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ABSTRACT

Graphite is suitable for high temperature structural materials because of chemical stability as well as unique crystal structure.
Especially, graphite can be used as a part of a nuclear reactor due to high tolerance at the extreme conditions of high temperature and
neutron irradiations. Although study of oxidation properties or behaviors of graphite are very important and essential for the life and
stability of the nuclear reactor, most of studies treat this theme lightly. This work focuses on the oxidation characteristics of several
grade isotropic graphite of the nuclear reactor.
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Table 1. Properties of Nuclear Graphite (IG-11, IG-110, 1G-430)

Properties IG-11 1G-110 1G-430
Bulk density (2/cm’) 1.77 1.76 1.82
Young's modulus (GPa) 9.87 8.93 10.22
Flexural strength (MPa) 39.2 374 539
Shore hardness 52 51 54
Impurity (ppm) <400 <20 <20
Average grain size (um) 10 10 10
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Fig. 1. TG curves of nuclear graphite specimens with different
graphite grades as a function of oxidation temperatures.
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Fig. 2. Oxidation rate of nuclear graphite specimens with

different graphite grades as a function of oxidation
temperatures.
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Fig. 3. Activation energy of nuclear graphite specimen as a

function of oxidation temperatures.
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Fig. 4. Density of nuclear graphite specimens with different
graphite grades as a function of oxidation weight (wt%).
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Fig. 7. Friction coefficient of nuclear graphite specimens
before and after oxidation.

Figs. 7, 8& Atst&o] W& wpaAS S nladAFustE
B3 @A whEAA e whzke] AHWA @ IS
Ueh Tzt mpze] YA wpdA e gho] St
At ol whel] o3 ZHe ZAYAEC] oA
7FaA ®Hol AR wEAA I Frkete AR #
gt 2Eal Agkgo] AE we Aty oz apaAs
kol YobH i Atshgo] F7igtel wet mpEAlgho] F
7FetGatt. o= Atstel s AlHzHe] EA A2 A
stk e mhEA] 2 R el@Ag7 ol Ha 4t
stFo] Srtetd AlHzF o] AeA &4E mhEA] &
A3 @ go]l B st ATl EQYste o3
d AT AeAF AoR duEn vhEge Alg
EHE| FHEn AAL oA Absbd vhERE A HubH o
B dddA wpEo] o] RojH g IAT F S} 28
3 ANEE Al e] whRE e AHeh (oxidation pit)o] E

o ¥ &4 24 BIY & AT 1G-119 vEY

—_

o] AR E [G-1103 1G-4300] H|s) Atstdo] w9 =
A Yelse ol& 43kt 600°C F-2ollA o] FojA 3}t

IG 11 oxidation 0%

(IG 110 oxidation 0%)

oxidation 0%) (IG 430 oxidation 3.85%)

(

Fig. 8. Wear surface of nuclear graphite specimens before and
after oxidation.

A 434 A 123(2006)



838 A - 7‘:]7511— °
A EeEo] AUFoR & 1G-119 gt AskA A
e ZAtoltt.

4.4 =

IG-119) AFsRA 7F 1G-1107 1G-4309) B]8) AthZ o
2 9o 2uoi AFHJYL 1G-119 AsEert

AT
=7

ety 1G-1103 1G-4309] A& nes diidoz

Al e 1G-119] SAAHo] 370 AstE oA &4
AR 7F 1 BT 1G-110, 1G-43090 H|5)] THHEES

L. 0) v}

Foo] digF 100°CHE ¥ 259 749°CHE el
. IG-110& 603~663°C F2ollA] A sl x] 7} v
FYGo] YA FH o R LENGL

shgo] Stgd oel 9t FAHoz wig
she ZHaslsth ol o] 600°C F2olA UEst &
Aol X FUsHAl Absr dojut FAde] Wb FukE A
%71 WZolt}. Akgh&o] Fr1Eel uiet §A &3 Lol
T3 AFPFHoR AaE
7t AFEE Abshgol wet GEAEI A FEeH
2% Aot 22 Aoy, G ELS AekE 2.5% H2

flo ¥

T
T

M 2 Fom Ayt Aol HAXL wobAwghe A

3HE 10% 27k & Fo] art 8ol HYrt ol
gt Z+AE Knudseno| A|AE A

& el 9]
Asgo] e W

AF oz npaA o] Woba

T

AL AEhgo] FHgel whel whdA| ko] ks A

Z] vk

o

3 nFENe Mo FUs sl ool

BFAR 31

. ©]= Neighbour, Hacker
oz 7

FHFAH AT A

1

2F5}A (oxidation pit)e] Hole &
ek, I1G-112] mpahaie] Apzlol
300 wis) Atshde]l w9 =A e

REFERENCES

. B. C. Mitchell, J. Smart, S. L. Fok, and B. J. Marsden, “The
Mechanical Testing of Nuclear Graphite,” J. Nuclear
Mater., 322 126-37 (2003).

. A. Kurumada, T. Oku, K. Harada, K. Kawamata, S. Sato, T.
Hiraoka, and B. McEaney, “Effects of Burn-Off on Thermal
Shock Resistances of Nuclear Carbon Materials,” Carbon,
35 [8] 1157-65 (1997).

. L. Xiaowei, R. Jean-Charles, and Y. Suyuan, “Effect of
Temperature on Graphite Oxidation Behavior,” Nuclear
Engineering and Design, 227 273-80 (2004).

. T. Chunhe and G. Jie, “Improvement in Oxidation Resis-
tance of the Nuclear Graphite by Reaction-Coated SiC Coat-
ing,” J. Nuclear Mater., 224 103-08 (1995).

. G B. Neighbour and P. J. Hacker, “The Variation of Com-
pressive Strength of AGR Moderator Graphite with Increas-
ing Thermal Weight Loss,” Mater. Lett., 51 307-14 (2001).

. ASTM C 1179-91.

. E. L. Fuller and J. M. Okoh, ‘“Kinetics and Mechanism of
the Reaction of Air with Nuclear Grade Graphite: 1G-110,”
J. Nuclear Mater., 240 241-50 (1997).

. R. Moormann, H. K. Hinssen, and K. Kuhn, “Oxidation
Behaviour of an HTR Fuel Element Matrix Graphite in
Oxygen Compared to a Standard Nuclear Graphite,”
Nuclear Engineering and Design, 227 281-84 (2004).



