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Abstract: Different pyrolysis characteristics of wood biomass (radiata pine and rice husk) and their three biomass compo-
nens (hemicellulose, cellulose and lignin) at different heating rates were studied with TG. The DTG curves of the hemicellu-
lose was different from other samples, and they moved towards the low temperature region with the increase of heating rate.
Three methods, Kissinger, FWO and Popescu, were used to determine the kinetics. Based on the characteristics of different
methods, the pre-exponential factor, activation energies and most probable mechanism functions of the five samples were

detemined. The most probable mechanical functions of cellulose, pinups radiate and rice husk were Jander equation:

1 1
G(a)=[1-(1-)3]* , while others were anti Jander equation: G(cr)=[(1+a)? —1]* . The kinetic paramenters of the five sam-
ples could be solved well by using the three methods in combination.
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1.1 BER

SEEG AW 2007 AR K EL ] EoK FERE ST AR
SRS YR JE LR | 0 43, EHURIARFE 100 ~
120 H WAL, P SCIGHITE 105 CHEIE T4 2 h. il
FRETYER CRiAR 29N 100 pm, JFEIME 97%) | 2474k
R (A4 85%) AR ER (GEATLUK R 28, HA
A, B AR A AL SEE A B T
PTG IRFEAL A R 1, SEIARE S A TR JC K T
b AT L 2.
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Tab.1 Chemical composition of biomass samples

. TS EU%
B TR N I
LERNEUN 41.50 20.40 26.10 12.00
fioe 40.20 24.30 18.13 17.37
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Tab.2 Proximate analyses of experimental samples

BE J i o A%
Koy WESY Koy [Eibede
LY R 6.51 76.44 5.04 12.01
i 6.60 91.40 0.00 2.00
NI 6.50 89.34 1.46 2.70
LRIV 8.24 77.22 0.28 14.26
it 6.15 68.61 9.74 15.50
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M, TEORHR R R AER 10 me, FCE T4 @4+,
7E 40 mL/min BY& AR 0L 10,2030,
40 C/min ) FHELER H =R TR Z 900 C.
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Fig.1 TG curves of samples under 30 ‘C/min heating rate
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Fig.2 TG and DTG curves of radiata pine at different
heating rates
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Tab.3 Results of biomass pyolysis kinetics with Kissinger
equation in different heating rates

FE i IF R E/(kJ'mol™) R
MR y= - 13131 x+ 13.906 109.17 0.990 9
LR y=-16382x+15.696 136.20 0.998 6
Y NJi¥ y=—-19728 x +22.648 164.01 0.997 2
LT TR y=-16488 x + 15.621 137.08 0.999 7

e y=—15630x+15.748 129.95 0.999 8

Kissinger % DIARIAFHEEFHITZIRK TG £
i, AR TR 2 9 e K 2 A IR R (A 7 Ak
P 005 HAE ICOE , A FE T AR AR R BIZTEAE
VA SR P ZE LR FE , [R5 T #)
WAL, Bh A A R AT A M IR 2. R
WAL T T 2RTYE< 1 MBI, (AL, et 4t
() 2RTp/E J5FE 5 0.083 ~ 0.088, £ZF4E XK 0.076 ~
0.080, KJFEZE N 0.060 ~ 0.063 , FEHT LK 0.076 ~
0.080, A7 K 0.076 ~ 0.080, 2RTH/E A J& LAIE /N T
1, Mt 2SS E0 T8 AHERRTE, X E - RIS AR
SR, 25 AR PR R
2.2.2  Flynn-Wall-Ozawa(FWO)
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Tab.4 Results of radiata pine and rice husk pyolysis kinetics with FWO equation

i RIS 5
(]
1% JitR E/ (kJ-mol ") S EIREiy E/ (kJ-mol™) R
20 y=-8999.0x+17.139 163.8 0.990 6 y=-81558x+15.836 148.5 0.988 2
30 y=-8383.5x+15484 152.6 0.999 3 y=-8343.0x+15.691 151.9 0.993 8
40 y=-8140.0x+14.700 148.2 0.999 9 y=-8110.0x + 14.966 147.6 0.997 3
50 y=-8110.8x+14.348 147.7 0.999 9 y=-7902.8x+14.390 143.9 0.998 7
60 y=-7976.9 x + 13.881 145.2 0.998 7 y=-79343x+14.264 144.4 0.999 5
70 y=-7937.0x+13.612 144.5 0.998 1 y=-8133.1x+14.400 148.1 0.999 6
80 y=—-7968.0x+13.454 145.1 0.995 1 y=—-11859.0x+19.873 215.9 0.987 5
x5 EMRPIAHER FEZURKREN FWOHTRRLELER
Tab.5 Results of hemicellulose; cellulose and lignin pyolysis kinetics with FWO equation
" LR % A
(1]
B E/(Kmol™) )i BRI E/(kJ'mol ™) R EIIEYL E/(kJ-mol™) R
y=-4460.0x+ y=-88062x+ y=-16221x+
20 81.2 0.994 8 160.3 0.993 5 295.3 0.8197
10.328 15.638 30.618
y=-58643x+ y=-87153x+ y=-12115x+
30 106.8 0.974 1 158.7 0.997 2 220.5 0.994 5
12.460 15.272 21.884
y=-67525x+ y=-8581.0x+ y=-11723x+
40 122.9 0.993 5 156.2 0.998 0 213.4 0.987 3
13.731 14914 20.351
y=-74054x+ y=-8395.6x+ y=-11976x +
50 134.8 0.998 5 152.8 0.998 1 218.0 0.995 6
14.604 14.505 19.908
y=-81324x+ y=-82222x+ y=-14913x+
60 148.0 0.999 0 149.7 0.99717 271.5 0.986 4
15.609 14.130 23.003
y=-8730.0x+ y=-81952x+ y=-22750x+
70 158.9 0.998 5 149.2 0.996 9 414.2 0.8827
16.320 13.990 30.932
y=-8701.0x+ y=-84502x+ y=-23421x+
80 158.4 0.967 9 153.8 0.997 2 426.4 0.9459
15.494 14.255 26.430
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Tab. 6 Results of sample pyolysis kinetics with Popescu method

B 1% (E) E/(kI'mol™) R (E) SRR (4) A/min”' R*(4)
oYz y=—18 668 x + 32.563 155.2 0.998 9 y=0.0123x+0.037 8 3.24X 10" 0.901 2
(A% y=—-16834x+26.636 140.0 0.994 4 y=2.6667x-0.0130 3.13X 10" 0.943 8
VNG y=—30714x +46.555 255.4 0.989 3 y=0.007 1 x+0.024 3 3.38X10" 0.834 6
KSR y=—16982x +26.502 1412 0.997 2 y=1.562 9 x +0.006 2 2.04X10" 0.999 7

2o Y= -17511x+28.528 145.6 0.999 7 y=2.5069 x+0.020 0 2.08X 10" 0.987 8

143.9 ~ 215.9 kJ/mol, £F4EZ M81.2 ~ 158.9 kl/mol,
3 & i LFYEE N 1492 ~ 160.3 kl/mol, K& Ky 213.4 ~

426.4 kJ/mol.
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WA AP i = AT, T = 2 4 3R DRI BRSO 1 22 T A B AN
). LF2EZ HRSIAS EAF YRR R A 2 Y [ A
5% B AR R B .

(2) i FWO ¥kl pR AR e 8, , X 5 Fhzk
W5 AR =5 SR X AR S I P TS AL REIEA T T
HEh B AN 144.5 ~ 163.8 kI/mol, F5E N
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B ] AL R S G (o) , R A JLALIE sk 450mT
SR SIS AL REARXT I TR T IRF, NI ARAS T #4#
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SE k-

[1] Orfao J J M, Antunes F J A, Figueiredo J L. Pyrolysis

kinetics of lignocellulosic materials: Three independent



2014 4E2 A *

M, A ARSTRARIAETC MO =2 G gl g2 - 35

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

reactions model[J]. Fuel, 1999, 78 (3) : 349-358.
SCHRAE, SR, %, 55 AR I 2 4 50 AR
BAFAERLT]. WL R4 : LR, 2005,39(2)
247-252.

JAFIR, B, ek, 55, LB/ SR g s
BT K s J120F 5 1], KPHAE2# 4] , 2007, 28 (9) -
979-983.

REA, B, BT B Y AR i e 3l )
25T (0], RRMEAE2E4, 2009, 37 (5) : 538-545.
Ko, R LR R TS A BT IR A AR5 .
BT R B ARRIEFAR, 2012, 29 (3) £ 352-358.
BT8R AL, IR, 5. PTIR M RLIAAR 2R B AT
RILh I w8 1], KB AE2:4, 2006, 27 (7) : 671
676.

B LBH, XU, 308, B AR YRR SES K B fi2F
SR LI]. Talkfn#k, 2008,37(3) : 6-8.

KRB, SR, ARt , 6. AW RS AT 4307 I
JURR Bl Iy R 25 B L 85 [T, B2 3], 2003,
31(4) :311-316.

Antal M J J, Varhegyi G. Cellulose pyrolysis kinetics:

[10]

[11]

[12]

[13]

[14]

[15]

The current state of knowledge[J]. Industrial & Engi-
neering Chemistry Research, 1995, 34 (3) : 703-717.
W, ER o, g Pk, % A A A AT N
T EEAETE L] #2241, 2006, 34 (1) - 61-65.
Kissinger H E. Reaction kinetics in differential thermal
analysis[J]. Analytical Chemistry, 1957,29(11) : 1702—
1706.
[ B O R T - e DA S D Y A | S S Y
11,2001 65-146.
Flynn J H, Wall L A. A quick, direct method for the de-
termination of activation energy from thermogravimetric
data[J]. Journal of Polymer Science Part B: Polymer Let-
ters, 1966, 4 (5) : 323-328.
Ozawa T. Kinetic analysis of derivative curves in thermal
analysis[J]. Journal of Thermal Analysis and Calo-
rimetry, 1970,2 (3) : 301-324.
Popescu C. Integral method to analyze the kinetics of
heterogeneous reactions under non-isothermal conditions
A variant on the Ozawa-Flynn-Wall method[J]. Thermo-
chimica Acta, 1996, 285 (2) : 309-323.

RERE: ALE

(LB 197)

3

% it

R TR B 7572 05 1 R A R Aol 2 77 (T 14

R TR TIRAE. FEpCaE R, ST FORTRAL T
MR A0 7. % I HERR T LA NS 7R 7 3% 1
R X VR A S, RS T 1 Bk E X BB AR
8.67% H st f& 1 F e 1 " R TR AK TN160s-D-3, I H.
Wi T 58 TR 160 s. ftt hiE—24
(AR B A T ARSI T 00 i A B AR, 1IXFhi
A5 VAR AT I A A A5 A B R 4

%3k

[1] FEHE, &% EEGOIERA 5N AFN M. b
7t A E R Tl H A, 2000.

[2] &HzZ R, 8. GIMRER T Z%M]. L.
R DR R R 1989.

[3] T, B, 2. PR R B R T]. =5

[4]

PREZZEM: BARBERR, 1997, 11(2) 1 41-48.
Nierman W C,Pain A, Anderson M J, et al. Genomic

[5]

6]

(7]

[8]

[9]

[10]

sequence of the pathogenic and allergenic filamentous
fungus Aspergillus fumigatus[J]. Nature , 2005 , 438
(7071) : 1151-1156.
Fillinger S, Chaveroche M K, van Dijck P, et al. Treha-
lose is required for the acquisition of tolerance to a vari-
ety of stresses in the filamentous fungus Aspergillus nidu-
lans[J]. Microbiology, 2001, 147 (7) : 1851-1862.
1% g VA= I .7 T I R & PV A SO
AR TR A TR )55 - PR, 200810116220.5[P].
2010-01-13.
Fi/INEL, BREGHE, SRR, EORM ORI A R & 1)
AWFFET]. TolAAYT, 2000, 30 (1) < 47-49.
RFEL VEREURE B R WA AT IR (1], Tk ik
#7,1990,20(4) :20-24.
W, RS, B, B AR AR R &
PR RN, A2 54 TR, 2005 (3) - 42-44.
A, 5 KR, CCo—y SHRAEFHEERR A TR
B Co9-6 MBI, WOLAYY,1994,3(3) :
509-512.

RIEHRE: R



