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It is advocated as a development target of fast reactors (FRs) to allow for the of use of mixed oxide (MOX)
fuels containing minor actinide (MA) separated and recovered from spent fuels with the aim of reducing the
volume and toxicity of high-level radioactive waste generated from nuclear reactors. In the development of MA-
MOX fuels, it is important behavior to understand the thermal properties such as thermal conductivity for fuel
design and analysis of the irradiation.

However, there are only a few reports on the thermal properties of MA-MOX fuels, and neither the effects of
MA contents nor of oxygen non-stoichiometry in MOX fuels on their thermal conductivities have been fully
understood. In this study, the thermal conductivities of MOX fuels with up to 15% Am content were measured
at near-stoichiometric composition and the relationship between thermal conductivity and Am content was
evaluated. Moreover, the thermal conductivities of Am-doped UO; fuels were also measured and evaluated by
comparison with Am-MOX to evaluate the effect of Am content.

The fuel samples used in this study were three types of MOX with a Pu content of 30% and different Am
contents (5%, 10%, and 15%), and UO, containing 15% Am. The thermal conductivities of specimens were
calculated from the thermal diffusivities measured by the laser flash method, the density of the specimens and,
the heat capacity at constant pressure. The oxygen partial pressure during the measurement was controlled at that
of the targeted near-stoichiometric composition.

The thermal conductivities of all specimens exhibited a decline with increasing temperature and Am content,
with a particularly pronounced reduction observed below 1,173 K. The results of the classical phonon scattering
model analysis of the measured thermal conductivities showed that the effect of lattice strain due to the Am
addition was significant on the thermal resistivity change, and the effect was comparable for both MOX and UO:..
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(15)
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7 731 {RJE1E Lindemann relationship?ViZ & 0 X(18)Z W CTHEH S5,
——\1/2 f=——\1/
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Ah,,(UO,) [ 1 1 xl(U02)>
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R <TU02 TAmMox) n <x S(U0y) (19)
Ahp(Pu0y)( 1 1 3 xl(Pu02)>
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2
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Table 1 JIEFEOFE - EESRE
5%AmM-MOX  10%Am-MOX 15%Am-MOX 15%Am-UO,
PuE b (mol%) 29.21 29.72 29.01 -
AmE A (mol%) 5.31 10.17 15.02 14.98
Bl e B (g/em’) 11.14 11.18 11.21 11.06
PR B L (%TD) 90.17 87.88 80.90 91.18
ABEE @ 0.2349 0.25171 0.21281 0.30004
ABHE RS (m) 0.005416 0.005434 0.005430 0.005440
VPR T (K) 1473 1473 1473 1473
BRI I ] (s) 14400 14400 14400 14400
[EFAPE (Pa) 639%x107 254x10°  1.01x10°  1.14x107
fesiRT v v L (kJ/mol) -316 -298 -282 -281

,ll,
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Table 2 JFUBHEIZR OO Al o3 Bt

DOUO sk K ©AmO; and UO LRI (mass ppm) @ MOXEEHY K DPuO,EEHI &

gl
M

(mass ppm) AmO, Uo, (mass ppm) (mass ppm)

Al <10 <10 72 <100 135
B <0.2 <1 <1 <5 <5
Cd <0.5 <0.1 <0.1 7 <5
Ca <2 <10 140 <30 55
Cr <5 <6 <6 <50 <50
Cu <3 1.4 <0.3 10 <10
Fe <15 30 57 <100 <100
Mg <3 12 5 <15 <15
Mn <10 <10 <20 <20
Ni <7 <1 <1 <50 <50
Si <10 <10 190 <100
Mo <2 <1 <1 <50 <50
Cl 21 1

C 5 <1

F 17 24

N <10 <10

Pd <4 <1 <1 <70 <30
Zn <30 <30 <100 <100
Sn <4 <0.3 <0.3 <30 <30

Dy+Eu+Gd+Sm <0.2

712,
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Table3 Am-MOX XN Am-UO, DIREA OB D7 4 vT 4 > T

EEW it FREA =B Reference
0.7%Am-MOX 2333x 107 2.434x 10" 8]
2%Am-MOX 2.727 x 107 2.434 % 10™ 8]
3%Am-MOX 4189 x 107 2.336 x 10™ 8]
5%Am-MOX 8.667 x 107 2.276 x 10™ This work
10%Am-MOX 1.290 x 10! 2.400 x 10™ This work
15%Am-MOX 2.026 x 107! 2.289 x 10™ This work
15%Am-UO; 2.075 x 10™ 1.655 x 10*  This work

Table 4 fEA L7=&A A DA F B8

A A (TR0 A A 85 (nm)  Reference
T =
0% 4 0.1372 [5]
T A
u* 8 0.09972 [5]
U 8 0.0840 [20]
Pu* 8 0.09642 [5]
Am** 8 0.109 [20]
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Table 5 E7 /VEENTIZ K 0 BEH L7245 A K OVB OFHREE R

W RELA =¥B Reference
0.7%Am-MOX  2.017 x 10 2.387 x 10 This work
2%Am-MOX 3.528 x 107 2.391 x 10™ This work
3%Am-MOX 4.495 x 107 2.395 x 107 This work
5%Am-MOX 7.045 x 107 2.401 x 10™ This work
10%Am-MOX 1.301 x 10! 2417 x 10™ This work
15%Am-MOX 1.910 x 10™! 2.434 x 10™ This work
15%Am-UO; 1.881 x 10™ 2.342 x 10™ This work

Table 6 fREA K OB OBFHIZHEH LK T A —X

5%Am-MOX  10%Am-MOX 15%Am-MOX  15%Am-UO,
VSRR R (m’) 1344107 1.340x10%  1.337x 107 1.354x 107
0 TN K) 377 377 377 376
v (m/s) 4470 x 10°  4470x 10° 4470 x10° 4350 x 10°
L 7 ) v O¥EHM T A — & ©) 5567 <107 1.018x 10" 1481 x 10" 1.387x 10"
a  ETEsk (M) 544350 x 10" 5.43851 x 107" 5.43351 x 10" 5.45634 x 10
M ORA MO PR (kg) 3.962 x 10 3.965x 107 3967 x 107 3.958 x 107
TR METOTEA A AR (m) 9.85x 10" 983x 10" 981 x 10" 9.91x 10"
Tm  AmMOX® L < [HAm-UO, DA (K) 3037 3022 3008 3072
Y IVa—FAE K ®) 2.096 2.063 2.032 2.025
@ REAIRAREK (/K)  2.849x10°  2817x10°  2785x10°  2.839x10°
K JEfEs (Pa) 2114 x 10" 2113x 10" 2111 x 10" 2.034 x 10"
€, ERHH (J/K mol) 69.79 69.83 69.85 69.72

,14,
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