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Temperature Dependence of the Reaction of Hydrogen
with Carbon Dioxide Induced by y-Rays

Hiroshi MITSUI and Yuichi SHIMIZU
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(Received November 8, 1978)

A mixture of hydrogen (Hg)-and carbon dioxide (002)
was irradisted with y-rays from a ccbalt-60 source. The
molar ratio of H2 to CO2 was 11,0, the pressﬁre of the
mixture 9.0 kg/cm? gauge at 30°C, the temperature 50° —
4,50°C, the dose rate 8.34 x 105 rad/hr, and the total dose
20 Mrad. Cesrbon monoxide (CO), me thane (CHh), and ethane
(CZHé) were observable as the main products. The G-values
for formations of CO, CH, , and 02H6 were 0.24, 0.25, and
0.03 at 100°C, and incressed to 27.7, 2.1, and 1.9 at
450°C, respectively. The G-values were calculated from
the yields after subtracting the yields due to the pure
thermal reactions from the ones of the reactions under
y-~irradistion. The activation energies of the G-values
were 1.8, 0.0, and 0.0 keal/mol below 200°C, and 11.3,
6.7, and 15,7 kcal/mol above 250°C for formations of CO,
CHL, and CZHé’ respectively. The boundary temperatures at
which the activation energies changed were estimated to be
2,0, 221, and 239°C for the respective products. On the
basis of these results, the temperature dependence of the
radiation effect in the reaction of H2 with CO2 is

discussed.

Keywords: Hydrogen-Carbon Dioxide Reaction, Carbon
Monoxide, Methane, Ethane, Gamma Rays, G-Value, Activation
Energy, Boundary Temperature, Temperature Dependence,
Radiation Effect.
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Table 3 Estimated yields of water and total product from
the radiation-thermal and thermal reactions (RTR

and TR} of hydrogen with carbon dioxide®

Temp. Product yield =x 102 mol%
H,0 Tatal

°c RTR TR RTR TR

50 1.28 0.00 1,86 0.00
100 1.83 0.00 2.95 0.00
150 2.3 0.00 3.96 0.00
200 3.3 trace 5.13 trace
250 7.60 1.46 13.3 2.79
300 20,2 5.99 36.7 11.5
350 65.4 2.7 123 u8.4
1,00 108 L6.9 199 87.0
50 158 75.2 290 110

2 Resction conditions are ths same as in Table 2,

Table |} Estimated conversion in the radiation-thermal and thermal

reactions (RTR and TR) of hydrogen with carbon dioxide?

Temp . Conversion mol%
H, €0, Total

°c RTR TR RTR TR RTR TR
50 0.025 0.000 0.006 0.000 0.031 0.000
100 0.030 0.000 0,012 0.000 0.042 0.000
150 0.035 0.000 0.017 0.000 0.052 0.000
200 0.047 trace 0.028 trace 0.075 trace
250 0.102 0.017 0.061 0,013 0.163 0.030
300 0.253 0.069 0.172 0.05% 0.425 0.124
350 0.757 0.267 0.595 0.237 1.352 0.500
Loo 1.32h 0.586 0.9 0.1,08 2.2565 0.994
1,50 1.958 0.923 1.372 0.660 3,330 1.583

& Reaction conditions are the same as in Table 2.
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Table 6 G-values for the disappearance of hydrogen and
carbon dioxide in the radiation-induced reaction

of hydrogen with carbon dioxide®

Temp. G~value

°¢ By co, Total

50 1.16 0.30 1.46
100 1.4 0.54 1.95
150 1.61 0.79 2.40
200 2.16 1.28 3.44
250 3.9 2.20 6.11
300 8.51 5. 13.92
350 22.7 16.6 39.3
1,00 i1 2l 7 58.8
450 48.1 33.2 81.3

8 Reaction conditions are the ssme a&s in Table 2.

Table 7 G-values for the formation of various products from the

radistion-induced reaction of hydrogen with carbon dioxide®

Temp. G-value
°c co CHy C, Hy C,Hg | H,0 Total
50 0.00 0.2k 0.03 0.00 0.60 0.87
100 0.2l 0.25 0.03 0.00 0.86 1.38
150 0.51 0.24 0.02 0.00 1.07 1.8y
200 0.98 0.24 0.03 0.00 1.58 2.83
250 1.57 0.36 0.03 0.07 2.83 4.86
300 .27 0.60 0.14 0.09 6.57 1.7
350 1.3 0.99 0.55 0.06 18.8 3.7
14,00 21.2 1.46 1.15 -0.10 28.1 51.8
1,50 27.7 2.1 1.94 ~0,16 38.7 70.3

a

Reaction conditions are the same &s in Table 2.
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Fig. 1 Arrhenius plots of the conversions of hydrogen in
the radiation-thermal ( O ) and thermal ( . ) reactions
of hydrogen with carbon dioxide. Reaction conditions are

the same as in Table 2.
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Fig. 2 Arrhenius plots of the conversions of carbon
dioxide in the radiation-thermal ( O ) and thermal ( . )
reactions of hydrogen with carbon dioxids. Reaction

conditions are the same as in Table 2.
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Fig. 3 Arrhenius plots of the total conversions of raw
gas mixture in the radiation-thermal ( O ) and thermal
( . ) reactions of hydrogen with carbon dioxide. Reaction

conditions are the same as in Table 2.
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Fig. L Arrhenius plots of the yields of carbon monoxide
from the radiation-thermal ( O) and thermal ( . )
reactions of hydrogen with carbon dioxide. Reaction

conditions are the same as in Table 2.
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Fig. 5 Arrhenius plots of the yields of methane from the
radiation~thermal ( O ) and thermal ( . ) reactions of

hydrogen with carbon dioxide. Reactlon conditions are the

same as in Table 2.
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Fig. 6 Arrhenius plots of the yields of ethane from the
radiation-thermal ( O ) and thermal ( . } reactions of
hydrogen with carbon dioxide. Reaction conditions are the

same as iIn Tabls 2.
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Fig. 7 Arrhenius plots of the yields of water from the

radiation-thermal ( O } and thermal ( . ) reactions of
hydrogen with carbon dioxide. Reaction conditions are the

same as_in Table 2.
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Fig. 8 Arrhenius plots of the total yields of products
from the radietion-thermal (O } and thermal (. )
reactions of hydrogen with carbon dioxide. Reaction

conditions are the same as in Table 2.
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Fig. 9 Arrhenius plots of the G-values for the
disappearance of raw gas mi'.xture { O ).,"hydrogen { O )},
and carbon dioxide ( . ) in the radiation-induced reaction
of hydrogen with carbon dioxide.. Reaction conditions are

the same as in Table 2,
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Fig. 10 Arrhenius plots of the G-values for the formation

~ of total product ( O Vs cai:-bonx_monoxide ( e ), methane

( O }, ethane ( . ), ahd water ( G) ) in the radiation-
induced reaction of hydrogen with carbon dioxide. Reaction

conditions are the same as in Table 2.
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Table 9 Lowest criticel temperatures (LCT) and activation
energies (Ea) for G-values in the radiation-

induced reaction of hydrogen with carbon dioxide®

b LCT E, keal/mol
G=value
°c 50°¢ -— LGT LCT — L450°C
- H, 216 . 1.19 9.77
- co, 225 2.88 1 10.6
- Raw gas mixture 218 1.67 10.1
co 2o 1.83 11.3
' CHu 221 . 0.00 6.67
CZHé 239 0.00 15.7
H,0 : 218 1.9 10.2
Total product 222 2.33 10.4

& pesction conditions are the same as in Table 2.

L Negative signs represent the disappearance of the

component.,
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Fig. 11 Temperature dependence of the estimated G-values

for the disappearance of raw gas mixture (A) and the
formation of total product (B) in the radlation-induced
reaction of hydrogen with carbon'dioxide. Reaction

conditions are the same as in Table 2.
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