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On the application of carbon materials to fission and fusion reactors

Tatsuo Oku*

ABSTRACT —Carbon materials have been used in the nuclear fission reactors from the beginning of the
reactor development for the speed reduction and reflection of neutron. Graphite materials are used both as
a moderator and as a reflector in the core of high temperature gas-cooled reactors, and both as a radiation
shielding material and as a reflector in the surrounding of the core for the fast breeder reactor. On the
other hand, carbon materials are being positively used as a first wall of plasma as it is known that low z
materials are useful for holding high temperature plasma in the nuclear fusion devices. In this paper the
present status of the application of carbon materials to the nuclear fission reactors and fusion
devices(reactors) is presented. In addition, a part of results on the related properties to the structural design
and safety evaluation and results examined on the supjects that should be done in the future are also

described.
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Table 1 Reactor core structures and materials in high temperature gas-cooled reactors.
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Table 2 Related problems to core structural design and related properties of graphite and carbon
materials for HTTR.
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Table 3 Basic properties of selected materials for

HTTR.
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nuclear fusion devices.
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Table 5 Various properties of graphite materials for fusion decices.
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HE ETP—-10|HCB—18S IG—-110U IG—430U | AXF—~5Q| Graph KOL N3M 5890PT* Pyrocarbon * *x
(AEFy) | (Exfk) (BLEPERR) (S#sE) | (POCO) | (GLCC) ## (LCL)
ik A R WG AG WG AG a <
IS EN e/ 1750 1980 1760 1820 1840 1820 1810 2000
PR, @
50~400"C/10"6K~! 3.8 5.4 4.0 (3.6 4. 4 7.7 5.0 5.5 3.8 |3.75] 0.1 22
BERNEE 34. 3 44. 1 124.9)24. 0 37.3 62 45 40 42.8141.5{110 3
a/MPa
‘HhiFREE 58. 8 88. 2 34.7132.8 53.9 83 55 52 65 60 125 -
ov/MPa # #
Jiz:oadd 98. 0 176 73.4169.6 84. 3 130 76 76 - - - -
oo/MPa
YPUUE 10. 8 15. 7 9.4219.97 11. 0 14 9.8 9.6111.7(9.9 28 -
E/GPa
i 105 102 124 138 140 121 180 165|88.1|72.4] 400 2
AM/a K RT)
B33/ vom 10 10 <2 <2 <600 <50 - <10
iibicnd * *
Kic/MPanml/2 1.15 1.17 1.02{1. 06 1.23 1.67 - 1.4 1. 23 - - -
BENTA—2
Ao/a E Ai/m 87. 8 53.1 81.9(92. 3 107. 9 69 165 125 85 81 1574 -
AKic/a E/kW/n!7? 2. 94 1. 41 3.29]3.98 .56 1. 87 - 4.3712.43 - - -
* 1PPJ~AM=50 (1987)
#% ORNL/TM-10280(1987).
# KJ. Dietz, Presented 3rd Int. Conf. on Fusion Reactor Mater. (1987).
A :axial direction, R :radial direction
WG : with grain, AG :against grain
a : a—axis direction, ¢ : c—axis direction
Table 6 Various properties of CC composite materials for Fusion devices.
HE cC—-312 CX—-2002U MCI—felt PCC—28 MFC—1 AQ05G
(BBAIET) (HEEpER) (=) (Hardesk) (=22 (LCL)
BHE par per |par per |par per |par per par per par per
S EE kg/m 1770-1810 1650 1760 1790-1840 1830 1770
ABFRRE
50~400°)C/10°K-* | 0.6 |10.9] 2.0 | 5.7 |-0.5]3.1 1.1 7.5 |-0.9(8.3 1.0 |8.0
SBRNAEE 2.1~ - 30 - 36 3 - - >400|~2. 9| - -
o /MPa 84.7 ~45 ~4
HhEEE 75 11
ow/MPa 78 19 44 - ~125| ~15|44 15 250 8 100 -
JiE: e 60.4~ | 56.9~ 47 47
co/MPa 87.3 78.1 - - ~57 ~74| — - ~280|~22 - -
R4 19 1.3 73 1.6
E/GPa 40. 3|5. 08|10 - ~34|~1. 5] - - ~99|~1.9} 17 -
R 240 |40 360 |30
A/M/m K (RD) 210 130 |[330 |175 |~330|~70 |285 |140 |~460|~50 200 -
R5Y/pom 22 <10 <20 - <20 -
BEHNG A—F
Aci/a B /Ki/m >365| — 495 - —909| >29 - - ~2191 >6.5 - -
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Fig. 10 Comparison of graphite crack behavior as
determined in five different studies.The
numbers indicate from top to bottom: the
number of materials of which all samples
cracked at the respective heat loads, the
number of materials where a part of the
samples cracked, the number of materials
that did not crack. The letter a indicates
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material cracked and b indicates the heat

flux where all materials cracked."
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