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Effects of heating rate on pyrolysis process of biomass briquettes

HUANG Rui, HU Jian-hang, WANG Hua, WU Xiang-chao

(Engineering Research Center of Metallurgical Energy Conservation& Emission Reduction ,

Ministry of Education s Kunming University of Science and Technology , Kunming,Yunnan 650093 ,China)

Abstract :[Objective] Effects of different heating rates on pyrolysis process of biomass briquettes were
investigated. [Method) The pyrolysis behavior of biomass briquettes was investigated in a self-design ther-
mo-gravimetric apparatus,and the mass loss, mass loss rate, proximate analysis (The contents of volatile,
ash and fixed carbon) and needed activation energy of biomass briquettes during pyrolysis process at differ-
ent heating rates (5,7,10,and 15 °C/min) were measured. [Result] Based on kinetic fitting,the most rea-
sonable mechanism function describing molding process of biomass briquttes pyrolysis was obtained,infer-
ring that biomass pyrolysis reaction mechanism was the diffusion-controlled process. When the heating rate
was 10 ‘C/min,the minimum activation energy was 195. 52 kJ/mol during pyrolysis process. At different
heating rates, TG curve moved gradually to the high temperature zone and the mass loss rate firstly in-
creased followed by a decreasing trend. When the heating rates were 5,7,10,and 15 “C /min, the maximum
mass loss rates of 0.804,0.649,0.512 and 0. 466 %/°C were obtained at 322,427,448 ,and 554 °C ,respec-
tively. With the increase of heating rate,the maximum mass loss rate first increased followed by a decrease
trend during the pyrolysis and charring of biomass briquettes. In addition, with the increase of heating rate,

the peak temperatures in DTG curves increased, while fixed carbon contents produced during the pyrolysis
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decreased. [Conclusion) Low heating rate was favorable for pyrolysis and charring of biomass briquettes.

Key words: biomass briquettes; pyrolysis;thermogravimetric analysis;kinetic
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A Wy o 4 A i B I 3t R — R RT R s R A DL pR R
O R Al NN )
A(lﬁ—l)h” BOED +C(5) ., Arrhenius M3 H 5L £ 4% AGHAE
E
H — =
AR il R TR k Aexp( RT)Q
d . . - N
*a_"»’f(a) (D A A PR S min UL E A R R NV IS 1L
W, —W fig . kJ/mol; R A %, Bt 8. 314 J/(K « moD); T
fﬁrﬁ:a ﬁﬁ%%{t%ya WXIOOA’,\'T' j\jQ@Xj-‘{EE’K

W, S B A ) 5 W) 4 T E L, WS © B 206 I 1Y)
YA W) o o i, W oA 4 il 2 TR 5 3% 4 9 2 ) 5
o NOEBTA] 3£ S Arrhenius 3R H 5 F() N

WA AT LI SR /(o) BOUR T S o HL B — i
ARBE f () H o]« AR E T k.25 o
A DL I A A 23 A BILEE e B3R 1

*x1 EANEGRABHONERIRYE (O RERBSER (g)
Table 1 Common mechanism functions for solid state reactions
WL R BT 5 . WL R EAT 5 . )
Symbol Sl gla) Symbol fla g
F1 1—a —In(1—a) D2 [—In(1—a)] ! at(1—a)In(1—a)
F2 A—a) - 11 D3 2/ (1= /[1— A=) V?] [1—-(—)!3]?
F3 (1= [A—a) 2—1]/2 A2 2(1—a) [ —In(1—a) ]V2 [—In(1—a)]V?
R1 1 « A3 3(1—a)[ —In(1—ga)]2/3 [—In(1—a) ]/
R2 2(1—a)!/? 1—(1—a)!/? G—B 2/3)A—3/[1—=0—a)/3] 1—2a/3—(1—a)
R3 3(1—a)?? 1= (=3 Zhuralev 2/3A=)3/[1—=A—a) %] [A—a) V=17
D1 1/2a o’
» e o AT o do A .
# (o RIHREEER p=" AR (D 554 =g~ gr ) @ (3)
I3 BN ) 2 7 B R KA Coats-Redfern 35 % 2 (3) 43 85 48 7 1F



94

P AL AR MBI A2 4R (A SRR 2 B

542 %

Fr AR IF O B ml A

ga)]_, TAR

ln[ T ]—ln[ﬁf<

A g () APLFREL f () B TE
X — B 118 52 I ik DX AR RGP 43 A ) JBT 1Y) S g 1 Ak

ﬁaEﬁﬁ%,ln[

BE

AR<172RT

E

_2RT
= F

)]

(€9

HWﬁ%Wﬁﬁ&i

2RT/E /T 1. A, 16 5 1E 0 /9 B0 B 2 B,

R NG RE E AR A

1.6 ¥iEAE

Xt 6 R 3l HEAT I M Ak B2 P
2

2.

¥ H Microsoft Excel 2003 #1 Origin 6. 0 k{4

LRS00
| REFHREE TR YRR R R S5
12 P ik 3 L SC AR (10 09 4% =

() 1
In| £25° XF-ME L W RETS B — A 4L LA L
[ e kR AL nana BLER S 1L In[ S8 1 o poh o B E
ﬁﬁ%ﬂ%ﬁ—w&ﬁ%ﬁmﬁ%]ﬂﬂM*ﬁ R A 2 B 2 R
K2 FAEAARERTHEEYRABTIEFHNAAESEMINESY nlg(0)/T° 5 1/THHEXEREH

Table 2 Correlation coefficients of various mechanism functions for In[ g(a)/T*] VS 1/T
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Mechanism 5 7 10 15
F1 0.994 5 0.998 0 0.999 3 0.998 7
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F3 0.971 6 0.957 1 0.941 2 0.959 0
R1 0.933 3 0.951 1 0.971 3 0.949 8
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D1 0.944 9 0.960 6 0.978 3 0.961 1
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Table 3 Kinetic parameters for pyrolysis of biomass briquettes
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. Fitting equation o .
Heating rate range Activation energy constant coefficient
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