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Computational study on the chain cracking mechanisms and rate constants of
C, chain hydrocarbons during pyrolysis/gasification

ZHU Zhong-xu, TANG Feng, JIN Yu-qi , CHEN Si-yu, MA Jia-yu
(State Key Laboratory of Clean Energy Utilization, Zhejiang University, Hangzhou 310027, China)

Abstract: Chain hydrocarbons cracking always occurs in pyrolysis/gasification. Among them, the reaction time of
light chain hydrocarbons is short and they have many reaction paths, which make it difficult to accurately detect and
analyze each evolution path by experiment. In this study, Gaussian and its related software were employed to predict
the reaction sites and to study the chain cracking mechanism of C, chain hydrocarbons (including ethane, ethylene
and acetylene) under the action of H/OH/O radicals or H,O. According to the results, radicals can both attack the C
and H atoms of ethane, while the C atoms of ethylene and acetylene are the main attack sites. Among the above
radicals, OH radical is the best for unsaturated hydrocarbons cracking, while H radical is the best for saturated
hydrocarbons, showing that the steam is conducive to the cracking of C, chain hydrocarbons in actual process. In
addition, comparing the optimal path of the reaction of ethylene or acetylene with OH radical, it can be found that
CH,CH,OH radicals are easier to crack than CH,CHO radicals below 1200 K, while CH,CHO radicals are easier to
crack above 1200 K, inferring the better response speed of aldehyde groups for temperature than alcohol groups.
Key words: C, hydrocarbon; H,O; radical; reaction site prediction; reaction path; rate constant
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Figure 1 Distribution of electrostatic potential and average local ionization energy of C, chain hydrocarbons on the isosurface of
electron density of 0.001 a.u. ((a), (b), (c) are ESP; (d), (e), (f) are ALIE)
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Figure 3 Change of reaction energy barrier of ethylene under different paths



256 S &

e (o2 30

514

MOS0 AW A OB G AT
I = AR AR R S BB Y T 2 . 7E AR r 2-4
o, B E AL Bh O I LRI R HEE RSO
% CH, Fl CO; 2L HE, #F #% 4% r 2-5 ", CH;CHO 11
S 2 DL N H B R T 1 H I DA R
TE B A2 v 2-6 T ) R SR O N T HEE RS R A
CH;COH, #& J& ik i — 20 Wi 2491 Bl H 7% 75 T8 1
FaE M CHy LA K CO. RER 2 e W) 3 B2 2l 1ot 57
FAEIE B CH;CHO J5 FRifE A7 24, Horbr, B4 r 2-7
38 i H 5 5444k CH;CHO; i 5 4% r 2-8 1]
Sl i H % 5 4 4E A4  CHCH,OH 2 J5 4t il
i OH % #% 4= ji, CH,CHOH, T 18 i H %% # ¥ i
CH;CHO.

WAL, M O 5K R, FEREET S
IK 3125 77 A 1) H/OH [ | L R4 ke e i A=
i CH;CH,OH, i J5 # i#F — 25 2%y CH, #1 H,CO
(B%4% r 2-9) 8{# CH, Al CHOH( #%4% r 2-10) .

5 OHmARTFR R, Y S H R F R I, 7=
PIAIH O B8R R T 8 B PR i 0y S A Rn B
Tsang %" B85 T ZFh 25 H [ P 3 R Y 5%
P, (H I 88 7 AV RS H B9 I s sl & H A BB,
M TG 2 2L f, AR T3 2 A vp fef A 1 3
KGR ABR, KRB 3 &3 10 2 Bk A, Rtk A
WA 18 2B AE H H i 2R 4E T B9 24
N o FICK IS8 28 OH/O A 3 L K 4
BN B 7 5 A8 R i, N B A8 AN TR

C,H,+OH — CHCHOH —
{ CH,COH — CH,CO — CH, +CO r3-1
CH,CHO — CH,CO — CH, +CO r3-2

C,H,+0 ('D)—»CHCHO—CH,CO—CH, +CO r 3-3
C,H,+H,0 — CH,CHOH — CH,CHO —

CH, +CO r3-4
[ CH, +H,CO r3-5
CH,COH - CH, +CO r3-6

HR A 3 At S5, 205 OH A 4t
B e AT I R N A= i CHCHOMH, il 38 33 9 ¥k
N H #5785 77 CH,CO, fieJmi 75 H L e 54 145 3
T RREEWT 2L 4 CH, A CO, AR5 H 8 82 19I5 AN
], A 4% r 3-1 Flr 32 Fhad 2 .

PSRN RIEZ B 2L, 285 0 A
Hy i SE I 4 CHCHO™ ™™, 5 202401,
B W AE B3LYP Jr ik I JCvA fE Rl S AR T I
A E et P A, 1 R N AT B R B kT (4

8D, AL R S e AN CHCHO JHif . 7E#% 12
r3-3H, MRS O H &4 B CHCHO Z
J&, ¥k N H % A2 il CHLCO, 28 5 CH,CO
it — 5% CH, 5 CO,

_
W
S

»

w
¥}

E /(kJ-mol™")

— 4 — -5 — -6 TS 13-5 TS r3-6
r3-4 r3-5 r3-6 447>Sgu S

TS 13-6y,~  CHHC0 —
35 79 3 :

TS 13-4TS r3-5,\TS 13-6
340.46

L TS 13-44TS 135
300 | 251,65

E /(kJ-mol ")

0 L :
0 — 16.73 —
R0 o &y

-150 | 16848 16848
CH,+CO CH,+CO

K4 CHAEARTRERAR T B REZ 221k
Figure 4 Change of reaction energy barrier of acetylene under
different paths

[F] A b, 18 7K 53 F 5 B s A= 1 CH,CHOH
Je, W N H R A O, BT R 7 A CHY
1 CO(H 42 1 3-4) B # CH, A1 HyCO( 4% 1 3-5)
S AT DL o W H 7% #42 i CH3COH Z )5
E— 2034 N CH,y F1 CO(BEAE 13-6) .

23 G RIERUENMH R NE

Kot B Bk 04 A2 I R 8 5 b ik B Y
ARG BLANEL S B, INIEL S BT LU, B X
SRE R EE R K, SR 600 K F+ 2 1500 K,
FEAR T 1-1 o 1-2 B9 RN R 0 B 23
126 MRS AT (BFEMFIRE T, B 1-1
WA Ty AT, AH Y R AR AR e 12 i
-5 E R g, X ULEHAH el C—H W 2 R A
H, ZIe ARG S92 C—C R Wi, X e A X
R A (PR R 4) T LR B, 642 1 1-2 1R 3R 5L
TR RY Ge E ™ M A L5 KA TR — B 4.
HHT, O ke A B 240 Az g H 3 0% 503 R 5
BOREFE T, W AS v 1-1 WRAE ST T H gk — 2




2 1

T 258 C R L A/ A BB A LI o R B 5 557

e, [N, B4 1 1-1 78 700-1500 K Ay 33 K H
BB SCHR I R [FR E T SRR E D 2 2
8 MBI, THAZ IR, M T okems, XA S
1) A R AN P2 B, F A ot 3 A 2 (] Y
H #7874 &t

KIS T H A B EES 2% ki A fff
FERL i (0 b2 SO TR B, T LUE Y, B IR
R R R o, K, B r13 25 H
I ER 2 0 Y e A I AR, D 3R R B 600 K Y
1.01x 10 °L/(mol-s) #42 1500K [1)2.40x 10'L/(mol-s),

0 L

_1() L

_20 L

%30}

—40 |

BNES 1-1

; ol

—60 ¢ r1-2
_70 1

600 800 1000 1200 1400
Temperature /K

0L
-10 }
E-20}
=30} -
> rl-5
—40F & ~rl6
50} * rl-7

600 800 1000 1200 1400
Temperature /K

Yoen TR R AR r 14 R R (HHER
FEFH R, BRI Z [ 1 B B E IR e B D
46/, DN 600 K 1 15 /> F it 2 sk 2 2] 1500 K B Y
WA ER . diaaeakl (K 2)KE, it 1-4
() e 2D & CoHs 1Y 240 B2 I, I BE 1 I e X i 2P
B PE DR . Back 25" ARIE £ b i 1Y
ST AL T 823-983 K ZkETE H A HHIE/EH
T B A 1Y) N R E B, (0 TR T AN (R
DL R S 6 I 4 R BRI v 1-3 Y SRR L
45 2 ) = AR

10 +
ok
e (U
=
=20
—30¢ ri1-3
—40 + rl-4
600 800 1000 1200 1400
Temperature /K
10 +
ok
~10F
=
=20
—30r s -~ r1-8
—40 | ° «- 119

600 800 1000 1200 1400
Temperature /K

—-10
20}
30}
—40 -
—50
—60
101 4

Ink

~ r1-10
rl1-11

600 800

1000 1200 1400

Temperature /K

K5 CBEAEANIRIBEAR T A S0 3 4

Figure 5 Reaction rate constants of ethane under different reaction paths
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Figure 6 Reaction rate constants of ethylene under different reaction paths
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