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ABSTRUCT
Japan Nuclear Cycle Development Institute (JNC) is conducting research and development on the

partitioning of actinides and long-lived fission products for the Feasibility Study of the Advanced Fuel Cycle.
The SETFICS process was compared with other neutral extractant system, and the effect of higher TBP
concentration on the recovery and decontamination was examined. A soft donor ligands TPTZ was studied on the
selectivity among the lanthanide series, and their protonation and coordination behavior. With regarding to
electrolytic extraction of some platinum elements, the chemical form of the Ru, Re and Pd deposit was identified.

INTRODUCTION
The FBR fuel recycling have to meet the demand on economy, environment and non-proliferation.

Concerning to environmental issue, release of long-lived radionuclides should be as low as possible. Among
various radionuclides generated in an irradiated fuel, neptunium, americium and curium, often called as "minor
actinides", are important of their high radiotoxicity. Transmutation of those radioactive nuclides is effective to
reduce the potential hazard of vitrified high level waste. Long-lived fission products, such as 99Tc and 129I, are
also favored to be transmuted to stable nuclides in order to reduce the risk from environmental diffusion.

Japan Nuclear Cycle Development Institute, JNC, initiated the Feasibility Study for the Advanced Fuel
Cycle. The reprocessing process recovers U, Pu and long-lived toxic radionuclides. The block diagram of the
process is shown in Figure 1. Dissolver solution of irradiated fuels is fed to the PUREX or crystallization step as
a pre-process. Based on the concept of low decontamination, we are developing the SOFT PUREX process to
establish a simple chemical process and minimize wastes (1). Neptunium exists as Np(V) or Np(VI) in the feed
solution for the PUREX process. Neptunium will be extracted in the co-extraction step of the SOFT PUREX
process as Np(VI), and stripped as Np(V) by reduction with hydroxylamine nitrate. The recovery of Np was
examined using irradiated fuel and it was found it possible.

In order to recover americium and curium, another solvent extraction step is required. The TRUEX
process is a prominent solvent extraction process to separate actinides(III), An(III), from strongly acidic media
(2). We examined its effectiveness and verified the same behavior of lanthanides, Ln, as An(III). The SETFICS
process was developed to recover An(III) with separating light Ln, namely, La, Ce, Pr and Nd (3). The process is
a variation of the TRUEX and uses diethylenetriaminepentaacetic acid (DTPA)-nitrate solution to selectively strip
An(III) with retaining Ln in the organic phase. We compared the extractant CMPO of the TRUEX process with
some extractants in the view of separating performance for An(III)/Ln(III). And the TRUEX solvent of 1.4 M
TBP was examined to deal with greater amount of An(III) and Ln.

The SETFICS process recovers Am and Cm with a part of Sm, Eu, Gd and Y. Soft donor compounds
tripyridiltriazine, TPTZ, has been studied to attain better separation of An(III) from Ln. Aliphatic acids are used
with TPTZ to have a synergistic mixture (4). TPTZ has three pyridil groups those are effective for coordinating
with An(III). We conducted some basic research on the protonation reaction of TPTZ, and synergistic effect of
TPTZ and acidic extractants on lanthanides extraction.
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Figure 1 The block diagram of the advanced reprocessing system

Technetium is a typical long-lived radionuclides that is favored to be transmuted. And platinum
elements may make a problem in a contactor due to their fine particle in the PUREX process. Electric extraction
method was studied to recover platinum elements, such as Tc, Ru and Pd, from dissolver solution or highly active
liquid waste by reductive deposition on anode (5). In this paper, the result of the Ru and Re deposition will be
explained.

In this paper, the status of our development will be described.

RECOVERY OF ACTINIDES(III)

SETFICS Process
The SETFICS process is composed of four sections as shown in Figure 2. Separation of An(III) from

Ln is made in the An(III) stripping step by contacting DTPA-nitrate solution with the loaded solvent. The
separation is governed by the equilibrium constant of CMPO extraction and the stability constant of DTPA-metal
complex (6). In order to improve the An(III)/Ln(III) separation, alternate extractant or chelating reagent have to
be applied instead of CMPO or DTPA. Distribution behavior of lanthanides using solvents containing
tributylphosphate (TBP), dimethyldibutyltetradecylmalonamide (DMDBTDMA) or trioctylphosphine oxide
(TOPO) were examined in the view of their separation performance and practicality.

Separation factor SF of lanthanides was obtained for the systems of the above extractants (Table 1).
Separation factor was defined as the ratio of the distribution ratio D of the lanthanide element to that of Eu. The
effect of DTPA to mutually separate Ln emerged at pH > 1.5. The SF values obtained at pH 1.9-2.3 were plotted
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Figure 2 The basic flow sheet of the SETFICS process

in Figure 3 as a function of atomic number. The separation factor decreased with increasing atomic number. The
decreasing tendency of the SF is similar to each other. The Ln separation by DMDBTDMA system was superior
to other systems. However, TBP and DMDBTDMA systems needed higher concentration of the solvent and
nitrate, and are less practical compared to the CMPO or TOPO system. TOPO system exhibited smaller
separation factor between adjacent elements for light lanthanides than the CMPO system. As a result, the CMPO
system is the best for practical An(III)/Ln(III) process among those neutral extractant system.
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Table 1 The solvent extraction system examined for lanthanides mutual separation.

Extractant Organic solvent Aqueous solution
TBP
TOPO

DMDBTDMA
CMPO

100%
0.1 M

100%
0.2 M

TBP
TOPO-n-dodecane

DMDBTDMA
CMPO-1.0 M TBP in n-dodecane

0.05 M
0.05
NaNO3

0.05 M
0.05 M

DTPA-5 M LiNO3
M DTPA-1.5 M

DTPA-6 M NaNO3

DTPA-3 M NaNO3

10

10

I .o°

La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Element

Figure 3 Separation factor SFLH/EU of lanthanides in some neutral extractant and DTPA-nitrate system

For economy of the SETFICS process, metal loading on the solvent should be maximized to reduce the
amount of the solvent used. Third phase formation limits the organic concentration of trivalent metals. TBP is
added to the TRUEX solvent as a phase modifier, and strongly affect the critical concentration for the third phase
formation. We used mainly 1.0 M TBP solvent to ascertain its applicability to the raffinate from FBR fuel
reprocessing. A TRUEX solvent of higher [TBP] is promising to extract higher concentration of An(III) and Ln
without third phase formation. However, higher concentration of TBP accompanies higher concentration of nitric
acid into the An(III) stripping section, and this will result in lowering the pH and may harm on the recovery and
separation.

In order to determine the effect of the increased acidity due to higher TBP concentration, counter-
current experiments using small mixer-settlers were conducted for the An(III) strip and Ln strip sections The flow
sheet conditions are summarized in Table 2. The loaded solvent containing four rare earth elements was fed to the
intermediate stage of the An(III) bank. Yttrium was used as a stand-in of americium. The separation factor SFLn/Y
obtained was summarized in Table 3.

As compared to the Run 1 that is the reference in this study, the separation of Nd and Sm was worse in
the case of Run 2 that was only differed in the [TBP]. The recovery of Y in the Ln waste was about 1 % for the
Run 1 and 2. For the Run 3 and 4, the recovery of Y was so improved not to detect yttrium in the Ln waste by
increasing the flow rate or the pH of the DTPA solution. However, the decontamination was not so good
especially in the case of Run 4. The higher flow rate of the strip is better to attain higher recovery and separation,
although the product volume will be increased.

Table 2 Experimental conditions for the SETFICS counter-current experiments.
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Solution
Loaded
solvent

Wash solvent

An(III) strip

Ln strip

Run No.
1

2,3,4

1-4

1,2
3
4
1-4

Composition
0.2 M CMPO-1.0 M TBP-n-dodecane, prepared
equilibrating with 0.003 M Ce, Nd, Sm, Eu,
0.5 M NaNO3 (pH 2.0)
0.2MCMPO-1.4M TBP-n-dodecane, prepared
equilibrating with 0.004 M Nd, Sm, Eu,

0.2 M CMPO-1.4 M TBP-n-dodecane, equilibrated
0.01 M HNO3

0.05 M DTPA-1.5 M NaNO3 (pH2.0)
0.05 M DTPA-1.5 M NaNO3 (pH2.2)
0.01 M HNO3

by
Y-

by
Y-

with

Flow
195

45

180
240
180
120

rate
mL/h

mL/h

mL/h
mL/h
mL/h
mL/h

Table 3 The separation factor SFLn/y obtained in the counter-current experiment.

Run
No.

1
2
3
4

TPTZ-Acidic Extractant

Major difference

1.0MTBP
1.4MTBP
1.4 MTBP, high flow
1.4 MTBP, high pH

System

Decontamination factor SFm/Y

Ce
> 130

Nd
100
84

104
55

Sm
3.6
3.1
3.2
2.5

Eu
1.6
1.8
1.6
1.3

The synergistic mixture of TPTZ and a-bromocapric acid (a-Br-Ci0) or a-cyano(4,6,6-
trimethyl)octanoic acid (a-CN3Me-Cg) were examined for the mutual separation of lanthanides. The distribution
ratio D of Ln and Y were obtained for 1 M a-Br-CiO-O.l M TPTZ in TPH or 1 M a-Br-C10 in TPH and 0.01 M
HNO3 solution, and separation factor was calculated as the ratio of the distribution ratio, namely, DM/DEu-

Without TPTZ, the D value was as low as about 0.01, and not different from each rare earth elements as
shown in Figure 4. TPTZ induced synergistic effect on this system, and increased the distribution ratio to about 3
for Eu that had the greatest extractability among lanthanides. As Am(III) will show higher extraction for this
system, it is enough to obtain SFAm/Eu to examine the applicability of the system to An(III)/Ln(III) separation.

The synergistic effect from TPTZ gradually increased with atomic number except for heavy lanthanides.
The ratio of D for the system with TPTZ to that for the system without TPTZ was about 40 for La that was the
smallest value for Ln, and was > 200 for dysprosium. This suggests that Ln of smaller radii makes stable complex
with TPTZ and ct-Br-Cio.

The other kind of organic ligand a-CN3Me-Cs resulted in much different effect on the lanthanides
distribution. The distribution ratio of rare earth elements was decreased by adding TPTZ to the solvent; 1 M a-
CN3Me-Cs in TPH. The decreasing effect was remarkable in light and heavy elements, such as La, Ce, Yb and
Lu. On the other hand, addition of CMPO to a-CN3Me-Cs-TPTZ solvent enhances extraction of Ln(III), and D^a
and DSm were the greatest in distribution among the series. This is different from the selectivity of CMPO itself.
Adding strong extractant like CMPO provides some possibility for An(III)/Ln(III) separation by TPTZ-organo
acid mixture.

Protonation behavior of TPTZ is important to discuss the separation at pH 1-3. Chemical shift from
proton nuclear magnetic resonance (NMR) was obtained for TPTZ solution of pH 0.4-1.9, and assigned the
nitrogen that was coordinated with proton. At acidity of pH 1-3, a proton coordinates with the nitrogen in a
pyridine to make the major species HTPTZ+. When H2TPTZ2+ is formed at high acidity, both two protons
coordinates with N in pyridine and makes a ring with nitrate anion. This ring is rather stable to show split peaks
of chemical shift.

The interaction of TPTZ in the mixture of a-Br-Cio-CMPO was studied by analyzing NMR spectra.
The phosphoryl and carbamoyl groups in the CMPO compound make a hydrogen bond with a-Br-Cio- In this
mixture, TPTZ tends to coordinate with a-Br-Cjo- When trivalent metal is added in the a-Br-Cio-CMPO mixture,
dissociated a-Br-Cio molecule neutralize the charge of Ln(III). CMPO and TPTZ coordinate with Ln(III)-a-Br-
C]o at the outer sphere.
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Figure 4 Distribution of lanthanide elements in the a-Br-Cio-TPH/HN03 solution (pH 2.0) system

RECOVERY OF FISSON PRODUCTS
Addition of palladium improves the recovery of Ru and Re from nitric acid solution by electrolytic

extraction (7). A 2.5 M nitric acid solution was electrolyzed by using a membrane-separated cell to deposit Ru
and Re as a stand-in of Tc. By adding Pd solution intermittently, the recovery of Ru and Re was increased to 99 %
and 45 %, respectively, from 10 % or less. Free palladium cation in the solution was considered to accelerate the
deposition of both metals. In order to clarify this accelerating mechanism, we analyzed the chemical form of Ru
and Re deposit by X-ray diffraction (XRD), extended X-ray adsorption fine structure (EXAFS) and cyclic
voltammetry (CV).

The XRD pattern was collected for the deposit of Ru and Pd with/without Pd in the solution. As a results, it
was found that metallic Ru having the hexagonal closest packing (h.c.p.) structure was deposited, while Ru-Pd
alloy having the same cubic closest packing (c.c.p.) structure as Pd metal might be deposited from Ru-Pd-HNC>3
solution. On the other hand, only ReO3 was deposited from both Re-HNO3 and Re-Pd-HNO3 solution.

EXAFS measurements of the Ru-Pd alloy deposited from the Ru-Pd-HNO3 solution showed that the
environment around the Pd and Ru atoms had changed from their metallic states, which suggested the bonding
between Pd and Ru atoms. On the curve fitting for the Fourier transforms of the EXAFS of Ru-Pd deposition, the
best fitting curve was obtained with the consideration of the structure in which a part of Pd atoms in the Pd metal
were replaced by Ru atoms.

The deposition of the Ru-Pd alloy was also suggested by CV measurements. In addition, the results of CV
measurements indicates that this deposition of Ru-Pd alloy on the cathode decreased the overvoltage of Ru
deposition, which might increase the deposition yields of Ru by the electrolytic extraction in Ru-Pd-HNO3
solution. The deposition potential of Re, however, did not change between in Re-HNO3 and in Re-Pd-HNO3
solution because in both solution Re deposited as ReO3 on the cathode.

The Re deposition was also accelerated by the addition of Fe cation that did not deposit on the cathode. So,
the acceleration of Re deposition by adding these cations seems to be caused by some interaction in the bulk
solution, such as complexing and redox reactions, between Re and other ions, which was implied by the EXAFS
measurements for the Re-Pd-HNO3 solution.

These results will help to attain the practical recovery by electrolytic extraction, and clarify the deposition
mechanism of other elements.

SUMMARY
Mutual separation of lanthanides in the system of some neutral extractants and DTPA-nitrate solution

were compared to show that the CMPO extractant was superior to TBP, TOPO and DMDBTDMA in the
separating condition or performance. By conducting counter-current experiment of the SETFICS process, use of a
TRUEX solvent containing 1.4 M TBP caused worse separation of light lanthanides compared to the case of 1.0
M TBP. This was due to the increased acid in the loaded solvent, and increasing the flow rate of the strip solution
was effective for An(III) recovery without reducing the decontamination of lanthanides. TPTZ showed
synergistic effect on the use of a-Br-Cio, and the effect was dependent on the atomic number of lanthanides. This
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TPTZ- a-Br-Cio system can be a candidate of the An(III)/Ln(III) separation method that will process the
TRUEX/SETFICS product. For electrolytic extraction to recover platinum elements, the chemical form of the Ru,
Re and Pd deposit was identified by XRD, EXAFS and CV. The recovery performance should be examined by
using real/simulated wastes in the future.
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