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Summary

1. Project title

Developement of Metallic Fuel Materials

2. Objectives and Important of the Project

The purpose of this proiect is the development of metallic fuel to

be used for liquid metal fast breeder reactor including the fabrication

technologies and the characteristics analysis of metallic fuel.

This reserch and dvelopment is very importance to establish the fuel

supplying for KAL1MER, which may play an important role in supplying

energy in the future.

The objective of pyrochemical process is to develope preparation

technology of uranium metal required for metallic fuel through

non-aqueous refining process consisted of pyrochemical process and

electrolysis. This is considered to be very important to establish the

fuel cycle for the liquid metal reactor and to recover valuable

materials from spent metallic fuels.

3. Scope and Content of the Project

U-lOwt.&Zr alloy, using as a metallic fuel for liquid metal reactor,

was prepared by a vacuum induction melting method, and examined. The

fuel rod of 06.6-L480mni in size was also fabricated by a gravity
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casting method, and investigated. In order to develope the fuel

materials with fast fission gas release due to its finer laminar

structure, the centrifugally atomized U-lOZr powder and ternary

U-Zr-X(Ta, Nb, W, Mo) alloys were prepared and characterized.

Electrorefining study is performed to establish the pyrometallurgy

and to develop the skill of making fuel metal. And we aimed at the

electrorefining of uranium from molten salt which contains uranium,

rare earth, Ba, Zr, Sr, Ru, Nd, etc. In the basic of those skills,

this study also can help the skill that makes future style nuclear

material to be settle down.

In this study, electrorefining condition is decided by comparing

floride which can be studied in high temperature(500-700°C) with

chloride which can be studied in low temperature(150-500"C).

Electrorefining rate and electrorefining mechanism will be decided

by the physical property of electrolyte, the phase diagram of

electrolyte, the activity of impurity like the rare earth in molten

salt.

The study is also performed to eliminate the impurities in uranium,

which is precipitated in cathode at the end of electrorefining.

In pyrochemical process it is major work to determine optimum

reaction condition for preparation of uranium chloride in chlorination

reaction. For this, chlorination process was reviewed as an alternative

to the fluorination process and process papameters were selected from

the basis of the theoretical review. Since uranium tetrachloride is the

optimum chloride for preparation of uranium metal the effect of
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parameters important to preparation of UCI4 were mainly reviewed

theoretically and experimentally and the optimum reaction condition was

determined through lots of uanium chloride preparaton experiments and

analysis. The process parametrs selected theoretically were reaction

temperature, reaction time, chlorine gas injection quantity, reductant

quantity and carrier gas quantity. Calculations using thermochemical

data were carried out to identify the probable reactions and the

experimental parameters which affects conversion and volatilization of

uranium chloride in the course of chlorination were selected. Also, the

phenomena to be incurred from them were theoretically reviewed.

Experimentally the qualitative and quantitative evaluations of each

parameter on the chlorination was done by the use of the experimental

results obtained from different reaction conditions. The rate

controlling step could be determined through comparison of model

equation and experimental results.

4. Results and Proposal for Application

The results obtained from carrying out this project aiming at the

development of uranium alloys and fabrication process for metallic fuel

are summarized as followings.

O Development of uranium alloy and its fabrication technology

• Fabrication of U-lOwt.scZr alloy

- Through the control of melting and casting parameters, the sound

and homogeneous U-lOwt.&Zr alloy could be fabricated. The yield

and the segregation of Zr element were 85% and ±0.lwt.%, and the
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density of the alloy was about 16.6 g/cm3.

- The major alloy phases were a-U and 6-UZr2. The microstructure

showed the laminar structure with fiber morphology which was

arranged alternatively with uranium and Zr-rich phase.

- The thermal conductivity at operation temperature (400°C ~700°C)

showed high value, 15-23 W/m • K.

• Pre-pin fabrication by gravity casting

- Pre-pin of 06.6-L480mm in size could be cast soundly, not

including serious defects, due to the control of pouring

temperature and pre-heating temperature of mold.

- The laminar structure of bottom part were somewhat finer than that

of top part.

• Development of a powder prepared by a centrifugal atoming method

- The size of 5-UZr2 dispersive particles for rapidly cooling powder

was 0.5~l/um. It was 1/6 times as fine as the size of dispersive

particles for slowly freezed ingot, 2~6/zm.

- The a-U grain size of rapidly solidified powder, 1~3 fm, was 1/14

times as fine as that of slowly freezed ingot, 23~30 fm.

- The morphology of slowly solidified ingot showed laminar structure

with 0. l~0.2/um size. However that of rapidly cooling powder

showed granular morphology with about 0.05 fm size.

• Development of ternary U-Zr-X alloy

- Major alloy phases of U-7wt.^Zr-3wt.%X(: Ta, Nb, W, Mo) alloys were

a-M and 6-UZr2 similar to U-10wt.*sZr alloy. In contrast, major

phases of U-7wt.^Zr-3wt.%Mo alloy were a-U, 6-UZr, U2Mo and Mo2Zr.
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- Matrices of all U-7Zr-3X(: Ta, Nb, W, Mo) alloys were not modified

by the addition of ternary alloying elements, and illustrated a

laminar structure which is beneficial to a fast fission gas

release.

- The laminar thickness of all U-7Zr-3X(: Ta, Nb, W, Mo) alloys

decreased, compared with that of U-lOZr alloy. Especially in case

of the ternary alloys which substituted Zr element into W or Mo

element, the laminar structure was half as fine as that of

U-lOZr alloy. The refinement of the laminar structure by addition

of alloying elements greatly could increase the release rate of

gas bubble, due to well inter-connected path of fission gas bubble

with metal fuel of liquid metal reactor. In addition, it is

expected to contribute to prevent the swelling of metallic fuel

caused by bubble-driven swelling mechanism.

- The laminar thickness of ternary alloys(U-Zr-X) is finer than that

of binary alloys(U-Zr). Especially the laminar thickness of

U-7Zr-3W alloy 1/2 finer than that of U-lOZr alloy.

- Even after heat treatment, the laminar thickness of U-7Zr-3X alloy

is finer than that of U-lOZr alloy. This means the thrd element has

the advantage for microstructural stability. After heat treatment

for 500t: and lOOOhrs, the laminar thickness of (J-7Zr-3Mo is 1/3

finer than that of U-lOZr alloy.

Electrorefining study was performed to separate uranium from

uranium-neodymium and uranium-zirconium alloy by their different free

energy for chloride formation. Electrorefining experiments in KCl-LiCl
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binary molten salts. In this study, the discharged fuel is first

dissolves in cadmium contained in a SUS316 vessel. The liquid cadmium

phase becomes the anode of the electrorefining cell. Uranium is

electrolytically transported through a molten salt electrolyte to a low

carbon steel cathode. The electrolyte is composed of KCl-LiCl eutectic

and some L'C 13, which are installed in the salt to facilitate the

electrotransport of uranium.

- Uranium : The uranium deposited from the liquid cadmium anode by

electrotransport through molten KCl-LiCl eutectic elctrolyte to low

carbon steel cathode above 0.15V, and the morphology of deposits was

dendritic below 0.9V.

- Neodymium '• When the neodymium was added as a impurity, the cathode

contaminated by neodymium above 0.7V and pure uranium deposit about

99.5% was obtained at 0.5V. The activity coefficient of metallic

neodymium in liquid cadmium was 1.485X10-7 at 500°C

- Zirconium : When the zirconium added as impure element, ZrCU

existed less than 0. 01wt.su in electrolyte and in the electrorefined

deposit, regardlessly to the initial UCI3 concentration in electrolyte

the purity of uranium was 99.980wt.?e and in this system, the proper

initial UCI3 concentration was 3mol&, 4mol%. Electrorefining experiments

in KF-LiF-NaF ternary molten salts.

In pyrochemical process the reaction condition of chlorination and

the maintenance its purity in preparing UCI4 by chlorination of UO2 is

strongly dependent on the reaction temperature and time. The conversion

ratio of UO2 to UC14 was 97.9ae at 2 hour and reached to 99. 7% at 3 hour
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of reaction time. The volatilization ratio was sharply increased from

39.7% to 73.2 % as reaction time goes 2 to 3 hours. Also, the conversion

ratio was gently increased in the range of 400°C~700°C whereas over 70

0"C it was relatively slight and the volatilization was sharply

increased over 700°C. Therefore, it is regarded that the optimum

reaction time and temperature are 2 hour and 500~700°C, respectively.

In experiment to examine the effect of carrier gas, the conversion

ratio was 99.6% and green colored uranium tetrachloride powder and a

large volume of by-product gas was obserbed when carrier gas injected

50% of reacting gas flowrate. But, the volatilization ratio was not

affected by the injection rate of carrier gas. Consequently, it is

considered the optimum injection rate of the carrier gas is about 50%

of that of reacting gas.

In the experiment to investigate the effect of reductant, 105% of

equivalence point of reductant based on reaction mechanism was

appropriate for the chlorination of UO2 to UCI4 in reaction system.

In order to find out the optimum reacting gas injection quantity,

the equivalence point of reacting gas based on reaction mechanism was

proper in conversion and volatilization ratios.

Research and development of this technology to reduce radwaste and

reuse valuable nuclear materials is continued at several developed

contries, such as U.S.A., France etc.. Therefore, this project should

be performed within IAEA regulations not to be in arrear of other

conturies in this field and KAERI developed the preparation technology

of UCI4 which is key technology of non-aqueous refining process.
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