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Abstract: The effect of component, temperature and flow on characteristic of methane/
steam/carbon dioxide reforming reaction in the presence of oxygen in micro-annular chamber
was numerically simulated using the surface elementary reaction mechanism. The results in-
dicate that the effect of steam on the yields of H, is obvious but the effect of carbon dioxide is
inconspicuous at low temperature. Increasing the content of steam (carbon dioxide) can im-
prove the conversion efficiency of methane. As the temperature rises, the effect of steam
(carbon dioxide) component on the characteristic of reforming reaction becomes more obvi-
ous. The content of hydrogen (carbon monoxide) and the conversion efficiency of methane
at outlets obviously decrease with increasing flow rate. The effect of steam (carbon dioxide)

on the conversion efficiency of methane becomes is no longer obvious at high flow rate. As a
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product of the reaction, the content of steam (carbon dioxide) at outlets maintains un-

changed with increasing flow rate.

On the contrary, as a reactant of the reaction, the con-

tent of steam (carbon dioxide) at outlets increases with increasing flow rate.

micro-annular chamber; surface elementary reaction; methane;

carbon dioxide; steam; reforming reaction characteristics
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Table 1 Surface reaction mechanism for steam-methane reforming on Ni-based catalysts

Reaction Pre-exponential factor Activation energy/(J « (Kg * moD ")

H, +2Ni(s)—>2H(s) 3.62X10" 0
2H(s)—H, +2Ni(s) 2.55X10" 8.12 X107

0, +2Ni(s)—>20(s) 9.09Xx 107 0
20(s)—>0, +2Ni(s) 4, 28X10* 4. 75X 10°

CH, +Ni(s)—CH, (s) 2.73X10° 0
CH, (s)—>CH, +Ni(s) 8.71X10" 3.75X107

H, O+ Ni(s)—H,O(s) 3.22X10" 0
H, O(s)—~>H, O+ Ni(s) 3.73X10" 6. 08X 107

CO, +Ni(s)—>CO, (s) 2.06 0
CO, (s)—>CO, + Ni(s) 6. 45X 107 2.60X107

CO+Ni(s)—=CO(s) 1.29X10° 0
CO(s)—>CO-+Ni(s) 3.56 10" 1.11Xx10°
H(s)+0(s)—>Ni(s) +OH 5. 00X 104 9. 79X 107
Ni(s) +OH—H(s) +0(s) 1.78X10% 3.61X107
H(s) +OH(s)—Ni(s) +H,O(s) 3.00x10" 4,27 X107
Ni(s) +H,O(s)—>H(s) +OH(s) 2.27X10% 9.18X 107
20H(s)—>H,0(s) +0(s) 3.00X10% 1.00X10°
H,O(s) +0(s)—>20H(s) 6.37X10% 2.11X10°
C(s)+0(s)—>Ni(s) +COC(s) 5.20X10% 1. 48X 10"
Ni(s) +CO(s)—>C(s) +0(s) 1. 35X10% 1.16 X10*
CO(s) +0(s)—>Ni(s) +CO, (s) 2.00X10" 1.24X10°
Ni(s) +CO, ()—=>CO(s) +0(s) 4.65X10% 8.93 X107

Ni(s) +HCO(s)—>H(s) +CO(s) 3. 70X 10% 0
H(s) +CO(s)—Ni(s) + HCO(s) 4.02X10" 1.32X10*
Ni(s) + HCO(s)—>~CH(s) +0(S) 3.70X10% 9.58X 107
CH(s) +0(S)—>Ni(s) +HCO(s) 4. 60X 10" 1.10X10°
Ni(s) +CH, (s)—>H(s) +CH; (s) 3.70X10% 5.77X107
H(s)+CH; (s)—>Ni(s) +CH, (s) 6.03X10% 6.16 X107
Ni(s) +CH; (s)—>H(s) +CH, (s) 3.70X10% 1. 00X 108
H(s)+CH, (s)—>Ni(s) +CH; (s) 1.29X10% 5.53X107
Ni(s) +CH, (s)—>H(s) +CH(s) 3. 70X 10% 9. 71X 107
H(s) +CH(s)—>Ni(s) +CH, (s) 4, 09X10% 7.92X107
Ni(s) +CH(s)—>H(s) +C(s) 3.70X10% 1. 88X 107
H(s) +C(s)—>Ni(s) +CH(s) 4.56 X 10" 1.61X10°
CH, () +0(s)—>0OH(s) +CH; (s) 1.70X10% 8.83 X107
OH(s)+CH; (s)—>CH, (s) +O(s) 9. 88X 10 3.04 X107
CH; (s) +0(s)—>0OH(s) +CH, (s) 3. 70X 10% 1.30X10°
OH(s)+CH, (s)—>CH; (s) +0(s) 4.61X10% 2.36 X107
CH, (s) +0O(s)—>0OH(s) +CH(s) 3. 70X 10% 1. 27X 10"
OH(s) +CH(s)—CH, (s) +0(s) 1.46X10% 4,71 X107
CH(s) +0(s)—>0OH(s) +C(s) 3.70X10% 4. 81X 107
OH(s)+C(s)—CH(s) +0(s) 1.63X10% 1. 29X 10"
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