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Fabrication of Uranium-Plutonium Mixed Carbide Fuel Pins

for High Power Irradiation Tests

Yasuo ARAT, Takashi TIWAI, Atsushi MAEDA, Tatsuo SASAYAMA
Kenichi SHIOZAWA, Akihiko INOUE, Yasufumi SUZUKI*

Susumu FUKUSHIMA, Toshihiko OHMICHI and Muneo BANDA

Department of Fuels and Materials Research
Tokai Research Establishment

Japan Atomic Energy Research Institute
Teokai-mura, Naka-gun, Ibaraki-ken

( Received June 6, 1986 )

Two uranium~plutonium mixed carbide fuel pins were fabricated
for high power irradiation tests. Near stoichiometric and hyper-
stoichiometric mixed carbide pellets with low densities were used
as fuel materials, and 316-type stainless steel cladding tubes
received from DOE were adopted. 1In this paper, the design of fuel
pins and the procedure of fuel preparation and pin fabrication are
described, together with several examinations regarding both fuel

pellets and pins.

Keywords : Uranium-Plutonium Mixed Carbide Fuel, Fuel Pins, Fuel
Pellets, Cladding Tubes, Irradiation Tests
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Table 1 Characteristics of plutonium dioxide powder

Plutonium content (wt.%) 87.06
Isotopic composition of Pu 238 0.13
plutonium (at.%)* Pu 239 75.24

Pu 240 20.56
Pu 241 3.39
Pu 242 0.68

Impurities (ppm) Al <10 Ni 30
Ca 140 N <50

C 65 8i 20

Cr <10 Cl <10

Fe B85 F <10

% analyzed date; February, 1980

Table 2 Characteristics of mixed carbide pellets for irradiation tests

(U,Pu)Cy 4 (U,Pu)Cy

Chemical composition

Pu/ (U+Pu) (at. ratio) 0.194 ' 0.194

Carbon content (wt.%) 4,66 5.09

Oxygen content (wt.%) .25 0.16
X-ray diffraction analysis

Phases (U,PulC (U,Pu)C, (U,Pu)2C3

Lattice parameter (nm) 0.4964 0.4964 0.8098
Bulk density (g/cm-) 11.3 11.3

(% TD*) 83 84

Amounts of outgassing <300 <300

{(ul-atm/g at 1600°C)

# theoretical density
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Radial cross section of irradiated capsule
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C/(U02+Pu02)=2.975 or 3.100

Pu/ (U+Pu)=0.20

V-blender 1lh
Ball-mill Z24h

12mm in diameter
80-100MPa

1500°C, 8h

in wvacuum
Ball-mill 48h

Polyethylene glycol
0.25wt.%

9.3mm Iin diameter
300MPa

1680-1690°C, 5h

in flowing Ar

in acetone

1200°C, 1h

in vacuum

Flow sheet for the preparation of mixed carbide

pellets for irradiation tests
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Fig. 6 Microstructure of near stoichicmetric mixed carbide

pellet

um
e

Fig. 7 Microstructure of hyperstoichiometric mixed carbide

pellet
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Cladding tube

Lower endplug

Welding of
"lower endplug
I Fuel pellets

Thermal insulator pellets

Loading of pellets
|
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of tube opening

| Spring

| Upper endplug
Welding of

upperlendplug

Decontamination

Surface contamination

External appearance
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X-ray radiography
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Fig. 9 Flow sheet for the fabrication of mixed carbide

fuel pins
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