
-----~~-- -~--

~CORDSAD~INISTRATION 
I~III III 1I11~~' I~~~I~~II 111111\11 111\ DP -165~ UNCLASSIFIED 

Chemistry 

AEC Research and Development Report 

DETERMINATION OF TRACES 

OF THORIUM IN URANIUM SOLUTIONS 

by 

M. O. Fulda 

Analytical Chemistry Division 

June 1956 

RECORD 
COpy 

90 NOT REl.EASE 
FFlOM FIL.E 

E. I. du Pont de Nemours & Co. 
Explosives Department - Atomic Energy Division 
Technical Division - Savannah River Laboratory 



This report was prepared as an account of Government sponsored work. 
Neither the United States, nor the Commission, nor any person acting 
on behalf of the Commission: 

A. Makes any warranty or re~resentation, express or ~p11ed, 
with respect to the accuracy, completeness, or usefulness 
of the information contained in thi8 report, or that the 
use of any information, apparatuB, method, or process dis
closed in this report may not infringe privately owned 
rightsj or 

B. Assumes any liabilities with respect to the use of, or for 
damages resulting from the use of any information, appara
tUB, method, or process disclosed in this report. 

As used in the above, "person acting on behalf of the Commission" 
includes any employee or contractor of the Commission to the extent 
that such employee or contractor prepares, handles or distributes, 
or provides access to, any information pursuant to his employment 
or contract with the Commission. 

Printed in USA. Price $0.15 
Available from the Office of Technical Service8 

U. S. Department of Commerce 
Washington 25, D. c. 



.\- ) , -) 

UNCLASSIFIED 

, , , 

DETERMINATION OF TRACES 
OF THORIUM IN URANIUM SOLUTIONS 

by 

Myron O. Fulda 
Analytical Chemistry Division 

June 1956 

E. I. du Pont de Nemours & Co. 
Explosives Department - Atomic Energy Division 
Technical Division - Savannah River Laboratory 

Printed for 
The United States Atomic Energy Commission 

Contract AT(07-2)-1 

DP - 165 

CHEMISTRY 



ABSTRACT 

A colorimetric method was developed for the 
determination of 1 to 100 ppm of thorium in 
uranium solutions. The indicator was thor in 
and the standard deviation was 7 per cent at 
1 ppm and 2 per cent at 100 ppm. 
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DETERMINATION OF TRACES 
OF THORIUM IN URANIUM SOLUTIONS 

INTRODUCTION 

A method was required for the determination of traces of 
thorium in uranium solutions. In the generally accepted colorimetric 
determination of thorium with thor in (0-(2 hydroxy-3, 6-disulfo-l
naphthylazo) benzenearsonic acid disodium salt) uranium interferes 
when the ratio of uranium to thorium is greater than 200 to Ill). 
Earlier work by Hyde and Tolmach(2) had demonstrated that thorium is 
completely extracted from aqueous solution at pH 1.0 by TTA (thenoyl
trifluoroacetone), whereas under the same conditions only one per 
cent of the uranium is extracted. In another series of experiments 
Horton and Thomason(3) separated thorium from rare earths by ex
traction with TTA and then used a colorimetric method with thorin to 
determine the thorium. 

On the basis of the results of these earlier investigations, 
work was undertaken to develop an analytical procedure which involved 
(1) separation of thorium from uranium by solvent extraction with 
TTA, fOllowed by (2) colorimetric determination of thorium using 
thorin. 

SUMMARY 

A method was developed for the determination of 1 to 100 
ppm of thorium in uranium solutions. The thorium is removed from the 
interfering uranium by solvent extraction using a solution of TTA 
(thenoyltrifluoroacetone) in xylene. A spectrophotometric analysis 
with thorin completes the analysis. 

Average recoveries of 93.9 to 105.4 per cent were obtained 
for samples containing known quantities of thorium. The standard 
deviation was 7.3 per cent at 1 ppm and 2.1 per cent at 100 ppm. 

Although this study was limited to solutions containing 1 
to 100 ppm of thorium, the range of thorium concentration can be 
extended by proper selection of sample size. 

DISCUSSION 

EXPERIMENTAL PROCEDURE 

Samples that contained 10 to 100 ~g of thorium and up to 
500 milligrams of uranium were adjusted to pH 1.0 and extracted with 
0.5M TTA in xylene. Any extracted uranium was stripped from the 
organic phase with O.lM nitric aCid. The thorium was then re
extracted into 2.0M nitric acid and determined spectrophotometrically 
with thorin reagent. A detailed procedure for the analysis of 
samples is given in the Appendix. 
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EFFEC'I' OF VARIABLES 

Uranium Interference 

Samples that contained 50 and 500 mg of uranium and no 
thorium were adjusted to pH 1.0 and extracted with 0.5M TTA in 
xylene. The organic phase was then washed with O.lM nitric acid to 
remove the uranium. The extent of uranium interference was measured 
by extracting the organic phase with 2.0M nitric acid and determining 
the apparent thorium content of the aqueous phase by the thorin 
method. The data in the following table show that two washings with 
O.lM nitric acid were needed to avoid interference from uranium. 

URANIUM INTERFERENCE IN THE 
DETERMINATION OF THORIUM 

Uranium Taken, 
mg 

Apparent Thorium Recovery, 
[.Lg 

single wash double wash 

50 3·0 0.0 
50 3·2 0.0 

500 3·0 0.0 
500 3·2 0.0 

Acid Concentration 

The results in Figure 1 show that thorium was completely 
extracted from O.lM nitric acid solution by TTA and was completely 
recovered from the TTA by extraction with 2.0M nitric acid. 

Samples that contained 20 [.Lg of thorium 
0·5M TTA at acidities of 0.1 to 2.0M nitric acid. 
the aqueous phase was analyzed for thorium. 

were extracted with 
After extraction, 

Samples that contained 20 [.Lg of thorium in O.lM nitric acid 
were extracted with 0.5M TTA in xyle~e. The organic phase was then 
extracted with 2.0, 5.0, and 8.0M nitric acid. All of the thorium 
was recovered in each experiment. 

Extraction Time 

Samples that contained 20 [.Lg of thorium in O.lM nitric acid 
were extracted with 0.5M TTA in xylene for one and three minutes. 
Less than 1 [.Lg of thorium remained in the aqueous phase after one 
minute and no detectable thorium remained after three minutes. 
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Two one-minute washings of the organic phase with 2.0M 
nitric acid gave complete recovery of the thorium. 

RESULTS 

A plot of absorbance versus ~g of thorium indicated that 
Beer's law was followed in the range from 1 to 100 ~g of thorium. 
The absorbances observed showed that the most accurate results would 
be obtained in the range from 10 to 100 ~g of thorium. Subsequent 
sample sizes were adjusted to contain 10 to 100 ~g of thorium. 

Known solutions that contained 1 to 100 ppm of thorium and 
50 gil of uranium were analyzed to determine the accuracy of the 
me'thod. The data in the table are the results of duplicate analyses 
of these solutions. The average thorium recovery ranged from 93.9 to 
105.if per cent. 

Thorium 

RESULTS OF ANALYSIS OF STANDARD THORIUM-URANIUM 
SOLUTIONS 

Average 
Concentration, Sample Size, Recovery, Recovery, 

!2pm ml ~ ~ 

0.89 10.00 102·7-106.8 104.8 

1.77 10.00 100·5-102.6 101.6 

3·54 10.00 102.8-105·6 104.2 

8.87 1.00 93. 4-94.4 93.9 

17·7 1.00 92·3-100·5 96.4 
44.2 1.00 100.8-100.8 100.8 
62.0 1.00 103. 4-105.0 104.2 

70·9 1.00 102.2-103·8 103·0 

88·7 1.00 105·1-105·6 105.4 

Two of these so~utions were analyzed in replicate to define 
the precision of the method. The results in the table show a 
standard deviation of 7.3 per cent at 1 ppm and 2.1 per cent at 100 
ppm thorium. 
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PRECISION OF THORIUM ANALYSIS 

Thorium Sample Average Standard 
Concentrat:l-on, Size, No. Recovery, Deviation, 

ppm ml Analyses ~ ~ 
0.98 10.00 10 99·5 7·3 

97.4 1.00 7 101·7 2.1 

M. O. Fulda 
Analytical Chemistry Division 

BIBLIOGRAPHY 

1. Thomason, P. F., Perry, M. A., and Byerly, W. M. "Determination 
of Microgram Amounts of Thorium." Anal. Chern. 21, 1239-41 
(1949). 

2. Hyde, E. K. and Tolmach, J. TTA Extraction of Dilute Solutions 
of Thorium Nitrate and Uranyl Nitrate. Argonne National 
Laboratory, ANL-4248 (Declassified). 

3. Horton, A. D. and Thomason, P. F. Oak Ridge National Laboratory, 
ORNL-1880, July 19, 1955 (Classified). 

-7 -



APPENDIX 

PROCEDURE FOR ANALYSIS OF SAMPLES 

Preparation of Standard Curve 

1. Prepare solutions containing 10 to 100 ~g of thorium per ml. 
2. Pipet accurately 1 ml of each solution into 50-ml volumetric 

flasks. Add 15.0 ml of 1.OM nitric acid and 5.0 ml of 0.1 per 
cent aqueous thor in solution. 

3. Dilute the solutions to volume and mix well. 
4. Transfer the solutions to 5-cm absorption cells and measure the 

absorbances at 545 millimicrons against a reagent blank. To 
prepare the reagent blank, add 15.0 ml of 1.OM nitric acid to 
5 ml of 0.1 per cent aqueous thorin solution and dilute to 
50.0 ml. 

5. Prepare a standard curve by plotting absorbance versus ~g of 
thorium. 

Analysis of Samples 

1 . 

2. 

3· 

4. 

5. 

6. 

7. 
8. 

9. 

Pipet a sample containing 10 to 100 ~g of thorium into a 50-ml 
beaker. 
Adjust the volume of this solution to about 10 ml with distilled 
water. 
Adjust the pH of this solution to 1.0 ± 0.1 with dilute nitric 
acid or dilute sodium hydroxide. Use a pH meter with glass and 
calomel electrodes. 
Wash the electrodes with O.lM nitric acid, and wash the solution 
into the extraction flask with O.lM nitric acid. 
Add 2 ml of 0.5M TTA (thenoyltrifluoroacetone) in xylene to the 
flask. Stir the solutions vigorously for five minutes. Remove 
the aqueous layer and discard. 
Add 10 ml of O.lM nitric acid, and stir the solutions vigorously 
for two minutes. Remove the aqueous layer and discard. 
Repeat step 6. 
Add 3.0 ml of 2.0M nitric acid to the extraction flask, and stir 
the solutions vigorously for one minute. 
Transfer the aqueous layer to a 50-ml volumetric flask. 
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10. Repeat step 8 with 5.0 ml of 2.0M nitric acid. 
11. Transfer the aqueous layer to the same volumetric flask. 
12. Discard the organic layer and wash the extraction flask with 

acetone. 
13. Pipet accurately 5 ml of 0.1 per cent aqueous thorin solution 

into the solution in the volumetric flask and dilute to volume 
with distilled water. 

14. Transfer the solution to a 5-cm absorption cell and measure the 
absorbance at 545 millimicrons against a reagent blank. To pre
pare the reagent blank, add 15.0 ml of l.OM nitric acid to 
5·0 ml of 0.1 per cent thor in solution and dilute to 50.0 mI. 

15. Determine the quantity of thorium in the sample from the 
standard curve. 

16. Calculate the thorium concentration in ppm as follows: 

thorium, ppm = ~g of thorium from standard curve in step 15 
sample size, ml x density of sample 
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