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1. Introduction

In the pyrometallurgical reprocessing technology of a spent nuclear fuel, an electrorefining in molten
chlorides is the main step [1], and the efficiency of the process is one of the requirements for the
treatment of a large volume of uranium in an integrated area [2,3]. So many attempts have been made
to enhance the throughput of an electrorefiner [3,4]. The main concepts to enhance their throughput are
to increase the cathode area and decrease the physical distance between the electrodes as well as to
continuously operate the electrodeposition process without any interruptions. The electrorefiner which has
been developed in KAERI consists of a multi channel graphite cathode surrounded by a toroidal
rotating anode basket and a flexible screw conveyer to haul the uranium deposit and the noble metal
particles independent of the electrodeposition process of uranium. High purity uranium product can be
attained through a separate arrangement of the uranium and noble metal collectors. Also, a controlled
molten salt flow is necessary to prevent a mixing of the uranium product and noble metal particles.

Hence, in this study, we would like to report on the numerical analysis results of a high throughput
electrorefining concept calculated by a commercial CFD
code, ANSYS CFX, prior to demonstrating an
clectrorefining operation. The mixing behavior of the
molten salt was calculated according to the process
parameters such as the rotation speed of the toloidal
anode basket and the central screw agitator.

2. Result and discussion

Based on the assumption that an electrorefined
uranium product would be recycled for a fuel, the high
throughput electrorefiner in this study is designed to
collect the uranium deposit and noble metal fission
product particles by individual collectors as shown in
Fig. 1. The geometry of the electrorefiner was designed
by the built-in ANSYS design modeler version 11.0 of
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flow is provided during an electrorefining operation.
Fig. 2 shows the FEM mesh of a high throughput

electrorefiner with 450,335  tetrahedral elements

generated by the built-in ANSYS CFX-mesh, and a Fig. 1. Geometry of high throughput

quarter of the full model was used for the calculation electrorefiner and part descriptions

to save on calculation resources since it is an a) Top view  b) Isometric view

axisymmetry problem. For the calculation of the ¢) Side view

turbulent flow, the k- model was used, and the material

properties and boundary conditions are summarized in Table 1. The size ranges of the uranium deposit

and noble metal particles were obtained from a previous report and molybdenum was chosen as a
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representative noble metal in the spent nuclear fuel. The design criteria of the high throughput
electrorefiner in this study is to treat 20kgU/24hr which means 0.2315 g of uranium dendrite is
generated during 1 second on the cathode surface. In the same manner, the noble metal generation
from the anode basket is calculated as 0.002315 g/s because the LWR spent fuel contains around 1%
of noble metals. Prior to the experimental validations, separation behavior between the noble metal
particle and uranium dendrite was investigated by calculating the volume fractions of each metal
particle in the deposit collector as shown in Fig. 3. It is very difficult to define the CSAF of the
urantum deposit due to its dendritic geometry, so various CSAFs from spherical to critical shapes were
applied to observe how they affect the distribution behavior of the metal particles. The volume fraction
of the uranium dendrite in the deposit collector decreased with the anode rpm as well as the CSAF,
whereas the noble metal fraction tended to increase. This leads to a decrease of the U/NM volume
ratio in the deposit collector which eventually decreases the purity of the final uranium product. The
fraction of the uranium dendrite decreased more rapidly with the anode rpm as the CSAF increased.
Uranium dendrite travels further through a molten salt before settling into a deposit collector as the
drag force increases. The drag force of the uranium dendrite is also proportional to the CSAF.,

3. Conclusion
Numerical simulation and assessment were performed for a high throughput electrorefining concept.
The fine urantum dendrite tended to be affected by the molten salt flow and a significant amount of
the uranium dendrite with a high surface area could pass over the deposit coliector at a higher rotation
rate of the central agitator or anode basket. It was numerically confirmed that a separate design of the
deposit and the noble metal sludge collector is effective to recover a high purity uranium product if
appropriate processing conditions are provided.

| REFERENCES

[1] Y.I Chang, "The integral fast reactor,” Nucl. Technol. 88, 129 (1989).

[2] J.L. Willit, W.E. Miller, J.E. Battles, "Electrorefining of uranium and plutonium-A literature
review,"]. Nucl. Mater., 195, 229 (1992).

[3] RK. Ahluwalia, T.Q. Hua, D. VADEN, "Uranium transport in a high-throughput electrorefiner for
EBR-II blanket fuel," Nucl. Technol., 145, 67 (2004).

[4] S.X. Li, T.A. Johnson, B.R. Westphal, et al., "Electrorefining experience for pyrochemical
processing of spent EBR-II driver fuel,” Proc. Global2005, Tsukuba, Japan : Atomic Energy Society
of Japan, Paper No. 487 (2005).

- 278 -



