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A study of Pu recovery at trace level from
U solutions by ion exchange technique is
presented. Plutonium retention »99.5% onto
strong anionic resin, AG-X8, from nitric
acid solutions and a 92% recovery using
0.4M HNO3 at 60 ©C as eluent, were ob-
tained. Uranium interference in Pu sorption
from mixed U/Pu nitrate solutions with low
U/Pu ratio (~25) was not verified. However,
for high U/Pu ratio solutions (~10000),
uranium interference in Pu retention on the
resin, decreases to 59%. Selecting the
loading conditions and using AG-X4 resin,
99% Pu retention was achieved. The Pu pro-
duct i% still contaminated with U and
another purification cycle is recomended.

A scheme for U/Pu first cycle separation

is proposed.

INTRODUCTION

In spent nuclear fuel chemical treatment, the main
process is the Purex Progess. Several investigators

have ocutlined some modifications to increase the ef-
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ficiency of the process1_4. Meanwhile, promising ap-
plications of ion exchange techniques have also been
reportedS'a, mainly on the Pu purification step or Pu
recovery from nitric acid streams generated from Purex
Process operations. The strong anionic resin was found
to be more efficient due to the great affinity of
tetravalent plutonium nitrate complexes for the anion
exchanger.

10

Recent work59 show the use of anionic resin and
extraction chromatography columns to remove final
traces of Pu from high activity waste, aiming at safety
of waste disposal.

The goal of this study is Pu removal at trace level
from uranyl nitrate solutions coming from Purex Process

where U/Pu ratio is near 10000.

EXPERIMENTAL
Materials

- AG-1X8, AG-1X4, 50 to 100 mesh, gel type anion ex-
change resin, chloride form from BIQ-RAD Laborato-

A

ries.

~ Feed solutions for Pu loading tests were prepared by
mixing appropriate aliquots of stock plutonium ni-
trate solutions (19.38 g l_1) in 7M nitric acid

' and 150 mg 17" concentra-

giving 20 mg 171, 8o mg 1
tions. A redox valency was performed to ensure that
all Pu is in the tetravalent state, before ion ex-

change separation is done.

- Feed solutions for U/Pu separation experiments were
prepared by mixing appropriate aliquots of stock plu-

tonium nitrate solutions and stock uranyl nitrate so-
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lution (300 g 1_1] in 7M nitric acid, giving mixed

solutions containing near 200 g U 171 - 20 mg Pu 171
and 2 g U 1-1 - 80 mg Pu;’l_1 to have U/Pu ratios of

10000 and 25 respectively.

- Chromatographic columns were made from 7 mm or 4 mm
inside diameter borosilicate glass, 30 cm long and
filled with selected ®nionic resin.

Procedure

Based on the results of past investigators, some re-
commended conditions such as 7M acidity of the feed
solution onto a strong anionic resin with 8 or 4% cross-
linking and about 0.45M dilute mineral acid as eluent
had been considered.

The resin in chloride form as received, was condi-
tioned in 7M nitric acid, by washing twice with distil-
led water, twice with 0.1M HNOB, twice with 1M HNOB,
twice with 4M HNO3 and finally with 7M HNO3 until chlo-
ride reaction is absent in the effluent.

The column was filled with a known volume of resin,
washed with 7M nitric acid and then plutonium nitrate
or mixed uranyl and plutonium nitrate solutions in 7M
nitric acid were passed through the column. The column
was washed with 7M HNO3 to remove the weakly sorbed U
from the plutonium-loaded resin. Finally, the Pu was
eluted with 0.4M HNO,. The flow-through of the column

3
was adjusted in each phase of the column operation.

Analysis

Plutonium was checked radiochemically by measuring
the 5.15 MeV a-energy using a surface-barrier detec-

1 ; .
tor . Uranium was determined by X-ray fluorescence12
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in the range of 2 to 300 g 1_1 and spectrophotometry

using DBM as chromogenic agent for low uranium concen-

tration solutions]3.

RESULTS AND DISCUSSION

Plutonium separation

The efficiency of the anion exchange resin for Pu
separation was determined first in the absence of U.
This was accomplished using a 7 mm inside diameter
chromatographic column filled with 3 ml AG-1X8 resin
conditioned in 7M nitric acid. 100 ml of 7M HNO3 pluto-
nium nitrate solution, 244 mg 1_1, was passed through
the column. Then the column was washed with 15 mi /M
HNO3 and the loaded ?u was displaced with exc??s 0.4M
HNOB. Flow-through of the column was 1 ml min in the
loading and washing operations and 0.6 ml min~' in the
elution phase. From Fig. 1 it is easy to see the break-
through point at 30 ml corresponding to 3.25 mg Pu/ml
resin. The elution curve (Fig. 2) shows that 0.4M HNO3
does not remove total loaded Pu. Only 75% of adsorbed
Pu was recached using 30 ml of eluent at 30 °c. on the
other hand, a minimum concentration of Pu was found in
the wash solution.

On the basis of these results, other experiments
with decreasing Pu concentration in the feed solution
were carried out. These were made by passing 50 ml of
M HNO. plutonium nitrate solution 150 mg 1_1, 100 ml
of 80 ;q l_“I and 100 ml of 20 mg 1-1. An efficiency of
~99.5% for Pu removal was obtained.

Uranium(¥1) behavior was also verified in the same

cxperimenftal conditions. Tests were done with 7M HNO3

uranyl nitrate solutions, 2.2 g 1 . Uranium(VI) is
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Fig. 1. Plutonium break-through curve. Feea solution:

Vv = 100 ml, [Pul = 244 pg 177, [H] = 7M. Resin:

AG-1x8, NO3

weakly adsorbed on the column (-5%) and removed by wash-

ing with 7M nitric acid.

Uranium-plutonium separation

Uranium-plutonium separation studies were firstly
carried out using a 7M nitric acid mixed plutonium and
uranyl nitrate solutions containing 79.8 mg Pu 1_1 and
2.2 g U 1_1 giving U/Pu = 25 w/w as feed solution.

100 ml of this soluticn was passed through the column
according to the experimental conditions of former ex-—
periments.

Uranium interference in Pu sorption was not observed.
Aan efficiency of 99.5% Pu removal was obtained. To
avold further U contamination in the Pu eluate, an ex-
cess of washing solution was used to remove as much as
possible of the adsorbed U. Hevertheless, U was de-
tected in the recovered Pu sclution, showing that an

additional purification must be realized.
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Fig. 2. Plutonium elution curve. Eluent: 0.4M HNO 4

A second set of experiments was done with a mixed
plutonium and uranyl nitrate solution 7M nitric acid,
containing 20 to 25 mg Pu 1 | and 190 to 220 g U 177,
in such a way as to maintain a U/Pu ratio of 10000.

The preliminary tests showed U interference in Pu ad-
sorption, decreasing the efficiency to 59%.

The effect of percent cross-linking, flow rate,
temperature and HNO3 concentration in loading operation
and inside diameter of the chromatographic column on

the efficiency of Pu separation was investigated to
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TABLE 1

Plutonium sorption from mixed plutonium-uranium nitrate
solutions, U/Pu = 10000 w/w

Experimental conditions Plutonium
Column Anionic HNO3 , Flow rate, Temperature, retention
@i, mm resin M ml min~! oC %
7 AG-1X8 7 1.0 30 59.2
7 AG-1X8 7 0.5 30 78.5
7 AG-1X8 7 0.2 30 93.1
7 AG-1X4 7 0.2 30 98.2
4 AG-1X4 7 0.2 30 99.5
4 AG-1X4 7 0.3 30 99.6
4 AG-1X4 7 0.5 30 99.3
4 AG-1X4 8 0.3 30 99.4
4 AG-1X4 9 0.3 30 99.5
4 AG-1X4 10 0.3 30 99.4
4 AG-1X4 7 0.3 60 99.6

determine the optimum values for these parameters. Ex-
perimental conditions are shown in Table 1.

Best results were obtained using a 4 mm diameter
column filled with AG-1X4 anionic resin and a 0.2 to

0.3 ml min_ |

flow-through for loading operation. In
these conditions, the efficiency of Pu separation was
99%. No significant differences were observed on vary-
ing the temperature and HNO3 concentration of the feed
solution. However, the effect of the temperature has
been noted on the elution rate of Pu, reaching 92% ef-
ficiency at 60 S

It is known that addition of complexing agent as HF
increases the elution rate of Pu. But in this study

only dilute HNO, was selected because the recovered Pu

3
must be subjected to purification cycle.
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Fig. 3. Uranium-plutonium separation diagram

CONCLUSION

This study indicated that Pu can be separated from
uranyl nitrate sclution with an initial U/Pu ratioc of
nearly 10000, using strong anicnic resin AG-1X4 type.
One cycle is not enough to have uranium-free plutonium
nitrate product. Based on the results, a scheme using
three chromatographic columns for first cycle senara-

tion 1is proposed (Fig. 3).
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