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Studies on the core-support carbon material for VHTR (1)
( Changes of thermal conductivity and electrical
resistivity due to heat-treatment )

Hideto MATSUQ, Tamotsu SAITO, Yasumasa FUKUDA, Yasuichi SASAKI
and Takashi HASEGAWA® '

- Division of Nuclear Fuel Research, Tokai Research Establishment, JAERI
( Received October 16, 1979 )

To obtain information of core~support carbon material for VHTR,
thermal conductivity and electrical resistivity of three domestic carbon
blocks were measured. Results indicated the need for development of
carbon material with lower thermal conductivity for VHTR. These two
were also mzasured of the samples heat-treated between 1000°C and
3040 °C for one hour. Thermal conductivity increased with heat-treatment
above 1200°C and resistivity stayed constant between 1500 °C and 2000 C.
The results should be useful in choosing the final heat-treatment
temperature in carbon material production. The changes of Lorentz
number with heat treatment were classified into three heat-treatment
temperature regions of below 1500°C, 1500°C - 2500°C, and above 2500°C ;
the results are interpreted with a graphitization model.

Keywords : Carbon, Thermal Conductivity, Electrical Resistivity,
Heat Treatment Effect, Lorentz Number, Graphitization, VHTR Reactor,

Reactor Materials

*) Showa Denko K. K.
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Table 1 Some physical properties of SIG—B, EG—36B
and C—140 carbons .

Manufacturer Shows Denko Nippon Carbon | .Tokai Carbon
Property~Lilect g —Drend S1G-B EG~36B | C—140
Bulk density

1.53 1.58 1.61
(g/ em®)
Electrical resistivity wa 4.80 10.2 3.13
X107 (rem AG 5.39 12.0 3.33
Young’s modulus waG 122 13.9 9.28
X10'%kg/ ent AG 10.7 10.9 8.61
Compressive strength wa 1328 1850 400
kg emd AG 1316 1700 423
Bending strength wa 396 580 133
kg cm® AG 386 437 148
- Thermal expansion coeffi-| WG 4.60 5.05 4.00
cient , azs00 X 10° (C*) | AG 6.62 6.96 4.39
Thermal conductivity | WG 011 0.11 0.16
(W/em-K) AG 0.11 0.11 0.16
Baking temperature
) 1100 ~-900 1000
(c)
Pet roleum coke| Petroleum cokel Petroleum coke
Material
Coal .ter pitch | Coal tar pitch| Coal tar pitch

WG; With Grain
AG; Aguinst Grain
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Table 2 Experimental results on thermal conductivity and electrical

resistivity of SIG—B, EG—36B

and C—140 carbons

Samp le - - -
AT.TNY, P 51G-B EG—36B C—140
) Stio, K(W/em K ) p(Q-em), X107 | K(W/cm-K ) | p(Q-em), X107 | K(W/emK) p(Q-em), X107
wG 0.11 4.80 011 10.2 0.16 3.13
As received .
AG 0.11 5.39 0.11 12.9 0.16 3.33
000 WG 0.09 507 0.11 5.08 0.21 2.86
1 .
AG 0.10 4.68 0.10 6.15 0.15 317
100 WG 0.09 4.78 0.12 4.87 0.15 2.85
1
AG 0.08 5.49 0.08 5.33 0.17 3.11
1200 WG 0.14 4.83 0.14 4.22 0.17 2.87
AG 0.08 5. 47 0.10 5.03 0.17 2.72
1500 wG 0.15 4.29 0.13 3.60 0.25 2.41
AG 0.14 4.96 0.12 4.47 0.29 2.68
1750 wG 0.17 4.04 0.21 3.69 0.35 2.39
AG 0.15 5.14 0.15 4.47 0.21 2.79
WG 0.34 3.36 0.28 3.37 0.46 2.48
2000
AG 0.20 5.18 0.21 4.26 - -
WG - - 047 3.01 0.69 2.15
2500
AG 0.36 4.36 0.38 3.57 - -
WG - - - - - -
2800
AG 0.61 2.43 0.65 2.17 0.83 1.64
-WG - - — - - -
3040
AG 0.75 1.89 - 1.92 0. 91 1.43

WG; With Grain,

AG; Against Grain.
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Table 3 Therma! conductivity and electrical

JAERI-M 8551

resiativity of some nuclear graphites

Sample Coke Thormal Gonductivity Ele%::iicstlivit
(W/em-K) (Q-cm) X
SM1 — 24 (}1) | Needle coke 1.79 7.94
SM1 —24 (L) Needle coke 1.81 7.50
H-~- 327 (1) Needle coke 2.68 4.59
H— 327 (L) | Needle coke 1.62 8.39
TE1-24 () | Gilsonite coke 1.66 9.40
IE1-24 (L) Gilsonite coke 1.37 10.4
IM2—24 (4) | Gilsouite coke 1.46 10.4
7477PT Fine needle coke 0.88 15.6

(1) ; Parallel to the molding or extrusion direction.

(L) ; Perpendicular to the molding or extrusion direction.
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Fig. 2 Change in thermal conductivity with heat
treatment temperature
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Fig. 3 Chapge in electrical resistivity with heat
treatment temperature
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Fig. 4 Relation between thermal resistivity and electrical
resistivity of carbon material after heat treatment
at 1000C, 1100C, 1200C, and 1500C for one hour
1o i ﬁ"%”%“ Reactor grode graphite
0 {750°C o: SMi1-24 (/)
8 I ¢ : 2000°C ®: SM1-24 (L)
v : 2500 °C &8:H-327 (/)
v :2800°C A:H-327 (1)
ér © : 3040°C 0: IE1-24 (/)
m: IE1-24 (1)
al 0: 7477PT
©: IM2-24
2L
0 [l 1 ]
0 5 6 7
Electrical Resistivity, x10°* 2 cm
Fig. 5 Relation between thermal resistivity and electrical

resistivity of carbon material after heat treatment
at 1750C, 2000C, 2500C, 2800C and 3040C for:one hour
and also of some nuclear graphites
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Fig. 6 Change in the Lorentz number of carbon materials
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