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ABSTRACT
A numerical simulation code was developed in order to find the optimum condition for separation and

the recovery of TRU (TRansUranium) elements in the octyl(phenyl)-N,N-diisobutylcarbamoylrnetylphosphine
oxide (CMPO) - tri-butyl phosphate (TBP) - HNO3 solvent extraction system. This code is able to predict the
extraction behavior of americium and europium in the system containing many components. Calculations of
concentration profiles of americium and lanthanides were carried out for a counter current experiment with
laboratory scale mixer-settlers. The calculated profiles were in agreement with the experimental ones. The effect
of oxalic acid was also included in the calculation and was discussed.

INTRODUCTION
Special attention has been paid to the separation and the recovery of TRU (TRansUranium) elements

from HLLW (High Level Liquid Waste) of the Purex (Plutonium Uranium Reduction Extraction) process. It is
favorable to recover TRU elements from PUREX liquid waste and be transmuted to reduce radiotoxicity of
wastes.

The TRUEX (TRansUranium Extraction) process which was developed by Horwitz et al.(l,2) is one of
the system for separation and recovery of the TRU elements. They showed high decontamination of alpha
nuclides by means of the process(l). In the TRUEX process, the mixture of CMPO (octyl(phenyl)-N,N-
diisobutylcarbamoylmetylphosphine oxide) and TBP (tri-butyl phosphate) diluted by «-dodecane is used as a
solvent. CMPO is a bifunctional organophosphorus extractant. It has an ability to extract trivalent actinides from
nitric acid of high concentrations and a phase compatibility with wide variety of diluents when mixed with TBP
(3).

JNC (Japan Nuclear Cycle Development Institute) initiated various studies on the TRUEX process in
order to separate americium and other actinides from HLLW, as a part of efforts to increase the fuel utilization
efficiency and to widen the options for future waste management(4). Various batch and counter current
experiments had been carried out in order to verify the process applicability(4). An attempt has been also made to
provide a flow sheet of the partitioning process by using the experimental results in JNC. It is, however, difficult
to establish the optimum process flow sheet through only the experiments. Numerical simulation is useful for
finding the optimum conditions. A numerical simulation code of the extraction behavior in the TRUEX process
was developed in the previous report(5,6). This code was able to give the concentration profiles of americium,
some lanthanides and nitric acid.

In the TRUEX process, oxalic acid is usually employed because of preventing the solvent from
extracting FP (Fission Product) such as zirconium. Until now, the effect of oxalic acid on the extraction of
americium and lanthanides was neglected in the developed code(5,6), because it was considered that its
concentration was low enough to vary the extraction behavior of americium and lanthanides(4). There may be,
however, some cases that oxalic acid has an effect on the distribution ratio of americium and lanthanides when the
process condition is varied in order to determine the optimum one.

The purpose of this study was to calculate the concentration profiles of americium and lanthanides in
consideration of the effect of oxalic acid. In this study, the comparison between the calculated concentration
profiles in the counter current experiment with and without oxalic acid was made and discussed on that effect.

NUMERICAL SIMULATION
Development of the numerical simulation code for the TRUEX process was described in the previous

report(5,6). In this code, the followings were neglected because they were trivial in bench-scale counter current
extractors: i) the variation of the volumetric flow rate caused by the mass transfer on the extraction; ii) the amount
of the entrainment of another phase. It was also assumed that the concentrations in each stage were equal to those
in the outlet stream from the stage. The code gives the concentration profiles at steady state of the process. Since
the stage efficiency is taken into account, the code can be applied to the mixer-settlers and the centrifugal
extractors when the appropriate value is set.

In this code, the concentration in the outlet stream of each stage is obtained from the material balance
and the distribution ratio. The distribution ratio was obtained by the equation derived from the extraction models.
The extraction models of americium, lanthanides, and nitric acid were established on the basis of the experimental
extraction equilibria(5-8). In this study, complexing reactions of americium and lanthanides with oxalate ions
were considered. These reactions have been already reported as follows(l):
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J - ( « = l, 2, and 3) are the
stability constants. The

stability constants of americium and lanthanide complexes were reported in reference 1. In this calculation,
concentrations of produced americium or lanthanide complexes were estimated as a sum of the equilibrium
concentrations in Eq. 1, 2, and 3. It was assumed that the americium or lanthanide-oxalate complexes were not
extracted by CMPO/TBP/«-dodecane mixed solvent and were transported to the aqueous waste stream in the
counter current extraction system.

The simulation code we developed gives the calculated concentrations by the following procedures(5).
An initial concentration of each component in the aqueous outlet stream was given first. Then, the distribution
ratio of each component in each stage was calculated by using the initial value. Next, using these calculated
values and an equation of the material balance around each stage, a concentration of each component in the stream
was calculated. Lastly, the calculated value was compared with the initial one. Until the two values became
equal, iterating calculation was carried out. The concentration of each stage at steady state was obtained when the
difference between the calculated and the initial value became 0.1% or less.

RESULTS AND DISCUSSION
Figure 1 shows the flow sheet of the

experiment carried out in JNC(4). Mixer-settlers
23mL. The mixture composed of 0.2M CMPO
and 1.0M TBP in «-dodecane was employed as a
solvent and fed into the process from stage 1.
The feed solution was supplied to stage 8 and
contained 1.9xlO7 Bq/mL-Am and 3.0xl06

Bq/mL-154Eu. Scrub solutions were supplied to
stage 14 and 19 in order to enhance the
decontamination factor of ruthenium(4). Oxalic
acid was added in the feed solution at stage 8
and the scrub solution at stage 14.

Figure 2 shows a comparison between
the calculated and the experimental
concentration profiles of americium. As shown
in this figure, the calculated profiles are in good
agreement with the experimental ones. In the
extraction section, the calculated concentration
profile in the aqueous phase varied with the
effect of oxalic acid. The calculated
concentration of americium without oxalic acid
in the aqueous phase (thin solid line) linearly
decreased with decrease of stage number. On
the other hand, decrease of the calculated
concentration with oxalic acid in the aqueous
phase (thick solid line) was not linear in the
extraction section. This reason was to produce
americium-oxalate complex. This complex was
not extracted and was transported to the waste
stream (aqueous outlet stream of stage 1). Under
the experimental condition, the calculation
results indicate about 0.05% of americium fed
into the process was involved in the produced
oxalate-complex. Since the amount of oxalate-
complex was small, the concentration profile in
the organic phase was not varied in this
calculation.

extraction and scrub sections in a TRUEX counter current
were employed and had 19 stages. Volume of one stage was

Solvent
0.2MCMPO

1.0MTBP
n-dodecane

119mL/h

Feed

4.5MHNO3

0.03MH2C2O4

Am,Eu,...
196ml/h

I

S<rubl

7.7MHNO3

0.03MH2C2O4

12mL/h

Scrub2

0.3MHNO3

16mlA

14

r1

19

Fig. 1. Experimental flow sheet
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Fig. 2. Concentration profiles of americium
(*NO : no oxalic acid)
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Figure 3 shows a comparison between

the calculated and the experimental concentration
profiles of europium-154. In this figure, the
calculated profiles are also in good agreement
with the experimental ones. The tendency of
europium concentration profiles is similar to the
concentration profiles of americium because of
producing unextractable oxalate-complex. Under
the experimental condition, about 0.04% of
europium fed into the process was transported to
the aqueous waste stream.

The concentration profiles of oxalate-
complex were also shown in these two figures.
The slope of the profiles became steep at around
the feed stages of oxalic acid (stages 8 and 14).
This result indicates that most of americium-
oxalate complexes were produced around the
stages (Figure 4). Figure 4 shows each
concentration of three forms of americium-
oxalate complexes at each stage. The
concentration of 1:1 complex was highest and
was very near to the total concentration of all
complexes. It is, therefore, considered that 1:1
complex has the greatest influence on the
concentration of produced oxalate-complex.

The addition of oxalic acid is necessary
because it is considered that most of zirconium
fed in the process can be extracted when oxalic
acid is not supplied. In this calculation,
concentration of oxalate which could complex
with metal ions might be estimated higher than
that of the actual process because the effect of
other metal elements such as molybdenum and
iron was taken no account. It could be, therefore,
considered that the concentrations of americium-
and europium-oxalate-complexes were lower than
the results of this calculation. Although the
amount of americium and europium transported
to the waste stream were substantially small in
this experiment, the concentration profiles of
them in the extraction section were varied by the
addition of oxalic acid. Therefore, the oxalic acid
concentration in the feed and scrub solutions
should be minimized.
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Concentrations of various americium oxalate-
complex produced at each stage

CONCLUSION
In this study, we improved the simulation code and calculated the concentration profiles of americium

and europium in the TRUEX process, considering the effect of oxalic acid. Although oxalic acid is useful to
prevent zirconium from extracting by the solvent, an excess oxalic acid can make the americium and europium-
oxalate complexes. Since these complexes were not extracted, the concentration profiles of americium and
europium were varied in the extraction section. The calculated results indicated that about 0.05% of americium
and about 0.04% of europium was transported into the aqueous waste stream in the experiment of JNC.
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