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Measurements of Thermal Diffusivities of Fine-Grained Isotropic Graphites from
Room Temperature to 2000°C by Laser Flash Method

Hideto Matsuo

The thermal diffusivities of POCO graphite AXM-5Q1 and isotrophic graphite 1G-110,
the candidate graphite material for a High-Temperature Engmeenng Test Reactor (HTTR),
were measured from room temperature to around 2000°C by laser flash method. The
thermal conductivities of these materials were also calculated using the literature values of
heat capacities. AXM-5Q1 showed a little different behavior at around room temperature
to 100°C comparing with the results previously reported in the literatures, whereas at high
temperatures it showed almost the same values. Measurements on IG-110 graphite were
made on the specimens cut from two graphite blocks, and the mean value and its standard
deviation were determined. Measurements were also made on neutron-irradiated 1G-110 as
well. The conductivities were found to decrease after irradiation and a different tempera-
ture dependence was observed. They showd a peak at around 200°C, the degree of the
decrease depending on irradiation condition. It was considered that the shift of the peak
was caused owing to the degradation of crystallites by neutron irradiation.
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Fig. I Diagram for the measurement of thermal
diffusivity by laser flash method.
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Table 1 Samples used in the present experiment.

: Electrical

: Bulk . CTE Aniso- AT
Material Coke | Production | Manufho- | gensity Direc- | (20-400°C) | tropy of ot
o/Mg+m 10° o/K CTE B em

IG-110 Petroleum Isostatic Toyo 1.76 AG 4.04 1.07 1.18

pressing TANSO WG 3.79 1.11

AXM-5Q1 — - POCO 1.75 — 7.41 - 1.66

CTE: Coefficient of Thermal Expansion, AG: Against Grain, WG: With Grain, RT: Room Temperature

Table 2 Thickness of AXM-5Q1 specimens.

Specimen No. 2551260 | 261 | 262 | 266 | 269
Thickness (mm) | 0.93 :1.44 |[1.44 1142193241
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i} Sample AXM -50° }
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Fig. 2 Temperature dependence of the thermal

diffusivity (o) of AXM-5Q1 graphite.
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Fig. 3 Temperature dependence of the thermal
conductivity (A) of AXM-5Q1 graphite.
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Table 4 Thermal diffusivity (&) and thermal conductivity (A) of
1G-110 graphite

afcm?es~? AWem-t-K!

T/°C
With Grain Against Grain With Grain  Against Grain
20 0.934 + 0.083 0.882 + 0.060 113.5+7.2 108555
100 0.689 £ 0.049 0.652 + 0.031 107063 102650
200 0.513+£0.031 0487 :0.021 994 +53 95.7+4.5
300 0.408 + 0.022 0.388 + 0.017 924 t46 89.2+4.0
400 0.339:0.017 0.323 +0.015 85.9:40 83.1£3.7
500 0.291 + 0.014 0.277+0.013 79.9+36 77.5+3.3
600 0.256 = 0.012 0.244 + 0.012 74.5+3.3 723+ 3.1
700 0.229 +0.011 0.218+0.012 69.5+3.0 67.5+2.8
800 0.208 + 0.011 0.198 + 0.011 65.1+2.8 63.1 2.6
900 0.191 + 0.011 0.182:0.011 61.0+ 2.6 59124
1000 0.178 + 0.011 0.167 =z 0.010 57424 56014
1100 0.166 + 0.011 0.158 + 0.010 543+23 52420
1200 0.157+0.012 0.149 = 0.009 51523 496 1.7
1300 0.149 £ 0.012 0.141 + 0.009 49122 47217
1400 0.141 £ 0.012 0.134 + 0.009 47122 451+1.6
1500 0.135:0.013 0.128 + 0.008 455+ 2.1 43515
1600 0.130+0.013 0.123 £ 0.008 442 1.9 422+1.4
1700 0.125+0.013 0.118 + 0.008 43.1£1.7 41.2+1.3
1800 0.121 £ 0.014 0.114 + 0.008 424 + 1.4 40.7 £ 1.3
1900 0.117 £ 0.014 0.110 + 0.008 420+ 1.1 404 £ 1.2
2000 0.114 £+ 0.015 0.107 £ 6.008 41.8+1.0 40514
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Fig. 4 Temperature dependence of the thermal
diffusivity (&) of wunirradiated IG-110
graphite (with-grain).
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Fig. 5 Temperature dependence of the thermal
diffusivity of («) unirradiated IG-110
graphite (against-grain).
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Fig. 6 Temperature dependence of the thermal

conductivyt (A) of unirradiated 1G-110
graphite (with-grain).
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Fig. 7 Temperature dependence of the thermal
conductivity (A) of unirradiated 1G-110
graphite (against-grain).

06& 1
Sample 16~ *10 (With Gro:n)
93 © 032x10%am’ 816~ 970
. .~ 063 960 ~1060
Y - 108 855 ~ 965
» . 118 935~1010
NE 03
L
© 02
ko]
01
o]

0 200 400 600 800 1000
1/°C
Fig. 8 Effect of neutron irradiation on the
temperature dependence of thermal dif-
fusivity (@) for IG-110 graphite (wiht-
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Fig. 9 Effect of neutron irradiation on the
temperature dependence of thermal dif-
fusivity (a) for IG-110 graphite (against-

grain).
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Fig. 10 Effect of neutron irradiation on the
temperature dependence of thermal

conductivity (A\) of IG-110 graphite
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