough hydrochloric acid to make the final acidity from OaJ N - O,o4 N 

(about 12 drops conco acid) and dilute to about 20 mlo Add 2.5 ml 0 

of O .1 per cent Thoron reagent and make up to the mark with distilled 

watero Allow the sample to stand for 10-15 minutes and then read it 

against a reagent blank at 545 millimicrons on the Beckman spectrophoto= 

metero A small correction is made for the lanthanum present in the 

final volume (see Note J)o The amount of thorium present is read from 

a standard curveo 

ALTERNATIVE PROCEDURE 

After a double column extraction remove the ether and evaporate 

the solution to drynesso Only thorium should now be presento Adda 

little nitric acid and 2 mlo perchloric acid , taking the sample to 

fumeso Repeat the fuming, taking the sample to drynesso Continue as 

above, following the colorimetric procedure 0 

NOTE 1 

If the sample is to be analysed both spectrographically and 

colorimetrically the mixed oxides are ground in a small mortar and 

transferred to a small sample bottle. A portion of the sample is then 

weighed out for colorimetric analysis and the remainder of the sample reserved 

for spectrographie analysis. In this case it is advisable to add 20 mgo 

of lanthanum oxide before the oxalate precipitation , rather than the 

10 mgo usually addedo 



NOTE 2 

If the sarnple contains between OQl percent and loOO percent thorium 

oxide, gravirnetricj colorimetric and spectrographie values can be obtained on 

the same sampleo On sarnples below Ool percent thorium oxide the gravimetric 

results are of doubtful value. 

NOTE 3 

The colour developrnent of lanthanum with Thoron reagent is plotted in 

Figure 2 under the conditions of the colorimetric determinationo The density 

reading produced by the amount of lanthanum present in the sample is subtracted 

from the total density readingo The resulting density value is then read as 

thorium oxide from the standard thorium curve. Alternatively, a lanthanum blank 

containing the amount of lanthanum in the sarnple may be analysed at the same tirne 

as the sampleo A correction is then made for the density reading produced by the 

lanthanum blanko 

RESULTS AND DISCUSSION 

Several synthetic samples containing lanthanum and thorium were made up 

and run through the colorimetric procedureo An oxalate precipitation was carried 

out in all caseso 

Complete analysis, including a colurnn separation 9 was carried out on 4 

standard sampleso In one case a double colurnn separation was performed and t he 

oxalate precipitation omittedo A colorimetric finish was used in all cases o Results 

are shovm in Table 3, 

These results indicate that thc~i um can be determined colorirnetrically 

with Thoron reagent in the presence of lanthanurn. If the arnount of lanthanum oxide 

is kept below 2 mgo when as muchas Oo2 mg o of thorium oxide is present, the 

effectiveness of the method is unimpairedo By adding a large excess of reagent ~ the 



Table J. 

Colorimetric and gravimetric analyses of representative samples 

La2').3 
present Dilution 

in final Th02 before Percent Th02 
volume present colorimetric Par cent Th02 found 

Sample rdcrograms micrograms det. present colorimetric gravimetric 

Synthetic 1700 22.6 25/5 0.0011 0.0009 ----
Synthetic 1700 45.2 25/5 0.0022 0.0022 ----
Synthetic 1700 11.3.0 25/5 0.0056 0.0058 ----
Synthetic 1000 226.0 25/5 0.0110 0.0109 ----
Synthetic 1000 1,1.30 50/5 0.056 0.055 0.05 

Synthetic 200 5,650 100/2 0.282 0.289 0.27 

Dunite- --- 411) 25/5 0.02.3 0.024 ----
monazite 

Dunite- 1200 4/tJ 100/5 0.02.3 0.024 ----
monazite 

Dunite- 1000 2,200 25/1 0.114 0.108 0.1.3 
monazite 

Radiation 
le.bora.tory ---- 10,000 100/1 1.00 0.97 0.99 
Standard 

Il 

Column 
separation 

----
----
----
----
----
----
(double✓ 
column) 

✓ 

V 
.,.; 

✓ 

Oxalate 
precipitation 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

----

✓ 

✓ 

✓ 

1 

I'\) 
I'\) 

1 
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range of the method could probably be increased , but it has been found convenient 

to keep the amount of lanthanum oxide as low as possibleo The colorimetric method 

is applicable after a double column separationo In a case where more than 4 

determinations are beir g carried out , a considerable saving intime is accompl ished 

by using the procedure employing a ., · · l..k column extraction and an oxalate precipitationo 

The colour development of thorium with Thoron reagent under the 

conditions of the procedure is at least 500 times as great as that shovm by lanthanumo 

Little or no change in colour intensity has been found over a period of about 4 

hourso Samples should be allowed to stand for 10-15 minutes before reading the 

colour intensity on the spectrophotometero 

Many cations and anions affect the colorimetric methodn Thomason et ale 

(5) tabulate the effect of a number of these. Amounts of uranium up to 20 times 

the thorium content can be toleratedo The presence of cations other than thorium 

has not presented a problem so faro After a column separation and an oxalate 

precipitation, or a double column separation, no cation except thorium should be 

present in other than trace amountso 

Anions such as phosphates, oxalates and fluorides should be absent or 

removed 0 The bleaching effect of fluorides is very strong and this characteristic 

has been made the basis of a spectrophotometric method for fluoride~
4

) Special 

care should be taken to remove all the fluoride present during the perchloric acid 

fumingo 

SUMMARY AND CONCLUSIONS 

A rapid and accurate colorimetric method for the determination of small 

amounts of thorium has been describedo The method is applicable in the presence 

of a considerable amount of lanthanumo The working range of the method is between 

0.001 percent and loOO percent thorium oxideo Provision is made in the procedure 

for gravimetric, colorimetric and spectrographie determinations on the same sample 

thus providing a double check on analytical resultso 
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APPENDIX 

~l2Qrting of Uranium or Thorium Determinations 

Under the Atomic Energy Regulations of Canada, the results of an 

assay or analysis of a mineral that indicates a content of more than 0.05 

percent 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 Energy Control Board, together with full particulars 

relating to the material assayed or analysed, including the narne and address 

of the person from whorn such rnaterial was recéived, the purpose of the assay 

or analysis, and the origin of the material so far as known to the person 

rnaking the report. This requirernent does not apply to assays or analysés 

made for persons operating under orders of the Board which provide for periodical 

reports. 

Copies of the Regulations may be obtained on application to the 

Secretary, Atomic Energy Control Board, Ottawao 






