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0.0 ABSTRACT

Radioactive and nonradioactive solutions, similar to those to be found
in power-reactor-fuel reprocessing, were analyzed for uranium. The procedure
consisted in three main steps; a separation of the uranium from the dissolver
solutions diverse ions by means of tri(iso-octyl)amine, an acid stripping
of the uranium from the organic layer, and a quantitative reduction of
uranium(VI) by use of a controlled-potential coulometer.

The results obtained indicate that power-reactor-fuel-dissolver solutions

can be analyzed for uranium to within %1%.
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1.0 INTRODUCTION
1.1 Purpose
The purpose of this investigation was to provide a method for the
precise, accurate, and rapid determination of uranium in power-reactor-
fuel-dissolver solutions. Because of the radiocactive nature of these
solutions, this method also had to be both adaptable to the remote handling
of materials and apparatus in the High-Radiation-level Analytical Facility

(HRIAF) and insensitive to the high levels of radiation of the dissolver

solutions.
1.2 Scope

This report deals primarily with the adaptation to the remotely con-
trolled analysis of radiocactive solutions, of a methodlF for the determina=
tion of uranium in power=reactor-fuel-dissolver solutions. The method of
analysis consists essentially in a solvent extraction of uranium,l an acid
stripping of the uranium from the organic layer, the addition of ascorbic
acid as a reducing agent for interfering contaminants and as a complexing
agent for uranium,2 and a quantitative reduction of the uranium(VI) by use
of a controlled-potential coulometer.5

The development of the method and the results of its application to

nonirradiated solutions have been previously repo:«:-tecitl'L and will not be

discussed herein.
2.0 INSTRUMENTATION AND APPARATUS

Sketches of the equipment used inside the cell of the HRIAF are shown

in Figs. 1 and 2.
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Figure 2. Coulometer Cell (Top and Front Views).



2.1 Titration Cell Assembly

This is an assembly very similar to the ones used previously for radio-

>

active work. It consists mainly of a flat-bottom, glass cell and a cell
cap to hold in place the electrical connections and the electrodes. The
cell assembly used also included a miniature glass electrode and a ground-

glass sleeve joint in the degassing line.

2.2 Extraction Vessel

The extraction vessel is made of L4O-mm diameter glass tubing and a
three-way stopcock. It is raised and lowered beneath a fixed stirring
motor. In the lowered position, it can be removed from the holder.

2.5 Pipet Assembly

The pipet assembly is a 1-ml volumetric pipet mounted on a ring stand
by means of a rubber stopper. Rubber tubing is connected to the stopper
and is laid through an access hole to the outside. By means of a hypodermic
syringe, the sample can be drawn up into the pipet or drained from it.

2.4 pH Meter

A model G pH meter is incorporated into the electrode system by means

of electrical connections to the glass and reference electrodes.
2.5 Coulometer
The ORNL Mark III controlled potential coulometer was used for the

titrations.

3.0 EVAIUATION OF THE METHOD

3.1 Dissolver Solutions

The radioactive solutions used in the data collection were not repre=

sentative, with respect to concentrations and acidity, of the dissolver
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solutions expected in the reprocessing of power-reactor fuels. The solutions
used were dissolutions, made by the Pilot Plant Analytical Control Unit,

of irradiated Army Package Power Reactor (APPR) type fuel coupons. The
radioactivity of each of these coupons was estimated to exceed 100 r. The
coupons themselves were taken from two fuel elements pulled from the APFR

at two-thirds of the core life. Estimates of the fuel burn~up in the

coupons ranged from 2 to 55%; the coupons were cooled approximately one

year before they were cut.

The concentrations of uranium and stainless steel were different for
each solution because the weight and the uranium content were different
for each coupon. Each of the solutions was diluted to a final volume of
200 ml and had an acid concentration of approximately 4.0 M. ‘For these
reasons, the uranium concentration of these solutions varied from 0.6 to
2.0 mg/ml.

Typical dissolver solutions expected in the reprocessing of reactor
fuel will have a uranium concentration of approximately 5.0 mg/ml, a
stainless steel concentration of 70 mg/ml, and an acid concentration of
3 to 4 M. Conseguently, in order to have a more nearly representative
dissolver solution, three of the irradiated APPR coupon solutions were
concentrated inside the HRIAF cell prior to analysis until approximate
typical concentrations were attained.

Fach of the coupon solutions was analyzed by the Pilot Plant Control
Unit. The results of these analysis gave reference values against which
the results determined by this method could be compared. The method of
analysis used by the Pilot Plant Control Unit was:

1. A separation of the uranium from the dissolver solution using

hexone as the extractant.
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2. Evaporation of an aliquot of the hexone.
%. An ammonium thiocyanate spectrophotometric determination6
of uranium in the residue.

3,2 Performance of the Equipment

Generally speaking, the coulometric cell and the extraction apparatus
performed well. However, the pipeting apparatus was not ideal equipment
for precision pipeting. The aqua regia content of the samples prevented
the use of the ORNL model Q-1348 remotely controlled pipettor. Instead,
a l-ml volumetric pipet was used to measure the test aliquot. The extent
of drainage of the pipet would sometimes vary, and frequent calibration
of it was necessary. -

A corrosion resistant pipet similar to the ORNL model Q~1348 is presently
under test and is expected to improve the accuracy and precision of obtaining
a sample aliquot.

3.3 Procedure for Analysis

The procedure used for the determination of uranium in stainless
steel (APPR type) dissolver solutions was as follows:

1. Pipet 1l-ml aliquot into a solution of 5 ml monobasic aluminum
nitrate containing 5 drops of a 5% aqueous solution of hydroxylamine hydro-
chloride.

2. Stir the solution briefly.

3, Add 5 ml of a 5% solution of tri(iso-octyl)amine in xylene
and extract the uranium for five minutes.

4., Separate the phases; then discard the agueous phase.

5. Strip the uranium from the organic phase with 5 ml of a 0.05 M
HC104 - 0.5 M H580, solution and drain the agueous phase into the coulometric

cell.
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6. Repeat Step 5.

7. Add 6 drops of a saturated aqueous solution of ascorbic acid
to the coulometric cell.

8. Add the mercury cathode.

9. With the coulometric cell in position for titration, adjust
the pH of the test solution to 4.0 £ 0.5 by adding NH,OH dropwise.

10. Deaerate the solution and then titrate the uranium at a
controlled potential of -0.400 volt vs the S.C.E.

All volumetric measurements, except that of the test aliquot, were

made outside the HRIAF cell; the measured volumes were then transferred

into the cell by the use of 30=-ml glass bottles.

4.0 DATA

.1 Standardization of Equipment

In order to obtain a basis for the precision and accuracy to be expected
from the remote handling of the equipment and using the method described,
a uranyl nitrate standard solution was used for calibration.

This uranium standard was made by dissolving a weighed amount of
uranium metal, of known purity. After the solution was made to a known
volume, the uranium concentration of it was verified by a potentiometric
analysis using ferric sulfate as the ti‘trant.7

1. For pipeting and general functioning of the cell assembly,
a l=ml aliquot was pipeted directly into 10 ml of 0.5 M Ho50, as the
supporting electrolyte. The solution was deaerated, and the uranium was

reduced at -0.250 volt vs the S.C.E.
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Average results of 26 determinations:

Uranium, mg

Taken Found Error
3.980 k.001 +0.5%
Standard deviation = 0.4%
Limit of error = 0.8%

2. For all phases of remote handling, a l-ml aliquot was carried
through the procedure given in Sec. 3.3 above.

Average results of 15 determinations:

Uranium, mg

Teken Found Error
3,980 3,947 -0.8%
Standard deviation = 0.5%
Limit of error = 1.0%

L,2 Synthetic Dissolver Solutions

Two uranium=containing stainless steel solutions were analyzed. The
compositions of these solutions, in uranium and stainless steel, were made

to correlate with those solutions of APPR coupon material (Sec. 3.1); they

were:
Uranium, 304 Stainless
mg/ml Steel, mg/ml Acid, M
MC-20 0.658 10 3.8
JC=25 0.863% 10 3.8

The uranium content vwas again determined by the method described for

standards (Sec. 4.1).
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In order to make these solutions more nearly representative of a typical
dissolver solution, they were concentrated outside the HRLAF cell, and the
final solution was analyzed inside the cell; the procedure given (Sec. 3.3)
was followed. Results of these analyses are given in Table 1.

4,3 Analysis of Radioactive APPR Coupons

Five radioactive APPR coupon solutions were used to investigate the
radiation effects and adaptability of the procedure and equipment to radio=-
active solutions. Because of the low concentration of uranium in these
solutions, data are given on both the dilute and the concentrated solutions
of two of the APPR coupon solutions, on the dilute solutions of two additional
samples, and only on the concentrated solution of the remaining coupon sclution.
Where it is indicated that a solution was concentrated, this concentration
was done inside the HRLAF cell.

For comparison, the results obtained by the Pilot Plant Control Unit

(Sec. %.1) are also given. Results of the analyses are given in Table 2.
5.0 DISCUSSION

The data presented in the preceeding section indicate that Power
Reactor Fuels dissolved in agua regia (DAREX), can be accurately analyzed
by the method previously given. If the uranium concentration should happen
to be greater than in the solutions that were analyzed, which seems probable,
there is reason to believe that, percentage wise, accuracy and precision
will improve.

In no instance of this particular investigation did there seem to be

either a chemical or procedural failure. All cases of error greater than



Results of Analysis of Synthetic Dissolver Solutions

Table 1.

Acid molarity of test solutions, L4 M

Volume of test aliquot, 1 ml
Volume of Test Relative Limit

Solution, ml Number of Uranium, mg Standard of
Test Solution Initial Final Test Aliquots Taken Found Error Deviation Error
MC=20 100 25 12 2.632 2.623 =0.3% 0.5% 1.0%
JC=25 25 10 8 2.158 2.167 +0.4% 0.3% 0.6%

—T_[_



Table 2. Results of Analysis of Radiocactive APPR Coupons

Acid molarity of test solution of coupon, 4 M

Volume of test aliquot, 1 ml

Uranium Found (b) (b)
Vol. of No. of Test in Test Aliquot Rel. ILimit
Soln. of Aliquots (average) , mg Std. of
Coupon  Coupon Coupon, ml Analyzed Spectrth?to- Dev., Error,
Number Weight, g Initial Final Coulometrically _metric\® Coulometric Diff., % % %
Lo 2.968% 200 200 15 1.992 1.981 +0.6 0.5 1.0
[}
10 2.968% 200 100 10 3,984 3.902 +1.6 0.5 1.0 F
ol 1.7239 200 200 5 1.093 1.049 +4.1 0.5 1.0
9L 1.7239 200 67 7 34279 3.126 +4.6 0.3 0.6
52 2.6792 200 200 12 1.846 1.858 0.6 0.6 1.2
56 2.7161 200 200 8 1.636 1.667 -1.9 0.3 0.6
116 1.1097 200 100 12 1.596 1.564 +2.0 0.9 1.8

(a) Average of two determinations.

(b) Yor coulometric data only.
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that presented in the data were traceable to either a mechanical failure in
equipment, failure of an electrode, or error in remote handling. Improve-
ment in the design of the remote equipment and development of better
techniqgues for operating the remote equipment would improve the reliability
of the systen.

As for the rapidity of analysis, one hour is usually required for each
complete determination.

Although the investigation was limited entirely to APFR type dissolver
solutions, the data presented are helpful in predicting the accuracy and
precision of the analysis of other types of radioactive dissolver solutions.

Table 3% shows the error previously obtained for the determination of
uranium in several synthetic nonradioactive reactor-fuel~dissolver solutions.
From these data and from the data obtained from the analysis of radioactive
APPR type fuel an effort is made to predict the accuracy and precision that
can be expected from the determination of uranium in these various types
of fuel solutions.

As other types of radioactive dissolver solutions become available,
it is planned to establish the accuracy and precision for the determination

of their uranium content by the use of this method.
6.0 CONCLUSION

By use of the method described in this report, no reason can be forseen
why power-reactor-dissolver solutions cannot be accurately analyzed for their

uranium content. On an experimental basis, as discussed in this report, the
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Tgble 3. Error Obtained for the Determination of Uranium in Synthetic
Dissolver Solutions of Various Reactor Fuels
Nonradioactive
APPR Type with Stainless
Dissolver Nonradiocactive Steel and Cold
Solutions with Stainless Fission Product Remote Handling of
( DAREX) Steel Contaminants Contaminants Radioactive Material
Error S.D. Error S.D. Error S.D.
+0.05% 0.4%  +0.5% 0.9% =0.5% 0.5%
CONED Type
Dissolver Nonradioactive
Solutions with Cold
(Dejacketed) Nonradioactive Fission Products *Remote Handling
Error S.D. Error S.D. Error S.D.
+0.2% 0.4%  -0.L4% 0.5% (<1.0%) (<1.0%)
Nonradioactive
CONED Type with Stainless
Dissolver Nonradioactive Steel and Cold
Solutions with Stainless Fission Product
{ DAREX) Steel Contaminants Contaminants *Remote Handling
Error S.D. Error S.D. Error S.D.
+0.8% 1.0%  +1.0% 1.8%  (<2.0%) (<2.0%)
Yankee
Atomic Nonradioactive
Solutions with Cold
(Dejacketed) Nonradioactive Fission Products *Remote Handling
EBrror S.D. Error S.D. Error S5.D.
0 0.%3% =~0.3% 0.6%  (<1.0%) (<1.0%)
Nonradioactive
Yankee with Stainless
Atomic Nonradioactive Steel and Cold
Solutions with Stainless Fission Product
(DAREX) Steel Contaminants Contaminants *Remote Handling
Error S.D. Error S.D. Error S.D,
+0.5% 0.3% +0.5% 0.5% (<1.0%) (<1.0%)
Foreign
Research Nonradioactive
Reactor with Cold
Solutions Nonradioactive Fission Products *Remote Handling
Error S.D. Error S.D. Error S.D.
+0.1% 0.3% =~0.5% 0.6%  (<L.0%) (<1.0%)

* Predicted. Based upon the results obtained from the remote handling of
APPR type fuel.
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results should generally be within *1% of the true value. Perhaps on a
more routine basis, results will not be as accurate, but as far as can be
determined, the method described in this report offers the best combination

of rapidity, accuracy, and precision.
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