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Study on the Fracture Mechanical Properties, Thermal Stress Resistances and

Their Neutron Irradiation Effects of Fuel Compact for Nuclear Reactor
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ABSTRACT —To simulate the unclear fuel for the High Temperature Engineering Testing
Reactor (HTTR), fuel compact models using SiC—kernel coated particles instead of UO,—kernel
coated particles were prepared under the same conditions as those for the real fuel compact. The
mechanical and fracture mechanics properties were studied at room temperature. The thermal
shock resistance and fracture toughness for thermal stresses of the fuel compact were experimentally
assessed by means of arc discharge heating applied at a central area of the disk specimens. These
model specimens were then neutron irradiated in the Japan Material Testing Reactor (JMTR) for
fluences up to 1.7X10%n,/m? (E>29fJ) at 900°C £50°C. The effects of irradiation on a series of fracture
mechanical propeties were evaluated and compared with the cases of graphite IG—110 used as the
core materials in the HTTR.
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Fig. 1 Manufacturing flow diagram of the

specimen of fuel compact model.

Photo. 1 Microscopic structure of fuel compact

model.
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Table 1 Specimen characteristics (mean value) .

specimen size (mm) densxty. (g/cm?) g?lng_ ggﬁélon<”)
of matrix coated particle
(1) #20.09%x2.05 1.67 30.2
(@1} $ 20,03 X 4,94 1.73 29.1
[@IID) $6.00x60.13 1.70 28.8
(V) $6.01x14.90 1.68 28.5
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Fig.2 Measuring methods for disk specimens.
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Table 2 Neutron irradiation conditionsin JMTR.

. tapsule} Neutron flux |[Temperaturc|Neulron fluence
Specimen number {(n/ca®s,E>29(J) C) (a/m* . £>281J)
Fuel e 900 e
- 1.7%x10%¢
compact B7H-33u)  3.28x10 (850~ 850)
Graphite 925 e
- BUMSTE (1.1-1.8) X 10°°
16-110 804-31u 1.10%X 18 (850~ 1000)] )
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Table 2 B#E T V57 FHRBEOIMTRICBIT 2
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KIS, FBEOLEEE S IZIZRBELARELDT,
MBEHRONBSTE B,

Table 3 Mean values of experimental results of
the fuel compact model before and
after neutron irradiations and their

comparisons with graphite 1G—110

Haterial Fuel compact model| graphite 1G-110
Irradiation N'{ before after before alter
Bulk density 4 1.82 1.84 1.75 1.75

Y (g/cnm’) (r.op*s (L.o0)

Dimensional change 4 - - -

(%) (-0.58) (-0.04)
Young’'s modulus 4 6.89 9.47 7.80 11.8
L (GPa) (1.45) (1.5h
Compressive strength 4 25.7 35.9 10.5 89.2
6. (HPa) (1.40) (1.27)
Bending strength 4 12.6 17.6 38.7 47.6
6 (HPa) 1.40) (1.23)
Diametral compression |2 6.43 9.10 15.3 18.95
G ye (P2) (1.42) (1.2
Llectric resistance 4 2097 1241 1150 1927
p (uQecen) (2.02) (1.68)
Rockwell hardness 1 49.3 63.4 71.0 78.0
Heasx (1.29) (1.10)
Impact fracture energy(2 0.12 0.04 0.41 U.42
Es (J/ea) (0.75) (1.02)
Hode I fracture 4 0.62 .90 0.78 1.0l
toughness Kic (MPan®) (1.43) (1.29)
Hodell fracture 4 0.66 0.83 0.96 1.24
toughness Kge (MPaw®) (1.26) (1.29)
Kac /K1c 1.06 0.82 1.23 1.23
Thermal diffusivity 2 34.3 21.9 48.5 26.0
& (mn?/s) (0.64) 0.5
Thermal shock 7 9.65 4.18 319 21,7
resistance & (W/am) (0.43) (0.68)
Thermal shock fracture|7 25.8 14.0 34.4 26.8
toughness ¥ (#/mm'’®) (0.54) (0.78)
Equivalent crack size 3.47 3.36 0.13 0.14
ter=(Kye/ 0 )%/ (um) (0.87) (1.08)
Cez=(V /A m (om) 2.28 3.57 0.37 0.49
(1.57) (1.32)

* Number of specimens after neutron
irradiation.
* % Values inside the parentheses show the
ratio of “after irradiation” and*“ before

irradiation values”
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Photo. 2 Typical fractures after (1) the bending
test and (2) the diametral compression

test of the fuel compact disk specimens.
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Photo. 3 Typical fractures after (1) the mode I
and (2) mode I fracture toughness tests

of the fuel compact disk specimens.
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Fig. § Electric powers in the thermal shock
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Fig. 6 Thermal shock resistance (A) and thermal
shock fracture toughness (V) for fuel

compact.
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Photo. 4 Typical fractures after the thermal
shock resistance (left) and fracture
toughness tests (right) of the fuel

compact disk specimens.
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Photo. 5 Typical fractographs of fuel compact.
(1), (2) general view, (3) fuel (4) matrix.
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