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OF URAHIUH u
AH) ITOA&IIES £F$m AIXALX CARBOHA3!E

by

Horma S. Guttag and F. S, Grimaldi 

ABOTIACT

Comparative data are presented on separations of isicrogram amounts 

of uranium from milligram amounts of various metal ions with JiagCO 

HaaCOs-K^COs-HaOa, aacL HasCX^-HaClO . The HasCOs-KsCOs separation procedure 

is applied to the analysis of shales, lignites, and ncotazites. This method 

will determine as little as 0,001 percent uranium in shales and lignites 

and 0.01 percent uranium in monazite®,

Seyeral fluorimetric procedures, "based essentially on two techniques, 

hare heen developed in the Geological Surrey and are used for the analysis 

of uranium in a wide variety of material, One technique (Grjwajdi and 

Lerine, 19^8) imvolres a preliminary isolation of uranyl nitrate by solvent 

extraction from milligram amounts of sample . "3!he second technique 

(Fletcher, 1951), based on Price 1 ® dilution method (19^5)* involves no 

preliminary isolation of uranium and employs microgram amounts of .sample. 

Each method has its advantages and disadvantages for routine work which 

need not be discussed here.



The Geological Surrey is constantly searching for new methods or 

modifications that can "be used to advantage in the determination of small 

amounts of uranium, even if applicable only to certain types of samples. 

This continuing investigation of methods of analysis for uranium involves, 

among other things, evaluating known techniques and methods and derising 

new applications of known lacts for special purposes.

Precipitation with alkali carbonate is a standard procedure for the 

separation of iron and otjier elements, that form insoluble hydroxides or 

carbonates, from uranium which stays in solution as a complex carbonate. 

It is a popular method of separation in procedures for the determination 

of macro amounts of uranium but is rarely used when micro amounts of 

uranium are to be determined. The neglect of this method in trace analyses 

is partly due to the lack of available data pn the performance pf this 

separation when small amounts of uranium are involved.

The purpose of this study was to obtain data on the carbonate sepa­ 

ration method that might be applicable to the Survey's work. The separation 

proved to be remarkably efficient and, in conjunction with fluorimetric 

estimation of uranium, jit was made t&e basis of a simple method for the 

determination of sn&ll amounts (l x 10""* g and more) of uranium in shales, 

lignites, and monazites. This method will determine as little as 0.001 

percent uranium, as the lower limit, in shales and lignite samples and 

0.01 percent uranium as the lower limit in moaa^lte samples.



MTA MS BISCUSSIOH

Preliminary tests were made to determine the efficiency of the 

carbonate separation of laranium from irarious metal ions. In these tests 

sulfates of the test metals -were used in amounts equlTalent to 15 &B or 

less of each metal oxide. This amount ms determined "by the fact that 

the carbonate precipitation Method proposed in this report employs 

solutions containing no more than 15 Kg of each sample.

The procedures used on the test samples follow:

In the first experiments (method 1) a 5-®l aliquot of a

solution, containing a known ireight of metal sulfate, 0.05 Btl of 83804,
*»*JL/eA*y4«**' 

and 2.25 rag of U, -was transferred to a glass-stoppered test tube, fire

milliliters of mixed carbonate solution (made "by dissolving 10 g Ba^OOs 

and 10 g of K^COs in 1QQ ml HgO) vere then added from a pipette and 

the glass-stoppered tube shaken to giTe a uniform mixture* The tube 

lias placed in a beaker of hot -water for half am hour at a temperature 

of alsout 80 °C. The tube ms then removed, aad the solutioa allowed 

to cool to room temperature for one hour. Hext the solution ipts fil­ 

tered through a dry filter paper (Whatman Jfo. 42) and collected in a 

dry test tube. An 0.8-ml aliquot of the filtered solution ws trans­ 

ferred to a platinum container (3.5-cm diameter) aad the solution 

emporated on the steam bath. Two grams of fluorlde flux (9 parts by 

-weight Hay, ¥5.5 parts by wight HagCQg, and ̂ 5.5 parts by -weight K^COa) 

were added and the mixture fused wer a Iburmer at a temperature mot 

exceeding TOO°C. Heating and mixing -were continued for two minutes after
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the flux melted. The fluorescence of the disc -was then measured £n a 

fluorimeter designed Toy Fletcher and May (1950). The carbonate precip­ 

itate -was dissolved in nitric acid and tested for occluded uranium "by 

the uranyl nitrate extraction procedure (Grimaldi and Leyine, 19^6).

In another set of experiments (method 2) the carbonate precipitation 

was made after the addition of 1 drop of 30 percent RgQs, "to the test 

solutions which had "been made as "before. In still another set of ex­ 

periments (method 3) the carbonate precipitation was made with 5 »1 of 

mixed carbonate solution containing 0.5 percent by weight of HaClO. 

The HaCIO was added to test the behavior of those elements that are 

oxidised to higher yalence states.

Table 1 shows the results obtained, lone of the low results ob­ 

tained (method 1, Ba^COa-KgCC^) was due to loss of uranium by occlusion 

in the carbonate precipitate but rather was due to quenching of the 

uranium fluorescence by the small amounts of the test elements escaping 

precipitation. $0st of the carbonate filtrates were colored when low 

results were obtained.

Some additional observations relating to the data in table 1 should 

be pointed out. We note that the elements Y, Zr, Y, As, Sm, and Gd are 

completely soluble and that Co, Ce, Hd, Pr, and Al are slightly soluble 

in carbonate solutions. This solubility is not due solely to the complex- 

ing action of carbonate. The amount of sulfate present in the solutions 

tested was found to increase the solubility of some metals. For example, 

in the absence of sulfate, all the zirconium is precipitated as is almost 

all of the cobalt.
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y, Srj Yj As, Sm^ Gd, and Al do not quench tie uranium fluorescence. 

It might b,e generalized that the cerium earths are "bad quenchers, "whereas 

the yttrium earths do mot quench the uranium fluorescence seriously* Ha, 

Co, and Cr are elements nhich apparently seriously quench the uranium 

flmreseenee.

Of the three Methods used to obtain data in table 1, fla^riaetric 

results Tmsed am carbomate-peroxide separatlom (method 2) are poorest. 

3!he carbonate ̂-hypochlorite aethod (method 3) is better thaa the straight 

carbonate method (method 1) for saaples coataiaiEg rare earths and would 

be the method of choice irere it not for the serious iaterferemee of 

chromium, Im the straight carbonate method (method 1) omly cerium aad 

cobalt can interfere -when uranium is determined fluorimetrleally.

In determining uranium in shales, lignites> aad mosazites lie selected 

the straight carbonate separation for the foUoidLng reasons s

1. Shale and lignite samples do mot contain sufficient cerium 

or cobalt to interfere in a flucsrescenee method based on 1.2 mg of sample.

2. Although cerium -would normally quench the uranium flu©res~ 

ceace in a 1.2^mg sample j©f Msnaslte, the fact that the uranium eomtemt 

of momfclte is usually greater than 0,1 percent enables us t& use a 

sufficiently small sample (0.12 mg) to eliminate any quenching due to 

cerium. For the 0.12~mg .sample used in the procedure for momazite, 

cerlom niH not interfere linen the monazlte contains 0.01 percent uranium 

or more.
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PROCBHOKB FOR SHALES AID

!Bte procedure used for shales and lignites follows:

1. Weight 0.15 g of saig>le (mintts 80 mesa) into a T0-«l platinum disa,

2. Igaite tlie sample gently to remoye organic mtter, Cwl amd moisten 

tne sample vitb. mter*

3. Add 0.5 ml of ecmcemtrated 1^04 and csamtieps^ add 5*-K> ml IP.

Bigest sanrple on the steam liatli and tlien eTaporate tiie solution to

remove "seater.

^. Briag the saaple to fnaess of siilfuric amd fane for se-feral minutes.

Cool.

5. Caufcloizslj add 25 ml of water, digest the sample 0m steam "batk 

stirring to effect solution. Cool to room temperatwe.

6. Transfer tae content^ ojf tne disl to a 50-^1 glasses-coppered gractaated

cylinder, lake to 50 mL vitk iiater. Ito.

TO Take a 5-ml alight and transfer tne solution to a 25-mL gJass*stoppeTed

test twbe.

8. Add 5 ail of nixed carbonate solution (10 g Ha^COs + 10 g laCQs per

100 ml of water) amd mix*

9. Place tfce stoppered tmfoe in a teaker of list wfcer and let stand f&r

30 mioate^ at So~9Q°C.

10. Hefflore tie tu3ae from the "bath and allow t&e solatium to c©01 for an 

hour at room temperature,,

11. Filter part of tlie soluticssn tkrongk a dry filter paper OOiatmn lo. 

into a dry test txtbe. 3&e filter Jaaper »ay "be eomreniently lield in place 

"by the test ttflje itself.
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12. Ojake an Q.8Q-ial aliquot and transfer the solHtiom to a 

platiaxun container (average diameter about 3,5 em) and efaporate the 

solution on the steam "bath*

13. Add 2 g of flux (9 parts lay -weight HaF, 45,5 parts "by irelght 

and 45.5 parts "by wigfrt I^CQs) .

14. Heat over a tourmer imtH the flux Melts and them for am 

2 mimtes, nixing aad gwirling the cost eats t© assiare ^ uniform welt. 

Tke temperature of the emtalaer should aot "be aliened t© exceed 700*C 

during the heating period..

15. Place the disji on am asbestos pad to co®l.

16. Measure fl^nrescemce of the disc in tke flsajorlffleter (Fletchsr amd 

May, 1950) and emwrt to percent -uramium "by refereace to m standard 

curre* !Ehe standard curre is prepared "by fusing mrloHS amounts of 

israniiim -with the flworide flax and »sasMring the fluorescemce intensity 

of the discs.

!Eke procedure for aoBazite differs oal^ in the method of preparing 

the solution and in the final size of sample taken.

1. Weigh O.OBOO g of representatire finely ground aeaaaite lat© a 

plfttiams crucible.

2. Add 0 .6 g of flax. (2 parts lay -weight laF amd 3 parts "by .-weight 

3* Fuse the sample orer a low "bizmer iiatil m clear Kelt is 

(about 30 seeoads). Cool.
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k. Add 0 A ml of concentrated 23804. Beat gently and at a low tem­ 

perature until all the fluorine is remoYed and a clear pyrosulfate melt 

is obtained. !£his fusion proceeds through seyeral stages. In the 

first stage some frothiag is apparent until the, pad disintegrates * 

The melt is usually colored and muddy at this point. In the second 

stage the melt thickens appreciably and becomes lighter in color. Im 

the final stage a clear pyrosulfate melt is obtained. The total time 

for the complete process takes about 3 1/2 minutes. Cool*

5. Add 10-15 ml of mter and 2 ml concentrated %SQ4. Digest the 

melt cm the steam "bath. Stir occasionally until the melt is completely 

disintegrated.

6. Transfer the sample to a 100«*ml glass ̂stoppered graduated, cylinder 

and make up to 100 ml vith mter. Mix. Generally a complete solution 

is obtained id.thin 5 minutes. Sometimes a cloud (presumably anhydrous 

rare-earth sulfates) persists after 5 minutes. "E&U is not important 

as long as the sample has been completely decomposed.

7. Disperse the mixture by shaking. Immediately draw off a 5~ml aliquot 

and transfer to a glass-stoppered test tube.

8. Proceed according to steps 8 through H of the procedure for shales.

9. Take a 0.3-ml aliquot and proceed as in the procedure for shales 

steps 12 through 16.
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KESUL333 OF

Tables 2j 3> «tad ^ list the results obtained by. the carbonate* 

fluorimetric procedure oa shales, lignites, and monazites* respeetirely. 

The results for the shales and lignites agree closely with those obtained 

by the uranyl nitrate extraction procedure (Grimaldi and LeYine* 

The results on monazites shew good agreement idth those obtained by 

eolorijtetrie analysis (&rim1diy 19^6) . fhe e^rbomate precipitates 

from the shales and lignites vere also tested for uranium by the 

extraction procedure 3 uranium ms not occluded.

Fletcher, Hary lv, 1951> A study of the critical factors im the "direct" 
fluorlJietric determination of -uranium; U. S, Geol. ®anrey frace 
Elements Inrestigatioas Kept. 130,

Pletcher, Mary I., and m&, Irring, 1950> M improred flworimeter for 
the determination of -uranium in fluoride ®elts: U.S. Geol. Surrey 
!Erace Elements InTestipitions lept. 120.

Grimaldi , F. S., 19^-6, The UJSLO.S. eupferron pretjipitation-extraction 
method for the determination of rery simll amounts of uranium in 
naturally occurring materials s Chapter in 0. S. Geol* Surrey 1?raee 
Elements Inrestigations lept. 31-

Grimaldi, F. 0., and Leyine* Harry, 19^8, The rapid fluorimetric deter- 
.mination of uranium in 10¥-grade ores? 0, .0. Geol, Surrey Trace 

InTestigations Kept. ^7.

Price, G» R., Ferretti, K. J*, and Schnarts^ S.> 19^-5, 3?hs mierofluoromatric 
determination of uraniums AEO



Table 2, iCsmparlson ®f uranium analyses of shale "by the 
carbonate-fluor IMS trie procedure and liy the uranyl 

nitrate extraetioa

Sample 
mo.

1

2

1>

1*.

5

6

T

8

9

10

11

12

Percent -uramiMm
Obtaimed by the carbooate- 

floor 1 metric proceiiire

0,006

0.008

0*005

0.007

0.005

0*005

0.006

0.003

0,005

0*00^

0.005

0,00%

Obtained "by ^jraayl 
nitrate extraction

0,005

0.008

0,005

0.006

0*006

0*005

0,006

0.003

0.005

0»005

0.005

Q.CK&

Percent -uranluaa 
occluded "by car- 
"teeaate precipitate

0.000

0,000

0*000

0.000

0.000

0.000

0.000

0*000

0,000

o.ooo

0.000

0.000
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Table 3- Comparison of uranium amaly&es of lignites "by the
carbomte-fluoriHetrie procedure and "by the uranyl

nitrate extraction procedure

Saacple 
no.

1

2

3

k

5

6

7

8

9

10

n
12

15
1^
15

Percent uranium
Obtained "by the carbonate- 

fjmriffletrie procedure

0.015

0*011

0,012

0.012

0.011

0.010

0.018

0*017

0,016

0.015

0.02^

0.027

0*01^

0.024

0.027

Obtained "by ziranyl 
nitrate extraction

0 016

0*011

0.011

0.013

0.011

0.010

0.016

0*018

0.019

0.015

0.025

0.029

0.013

0,025

0.029

Percent uranium
oeeincljed by car­ 
bonate precipitate

0.000

0*000

0,000

0.000

0.000

0.000

0.000

0,000

0.000

0.000

0.000

0.000

0.000

O.QOQ

0.000
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(Cable 4.-*-Kes«lts of uranium analyses of momaaites obtained
by tiie mrbomte^fluorijBetrie Method compared

to t&Qse ©btained colorliaetrically

Sample
nt>«

1

2

3

It

5

6

7

8

9

10

11

12

13

a*

Percent  ursBtf-iaa
Obtained by tae carbonate- 

flusxriEetrle procedure

0.39 
0.37

0.26 
0.26

0.16 
0,17

0.38

0,26

0.35

0,67

0.25
0.26

1.1
0.27
0.26

0.24

0.24

0.27

Obtained coj-origetrieaXly I/

0.32

0,24

0.16

0*38

0.28

0.34

0.64

0.26

1,0

0.28

0.23

0,22

0,22

0.27

I/ Analyst, Mela, U. S. Seelogical


