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Table 1  Proximate and ultimate analyses of cotton stalk (CS) and wood sawdust (WS)

LAV /% , wt,ad JCERIIHTI% , i, ad Querad
P M A 14 FC [cl [H] [0 [N] [s] MJ kg
FRFT 4.25 3.78 72.11 19.86 47.56 3.18 39.97 0.86 0.40 17.96
AJE 2.13 1.64 80.67 15.56 53.60  2.78 3886  0.96 0.03 19.75

x2 CSHIWSHIIRSESD 5 (%, wt)
Table 2 Ash analysis of cotton stalk and wood sawdust(% ,wt)
JEoRE Si0, ALO; Fe,0s Ca0 MgO Ti0, S0, K,0 Na,0 P,0;
FFF 11.69 1.75 1.13 30.80 1.39 6.30 18.86 10.03 4.07
ENE 40.57 6.79 11.64 27.48 4.66 0.85 3.81 1.77 0.85 0.80

12 MER &SR

ffi 1 i AR RO B AN AR A BR A ] YP-30T Al
BUGE A= 9 S0 SR A T PR S 56 o AR URHURE b 15 g,
T 40 MPa JE 3 T il 5 s RUAR FF (CS-B) B8 K JE
(WS-B) FIE A R A4 5 (WS-CS-B) , 3 F T e fk
S5,

fifi F L St R BRI 45 A PR A F] GR-AF1216
[#] 5 AR S5 0 s X6 i 28 A ) o AT A SR o 1
R AR B 78 A 3 BRI B g i Sl A R HE R
2SS, T 200 mL/mine AR5 K50 9 R = IR
T 22 AN 5] 436 (400/500/600 °C) H:45 88 30 min, 75 &
RPN 2 5 43 AT BIARFT Rk (CS-CB-
400/500/600) . A J5 B 7k (WS-CB-400/500/600) F1
TR A AWy 5 %) 7% (WS-CS-CB-400/500/600) , Hi &
W2 R 900 kg/m’,
1.3 AEXE

i L TA A H] Q500 /A A FE 2 <R
50T (60 mL/min) $EATIABE M 5205 o X5 A i i
Y A3 3R FRZ 3 mm® (957 7 PR H0RL (541 mg) ,
SRIG IR . #AN A, Wit 60 mL/min, NE
IRTFZE 150 CJ5 1588 30 min LAZBRAK >, ARG L
150 CHE R R H (TG) MR FEHIR (DTG ) th L 4 #1
HEATIC S, 23 L 5.10.15 C/min B THEE R T &
FEARBE AR LMK T 0.1%/min(Z 550 °C)

1.4 TASHEREHRELE

FEHERR AR UE EN 1860-2:2005 I - 3L [ 12
W F= R UK 3 7= 2%, d HAEE TKA 23 7] €200 s
SR B PRSI B R 5 () R

2 #FR51TR

2.1 R4S

B A )RR AR T e A bR 4R 2R AR
PERE S R BRI RRME, Hh &k
T PR 2R B RR FE R R A SO, B R
R LR A T i — AR S R 2RSS A
SR F IR IR L VT2 S I IR Ak R
AT 2R A8 55 X IO 1 3 30 A T R IR
WU be 2 51 8 3 38 R be it B 2R TR 1Y 999% Ak BT Xt
NI . ZREIRBEREL S # (DR

Vi X Ve
S=W (1)
2V LI AN I R 3, %o/ming
T, T.—& K SRS, C.

Bl 1R A W 5 S e A = AE S “Clmin T
TR T M BR B I i £k, AR THE HUR T $0E il
LRI EBRIEL. WE 1 iR, CS-B.WS-B I
WS-CS-B ByRARE Rt T2 43 AHML, BITE 150 ‘CZ 5 (UK
3P D BIR 2k 2 A BB 1) 150~350 C R K 41
BTt B B, i B B R A W T RR e O A R B B
FERER I VAER T EM R AR e R AR R
JiT R A LA 3 240, B o R TR SR &
(7 CO.CH,%5)"";2)350~500 C R4 H By A
B B, i B B 1) 2k H R R R R B AR T R e BT
W B IR AR R 2 kAL S K4y 7 R
1%, FEOR I e AR e B o R e B AR B R
R TF AP B R E , {L 400 Co bl T i
75 B R % A AR e 3 R T WL B 4 K 4 A R R IR
Mg , H A e Ak iR BE R BRI ) 2k B R i 4k A
HAUAH 1A beid , HAKbe i 06 (i b6 7 e fb i
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Fig. 1 TG and DTG curves of biomass briquettes and carbonized briquettes
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Table 3 Combustion characteristic parameters of biomass briquettes and carbonized briquettes

FHER R S “C/min
FE Ad% FCil% QuIM] kg
T/°C T.JC $x107/%» min+°C™
WS-B 1.6 15.6 19.8 259 430 3.65
WS-CB-400 4.9 67.8 28.7 361 465 3.53
WS-CB-500 5.4 79.6 30.8 394 472 3.07
WS-CB-600 6.4 83.8 32.0 417 488 2.85
CS-B 3.8 19.9 18.0 243 425 6.12
CS-CB-400 7.0 64.5 27.8 344 435 5.71
CS-CB-500 8.3 75.0 28.6 367 446 4.38
CS-CB-600 9.1 79.0 29.9 377 456 3.96
WS-CS-B 2.7 17.8 18.8 250 425 4.69
WS-CS-CB-400 5.9 67.0 285 350 447 3.89
WS-CS-CB-500 6.8 78.5 30.0 378 458 3.26
WS-CS-CB-600 7.8 81.6 31.1 394 469 2.99
T FHAIL beks e — — 26.6 397 483 2.38
EN 1860-2 <18 >60 — — — —

R T ARG S i 45 R ke i 3 Ak e AT
A7 B R 7 1) [T 5 Bl 7™ 3R IR 43 7 3 TV BR
PR ES B 9 5 bR EN 1860-2 FIRT FHHLHI B
BEATXT AT . AnER 3 FiR , 45 s AL IR B T il 45
FRCRY IR P 53 77 20 ] Btk 7™ 2 B AT T B, O
H BB T RDWHLENGERE e o BB PE 7 T, XF
b TR ML B 7% L Bk WS-CB-600 [ K s FIER
JEASIE AN, FLA T A I R e 1) 45 T BR e e 1 S 8K
Bl o A, WS-CB 1135 U BE 3, AN RE B 4%
FHT5e s B )il & o >R S OB R e AL T 201 45
PR BT A, AT 3k e R VS IR 285 351 i B B AR A 9K
BRI AR 22 55 [, TS A FH RS R o
22 MRRRENIZSH

2.2.1 KRB AL Y ST

W TR e 1R 56 2 B B (BR A 2P R I BB ) Al
AL 5 0 JR Joe axk R 1) Ay LR P I A LR AR AT
S, R Coats-Redfern Bk A TR BE S5 107
Sl Sy 2E L R R R A S an SCRik [ 12, e &
BENHFE(2):

G| _ . AR _E
ln|: o :|_1n,8E RT (2)

A, Glo) — R HLH R B R E A T —

Fam IR K A
IR H K, 8314 J/(mol - K) 5 B
K/min; £ ——#BE N TG 1L RE , kJ/mol

R ) 1o S| g

FREZR, PRl H AW RPRKR S RN 8 1 58
— G fLRE £,
222 SIS HEOR R

R T FE AR A 1 R e R ik AR () R )
AR 52 56 308 1k AS [R] (14 B 7 AL B R B ST N ) ) 2
BRI, P AN RIS TR 00 A A AH G 2 880, W o e E AR
S HLER RS, I SR Ak e F v 8h J1 24 58, —
B, AN 7 Ak 2 BB BE g AP R
Pl R bed B b i 3 REEm N, Wik R
LR AL TR FHEAT, i 60 mL/min, HA R
U 1B SR AL S5 45, 50T 2200 A 58 7 X6 48K
PER AR MR, RIIL, WA bead B 32 B Ak 2 SR
BH 7 8 9 8 il o A, AN T R R 38 L
ARSI JUATRFAE , S5GE 2 SOk 13 148 i — &R 1)
N T) B AL B PR AR AT R A, A SR LR 4. Hoep,
H N 23 5I4R Fe A2p 507 BH 7 R P ™ 5B o 4 il Js
N5 1.2.3 435I Btk R BRI S5 A

WRA T, sy R——E
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Table 4  Linear fitting correlation of carbonized biomass briquettes combustion under different mechanism functions

FEfh FHEHFE/C - min™! T X [E)/C HI H2 H3 N1 N2 N3
WS-B 5 259~430 0.992 0.995 0.993 0.996  0.995  0.991
WS-CB-400 5 361~465 0.992 0.995 0.997 0.995 0996  0.995
WS-CB-500 5 394~472 0.998 0.995 0.999 0992 0998  0.997
WS-CB-600 5 417~483 0.997 0.992 0.999 0998 0997  0.996
WS-CB-400 5 361~465 0.992 0.995 0.997 0995 099  0.995
CS-CB-400 5 344~435 0.992 0.994 0.996 0.995 0995  0.991
WS-CS-CB-400 5 350~447 0.992 0.993 0.996 0.992 0995  0.995
WS-CB-400 5 361~465 0.992 0.995 0.997 0.995 0996  0.995
WS-CB-400 10 378~493 0.986 0.994 0.995 0.991 0994  0.993
WS-CB-400 15 389~513 0.991 0.992 0.999 0.995 0998  0.996
BN 1 5 397~483 0.992 0.994 0.999 0.995  0.996 0.993

W2 4 7R, WS-B Fll WS-CB 7£ 5 °C/min THE#
TR B R e R4 BIAE N1 AT H3 SO ALBE RS
PG FE feimy o [V, 25 2 A 0 REZH AT e B, Dokl
R Y T 4 1 8 A I A ol Y 2 () A L B A A
MR o p R R AR ) T ) R A R AR
FBCRH g 42 i (%) 7 bR A T S g LB i e Ak i 2R
i B AR e et R AV A 2 S g BEL g 42 ) ) 3KOER AL T
SV AL, X TSR BT R A ) B A e Ak i R
HR AL BAAR B BH 7 B, S EOH PRI U R IR
FRBE , N2 ORI BT 1 9 & o i R A E R T
7 R R A R BRI N o A RS IR
S5 00 7 R e RO TR R A, I R B AR AL B R
AT, o A5 B e ) AR AIE R B8 S I T 38T [, AT 32
FOHAR B AR 32 A2 SO W B g i) o 6 T e A
YY) R a5 2 AR, B TR AR RN R R
i TR BE A AT YA A0 1 o B S A N R A B I (]
B IR SR T ¥ R o3 1) R R N, R A
FE TN UL 7 0 LA REARG , AR A58 i 1 38 3R
P, i H A b B2 N B . o — T
AT, At JLART AR AE A 25028 (bR 7 A8 B BROR ™) 16
W 2 4 AT M R 38 A it BO0R L B 45 o 1 i A
WHA—EFHm

5 N1E 3 AT FHE B (5,10, 15 C/min)
T A A HE AR ML R KRR A5 RE S Y S 2495 AR BE L
— MG LT BRBHIR B SN T A RE B AT , BR B S
TR, SN R SR 5 R R AR
JoT % G B TR e A AN () P 3 2R SR AT 1Y R T Ak

REB BN , F W HAABE B 7% A BEAS DR L
AR AT O o OB A ) T3 B A A Y R 58 S
HALRETE 13.76~18.42 kJ/mol Z [0l HALST , LA ¢
ARG S5 I 1 P BB o, LI ) o 1 B 18 7 v 2
AN BN A R, SR AE 18.71~41.99 kl/mol Z
], LA 1T, Al il BE A v 2 e AT R 2R e Py K
B SN, X
RS AREFREXETRBAVIERBITERFELEE

Table 5 Activation energy calculated by maximum probability

mechanism function under different heating rate

SRIpe I N TG AL BE £k - mol ™

AT
5 °C/min 10 C/min 15 C/min
WS-B 16.40 18.40 18.42
WS-CB-400 20.84 23.02 23.07
WS-CB-500 29.55 29.47 31.52
WS-CB-600 39.19 41.74 41.99
CS-B 14.17 15.29 13.76
CS-CB-400 18.71 18.98 19.74
(CS-CB-500 20.12 22.90 21.51
CS-CB-600 28.82 27.44 27.37
WS-CS-B 15.68 16.93 17.24
WS-CS-CB-400 20.04 21.27 21.99
WS-CS-CB-500 24.82 25.04 23.50
WS-CS-CB-600 32.56 30.30 32.59
Bl 78.71 76.95 79.37
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2.1 WHTREE R —5 [F—mr A& T, WS-CS-CB
B B2 N TG AL BE S T+ CS-CB i T WS-CB B #hbe
B0 5 N TG AR BE 35 0E T 7E WS FRBIR CS &=
DAL RN , 6 WS-CS-CB #9520 1% AL BEFAAIG , 4
P56 B 6 MR R o ST TR T e A A5 R R g 1)
N AL RE K T T R ML be ks o, 255 G 1T e )8 o
MER

3 4 i

1) Bl 25 7 AR BE 1 7 iR (400~600 °C) |, 128U Ji¢
AR, (ERBEPE RERRAIG, IR 53 7 A = . A
[ A A5 E T, AR i ol 28 e 1) R0 /35 A R o 2
G RIRBETE R 2% . TEARE B IR AR AT AT il 25 2
AR R MR .

2) LAY A W B AR AR e ask R A N R g 45
il B R TR KR b s B BR I R T 4k BE AE 13.76~
18.42 kJ/mol Z[8] . JALSE , B e A B i) P S A
A2 g BH T 4 i R 3O R e S i AL . Bt
AR EE 1 T v, R e ) S LV Ak RE B I, L AR
18.71~41.99 kJ/mol Z[f],

3) 38 18 4 Y P e A T A5 A AR e BEAR AT B BR
B FROST e i IR 77 ZE N 2 e 7™ 2R A 20K, Hor
JR A 77 23 0 AT RIbR 5 X b R AL e ks ok, A
ST A I e AP RERLAR , SO i AL REHAIR

[ 2% 30k ]
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STUDY ON COMBUSTION CHARACTERISTICS OF
CARBONIZED BIOMASS BRIQUETTES

Wang Caiwei, Zhang Shouyu, Yao Yunlong, Wu Shunyan, Jiang Fenghao, Zhang Yifan
(School of Energy and Power Engineering , University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: Carbonization experiments of cotton stalk briquette (CS-B), wood sawdust briquette (WS-B) and mixed
biomass briquette (WS-CS-B) were carried out in a fixed bed reactor to prepare the carbonized biomass briquettes. The
quality, ignition temperature, burnout temperature and combustion character index (S) of the carbonized briquettes
were studied by fast calorimeter analyzer, thermogravimetric analyzer, etc. Meanwhile, the model of kinetics established
by using Coats- Redfern integral method was used to investigate the kinetics of the carbonized briquettes oxidation
reaction. The results showed that the heating value and the ash yield of the resulted carbonized briquettes increases and
the combustion characteristic becomes worse, with increasing carbonization temperature (400- 600 °C ). At the same
carbonization temperature, the carbonized cotton stalk briquette (CS-CB) with higher ash yield and lower heating value
shows better combustion characteristics than the carbonized wood sawdust briquette (WS-CB). The CS addition is
beneficial to the combustion properties of the carbonized mixed biomass briquette (WS-CS-CB). In terms of combustion
kinetics, the combustion mechanism of hiomass briquettes is the internal diffusion resistance on the layer surface, but
that of the carbonized biomass briquettes is the chemical reaction on the spherical surface. The ash yield(4.9%-9.1%, wt)
and fixed carbon yield (67.8%- 83.8% , wt) of the carbonized briquettes prepared by briquetting firstly and then
carbonization meet the requirements in European Standard. Compared with the commercial barbecue charcoal, the
resulted carbonized briquettes have better combustion characteristics.

Keywords: biomass; carbonized briquette; combustion characteristics ; kinetics



