RECORDS ADMINISTRATION

e
| DP - 503

Chemistry - General

AEC Research and Development Report

PRECISE DETERMINATION OF URANIUM
IN URANYL NITRATE - ALUMINUM NITRATE
SOLUTIONS

by

C. M. MacDonald
Analytical Chemistry Division L.

July 1960

E. |. du Pont de Nemours & Co.
Savannah River Laboratory
Aiken, South Carolina




This report was prepared as an account of Government sponsored work.
Nelther the Unlted States, nor the Commission, nor any persocn acting
on behalf of the Commissalon:

A. Makes any warranty or representatlion, expressed or lmplled,
with respect to the accuracy, completeness, or usefulness
of the information contained 1n this report, or that the
use of any information, apparatus, method, cor process dls-
clesed in thls report may not infringe privately owned
rights; or

B. Assumes any llabilitiles wilth respect to the use of, or for
damapges resulting from the use of any informatlon, appara-
tus, method, or process disclosed in thils report.

As used 1n the above, "person actlng on behalf of the Commission"
includes any employee or contracter of the Commission, or employee
of such contractor, to the extent that such employee or contractor
of the Commission, or employee of such contractor prepares, dis-
seminates, or provides access to, any informatlen pursuant to his
employment or contract with the Commission, or hls employment
with such contractor.

Printed in USA. Price $0.50
Availlable from the Office of Technical Services
U. 8. Department of Commerce
Washington 25, D. C.




CHEMISTRY ~ GENERAL
(TID-4%500, 15th Ed.)

PRECISE DETERMINATION OF URANIUM IN URANYL
NITRATE - ALUMINUM NITRATE SOLUTIONS

Ty
Constance M. MacDonald

July 1960

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

Printed for
The United States Atomic Energy Commission
Contract AT(07-2)-1

Approved by

H. M. Kelley, Research Manager
Analytical Chemistry Dlvision

o o




ABSTRACT

A precise method was developed for the analysls of
uranium In aquecus sclutions that contaln aluminum.
Uranium was separated from aluminum by an lon
exchange technique and was then determlned gravi-
metrically by the 8-hydroxyquinollne method. The
coefficient of varlation was 0.73%.
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PRECISE DETERMINATION OF URANIUM IN URANYL
NITRATE - ALUMINUM NITRATE SOLUTIONS

INTRODUCTION

The determination of distributlon coefficients in the study of a
solvent extraction process required a precise and accurate analysis
of the uranium solute in aquecus and organic solutions. The
concentrations ranged from 0.005 to 0.2 mol ¢f uranium and up to

1 mol of aluminum per liter. A precislilon of at least l% at 95%
confidence limits was required for the uranium results throughout
this concentration range.

A number of methods that are usually satisfactory for the
determination of uranium in the presence of aluminum were not

gufficiently preclse for thils problem. Solvent extracticn methods
for separating the uranium from aluminum were inadequate. Also,

various methods for complexing one component(a—e’ while the other is
precipitated were unsuccessful. The methed of Horten and Thomason

for separating elements such as uranium from aluminum by ion exchange

showed promise and was chosen for development.
SUMMARY

A preclise method was developed for the determinaticn of uranium in
triputyl phosphate (TBP) and in aquecus solutions that contain
gluminum. In TBP samples the uranium was transferred to¢ an aquecus
phase and then was determined by the same analytical procedure that
applies to aqueous samples. The uranlum was separated from the
aluminum with an anion exchange resin and was determined
gravimetrically by the 8-hydroxyquinoline method'®’, The solutions
contalned 0.005% to 0.2 mol of uranium per liter and up to 1 mol of
aluminum per liter.

The coefficient of variation for the analysls of these solutions
wag 0.3%.

DISCUSSION

Washing with aqueous ammonium carbonate 1s known to extract greater
than 99% of the uranium that is dissolved in tributyl phesphate
(TBP). Therefore a gquantitative transfer to an aqueous phase 1s
achlevable In three such analytical extractlons and the organic
samples can be analyzed by the procedure that 1s cutlined below.

The spectrophotometric determination of aluminum by Horton and
Thomason ') was deslgned to avold interferences that were present
in aluminum alloys. In the present work appropriate modifications
were made toc the lon exchange portlon of their procedure so that
the uranium eluate could be analyzed by a gravimetric method that
gave the required precision and accuracy.
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EXPERIMENTAL PROCEDURE

Samples of TBP that contalned 100-200 mg of uranium were extracted
with three successive, equal volumes of 0.5M (NH,)sC0a. The aqueous
phases were comblned and analyzed by the procedure described below
for aqueous samples.

Aqueous samples of uranyl and aluminum nitrate were made 9M 1n
hydrochloric acid and were passed through a ceclumn of "Dowex'" 1
(104 DVB) anion exchange resin. The flow rate was less than 1 ml
per minute. The uranlum was absorbed cn the resin as an anion of
uranium chloride, while the aluminum cation was not absorbed.

After the column was rinsed with 70 ml of 9M hydrochloric acld to
ensure complete removal of the aluminum, the uranium was eluted
from the column with 100 ml of 0.2M hydrochloric acld (728) | The
resulting solution was then analyzed gravimetrically for uranium by
the 8-hydroxyquineclire method (&7,

The sample aligquot was chosen to contain 1C0 to 200 mg of uranium.

New columns were fi1lled with resin for each determinatlon because
nitrate in the samples caused some decomposltlon of the resin. The
decomposition was evlidenced by the presence of a yellow color in the
9M hydrochloric acld eluate. If samples were bolled wilth hydrochloric
acld to remove nitrate, the resin couid be used again after proper
reconditioning with 9M hydrochloric acid. However, removal of nltrate
required an excesslve amount of time and thls step was not applied.

RESULTS
The precision and accuracy of the method were determlned by
analyzing five standard aqueous uranium solutions that contained

about 27 grams per liter of aluminum, as shown in the following
table.

Precision of the Method for Aqueous Solutlons

Coeffiecient of

mg of U/ml Variation No. Determ.
4,976 0.06 y
4.g80 0.2 i
4.991 0.2 4
4.99% 0.2 i
5.088 0.3 3

The coefficient of variatlon of these 19 determinations was 0.2%.
The average recovery of uranium was 99.86%.
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The standardized solutlons of uranlum and alumlnum were equillbrated
under different conditions with TBP - kerosene solutions to obtaln

crganic and aqueous phases for a study of preclsicon.

After each

equilibration, allquots of both the organic and the aqueous phases
were analyzed for uranium. The results are given in the followlng
table.

Extraction Data

Uranium in Organic

Uranium 1in Aqueous

Coefficient of

Coefficlent of

Varlation, Number of Variatlion, Number of
mg,/ml % Determinations mg/ml % Determinations
L.B24 0.8 4 46,46 0.3 4
5.206 c.1 4 49,00 a.0 2

14,01 C.4 6 4.000 0.4 6
15.22 0.07 L 3.740 0.2 3
10.87 0. % 1.320 0.2 3
11.7%2 0. 4 1.170 0.5 b

The coefficient of variation for the 25 organic determinations and
41 aquecus determinations was 0.3%.

Thils analytical method 1is attractlve because 1t can be used 1in the

presence of a large number of other icns. Information may be found
in the literature about ions that will interfere and lons that will
not interfere in the method.!77®2%°)

C. Y. Yac Kl onald

C. M. MacDonald o
Analytical Chemistry Division
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