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Abstract: The oxy-fuel combustion of biomass technology combines the advantages of oxy-fuel combustion
and biomass combustion, which can not only reduce the consumption of fossil fuels, but also easily achieve CO;
capture. The most significant feature of oxy-fuel combustion is that the oxygen concentration in the atmosphere is
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greater than 21%, which hardly influence the ignition behavior of biomass. Cellulose, hemicellulose, and lignin
are the three main components of biomass. Therefore, studying the ignition and combustion behavior of these
three components under oxy-fuel conditions is the basis for the study of biomass ignition and combustion. In this
work, a drop tube furnace combined with a high-speed camera were utilized to study the ignition behaviors of
cellulose, hemicellulose, and lignin particles of 74-154um at the temperature of 1273 K under O»/CO; atmosphere
containing 21%, 30%, 50%, 70%, and 100% oxygen concentrations. The radiant energy analysis technology was
used to calculate the temperature of particles. The results showed that cellulose and hemicellulose changed from
hetero-homogeneous ignition to homogeneous ignition and lignin changed from homogeneous ignition to
heterogeneous ignition with the increase of Oz concentration. The ignition mechanisms of cellulose, hemicellulose,
and lignin change at 30%, 70%, and 50% oxygen concentration, respectively. The ignition of cellulose is sensitive
to the change of Oz concentration. When the O2 concentration exceeds 30%, the cellulose char ignites firstly. The
rates of increase in temperature of hemicellulose and lignin increase with increasing O concentration. For
hemicellulose, it can be attributed to that the burning proportion of hemicellulose volatiles decreases and the
burning proportion of hemicellulose char increases with increasing Oz concentration during the combustion
process. For lignin, it is because the enhancement of lignin char combustion. Moreover, the combustion time of
hemicellulose and lignin decreases with increasing O2 concentration, which dues to the enhancement of their char
combustion. Furthermore, the lignin char will melt and expand under higher oxygen concentration, forming an
obvious expanding flame.

Key words: cellulose; hemicellulose; lignin; Oz concentration; ignition behaviors

285 8: BEOAMFEESE (No.51776081)
HHRAA: BRY, F, THEABA, ALHATE, 2HRELBRR. 2V RB RN E AMP. E-mail: m201871137@hust. edu. cn
FiAEE: SRA&, B, AdEA, #H&, oxy-fuel BRI, oxy-steam M¥E¥. E-mail: zouchun@hust. edu.cn


javascript:void(0)
mailto:zouchun@hust.edu.cn

0o 51 T

AEVIRRE R — PSR COL i EHE AT 7
ARRYRN, X TR MR RE VR AN RN A BE (R4 B
PIERESVE FH o BARE 2 H AT A= R i 2 207 5K,
RS BEAREL, VR & B RRE B,
HAE KFBIRAT A E A LR G IR K ER . AW
JiE EIRIR R — P AR “AHEC Rlse )y X
I, W AR IRAEAS R AR BE N 1 KAT At Ak
VIR & BRI RN T N R . BTN R
IIREGE, FERFHER. PAER. KAED
FMARRUIH R E AV =45y (F4ExR. F
AR KRR FTEIE 75%-85%P. =47
MIFSE . F5 K SIRIFAT RS R IR B3 K I bedT
REVIF RS, TR, B = A o FEAS R AR SR
FE R B KAT A, W T ARAEA R RS N A
JRAE KAT R B

MR, REEENTHER. FFH%ER. K
JR R PSR IEAT T FFT . — 82 68050 1 A o
RIUAAZ I iR AR TR AR 4R 0 o R
AP YR A RIR AR T A B R A RIR s (HOR
iR 4 R IR VS (423-1173K) e 2 4F 4 &R
(493-588K) Fl 4T 4 25 (588-673K) ¥ K - Burhenne 250
R ERBSREM R BT R . SRS ES
(1) B A A ) o B R 0 2 B v IR AR A ) ok 4 e
DL, B 2RSS, MAEARES
B AR A= 2 S 2. % e E
SEBRER I IR RN #GE K, Senneca 25O Rk
(14 JEAS AR R4 3 . AR AR AE N2 Al CO,
ST 20 BIAE 1573K H1 2073K 37 8 R 34T b i H
filt, RIAE R PR A=A R . B, &
FUNER B, AR PR R i, P4
B R AEREN, SR TRamAEREEN. Bk
R, =Hy R AEN 2R, #db
S0 H o K SRR

Cao ZEVR| I AT 90 T 44k 3R AR TREME
KRR FEAE AR W KRR IR G &
KR, “FYEER. AREBERA TR 1 KR 5 5
N 683K, 643K Al 678K, JR-EWIHIFE KIEE F B
KRIRFEDGE « T IENBEF2IR A E Wi 78 7 =241
I EESIREE 5N 21%,  30%F1 40%[1] O2/N, Al
02/CO2 SR N IR B, Sae &t R B = 241501
PRI I R 35 3 R I R Ge R AR R B PR AN B . (R
JE A1 Y F RN A 4 2K I HE R BRI I B Ok B R
R, MARBRRMERBN B EEEE R, M4
SR 10%38 03 40%H, 22 2 A 21 4 K 1)

www.chinacaj.net

PRI NR, AR R BRI,
REML KRB X B, 4R, FLFHERAAR
FINFER el A W38 DR AT, KAk Z 0 i HL R e
FEhN784y . Gani A1 Narusels!DA K Lv ZE13143 511 F] H
MBI TR N GER KRR EY A
AR RE A, R I AT R O A R o ke
FEEBRBE AP B, LR AW I R A IR S5 4
PR RA S, FERBEM B 5 A 2= 0 A %,
H AR 4 3 1) 2 SRR 5 28 1) Btk 45 7 2 52 1) #4
fRIER, YRS, AMEREE, KRE
SElE, AR, FRFREE =01
F K IR IGE P K AIE 90 A 0 R ) AR B R e R
YR

WP DI R G2 T 1000K) AT
PR (10°K/s) , [k, SHE ST Ch iRk
FHEG, R B e e BE L S AL Tl 1 4%+
(R KeAT ). Wang SE0IRI B E IR T =2S
RN AU AT IR O R P o KL
sz, R ILAI AR T 2R B o A KL
BIRKBIm, AR 2= & 2R 2R
EHK, B mARERSENAEYR R ELE K.
13— 2P0 FEA [F) S SR = A oy e A
(95 KAT S B THEFRAT BT A R D4R IE

ASCKG R AE 1273K R4 T, Xt
KRN 74-154um MEFYER . B4R RIARE
HA 21%. 30%-+ 50%-. 70%A1 100% %< & 1)
02/CO2 SR F I KAT NIATHIE TS, A FH iy il AR
L% =R A SE R K SR 72, 45 G 4ma
A WU 5L B AR SR E S SR B 1R AR A X = Bl e o K
LB, B KRR . RIS Rgm, BT AR
W ) ARG T e it B AR

1 MRERWTE

1.1 E8
ASCRH A YR . LT 4R R 2= 35K 5
T Sigma-Aldrich 2~ 5], HH£F4E3 (catalog number
6288, CAS 9004-34-6) , AZEHE CF HRARE P
44k % ) (catalog number V900513 ) Fl1AK ii &
(catalog number 471,003, CAS8068-05-1) [f] )k 4)
MrATeERE SR 1 s, LI fEH M43
RBERAR T 2R S SRR AR 4404 74-154 pm.
1.2 LR &
AR g B WE 1 s, HAaHEK
Rk, 45k 240, R RGMEERGA, KT
SIS B TR A ] S IRSE AT e s, X R



TR SRS 8 FASTCAM
Mini WX100, 2564408 £ 4 1000 i/FD, BE
I (6] 9 1000ps o X056 21 (1 3 < R 458 FH 6 S e il
TR ISR AR, AR bR s Bl B 22
PP FE I 1) M330 24 il AR SESSTTAATT,
SN AR BL 15K /min B+ 2044 1.5 /N &
1273K, SRJGPRHF 1273K MIBETHIRE . 458 RG0K
Ui PAYER RBIZEMALLL 0.1g/min [T
MELNFENE I H—IRRIE T HEN . R
Gt — RN TR N BN, — KU AR
BRI e TN E T B AN, — R
TR AR S A 1.0 L/min A1 9.0 L/min Chr i
™

B FLAE FH R b R AUE AT 5 A S 1L,

www.chinacaj.net

B e B it 2R e A LRI W 22 AL 4R 15 1
JiiEe WEFLR SRR 2 7 5 WESL, B
B EENE 4 37ecm. RIS FE R AEHL
FFERFEAAS, RSB AN LG AL P4 R IR SR 6 17
B, FEFASERAL R SRl G L — b mr DL 4
1000 /& B4, 0] DLSE B (1) 18 S RIORE A K 2]
BRIF AR I e B A2

A SO FUA [ S8R FE S = 2 43 ks 5 KL
PR RE Rz e, AR AUSORFERC E )k 4%
SR NAEREAD FO A o R AIE S0 R 2 38 9% 21%.
30%- 35%-. 50%- 60%. 70%-. 80%. 100%:XJL1
ARSI BEDS 100, PR FRAT 2 T AT A LR
HEET 21%- 30%- 50%- 70%- 100%iX HAES
W o

F1 =M1yl

Table.1 Proximate and ultimate analysis of biomass components
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Fig.1 Schematic structure of the drop tube furnace
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Fig.2 The complete process of ignition and combustion for cellulose, hemicellulose and lignin in O/CO>

atmosphere with different oxygen concentrations
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Fig.3 Temperature curve of cellulose, hemicellulose
and lignin in 21%0,/79%CO, atmosphere
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Table.2 The relationship between the ignition mechanism of cellulose, hemicellulose and lignin and oxygen concentration

ARIRE 21%0: 30% 02 50% 02 70% O 100%0
179%CO, /70%CO2 /50%CO2 /30%CO2
RN Bt JEHIAA JEHIAA L3448 L3448
Feof Y Bt A A JEHIAA L3448
K& Bk B Bl | Bl | Bl |

3.2 FRESRETHER, HF8HE, A
FRZ=H0im E ek

FURMEATREIIRL AR, 3R AT T4
Fo AR RTREH K ORI o
5, SURBEALIR A 4 .



—B— 21940,/ 79%C0, —A— 50%0,150%C0,
1600 4 —8—30%0,/70%C0, —¥— T0%0,B0%C0,
—— 100%0,
o
i 1400 4
LiE|
o
=
# 1200 ~
s
RE)
=
et
1000
80() T T T ) T T T T T T T T
0 1 2 3 4 5 [
) 8] (ms)
()£ 4R
1800
—— 2150,/ 79%C0,
—o—30%0,/70%C0,
—A— 50%0,/S0%00,
1600 —r— T0%O,30%CO,
) —— 100%0),
=
2d
1400+
E
|
#1200 -
1000 4
T T T T T T T T
0 1 2 3 4 5 6 7 8
fef 7] (ms)

(b) FL4ExR

—m— 2] %0,/ 79%C0, —h— 50%0,/ 50%C0,

18007 —e—30%0,70%C0, ~¥ 70%0./30%C0,
: T —— 100%0,

(

=

[

[=
1

e BRI LA (KO
=
2

EL% 1200 4
1000 +
(I) .% 1I0 ]I5 2I0 2I5
A TR (ms)
() RE
4 Oo/CO RN AR R NG L4z
ARSI it 2
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and lignin in O2/CO; atmosphere with different

oxygen concentrations
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