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Simulation on Pyrolysis Gasification of Biomass in Flue Gas
Based on ASPEN PLUS

LIU Liansheng ZHAO Rongxuan WANG Gaoyue YANG Nannan WANG Dongji
(School of Energy and Environment Engineering, Hebei University of Technology, Tianjin 300401, China)

Abstract; Based on the ASPEN PLUS platform, the biomass pyrolysis gasification model was established
by using the gas — solid reaction kinetics in the flue gas atmosphere generated by the biomass pyrolysis gas
combustion. The kinetics of pyrolysis biomass was analyzed by AKTS in simulative flue gas (80% N, ,
17% CO, and 3% O, ). The simulation results were compared with the experimental values to verify the
validity of the model, and the number of reactors was determined by analyzing the atmosphere influencing
the pyrolysis gasification characteristics. The results showed that the simulation performance of biomass
gasification based on ASPEN PLUS platform was favorable. The model was closer to the actual
countercurrent flow reaction with the increase of the number of kettle. In order to ensure the accuracy of
simulation, it was more appropriate to choose the number of reactors in series 4. During the process of
biomass pyrolysis gasification, the activation energy ( E) and the pre-exponential factor (A) of the
kinetic parameters were not fixed values but changed with the increase of the reaction temperature. The
pyrolysis gasification reaction did not follow a single reaction mechanism, which was composed of multiple
steps. Compared with the nitrogen and oxygen atmosphere, the flue gas atmosphere was favorable for the
production of CO. The calorific value of gas was increased by 1. 3 times, which was mainly caused by the
increase of volume of CO and CH,.

Key words: biomass; pyrolysis gasification; ASPEN PLUS; flue gas

a| EREAR

I

M W) J3RE e — b AT P RE IR B A U AR
PN OB B A RS Qe B R, 1T AT S8 G Ak 1 2 R0
HA AR L2 AR R B L
SR R AL BORE — PR FE AN SE R A 1F L A
& A s R AR AR R A o e A s mT R

s B . 2017 -04—11 &[0 H . 2017 —04 —30

WAHMF 2535 H T ASPEN PLUS %t £ )
JRAA IS R AT L R AN AR I T R T O
4l ASPEN PLUS 1) Gibbs H Hi fig fie /MU 75 & 57
T AR AR N AR AR R D s SO SR RITE DT T
AR BE XTSRS AR A SR R R
LI ; WAYNE 28 L F ASPEN PLUS # . T

BEETE « b4 B A AT (14964308 D) A9 Ak 47 i 1 17 4 P 75 613 A A 1K it 2
FEE R A XU (1970—) , 55, #1142 S0, 22 38 R BE i 7 MR e £ R 2 W52, E-mail: liuliansheng@ hebut. edu. cn



% 6 1)

XIBEJIE 4. 5T ASPEN PLUS (4 T AW iR A AL B4 279

23 SR R AR ) TR A B AR R Hh i AR B R I
6 BE A Y L R AR A AR, 25 AT B &
TR NS T H, [ CO 7, P bl
R EE MG K ER AR WA ST,
XT3 A R P A 40 5 R A A s ) i R S R AR
5 FRAE Bl B B I RE B AR A R e HE AT TR, FE S P
PR ) RO S RO B B b S — B TR T AL
PR PN AR ) T3 AR A 2R BRSAAR T 1 1) J I Bly g 2
B AFR| T AR R TR A S R
4OV 5L F ASPEN PLUS #5 {4, 4 25 ) IR <Ak i 7 it
FTRERLR 5347, iz ] Gibbs H fH B S /MU R 3, 255
RGIBBS i fil RYIELD #de #4581 A 4 it AL AR
RY iz ARSI 6 e 5 7 I AR H i A Al i R R AT
R, & PR 4D 285 S 5 S 06 25 SR B AR W) 5 ; NAVEED
a7 P AR SAESAL R, 3T Gibbs [ 1 BE e /ME R
PR, T AWl AL T 48 H 5 B B A AU
165 Ak ¥ fig ; CHANG 45'*' 35 il ASPEN PLUS 4%
TN Bl S AR T DL H,0 fi O, S AR, 6 6
AN [ A2 IR AR b g S AR B A IR AT Sl
50T o

T RSk R SHER SR, A S
SEIE A B UL B 2 DA R0, H,0
AL, AR B L, AR P RAR Y T A
SCHRE BT B A AU, BT A ) o A g <A
A AR R S UK 0 7 A B R A E AR
SRR At 72 P2t ot i B <Ak R 4
B IS A A EE . A X AR T AR Y B i
SALHEAT R, 0 B M A O 28 RO AR Ak
FEPE IR

1 AKTS #HZE5H

XA RE BEAT Bl 2 o B, A UE B T TR R
IO 3o R AL B T L AT S B AR 7 o A B 4 3 1R
PERT. 3 323 50 05 ik — e o3 O S A VIS 1 4
AR AR S IR L A 2 E A R A AR S R 1 I AR
AR A i 12 P RETE AN 9 S gl g~ AL R AR i 4
PATRGMER I B ) 2 S BT IZ A X
SEAR G0 5 1A — A LR Bk B2 B o A R 2
SE SV, 347 5 — BT A S B L A R B e = I
TR E R L R, R R A

SRS R A 220 BRI RN 20> SR, A RE 1] PR 4t
Hi—21 Arrhenius ZHOR A , 55420 B9 15 L BE
R BT T AR B L 20 58— R ST Rt 9 3 7 5207
% BERSAE AT ZABGE 3l 1 2 B 8O0 BT §E T
fil iR S i e

AKTS $43) Jp 2 5 0] 1 F 43 07 8l 0 2 )
A, AKTS X TG \DSC 25 B I3 A7 48 BT 45 19
S5 B BEAT B T 2 e W, AT R A 2 8 OB
1SR FEBOA 3 M 05 10 22 B A R 1Y
Friedman 3" Ak B Hh 2% J2: 0B 5 00 S #4
WL EIEE G R B, BRI N B 1 22 SR — R E W
BB HR AN — A R TR B AR o 1 B R
Friedman 34 ) SV 3 4 ] 7R

da

EAOf(wen | -

de ~ M)

RT(t) (1)

A ——HFE] s
E(a)—G 1L e, kJ/mol
A(a) AT T, s
R——S K H %4,1/ (mol - K)
fla) T 53 52 o7 ATL 2 bR K
T(t) LK
A1) P SRR %L

da _ Pia)
In gy =In(A(@)f(@)) =4S

(2)

LA (o) =A(a)f(a)

da _ , _E(a)
In & =InAd"(a) RT(1)

(3)

. da 1 | . .
P lnEXﬂLm EE L PLA —FEHE, HEZLMN
e _ E()
RpR R
FRHTR A,
2 RBEH

VEFH A2 AU H DX B ol H UL R OR S FE Ry S 56 )
G O LA T A T S AL B 5 O i S 20 ~ 40 H
PR RUREAE by L RE o FE 2 I R X BT Ak AR S AR B
GB/T 28731—2012 ( [l 14 A= 4y J5t 40k K 1 0lk 5 7 J7
2:) IE R AT EA3000 AU HLIT R 43 A A #E AT 430 4 , 45
RhFE1,

A InA” (o) AT LSRG TR AL RE E F

Rl EYREXBHHOTESHANILSH(RESE)

Tab.1 Elemental and proximate analyses of corn straw %
bk TEE 4T R
' H 0 N S Koy K5y ERSy [ 7 gk

FOKAE 46. 85 5. 60 40. 45 0.78

0.12 4.37 6.20 75.24 18.56




280 & o Bl B ¥ iR

2017 4

PR A Oy 3 [ 30 4 3R 2K R A W] R STA 6000
B 5 TG — DSC a3 A%, f & 1 o Pk BE A FA
( Thermogravimetric, TG ) 5 & /i~ # i & #Hh
( Differential scanning calorimetry , DSC) Jlll i &R 4% , 1R
JE ) Y L A] 3K 25 ~ 1.000°C, 3 4[] Fof i) e B4 807
HEENEA, R, b TR R,
A YRR S e AR P B 80% N, (17% CO, Al
3% O, , JiL i B2 O 20 mL/min, 0 30RE & o 44 o
15 S mg fity , B E] AKTS #3) )27 o3 B o it 225K
93 ARULEIE S My BB HEAT B 1 2 00, B LA
ETHEE 2351 24 20,50, 70°C /min , 15 T X [&] = 15
(20°C) 2 950°C , A J3Hr¥cdia LA ASCIT B FE ki i

359

=t 1160
800 1000 0 200 400

(a) 20°C/min

(b) 50°C/min

2.1 RHNESH

AR THR R T 1 TG # Br 92 56 B dls & A
#l] AKTS — Thermokinetics 3 A | A= A48 v i TG 52
B 28, %) TG #h £ , 193] DTG Hh£k . ik e L4k
R LA 1E 5 T LLAS B A A AR E S L
N1 BTN o B RO e B A SR R LR S, AT DA
A3 3 B gl g 27 4 G B B At £k B AR (e
IO R AR ) K dha i £k | A5 e Ak S oo Hodl A it 2k LT
feREEcd Al 2o il 9 — BB IR IR S B S i
e AEREAT Z2 RALAL 5, A0 5C R B0k 0. 921, [ )5
RS 2 3h 2 41 56 R AL, W] AAR 3 F 3k JL R it
Lol 2 ~4 s

200 400 600 800 1000
WLEEC

(¢) 70°C/min

K1 BB IE)E DTG 4k

Fig.1 DTG curves corrected by baseline
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Fig.5 Flow chart of biomass pyrolysis gasification model
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Fig.6 Effects of carrier gas composition on syngas yield
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