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Post-Irradiation Experiments on Physical, Thermal and Microstructural Prope:ties
of Neutron-Iradiated Ceramics*

Toyohiko Yano**

Abstract

This is a summary report on the post-irradiation experiments of physical, thermal
and microstructural properties of neutron-irradiated various ceramics, which are
expected to be applied to the in-core materials of an Advanced Fast Breeder Reactor
in near future. Four candidate ceramics, Al,03, AIN, SiC and Si3N; were fast

neutron irradiated up to 4.2x1026n/m?2 in the CMIR-4 rig in the JOYO reactor. The
following observations were performed and the obtained results are mentioned.

(1) Microstructural observation by means of transmission electron microscopy
(2) Measurement of swelling

(3) Measurement of thermal diffusivity by a laser-flush method

(4) Recovery of swelling by isochronal annealing

(5) Recovery of thermal diffusivity by isochronal annealing

* This work has been performed under the contract between Power Reactor and
Nuclear Fuel Development Corporation and Tokyo Institute of Technology.

** Research Labratory for Nuclear Reactors, Tokyo Institute of Technology
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. a-Al203 100wt%

Alz03 99.99%

D EERE
2 99.5% (3.96/3.98)
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. AIN

unknown
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AIN 10 ¢ X2 2@ 542 0.4
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RAZ7URXA—F—ICIVHAEL-BIRAHOEE L ALY Y TO@EERICTT. B
D7-DFRICI YV BESAEO—BEIRLE 2B, ALY Y7258 T5Ic47:oT,
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(n/m?)  [(T) (mm) (mm) (%) (%)
Al,03 2.8x10%6 |482 15.537 15.707 1.09 1.20
2.8x10% |[482 15.530 15.706 113 1.20
4.2x10% |731 15.507 15.858 2.26 2.29
4.2x10% |731 15.509 15.858 2.25 2.27
SiC 2.8x10%6 |482 14.526 14.538 0.08" 042
2.8x10% |482 14.516 14.576 0.41 041
4.2x1026 |731 14.503 14.567 0.44 0.46
4.2x10% |731 14.502 14.567 0.45 0.49
SigNy 2.8x1026 |482 15.529 15.559 0.19 0.23
2.8x1026 |482 16,527 15.557 0.19 0.29
4.2x10%6 731 15.520 15.553 0.21 0.28
4.2x10% [731 15.514 15552 0.25 038
AN 2.8x10%6 |482 14.499 - (BR)
2.8x10%6 |[482 14.516 - (BR)
4.2x10% |731 14.490 - (B4R)
4.2x10% |731 14.490 14.78 2.00 2.09

* PR & D J5E & N7, SRR O —8ARIT T,

S EONERIT LRI BIMOBMEMICHRPL A EV, THIREEDORWICLHLER
bihtze UTOERIZBNTIE, HEOSRNLRHARE T 5 HEIBRIC X 2 WEME. R
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Table 1. Change in thermal diffusivity of SiC, Si3N4, AIN and Al203 induced by neutron irradiation.

Table 2. Thermal diffusivity against isochronal annealing temperature of SiC irradiated to a fluence of
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Table 4. Thermal diffusivity against isochronal annealing temperature of AlN irradiated to a fluence of
1.4xE+26 n/m? at 394°C(T72) and 0.4xE+26 n/m? at 542°C(T73).

Table 5. Thermal diffusivity against isochronal annealing temperature of Al203 irradiated to a fluence
of 1.4xE+26 n/m? at 394°C(T72) and 0.4xE+26 n/m? at 542°C(T73).
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Table 1 Change in thermal diffusivity of SIC, Si3N4, AIN and Al203 induced by neutron irradiation.

Sample Fluence irradiation Thermal Change
(10%°n/m?) temperature diffusivity (%)
— (C) (cm2/s)

SiC(Unirradiated) - - 0.410 -
T72C3 1.4 394 0.049 -88.0
T72C4 1.4 394 0.048 -88.3
T73C5 0.4 542 0.055 -86.6
T73C6 0.4 542 0.056 -86.3

SizN,(Unirradiated) - - 0.250 -
T72N3 1.4 394 0.048 -80.8
T72N4 1.4 394 0.048 -80.8
T73N5 0.4 542 0.072 -71.2
T73N6 0.4 542 0.072 -71.2

AIN(Unirradiated) - - 0.991 .

T72AN3 1.4 394 0.026 -97.4
T72AN4 1.4 394 0.019 -98.1
T73ANS n.4 542 0.040 -96.0
T73AN6 04 542 0.044 -95.6
Al,O;(Unirradiated) - . 0.i18 .
T723 1.4 394 0.031 -73.7
T724 1.4 394 0.031 -73.7
T7356 0.4 542 0.042 -64.4
T736 0.4 542 0.041 -65.3

T00-86 L096LL ONd
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Table 2 Thermal diffusivity against isochronal annealing temperature of SiC irradiated to a fluence of 1.4 XE+26 n/m? at 394°C
(T72) and 0.4 xE+26 n/m' at 542°C(T73).

Annealing Temp. (°C) Thermal Diffusivity (cm?/s)
Unirradiate T72C3 T73C5
no annealing 0.410 0.049 0.065
100 0.413 0.049 0.054
200 0.429 0.050 0.054
300 0.432 0.049 0.054
400 0.431 0.050 0.054
500 0.050 0.055
600 0.431 0.063 0.056
700 0.057 0.060
800 0.428 0.064 0.066
900 0.071 0.074
1000 0.431 0.081 0.085
1100 0.093 0.099
1200 0.107 0.116

1300 0.140 0.159

€00-86 L096LL DONJ



€9

Table 3 Thermal diffusivity against isochronal annealing terperature of Si3N4 irradiated to a fluence of 1.4 X E+26 n/m’ at 394
°C(T72) and 0.4 X E+26 n/m at 542°C(T73).

Annealing Temp. (C) Thermal Diffusivity (cm?/s)

Unirradiate T72N3 T73N5 _

no annealing 0.258 0.048 0.072
100 0.266 0.048 0.072
200 0.266 0.048 0.072
300 0.266 0.048 0.073
400 0.264 0.049 0.073
500 0.050 0.073
600 0.266 0.052 0.076
700 0.056 0.081
800 0.267 0.059 0.087
800 0.065 0.095
1000 0.267 0.070 0.104
1100 0.073 0.106
1200 0.079 0.112

1300 0.091 0.128

€00-86 L09611. DNJ



Table 4 Thermal diffusivity against isochronal annealing temperature of AIN irradiated to a fluence of 1.4 X E+26 n/ny at 394°C
(T72) and 0.4 xE+26 n/m* at 542°C(T73).

Annealing Temp. (°C) Thermal Diffusivity (cm?/s)
Unirradiate T72AN3 T73ANS
no annealing 0.986 0.026 0.040
100 0.988 0.025 0.040
200 0.981 0.025 0.039
300 0.986 0.025 0.038
400 0.995 0.025 0.034
500 0.025 0.032
600 0.989 0.025 0.031
700 0.025 0.030
800 0.991 0.023 0.030
900 0.019 0.031
1000 0.989 0.¢621 0.034
1100 0.027 0.045
1200 0.045 0.086

1300 0.085 0.153

200-86 L0961.L DNJ
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Table 5 Thermal diffusivity against isochronal annealing temperature of Al203 irradiated to a fluence of 1.4 X E+26 n/m* at 394
°C(T72) and 0.4 XxE+26 n/m' at 542°C(T73).

Annealing Temp. (°C) Thermal Diffusivity (cm?/s)
. Unirradiate T72 3 T73 56

no annealing T 0.118 0.031 0.042
100 0.120 0.031 0.042
200 0.120 0.031 0.042
300 0.121 0.031 0.042
400 0.120 0.031 0.042
500 0.032 0.041
600 0.121 0.032 0.042
700 0.033 0.043
800 0.121 0.036 0.045
900 0.045 0.056
1000 0.121 0.063 0.064
1100 0.062 0.070
1200 0.077 0.082

1300 0.09 0.095

T00-86 L096.L ONd
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Table 6 Sweling of SiC, SI3N4, AIN and AI203 irradiated to a fluence of 2.8xE+26 n/m2 at 482°C(T61) and 4.2xE+26 n/m2 at 731°C(T65).

Sample Fluence Irradiation Length Sweling Sweling”’
(102°n/m?) temperature (mm) (%) (%)
(C)
SiC-1(T61) 2.8 482 14.538 0.08" 0.42
SiC-2(T61) 2.8 482 14.576 0.41 0.41
SiC-1(T65) 4.2 731 14.567 0.45 0.46
SiC-2(T65) 4.2 731 14.567 0.44 0.49
Si,N,-1(T61) 2.8 482 15.559 0.19 0.23
SiyN,-2(T61) 2.8 482 15.557 0.19 0.29
Si;N,-1(T65) 4.2 731 15.552 0.21 0.28
SiyN,-2(T65) 4.2 731 15.553 0.25 0.38
AIN(T61)*? 2.8 482 7.840 1.70" .

AIN(T65) 4.2 731 14.78 2.00 2.09
Al,0;-1(T61) 2.8 482 16.707 1.09 1.20
Al,0;-2(T61) 2.8 482 15.706 1.13 1.20
Al,0,-1(T65) 4.2 731 15.858 2.25 2.29
Al,0,-2(T65) 4.2 731 15.858 2.26 2.27

*' BB (E

*? B R

3 BEhCRIR LTV 21200, IWEEATE L TERA.
SEnpO@ENOMSLO D, ALY UTEREITRELE.
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Table 7 Change in macroscopic length against isochronal temperature of SiC irradialed to a fiuence of 2.8 X E+26 n/m' at 482°C(T61) and 4.2 XE+26 n/m' al

731°C(T65).
Annealing Temp. (C) Length (mm) Change(%)
761 765 T61 T65
no annealing 14.576 14.567 0.413 0.441
100 14.576 14.567 0.413 0.441
200 14.576 14,567 0.413 0.441
300 14.576 14.567 0.413 0.441
400 14.577 14.567 0.420 0.441
500 14.574 14,567 ©0.400 0.441
600 14,568 14.565 0.358 0.427
700 14,562 14,562 0.317 0.407
800 14.555 14,557 0.269 0.372
900 14.549 14,552 0.227 0.338
1000 14.540 14.550 0.165 0.324
1100 14.536 14.546 0.138 0.296
1200 14.530 14.543 0.096 0.276
1300 14.525 14.544 0.082 0.283

€00-86 L096LL DNJ
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Table 8 Change in macroscopic length against isoéhronal temperature of Si3N4 irradiated to a fluence of 2.8 XE+26 n/ny at 482°C(T61) and 4.2 xE+26 n/m

at 731°C(T65).

Annealing Temp. (C) Length (mm) Change(%)
7681 T65
no annealing 15.559 165.5652 0.193 0.206
100 15,5658 15.553 0.193 0.213
200 15.558 15.553 0.187 0.213
300 16.559 16.555 0.193 0.226
400 15.558 15.555 0.187 0.226
500 15.558 15.556 0.187 0.226
600 15.666 15.555 0.174 0.2286
700 15.556 15.5652 0.174 0.206
800 15.555 15.550 0.167 0.193
900 16.652 15.548 0.148 0.180
1000 15.551 15.548 0.142 0.180
1100 16.650 16.545 0.135 0.161
1200 15.653 15.544 0.155 0.155
1300 15.655 16.547 0.187 0.174

20086 L0961L DNd



69

Table 9 Change in macroscopic length against isochronal temperalure of AIN irradiated 1o a fluence of 2.8 XE+26 n/m' at 482°C(T61) and 4.2 xE+26 n/m’ al

731°C(T865).
Annealing Temp. (C) Length (mm) Change(%)

T61 T65 T61 T65

no annealing 7.840 14.780 1.70 2.00
100 7.839 14.779 1.69 1.99

200 7.840 14.777 1.70 1.98

300 7.838 14,777 1.67 1.98

400 7.837 14,776 1.66 1.97

500 7.837 14.778 1.66 1.97

600 7.831 14,776 1.68 1.97

700 7.829 14,773 1.56 1.95

800 7.818 14.775 1.41 1.97

900 7.813 14,774 1.35 1.96
1000 7.8158 14.771 1.38 1.94
1100 7.795 14,759 1.12 1.86
1200 7.758 14.707 0.64 1.50
1300 7.740 14.614 0.40 0.86

200-86 LO96IL DONd
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Table 10 Change in macroscopic length against isochronal temperature of AI203 irradiated to a fluence of 2.8 X E+26 n/m' at 482°C(T61) and 4.2 XxE+26 n/m’

at 731°C(765).
Annealing Temp. (°C) Length (mm) Change(%)

' . T61 T65 T61 765

no annealing 15.707 15.858 1.09 2.26
100 15.707 15.858 1.09 2.26

200 15.708 15.858 1.10 2.26

300 15,708 15.858 1.10 2.26

400 15.710 15.858 1.11 2.26

500 16.710 15.858 1.11 2.26
600 16.710 15.858 1.11 2.26

700 15.709 15.858 1.11 2.26

800 15.694 15.858 1.01 2.26

900 15.656 15.848 0.77 2.19
1000 15.827 15.799 0.58 1.88
1100 15.610 15.7156 0.47 1.34
1200 15.591 15.646 0.35 0.90
1300 15,576 15.6806 0.25 0.64
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