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Abstract: A controlled-atmosphere tube furnace was used to study the gas production and
reaction kinetics of coal and biomass during gasification under CO, atmosphere. It is found that
the pyrolysis of coal and biomass under N, atmosphere is divided into three stages: dehydration
(30~210 °C), rapid pyrolysis (210~400 °C), and slow pyrolysis (400~1 000 °C ). Gasification
under CO, atmosphere is divided into four stages: dehydration (30~210 °C ), volatile release
(210~400 °C), slow weight loss (400~660 °C ), and Boudouard reaction (660~1 000 °C). The
gasification conversion rate under CO, atmosphere is about 85%, which is higher than that under
N, atmosphere (53%). The gasification reaction under CO, atmosphere requires higher activation
energy than that under N, atmosphere, but the reaction rate is faster. The gases produced by the
gasification of coal and biomass under CO, atmosphere mainly include CO, CO,, CH,, and H,.
At 800 °C, CO gas is regenerated, indicating that CO, has a Boudouard reaction with carbon as
an oxidant at high temperatures. CO, inhibits the formation of CH,, H,, and C,H,, which contain
hydrogen and gases with high calorific values.
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Fig. 1 Experimental system of gasification based on tube furnace
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Table 1 Industrial analysis and elemental analysis of experimental samples(mass fraction) %
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Fig.2 TG curves of pyrolysis and gasification of coal
and biomass under N, and CO, atmospheres
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Fig. 4 Linear fitting curve plot under N, atmosphere
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Fig. 6 Gas production law of coal and biomass
co-gasification under N, atmosphere

FR 4 ] 6 B 25 3 B , 24 R AR N, (R
CO, RT3 E00 0% ) B, 5256 3o 7 v 4% SR i 2R
B TR I B s A . 7ESE B0 R T 2 34 min
Aedq, BVR K 3] 360 °C I, 4 AR TT 1 i 22
B E SR R & Co A o, HitP CcO fE 4
480 °C B 3K 21 1 A~ W fH , Bl 5 76 B T m 2
610 °C A= A7 B FE-UCH B, 2 75 min ik £I)28 N0
{H .CO,7E 2 520 °CH 35 I W (R, Bl J5 I 46 T B
TE 24y 400 °CHY , CH, FF i A= B, i 7E 24 560 °CHY

H, B AR50 BOT i Tt .CH, A H, (645 5351
FIAEZ) 650 °CH1800 °C.C, H, AV A e A4 il . ek
N E B B 2 H, 2 S B AR FR o B A A 3] 0
A AETE IR BT BE ) 180 min PN, £ SRR FH 20 B ki
SRR, HEBT 0, £ MNP AL ;258 min 5
HEA R B

351 —co —Co, .
8 min — CH, — C,H, 258min
30F [/ ——H,
xX
ﬁ 25+
R0} 36min
= THEpE | 800 THEBEKE
(s| PrEBIE g S
20~800 °C
ﬁ """""" W&
rior 1420
5 L
0 = AME

0 40 80 120 160 200 240 280 320
it [B]/min

BE7 COMRAE25%SFA RS EMRESUF=SHE
Fig. 7 Gas production law of coal and biomass
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Fig. 9 Variation of CH, produced by co-gasification
of coal and biomass under different CO,
volume fraction
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of coal and biomass under different CO,
volume fraction

—N, —5%C0,

78 min —10%CO, —[15%CO,
—20%CO0, —[25%CO0,

800 CIEMBE |

640 258/ min

1.6f
S e B B
ﬁﬁm‘& J1.2 %§ 800~20 |

I
T

60 min

(S
T

N ,
K/' 60 I
=\ =333

C,H 5B H0%

20~800 4
640
//, = S— c—

0 40 8I0 120 16IO 2(I)0 2;10 2;50 320
fi [B]/min
B 11 AECOMAMROMTREEEMRESUTE
C, H, BIZELHE
Fig. 11 Variation of C, H, produced by co-gasification
of coal and biomass under different CO,
volume fraction

IRAPE SRR TEAR RS T, B AR R R
B AARBE I I AP R AL BB 5

iy

Jith:

gas composition and calorific value

CO, A F SRR % O
DE%  CO CH, C,H, H, MJ-m™
0 13.92  28.41 21.36 25.18 2.74

5 45.07 13.26 8.11 10.55 1. 64
10 47. 60 8.09 4.58 6.78 1.24
15 45.99 6.57 3.92 5.26 1.11
20 43.17 5.07 2.90 3.73 0.94
25 39.84 4.52 2.90 2.68 0. 86

MR 3 H AT LIE B, 4 RS NI, CO
SRR 5 13.92%; 24 & % il A CO,’ S
)G, CORMRARFL 735U mT 15 5] 39.84%~47.6%. H.
b & RGN CO, IR R 43 8Tt , CH,, C H,, H, 1&
FRAMH08 /N . 3 Ui B O, SR TR AEAE #E CO .
A B, HAWHI CH,, C H, , H, 55 & S RS a0 4
B Bl COMRTR MR, B A I A A B
i, FZ R E R CO, A% CH,, C H,, H,ix &
e AR A B . AR Bl COL IR A BTt
AR T T2 CO SR (H CORURTE AR .

B 12 J& 455 A W) AR AN TR CO, IR R 50T
AL AR R L 3 A ]

100
SRS
(==
80 K4
&R 60 126.8%
1
b 40
§ 14.2%
\V £
&, [49.8% 8.4%
8.1% 6.5%
19:4%) 13.7%
0 1 1 1 1 . 0 (]
0 5 10 15 20 25

COEBUHU%
12 HEEYRTERE CO MRA TUF=Wr==xitt
Fig. 12 Comparison of gasification product yields
of coal and biomass at different CO,
volume fraction



%12 4

We Al LA RBEAS S A M A CO, A

AT EAA = A B ) F TR 131

K12 JBoR T AEAR COMRFRM AT 54
WA TS AR RN 5 T AR R = M A5
JoT 1 3 A B A RS S AE W B AEAS R Rk
MR AR R L E TR S % 24 CO, Ik
FRIT RN 0% I, A W) 2R K 53, ot £ 73 4K
1035 49.8% ; A AR T 7 4 1) IO i 43 B0y )k
23.4% F1 26.8%. iX i W 7E TG CO, AW & F
5 A W o AR RN, 2 B A R AR B B (K
A3 ) A TFIRAA CEE ) 7 0 19 A R X A0
2 CO, MR BT BN 2 5% W, AR P2 i ot B
O3B TN Z 57.7% , 10 1K 43 FN A I A9 I e 43
B o3 S 22 28.1% 1 14.2%. 3% — 8 b W, I
W CO, RERS AR IR 5 A ) S AR B h AR ™
Wy A TR AT A R AR 1 A
2 COLMRFRATBOE B 15% I, AR 1y 1) Jo e 43
Ak sk Tt 79.8%, T FE i A 43 1) 5 0 B
A3 28 6.5% 1 13.7%. LG Ak A2 3 A A ik 35 Uk
| W R C O, A 3 A g A 0 1 6 FH S
B0 . 4 CO, MR 43 it — A0 34 21 25% B, <
A7 1y 1 JoE et 4 A 30 S i 1E 93.5% , 17T A5 A
BR300 J3T A 43 O 3 — 2508 /0, 43 5 Ry 2.3% il
4.1%. XL WFE IR E CO,MEE T 54 i
SAC LT 58 540 R SR =1, Hoph A 7
W AR A g A B T 12 37 M Ml 2 e T CO,L 1R R
O3 BSOS A ) S SAR 7 ) 0 AT 1 S S - B
& CO MR B 3G I, AR =1 0 A B
kA v T AR TH B 3 1 AR R e L X R
BV B CO, BEME A RUIE E Ak SN 1) A4 ™= )
fJ7 ) R, i 2 A i AR

3 4 1w

1) 75 CO, A T, 5 AW <L 5
g1 5 NG, AL A3 N2 53% $2 5 3]
29 85% , \ i [T TG AL BE B /5 5 7 CO, R F YR
et FE e i BT A5 IV B Be (660~1 000 °C) L i By
BE S A=) M CO, & A= Boudouard 2 1, BEAT
KEHELRSY IRBEILF]906.6 °CI, 26 51 i Z 25 1k
-2.26 Y%/min, % B B (1) 2% 5 LG 24 7 R 2k EE 1Y
35%~40%.

2) £ CO, AT S A Y A 1 5
A /N TS PR CO T CO, ; B 2 T 11 T
&L R4 E i CH,, H,, C H, 2554k . S AL = Wiy
P EAE TR B Bk B ; T AE = W B B, CO, %F
CO By A= Jike B FEAE H, R B4 il 1 & &4 o

(H,,CH,,C,H,) A= i,

3) TERR T 5 A B AL A B CO 1
TR B BE CO, AR TR B0 TH =5 i3 n . 24 CO, 14
R B0 0% B, A 772 COj i CO, PR B4 B
5%, 10%,15%,20% ,25% i}, CO Wt AR FH 73 %5 43
WA R F] 2 10%, 16%,21%,26% , 28%. X W 7E
el 5 1R, CONHE S A W e <Ak A ], 5 CO,
W B2 RE A RO HE SR W i A 1, A Bl Tk )
PEFFI .

SE 3k

[1] Li R P; Zhang J L, Wang G W, et al. Study on CO,
gasification reactivity of biomass char derived from high-
temperature rapid pyrolysis [J]. Applied Thermal
Engineering, 2017, 121: 1022-1031.

[2] Zhang Z H, Yi B J, Sun Z S, et al. Reaction process and
characteristics for coal char gasification under changed CO,/
H,0 atmosphere in various reaction stages [J]. Energy,
2021, 229: 120677.

[ 3] Asadullash M. Biomass gasification gas cleaning for
downstream applications: a comparative critical review [J].
Renewable and Sustainable Energy Reviews, 2014, 40:
118-132.

[4] Yao X W, Zhou H D, Zhao Z C, et al. Research on
dependence of concentration and transformation of
inorganics in biomass gasification ashes upon particle size
classification [ J]. Powder Technology, 2020, 371: 1-12.

[5] Ding G C, He B S, Yao H F, et al. Synergistic effect,
kinetic and thermodynamics parameters analyses of co-
gasification of municipal solid waste and bituminous coal
with CO, [J].Waste Management, 2021, 119, 342-355.

[6] Tong S, Sun Y M, Li X, et al.,, Gas-pressurized
torrefaction of biomass wastes: co-gasification of gas-
pressurized torrefied biomass with coal [J]. Bioresource
Technology, 2021, 321, 124505.

[7] Wei] T, Ding L, Gong Y, et al. High-temperature char
gasification of anthracite/petroleum coke: using biomass
leachate as cheap-effective additive [J]. Asia-Pacific
Journal of Chemical Engineering, 2020, 15(4): e2454.

[ 8] Zhou T X, Zhang W W, Shen Y J, et al. Progress in the
change of ash melting behavior and slagging characteristics
of co-gasification of biomass and coal: a review [J].
Journal of the Energy Institute, 2023, 111: 101414.

[9] FBEHE, sk, BT 5, 5. WSS R

PSRRI R 2l J3 24 (0], KRR LR “# 24, 2025, 56
(4): 631-638.
(Wang Xiao-lei, Zhang Qian , Yang Yu-jing, et al Non-
isothermal co-gasification behavior and kinetic analysis of
biomass with petroleum coke [J]. Journal of Taiyuan
University of Technology, 2025, 56(4): 631-638)

[10] BKiE, EBE, BBE, 5. CO, U MY TR & #
i AR AR SR [T ], R TT R 2019, 48(4): 8-14.
(Zhang Heng, Wang Qin-hui, Liang Xiao-rui, et al.
Experimental study on transformation characteristics of
nitrogen during coal/biomass co-pyrolysis in CO, atmosphere
[J]. Thermal Power Generation, 2019, 48(4): 8-14.)

[11] HuJH, SiY H, Yang H P, et al., Influence of volatiles-
char interactions between coal and biomass on the volatiles
released, resulting char structure and reactivity during co-
pyrolysis [J]. Energy Conversion and Management, 2017,
152: 229-238.

(F#% 140 W)



