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ABSTRACT

Artificial graphite generally manufactured by carbonization sintering of shape-body of kneaded mixture using granular cokes as
filler and pitch as binder, going through pitch impregnation process if necessary and finally applying graphitization heat treatment.
Graphite materials are used for core internal structural components of the High-Temperature Gas-cooled Reactors (HTGR) because
of their excellent heat resistibillty and resistance of crack progress. The HTGR has a core consisting of an array of stacked graphite
fuel blocks are machined from [G-110, a high-strength, fine-grained isotropic graphite. In this study, crack stabilization and micro-
structures were measured by bend strength and fracture toughness of isotropic graphite grade 1G-110. It is important to the reactor
designer as they may govern the life of the graphite components and hence the life of the reactor. It was resulted crack propagation,
bend strength, compressive strength and micro-structures of 1G-110 graphite by scanning electron microscope and universal test

machine.
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Table 1. Physical and Mechanical Properties of Some Common Nuclear Graphite

Gade s O Ny modds s condwey | CTF
1G-110 Japan Isostatic press 1.75 10 25 124/138 4/3\.6
AGOT US.A. Extruded 1.70 10/8 10/9 227/138 22/3.8
ASR-1RS Germany Molded 1.78 9.9/9.2 15/14 125 4.7/49
H-451 US.A. Extruded 1.75 11/9.6 15/13 150/135 3.5/4.5
M1-24 UK. Molded 1.81 i1 275 131 43
GR2-125 Russia Extruded 1.85 12/8.5 15/8 160/100 3.9/52
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ASTM C-709: Standard terminology relating to manu-

factured carbon and graphite.3)

ASTM C-781: Standard practice for testing graphite

and boronated graphite for high temperature gas cooled

nuclear reactor.”
ASTM C-611: Standard test method for electrical
resistivity of manufactured carbon and graphite articles
at room temperature.s)

ASTM (C-560: Standard test method for chemical

analysis of graphite.6)

ASTM C-561: Standard test method for ash in a

graphite sample.7)
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Table 2. Requirements for Mechanical Properties4)

AAXE 21 AAE A EE 7| A R(basal plane)S 7}
A3 YT}, ZAL AL, we S F Ied
1AWl ol v]AlF<E (microcrack)ys ZF ATu7] wiE
olth, ZALE 7|AAE wE vHdge] IAHHE &
At 1AL A9 AxARFT YZHEAH AN T
oA oHHRl ol o3 THEXITE et FA
A EFS FFEA AL YAl EAlshe vAMlF
d2EH vfEYS gAE Ado] FAste s A
o g fEY2 B4 AL domain FEIS}F mosaic
Fele] v 7+Z2E ZHETH Domain ZE] 9] wj EE] 2ofA
= 37-&Y ol E HA BigH st dojyr, o] g
o] #<¥ initiation 3 sitesEH H TS St} Mosaic
o] HEY M= SAY 3-8 g Al =
AHZ7F dojuhm, e st 484%4S
Ay, #E878S EAAT 715 A5l
87 Fagste] F7AA 8
A jnitiationS = AL A3, AR IE FE o)
FFHe 71F vhi

B dFoa s 22 7FAYWZEMHTGR)Y 5WiAdAd 2
24 tin|ste] YEoA 2 Tk YRS AEA 2
24 AAANZA g3t YAZEF 592 ulira high
purity isotropic graphite! IG-110-= four-point bending
testE ol&ste FHAAY B vAFx TS FEstLA}
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Test

Test method Specification

Tensile strength

Flexural strength

Compressive strength

Dynamic elastic modulus

Stress-strain response and modulus of elasticity
Weibul modulus

Fracture toughness

Min. 12 MPa

Min. 20 MPa

Min. 60 MPa
ASTM C-781 Min. 9.5 GPa

Min. 9.5 GPa

Min. 8

Min. 0.9 MPa/m"?
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IG-110 AL 20x10x80(mm)S] &S HA ] AJHo =
7VEsle] UTMS ol &3te] ASTM CG5191‘°>011 91746}04

g7} =g 2359tk 500 kgf load cellS AH8-31%

0.5 mm/min®] cross-head speed®=, inner span< 20 mmi
outer spane 60 mm=E st AE & 4 (DE 4=
Artst At

S=PxL/WxD’ 4

A7V, S: 9 ZEg, P o o E
AEe] Z, D:AHe] EAolt.

Zr, L:span 7+4, W

1G1104 %735 =45 98 XS 19mm, F°] 38
mme] YEF A|HE A=eted, ASTM €695-91'%l) 2] A
shed %‘%—%E%— ZAAT. AFAE S A 500 kef
load cell® 0.5 mm/min®] cross-head speed® 3}%%2H,
A () AMHEEY dEHEE AR

C=W/A 2

A71H CE YEAE Foln W= BHEE |3 Ax

Ao g o),

2.3 oHHQIM £H

IG-1109] fracture toughness= SEVNB methodE AR
sted 2439k Notch length® 1 mmolA 3 mm7HA]
0.5mm 7ZFAoz WslE FUTE 500kef load cellZt,
0.5 mm/min cross-head speed, inner span 20 mm3E outer
spand 60 mm=z 3te] AR FHUAA Kce ot
o} 722 A (3)S ol &ste] Atttk

Kie = 2= faY (a/w) @)
2WD

o] 714, P+ load, L-I& test span, W width, D= height
o] a¥ notch lengtholt}. Y(a/w)i= shape factor2A] o}
e 2oz My

2

Y(a/w) = 1.964-2.8372+13.71 1(3)
A% W.

3 4
a a
-23.250(2) +24.129( )
23 250(W) 24.129( L, @)

24, 0JM7= 9 Oto|chH 2HE

gy El F9 1G-110 SA A Fdd, #9 A4 E
ZolE metslr| #lsted FARARIEM] 7 (Scanning Electron
Microscope, S-3500N, Hitachi, Japany2 ©]8-, ¥43}30

Table 3. Results of Pore Diameter, Porosity, and Apparent
Density by Mercury Porosimeter

Average pore Porosity Apparent density
diameter (um) (%) (g/em’)

1G-11 0.022 19.02 1.77
1G-110 0.027 20.42 1.75
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Fig. 1. Fracture strength of 1G-110 graphite by 4-point bending
test.
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Fig. 2. Compressive strength of IG-110 graphite.
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Fig. 3. Fracture shape of IG-110 graphite after compressive
test.
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Fig. 4. Change of fracture toughness on the change of notch
length by 4-point bending test.
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Fig. 6. Pore of polished IG-110 graphite by SEM: (a) x100 and

(b) x500.
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