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Graphite materials are used for in-core components of High Temperature Gas-cooled Reactor
(HTGR) and Very High Temperature Reactor (VHTR) of Generation IV reactor system. Graphite
components may be oxidized by small amount of impurities in coolant helium-gas even at
normal operation, as well as by air at air-ingress accident. Therefore, it is indispensable to
evaluate oxidation characteristics and associated decrease in strength. In this study, by
air-oxidation test at 520 900 , oxidation characteristics of 1G-110 and IG-430 graphites,
supposed to be used for the core components of HTGR (including VHTR), and associated
decrease in compressive strength were examined. The following results were obtained. 1) The
activation energy of the air-oxidation for IG-430 is 176kdJ/mol being almost same as for IG-110,
though the oxidation rate for IG-430 is less than a half of that for IG-110. 2) There are
correlations between density change and decrease in compressive strength. Decrease in
strength is the largest in case that the oxidation temperature is lower than 600  where the
homogenous oxidation occurs. 3) In the process of oxidation, amorphous binder regions are
predominantly oxidized. It suggests that peeling-off of cokes grains is necessary to be

considered for oxidation weight loss, as well as gasification.
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Table 1 Major specifications of IG-110 and 1G-430 graphiteslz)

Grade 1G-110 1G-430
Density (g/cm®) 1.77 1.82
Tensile strength (MPa) 25 37
Bending strength (MPa) 39 54
Compressive strength (MPa) 78 90
Elastic modulus (GPa) 9.8 10.8
Thermal conductivity (W/mK) 120 140
Coefficient of thermal expansion (10°%/K, 350 - 450 ) 4.5 4.8
Electrical resistivity (uQm) 11.0 9.2
Fracture Toughness, K¢ (MPa m®®) 0.88 1.1
Energy Release Rate, Gi¢ (J/m?) 193 245
Ash (ppm) <5 <5
Table 2 Conditions of oxidation test

Oxidation Temperature () 520 ~ 900

Oxidation Gas Air

Gas Flow Rate (cm®/min) 200

Sample Size (mm) ©25 50
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Table 3 Results of oxidation test

Size Burn-off Duration Weight(g) Weight | Weight
No| Grade () Temperature M) before after Loss Loss
() burn-off | burn-off | (wt%) | (g/h cm?)
1| IG-110 ®25x50 520 418.32] 43.9246| 40.7293 7.27 1.95x10*
2| 1G-110 ®25x50 520 461.90[ 43.9086| 39.5043 10.03| 2.43x10™
3| IG-110 ®25x50 600 54.53| 43.6737| 38.8062 11.15| 2.27x10°
4| 1G-110 ©25x50 600 54.53| 43.7544| 39.2893 10.20| 2.09x10°®
5/ IG-110 ©25x50 700 8.02| 43.8488| 38.4587 12.29| 1.71x10?
6/ IG-110 ®25x50 700 8.02] 43.6938| 37.9510 13.14| 1.82x102
71 1IG-110 ©25x50 700 6.50| 43.8626| 39.8023 9.26| 1.59x107
8| IG-110 ®25x50 700 6.50| 43.4802 38.9729 10.37| 1.77x10?
9| IG-110 ©25x50 800 0.50] 43.5334| 38.5311 11.49| 2.55x10™
10| IG-110 ©25x50 800 0.50|] 43.9139| 38.9924 11.21| 2.51x10*
11| IG-110 ®25x50 900 0.16| 43.7422( 39.6123 9.44( 3.94x10*
12| 1G-430 ®25x50 520 613.68[ 44.5133| 42.4833 4.56| 8.492x10°
13| 1G-430 ©25x50 520 833.72( 44.7803| 40.1789 10.28| 1.41x10™
14| 1G-430 ©25x50 600 181.22] 44.6541| 40.1840 10.01| 6.28x10™
15| 1G-430 ©25x50 600 181.22] 44.6046| 40.0030 10.32| 6.47x10™
16| 1G-430 ®25x50 700 13.02( 44.4575( 38.5779 13.23| 1.15x102
17| 1G-430 ©25x50 700 13.02| 44.4756| 38.5086 13.42| 1.17x10?
18| IG-430 ©25x50 700 7.50[ 44.6695| 40.4791 9.38| 1.42x107
19| 1G-430 ©25x50 700 7.50[ 44.6274| 40.3255 9.64| 1.46x102
20| 1G-430 ®25x50 800 1.17) 44.5461| 40.2252 9.70| 9.43x107
21| I1G-430 ®25x50 800 1.17| 44.5563| 40.1276 9.94| 9.67x10?
22| 1G-430 ®25x50 900 0.16] 44.7390| 40.8054 8.79| 3.76x107

Table 4 Ratio of density at surface to that at center

Oxidation Temperature (°C)

Surface Density/Center Density

1G-110

1G-430

as recieved

520
600
700
800

900

0.90
0.65
0.67
0.59
0.00

0.00

0.89

0.00

0.00
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Fig.3 Locations of specimens oxidized in the muffle furnace

- 11-



JAEA-Research 2013-004

Fig.4 Heating stage TS1500 (Japan High Tech Co.)
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Fig.16 Microstructural observations for IG-110 specimen (a)as-received, (b)after 10minutes
oxidation at 780 , (c) after 30minutes oxidation at 780
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Fig.17 Microstructural observations for IG-430 specimen (a)as-received, (b)after 10minutes
oxidation at 780 , (c) after 30minutes oxidation at 780
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