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Simulation of Molecular Dynamics in Xylan Pyrolysis
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Abstract; The polymers builder of hyperchem and the semi-empirical method were used to build and opti-
mize the molecular model of xylan and obtain the characteristic parameter of xylan molecular. Based on
Amber force field, in the periodic box of 1.5 nm X 1, 0 nm X 4, 5 nm, pyrolytic decomposition of xylan
molecular (DP 9) was studied and analyzed under periodic boundary conditions within 300—1 300 K.
Results showed that the glycosidic bond broke off at 550 K. At the same time, the “—OH” on pyran ring
broke off. When the temperature rose to 650 K, the “C—O” bond of pyranose broke out of the chain, later
the “C—C” bond broke down, Through simulation, the main cracking groups were found and the
corresponding products were predicted. Meanwhile, the mechanism of productions such as 2- furfuralde-
hyde, HAA, CO,, CO was also analyzed.

Key words: xylan; pyrolysis; molecular dynamic simulation

AREERLAERNYEEGEE A, B BD-ARMLRFEL 14 AKEFREZTE ZARFFRIEERZ
SMEBREEMNSE. AEELSHEYHBTERY 5%, 2—MHEBWEYRER. REEAZM TN
A TR B . WSS AR TR AR I AR X AR M i B PR RR LR AT R A W R AR AL B T R

HETEASCEARALPRTAREEMR I BROBTR. ¥zt Colomba™ 55 R A R 19 B B X A R4
ST R PR R AT B 1 BT . Hosoya ™ S 7ESALIR BE T (800 “COBFFE T A BME 1 B F5 1k, OF:
£ GPC.GC-MS.GC-FID 5 L Fop 7 J7 ik X il Pt 47 TR . SRR RRER G A=Y+ L
AL OIS LR B B BREE 2,5 SRRk 2R R U RIS . ARG E A A
G I AR B PR i AR T R U £ 2 R . COLCO, \H; \CH, .G, H. .G, He \Cs Hy 4.

e H #9:2010-04-12
EEIWH  BREHRBEEES (50776101 ; B K KW 70 AR 8131 2 4 (CDIXS10141150) s R FES: 211 TR =MW 5 (S-0910D)
FEZRIA X §(1962-), B WL A Bl 05 1 AR E A Pl S B8 & TR A A R BE B4 49 20 T30l . E-mail: liuchao@cqu. edu. cn



294 ok " o T ¥ He3k

X T A SR B AR T IE > LA 32 R T SE 30 T 26 0F 5 AR SR EAR 7™ 400 54 B » T X AR SROB % A REU™ W 9
TR R ASCRAS T 31 122 R T I TR B ST R R i B W s R, R B T IR A AT
ARBNE AR B BOWDLER , 42T T AR %) B0 PR DLER RO T BRI R 3

1 AREHEBERTETE

REBR—FhE MR IR EHE, H EZ R BAR, W &8 48 AR G 8 17. 8265, i LB Hi{f
B D-#E0E D2 300 D-H 884 D- W PR IR A D-2f UL S5, AW LU 0 07 U8 s 8, AR
B G IE 1 BR . AR SCUURNE R e v AL B TIA TR B RKE, RAREGER 9 1
ARTE LEBRBOT RS mRARE 22 E W, A Hyperchem #4585 Polymer Builder TR &
AREBWE > THEL

- OH
S 2 10 O oH
@O Kon ) 04@
HO 58 06 |p2
OH OH

B 1 AREERLESE K

Fig.1 Chemical structure of xylan
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TR BSBEETE PR A R (U, BMAERAEW,) BASHMEEU) . mARMEU) BEEE
W FEE U AT B HBE (Us) . Hyperchem 4 7l it #6549 7135 645 AMBER J33.CHARMM 7
% .0PLS Ji%g., LRSS AR S5 T %R R ETRT TR, 4R %£% AMBER 3554 Y 5
= F PR B & B A SCE L E ] AMBER 13, AMBER Ji35 R FE iR FR B U, #1 U,
HMRHOE LR Us Lennard-Jones #RBE P WEE T ELC AR KRMR U . 2EHATEY KRG F. A
N FRIE S THRBTE M IR RS, HEBRAR Y.

U= Unb +Ub +U0+U¢ ‘|—U +Ud =

ZK (b—bo)2+ZK 0— 6)2+Z —V,[14 cos(np — ¢)]+2K (x— XO)2+quf--- (D

X 0.0, 5y K BMA. IHA %%¥E%@Eﬁﬁa)§,Tﬁ“O”i%/THZ@HTE’J{E Ky, Ko\ Vs 5 K, 735
ARG RAT . CE A SR ERS A E R g g SR DB TR e N
AR HE B
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R4 % B MNDO-PM3(Parametric Method3) %4 5 771, %53% P-R(Polak-Ribiere) TEp 8 F B 1,
KR ARS8 HRIRZE(RMS) #EH 0. 042 k] /mol, 45 R+ 1.168 5 nm < 0. 649 2 nm X
4,121 8 nm, BHURF BN FEE BB ER/DHR 1.5 nmX 1, 0 nm <4, 5 nm, il A 5 100 ps, B4
B[] &7 50 ps, BB K K 0. 001 ps, LT 300~1 300 K iR EEE N ARRENHMAEE. REBRESHS
50 CTotr—kBRAN., MBS RPAREE S TR R FEKK BATH, R FR_mMAal L, BE1
BRAMARE EATREN mAMKBRREEMN, BERKERBERERY L2 At A b2z,
2B 5 A R B 75 3k T 2 TR R A A2 R
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Fig.2 Molecular model structure of xylan
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Table 1 Structural parameter of one union of xylan molecule after the optimization

No. b/nm No. 6/(%) No. $/ ("

CiCy 0.156 3 CiCC3 115.90 C1C;C5Cy 46. 560
C,C; 0.156 5 C,CsCy 109. 78 C,C3CyCs —43. 069
C;Cy 0.156 3 C3CyCs 113. 96 C3C4C5 06 39. 764
CiCs 0.153 5 CyCsOg 112. 15 CiC506Cy —45.753
Cs0s 0.1359 CsCs Cy 129. 70 C;06C1Cy 46, 376
0sCy 0.138 3 C3C4 0Oy 110. 89 CzC3Cy Oy —173. 086
C4 Oy 0.136 6 CsCi1010 117.99 C506C1 019 —&89. 819

2.2 ABRBSFHABIENENER

B R o ZE AN EAB B (0~100 ps) , AR RWE ST F 1Y IR B2 70 AE & FEE B4 00 24T B 8 TH iy s 7R B 4 B B
(100~150 ps), r FRIBEMGBEERBTRE. WA 3SHTUERRZBREMERNEBIE s EF
B, 100 ps PUG.IRERETE 1 300 K,BEEBR ETE 5 180 kJ/mol,

2000 6000
(@
-~ 5000
1500 =
g 4000
M r = 3000
= 1000 <
>
g 2000f
500 S
1000
| | ] | | ]
0 50 100 150 0 50 100 150
t/ps t/ps

B3 ARESTHEESEREZL

Fig. 3 Variation of temperature and energy of xylan

B BN, A BB FHERM EE R AT 450~900 K, XL 4R MR T ETEZHAR
PER S R 1, G R R A HE R SR R I i B R AR 7R 423~923 K 450~950 K, 5AXHERESR
—8 WEMRT 450 K i, TREBEMR AR RE S THER R AR . WA REETHE , E B R T IR SR, R
BWE TR B RER TR (B 3b), HEM R TR S T A Se R aent , st BB A A S r R R, R A8
BT . A RAE ST 9N R 500 K, 78 43 7 5 i ik e 4T 9 0 3R S Bl B B L F 2 ) A B B (650
K AR EZRAM R MR . AT 07181 B0l e 1 2 A R TR T B L BOR B SR AR SRR 4
B SRS TR AR TR PR ) o A A T B3 SR SRR, AT AR R Dk SR RS E L TE R IR T ARA B 4k
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(¢) Further decomposition(800 K)

B4 AREHES TR R

Fig.4 Bond breaking simulation of xylan molecule
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Table 2 Typical functional groups of xylan pyrolytic decomposition

Cleavage-group Possible production Name
—OH H:O Water
—CO— CO,CO; Carbon monoxide, carbon dioxide
—CH; CH. Methane
—CH;—CH,— CH;—CH3; Ethane
—CH=CH— CH;=CH, Ethylene
—CHOH—CHOH—CHO— CH,COCOH Acetone alcohol
—CH;0H CH;0OH Methanol
—CHOH—CHOH— CH:OH—CH,OH Glycol

—CH=CH—CHOH—
—0—CH,—COH—

—0O—CH;—CHOH—CHOH—CHOH—CHOH—

CH,=CH—CH,0OH
CHO—CH,;0OH
CsH100:,CsH O,

Allyl alcohol
Glycolaldehyde

2-Methoxy-enetetrahydrofuran, 2- furfuraldehyde
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PR IR B B R S AR AR H A i EERA N AE T RAOBTR . SRR E] 650 K mh, KR4 1k
W PR S A TT IR . BEAE R R R T R e B4 O CHE, XTREEH T C- O C-CHE
BB/ ST . MR EFFHA C—O BN AL B A R AT 4 AN IR s . RE“C=0"X“COOH”H fit Al
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