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Effects of High Temperature Neutron Irradiation
on Dimensional Changes and Physical Properties

of Nuclear Graphites for HTGR
Hideto MATSUO

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

Tokai-mura, Naka-gun, Ibaraki-ken
(Received December 8, 1987)

Ten kinds of polycrystalline graphites and carbon materials, includ-
ing nuclear graphites, were irradiated in JMTR up to a maximum neutron
fluence of 2.84 x 102> n/m? (E>29fJ) at 800-1335°C, and effects of
neutron irradiation on dimensional changes, volume, bulk density, thermal
expansivity, thermal conductivity, electrical resistivity, and Young's
modulus were studied,

A Macroscopic dimensional shrinkages were observed for all samples
except for POCO graphite; The shrinkage rates showed the smallest value
at irradiation temperature of around 850°C and lager values at below and
above B50°C as well. Coefficient of thermal expansion increased in the
initial small range of neutrom fluence, foilcwéd by decrease with weutron
fluence. After irradiation, thermal conductivity decreased and electrical
resistivity and Young's modulus increased. The changes in the initial
small range of neutron fluence were larger for the case of lower irradia-
tion temperatures. The results were compared with the experimental

results obtained from irradiation in HFR.

Keywords: HIGR, Polycrystalline Graphite, Carbon Material, Nuclear
Graphite, Irradiation Effect, Dimensional Change, Volume
Change, Bulk Density Change, Thermal Expansivity, Thermal

Conductivity, Electrical Resistivity, Young's Modulus
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Table 30 Time constant and saturation thermal conductivity
of IG-110, H451 and ATR-2E graphites

Samole | Direction Irradiation Time constant Saturation thermal
P temperature(°C) (1025 /m?) conductivity (W/mK)
IG-110 AG 1050 G6.70 47
WG 1050 0.73 49
H451 AG 1050 0.95 58
WG 1050 0.65 60
ATR-2E AG 1100 0.63 66
WG 1100 0.67 73
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Fig. 33 Changes in CTE of ATR-2E graphite irradiated at 950-1100°C
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Fig. 34 Relative changes in CTE of ATR-2E graphite irradiated
at 950-1100°C :
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Fig. 35 Changes in thermal conductivity of IG-110 graphite
irradiated at 1000-1200°C
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Fig. 36 Relative changes in thermal conductivity of IG-110 graphlte
irradiated at 1000-1200°C
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Fig. 37 Changes in thermal conductivity of H451 graphite irradiated
at 800-1200°C
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Fig. 38 Relative changes in thermal conduct1v1ty of H451 graphlte
irradiated at 800-1200°C
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Fig. 39 Changes in thermal conductivity of ATR-2E graphite
irradiated at 1000-1200°C
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Fig. 40 Relative changes in thermal conductivity of ATR-2E graphlte
irradiated at 1000-1200°C




Electrical Resistivity , mohm-cm

Change in Electrical Resistivity , R/Rg

JAERI—M 87 - 207

6.0 | ‘ ‘ ' T6-110
Irradiation temperature
= ol _ o,e; 8001000 °C
. a,4:1000-1200 °C
c,ms 1200-1335 °C
0,5,0:A,G,
4.0r o A m: Y (,
3.0¢
A A, & A
i ' "y
2. 0F 5 Lot %} £ -1
&
1. o%
0. Og ' i ’ 5 B 3

1.

Neutron Flvence , 10% n/m® ( E>29f) )

Fig. 41 Changes in electrical resistivity of IG-110 graphite
irradiated at 800-1335°C
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Fig. 42 Relative changes in electrical resistivity of IG-110
graphite irradiated at 800-1335°C
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Fig. 43 Changes in electrical fesistivity of IG~110 graphite
irradiated at 585-1335°C
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Fig. 44 Relative changes in electrical resistivity of IG-110

graphite irradiated at 5853-1335°C
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Fig. 45 Changes in electrical resistivity of H451 graphite
irradiated at 800-1200°C
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Fig. 46 Relative changes in electrical resistivity of H451 grapblte

irradiated at 800-1200°C
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Fig. 47 Changes in electrical resistivity of ATR-2E graphite
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Fig. 48 Relative changes in electrical resistivity of ATR-2E

graphite irradiated at 1000-1200°C
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Fig. 49 Changes in Young's modulus of 1G-110 graphite irradiated
at 800-1335°C
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Fig. 50 Relative changes in Young's modulus of TG-110 graphite
irradiated at 800-1335°C
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Fig. 51 Changes in Young's modulus of H451 graphite irradiated
at 800-1200°¢C
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Fig. 52 Relatiwve changes in Young s modulus of H451 graphlte
irradiated at 800-1200°C
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Fig. 53 Changes in Young's modulus of ATR-2E graphite irradiated
at 1000-1200°C

3.0 ATR2E ‘ '
Irradiation tengaemture
1000-1200
\m‘c O; A. G-
w 2.5 e:¥.C.
o, 2.0r
2
=
g st
[ 4] o g
[ ]
105 1 ' 2 | 3

Neutron Fluence , 10% n/m? ( E>20f7 )

Fig. 54 Relative changes in Young's modulus of ATR-2E graphlte
irradiated at 1000-1200°C



