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ABSTRUCT

The demonstration test of 4-Group Partitioning Process with concentrated real high-level liquid waste (HLLW) was
carried out in the Partitioning Test Facility installed in a hot cell.

More than 99.998% of Am and Cm were extracted from the HLLW with the organic solvent containing 0.5M
DIDPA - 0.1M TBP, and more than 99.98% of Am and Cm were back-extracted with 4M nitric acid. Np and Pu were
extracted simultaneously, and more than 99.93% of Np and more than 99.98% of Pu were back-extracted with oxalic
acid. In the denitration step for the separation of Tc and platinum group metals, more than 90% of Rh and more than
97% of Pd were precipitated. About half of Ru were remained in the denitrated solution, but the remaining Ru were
quantitatively precipitated by neutralization of the denitrated solution to pH 6.7. In the adsorption step, both Sr and Cs
were separated effectively. Decontamination factors for Cs and Sr were more than 106 and 104 respectively in all
effluent samples.

INTRODUCTION

The 4-Group Partitioning Process has been developed to separate the elements in high-level liquid waste (HLLW)
into four groups: transuranium elements (TRU), Tc - platinum group metals (PGM), Sr - Cs and the other elements(l,2).
The flow sheet is shown in Fig. 1. TRU are separated by extraction with diisodecylphosphoric acid (DIDPA). Tc and
PGM are separated by precipitation through denitration. Sr and Cs are separated by adsorption with inorganic ion
exchangers of titanic acid and zeolite.

To demonstrate the 4-Group Partitioning Process by the test with real HLLW, the Partitioning Test Facility(3) was
constructed and installed in a hot cell at NUCEF (Nuclear Fuel Cycle Safety Engineering Research Facility) in JAERI
Tokai. Partitioning tests at NUCEF are started from the Cold Test using simulated HLLW, of which composition
corresponds to a concentrated HLLW. The behaviors of all the elements added were examined. In 1997, the Semi-Hot
Test was carried out as a next step to examine the behavior of radionuclides, particularly Am and Tc, in the condition of
high element concentration. In this test, a small amount of real HLLW and 99Tc were added to the simulated HLLW.
Then the first Hot Test was performed with real HLLW in 1998(4). About 2 L (370 GBq) of the raffinate from the co-
decontamination cycle of Purex Process were used without concentration.

Finally, a Demonstration Test of the 4-Group Partitioning Process was carried out in 1999-2000 with the
concentrated real HLLW. The present paper describes the results of this Demonstration Test.

EXPERIMENTAL

Preparation of Concentrated HLLW

About 12.5L (5TBq) of the raffinate from the co-
decontamination cycle of Purex Process were used for the
preparation of the concentrated HLLW. The raffmate
was obtained by two reprocessing tests with about lkg of
spent fuel burned up to 8,000MWd/t and with about
1.5kg of spent fuel burned up to 31,300MWd/t, which
were carried out in the same hot cell(5).

About 2.5L of the raffinate was first heated for 7
hours to make the precipitate easy-to-filter(4) and then
denitrated to about 0.5M nitric acid. After the above
operation five times, the denitrated solution mixture was
concentrated to about 2.5L.

Procedure

Procedure in the present test is almost the same as in
the first Hot Test(4).

The concentrated HLLW was denitrated to adjust the
nitric acid concentration to about 0.5M and then filtered.
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Fig.1 Flow Sheet of 4-Group Partitioning Process
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The filtrate seemed to contain colloid because clear phase separation could not be obtained by batch extraction test.
The solution was heated again after the addition of Mo (Colloid removal step(4)). The concentration of nitric acid in
the filtrate from the Colloid removal step was 0.15M, and it was adjusted to 0.49M by adding nitric acid. Thus pre-
treated HLLW was used as a feed solution to the DIDPA Extraction Step. The element concentration of the feed
solution was about 1/4 of that in the Cold and Semi-Hot Tests and the volume was 2.9L.

Figure 2 shows operating conditions of the two mixer-settlers in the present test. The 1 st mixer-settler has 7 stages
for extraction, 4 stages for scrubbing and 5 stages for back-extraction with 4M nitric acid. The operation condition
shown in Fig. 2 was not optimized one because of the space limitation in the hot cell(4). The scrub solution contains
0.5M nitric acid and 1.0M hydrogen peroxide. The latter was added for the effective extraction of Np (6-8). The
solvent composition was 0.5M DIDPA and 0.1M TBP diluted with n-dodecane.

The quantitative back-extraction of Am and Cm
with 4M nitric acid requires 7 stages. Instead of
increasing the number of stages, the flow rate of 4M
nitric acid was increased from lOOml/h to 160ml/h in
the present test in order to decrease the Am
concentration in the 2nd mixer-settler. In the 2nd
mixer-settler, the whole 16 stages are used for back-
extraction of Np and Pu with oxalic acid. Separation of
Am and Cm from lanthanide(6) was not examined in the
present test.

The raffinate of the DIDPA extraction was
concentrated from 5.1L to 2.1L and then denitrated to
separate Tc and PGM (Precipitation Step by
Denitration). The pH of the denitrated solution was 2.8,
and therefore, it was neutralized by sodium hydroxide
solution and then filtered to prepare the feed solution to
the next Adsorption Step with Inorganic Ion
Exchangers.

At the Adsorption Step, 0.19kg of titanic acid
(SrTreat® by Selion OY(9,10)) and 0.12kg of zeolite
(natural mordenite) were packed in series in 0.53 L of an
adsoiption column. The filtrate of the preceding precipitation step was fed to the column in a flow rate of 0.43L/h (A
linear velocity was 1.3cm/min.). The volume of the feed solution was 6.0L and the pH was 6.7.

Analysis

Radionuclide concentration was determined by radiation measurement. Neptunium-237 in aqueous samples taken
at the extraction section was first separated from other a-emitters by extraction with thenoyltrifluoroacetone and then
analyzed by a spectrometry. Concentration of 90Sr was determined by analyzing 90Y and its decay after the separation
of Y from other p-emitters by DIDPA extraction.

Concentrations of some elements in samples taken in the Pre-treatment and Precipitation Steps were analyzed by
inductively coupled plasma atomic emission spectrometry (ICP-AES).
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Fig.2 Operating condition of mixer-settlers in the
present Demonstration Test of 4-Group
Partitioning Process.

RESULTS AND DISCUSSION

Pre-treatment Step

More than 99% of Zr were removed as a precipitate at the concentration step for HLLW. In the previous Cold Test,
about half of Zr remained in the solution after heating - denitration. Although chemical form of Zr might be different
in the real HLLW, removal of Zr was achieved, which is one of the purposes of the Pre-treatment Step. The
precipitation of Am, Eu, La and Sr was not observed through the concentration, denitration and colloid removal steps.
However, about half of Cs were precipitated at the colloid removal step, which is a drawback of this method. A
additional study is required about the Cs behavior in this step. One of the reason for the Cs precipitation was that Mo
was added in large excess to the denitrated solution where Zr concentration was much lower than expected.

DIDPA Extraction Step

Figures 3 shows the behaviors of radionuclides, 24lAm, 154Eu, 137Cs and 237Np, at the 1st mixer-settler. Am was
extracted in a very high yield. The concentration of Am in the raffinate is lower than the detection limit. Table 2
summarizes the fractional distribution of each element at the 1st mixer-settler. More than 99.998% of Am were
extracted and 99.986% of Am were back-extracted with 4M nitric acid. Cm showed the same behavior as Am.

The ratio of Np extracted was 98.2% in the present test, which was higher than 95.9% obtained in the previous Hot
Test(4). The reason of the improvement would be the higher concentration of some elements which gives a catalytic
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effect for the Np extraction(7,8). The ratio was not
sufficient, but must be improved if the operating condition
is optimized as was discussed in the previous paper(4).

Table 2 Fractional distribution
at the 1st mixer-settler

%) of each element

Tji + r, cc t Stripped with . MassElement Rarimate < ,Vr m A Solvent , .4M HNO3 balance

Am
Cm
Eu
Np
Cs

< 0.002
< 0.001
< 0.0004

1.8
99.95

99.986
99.984
98.7
0.3
0.05

0.012
0.015
1.3
97.9
0.001

77
79
79
110
106

Figures 4 shows concentration profiles of a-emitters in
the 2nd mixer-settler. Although some stages in the middle
of the mixer-settler did not work effectively, Np and Pu,
Am and Cm as well, were back-extracted quantitatively.
Table 3 summarizes the fractional distribution of each
element. More than 99.93% of Np and more than 99.98%
of Pu were back-extracted. These ratios were determined
by the detection limit, which was increased by the presence
of U in the organic phase. The true values would be better.

Table 3 Fractional distribution
at the 2nd mixer-settler

of each element

Element
Stripped with
0.8M H2C2O4

Solvent Mass
balance

Np
Pu
Am
Cm
Eu

> 99.93
> 99.98
99.985
99.996
88.1

<0.07
<0.02
0.015
0.004
11.9

100
110
100
103
98

Precipitation Step by Denitration

More than 90% of Rh and more than 97% of Pd were
precipitated by denitration. The pH of the denitrated
solution was 2.8. In the Cold and Semi-Hot Test, the pH
was increased to a neutral region. Element concentrations
would be still low as was observed in the previous Hot
Test(4). As for Ru, about half were remained in the
denitrated solution, but the remaining Ru were
quantitatively precipitated by neutralization of the
denitrated solution to pH 6.7. The separation of PGM by
the precipitation was confirmed even with real HLLW. Tc
could not be detected by ICP-AES analysis. In the Semi-
Hot Test, 96.2% of Tc were precipitated.

About 20% of Sr were precipitated by both denitration
and neutralization. Experiments by inactive materials in a
small scale showed that Sr precipitated can be dissolved
with 0.01M nitric acid keeping PGM in the precipitate. In
the present test with real HLLW, dissolution of Sr was also
examined using 10L of 0.01 M nitric acid, but only a small
part of Sr was dissolved. Contact between the precipitate
and the nitric acid solution would not be sufficient in the
equipment used.
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Adsorption Step with Inorganic Ion Exchangers

An analysis of the effluent showed a complete adsorption of Cs and Sr. Decontamination factors for Cs and Sr
were more than 106 and 104 respectively in all effluent samples. In the previous Hot Test, a break-through of the Sr
concentration was observed in the effluent, where titanic acid prepared by making particles with an organic binder was
used(4). Changing the titanic acid to SrTreat® and increasing the pH of the feed solution (In the first Hot Test, the
denitrated solution was not neutralized.) gave a much better separation of Sr. The SrTreat® did not show any
operational problems, but it required more than 0.1M of Na+ ion in the solution.

CONCLUSION

The 4-Group Partitioning Process was tested with concentrated real HLLW as the Demonstration Test.
More than 99.998% of Am and Cm were extracted with DIDPA from the pre-treated HLLW of which nitric acid

concentration was about 0.5M. The ratio of Np extracted was 98.2%, but it would be improved if the extraction
condition is optimized. As for the recovery of TRU from the DIDPA solvent, more than 99.98% of Am and Cm were
back-extracted with 4M nitric acid, and more than 99.93% of Np and more than 99.98% of Pu were back-extracted with
0.8M oxalic acid. A good performance of the DIDPA extraction for TRU separation was demonstrated with
concentrated real HLLW.

The quantitative separation of PGM was achieved in the Precipitation Step by Denitration with addition of
neutralization step. In the Adsorption Step with Inorganic Ion Exchangers, Cs and Sr were separated with
decontamination factors of more than 106 and 104 respectively.
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