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Reduction and Verification of Detailed Reaction Mechanism
Containing C/H/O/N/S/CI/K/Na Elements

Guo Xiaofeng, Wei Xiaolin, Li Sen
(State Key Laboratory of High Temperature Gas Dynamics, Institute of Mechanics, Chinese Academy of Sciences,
Beijing 100190, China)

Abstract: Based on the Senkin model, a method for reduction and verification of detailed reaction mechanism was
developed, combining a self-written program with two open source programs Kinalc and Mechmod. On the applica-
tion background of computational fluid dynamics (CFD) simulation of combustion in power plant boiler, a detailed
mechanism (115 species, 1342 reactions) containing C/H/O/N/S/CI/K/Na elements was established, and a reduced
mechanism (28 species, 20 reactions) was obtained using this method. The verification results show that the reduced
mechanism can be applied to CFD simulation of combustion in boiler with an acceptable accuracy and higher compu-
tational efficiency within the main variation range of parameters (temperature 7= 1 100—1 500 “C, equivalence ratio

A =0.8—1.2) during boiler operation.
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CH; + C,H, + 20H + H,—CO +

C,Hy + 3H + H,O (R11)
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13
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34 | CHy(s) + 0,»CO+OH + H 7.00x10° | 0 0
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3475. 36 C,Hg + HHC,Hs + H, 5.40%10° | 3.5 5210.0
37 C,Hs + Ho—»CHs + H 538107 | 4.4 7 063.8
B % 38 | CuHe+OH-CHs+H.0 | 7.20x10° | 2.0 |  864.0
. 39 | CHs+H0-CHg+OH | 6.77x10° | 2.6 | 18863.2
ARSCRIAEAS 2 B T RONALEE (62 RSy 195 ey g
N 2Ha + + - 12
R TT R ) L 1. 40 (s | 110X 107 105 | 18220
1 BUBEHETRRE 1075/
— — IRE/1.112x 10 -5.00 4 448.00/
45 HeIUI A — b £ Troe/5.000 0x 10" 9.500 0x 10 9.500 0 x 10 2.000 0 x 10%/
1 0+ O0H—0,+H 2.00% 10" | —0.4 0 ol (+ M) o Coths + §
2 0,+H—0+O0H 7.62x 10" | —0.8| 172565 41 H(+ M) 8.08x10° | -0.1] 391109
4
3 O+H,—»OH +H 5.00 x 104 27 | 62900 ——
4 OH + H—O0 + H, 375 108 26 | 44730 (E/S.174% 107 —5.57 41736.87/
3 OH + H,—H, 0+ H 2.10% 1010 15| 34500 Troe/5.000 0x 107 9.5000x 10 9.500 0% 10 2.000 0 x 10%/
6 H,0 + H—OH + H, 198x 10" | 12| 195954 CH +H(s M o 17
7 2 OH—O0 + H,0 430x10° | 27 | -2486.0 42 520x 107 | =1.0| 1580.0
8 0 + H,0—20H 541x10° | 2.4 | 154764 CoHls(+ M)
. + b= A % 0 | Do . No/1/H,0/6/
H+OH+M—H0+M | 1.60x107 | -2. EJE/2.000 x 10° —7.08 6 685.00/
H0/5/ = ‘ ‘ Troe/8.422 0x 107 12500 x 10> 2.2190x 10° 6.8820x 10%/
10 H+ O, + M—>HO, + M 2.10x 10 -1.0 0 53 C.Hs + H2CH; 490x102 | 03 0
H,0/10/N/0/ . 44 | CHi+HoCHs+H, | 540x10% | 0 | 14900.0
11} H+0+N,—HO +N; | 6.70x 1014 -l4 0 45 CH; + Ho—»CHy + H 929%x10° | 0.9 | 59572
12 H+ HO,—~20H 1:70x10 10 874.0 46 | CHy+OH—CHs+H0 | 2.00x10° | 0 | 5940.0
13 H+HO,~0 + B0 3.00x107 1 0 | 1721.0 47 | CHy+H.0-CH+OH | 325x10° | 05 | 131426
14 CO + OH—CO; + H 1.50x 107 | 1.3 | —758.0
H+C2H2<+M)—> n
15 CO,+H—CO + OH 8.38x 10 | 0 253959 48 CoH (4 M) 3.10x 10 0.6 | 2590.0
2113
16 |CH;+H(+M)—>CH,(+M)| 1.30x 10" | —0.6| 383.0

H,/2/C0O/2/CO,/3/H,0/5/
{E/2.254 x 10 -7.27 6 577.00/

IEIR/1.750 107 =476 244000/ Troe/5.000 0 x 10 6.750 0 x 10> 6.750 0 x 10%/
Troe/7.830 0x 10" 17.4000x 10 2.941 0x 10° 6.964 0 x 10%/ roer. X : X : x
C,H;(+M)—>H+

17 CH, + H—CH; + H, 1.30x10* | 3.0 | 8040.0 49 583x102 | 0.2 | 39015.1
18 CH; + H,—>CH4+ H 512x107 | 44 | 3667.0 Gty (+M)
19 | CH;+OH—CH;+H,0 | 1.60x10° | 2.1 | 2460.0 Hy/2/CO/2/CO,/3/H;0/5/

20 | CHy+H,0-CH,+OH | 595x10 | 3.1 | 142324 /4238 x 107 -~7.64 43 002.10/

21 | CHy(s) + H,O—CH; +OH | 3.00x 10" | - 0.6 0 Troe/5.0000x 10™ 6.750 0 x 10°  6.750 0 x 10/

22 | CH; + OH—CH,(s) + H,O | 7.84x 10 | = 1.1|  788.6 50 | GHy+HoGHy+Hy | 4.00x107 |0 0

23 | 2CH, (+ M) CiHe(+ M) | 210%10% | — 10| 6200 51| CH,+O-CH,+CO | 6.10x10° | 2.0 | 1900.0
‘ . . . . 7
Na/1.43/H,0/8.59/H,/2/CO/2/CO,/3/ 2| GH+O-HCCO+H | 140x10° | 2.0 | 1900.0
(/1260 X 1060 - 9,67 6220.00/ 53 | HCCO+HoCH,+0 | 195x10° | 22 | 2049638
Troe/5.3250x 10" 1.5100x 10° 1.038 0% 10° 4.970 0 x 107 >4 | OH+GH-CHCO+H | 220x10 1) 45 ~1000.0
24 | CHo(+ M) >2CH; (+ M) | 324x107 | -32] 94606.6 55 | CH,CO+H—OH+CH, | 7.15x 10" | 3.8 | 228092
No/1.43/H,0/8.59/H,/2/CO/2/CO,/3/ s | CHe co((:; l\él())?’ W B10x107 | 05 | 45100
IEE/1.941 x 108 - 11.88 100 206.65/ AN
Troe/5.3250x 10" 1.5100x 10> 1.038 0x 10° 4.970 0 x 10% H,/2/CO/2/CO»/3/H,0/8.58/N,/1.43/

H,0/8.57/N,/1.43/

25 CH, + H—CH + H, 1.00x10"% | 16 0 fILE/1.880x 10 - 5.11 7 095.00/ N
26 |  CH+HoCH+H | 136x107 | —14| 29699 Troe/5.907 0x 10" 2750 0x 10> 1.226 0x 10° 5.185 0 x 10¥
27 | CHy+OCO+2H | 5.00x10°% | 0 0 57 | CH,CO+H—CH;+CO | 5.90x10° | 2.0 | 1300.0
28 | CH+0mCO+H, | 3.00x10% | 0 0 58 | CH,CO + H—HCCO +H, | 3.00x 107 | 2.0 | 10000.0
20 | CHy+CHoCH +H | 420x10°% | 0 0 59 | HCCO + H,—»>CH,CO+H | 1.71x10° | 2.9 | 6604.6
30 | CHy(s) +NomCH + N, | 130x10° | 0 | 4300 6o | CHCO+OH—HCCO+ | vl 0 | 50000
31 | CHy+ NooCHy(s) +N, | 5.00x10% | 0 | 91558 H:0
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HCCO + H,0—~CH,CO + . 104 | HCN+OH—CN+H,0 | 3.90x10° | 1.8 | 10300.0
61 539%10* | 2.5 | 15750.0 .
OH 105| CN+H,0—-HCN+OH | 5.68x10* | 2.4 | 39012
CH+CO(+M)— 5 106 | HCN+OH—NH,+CO | 7.80x10° | 4.0 | 4000.0
62 5.00% 10 0 0
HCCO (+M) 107 CN+0—CO+N 7.70x 105 | 0 0
Na/1.43/H,0/8.58/CO/2/CO,/3/H,/2/ 108 CN + OH—NCO + H 4.00%x10% | 0 0
J5/1.880 x 10 —3.74 1936.00/ 109 CN + 0,—NCO + 0O 7.50x102 | 0 -389.0
Troe/5.757 0x 10" 2370 0 x 10> 1.6520x 10° 5.069 0 x 10°/ 110 | N+CO+M—NCO+M | 536x10"° | 0.9 | -8172.8
63 | H+ HCCO—CH,(s) +CO | 1.00x 10" | 0 0 111 NCO + H—NH + CO 5.00x105% | 0 0
64 | H+NO+M—HNO+M | 2.70x10" | 0 - 600.0 112 NCO + O—NO + CO 470x10% | 0 0
H,0/10/04/1.5/H,/2/CO,/3/N,/0/ 113 | NCO+NO—-N,0+CO | 620x107 | -1.7| 763.0
65 | HNO+M—>H+NO+M | 9.51x10° | -1.0] 502772 114 | NCO+NO—N,+CO, | 7.80x107 | -1.7| 7630
H,0/10/0,/1.5/H,/2/CO/3/N,/0/ 115 | CO+N,0—N, +CO, 320x 10" | 0 | 20237.0
66 | NO+0+M—oNO,+M | 750x10° | —14] 0 116 | CO,+N-NO+CO | 1.90x10" | 0 | 3400.0
No/1.7/0,/1.5/H,0/10/ 117 NO + CO—CO, +N 1.10x10° | 1.0 | 25930.7
67 HO, +NO—NO,+OH | 2.10x102 | 0 _4790 118 HCN + N—CH + N, 2.82x10" | 0.8 | 19710.2
68 NO, + H>NO + OH 840x10% | 0 0 119 | HCCO + NO—HCN + CO, | 1.60x 10" | 0 0
69 HNO + H—H, + NO 450x10" | 0.7 | 655.0 120 S+ OH—H + SO 4.00x10% | 0 0
70 | HaNO + M—HNO + H+M | 2.50x 10" | 0 | 50 000.0 121 H+SO—S + OH 731x10"% | -0.5| 22779.0
H,0/5/Ny/2/ 122 S+0,-S0+0 540%10° | 2.1 | —1450.0
71 | HNO + H+M—H,NO+M | 746x10% [ 02 | - 117853 123 S+H—>SH+H 14010 | 0 | 19300.0
H,0/5/N,/2/ 124 SH + H—S +H, 1.84x 10" | =02 403.7
72 | HNO+HoHNO+H, | 3.00x107 | 2.0 | 20000 125 SH+O0—H + SO 1.00x 10 | 0 0
73 H,NO + HoNH, + OH | 5.00x10° | 0 0 126 HSO + 0O—SH + 0, 1.68x 10" | —0.4| -6951.5
74 H,NO + O—NH, + O, 200x10% | 0 0 127 H,S + H—SH + H, 3.50% 10" | 1.9 904.0
75 | NH,+H+MoNH:+M | 3.81x102 | 0.6 | —17036.8 128 SH + H,—H,S + H 125%x10° | 2.5 | 134945
76 NH; + HoNH, + H, 640x10° | 24 | 101710 129| SO+H+M—HSO+M | 1.90x10%* | - 13| 662.0
77 NH, + H,—NH; + H 3.64x10* | 3.0 | 39977 N2/1.5/SO/10/H,0/10/
78 | NH,+OHoNH, + 1O | 2.00x10° | 20 | 566.0 130 HSO+M—SO+H+M | 1.51x 102 | - 1.8] 557002
79 | NH+H,O—»NH;+OH | 1.08x10° | 2.3 | 10538.0 N2/1.5/80,/10/H,O/10/
80 NH, + H-NH + H, 400102 | 0 3 650.0 131 SO + OH—S0, +H 1.10x 10" | - 1.4 0
81 NH + H,—NH, + H 367x10" | 05 | 151783 132 SO, + H—SO + OH 447x10% | -2.1| 298889
82 NH, + 0—HNO + H 6.60x 10" | - 0.5 0 133 SO + OH(+ M) — Leox10% | 05 | —4000
83 | NH,+NO—NNH+OH | 890x10% | -03 0 HOSO (+M)
84 NH, + NO—-N, + H,0 130x10"° | 1.2 0 Na/1.5/SO4/10/H,0/10/
85 NH + HoN + H, 3.00x 108 | 0 0 J5/9.500 x 107 —3.48 970.00/
86 NH + 0>NO +H 920%10% | 0 0 134 SO + 0,—S0,+ 0 7.60x10° | 2.4 | 2970.0
87 HNO + H—NH + OH 8.00x 10" | —1.2| 193856 135 SO(s) + M—>SO+M 1.00x 10" | 0 0
88 NH + NO—N,0 + H 290x 10" | —0.4 0 136 SO + M—S0(s) +M 341x10% | 0 22 699.0
89 N,O + H-NH + NO 1.46><1021 -1.6| 365403 137 SO, +H(+M)— s30x10° | 16 | 24700
90 NH + NO—N, + OH 220%10% | —0.2 0 HSO, (+ M)
91 N+OH—-NO+H 3.80x 10" | 0 0 N2/1/S0,/10/H,0/10/
92 N+NO—-N,+0 3.30x 107 | 0.3 0 {EJ1/1.400 x 10" —5.19  4510.00/
93 NNH—N, + H 1.00x10" | 0 0 Troe/3.900 0x 10" 1.670 0 x 10> 2.191 0 x 10/
94 N, + H>NNH 1.56x10° | 0.6 | 6561.3 138 SO, +H(+M)— 2a0x10° | 16 | 73400
95 NNH + 0—N,0 + H 1.00x 10" | 0 0 HOSO (+ M)
96 NNH + 0,—N, + HO, 2.00x10™ | 0 0 N4/1/S0,/10/H,0/10/
97 | Ny+0,+H-NNH+0, | 7.79x 10" | 0.6 | 65613 {EJE/1.800 x 107 —6.14 11 070.00/
98 N,O+M—-N,+O+M | 400x10" | 0 56 100.0 Troe/2.830 0x 107 2.720 0 x 10> 3.995 0 x 10°/
No/1.7/0,/1.4/H,0/12/CO/1.5/CO,/3/ 139 HOSO (+ M) —S0, + 137 10% |- 119 807379
99 | N,+O+MoNO+M | 565x10° | 14 | 145550 H(+M)
No/1.7/0,/1.4/H,0/12/CO/1.5/CO,/3/ No/1/S0,/10/H,0/10/
100 CN + H,—»HCN + H 3.00x10° | 2.5 | 2237.0 {EJE/1.029 % 10%°  —19.71 84 467.94/
101 HCN + H—CN + H, 1.95%x10° | 1.5 | 247812 Troe/2.830 0x 107 2.720 0 x 10> 3.995 0 x 10°/
102 HCN + O—NCO +H 1.40x 10* | 2.6 | 4980.0 140 SO; + H—S0, + OH 840x10° | 1.2 | 33200
103 HCN + O—NH + CO 3.50x10° | 2.6 | 4980.0 141 HSO + H—SH + OH 490x 10" | 1.9 1560.0
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142 HSO + H—S + H,0 1.60x10° | 1.4 -340.0 {EE/2.600 x 102 -7.60 0/
HOSO (+M) — ) KHSO, (+M)—KOH + ¢
143 1.00x 10° | 1.0 | 50000.0 166 126x 108 | 0.7 | 331529
HSO, (+M) SO; (+M)
N»/1/S0,/10/H,0/10/ fJE/3.276 x 10 - 6.93 33 152.86/
{EJE/1.700 x 10 - 5.64 55 400.00/ 167 | KSO,+OH—KOH + SO, | 2.00x10"” | 0 0
Troe/4.000 0x 10" 1.000 0x 10™  1.000 0 x 10°/ KSO, + 0, (+ M) — 1
168 1.00 x 10 0 0
HSO,(+ M) — 3 KSO,(+M)
144 423x10% | 142 | -9534.9 "
HOSO (+M) {EJE/2.600 x 102 -7.60 0/
N»/1/S0,/10/H,0/10/ 169 | KSO;+0—KO + SO; 1.30x10% | 0 0
fEE/7.199x 107 7.53  —4134.91/ 170 KSO; + OH—KHSO, 1.00x10™ | 0 0
Troe/4.000 0 x 10" 1.000 0x 10 1.000 0 x 10°%/ 171 | KSO4+ O—KSO; + 0, 1.00x10™ | 0 0
145 | HOSO + H—SO(s) + H,0 | 2.40x 10" | 0 0 172 | KHSO, + HHKHSO; + OH | 7.66x 10" | = 1.3| 19036.8
146 HCl + H—Cl + H, 1.70x 10" | 0 4137.0 173 |KHSO4 + OH—KSO, + H,0| 2.00x 10" | 0 0
147 Cl + H,—HCl+H 1.29% 10" | 0.1 47652 174 |KSO, + HO—KHSO, + OH| 1.22x 10" | 0.4 8 147.6
148 HCI + OH—Cl + H,0 2.70x 10" | 1.6 —-220.0 175 | KHSO, + H>KSO; + H,0 | 2.00x 10" | 0 0
149 Cl + H,0—HCl + OH 1.94x10° | 1.4 | 16553.6 176 | Na+HO,—NaOH + O 1.00x 10" | 0 0
150 | K+OH+M—KOH+M | 3.80x10" | -0.7 0 177 | NaO + H,O—»NaOH +OH | 1.30x10"™ | 0 0
151 | KO+H,0—-KOH+OH | 1.30x10™ | 0 0 178 | NaOH + OH—NaO + H,0 | 2.23x 10" | -0.4| -544.4
152 | KOH+OH—KO+H,0 | 1.39x10* | -3.5| 48661.1 179 | NaO + CO—Na + CO, 1.30x10™ | 0 0
153 KOH + H—K + H,0 5.00x 10 | 0 0 180 | NaOH + H—Na + H,0 5.00x 10 | 0 0
154 K + H,0—KOH + H 289x10° | 41 | —10127.6 181 | Na+H,0—-NaOH +H 145x 10" | 1.1 | 37594.8
155 KCl + H—K + HCI 543%x 108 | —0.5] -7952 182 Na + HCl—-NaCl + H 1.30x10" | 0 9990.0
156 | KOH + HCI-KCl+H,0 | 1.70x10"™ | 0 0 183 NaCl + H—Na + HCI 1.10x 10" | —0.5| 4557.1
157 | KCl+H,0—~KOH+HCI | 586x10™ | 3.6 | —12102.9 184 | NaOH + HCl-NaCl + H,0 | 1.70x 10" | 0 0
K+S0,(+M)— ” 185 | NaCl + H,O—NaOH + HCI | 4.14x 10" | 0.6 | 32161.8
158 3.70x 10 0 0
KSO,(+M) Na + S0, (+ M) — "
b 186 1.20x 10 0 0
/5200 x 102 - 1.50 0/ NaSO, (+ M)
KSO, (+M)—K + 0 fILfE/2.000x 107 - 1.50 0/
159 1.10x 10" | = 1.4| 45606.4
SO, (+M) NaSO, (+ M) —Na + s
= 187 8.17x 10 | —1.4| 46044.2
R/ X - - 2. R bl
I 1/1.540 x 10 293 45606.41/ SO, (+M)
K +S0;(+ M) — e L1362 x 10 -2.94 46 044.16/
160 3.70x 10 0 0
KSO; (+M) Na + SO; (+ M) — "
” 188 1.00 x 10 0 0
{J5/4.700 x 10> - 4.90 0/ NaSO; (+ M)
KSO; (+ M) —K + s IKJE/1.400x 10¥ 520 0/
161 5.65x 10" | —1.6] 62372.6
SO; (+M) NaO + SO, (+ M) — "
po 189 1.20x 10 0 0
R/ X — 6. . aS0O;( +
/7175 x 10° 6.49 62 372.60/ NaSO; (+ M)
KSO; (+ M) —KO + 24 IRE/2.000x 107 —1.50 0/
162 1.79x 10* | —=2.1| 826114
SO, (+M) NaSO; (+ M) —»NaO + o
- 5 190 1.00x 10* | —2.2| 78549.2
NI/, X ” — 3. . h{ +
/2519 x 10° 3.65 82611.38/ SO, (+M)
KOH + SO, (+ M) — ” fIEH/1.667 x 107 -3.67 78 549.17/
163 1.00x 10 0 0 =
KHSO; (+ M) 191 | NaSO, + OH—NaOH + SO, | 2.00x 10" | 0 0
{E/2.600 x 10°  -7.60 0/ 192 |NaOH + SO,—NaSO, + OH | 3.16x 10" | 0 36 839.9
164 KHSO; (+ M) »KOH + Leox 10 | 07 1786 193 | NaSO;+0—NaO+S0; | 1.30x10"% | 0 0
SO, (+M)| X ' N ' 194 | NaO + SO;—NaSO;+0 | 1.97x10" | 0.9 5672.6
{EJ5/4383x 10 —6.87 —4178.60/ 195 | NaSO; + OH—NaOH + SO; | 2.00x 10" | 0 0
KOH + SO; (+ M) — "
165 1.00 x 10 0 0




