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Ry JERL B 2R R 43 Je L 80~120 H #EAT [
PRATG T ot R0 A P G . BRI o = 2
SRR AR ORFTER R R A S R O
I3 JEHL 80~120 HEATE XK . FEFIIITE M
FT 3 A 43 5910 2% FH 7 1 Vario 23 5] 4E 72 1Y EL-2
B0 Z 43t A AN PY FE 2 Las Navas 2% 5 A4 72 19
SDTGA-2000 % Tk 43 Hr 447 £, & # i ok
5% [ Parr 23 5 4R 74 6300 A S [ sha L.
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J&# (200.230.260.290.320.350.390 °C) , 4K Ji5 {4 Vi
90 min, 2 A N, #ii & 50 mL/min. 5 [A] B 55 14
T, LA 10 C/min (8 F il 3 26 N = R T 2 400 °C, BF
SEARSEIR I 2k .
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Table 1  Ultimate and proximate analysis of raw and low-temperature deoxidized samples

Tk T 1% wi

TCR T % wi

R, HHVIMJ -kg"!
14 A Fe [c] [H] [N] [0]
Raw CT 78.62 4.81 16.57 49.22 7.16 1.40 4222 17.86
T200 78.01 4.95 17.04 53.20 6.00 1.12 39.69 18.39
T230 75.49 5.52 18.99 57.59 5.61 1.24 35.57 19.35
T260 70.98 6.53 22.49 64.48 5.51 1.39 28.61 21.07
T290 54.99 10.13 34.88 72.38 5.34 1.79 20.48 23.02
T320 51.45 8.23 40.32 75.17 5.06 1.82 17.95 23.61
T350 44.61 9.90 45.50 77.72 4.65 1.70 15.94 24.09
T390 39.26 11.26 49.48 79.04 4.49 1.90 14.57 24.36
Raw CR 73.88 8.69 17.44 49.83 6.99 1.27 41.92 17.94
T200 71.53 9.47 19.00 52.95 6.72 0.67 39.65 18.63
T230 69.81 8.04 22.15 55.49 6.01 0.70 37.80 18.98
T260 61.24 9.55 29.21 61.91 5.60 0.87 31.63 20.45
T290 46.39 11.15 42.46 66.96 5.36 1.09 26.59 21.64
T320 45.75 9.39 44.86 71.22 5.21 0.85 22.72 22.67
T350 4228 12.00 45.72 74.97 5.02 1.19 18.82 23.55
T390 39.32 13.16 47.51 76.55 4.33 0.95 18.17 23.66

0 3 il 22 B 2 d— TR B s daf— TR TTIREE
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M 23.0% , B KFFH 0/C F1 H/C 43 BIBEAR 40.2% F
29.3%. FEATE 200~290 CPY,0/C Fl H/C (R IR
KFHAE 290~390 CHIAYREME , EHH 200~290 CH
1) B8 SRR B A (R A AR SRR B R H T R i
PIELGE T 290~390 °C iR B BE A0 M 480 Y H
TCE LR SF BN . ARAT B R S R B
fE 230~290 C, K FF i 4 W 35 IR 2 B S h A
230~350 C, £ i BE BE 0/C [ 0E H417E 18.00% L) I,
H # FF 0/C £ 260~290 C N B A & K W& i@
(36.23% ) ; £ KFF 0/C 7E 230~260 CH HA e K
R IR (25.00% ) o 5 LA I M8 FT 5 K FF HIC HE
Tie o e L B 44 R 230~260 °C, X Al RE S KN
It ek 91 1 PR A A SR ot R A ) I 5 R T e R
JRIZN D e o B 25 SR R IR G R A
R T I 60 R TR 36.4% , B K FF Y R AL
KT 31.9% , o] WA R 480 % A= W Joi b
B4 v A U o
22 H@mRESW

Pl 1 A R 400 C LA #A i i FA TR 43 BT
(TG) KA i #AE 40 Hr (DTG £k . 35 2 hid 2 4%
W Bl B2 S B i i 2k, AB B R TR MK B, I B B
FE AR 2 BT R BEBR P K 0, BB B IR B 3
FEE T AW BORE S )8R 5 K AR 5 K ABOR I
JE S RE AR o FORAT B 5 K SRR T AR AT, ik
i B2 15 K . BC BN o P B, LB B i
AR TC A O A M B BB dh A T 2 A AR D i il
BN EA B ARG O R — B A
FAEOE 7 o CDE Bt S0 B, I B O #F il 32 22
Jot 45 2k B, A AT A B B 0 B 4 2 R Gk

£ 92.0% , WL By BEFE i 23 & A2 B 303 i, A2 il
CO,.CO . CH, /N5y + &S A ML & W Ak, J2
FEH PR B, FRAT DTG W {H IR JE 249 4 330 °C,
(dw/dr),,. A 6.99%/min, T K FT DTG U {H 6 £ 25 Ny
318 °C, (dw/di),, N 5.24%/min , & BIARFF 0945 &
R ELZ . EF BORACE, BB BER B
4k 25 i, AE B R BRI 4, A W 5 e Ak B Bt
— T FFLEE] 900 C, L EH & . F AN DTG
] FH i, KPR DTG dh£k < i i 0 )8
PR TR AT B R RIS B o X2 PR Ry R OK AT
Hp 2 21 A 2 AR i EUAR R P2 £ A AR A
T IO N R I o YA 7 DD N SE o i
FHXT & m B 2 ), W 28 A ) T i I i DTG it 4k
H 2 B — A SR AR

100}
90}
80F
701
60
501
40t
30

TGHfiZ F |
E .

|
—_
1

AR 0%
SR /% min

050 100 150 200 250 300 350 400
M/ C
a. FiAT

100
90 -
80
70 -

SRR HU%

60
50

40 -
0 50 100 150 200 250 300 350 400
L C

b. Tk
BT EWBTRE S TG B DTG 2k
Fig. 1 Typical TG amd DTG diagram of biomass
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340 CRHIT ;) 300 CLL 2148 £ A 4724 CO,
Fe/b i CO, 300 CLLF 25 4 25 10 43 ik 18 2 A= 1l
— 4 CH., & H JuE ik, B8R 300 CLL [4F

AEZR A 2R A CHL, (B el /b, B i
A B R A LA S B SR 2R S R

®2 AEAREBECERERRER

Table 2 Temperature range and weight loss of test samplein a nitrogen atmosphere

- TIRE: AB B BC B CDE WALE EF
il SRR R WEEEC R Err  WEGEC RN WEEEC A
HFF 25~112 4.1 112~225 1.7 225~385 92.0 385~400 2.2
TKFF 27~121 5.2 121~220 3.0 220~375 87.0 375~400 4.8

23 HREFRKAEHESNT

S I 0 Al 2 E TR A2 ) O i B I SR R AR
Y A ) - i 2, 7 ) R R A ) R AR
W 2 Fr7s o K 2 ATt Bl S i e A T i

A=Wy B TR A5 AR TINR i AT 87 W 4 o 0 R
W IREARR , P B i O 32 B AR W o P B4 0 K
J % H B AR B B B B 5 SR A S, LT e x
AWy AR R B EYETE T . 3 3 A R
sty S5 L BAVE IR i 9 R R B . R 3 TR

0~ 200°C SRR S R IR B N 230~350 °C ., X AR L AE
09} 230 ¢ 200~290 CAI 200~390 1y % T bt , % BAGFF 5
08 e RFFAE 290~390 €4 Tk Ho 5 B i 76 200290 C43
S o7 20C LT 28.2206 F1 52.28% , T 2k T 4k HO 5 25 2 I 4
i 061 320 C BRI TR () B
0.5F 350°C ®3 AHFEREABNERFRRESE(%)
0.4F 390 °C Table 3 Residual mass fraction of samples in
0.3— 20 40 60 80 100 120 isothermal pyrolysis(% )
I 1)/min TE/C
&%; Fdh o

6 2I0 4:0 6I0 8I0 1 (I)O 1 I20
Ff []/min
b. FKFF
B2 AW it A5 LG SR ) T il 2
Fig. 2 Time-mass curve of biomass samples in

isothermal pyrolysis

200 230 260 290 320 350 390

WA 9432 87.25 77.04 6835 5531 41.79 35.05
FRFE 93.85 89.49 7727 71.45 56.23 4322 37.34

TE X SRR

R = bt )

TR E B AR LR 4, 290 CUL R & TR E B
J AR T T 290 CL 45 1R 3 By, 61 290 C LA
TR B IR OR B R o {H 300 CLA L FAL B R A
B REAR IR =y rh & R SR R R T A 2
L2 R o 3 A e T R T AR W A T
e o PR S B A A v AR AN TR S5 H
A 15 A5 3 1) O S L

F4 AHEREBERBREE

Table 4  Deoxidation rate of sample during different temperature

g TREEIX[E]/C
[2]8}

JERE~200 200~230 230~260 260~290 290~320 320~350 350~390
HRFF 0.84 0.91 0.88 0.93 0.31 0.24 0.23

FOKFF 0.77 0.78 0.77 0.94 0.41 0.36 0.23
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TEALRE E AP HTIA 7 A o SR 24 A LB B S 1o
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TALRE, SRR RN SRR ARG R . WIS EIR
fiffe S L 1 S Bl ) 2 S HORA SR FEME , Cumming ™
PE T E B INACE G AREE T AT RE S AR Y
BRI
E =F XE +F,XE,++-++F XE, (7)
X, E~E, BB B PG AL RE s FL ~
F, ——% W BT R B
AR S BUAS R Y n (B AV i e B A TR,
PRI S T RS RE n=1 , Bl 51 R R 9%k
n=2 I, A REISTE 98.5% L) I, WA Hr 8
THE A s 0 3% b BB RS i R HLARZE R LR 5,
M 5 0] F AR AT AR OR AT AEAS [ HR E BE R B
AL REAS [H] , ICIR B 1) 76 AL BB /0N, T s YL B 1 0

dia = Aexp(— L)(l _ a)n (5) . L .
dr B RT FERERE I, BT TG L RE AR R T oK FF .
x5 REREHNESE
Table 5 Kinetic parameters of biomass deoxidation at low temperature
FEA REIC n E/k]J-mol™ A/min R% K /% E,/kJ~mol™
229~310 1 66.39 1.80x10* 99.26 4251
HiFF 116.64
310~389 2 159.60 9.44x10" 99.81 49.73
241~294 1 64.56 1.43x10" 98.69 31.12
KT 103.86
294~375 2 126.32 1.92x10" 99.56 54.45
LT 228~293 1 77.19 1.15x10° 99.01 39.92 77.19
Faii 321~386 1 238.99 2.25%10" 99.01 85.38 238.99
281~354 1 21.83 1.23x10™ 98.92 9.03
Y NGiES 28.42
354~391 1 56.47 2.43x10° 98.71 4.68

2.42 MY = IR S 1 i

R ik — 25 BF AR I B S o v A ) A B
1% AR SCAE Y = 5y CREAF4ER (4R .
ARTRE) N JEORE, 3 BT 8 200 B o TR
SR A ES AR IR 5. WK 5 R
HLFYER FBAE 290 CLL T K5, AT 4ER

A3 TR R 5 (Ol 321~386 C) , KRR ZEAE 400 CLA
T R A AR RO T A BRI IR T £ 4 R A
YR, WX SRS =AM ARy
WIS G, R AR S A4 R 2 R,
KA A P ZE A, AT 2 2R 3 FoR N
Bt B L B, [ B 5 AT 3 38 U RE S R A



215 RUSCIRE - AR P = At A5 T LR 80 1125 317

AR T UK A SRR WL, AR PGS, I
TE 400 CRBLFALRERAR . TI=F2F4E R 7> T 45 AL
AL ANEAT , ZF e R A AR S E | PRI £T 48 3R S
HACRER TRLF4ER o WEFEITAS B RO AL RE &
B AWFFESAL > AW b 4% 2H 00 S B AL RE Y
28 5] BB T HOR PR [R5 /Y2, A=) 51 5
H B3 1% 2500 22 7 AT RE 2 AR W BTN
=2y IR ) S AR L A ) o AN TR
BRI = 5 LR .

3 4 i

A SCiz AR 5 AR SF IR I R T AR T
R R ARt R () A2 N B )2, R EESSIRANE -

1) 5JEFEAR E L 390 CHERSARFF O/C Fil H/IC 43
AR T 78.5%H1 60.9% ,390 CHEKS FKFF 0/C Fi
H/C 73 5 AR 71.8%H1 59.7% , I 8508 B 3%, HLAR
FFFN F KA A5 5182 5 36.39%F1 31.88%

2) B FF 5 K FFAE 290~390 °C 2k & e H7E
200~290 CHrill# = T 28.22%F1 52.28%

3) HFF AN R FF 1) 2R 1T 32 FH 50 ) 2 g A 7Y
SR 72 S0, AR A R AR RN R A1
TEALBEZ> M 120.91.109.27 kJ/mol

4) A=W 5 = 21 4y nl s g s AR TR SR H B
TSR ARE I L R A g R 4R KSR
R TEALRE 235N 77.19.238.99 .28.42 kJ/mol.,
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STUDY ON CHANGES IN PRODUCT CHARACTERISTICS AND
REACTION KINETICS OF DEOXYGENATION FOR
BIOMASS AT LOW TEMPERATURES

Liu Wenzhi, Mei Yanyang, Yang Qing, Yang Haiping, Chen Hanping

(State Key Laboratory of Coal Combustion, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: The low temperature deoxidation processes of cotton stalk and corn stalk ranged from 200 °C to 390 °C were

studied. The product characteristics and the kinetics of the deoxidation processes were analyzed to provide a theoretical

basis for further exploration of the reaction mechanism of low temperature deoxidation of biomass. The results showed that

compared with the raw biomass, after 390 “C low temperature deoxidation reaction, the O/C and H/C of cotton stalk
dropped 78.5% and 60.9% , the O/C and H/C of corn stalk dropped 71.8% and 59.7% , the effect on deoxidation is
obvious, and the calorific value of cotton stalk and corn stalk increased 36.4% and 31.9%. The weightlessness of cotton
stalk and corn stalk during 290-390 °C were increased by 28.22% and 52.28% over the weightlessness during 200 and
290 °C. The pyrolysis process of both cotton stalk and corn stalk can be described by hierarchical reaction model, the

activation energy of cotton stalk and corn stalk during low temperature deoxidation are 120.91, 109.27 kJ/mol. The

pyrolysis process of biomass three components can be described by first order model, the activation energy of

hemicellulose, cellulose, lignin during low temperature deoxidationare 77.19, 238.99, 28.42 kJ/mol.
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