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ABSTRACT

Batch equilibrium tests were made using Dowex-1
resin and uranium in a phosphate-sulfate and a
phosphate-nitrate system with concentrations,
resin ratio, and pH varied.



INTRODUCTION

The Oak Ridge National Laboratory Raw Materials Chemistry
Section is concerned with two types of study in regards to
ion-exchange investigations; that which/-^ea^Ti^
raw materials recovery problem, and that which dea*s *i™ous
fundamental investigations in uranium chemis*7_* £GV^
report, Y-816*, summarized the work done up to October, lVbi.
The present report shows the extension of the tests oi
uranium sorption in the presence of excess anion (Y-816,
m> 43-66) to systems containing two major anions. Thephosphate-sulfaL and phosphate-nitrate systems were chosen
?o be studied first because of the frequent occurrence of
the former in raw-material development problems, and because
nitriracid may be substituted for sulfuric acid in some
future process developments.

Five variables were considered in these tests: pH, *hf
Quantity of resin, and the concentrations of uranium, phosphate
^sulfate or niirate. Batch equilibrium tests were made in
series with four of these held constant and the fifth varied.

EXPERIMENTAL

Phosphate resin was prepared by passing 3% phosphoric
acid through a column of 20-40 mesh Dowex-1-chlonde until no
more chlorfde was found. The resin was then ™she? *° w°nStant
pH, at about 3. Stock solutions were prepared as J01*™' .
approximately 10M sulfuric acid, 5M phosphoric acid, 5M nitric
acid, 0.2M uranyT sulfate, and 0.2! uranyl nitrate. Test
solutions-were made up from these stock solutions a jus dosolutions were mauc up .•..•.««. ^ — - ,

the specified pH with sodium hydroxide, and diluted to 100 ml

* Y-816, "Topical Report on Anion Exchange Studies, E.
Virginia Spivey, Emily L. Leyshon, F J. Hurst, D. J. Crouse,
and C. F. Coleman, ORNL - Y-12, October, 1951.



with water. Seventy-five ml of each test solution was
shaken overnight with resin in a plastic bottle in a Fisner-
Kahn type shaker. Except where otherwise specified, 1.5 meq,
0.63g (dry basis), of resin was used in each test.

After 15 to 20 hours in the shaker, the solutions were
separated from the resin and analyzed for uranium, the dif
ference in uranium initially and after equilibrium being the
amount sorbed by the resin. The analytical methods used
for the determination of uranium are the same as those listed
on page 111 of report Y-816.

DISCUSSION

In general, the results are similar to the results
from studies of single anion systems reported in Y 816.

Figure 1 shows the influence of pH on uranium sorption.
The upper limit was set by the fact that above pH 2 some
precipitation of uranium occurred in both systems.

Figure 2 shows the increase of percent sorption and the
corresponding decrease of loading as the ratio of resin to
solution was increased.

The influence of uranium concentration on the sorption
is shown in Figures 3, 4, 5, and 6. The percent pickup
from phosphate-sulfate increased rapidly as the uranium con
centration was decreased to about 0.002M. This is similar
to the results found in phosphate solution (Y-816, p. 62),
in which the lowest uranium concentration tested was about
0 005M. It was expected that the pickup would continue to
rise Toward 100% with further dilution of the uranium, but
it was found to drop sharply below 0.002M, as shown in
Figure 3. This may have been caused by Tormation of a dif
ferent sulfate of phosphate complex as the ratios of sulfate
and phosphate to uranium increased.

In the phosphate-nitrate system (Figure 5) the pickup
remained low throughout the range, as to be expected from
the greater interference by nitrate. The loading curves
(Figures 4 and 6) are less sensitive at the low uranium con
centrations, and appear similar to those found with phosphate
solutions (Y-816, p. 63).

The variation of anion concentration and its effect on
uranium sorption is shown in Figures 7, 8, and 9. These



results are very similar to the results for single anions given
In Y-816 It should be noted, however, that the nitrate causes
a more rapid decrease in the percent sorption and the loading
than the sulfate.

The effect of initial phosphate and nitrate concentrations
are shown in Figures 7 to 9. Theseconcentrations could have
been shifted by exchange to the maximum extent of about 0.02M,
but probably much less.

If applied to a process for extracting uranium, these
tests show that the phosphate-sulfate system is to be pre
ferred. In either system for the best results the pH should
be at least 1.5, if possible, and the concentration of the
anions should be as low as possible. The quantity of resin
used would depend upon the efficiency (loading) required and
the costs involved.

SUMMARY

Batch equilibrations of uranyl with Dowex-1-P04 in
phosphate-sulfate and phosphate-nitrate s?lut^ns1showeThe
improved sorption with rise of pH up to at least 1.5. The
effect of resin quantity was normal, increased resin increasingtneTickVlnd decreasing the loading. The effect ?f decreasing
the uranium concentration was similar, except that the pickup
from phosphate-sulfate solution topped sharply when the
initial uranium concentration was less than 0.002M. E*cess
anion depressed both the pickup and the loading, nitrate being
much more effective than either sulfate or phosphate.
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Figure 1

EFFECT OF pH ON URANIUM SORPTION
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Figure 2

EFFECT OF RESIN CONCENTRATION ON URANIUM SORPTION
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Figure 3

SORPTION OF URANIUM IN A PHOSPHATE-SULFATE SYSTEM
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Figure 4

SORPTION OF URANIUM IN A PHOSPHATE-SULFATE SYSTEM

pH^1.65 Range: 1.50 - 1.90
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Figure 5

SORPTION OF URANIUM IN A PHOSPHATE-NITRATE SYSTEM

Equilibrium pH: 1.4-1.6
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Figure 6

SORPTION OF URANIUM IN A PHOSPHATE-NITRATE SYSTEM

Equilibrium pH: 1.40 - 1.60
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Figure 7

EFFECT OF EXCESS ANION ON URANIUM SORPTIO*

P04: 0.99M pH: 1.50-1.7
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Figure 8

EFFECT OF PHOSPHATE ON URANIUM SORPTION

O- S04: 0.51M pH: 1.40 - 1.60 Initial U: 0.71 mmoles 0.0095M
#-N03: 0.098M pH^1.68 Initial U: 0.69 mmoles 0.0092M
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Figure 9

EFFECT OF EXCESS ANION ON URANIUM SORPTION
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