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Abstract: The present work aims to perform the experimental and kinetic study of 1,2,4-trimethylbenzene
(TMB124) low-temperature oxidation under stoichiometric condition in a Jet-stirred reactor (JSR). The
experiment was carried out in the temperature range of 700-1100 K at atmospheric pressure. According to the
measurements and theoretical calculations, a detailed chemical kinetic model involving 544 species and 3248
reactions was developed. Rate constants of TMB124 decomposition, reaction with HO,, ipso-additions and
metatheses with abstraction of methyl H-atom were updated. New pathways of H-abstraction from the 1- and 2-
methyl groups were considered. The established model reproduces the measured mole fraction profiles of the
major species and intermediates well. Rate-of-production analysis indicates that TMB124 is dominantly
consumed by metatheses giving rise to three dimethyl benzyl radicals. Sensitivity analysis shows that the H-
abstraction reactions of TMB124 exhibit strong inhibiting effect, while the reactions of HO, radical and the
three dimethyl benzyl radicals have promoting effect.

Keywords: 1,2,4-Trimethylbenzene; Low temperature oxidation; JSR; Rate-of-production analysis; Sensitivity
analysis.

WiEHAR: 2016-11-30; &7 HEA:
HEEWB: ExARFYIES (No.91541102/51476168) , FAHERHFET Ait&l.

fEE T HRsE (1987- ) B, BUEIRTUSY, M, BEENERBERNEN A L. BEEE: HIRE, B,
tianzhenyu@iet.cn.

0 5= Feks. HERAINER 1. mTAS I, W
= L ST 200 5 77 RS 2 T M
SRR R RIITEA AN SRR R, IR & S R
SR, KA E BRI R AR BRI R 1SR A A


mailto:tianzhenyu@iet.cn

PRI 231, 2K [, HZE 60 ZHEZR 190 725K
(0125 i TR 57 R R R BRI 2 U ) 2 ik 7, (H
XL 77 5 J SRR P8 1 &
(#£)140-150 g/mol)  UIMWSRFTEZERE, ARESE
SRS S R IR R I . BRAh, DL R BRRHT
12 SR AR O EUAB T B, TR T2 AL S s i 2 #4R
B E RS HFRLAY . ik, BT EAEREKR
ST REME RN, = RgEESR
PO oy FiRL sy 2. Rk, W0 = 2R R e
etk BA AR EE N E L

HAT,  RET 0w = H SRR P 1 S0 A0 B S T
FHNAPR . Roubaud 25 N F PG EZ4EH LT T
i = FR R IR [ S R, IR 5 R I = P 4 AT DAAE
BARMIR AR ) PR, R HRRH T RT
Bl AR I S 2, AR TR = H 2R3 & T
AR HIZEAL” 021, Bikas RE T M= AR
AL 031, ZHLBER LA R B SRR B
17, FFA A = R R A A I R R R R AR TE
4 {7 3 AU N . Bikas FONLERAEH T 3640F
RUKAEIR N ] 021K 6k Ok BRI S Ak fF D1315%:
SEIGHHE . b5 Honnet 25 AR H T AT AR Jet-A fiil
R I ERAR B EURRL iR HE 20% i —
FZRAN 80%1E 28t (L EHE B EHLBIR A, MAIHFAR
TAZAERRRL AR TR KA RS KA PR . R
IRMARFR 7 82K 21, 7ESE3EAE |, Honnet 25 A
et TR I = 2R LI, IEHLEEXT Bikas (1)
i = FRHLER O3M 7 SE 37, Hui 258 AR R X e i
AT FT T M = R () S O B AR K B 2R,
158 K I Honnet [IATLEE B SARAL T — H AR K
PR AZ R KA REE 04 151, Won % AR
X R LA AIE FE T i = FE IR B AR SRR
B Honnet FRALEL ™ B AGAY 1 48 K IRFR iel,
I, i = R R (AL Y7) 75 2 B T ok X S 6 A A
AT BEINATSE T, AR 2 RS ) AR e —
RN N ER] 4 A7) HF IR E R, 2
WG T 1 ALA 2 AL R R SR [ 3. eAh,
T 55— Y AR A T R P 1 P2 W 2548 J R P oy
MR+ EEZ, ARITIRN TR = ARG
BUREHAIB) ) 2R

A TAERIFH EAT BT B SR R B35 SE 58P
SR T =24 700-1100 K, 1 DMKSE, 4
BN 1.0 X FRRIESIS R ARYE AL T
TERFLRTIE, EaT ARG R @, BRI T
H R = ORI 2B . AR TR R T

i = F AR IR AL AR A R BB i, iR T A
WA e I R A ¢ R T XA o R PR B

1 SE56 55 77 AR

1.1 SEI%

B 1R = MR A R R aon gl &
TAEFFTE SR B R A (JSR) S #
SIESCHR T T AR 07, RS RAERTEA
W, RILES R A RA e ), TR BN 50
mm FJEEK, ERAAPUANEHR 0.3 mm [ .

BERER a6

MFCEERIHEHIZE

SiEaE

B 1 = AR A S0 R YR
Fig. 1 JSR system for TMB124 oxidation

i —=H KT TCI ~w], ZiEEmT 98%, ARl
AL AR, = R IE VR AR, PR IR
FELRFFLE 473 K, W& 0 = FE AR . (443
K)o s —HF KR ERE 0.061 ml/min (FH%4T
SRR EVHAERLEBIN 1.0 %), ZiEH—65
JEHEE (FL2200, A8 iAXASARAR]D K
Hl, FEA (AN 99.999%) @S (AN
99.999%) ML E Hl =R RS (GEE MKS A
")) AR, B RS ARREE A 12.0 %A
87.0 %, JMWEFEN 1.0 SLM, &N 1.0,
TR C/O 4 0.38. MR[EHE T G H (4
[l Horst AR Mid, MR K B3 R 47
o EHENBI RN Z AT, FTA IR ST E
473 Ko SR BIPIFFSEA WIS B2, R
AR IR BRI I 7S 1 AT 3 b . ST
HAFIEH (GC-MS, 4R 7890B-5977A) Fl5,
s (GC, ZHEE 7890B) BEAT/rHT, LGSR
=R 1A (Molecular Sieve-5 A, AlLO5;-KCl1 F
HP-INNOWax 43 7| Fl F A TC AL . FR IR 75 A ik
&Y, Wl RSN (TCD) MKIEE
FRIMES (FID)o TERFRATINZ A, A3 AR HE A4
SN AT hRE « S50 IR B AN 8 25 K
F B EE IR S BURZE LS %, AR FR R



ZEN+10 %,

1.2 BRI

A TAERH Chemkin-IT £ PSR code J /&
B TAE U8l AR TARR RIS A
Honnet Hfl = RHLEL 217 Diévart ) = H 2K ML
USRI, FFHMA TAB IR B A HOR
O, X —HZE PN, R TAEERAHE P
(CBS-QB3 J7i%)  ROWFAR| —BE S S W ) T 2
WAL WHR = IR RN = H RS HO, H
BESBE R RE S (0 e 6 0 A AR U B A
T EYLI IR, AR FIINT 1 AR 2 f7 2
ISR IUSON B AT A R PRI RS, IXAE R
NTAERREEHERN . AR TAER BRI
544 NYIFIFN 3248 NN K 1 FIH T B SR
TR0 A DR A = FR R R AT AR R ) = A 2
o RS I A IR 38 5048 R Ff THERGAS

AR 2U. #irJoikilEid THERGAS 15
(1) F TR =40 () 47 2 R R A Sk v B O 645
2|, BEASkUZ KA CBS-QB3 57k  [200f1 Gaussian
09 3. fJa R R EAT A O Z 0Hr (Rate-
of-Production  Analysis, &#% ROP 73-41) FlR B
7M1 (Sensitivity Analysis) 50 T s = FF 2R ) 3 2L
THFERRAT AU S N o AR TAF R ML 25 A B 45
A AR E T SOV R, R
CBS-QB3 J7i%  ROHAT J LT s i AL AR B A 26 43
Bro BbAb, IR FHAE SR AR AR TH R R ISHIE SR & (1Y)
T RSN B ) 2 A ) SRR o AR AR
BRI E S A Gaussian 09 #4317, 30177
LSRRI IS IE S IL 455 ChemRate F2/7 115
23] Br T ATAEKERS) /1 HLEE, Honnet i
S HOEHIEA TR SEIR 25 R, FERIAR TAENLER
AT LG

F1 BOERIEMABRM=PERELTE RE NN FE R k= ATexp (-Ea/RT), B{IH mol, s, cm’ F1 keal.
Table 1 Modified and some added reactions used in this study. k = AT"exp (-Ea/RT), units are mol, s, cm? and kcal.

RN* M A n E, Ref.
BRI [ R

R1. tmb124=CH;4jC¢H;CH;-12+CH; 2.66E16 0.00 97.88 b
R2. tmb124+0,=d12mb4CH,+HO, 5.73E9 2.99 40.58 ¢
R3. tmb124+H=0-xylene+CHj; 5.67E8 1.43 5.65 d
R4. tmb124+H=d12mb4CH,+H, 5.96E-1 4.88 6.57 ¢
RS. tmb124+0OH=d12mb4CH,0j+H, 9.15E8 1.47 15.54 ¢
R6. d12mb4CH,+HO,=>d12mb4CHO+H+OH 6.00E7 1.50 5.12 ¢
R7. d12mb4CH,+HO,=>0-xylene+tHCO+OH 2.38E7 1.71 2.92 ¢
R8. d12mb4CH,+0,=d12mb4CH,0;+0O 6.3E12 0.00 40.0 €
RO. d12mb4CH,0j+0,=d12mb4CHO+HO, 6.0E10 0.00 1.60 !
o BN R R

R10. d12mb4CH,+H=tmb124

RI11. d24mb1CH,+H=tmb124

R12. d24mb2CH,+H=tmb124

R13. tmb124=CH;4jC¢H;CH;-13+CH;
R14. tmb124=CH;2jC¢H;CH;-14+CH;
R15. tmb124+0,=d24mb1CH,+HO,
R16. tmb124+0,=d14mb2CH,+HO,
R17. tmb124+H=d13mb+CH;

R18. tmb124+H=p-xylene+CHj;

R19. tmb124+0=t124mb50j+H

R20. tmb124+OH=t124mb50H+H
R21. tmb124+H=d24mb1CH,+H,

1.0E14 0.00 0.00 g
1.0E14 0.00 0.00 g
1.0E14 0.00 0.00 g

4.0E17 0.00 97.00 h
4.0E17 0.00 97.00 h
4.2E12 0.00 38.60 i
4.2E12 0.00 38.60 i
5.67E8 1.43 5.65 d
5.67E8 1.43 5.65 d
1.7E13 0.00 3.60 J
1.3E13 0.00 10.60 k
5.96E-1 4.88 6.57 g




R22. tmb124+OH=d24mb1CH,0j+H,
R23. tmb124+H=d14mb2CH,+H,
R24. tmb124+OH=d14mb2CH,0j +H,

R25. d24mb1CH,+HO,=>d24mb1CHO+H+OH

R26. d24mb1CH,+HO,=>d13mb +HCO+OH

R27. d14mb2CH,+HO,=>d14mb2CHO+H+OH
R28. d14mb2CH,+HO,=>p-xylene+tHCO+OH

2.29E12 0.00 -0.36 !
5.96E-1 4.88 6.57 g
2.29E12 0.00 -0.36 !
2.1E5 2.18 0.373 €
1.0ES 2.30 0.200 €
2.59E5 2.09 0.401 €
1.56E5 2.20 0.231 €
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Fig. 2 Experimental (symbols) and modeling (lines) mole

fraction profiles of major species in the oxidation of TMB124 at

low temperature
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Fig. 4 ROP analysis of TMB124 oxidation at 925 K and 51% conversion
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51% conversion
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