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JNC (Japan nuclear fuel cycle development institute) has been developing a mini
centrifugal contactor. JNC has experience of the development of the RETF (Recycle
equipment test facility; under construction at Tokai-works) type centrifugal contactor
and the mini centrifugal contactor is designed on the basis of this knowledge. The
followings were carried out in order to estimate the performance of the mini
centrifugal contactor: functional test for evaluating basic performance of this
extractor, acid-solvent test and uranium test for confirming that sufficient performance
is attained. The results showed wide performance in comparison with the mini mixer
settler used so far and it is expected that shortening in operating time and higher
efficiency of extracting tests will be achieved.

INTRODUCTION
Reprocessing of spent fuel from fast breeder reactor (FBR) has been studied in JNC.
The process researched is based on the PUREX process. The PUREX process has
commercially been put to practical use for the spent fuel from light water reactor.
Problems to be solved on the reprocessing of FBR spent fuel were, in most cases,
caused by high burn up and high plutonimm ontent in the fuel. JNC has been
developing the RETF type centrifugal contactor as part of FBR spent fuel
reprocessing technology development [1]. A centrifugal contactor has very good
advantages to reprocess FBR spent fuel, such as short residence time, low hold-up
volume, and so on. The RETF type centrifugal contactor is based on an annular type
centrifugal contactor and has a capacity of 10 kg-HM/h.

In parallel with the development of the RETF type centrifugal contactor, JNC has
been researching on the applicability of the PUREX process to fast reactor fuel
reprocessing. The studies were mainly carried out through the small scale
experiments in the hot cells of our facility, CPF (Chemical Processing Facility; located
at Tokai-Works, JNC) over 10 years and the applicability of the PUREX process to
the reprocessing of FBR spent fuel had been investigated.

Recently, JNC has proposed the Advanced Fuel Recycle System which should be
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optimized to clear the problems concerning the present recycle system, namely
economy, waste and nuclear proliferation, for FBR fuel cycle. For example,
simplification of the PUREX process, U-Pu co-recovery and Np recovery have been
studied. Now the remodeling of the CPF is carried out in order to contribute to the
advanced nuclear fuel cycle development, and the hot test in the CPF will be
resumed from 2002. The mini centrifugal contactor will be used in order to advance
R&D on the development of the advanced PUREX process.

MINI CENTRIFUGAL CONTACTOR
Principal specifications of the prototype mini centrifugal contactor are shown in
Table 1.

Type
Rotor

Housing

Motor

Annular
Outer Diameter: 30 mm
Revolution: -3,000 r.p.m.
Inventory: 15 cm3/stage
Acrylic Block Type
10 Stages/Housing (L: 700 mm, W: 100 mm, H: 180 mm)
Inventory 10 cm3/stage
1 Motor/Housing (with gearbox)

Table 1 Description of the mini centrifugal contactor

The mini centrifugal contactor is basically composed of 1 housing, 1 gearbox, 1 motor
and 10 rotors. By putting multiple rotors in one housing, t is possible to avoid
becoming the complicated piping structure (single-stage contactor units require
longer external piping). The design is based on that of an annular type centrifugal
contactor that was developed at Argonne National Laboratory (ANL) [2,3]. Since it is
the equipment used in the hot cell of the CPF, the size of the mini centrifugal
contactor is to be the size which was equivalent to the mini mixer-settler (L: 540 mm,
W: 90 mm, H: 200 mm) used in the CPF so far. One drive motor is used for one unit
of the mini centrifugal contactor and the gearbox distributes the driving force in each
rotor.

Figure 1 shows the schematic fundamentals of the counter current separation by the
centrifugal contactor. The aqueous and organic phases are fed into the annular
region between the rotor and its housing through the feed ports. The liquid-liquid
dispersion formed in the annulus is drawn inside the rotor where the aqueous phase
and the organic phase are separated. The separated phases are discharged from the
rotor into the organic and aqueous collector rooms, respectively.

PERFORMANCE EVALUATION
The applicability of the mini centrifugal contactor has been investigated from the
viewpoint of estimation of its performance, such as flow rate, phase separation and
so on. The following experiments on the performance of the mini centrifugal
contactor were carried and the results are summarized.
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Figure 1 Centrifugal Contactor

The range of the rotor revolution of the mini centrifugal contactor is from 2500 to
3300 rpm. The rotor does not pump up the solution with the revolution under
2500 rpm, and significant overload occurs when the revolution is higher than
3300 rpm. The preparatory experiments of feeding only the aqueous phase into the
centrifugal extractor were carried out, and the flow rate of the liquid from the exit of
the mini centrifugal contactor was measured. The results are shown in Figure 2.
Low flow rate of the aqueous
phase led to discharge of
solution from the exit for
aqueous phase only and there
was no discharge from that for
the organic phase. When the
flow rate became higher, the
aqueous solution began to leak
from the exit of the organic
phase at certain flow rate of the
aqueous feed solution. For
example, the feed flow rate at
which the aqueous solution
began to leak from the exit for
the organic phase is 1.62 l/h,
when the rotor revolution is
2500 rpm. This feed flow rate is
defined as apparent maximum
treating flow rate and Figure 3
shows the relation between
revolution of the rotor and
apparent maximum treating flow
rate. As Figure 3 shows, they
have a single proportional
relation in the region of
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Figure 2 Apparent maximum treating flow rate
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The operation in which feed
flow rate of the organic phase
was made to change was
carried out at a constant feed
flow rate of the aqueous phase.
The flow rate of the solution
from each exit was measured.
0.01 mol/l HNO3 as aqueous
feed and 30% TBP in
n-dodecane as organic phase
were used. The constant flow
rates of the aqueous phase
were; 1.6 l/h at 2500 rpm rotor
revolution, 1.8 l/h at 2800 rpm,
2.0 l/h at 3000 rpm and 2.3 l/h
at 3300 rpm, respectively.
Under the condition of this
experiment, entrainments were
recognized neither in the
aqueous nor in the organic
discharge. Although this result might imply that the disengagement into two phases
was successfully complete with all organic flow rates, in fact, the liquid level in the
mixing region between the rotor and the housing began to rise, when the flow rate of
the organic feed was exceeding a certain value. The rise of the surface of liquid
creates unstable operation, that is a back flow of the liquid. The value at which the
rise of surface began is defined as the maximum treatment flow rate of the organic
phase and the relation between this maximum value and rotor revolution is shown in
Figure 4. A single proportional relation in the region of 2500-3300 rpm was
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Figure 3 The relation between rotor revolution and
apparent maximum treating flow rate
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Figure 6 Chemical flow sheet of U experiment

obtained. The maximum treatment flow rates of the organic phase were 1.8 l/h at
2500 rpm and 4.0 l/h at 3300 rpm. The operation with varied feed flow rate of the
aqueous p hase at a constant feed flow rate of the organic phase was also
conducted. 0.01 mol/l HNO3 and 30% TBP in n-dodecane were used. The constant
flow rates of the organic phase were: 1.6 l/h at 2500 rpm rotor revolution, 1.8 l/h at
2800 rpm, 2.0 l/h at 3000 rpm and 2.2 l/h at 3300 rpm, respectively. In this
experiment, the entrainment of the aqueous phase was observed in the organic
discharge, when the flow rate of the aqueous feed was exceeding a certain value. In
response to this entrainment, the rise of surface of the mixture in the mixing region
between the rotor and the housing seemed to begin. The value at which the rise of
surface began is defined as the
maximum treatment flow rate of the
aqueous phase and the relation
between this maximum value and
rotor revolution is shown in
Figure 5. Again, a single
proportional relation in the region of
2500-3300rpm was obtained. The
maximum treatment flow rate of the
aqueous phase was 1.8 l/h at 2500
rpm and 2.8 l/h at 3300 rpm.

Counter current extraction
experiment of nitric acid was
conducted with 2 units of the mini
centrifugal contactor. The
experimental flow is shown in
Figure 6.

The system was composed of the
nitric acid extraction and stripping
sections. In the extraction section,
30% TBP in n -dodecane and
3 mol/L HNO3 were fed from the
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Figure 7 Nitric acid concentration profile
(Rotor revolution : 3000 rpm)
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first and the tenth stage, respectively. In the stripping section, 0.01 mol/l HNO3 was
used. The revolution of the rotor was 2800 rpm and the operation time was
45 minutes. The condition of each flow rate is described in Figure 6. The nitric acid
concentration profiles are shown in Figure 7. Lines in the figure indicate calculated
results of the nitric acid profile in a steady state. Close agreement between the
calculations and the measurements was obtained. These results mean that the
stage efficiency on the nitric acid extraction is about 1 and it seemed to reach a
steady state within 45 minutes. The stable concentration of nitric acid that was
designed was successfully achieved through both the extraction section and the
stripping section.

TBP
f:1500mL/hr

Feed
U=200g/L
f:638mL/h

Scrub
3mol/L HNO 3
f:480ml_/h

Loaded
solvent

Revolution
Operation
i i i i

3 4 5 6 7 8
Stage number

U-Aq. (calc.)
U-Org. (calc.)
HNO3-Aq. (calc.)
HNO3-Org. (calc.)

O
•

U-Aq. (exp.)
U-Org. (exp.)
HNO3-Aq. (exp.)

Figure 8 Concentration profile

(extraction - scrubing)

Uranium extraction experiment with
the mini centrifugal contactor was
carried out with 30% TBP in
n-dodecane, 3 mol/l HNO3 aqueous
solution involved 200 g/l uranium.
The revolution of the rotor was
3000 rpm. The flow rate of the
aqueous feed solution was
638 ml/h, the scrub solution, 3 mol/l
HNO3, was 480 ml/h and the
organic solvent was 1500 ml/h. The
residence time was estimated at
13.7 second and the operation time
was 30 minutes, which is enough to
reach a steady state. Figure 8
shows concentration profiles of U
and HNO3. Uranium was well
extracted in the extraction section
and remained in the organic phase
during the scrubbing section. Lines
in the figure indicate calculated
results of uranium extraction with a
stage efficiency of 0.7 and the
experimental results almost agree
with those. No fluctuation in the
surface of the liquid in the mixing
region between the rotor and the
housing was observed during the
operation.

Figure 9 shows concentration profiles of the uranium and the nitric acid in the back
extraction experiment. 30% TBP in n-dodecane loaded to around 85 g/l uranium,
generated from the uranium extraction experiment described above, was fed as
solvent feed solution. And 0.01 mol/l HNO3 solution was used as uranium stripping
solution. The revolution of the rotor was 3000 rpm. The solvent loaded uranium flow
rate was 1500 ml/h and the stripping solution one was 2250 ml/h. The counter
current operation was continued until all the solvent loaded uranium was fed up and,
as a result, the operation time was about 20 minutes. The concentration of nitric acid
was adjusted at almost constant value, except in the first stage. Uranium in the
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organic phase was efficiently stripped into the aqueous phase. The concentration of
uranium in the organic discharge of
the stripping section was less than
the limit of uranium detection.
Lines in the figure indicate
calculated results of the uranium
stripping stage. In this case, the
stage efficiency was estimateBd t
around 0.8. No fluctuation in the
surface of the liquid in the mixing
region between the rotor and the
housing was observed during the
operation.

CONCLUSION
The mini centrifugal contactor has
been developed for laboratory
scale experiment. The prototype
mini centrifugal contactor was
designed and manufactured on the
basis of the knowledge fostered in
the development of the RETF type
centrifugal contactor. The basic
performance of the mini centrifugal
contactor was investigated. The
processing capacity of the mini
centrifugal contactor was over
1000 ml/h. That is more than ten
times greater than that of mini
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Figure 9 Concentration profile
(backextraction)

mixer settler (10-100 ml/h). In comparison with the mini mixer settler used in the CPF
so far, it is expected that shortening in operating time and efficiency increase of
extractive tests will be achieved after the remodeling, because this mini centrifugal
contactor showed the wide performance mentioned in this paper.
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