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Investigation on the reaction characteristics of methane catalytic
partial oxidation in a micro-channel

WU Sheng . RAN Jingyu, ZHANG Li
(a. Institute of Energy and Environment; b. Key Laboratory of Low-grade Energy Utilization
Technologies and Systems, Ministry of Education, Chongqing University, Chongqing 400044, China)

Abstract: The reaction characteristics of fuel-lean CH, catalytic partial oxidation over Rh are investigated
numerically in a micro-channel, by using detailed elementary mechanism, focusing on the effects of inlet
temperature, equivalence ratio of CH, /O, and added H, O on catalytic partial oxidation of CH,. The results
show that over Rh surface reaction of CH, is kinetically controlled, while that of O, is controlled by mass
transport. Duo to the high reactivity of O,, CH, is firstly oxidized and both complete and partial oxidation
products are generated. After O; is consumed, steam reforming begins, however, CO, reforming does not
appear. Increase of the equivalence ratio of C/O leads to increase of carbon deposition at reforming zoon., as
thus both conversion of CH, and production of syngas decrease, even the reforming process is stopped. The
added H, O could dramatically inhibit carbon deposition, and promote the formation of H, and CO,.
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S A,S, B E,/(k] * mol™")
1.CH, + Rh(s) => CH, (s) 0.008 0.0
2.0, + 2Rh(s) == 20(s) 0.01 0.0
3.H,+ 2Rh(s) => 2H(s) 0.01 0.0
4.H,O + Rh(s) => H,0(s) 0.1 0.0
5.CO; + Rh(s) == CO,(s) 107° 0.0
6.CO + Rh(s) => CO(s) 0.5 0.0
7.2H(s) => H,+ 2Rh(s) 3.0X10% 0.0 77.8
8.20(s) == O,+ 2Rh(s) 1.3X10* 0.0 355.2—2800,
9.H,O(s) => H,O + Rh(s) 3.0X10" 0.0 45.0
10.CO(s) == CO + Rh(s) 3.5X10" 0.0 133.4—150c0
11.CO, (s) => CO, + Rh(s) 1.0X10" 0.0 21.7
12.CH, (s) => CH,+ Rh(s) 1.0X10" 0.0 25.1
13.H(s) + O(s) => OH(s) + Rh(s) 5.0X10* 0.0 83.7
14,0OH(s) + Rh(s) => H(s) + O(s) 3.0X10% 0.0 37.7
15.H(s) + OH(s) => H,0O(s) + Rh(s) 3.0X10% 0.0 33.5
16 . H,O(s) + Rh(s) =>> H(s) + OH(s) 5.0X10* 0.0 106. 4
17.0H(s) + OH(s) => H,0(s) + O(s) 3.0X10% 0.0 100. 8
18.H,O(s) + O(s) => OH(s) + OH(s) 3.0X10% 0.0 224.2
19.C(s) + O(s) => CO(s) + Rh(s) 3.0X10* 0.0 97.9
20.CO(s) + Rh(s) == C(s) + O(s) 2.5X10% 0.0 169.0
21.CO(s) +0(@s) == CO,(s) + Rh(s) 1.4X10% 0.0 121.6
22.CO, (s) + Rh(s) == CO(s) +0(s) 3.0X10% 0.0 115.3
23.CH, (s) + Rh(s) => CH;(s) + H(s) 3. 7X10" 0.0 61.0
24.CH; (s) + H(s) => CH,(s) + Rh(s) 3.7X10% 0.0 51.0
25.CH; (s) + Rh(s) => CH,(s) + H(s) 3.7X10% 0.0 103.0
26 .CH, (s) + H(s) => CH;(s) + Rh(s) 3.7X10% 0.0 44.0
27.CH, (s) + Rh(s) => CH(s) + H(s) 3.7X10% 0.0 100.0
28 .CH(s) + H(s) => CH,(s) + Rh(s) 3.7X10% 0.0 68.0
29.CH(s) + Rh(s) => C(s) + H(s) 3.7X10% 0.0 21.0
30.C(s) + H(s) == CH(s) + Rh(s) 3.7X10% 0.0 172.8
31.CH, (s) + O(s) => CH;(s) + OH(s) 1. 7X10* 0.0 80. 3
32.CH;(s) + OH(s) => CH,(s) + O(s) 3.7X10% 0.0 24.3
33.CH;(s) + O(s) => CH,(s) + OH(s) 3.7X10% 0.0 120. 3
34.CH;(s) + OH(s) == CH;(s) + O(s) 3.7X10% 0.0 15.1
35.CH, (s) + O(s) => CH(s) + OH(s) 3.7X10% 0.0 158.4
36 .CH(s) + OH(s) => CH,(s) + OC(s) 3. 7X10% 0.0 36. 8
37.CH(s) + O(s) == C(s) + OH(s) 3.7X10% 0.0 30.1

38.C(s) + OH(s) == CH(s) + O(s) 3. 7X10% 0.0 145.5
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