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Advances in kinetics modeling of biomass pyrolysis

LI Liang, ZHU Yiping, LIAO Yuhe"

( Guangzhou Institute of Energy Conversion, Chinese Academy of Sciences, Guangzhou 510640, China)
Abstract; Biomass, one of the most abundant renewable resources on earth, plays an important role in
achieving the " dual carbon" goals. Pyrolysis, a highly promising technology for biomass utilization,
can produce bio—oil to replace traditional fossil fuels for producing high—value fuels or chemicals. How-
ever, the complex nature of biomass pyrolysis and the numerous factors influencing product distribution
require the development of kinetics models to guide the process. Kinetics modeling research helps not
only reveal the physical and chemical changes during pyrolysis but also predict the pyrolysis reaction
rate and distribution of major products. While early global models laid the foundation for understanding
the pyrolysis mechanism and paving the way for more detailed models. A recent shift in research focus
from maximizing bio—oil production to maximizing high—value chemicals has driven the emergence of
semi—detailed and detailed models incorporating more mechanistic information and capable of predicting
individual product yields. This review primarily introduces the research progress of biomass pyrolysis ki-
netics modeling, categorized into global models, semi—detailed models, and detailed models, and also
provides an outlook on the future development of this field.
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Fig. 1 Top—down and bottom—up approaches in

mechanistic study of biomass pyrolysis
SR RITNNRrS s ¥ /DU S R T %21 )
N EE B Y B4R R 4ER K

TRBRAE R IRk 5T SR | T ek o e A R X
T WLARS B0 3 2 A 5] JHL238 R o 6% R R
R4 R s )2 RoR . AR B R e
FEATF R B WF 5% S ot A 38 1l 2B 9 oA
R VE R JERE, 38 A # E 43 RUBE A 2 g Y
26 FFRE LT RN A SE 4 5 43 B T 3 g 2
TSR, B A R AN Bl SRR T
) 12 T A R AR R AR Y 2 (R, 31X 3
B AE T SCERAAA

BLAN, A T A S 2 ) 2 AR R AR A 45 26 56 3
FIZEREA ) PERERYE AR R T LB R
AL AR MBS B RIS BE fif B A 0 o el
fift RIS TE B AN E B R R
FE T K S I B SOOI 25 R A N A A A
FH T 400G R A Ac 3 I A foge Tk i el i) 7 22 56
KR Je— M THEA T B A AR OE R
AN T 2R AR SO o R BT o T 0 A fe
FEMIAY AR D T, 2 B0 AR R e AT BT E B Y
SRAFE A %5, 12910 R 4 AR AR 1 52 55 4K
P A B & F, L, A5 A — RS T
TZ I ANEE RTINS i 2 A S 6 KON A R T
B AR S FA MR WG, NEVES 462 i i
WCEE K B SCRRESE T & T — A W SRR AR
I RIUEA K AR Y5, i =95 A
IS T 1 PR ESOC RABAFAE S 3 b ATTIA
XA g PR AR ) T RURL ) T R AN AR AR 2 1Y
TN, B2 40% ~ 60% B 5% . 30% ~ 50% Y
5% ~ 8% WA L B AR A AR %I IE 45 R
e K HbF R T 2 B AR A 35 I 9 L, THUNMAN
EPLE LN 2 A2 50 56 2 4 B A A R
AR RE R FIOC NP, & T BN A= ) R AR
R (445 €O .CO, H, K FVe Be 3l ) 40 A )
ZLIREAY AR T A 3 S8 R R Y
TR, RS 7= F R R T

2 2RMHFRE

AW AR ) 42 SRy 2l ) A A TR e A A
SEHT(TGA) B>, %A 5 e i ) 7 o i
TR -5 S 7 B TR S 14 R A T B Sk 1 fige A= ) e
RIS Sy, S8R A2 AR O R P UL
SR R R Al o 3 BB, sl 2 (a) B
MNo BB A B B A R K R 2 S
I BT L A 4% e 7 ) R R, e A ) T A
(9 B B 26 =B B AR W I L, e B



£ 70 - fit

WO R

%5 38 B4 2 1]

HE T A R A R R a2k (1R 2
(b)) TR TAEYIR 3 b 35 200 A P R L

100

5 7K

90
80t
70+
Ry
60 -

50

L i) 5/ AR T /Y%

40}
301 Ll

100 200 300 400 500 600
i1/ C
(@) TG

&2

/%

G

R

FBl, B2 21 4k 25 5l 200 ~ 380 °C, 41 4k & i 300 ~
400 °C , KB & N>400 €,

-0.1
— TR O
-0.2 S
SR % ¥
HE 1-03 z
i 2% )
-0.4
L . L s . . s 4-0.5
100 200 300 400 500 600 700 800
HREIC
(b) DTG

£ EMGEE TG 1 DTG %k

Fig. 2 Typical curves of TG and DTG for biomass pyrolysis
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Table 1 A semi—detailed kinetics model of biomass pyrolysis
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A S NS A(s™) L E,(k]/mol)
Y&

CELL — CELLA 1.5%10" exp(-47 000/RT)
CELLA 0.4 HAA+0.05 GLYOC+0.15 CH; CHO+0.25 HMFU +0.35 ALD3+0.15 CH, OH+0.3 CH,0+ .

"7 0.61 CO+0.36 CO,+0.05 H,+0.93 H,0+0.02 HCOOH+0.05 C3H,0,+0.05 G(CH, ) 2.5%10% exp( =19 100/RT)
CELLA — LVG 3.3%T exp(—10 000/RT)
CELL. — 5 H,0+6 CHAR 6.0x107 exp(—31 000/RT)

oY

GMSW — 0.70 HCE1+0.30 HCE2 1x10' exp(-31 000/RT)
XYHW — 0.35 HCE1+0.65 HCE2 1x10' exp(—28 500/RT)
HCEl — 0.6 XYLAN+0.2 C,H,0,+0.12 GLYOX+0.2 FURF+0.4 H,0+0.08 G(H,)+0.16 CO 3.0xT exp(—11 000/RT)
HCEL 0.4 H,0+0.79 C0,+0.05 HCOOH+0.69 CO+0.01 G(CO)+0.01 G(C0,)+0.35 G(H,)+0.3 CH,0 .

" 40.9 G(COH,)+0.625 G(CH,)+0.375 G(C,H,)+0.875 CHAR 1.8x107T" exp( =3 000/RT)
I 0.2 H,0+0.275 CO+0.275 CO,+0.4 CH,0+0.1 C,H OH+0.05 HAA+0.35 ACAC+0.025 HCOOH+ ,

" 0.25 G(CH,)+0.3 G(CH,0H) +0.225 G(C,H,)+0.4 G(CO,)+0.725 G(COH,) 3.0%10% exp(=31 S00/RT)

ENES

LG 0.35 LIGCC+0.1 COUMARYL+0.08 PHENOL+0.41 C,H,+1.0 H,0+0.7 G(COH,) +0.3 CH,0+ |

— 0.32 C0+0.495 G(CH, ) 1.0x10"" exp( =37 200/RT)
LIGH — LIGOH+0.5 ALD3+0.5 C,H,+0.2 HAA+0.1 CO+0.1 G(H,) 6.7%x10"2 exp(-37 500/RT)
LIGO — LIGOH+CO, 3.3x10% exp(—25 500/RT)

0.3 COUMARYL+0.2 PHENOL+0.35 HAA+0.7 H,0+0.65 CH,+0.6 C,H,+H,+1.4 CO+
LIGCC  — 1.0x10* exp( —24 800/RT)
0.4 G(CO)+6.75 CHAR

Lcon 0.9 LIG+H,0+0.1 CH,+0.6 CH,0H+0.05 G(H,)+0.3 G( CH,0H)+0.05 C0O,+0.65 CO+ .

0.6 G(CO)+0.05 HCOOH+0.85 G( COH,)+0.35 G(CH,)+0.2 G(C,H,)+4.25 CHAR 1.0x10% exp (=30 000/RT)

LIG — 0.7 FE2MACR+0.3 ANISOLE+0.3 CO+0.3 G(CO)+0.3 CH,CHO 4.0xT exp(—-12 000/RT)
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0.6 Hy0+0.4 CO+0.2 CH,+0.4 CH,0+0.2 G(CO)+0.4 G(CH,)+0.5 G( C,H, )+

LG = 04 G(CH,0H) +2 G(COH, ) +6 CHAR 8.3x1075T exp(~8 000/RT)

LIG — 0.6 H,0+2.6 CO+1.1 CH,+0.4 CH,0+C,H,+0.4 CH;0H 1.0x107 exp( —24 300/RT)

$EHY)

TGL ~ — ACROL+3 FFA 7.0x10'? exp(—-45 700/RT)
TANN — 0.85 FENOL+0.15 G(PHENOL)+G( CO) +H,O+ITANN 2.0x10" exp(-10 000/RT)
ITANN — 5 CHAR+2 CO+H,0+G(COH,) 1.0x10% exp( -25 000/RT)

AHAE

G(CO,) — CO, 1.0x10° exp( —24 000/RT)
G(CO) — CO 5.0x10'? exp(—50 000/RT)
G(COH,) — CO+H, 1.5%10" exp( =71 000/RT)
G(H,) — H, 5.0x10'" exp(—75 000/RT)
G(CH,) — CH, 5.0x10'? exp( =71 500/RT)
G(CH;0H)— CH,0H 2.0x10" exp( —50 000/RT)
G(C,H,) — C,H, 5.0x10" exp( =71 500/RT)
G(PHENOL)~ PHENOL 1.5%10'2 exp( =71 000/RT)

ACQUA — H,0 1.0XT exp( -8 000/RT)
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Table 2 Advanced analytical techniques used to detect pyrolysis intermediates
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