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Effect of hydrogen on reacticn of graphite with

water vapor

Hisashi IMAI, Kimio FUJII, Takeshi XURCSAWA and Shinzo NOMURA
Department of Fuels and Materials Research, Tokai Research Establishment
' JAERI '

(Received December 19, 1983)

The effect of hydrogen on the rate of reaction with water
vapor was studied forrfour kinds of graphites including IG-11
which is a candidate material for use in the core of the
Experimental High Temperature Gas-cooled Reactor. The experiment
was carried out at 800 - 1000°C in the helium flow which contained
0.65 - 1.0 % water vapor and 0 - 1.5 % hydrcgen. The rate of
reaction with water vapcr decreased by addition of hydrogen
and the effect of hydrogen was much larger for highly purified
graphite than for contaminated one. Based on the experimental
results, the effect cf hydrogen in the reactor conditicn was
estimated and it was shown to be negligible small at such

impurity level as the coolant of the reactor.
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Table 1  Impurity in coolant of VHTR

o8 HEEE (vpm) | EHERME (pm)
H-0 0.65L1F 0.2

H, 2.5 LIF 2.0

CO; 0.45 ~0.8 0.1

CO 25 BUF 2.0

CH, 2.4 LIF 0.2

Na - 0.2

Oz - ~0

Table2 Characteristics of graphites

| IEEE | R FEEE o K il

8 i | & i) i - © 1 C.(A) | BAF
(g/emt) | (f/g) {ppm’
1G—11 Isostatic press 176 0.44 6.731 1.08 <100
H 451 Extrusion 1,74 0.77 6,731 112 170
7477 Mold 1.75 0.38 6.734 1.04 1000*
7477PT | Mold 1.74 0.39 6.733 1.00 5*
* &40 IiE

Table3  Reg,o+ Hz)/R(HzO) of 1G— 11 graphite

Temp 860 5
(1—;2> o (%)CHZ/CHZO oyl 800 6 920 1000
0 1.00 1.00 1.00 1.00
0.50 0.77 0.10 0.19 0.22 0.36
009 1.00 1.54 0.06 0.13 0.14 0.25
1.50 2.31 0.02 0.07 0.08 0.20
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Table 4 R(H20+H2)/R(Hzo) of Hd451 graphite
T |
HON T Cor o eyl aoo 860 920 1000
(95) (%) 120
L0 - 1.00 1.00 1.00 1.00
065 0.50 0.77 0.08 0.12 0.23 0.39
' 1.00 1.54 0.04 0.07 0.14 0.24
1.50 231 0.03 0.05 0.09 0.20
Table5 Rem,p +H2>/R(HEO) of TATTPT graphite
C Lere 800 860 920 1000
H.0 : °
By o LY
' 0 - 1.00 1.00 1.00 1.00
65 0.50 0.77 0.07 0.13 0.19 0.32
' 1.00 154 0,04 0.05 0.11 0.24
| 1.50 231 0.02 0.04 0.07 0.20
Tzble 6 R(HZO+HZ)/R(HZO) of 7477 graphite
H.O C Temp 800 860 920 1000
2 H E )
(G 2 i Cao
0 - 1.00 1.00 1.00 1.00
Lo 0.50 0.77 0.36 0.42. 0.50 0.85
) 1.00 1.54 0.24 0.22 0.25 0.72
1.50 231 | 018 0.18 0.21 0.82
Table7 Effect of gas concentrations on rate of [G—11 graphite at the
same CHZ/CHzO
H.0 C e 860°C 920°C |
(926) H: ) %/ Cuyo °C3
0.65 0.50 0.77 0.19 0.22
1.00 0.77 0.77 0.17 0.18
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800 °C
= H20{055%0) —
k——-—mz(o.s%) e H2(1.0%) ——+H2(15%)
CHz " CHz _ CHz _
Cho=%"7 | Theo =% | CHo =%
| l I L S W s w—

0 10 200 30 40 50 60 70 80 90

Reaction Time {h)
Change of reaction rate with water vapor by addition
of hydrogen. (Graphite:H451, Temp.:800°C)

——— H20(0,65%)————— + H2(0.5%) {#H2{1.0%)

¥, Chz _ 77 ICH2 45/ L2 __ 5y

860 °C

+H2(1.5°h)

CH20 CH20 CH20 ™
I ! i | I I | |
10 20 30 40 50 60 70 80
Reaction Time (b )
3 Change of reaction rate with water vapor by addition

of hydrogen. {(Graphite:H451, Temp.:860°C)
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20

920°C

~—— H20(0.65%) —t+— +H2(0.5%) [FH2{1.0%)———=— *+H2(1.5°%)
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B Crio %77 [Cho ™4 Tho ™ %Y
10
]
M
0 | L | | | | |
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Fig.
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Fig.

Recaction Time(h )

4 Change of reaction rate with water vapor by addition
of hydrogen. (Graphite:H451, Temp.:920°C)

_1000°C
——— H20{065%) ——|
—— + H2(05%) = +H2(1.0%)

CH2 CH2
= 7 =
CH20 0.7 1.54

| ! i |

=+ H2({1.5%)

CHz _
CHz20 =2.31

50
Reaction Time (h )

5 Change of reaction rate with water vapor by addition
of hydrogen. {(Graphite:H451, Temp.:1000°C)
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= H20
(0.65%.)

[ | [ 1.

= H2( O.SDID)
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| ! — |
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Reaction Time (h )
Change of reaction rate with water vapor by additicon

of hydrogen.
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Reaction Time (h)
7 Change of reaction rate with water vapor by addition

of hydrogen.

(Graphite:7477, Temp.:860°C)
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of hydrogen.

320°C
~—H20(065%)— +H2 (05%)}—— +H2(1.0%) |—— +«H2(1.5%)
- CHz CH2 CH2
=077 =154 =2.31
CHz20 CHz20 CH20 ,
I ] I | I l [ | ] | |
0 50 100
Reaction Time (h )
8 Change of reaction rate with water vapcr by addition
of hydrogen. (Graphite:7477, Temp.:920°C)
1000°C
~— H20 —=+— +H2(05%%) = +H2(1.0%) =+ H2(15%)
O o gy Gy, SHz o 59
~ CH2O0 7 CH20 ~ CH20
| i ! | | I | I l
0 10 20 30 40 20 60 70 80 90
Reaction Time (h )
9 Change of reacticn rate with water vapor by additicen

(Graphite:7477, Temp.:1000°C)
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300

Temp. : 860°C

Chz0 s 0.65%

200

Y fem2.h 1mg)

CH
%20
Fig.13 Relationship between reciprocal rate
aﬂd an/CHZ()-

(Graphite : 1G—1%, Temp. : 860°C,
Cryo . 0.65%)

300
Temp, : 850 °C
CH2a 5 0.65%
200+
o
£ L
<
E 00
T
1 ] ! 1 | ! t !
OO 05
CH;ﬁ
CHz20

Fig. 14 Relationship between reciprocal rate
and Cy,'"*/Cryo .
(Graphite : 1G—11, Temp. . 860°C,
Cuyo - 0.65%)
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Fig. 15 R /R at C.. /C.. .= 2.31, at 1000°C as a
(H,0+H,) ™ (11,0 B, “H,0

function of concentration of water vapor.



