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Improvement of Corrosion Resistance of Carbon Material against Air

Hisashi IMAI, Kimio FUJII, Takeshi KUROSAWA and Shinzo NOMURA

Department of Fuels and Materials Research
Tokai Research Establishment, JAERI

{ Received August 7, 1985 )

The present study was carried out to improve the oxidation
resistance of carbon materials for thermal barrier of the
experimental VHTR. The reactivity of the six kinds of carbons
against air was measured as a function of heat-treatment
temperature in a range of 1100° - 2000°C, as well as effect of
acid leachings with hydrochloric acid and with nitric acid on
the reactivity. The treated carbons were reacted in the
atmospheric air at 450°C, and the reactivity change of carbon
was compared with the reaction time needed to oxidize up to a
fixed burn-off.

It was found that the corrosion resistance of carbon was
greatly improved by the heat-treatment, while there was no
effect of acid leaching on the reactivity of carbon. It was
considered that the improvement of corrosion resistance was based
on vaporization of impurities contained in the carbon which act
as catalyzer in the oxidation. The best condition for the
improvement of carbon materials was discussed by taking into

account the changes in the other properties by the heat-treatment.

Keywords- Thermal Barrier, Experimental VHTR, Carbon Material,
Air, Corrosion Resistance, Improvement, Heat-treatment,
Acid Leaching, Very High Temperature
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Specification for thermal barrier material

Block dimension (mm)

Thermal conductivity (w/m°C)

Compressive strength (MPa)

Bending strength (MPa)

Tensile strength (MPa)

Dimensional change (%/h)

Ash (w/o)

Corrosion rate (g/g+h)

Vv

$1050 X 360

A

12 (500 ~ 900°C, Average)
> 40.0
> 13.0

> 6.5

A

0.04/1000 (1000°C, 3 kg/cm?)
< 0.5

< 1 x 1077% (1000°C)

Thermal expausion (88/% +°C) | (2 ~ 3) x 107% (500 ~ 900°C, Average)

* Corrosion at the rate of 1 x lOf7 g/g+*h results in 1 % burn-off

after 20 x 0.6 years.

Table 2

Impurity concentration in the VHIR coolant

Tmpurity Target concentraticn | Max. permissible concentration

(vpm) {(vpm)

H0 0.2 < 0.65

Hy 2.0 < 7.5

C02 0.1 0.45 ~ 0.8

€0 2.0 < 2.5

CHy 0.2 < 2.4

N 0.2 —_

0s ~ 0 —
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Table 3 Burn-offs of the carbons with water

vapor in the coolant of VHTR

*
Tﬁ Burn—off (%)
(Estimated wvalue)
Target
specification H;0 concentration | H,0 concentration
] Target Max. permissible
E 0.2 vpm 0.65 vpm
A 1.5 6
B 1 5
C Period : 20 years | 1 5
Avallability @ 60 %
D | Burn-cff : < 1 % 1 3
E 1 5
F 1 6

* Brun-offs were estimated by using experimental results of

reaction of the carbon material with water wvapor in helium
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Fig.18 : Changes in Young's modulus of samples of carbons A, B
and C as a function of heat-treatment temperature.
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Fig.19 : Burn-off of samples of carbon A heat-treated at various

temperatures in air at 450°C.
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Fig.20 : Burn-off of samples of carbon A heat-treated at various
temperatures in air at 450°C.
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Fig.21 : Burn-off of samples of carbon B heat-treated at various

temperatures in air at 450°C.
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Fig.22 : Burn-off of samples of carbon C heat-treated at various

temperatures in air at 450°C.
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Fig.23 : Burn-off of samples of carbon D heat-treated at various

temperatures in air at 450°C (Center position in block).
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Fig.24 : Burn-off of samples of carbon E heat-treated at various
temperatures in air at 450°C (Center position in block).
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Fig.25 : Burn-off of samples of carbon F heat-treated at various

temperatures in air at 450°C (Center position in block}.
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Fig.26 : Burn-off of samples of carbon F heat-treated at various
- temperatures in air at 450°C (Outer position in block).
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Fig.27 : Burn-off of samples of carbons D, E and F heat-treated

at 2000°C in air at 450°C (Center position in block)
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Fig.34 : Reaction rates of samples of carbons A, B and C as a
function of reciprocal heat-treatment temperature.
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