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Abstract: The molecular dynamics method based on reactive force field (ReaxFF) was employed to study the py-
rolysis mechanism of cellulose. A reasonable model of cellulose with 1 152 atoms was constructed. The simulation
of cellulose pyrolysis was carried out to explore the distribution of products and the evolution of intermediate radi-
cals within the range of 500—2 800 K. It was found that the pyrolysis of cellulose at low temperature mainly ex-
perienced primary reaction, with char and bio-oil as the main pyrolysis products. Through the secondary
reaction, the bio-oil produced by the primary reaction was cracked to gas or condensed to char. 900 K was the
transition temperature from primary reaction to secondary reaction, and the time required for secondary reaction to
occur is longer than that for primary reaction. The bio-oil generated by cellulose pyrolysis had a high oxygen con-
tent at low temperature. The oxygen-containing functional groups in the bio-oil would be further cleaved into gase-
ous molecular fragments and some of the H migrated into gas phase at high temperature. Compared with the pri-

mary pyrolysis process, the secondary reaction required much longer time. In addition, the evolution tendencies
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of the main pyrolysis products (CO, CO,, H,O and C,H,O,) were given. The reaction trajectory showed that in

addition to the mutual conversion between CO and CO,, the breakage of carbonyl group (CHO) led to CO genera-

tion, while the release of CO, was mainly due to the breakage and reformation of carboxyl group (CHO,) .

Keywords: cellulose; pyrolysis; ReaxFF; bio-oil; secondary reaction; pyrolysis mechanism
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Fig.4 Pyrolysis mechanism of cellulose

Kl 5 D9 AT T £ 4 28 it W Ao B AV
IR AZAR SO0, &l 5 W0, TELT 4 R AR iR it
RErf, B = Wy R B S I E] AN B e sh 2 1, Al
RESE AR 1L AR oy Tl A BT R T TS Bl
HIFRFFLEIEAT , N TRER A Sk i, ™
Yy oy RO R B IR S, IS TR E . I
R, B 0 T RO

B 53 F RO

0 100 200 300 400 500
I} [El/ps

—=— 500K; —e— 600K; —*— 700K;
—v— 800K; —e— 900K; 1 000K ;
1100K; —e— 1200K

B 5 AERETHRES SR ETL
Fig.5 Changes in number of pyrolysis products with
time at different temperatures

& 6 R FARZ M 300 K FHEZE 1200 K AT
= BcR Ak, HoA T 90 ps THEBYEL, J5 500 ps

— 564 —

DtETR B ATLUE e TRl A B A
Pesh BTy, AR 5 B sl BV, R Al TS
A 1200 KR ARADUA 2R A [R] it s 221 4 bR e o ]
7 PR, BEFE PR SO I BEAT , BT R A LR IR | A
5, MM ITER L AR NG Al R AR
MEFAER SR PR k. BiJS H - il OH - % A
FEUCT R TWER, A A AR, B A AR
BAEYh. VRN IR, AP HER SRR RO N
TR B AR AR R R T AR AL
PIEAR TR | 2P Y R 2T 4 R AR T A8
S ALY, BT AL 4R R S IRAE Y AR S Al
AN ERAT—RE AR,

120

100 |

@

E 80 -

&

;§ 60 |

t: 40

=

=4 ‘ N
200 Tl ERE |
ol [, . . . . |

0 100 200 300 400 500 600
i} ) /ps

B 6 1200 KA =M ERERT EZL
Fig.6 Changes in number of pyrolysis products with
time at 1200 K

TR T B R SN R AR ) 3 A s i 2T
iR R Y R PR R b R O LB, BFSY
T 600K I 1200 K T4 A=W FEE e ™ i Bl oy
[B] A A8 AL AR (UL 8). ARl 8(a) AT UL, 7E 600K .
0 ~ 150 ps, A= W3 ™= it e RIS N, J5 B sh A2 1k, 78
150 ps JE AT E s HEIRTE 0~ 150 ps YL A 2]
TE, S shAs e, 76 150 ps Jo i TRaE ; i Tl
FERAR, R b, S e A TR AT
T AR Ak, dE 8 (b) AT, 1200 K IR T, A9
PRI, 7ER N AT E] 100 ps A AT A F R
KAE (59.5% ) , Bl J5 G218 T B 5 ™ i S5 A Wik 3%
PR AR R HY, 7E 0~ 100 ps 78 Bl N 28 R F%, 100 ~
500 ps i Bl N PR FFRS A 5 UM 218 BT, 5 %
kA TR . RIZE R EY, 7E 600K TFLF4E R M
FRLL—WR N T, 1200 K IF—WR S 52 e , 28
WGHAT T 85 1200 K, X H— 0052 iz Fisf ]
(0~ 100 ps) , ISR (100 ~ 500 ps) it B [A] B K.
2.2 HEYIHARMBEETR

AW T Ve R, ] i — 2 RS
A IR R SR B B A2 200, S22 ) ST i
M FEE MY AP Cs~Co.Cio~Cron



TKF AR 2R R DL 1ROV 8 ) # HE

MRMZEHEAR

(c¢) 300 ps

t R .

(d) 500 ps
B 7 1200 K T#E~YHEHEEIRE
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