KINETIC DATA FOR COMBUSTION MODELLING
D. L. Baulch, C. J. Cobos, R. A. Cox, C. Esser, P, Frank, Th. Just, J. A. Kerr,
M. J. Pilling, J. Troe, R. W. Walker, and J. Warnatz

The following tables present evaluated rate constants and other chemical kinetic data required for modelling the combustion of hydrocarbons. The
compilation was prepared as part of the project “Kinetics and Mechanisms of Chemical Processes in Combustion”, which is one of the projects in the
third European Community Energy Research and Development Program. The tables are reprinted from the Journal of Physical and Chemical Reference
Data by permission of the authors and the American Institute of Physics.

Table 1 lists all the reactions studied and gives the recommended rate constant & for every bimolecular reaction, as well as the applicable temperature
range and the associated error limits. Where more than one set of products is possible, rate constants or branching ratios are given for all channels
considered feasible. The data for decomposition reactions and combination reactions are given in Tables 2 and 3, respectively. The reference includes

a detailed data sheet for each reaction listed here, covering the thermodynamic data, kinetic measurements, and reliability assessments.
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Table 1
BIMOLECULAR REACTIONS
Reaction k/cm® molecule™!s™! Temp/K Error limits (A log k)
O Atom Reactions
O+H;,-0OH+H 8.5 x 10~2T2% exp(-3160/T) 300-2500 %+ 0.5 at 300 K falling to
+ 0.2 for T > 500 K
O+O0OH~-0+H 2.0 x 10-" exp(112/T) 220-500 % 02
2.4 X 10~% exp(—353/T) 1000-2000 * 0.1
O + HO,—»OH + O, 53 x 1071 300-1000 + 0.3 at 300 K rising to
= 0.5 at 1000 K
O + H;0, = OH + HO; 1.1 x 10~!2 exp(—2000/T) 300-500 x 03
O + NH; - OH + NH; 1.6 x 10" exp(-3670/T) 500-2500 * 05
O+CH—-CO+H 6.6 x 10-1 300--2000 £ 05
— CHO* + ¢ 4.2 x 10713 exp(—850/T) 300-2500 £ 05
O + 3CH, - CO + 2H 2 x 10-1° 300-2500 % 0.2 at 300 K rising to
- CO + H; ] ki/k = 0.6 = 0.3 over whole range = 0.7 at 2500 X.
O + CHy - HCHO + H 14 x 10-10 300-2500 + 0.2
O + CH; —» OH + CH,3 1.5 x 107 T'% exp(—4270/T) 300-2500 = 0.3 at 300 K falling to
+ 0.15 at 2500 K.
O + CHO—OH + CO 50 x 10~1 3002500 * 03
- CO; + H 50 x 10~ 300-2500 * 03
O + HCHO — OH + CHO 6.9 x 1013 T°57 exp( - 1390/T) 250~2200 = 0.1 at 250 K rising to
= 0.3 at 2200 K.
O + CH;0 —» O; + CH; 25 x 1074 300-1000 =+ 0.3 at 300 K rising to
-» OH + HCHO kyk = (0.12 = 0.1) at 300 K * 0.7 at 1000 K.
O + CN - 00 + N(*s) 17 x 10~1 300-5000 + 0.2 at 300 K rising to
—»CO+N(’D)] + 0.6 x 5000 K.
O + NCO - NO + CO 7.0 x 10-1 1450-2600 * 08

=02 + CN
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KINETIC DATA FOR COMBUSTION MODELLING (continued)

Table 1

BIMOLECULAR REACTIONS (continued)

Reaction k/cm® molecule~'s™! Temp/K Error limits (A log k)
O+ HON—+NCO + H
- CO + NH 2.3 x 10-'® T2! exp(—3075/T) 450-2500 =+ 0.2 at 450 K rising to
- OH + CN +0.3 at 2500 K.
O + CH,O0H - OH + CH,COOH 6.9 x 10~ T°57 exp(~1390/T) 250-2200 % 0.1 at 250 K rising to
-» OH + CH;0; [estimate) = 03 at 2200 K.
0O+ CH—-CO + CH 1.7 x 10~% 300-2500 = 1.0
0+ GH; » CO + *CH, 3.6 x 10~® T8 exp(—250/T) 300-2500 = 02
- CHCO + H kitk = 0.5 £ 0.3 over whole range.
O + CGHy; - OH + CGH;
- CO + CH» 5% 101 300-2000 + 05
— HCO + CH;
0 + CHy—» CH,CHO + H 5.75 x 10-8 7% 300-2000 + 0.1forT < 1000K
— HCO + CH, ky/k = 035 = 0.05 at p> 3 Torr over whole rising to + 0.3 at 2000 K.
— HCHO + CH; kok = 0.6 = 0.10 temperature
- CH,CO + H; range
O + C;Hs —» CH;,CHO + H 1.1 x 10-1° 300-2500 + 0.3 from 300 to 1000 K
— HCHO + CH; kyk = 017 £ 0.2at 300K + 0.5 from 1000 to 2500 K
O + GH; - OH + CHs 1.66 x 10~15 T'S exp (—~2920/T) 300-1200 + 0.3 at 300 K falling to
+ 0.15at 1200 K
O + CHCO - 200 + H 1.6 x 10- 300-2500 + 03
O + CH,CO -+ CH;O + CO
- HCO + H + CO 3.8 x 107! exp(—680/T) 230-500 + 03
-» HCO + HCO
O + CH,CHO - OH + CH,CO 9.7 x 10~*2 exp(—910/T) 300-~1500 + 0.05 at 300 K rising to
-» OH + CH,CHO * 0.5 at 1500 K.
O + C,H;O0H — OH + C;H,O0H 6.9 x 10~ T°57 exp(—1390/T) 250-2200 = 0.1 at 150 K rising to
- OH + CH;00 [estimate) = 0.3 at 2200 K.
O + CHz — OH + CiH; ] 1.2 x 10-2 737 exp (- 570/T) 300-1000 + 0.5
— CH;OH
0 + CHsCH; — HCO + CH, 55 x 10 300 +0.3
- CGH;CH + H
-» CH,0 + CiHs No recommendation
O + CsHsCH; —» products 5.3 x 10715 T*2! exp(—1260/T) 300-2800 = 0.1 at 300 K rising to
= 0.4 at 2800 K
O + p-CsHy(CHs), — products 2.6 x 10~ exp(—1409/T) 300-600 +03
O + GH;CHs — products 1.0 x 10-8 298 =03
O: Reactions
0 + CHy = HO; + CH, 6.6 x 10~ exp(—28630/T) 500-2000 =+ 0.5 at 500 K rising to

5-114

+ 1.0 at 2000 K.



KINETIC DATA FOR COMBUSTION MODELLING (continued)

Table 1
BIMOLECULAR REACTIONS (continued)
Reaction k/cm® molecule~'s~! Temp/K Error limits (A log k)
0O; + C;Hg —» HO: + CH;s 1.0 x 10~ exp(—26100/T) 500-2000 =+ 0.5 at 500 K rising to
x 1.0at 2000 K
0: + HCHO — HO; + HCO 1.0 x 107 exp(—20460/T) 700-1000 + 05
0; + CH;CHO — HO; + CH,CO 5.0 x 10~" exp(—19700/T) 600-1100 % 0.5 at 600 K rising to
+ 1.0 at 1100 K.
H Atom Reactions
H+0,-0H+O0 3.3 x 107 exp(—8460/T) 300-2500 = 0.1 at 300 K rising to
+ 0.2 at 2500 K.
H+ O, + Ar » HO; + Ar See Table 3
H+O0;+ H,—>HO, + H, See Table 3
H4+ 02+ N, »HO; + N; See Table 3
H + 0; + H;O - HO; + H,O See Table 3
H+H+ Ar->H: + Ar See Table 3
H+H+H,-H +H See Table 3
H + OH + H,0 -» H,0 + H0O See Table 3
H+ OH + Ar—- H0 + Ar See Table 3
H+ HO + N> H,O + N; See Table 3
H+ HO,»H; + O, 7.1 x 10~ exp(-T710/T) 300-1000 + 03
- 20H 2.8 x 10~ exp(—440/T) 300-1000 + 03
->H,0+0 5.0 x 10~ exp(—866/T) 300-1000 + 03
H+HO-0H+H; 7.5 x 106 T16 exp( ~9270/T) 300-2500 +0.2
H + H;0; - H; + HO, 2.8 X 1072 exp(—18%0/T) 300-1000 £ 03
- OH + H,0 1.7 x 10~ exp(—1800/T) 300-1000 + 03
H+NH-H; + N 1.7 x 10~1 1500-2500 + 10
H+ NH;—> H; + NH 1.0 x 10-1 2000-3000 +10
H +3CH, »H; + CH 1.0 X 10~" exp(900/T) 300-3000 + 07
H + CH; » H; + 'CH; 1.0 x 10~ exp(—7600/T) 300-2500 + 1.0
- CH, See Table 3
H + CHs — H; + CH, 2.2 X 10~ T39 exp(—4045/T) 300-2500 %02
H + CHO - H, + CO 1.5 x 10-1° 300-2500 + 03
H + HCHO - H; + HCO 3.8 x 1074 T19 exp(—1650/T) 300-2200 = 0.1 at 300 K rising to
+ 0.5 at 2200 K
H + CH,O - H; + HCHO 3.0 x 10-1 300-1000 x 0.5
H + HNCO - NH; + CO No recommendation
- H, + NCO 34 X 10710 T-077 xp(—10190/T)  500-1000 %10
H + NCO - NH + CO 8.7 x 10~" 1400~1500 + 05

- HCN + O
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KINETIC DATA FOR COMBUSTION MODELLING (continued)

Table 1

BIMOLECULAR REACTIONS (continued)

Reaction k/cm® molecule=1s~! Temp/K Error limits (A log k)
H+ GH:-»H; + GGH 1.0 x 1071 exp(~14000/T) 1000-3000 + 1.0
- CH, See Table 3
H+ CH; —» H, + CGH; 20 x 10-1 300-2500 += 05
- C;H, See Table 3
H+ CGH—»CH, + H; 9.0 % 10~ exp(-7500/T) 700-2000 + 05
- CHs See Table 3
H + CHs ~» 2CH, 6.0 x 10~* 300-2000 +03
- CH, See Table 3
H + GH; - H: + GH; 24 x 107 T*S exp(~-3730/T) 300-2000 %+ 0.15 at 300 K rising to
+ 0.3 at 2000 K
H + CHCO - CH, + CO
- H; + GO 25 x 10-1° 300-2500 + 04
- HCCOH
H + CH.CO - CH; + CO 3.0 x 10°8 exp(— 1700/T) 200-2000 + 0.5 at 200 K rising to
- CH,CHO ka/k very small + 1.0 at 2000 K.
H + CH;CHO — H; + CH,CO 6.8 x 10715 T!16 exp(—1210/T) 300-2000 = 0.1 at 300 rising to
- H; + CH,CHO + 0.4 at 2000 K.
H+CGHs+ M>CHs + M See Table 3
H + CH; - H; + C¢H;s No recommendation
- CH, See Table 3
H + GH:O + M - CHsOH + M See Table 3
H + CH:OH —» CH:O + H; 1.9 x 10~ exp(—6240/T) 1000-1150 * 03
- CHs + OH 3.7 x 10~ exp(—3990/T) 10001150 x*03
H + CHsCH, + M —» CHHCH; + M See Table 3
H + CHCH; —» H, + C(HsCH, 6.6 x 1072 T34 exp(—-1570/T) 600-2800 + 0.3 at 600 K rising to
- H; + GH,CH, No recommendation * 0.5 at 2800 K.
— CHg + CH, No recommendation
- CHCH;, See Table 3
H + p-C¢H(CH3), — products 58 x 10-1 298 + 01
H + GH;C;Hs - H; + CH,C;H, 24 x 10-12 773 + 0.1
- CHC,H;s See Table 3
H; Reactions
H; + Ar—>2H + Ar See Table 2
H,+H,->2H+H; See Table 2
OH Radical Reactions
OH+H;->H,O0+H 1.7 x 10716 T8 exp(—1660/T) 300-2500 = 0.1 at 300 K rising to
=+ 0.3 at 2500 K
OH+ OH->H,0 + O 2.5 x 10715 T'1 exp(~50/T) 250-2500 * 02

OH+OH+M->H0; + M

See Table 3
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KINETIC DATA FOR COMBUSTION MODELLING (continued)

Table 1

BIMOLECULAR REACTIONS (continued)

Reaction k/em® molecule~!s-? Temp/K Error limits (A log k)
OH + HO; - H,0 + O 4.8 x 10~ exp(250/T) 300-2000 % 0.2 at 300 X rising to
= 0.5 at 2000 K.
OH + H;0; » H:0 + HO, 1.3 x 10~" exp(~670/T) 300-1000 £ 02
OH + NH-> NO + H; ] 80 x 1071 300-1000 + 0.5
-H,O+N
OH + NH,; - O + NH; 3.3 x 10~ 7045 exp(—~250/T) 500-2500 + 05
- H,O + NH No recommendation
OH + CO—-H + CO, 1.05 x 10~!7 T'* exp(250/T) 300-2000 =+ 0.2 at 300 K rising to
% 0.5 at 2000 K.
OH + CH, - H + CH;OH
- H + CH;0 ] 6.0 x 10~4 300-2000 x 0.7
- H,0 + lCHz
-» CH;OH See Table 3
OH + CH, » H.0 + CH; 2.6 x 1077 T15 exp(—1400/T) 250-2500 =+ 0.07 at 250 K rising to
+ 0.15 at 1200 K.
OH + CHO - H,0 + CO 1.7 x 10-1° 300-2500 x 03
OH + HCHO -» HO + CHO 5.7 x 1071 T148 exp(225/T) 300-3000 + 0.1 at 300 K rising to
+ 0.7 at 3000 K.
OH + CN - 0 + HCN
- NCO + H 1.0 x 10°° 1500-3000 * 0.5
OH + HCN - H,0 + CN 1.5 x 10~ exp(—5400/T) 15002500 x 0.5
- HOCN + H No recommendation
- HNCO + H
OH + CH;00H — H;O + CH,00 1.2 x 10~ exp(130/T) 300-1000 =+ 0.2 at 300 K rising to
* 0.4 at 1000 K
-» H;O0 + CH,O0H 1.8 x 1072 exp(220/T) 300-1000 = 0.1 at 300 K rising to
+0.3 at 1000 K.
OH + GH; » H,0 + CH ] 1.0 X 1071 exp( - 6500/T) 1000-2000 £10
- H + CH,CO
- C,H,OH See Table 3
OH + CH; - H;0 + C;H, 3.4 x 107" exp(~2990/T) 650-1500 * 0.5
OH + CH; — H;0 + CH; 1.2 % 1077 T2 exp( - 435/T) 250-2000 + 0.07 at 250 X rising to
+ 0.15 at 2000 K.
OH + CH;CO — CH;OH + CO 1.7 x 10-1 300-2000 * 1.0
- H,CO + HCO
OH + CH,;CHO -» H,0 + CH,CO ] 3.9 x 10~ T°™ exp(560/T) 250-1200 + 0.1 at 250 K rising to
-» H,O + CH,CHO = 0.3 at 1200 K.
OH + C;Hs;OOH - H;0 + CH;00 3.0 x 10~'2 exp(190/T) 250-1000 %= 0.3 at 250 K rising to

- H;0 + C,H,OOH

)

[estimate]
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KINETIC DATA FOR COMBUSTION MODELLING (continued)

Error limits (A log k)

Table 1
BIMOLECULAR REACTIONS (continued)
Reaction k/cm® molecule ~'s~! Temp/K
OH + CH; —» H:O + CHs 2.7 x 10~ T%42 exp(—730/T) 400-1500
- H + CH;OH 2.2 x 10~ exp(—5330/T) 1000-1150
- CsHOH See Table 3
OH + CHsOH - C(Hs(OH), See Table 3
‘= H,O + CHs0
- H0 + GH,OH 1.0 x 101 1000-1150
OH + C¢HsCH; — H,0 + C,HsCH, 8.610-15 Texp(~1440/T) 400-1200
See Table 3
OH + p-CiH(CH;); » CGHJCH:CH; + H:O 64 x 10~ exp(—1440/T) 500-960
- p-C¢H(CH;),0OH See Table 3
OH + CiHsC:Hs — HOC:H;C:Hs See Table 3
- H,0 + CHsC;H, ] 8.7 x 10-12 773
- H,0 + CH(C:H;s
H;0 Reactions
HO+M->H+OH+ M See Table 2
HO; Radical Reactions
HO; + HO; —» H,0; + O, 3.1 x 10~'2 exp(—775/T) 550-1250
HO; + NH, -» NH; + O,
-» HNO + H;O 26 x 10-1 300400
HO; + CH; -» OH + CH,0 3 x10-" 300-2500
—0, + CH, No recommendation
HO; + CH, —» H:0; + CH, 1.5 x 10~ exp(~12400/T) 600-1000
HO; + HCHO — H,0; + CHO 5.0 x 10~ exp(~6580/T) 600-1000
HO; + C;H¢ —» OH + C;H,O 3.7 x 10~"2 exp(—8650/T) 600-900
HO; + CHs » H;0; + C:Hs 2.2 x 107" exp(~10300/T) 500-1000
HO; + CH;CHO -» H:0: + CH,CO 5.0 x 107'2 exp( - 6000/T) 900-1200
H:0; Reactions
H,0, + M—>20H + M See Table 2
N Atom Reactions
N+CN->N;, +C 3 x10°% 300-2500

N + NCO -» NO + CN
- N; + CO

No recommendation
33 x 10-1
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*03
+ 03

* 0.5

+ 0.5 at 400 K reducing to
+0.3 at 1200 K.

+ 0.15 at 550 K rising to
* 03 at 1250 K.

= 04

+ 07
+ 0.2 at 600 K rising to
* 0.3 at 1000 K.

= 0.5

+ 0.15 at 600 K rising to
* 025 at 900 K.

%+ (.2 at 500 K rising to
+ 0.3 at 1000 K.

* 07

"

0.5



KINETIC DATA FOR COMBUSTION MODELLING (continued)

Table 1
BIMOLECULAR REACTIONS (continued)
Reaction k/em® molecule~!s~! Temp/K Error limits (A log k)
NH Radical Reactions
NH + O; - NO + OH 1.26 % 10~ exp(~-770/T) 270-550 + 0.2 at 270 K rising to
->NO; + H =+ 0.5 at 550 K.
—HNO + O
NH + NO - N,O + H
—-HN; + O 50 x 107 270-380 * 0.2
- N, + OH
NH; Radical Reactions
NH; + O; — products <3 x 10-18 298
NH; + NO - N; + H,O
—-N; +H+ OH 1.8 X 10~ exp(650/T) 220-2000 £ 05
- N;H + OH (k2 + k3)/k = 0.12 at 298 K.
= N0 + H,
1C, and C; Radical Reactions See data sheets.
CH Radical Reactions
CH+ 0;,—»CHO + O 55 x 10-1 300-2000 * 0.3 at 300 K rising to
- CO + OH = 0.5 at 2000 K.
CH+H;,-»CH;+H ] 2.4 x 10~ exp(—1760/T) 300-1000 =03
- CH;
CH + H,0 — products 9.5 x 10~'2 exp(380/T) 300-1000 + 1.0
CH + CO -» products 4.6 x 10~!'3 exp(860/T) 300-1000 + 1.0
CH + CO; —» products 5.7 x 10~'2 exp(—345/T) 300-1000 * 1.0
CH + CH, — products 5.0 X 10~" exp(200/T) 200-700 + 1.0
CH + C;H; — products 3.5 x 10-' exp(61/T) 200-700 * 1.0
CH + C,H, — products 2.2 x 107" exp(173/T) 200-700 =10
CH + C,Hg —» products 1.8 x 107" exp(132/T) 200-700 =10
CH + C3Hs — products 1.9 x 10719 exp(240/T) 300-700 + 1.0
CH + n-CH;o —» products 4.4 x 107" exp(28/T) 250-700 + 1.0
CH + i-CH,o — products 2.0 x 107" exp(240/T) 300-700 = 1.0
CH + neo-GsH;2 — products 1.6 x 1071 exp(340/T) 300-700 * 1.0
CH + CH,C;H — products No recommendation
CH + CH;0 - products 1.6 x 107 exp(260/T) 300-700 + 10
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KINETIC DATA FOR COMBUSTION MODELLING (continued)

Table 1
BIMOLECULAR REACTIONS (continued)
Reaction k/cm?® molecule~'s~! Temp/K Error limits (A log k)
SCH; Radical Reactions
3CH, + 0, > CO + H+ OH
=+CO;,+H+H 4.1 x 10~ exp(~750/T) 300-1000 =+ 0.3 at 300 K rising to
- 00 + H,0 + 0.5 at 1000 K.
- CO; + H;
- HCHO + O
3CH; + 3CH, » GH; + H; 2.0 x 10~ exp(-400/T) 300-3000 * 0.5
- CH; + 2H kyk = 0.9 = 0.1 over range 300-3000 K.
3CH; + CH; » CGH, + H 70 x 10°" < 300-3000 %+ 0.3 at 300 K rising to
+ 0.5 at 3000 K.
3CH; + CH; - GH, See Table 3
3CH,; + C:H, » CiHg
- ¢c-C3H, See Table 3
- CH,CHCH; + H
{CH; Radical Reactions
ICH; + Ar - 3CH; + Ar 6.0 x 10-*2 300-2000 + 03
ICH, + N; =+ 3CH; + N, 10 x 10-1 3002000 + 0.3
ICH; + CH, —» *CH, + CH, 1.2 x 10-1 300-2000 * 04
ICH; + GH; - *CH, + C:H; 8.0 x 10-1 300-2000 + 04
ICH, + GH, - *CH; + CH, 23 x 10-1 300-2000 * 04
ICH, + C;Hs —» >CH, + C;H, 36 x 10°1 300-2000 * 04
ICH; + 0, > CO + H+ OH
- CO; + H, 52 x 10°% 300-1000 + 0.3 at 300 K rising to
- 00 + H,0 * 0.5 at 1000 K
- ’CH; + 0O
ICH; + > CH; + H 1.2 x 10-1° 300-1000 =+ 0.1 at 300 K rising to
= 0.3 at 1000K
ICH; + C;H; - CH,CCH;
- CH,CCH See Table 3
- CH;CCH + H
= 3CH; + CH; See earlier entry
ICH; + CGH, - GH; See Table 3
—3CH; + GH, See earlier entry
CHj Radical Reactions
CHi + M-»CH; +H+ M See Table 2
CHy + 0:—>CHO + O 2.2 % 1070 exp(— 15800/T) 300-2500 = 0.5
- HCHO + OH 5.5 x 10~* exp(~4500/T) 1000-2500 * 05
— CH30; See Table 3
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KINETIC DATA FOR COMBUSTION MODELLING (continued)

Table 1

BIMOLECULAR REACTIONS (continued)

Reaction k/cm?® molecule~'s~! Temp/K Error limits (A log k)
CH; + > CH, + H 1.14 x 10-% T?7 exp(~4740/T) 300-2500 =+ 0.15 in the range
300-700 K.
= 0.3 in the range
700-2500 K.
CH; + CH; > CHs + H 5 x 10~ exp(—6800/T) 1300-2500 + 0.6
- C:H, + H; No recommendation (see data sheets)
- C2Hs See Table 3
CH; + HCHO — CH, + HCO 6.8 x 10~'2 exp(—4450/T) 300-1000 + 03
CH, + CGH, + M>CHs + M See Table 3
- CH, + C;H No recommendation
CH; + C;H, —» CH, + CH, 6.9 x 10~!2 exp(—5600/T") 400-3000 + 0.5
- n-C3H, See Table 3
CH; + C;H; —» CH, + CH, 1.9 x 10~ 300-800 + 04
- C3Hy See Table 3
CH; + CHs; —» CH + CH; 2.5 x 10-3! TS exp(-3043/T) 300-1500 + 0.1 at 300 K rising to
= 0.2 at 1500 K.
CH; + CH,CHO — CH, + CH;CO 3.3 x 1073 758 exp(~1240/T) 300-1250 + 03
- CH, + CH.CHO No recommendation (see data sheets)
CH, Reactions
CHi+ M—->CH; +H+ M See Table 2
CHO Radical Reactions
CHO + O; —» CO + HO:
- OH + CO; 50 x 10-%2 300-2500 +03
-> HCO;
CHO + CHO —» HCHO + CO 50 x 10°% 300 +03
HCHO Reactions
HCHO + M—>H + CHO + M See Table 2
—-H,+CO+M
CH,OH Reactions
CH;OH + O; - CH,O + HO; 26 x 10°°T-10 ¢ 300-1200 + 0.1 at 300 X rising to
1.2 x 1071 exp(—1800/T) + 03at1200K
CH;30 Radical Reactions
CH O+ M—>HCHO + H+ M See Table 2
CH,0 + O; —» HCHO + HO, 6.7 x 10~ exp(—1070/T) 300-1000 %+ 0.2 at 500 K rising to
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KINETIC DATA FOR COMBUSTION MODELLING (continued)
Table 1
BIMOLECULAR REACTIONS (continued)

Reaction k/cm® molecule~'s-! Temp/K Error limits (A log k)
CH;O0H Reactions

CH;O0H + M—>CH,0 + OH + M See Table 2

CN Radical Reactions

CN + 0, = NCO + O

CN + H;O — HCN + OH
- HOCN + H

CN + CH, - HCN + CH,
NCO Radical Reactions
NCO+M->N+CO+M

— N2 + CO;

NCO + NO - N,O + CO
—’N2+C0+0]

C,H Radical Reactions

-2CO + H
> CHO + O

CGH + 0; -»CO, + CH ]
- CO + HCO

CH+H,»CH, +H

CGH+ CGH,—»CH; + H
C:H + CH, — products

C:H + CyHs —» products

C,Hs Radical Reactions
CGH; + M->CH,+H+ M
C:H; + O; » HCHO + CHO

C,Hs Radical Reactions
CHs + 0; » CGH, + HO;

CHs + Csz - CzHa + C1H4
— n-CiHio

C,Hs Reactions

CGHs + M—>CH; + CH, + M

1.1 x 10~" exp(205/T)

1.3 x 10~ exp(~3750/T)

1.5 X 10~ exp(—940/T)

See Table 2

1.7 x 10~" exp(200/T)

3.0 x 10°"

2.5 x 10~ exp(—1560/T)

50 x 10°1
2.0 x 10-12

No recommendation

See Table 2
9.0 x 1012

1.7 x 10~ exp(1100/T)

2.4 x 10-12
See Table 3

See Table 2
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300-2500

500-3000

260-400

300-600

300

300-2500

300-2700
298

300-2000

600-1200

300-1200

= 0.25 at 300 K rising to
= 0.5 at 2500 K.

+ 0.3 at 500 K rising to
= 0.5 at 3000 K.

*03

+ 0.3 at 300 K rising to
+ 0.7at 2500 K

* 03

+1

=+ 0.3 at 300 K rising to
* 0.5 at 2000 K



KINETIC DATA FOR COMBUSTION MODELLING (continued)

Table 1
BIMOLECULAR REACTIONS (continued)
Reaction k/em® molecule~'s~? Temp/K Error limits (A log k)
CHCO Reactions
CHCO + 0; —» CO; + HCO
—2CO + OH 2.7 x 107'2 exp(430/T) 300-550 + 0.7
- G0 + HO, M = He, 2 Torr
-> CHOzCO
CH,CHO Radical Reactions
CH;CHO + 0O, —» HO; + CH,CHO ke = 26 x 10743 250-1000 + 0.2
— HCHO + CO + OH ky = 3.0 x 107" 300 + 0.3
- 0;CH,CHO
CH;CO Radical Reactions
CH,CO + O; + M=>CH,CO; + M See Table 3
CH3yCHO Reactions
CH,CHO + M > CH,; + HCO + M See Table 2
C>HsO Reactions
C,HO + M>HCHO + CH; + M ] See Table 2
- CH}CHO+ H+ M
C;HsO + O; - CH;CHO + HO; 1.0 x 10~ exp(-830/T) 300-1000 = 0.3 at 300 K rising to
+ 0.5 at 1000 K
C;HsOOH Reactions
C;HsOOH + M —» C;H:O + OH + M See Table 2
CsH's Radical Reactions
CHs+M->CH, + CH; + M
- CH; + CH, + M ] See Table 2
~» linear-C¢Hs + M
CeHs Reactions
CHe + M->CHs+H+ M See Table 2
-CH+ CH, + M
CeHsO Radical Reactions
CHO + M—»CHs + CO + M See Table 2
CsHsCH Radical Reactions
- CH+ GH; + M See Table 2

CHsCH; + M—> CH; + 2C;H; + M ]

-+CsHs + C;H, + M
-» CG;HBCH) + M
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KINETIC DATA FOR COMBUSTION MODELLING (continued)

Table 1

BIMOLECULAR REACTIONS (continued)

Reaction k/cm® molecule ~1s-? Temp/K Error limits (A log k)
CsHsCHj Reactions
CGHCH; + M>CH:CH; + H+ M See Table 2
-+ CHs + CH; + M
2-CsH (CH3), Reactions
p-CsH(CHy); + M - CH, CH,CH; + H + M See Table 2
CsHsCaH's Reactions
CHsC;Hs + M > CHsCH; + CH + M
- CHs + C;Hy + M
-+ CHsCHCH; + H; + M See Table 2
- CHs + CCHs + M
-+ CHsCHCH; + H+ M
Table 2
DECOMPOSITION REACTIONS
Reaction kals™! Temp/K Error limits (A log k)
ko/em® molecule~* s~!
F.
o Kok (M)
1 =
k5™ = M) + £ F
H, + Ar—>2H + Ar ko = 3.7 x 10~1° exp( ~48350/T) 2500-8000 + 03
H; + Ho—2H + H; ko = 1.5 x 10~2 exp(—48350/T) 2500-8000 + 05
H O +N,-»>H+OH+ N, ko = 5.8 x 10~? exp(~52920/T) 20006000 05
H:0, + M>20H + M ko(Ar) = 3 X 10~¥ exp(—21600/T) 1000-1500 x02
ko(Nz) = 2 x 10~7 exp(—22900/T) 700-1500 %02
ke =3 x 10" exp(—24400/T) 1000-1500 * 0.5
F(Ar) = 05 700-1500 AF, = + 0.1
CHy + M>CH: + H+ M ko = 1.7 % 10~* exp(— 45600/T) 1500-3000 %05
CHi+ M—>CH; + H+ M ko(Ar) = 1.2 x 10~% exp(—47000/T) 1000-3000 =03
ko(CHs) = 1.4 x 10~% exp(—48100/T) 10002000 + 03
ko = 2.4 x 10' exp(~52800/T) 1000-3000 +05
F. (A1) = exp(-0.45 — T/3231) 1000-3000 AF, = % 0.1
F. (CH.) = exp(—0.37 — T/2210) 1000-2000 AF = = 0.1
HCHO + M- H + CHO + M ko(1) = 2.1 X 10~* exp(—39200/T) 1500-2500 * 03
-H,+CO+ M ] ki/ka = 0.5 at 2200 K
CHi O+ M—>HCHO + H+ M ko = 3.16 x 102 T -27 exp(—15400/T) 300-1000 + 1.0
[estimate]
CH,O0H + M—->CH,0O + OH + M ko = 4 % 10" exp(—21600/T) 400-1000 * 0.5 at 600 K rising to
= 1.0 at 400 and 1000 K
NCO + Ar—>N + CO + Ar ko = 17 X 10~2 exp(—23500/T) 1450-2600 £ 04

5-124



KINETIC DATA FOR COMBUSTION MODELLING (continued)
Table 2
DECOMPOSITION REACTIONS (continued)

Reaction kois™! Temp/K Error limits (A log k)
ky/cm® molecule~! s™!
F.
- koko [M]
! -
kis™h = ioM] + ko ©
CHy+ M->CH, + H+ M ko = 6.9 x 10" T=75 exp(—22900/T) 500-2500 * 0.5
ke = 2 X 10" exp(—20000/T) 500-2500 x 05
Fe. = 035 500-2500 AF. = = 0.1
CHs + M 2CH; + M ko{Ar) = 1.1 x 10% T2 exp(—47090/T) 300-2000 £ 05
ko(C:He) = 4.5 x 1072 exp(—41930/T) 800-1000 * 05
ko = 1.8 x 10%! T~12 exp(-45700/T) 300-2000 +03
F(Ar) = 0.38 exp(—T/73)+0.62 exp(~T/1180) 300-2000 AF; = + 0.1
F(C;Hs) = 0.54 exp(—T/1250) 800-1000 AF, = + 0.1
CH;CHO + M —» CH; + CHO + M k(1 atm.) = 7 x 10" exp(~41100/T) 750-1200 = 04
(pressure dependent region)
C:H;O + M —> HCHO + CH; + M ko = 8 x 10" exp(—10830/T) 300-600 + 1.0
[estimate]
CHsOOH + M > C,HsO + OH + M ko, 4 x 10" exp(—21600/T) 400~-1000 + 1.0

C“H5+M—PC2H2+C4H3+M]

-+ CH, + CH; + M No recommendation

— linear-CHs + M 4.0 x 10" exp(—36700/T) 1450-1900 *+ 04
CHi + M>CH; + H+ M 9.0 x 10 exp( - 54060/T) 1200-2500 * 04 at 1200K
-CHs + H,+ M reducing to = 0.3
at 2500 K
CHO+ M—>GCHs + CO+ M 2.5 x 10" exp(~—22100/T) 1000-1580 + 02

CHsCH; + M—> GH; + 2CH; + M
-CH(+ GH; + M 5.1 x 10'3 exp(—36370/T) 1350-1900 = 0.3 at 1350 K rising
- GCHs + CCH, + M to £ 051900 K
— C;H,; (BCH) + M

CHsCH; + M> GHsCH, + H+ M 3.1 x 10" exp(—44890/T) 920~2200 + 0.3 at 900 K
—CHs + CH; + M No recommendation rising to x 0.5
at 2200 K
p-CHa(CHs); + M — p-CH(CH.CH, 4.0 x 10 exp(—42600/T) 1400-1800 + 0.5
+H+M
CsHsC;Hs + M—>CHsCH; + CH+M 6.1 x 10 exp(—37800/T) 7701800 +0.1at770K
—-CsHs+ C;H,+ M rising to * 0.4 at
->CsHsCHCH,+ H,;+M No recommendations
—-CeHs+ C:Hs + M
~CHsCHCH; + H+M
Table 3
COMBINATION REACTIONS
Reaction ko/cm?® molecule~!s~! Temp/K Error limits (A log k)
ko/fcm® molecule "2 s~!
F.
gt o Koka [M]
3 1 1 o
k/em? molecule~’'s ~ kM + ku F
H+ O0; + Ar > HO; + Ar ko = 1.7 x 10°0 T~08 3002000 + 05
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KINETIC DATA FOR COMBUSTION MODELLING (continued)

Table 3

COMBINATION REACTIONS (continued)

Reaction ko/cm® molecule™!s™! Temp/K Error limits (A log k)
ko/cm® molecule=2 s~}
F.
3 161 =
k/em® molecule~!s koM + - F
H+ O; + H, - HO; + H; ko = 5.8 x 1073008 300-2000 * 05
H+ O+ N> HO; + N; ko = 39 x 1073 T-08 300-2000 + 0.5
H + 0; + H,O0 = HO; + H.O ko = 43 x 10730 T-08 300-2000 + 05
H+H+ Ar—->H; + Ar ko = 1.8 x 1030 T-10 300-2500 + 05
H+H+H,-H: + H; ko = 2.7 x 10~ T-06 100-5000 + 0.5
H + OH + H.O0 -» H,0 + H;0 ko = 3.9 x 10-3T-20 300-3000 + 03
H + OH + Ar —» H,O + Ar ko = 2.3 x 10-6T-20 300-3000 + 03
H+ OH + N,=> H,0 + N2 ko = 6.1 x 10~26T-2¢8 300-3000 *+ 0.3
H+CH; +M—-CH,+ M ko(He) = 6.2 x 102 (T/3000) "¢ 300-1000 + 03
ko(Ar) = 6 x 102 (T/300)~** 300-1000 £ 0.5
ko(C:He) = 3 x 10~ (T/300)~* 300-1000 + 05
ko = 3.5 x 1071 300-1000 * 03
F(He,Ar) = exp(—045 — T/3231) 300-1000 AF, = = 0.1
FC:Hs) = exp(—034 — T/3053) 300-1000 AF, = = 0.1
H + CH: + He = C;H, + He ko = 1.4 x 107" exp(~-1300/T) 200-400 + 0.3
ko = 3.3 X 10~% exp(—740/T) 200400 = 0.5
F. = 044 200400 AF. = = 0.1
H+CGH; + M>CH, + M No recommendation
H+CGH{+ M>CHs + M No recommendation
H+CGHs + M>CHs + M No recommendation
H+CGHs + M>CHs + M ko = 1.3 x 1074 1400-1700 + 0.5
H+ CGHi+M—-CH; + M ko = 6.7 x 107" exp(-2170/T) 300-1000 + 0.2
H + GH:O + M - CH:OH + M ke = 42 x 107V 1000 + 03
H + CHCH; + M —» CGHsCH; + M ko =55 x 1071 300-2000 + 0.2 at 300 X rising to
+ (.7 at 2000 K.
H + CGHsCHy + M - CHCH; + M ke = 1.2 x 10713 298 + 02
H + GHsCHs + M —» CH.CH; + M ke =33 x 1071 298 * 0.1
OH + OH + M> H,0: + M ko(Nz) = 8 x 10-3 (T/300)~7 250-1400 + 04
ko(H,0) = 4 x 10-% 300-400
ke = 1.5 x 10~ (T/300)~3 200-1500 + 05
FAN;) = 05 200-1500 AF. = 02

OH+ CH; + M-»CH;OH + M

No data available for this channel
(See Table 1)
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KINETIC DATA FOR COMBUSTION MODELLING (continued)

Table 3
COMBINATION REACTIONS (continued)

Reaction kaojcm® molecule~'s~! Temp/K Error limits (A log k)
ky/cm® molecule=2 5!
Fe
5= koke [M]_
3 le=l =
k/cm* molecule~'s koM + ka F
OH + GH; + M- CH,OH + M See data sheet
OH + CHs + M - CH:OH + M ko = 3.8 x 10~ exp(—340/T) 240-340 + 02
OH + CHsOH + M — CH;(OH); + M ko = 2.8 x 10- 298 + 01
OH + GH;CH; + M —» HOCHsCH; + M ko = 3.8 x 1072 exp(180/T) 200-300 = 04
OH + GHy(CH,): +M — CsH4(CH;3);,OH+M ke = 14 x 1071 300-320 = 0.1
OH + CHsC;Hs +M — HOCH;C;Hs + M 75 x 1072 atp < 1 atm. 298 +01
CH; + CGH; + M>CGH  + M 2.0 x 107 exp(—3330/T) 300-1000 +03
atp = < 10 Torr.
CH; + CHi + M>GCHs + M
- ¢-GHs + M 5.3 x 1012 exp(—2660/T) 300-1000 = 0.2 at 300 K rising to
—-CHs +H+M + 0.3 at 1000 K
ICH; + CG;H; + M —» CH,CCH; + M
— CH,CCH + M 3.7 x 10~" independent of p 300-1000 = 0.3 at 300 K rising to
—CH:CCH + H + M + 0.7 at 1000 K.
ICH; + CGH, + M — GH, 1.1 % 107 independent of p 300-1000 =+ 0.2 at 300 K rising to
+ 0.5 at 1000 K.
CH; + O; + M > CH;0; + M ky(Ar) = 1.5 x 10-2T-33 300-800 =03
ko(Nz) = 1.6 x 10-2T-33 300-800 =03
ke = 13 x 10-5T~12 300-800 =03
F, = 0466 — 130 x 1074 T 300-800
CH; + CH; + Ar—> CHs + Ar ke =6 x 10°1 300-2000 = 0.05 at 300 K rising to
+ 03at2000K
ko = 3.5 x 1077 T exp(—1390/T) 300-2000 =03
F. = 0.38 exp(—T/73)
+ 0.62exp(-—T/1180) 300-2000 AF, = = 0.1
CH; + CCH; + M>GHs + M ko =1 x 1072 exp(~3900/T) 300-600 + 05
CH; + CCH¢ + M »n-GH; + M 3.5 x 1073 exp(—3700/T) 300-600 =03
CH; + CGHs + M—>CHy + M ko =47 x 10°1 300-800 + 03
CHs + CHs + M = n-CiHyo + M ko =19 x 1071 300-1200 +03
CH;CO + O; + M —» CH,CO; + M 2 x 10712 300 =03

for p = 14 Torr.
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