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Behavior of Plutonium and Fission Products

in Irradiated Mixed Carbide Fuel

Yasufumi SUZUKI, Atsushi MAEDA, Takashi IWAI, Hiroyuki KANAZAWA+
Hideaki MIMURAT and Yasuo ARAT

Department of Fuels and Materials Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Lbaraki-ken

(Received October 14, 1991)

The behavior of plutonium and fission products in uranium-plutonium
mixed carbide, which is of potential as an advanced FBR fuel, was
examined mainly by X-ray microanalysis. The fuel pellet irradiated up
to the burn-up of about 3% FIMA in JMTR was used in the present study.
The fission products, such as Xe, Pd, Zr, Ce and so on, were identified
in addition to plutonium. It was observed that plutonium concentration
decreases in the outer region of the pellet after irradiation. Further-
more, plutonium was found to segregate finely by the precipitates of
sesquicarbide. The Xe gas generated in the outer unrestructuring region
was confirmed to be almost restrained in the fuel matrix, but a signifi-
cant Xe gas release was determined in the central region. Some:rscolid
fission products, such as Nd, showed the radial distribution correspond-

ing to the burn-up profile in the fuel pellet.

Keywords: FBR, Advanced Fuel, Uranium Carbide, Plutonium Carbide,

Carbide Fuel, Irradiation, FPs, EPMA, Americium, Segregation
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Table 1 Characteristics of uranium-plutonium mixed carbide fuel pin
irradiated in JMIK.

Fuel pellet

Material {G,Pu)C
Pu/(U+Pu) : 0.197
Carbon content (wt.%]) 5.16
Oxygen content (wt.%]) 0.12
C.q /(U+Pu) 1.10
Density (g/cm®) ' 11.0
Diameter (mm) 8.23

X-ray diffraction analysis

Phases identified (U,Pu)C & (U,Pu),C,
Lattice parameter '
MC (nm) 0.4964
M,C, (nm) 0.8098
Cladding
Material ; : 316 S5
Diameter (mm) 9.40
Thickness = (mm) 0.51
Fuel pin
Gap (mm) 0.15
Fuel stack (mm) 116
Pin length (mm) 250
Bonding material He

" C,, : carbon equivalent
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Table 2 Build-up of actinides and fission-products in mixed carbide
fuel after irradiation up to 3ZFIMA.

Elements Concentration(gram -atoms)

BOL™ EOL™ 800d cooling
after discharge

4 2.25x107! 2.24x107! 2.24x107
Pu 4.59x1072 4.02x107* 4.00x1072
Am 1.83x1078 3.81x10™ 6.47x107°

Zr - 1.18x1072 1.17x1073
Mo - 1.35x107° 1.39x1072
Te - 3.61x10™ 3.65x10™
Ru - 1.17x107® 1.07x107°
Rh - 2.90x10™ 3.15x10™
Pd - 8.60x10™ 9.40x10™*
Te - 2.32x10™ 2.27x10™
Xe - 1.53x1073 1.53x1073
Cs - ©1.01x107° 1.00x107?
Ba ; - 4.10x107* 4.18x10™
La - 3.48x10™ 3.46x10™
Ce L - 7.10x10™ 6.39x10™
Pr - 2.91x10™* 3.01x10™
Nd - 9.22x10™* 9.94x107*
Sm - 2.21x10™* 2.53x107"

“! Beginning of life
2 End of life

Table 3 Comparison of X-ray intensities of plutonium and americium
in dirradiated carbide pellet and plutonium samples containing
different americium content.

Irradiated Unirradiated fuel
carbide fuel

Sample containing Sample containing
lower Am content higher Am content

Am content  (Am/Pu) 0.017 0.002 0.011

Wave length (nm)”

0.331 (PuMy) 100 100 100
0.341 (AmM§) 34 7 18
0.361 (AmMa) 39 11 20

! X-ray intensity of PuMy is normalized to 100.
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Fig. 4 X-<ray spectra measured by using PET crystal.
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Fig. 6 Radial burn-up profile in mixed carbide pellet irradiated up to
3%FIMA in JMTR.
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Fig. 7 Radial distribution of plutonium in irradiated mixed carbide
pellet. Decrease of plutonium concentration can be seen

in outer region.
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Fig. 8 Radial distribution of xenon in irradiated mixed carbide pellet.
Lowering of Xenon concentration can be seen in central zone.
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Fig. 9 Radial distribution of zirconium in irradiated mixed carbide

pellet.
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Fig. 10 Radial distribution of palladium in irradiated mixed carbide

pellet.
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Fig. 11 Segregation of palladium in irradiated mixed carbide pellet;
line scan.
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Fig. 12 Radial distribution of molybdenum in irradiated mixed carbide
pellet.
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Fig. 13

line scan.
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Segregation of molybdenum in irradiated mixed carbide;
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Fig. 14 Radial distribution of neodymium in irradiated mixed carbide

pellet.
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Photo. 1 Microphotograph of mixed carbide pellet irradiated up to
3ZFIMA in JMTR.

Photo. 2 Plutonium segregation in irradiated mixed carbide pellet;
line scan for Pu.
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