Vol.39 BEFREALFE FIR No.6
2018 4F 6 H CHEMICAL JOURNAL OF CHINESE UNIVERSITIES 1212~1220

doi; 10.7503/¢jcu20180160

TS U ERIE AR R B3 5 F N E

ZMm, THk, Rt
(DU Rl 2e TR 2B, AT 610065)

WE RAETFAEINEIR T a3 2L, 3R15 TR EUR . A e i & 1,5
AT R RN 55 RN B F126 280, I8 CBS-QB3 /K T 3RAS TG R I %280, il AT
AT T EAT G U A B N 1 v A B A i 0, T TG R 22 O AR 36 0000 e A i D A R A ).
TUCALEL ST T+ S A 2RI SR Y 20 7 2 A AT 2= L. AR LG TEEGe IR FI R IR ke, A28 A i &
JInAEU IS N P o N B IR B AR A AR TR, 1, 5-F R O N I RE R B, HE AR T S5 A X N Bl 7 S R T
P2 H BT A IR R, FEARIR T A AR A i AU ke AR @ LA SRR TR IO
Arrhenius TE 3 AT EL, X SH0RT F T BB AR IR AL A F4 E AR L.

KR RS RO SRR BRBESN ; B )Pl

FESES 0641 XHEARER A

AR, RarFI2e ot e 5 S i b oe e |, Rt 1 X302 A shpLBE B i 2 AR A 05
PLE AR . SRR AT A R i T B i 2 3R ), I LA B B A L, T sl A 2 R
RHOPERER S H 28 B AYVE . S A2 C BiF 2 Sk A s SRk r AR R R W A 5 4 R ek 4
310, AN HAER IR FE LN L8 K h AL Pt e B0 R AR PR, DR X LR B HLE A BT 9 L
HEZE L.

PRI A R B, R R BE R i 7 AR Y H AT SR B e K H A AR i
BRIpe S AL RN R AR T 15 8] 2 5, IFH T ah il 585, 2ok 07 S B EUR
HE R S AR P RN . —Je3 | PUOT I L FLOC IR oK TR (AN BT A 35k J1 o8 25.1~29. 3
kJ/mol) 5 & A PR, T HFaE RIS TCH IR K J1oh 4. 18 kI/mol ™) | IR & 7S e & i 19+ 2 ik
ZE0r T IR R PR M. SR T B ek S WL 5% RO 45 21, RHIF TR & JF B T X0 ke de 1
SACZER SR FIHLEAIR ST, 7ESEI 7 T, Violi 25 %+ S AL S 24 T THFST, R T IR
TS ZERR Y SR 1842, Dagaut Al Ranzi 857 FEGTRLHERE RN #5 (JSR) FRAF9E T &R E L, &
0.1 Fl1 kPa J£ 7] 5% 750~ 1350 K #EE T, FIIFHAH G RECG TS (GC-MS) W T = ZA M i) vk B2 BE R
L6 S O 70 = A /B3 U S SN 8 D 2 5= N T 17 e = K = €283 7 1 £ A VA 731
Yo, RAF T 59 —BUR SR, 5 IR B s K E IR 45 R EAT T4 L. Zamosty S B
5% T #E 400 kPa, 1083 K T &AL ZS AR Ui SO s i A4, o34 1 1 S AL ZE A6 AN [R) SO 2% i
PGAEMLE] ; Ondruschka %5 7F 770~ 1020 K FEi BE4E R, BT T4 Wil A 3 5 4 S AL 25 B4
S, PAE T HBFEIL Y 5 Yang 2500 I T B IR AN SR ZE B NP LIR B S, i S
W (GC) A TR I TR E =0, IR 7+ S 25 PRI A B i S 4, (AR R 45 1
FLI 5 B 0B F1 28 5 LT A UEAT T A A KE R SE 5, 7E 950 ~ 1395 K, 182~ 1656 kPa i
RIS T S 28 5 KGR ] Qi 2RI BL 23 A i B ) B s 2 0 9 T 48 37 s s 4 v 1+
SALZEAEAR A TE IR TG Bl (JE J7 4, 20 1101 kPa, &JE 920~ 1500 K) B ZLAE ;. Zhu 2512 F1 Zhang
5Ll g PRI A AR 769 ~ 1202 K IR BESE FE N 3RAT T - S AL 2500 A K HEIR R i, BRI s S B 1

Wk HPT: 2018-03-01. W14 H fi H 38 ;. 2018-05-22.
REWH ., FEARPAES (S . 91641120, 91741201) FEH).
RN E8E, 5, WL, IR S, E2NFREREMRSE N ) J) 205, E-mail: wangjingbo@ scu.edu.cn



No.6 EFWE . + AR IR B 43 ) F AR 1213

O R B, RIVBR S 5 A R AR A5 PR T 2 i B K AR I ] 7 Bl JRLRE T e i AR G,
Bl 1(A) iR, 5F Ranzi 07" BT AR SHLIE, Zhu 502 9047 T RUKSEIR 9 8h 1 4540, 7€
900 K 7 A7 A/LBEASEALAY A K A SR I 18] TS B0 2 2R, AT TIA D X 02 T LASE B 07 16 e ST LB RE TR 2
Mo AR SN B AR, TFA0 20 S SORS 4R SR R IR T By 3 R L K 1 2 AR AR BRI &5
FE+ S ZRPIE S T, BR T Ranzi 557 3R S BHLSN, 9T 856 dl 1T Reaxgen HLHE F 5l
AR T SR B R AR TR LI, ALY K A SR I (] 5 S (AR AT

WL L BRI, T A AR AL S e = IR AR b S N ik A2 5 B g 2 B, TG T
S A I B IR LR Y L TP, R (IR LB PT LA R 1E Bde ) TR R e Y
Tl B R BOKON. T8, o AR AR SO 38 3 T i S0 il RE AR RN, OB AL RO Il R
I T IS REAROSE, An 1(B) FroR. 1B 1(B) Hr s AL S & — A JeRE 2 SO & 1(C) ], HA P
W RC(K, =k /ey, by R e, 20900 TE 90 S 07 T 4R 80 IR/ INRSE T e S A ARt S oz A0 S i 0 v i S
I 2 ZRIRARHYSE . A ALZEE O MR B AL S, AR AU A S LR ) 3 SRS i AN FE 0
T+ A2 ORI AR e SN ML BRI ST+ 2. RS i i 1Ak D iR AT+ SR 2R TR S AL
B2 11:i00 e NN R 1 M= VAN E IS B S ) e 2NN B S~ 94 = N B~ s o 1 2l s QUK (AT W Ve it TR
XL S 7 AR SRR, BRI AU SO Hh 5 S5 R X0 O, RE 22 S I L SR S I 1) 2l g 2 A
SFPERIALE], Sy XU BEk AR ARG LB S 5l )~ Bl

(A) (B) ©)
. / Peroxidation § \
R-+0,7 M = ket
g B k2 H.atom abstraction ROO-
T HQ,~ + R{Olefins) 7 Reaction coordinate

Fig.1 Negative temperature coefficient effect of low temperature ignition delay( A) , the disproportionation

reaction of radical oxidation(B) and the barrierless reaction for O, addition( C)
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Fig.3 Low temperature oxidation reactions of decalin starting from C—H bond breaking
at the « position( A) and B position(B)
Species designation is also given.
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Fig.4 Potential energy surface for the low temperature oxidation reactions starting

from the « position and B position of decalin
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Fig.5 Potential energy profile at the UB3LYP/CBSB7 level for the barrierless reactions of
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Table 1 High-pressure limit rate parameters for low temperature oxidation reactions of decalin
in the temperature range of 500—1500 K~
Number of reaction Reaction lgA ™ E,/(kl - mol™!)
rl R=R1+H 14.91 300.33
2 R1+0,=R1-P1-00 -0.62 63.79
3 R1-P1-00—R1-P2-00 10.23 186.90
4 R1-P2-00+0, =R1-P304 -8.17 -114.99
rS R1-P304—R1-P404 5.82 181.46
6 R1-P404—R1-P504 10.51 72.12
r7 R1-P504—R1-P603H+0OH 12.39 65.93
r8 R1-P603H—R1-P702+0OH 11.22 40.56
9 R1-P702—R1-P8 13.28 221.98
rl0 R=R2+H 12.39 376.02
rll R2+0, =R2-P1-00 -15.59 -4.77
rl2 R2-P1-00—R2-P2-00 13.04 214.23
rl3 R2-P2-00+0, =R2-P304 -13.58 -126.50
rl4 R2-P304—R2-P404 8.25 177.35
rl5 R2-P404—R2-P504 8.48 63.67
rl6 R2-P504—R2-P603H+0OH 13.84 46.17
rl7 R2-P603H—R2-P702+0H 22.58 28.05
rl8 R2-P702—R2-P8 11.26 214.78
* For the bimolecular reaction, the unit of 4 is mol™' + ecm® « s™!; for unimolecular reaction, the unit of A is s™'.
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Table 3 Kinetic parameters of 1,5 H-shift reactions from the literature

Name of reaction Specified reaction lg(A/s7") E./(k] - mol™!)
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Fig.8 Rate constants comparison for 1,5 H-shift Fig.9 Temperature dependence of equilibrium
reaction and those calculated by the constants for O, addition to decalin
literature radicals
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Kinetic Mechanism Study on Low Temperature for
Decalin Combustion®

LI Yingli, WANG Jingbo* , LI Xiangyuan
(College of Chemical Engineering, Sichuan University, Chengdu 610065, China)

Abstract The kinetic mechanism of low-temperature decalin combustion was studied, including reaction
types such as dehydrogenation reaction, radical oxygenation reaction and 1, 5 H-shift reaction. The
thermodynamic parameters of species were obtained at CBS-QB3 level. The high pressure limit rate constants
for reactions with transition state were obtained by transition state theory calculations, while the rate constants
for barrierless reactions were obtained by variational transition state theory. Based on this mechanism, the
kinetic and thermodynamic behavior of decalin oxidation reactions at low temperature were analyzed. Compared
with the corresponding results from linear alkanes and monocycloalkane, the rate constants of O,-addition to
decalin radical change more fast with temperature and the energy barriers of 1,5 H-shift reactions are higher,
which reveal the influence of reactant structure on kinetics. The analysis result of thermodynamic equilibrium
constants showed that the O,-addition reaction to decalin radical plays a leading role at low temperature. The
rate constants of Arrhenius form for all reactions were fitted and these parameters can be used in the
construction and optimization of low temperature combustion mechanism of bicycloalkane.

Keywords Decalin; Low-temperature mechanism; Rate constant; Combustion reaction; Kinetic mechanism
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