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Abstract; In this paper, Baizhu and bituminous coal were taken as raw materials, and co-carbonized
products were prepared at different co-carbonization temperatures and different blending ratios. Ther-
mogravimetric analysis(TGA) was used to study the combustion characteristics of the products at dif-
ferent heating rates, and the Kissinger-Akahira-Sunose(KAS) method and Flynn-Wall-Ozawa(FWO)
method were used for kinetics calculation. The results showed that there was only one peak in the
combustion process of co-carbonized products, which was basically consistent with the combustion of
coal alone, but the comprehensive combustion characteristics were better than those of coal. With the
increase of co-carbonization temperature(350-550 ‘C), the ash content increased and the combustion
effect decreased. With the increase of heating rate, the derivative thermogravimetric(DTG) curve of
the sample shifted to the high temperature zone, but the weight loss of the sample remained un-
changed. With the increase of blending ratio of Baizhu, the weight loss of co-carbonized products de-
creased, and the ignition and combustion performance gradually improved. The co-carbonized prod-

ucts of Baizhu and coal had synergistic effect when burning. The activation energy results of FWO
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method and KAS method were similar, and the FWO model was better, and its correlation coefficient

was higher than 0. 95. Baizhu and bituminous coal were mixed at a mass ratio of 7 ¢+ 3 and co-carbon-

ized at 350 °C. When the heating rate was 20 ‘C /min, the comprehensive combustion characteristic in-

dex of the co-carbonized products was the best(3. 98X 1077 min™?

energy was the lowest(85. 85 kJ/mol).

2

+ °C™*) and the minimum ignition

Key words: Baizhu; bituminous coal; co-carbonization; combustion characteristics; kinetics

AWy R IRAR R T HAb L e A AR A T
v %) A e i st 7E R L B A TR 203, el fAE
FET R IRAE " . A AL AR IR R
BEUEA I H AR o 4 3= S MBS B AR S Ay
fife) A2 B R LB B 48 15 e AR
P 8] EAEA R ARG, s g™ @, 1M
PRI RSS2 R RO B HLAR /D A 7 AR
PR, RN AR T S BRI AR AT AR K
TR PR R B 5 R B R I T8 B T 1 e Ak
PR A AT IR Ay AR N KRB

AR VF 2908 T JRERN AR 0 o ) A i 1o
T OMRIWE AL T 1 vz i 95, SCik 6 JF
FERIIEIE SIS 2 R %
PP AR H T 2 U (scanning electron mi-
croscope, SEMD 5 R 32 Bl] , FL b 22 £ L g 2 £
FLBRZEA M5 I A= e L i B g 1 Ak
REREAR i BRAEAE UM RN . SCHRL 7 B9 3R Bl
IRIRN FARAT I R, FORFEFF i R
S AR PR AR B R HOE R L A
PEACTR A i 4 A PR WL 3 1) SR i 4
FIFAAE AL AL B 5 3 A6 7= A R AT AT 2 42
193] | — e E e 1 HAd FE AT R AEAE PR
S S T RIS SRR RS ) (X RS A

FARAG - IR A5, JC IR S AT
=R b oD

FeT B A SR A Bk e B
P FIIEAE AN ) e AR R B30 H 491 2% R T ek
7K B A M. JF A A Kissinger-Akahira-
Sunose(KAS) % Hl Flynn-Wall-Ozawa (FWO) 3=
WFSEAN A TR 5 S fb = Py A be s FE Hh i 3
TIPSR A o 5 R 3 e Al = W AR
TRARBE SR AILRLRE BRSSP

1 RIGERSY

L1 ##

AT BORASEHE Y 47T SRR T 28048 E Ik
TR IX s BB W R T R XA . Wi
Je FRE R E T 105 CHUFR N HET 8 h, PRl T AE
A AT REALAB R R, T 80 H (180 purm) i, i
YU it B BT TE BRI 23 BIARIC A AT (2D Foky B
(M), JFURHRI S A0 77 A i (R S 2R 43 A A Tk
SR 4R B E Al GB/ T 2122008 il GB/T
313912015 HEATHI . i FHZE AT O TR i

A DAL AT FIC R SR W2k 1 g,
FES BRI B 45 T

£1 SHENTUASHNTESNEASEESY
o TS TR
. KA WA HERS EER C H 0 N S

7Z5M5-450 2.05 38. 14 12. 09 47.72 52.03 2.91 2.71 1. 64 0.52
Z5M5-550 2. 14 39.91 5. 54 51.41 52.21 2.03 1. 23 1. 86 0.62
Z0M10-350 1. 16 45, 87 16. 80 36. 17 43. 27 2.78 4. 81 1.22 0. 89
Z3M7-350 1. 39 40. 01 23.28 35.32 46. 33 3. 24 7.67 0. 83 0.53
Z5M5-350 1. 91 34. 10 21.10 42. 89 49. 75 4. 08 8.12 1.53 0.51
Z7M3-350 3. 00 23.21 35. 85 37. 94 56. 30 4,71 10. 93 1.59 0. 26
Z10MO0-350 4. 65 4,54 30. 70 60. 11 71. 22 6.76 11. 63 1. 05 0.15
Z 5.17 1. 83 77.72 15. 28 47.10 5.81 39. 38 0. 65 0. 06
M 1. 45 45. 95 18. 16 34. 44 43.22 3. 04 4. 65 0. 98 0.71

TE:Z5M5-450 R Z 5 M BT EE o 5 ¢ 5, AR 450 °CL Rl

1.2 SKBE&E

SIS 45 A0 4E . DHG-9070 Ha, $AVliE 15 &% X T

=AY 7an

PRAE

» 750T = 3 Z T e A R ML+ 3l 4R 2 i
FA124 H F K ¥, GSL-1700X & & & = .



o9 AT K 5 AR AR

746 %

MAC-3000 4= A 3 T\l 3 #74Y , Elementar vario
EL cube JTLE ML, Setsys Evo TG/ TGA #4
3BT
1.3 EWHE
1.3.1 HER{EH

FORAFRY Z F0 M G35 4% BB L 10 £ 0.7
3.5:5.3: 7,0 10 ik MR G BN
10 g, it 10 min f5 B AR 0 N, B[]
B E A — BT T N, HE R A A R
23 SRR AR i P SR SR FRAE A 5 )
T2 PR e R R ACR . WY . N TR
TFELA 10 °C/min A II#AEERTHE ™ & 350 °C,
FAEZ IR T AR IR 30 min, 2R 5 DA 10 °C/min [
T SR S IR 2R R N, SR BRI IR
R 22 = S SR P AR IR T T, DA = PR e
ey (450 “CHIN 550 °CHfRFR) , 43 BIFR bR 04
45,304/ Z0M10-350., Z3M7-350, Z5M5-350, Z7TM3-
350, Z10M0-350, Z0M10-450, Z3M7-450, Z5M5-
450, Z7TM3-450, Z10MO0-450, ZOMI10-550, Z3M7-
550.7Z5M5-550,7Z7M3-550,Z10M0-550,
1.3.2 HAEZE

P 28 SR B 55 2 Setsys Evo TG/
TGA HE B AL, L5 SR N, O, (3%
RELER 4 VIR BRI K BB A=
k60 mL/min, & K S50 FR BURE 5 R N
(1020. 2) mg. I K5 H 15 57 4 it 2 398 IS8 » vl 2>
Tk 5 AP JRE DX S 5 1 5 el o SR P AR S5 R 5 43 3l LA
10,20, 40 C/min {y F i #2223 2
1000 °C, A B 48 FH i 38 S 07, 75 24T — K
ARl s (08 IHBR R0 2 i PR S5 5
SR MERPEN
1.3.3 MpedFit

R T HT ZM R A AR 1 i A e
Rtk BIAZEAIRBEREERE B SN, Sy SR A ke
AR IR AR 2 — LB RR R, R IAAE L )
VA U R 1 S g o < R/ (1l
~ (dm/do) , (dm/dD) e

T: T,

o, Cdm/ A o R RIRFEH B 5 (dim/ dE) e
IR IE s T A IR s T IR .

2 #R57He

2.1 BRIRREH LN
2.1 Z.M BARBRE Y A E Wy X AT
Z 0 M AETHE Ay 20 °C/min R HLR

N (D

B #4 H ( thermogravimetric, TG)-f# /i #4 &
(derivative thermogravimetric, DTG) ik @& 1
FiR o BEFEFHRHEZ S 20 °C/min By 7 FHJE A
[ THRE AT DTG ih4 2 fuEas—2, TG Hh4
SRE AL, kSR 10 ~40 °C/min 25 R ES
—FE.

1004 0
80r 15
60 %
8 +102
= 40/ B
K =ZTG) | sH
=Z(DTG) |18
20t -+ M(TG) K
-+ M(DTG)
120
0 L

200 400 600 800 1000
WE/C

B 1 Z# MR i 2k

HlEl 1 AT, Z R bead B mT Loy R 3 AN B
Bt 551 B BEK BE(50~180 °C) , 75 It 1 ]
T B T R R K 2 R AT
SERAHEER BRI 1. 38%0, PONAE S AESE
R 20t TR AL FE , & K B BF A DTG
Lo B — AR R A R T 26 2 (Y BON
RAYHT L FREBE BE (180~398 °C), kT K25
FESE TR 67. 220, 7RI DTG £ 481k
JRIZL AE 344 “CHEH IR R TR e KR
R 18 U6 /min, B AT UL K S AT PR BR e R
FU5 55 3 B B ok [ i A be B Bt (398 ~510 °C),
TRl TR R 4 & T4 Z AR R R
B, RE L AR R 31 620,422 “CH R
VAL MR ER G LU SRS 2 A B L 9 () s e {7 T
REEANR o 32 F T T ik LA R 0 120 HL IR
g0 510 “CJg . TG 1 DTG &k #ta TR e,
TR TR,

H I 1 Al %0, MR Be L FE T Ly Sk 2 A B
Bt 9B 1 AMRER B EZE M KRG EL s H
T A3 AT AT T MHR R 7R G AR AT PR It i B 1
ANHEE 58 2 AMRERY B EE R AEAE 300~700 C
X [] 580 °C M Pl e KU AR . F 802 M gk 4y
FRBIT L R TR Btk AR B o i Ml 43 B T 60 ML 4
2.1.2 KRB FACEE TR E &0 Hw

BRI N 5+ 5 19 Z A1 MAEARFR BALIRE T



%54

X AR A4S IR R AL IR S B A F AT R 593

il 5 By e AL = My AE 20 °C/min TR E R T 8
TG M DTG figimlal 2 frox ., et Z fl M 2R
Feoh 5 ¢ 5 pAmAL =PI I P A R BIR e 2k
TG 1 DTG 222 fula % — 2, Nk
BN 5+ 5, MBS — 2 5H R
B AL AT o0k 2 AP B, BEE 3L AL TR
BER TR TG 1A = i X I B » 3 2% 2 i i 4%
EER TR R A 2 i BL. B AR
fThE . DTG P MR 12 th T —J7 L B R
FE PR i s » [ i i A X A 2
I3 —J7 WA 5 AR IRLIE ) Ty » ] 5 Bk 0 6 0 %K
W2 IERAL I A S R DR R e e
Hh R O T BB [ R AR e L s (HLRG A 3L
B BETH R » SEIRA T 10 1R K 93 T 3 B0k R
I3 AT S L ER R BE AR

1004 - ()

80 12
&
°\\c 60 1.4 %
f# | +Z5MS5-350(TG)| I~
K 40| +Z5M5-350(DTGY -6 1z
+Z5M5-450(TG) [ e
oZSM5-450(DTG) g ®

20l *Z5M5-550(TG) -8

~Z5M5-550(DTG) .

200 400 600 800 1000
W/ C

B 2 AR R B 2R AL 7= M SR IGR A 1o i

HE 2 d TG AT A1, 240~380 °C W B 4
JoTtE R T S i i, LR A i A ) v s 3
s 5 0 A 2 AR K it ] e RS B 3
TR TR Z 5 M AR Sk s il
PR FEBAR T4 7 e R o 5 T 3 e s AT DR
B2 Ao ELIW B R T o v B 2R K AR
R P ) A BRI R RE ) AR SR
2.1.3 REFBRFARBER T H XA

Z5M5-350 % Ak = ks i TG Fil DTG
MZeanEl 3 s .

&3 AIALAEAR THEEF N & & R A
AL AR 3, 6 AR TR BE R 350 °C Ay st Al
AR 1 K& 2, AR E Ny 450 Caf 550 C
LR A= P00 Tlb o3BT Sk s B A e A T B v
HRACT= P IR o3 AN T8 0 o DA BT B 7 58 FERE S
FRLEE %, ek 350 °C Ay LAk = ¥k I+
TR AR . R RS SO B B 38 )
R NS B 3k W] AR i T 3 T R

HIMBURLIGR JEE 6 J3E K R e 2 A ™ A ) A
AE S I3 H o DT BIR ] 5 ity AR AR ARG R A E
M FE AL PGS A . B TG gk nT ., £
FEANRI THIEEE AT fe 28 o i B Ok R 22 A K
X it W T R P 22 X R AP el o 4 R S TR
/INe |1 DTG st nl 1 [7) b b 76 A [R) I i
AN R AR B 25 5 B THELE R S
IR RIS (A8 DR+ 2R T U JIT X 07 Pl B8 0 Bt 2 1 R
3o 10 Y T 38 25 ) 728 A X J9R 8 ) 2R R T 3R R
BK.

100 =40
80} 1-2
1-4 TE
© 60 g
40_+10 °C/min(T 54
K -=-10 ‘C/min(D 18 X
-+-20 °C/min(TG) e
20+ 20 ‘C/min(DTQ ®
—~ 40 C/min(TG)\ 7 -10
—- 40 °C/min(DTG) i
0 200 400 600 800 1000

B/ C
3 TRIFHEE 2 ) ok L P M BRI i 2%

2. 1.4 FREFHFRICATRIERFT XY

20 °C/min FHEHEFT Z T M # MUK [R5
R HLTE 350 “CRymAb BE T ik =iy TG Fl
DTG & an &l 4 .

1008= 3 )
) —+-75M5(DTG)
80k f —~Z3M7(TG) -2
] —Z3M7(DTG) T
- 6ok WX\ —ZoMI0(TG) 14 “§
< XK~ ZOMIO(DTG)|  ©
M X Rttt Attt -G
40 0000\ WA\ Neevoveoovood ¥
# | --Z10MO(TG ]
20l Z10MO(DTE X Nowsnasasnasdd @
= ZTM3(TG) X pN Sovovcceoeoood X
—eZTM3(DTG) S - -10
0T +-7Z5M5(TG) b

200 400 600 800 1000
B/ C

B4 TREHSIRLL IR P MR i 2%

MIEL 4 0T LA B Z Lo i IR S A
FEHR AR B PR Y 22 W 1) 72 B o A ) 2
FEN - FEAR I B R T OR

1 ol B R Z AT MO A A K
OF s IROP A I o3 S A JSpT H B 5y R
RAIRCRAL /I /0 T A58 S o P[] 4G A e B
I o



o AT K 5 AR AR

746 %

MRIEIE 4 1 DTG #4. BEF Z Hplrgm.
DTG f Rk bRy Al ™ ) DTG ik
T AV LB A2 BT XTI 1430 2 8 i /1 » 6 2% B
TUBHTE ]y 78 R Z 0 M & BEOR [a] Lo il 3
Pl g B PR AR A b AR P B 2 MR TR
W, 5 1 ANREIERR R LR 180 CRITR, 22
FEah YK P 280 T AR S BT HE T I B K
AZ LA 1 B By R EEA IR s DTG &

55 2 AR EIEHAR A HEAE 220~650 “C 2 [H] L 3K &
FRAICHAL I 7= W) Br & #4400 i oy B e AR
s KRS LA RE I sUA7AE 3538 TR P
TEC BT B2 e HE A 528 S ME AR A B 20 A L
TN FE B AR o
2.2 MRIGEHIED T

FFEIEA R THEE R T BB RS RO
* 2 Pl

R2 BEGMGEARFREZRTHRESESH

. T ##/ . . . Lo EORRBEER/ CPRRER/ SO MbRRRERR A/
F i o HXRE/C RRIRE/C . . ey e
(°C « min~1) (% + min~1) (% emin~!) (107 min 2+ °C3)
10 420. 34 585. 40 3.70 2.57 0.92
M-350 20 451. 29 638. 99 4. 96 3.48 1. 33
40 471. 35 707.12 10. 59 7.94 5. 36
10 334. 56 479. 69 6.75 5. 56 7.00
7-350 20 340. 83 525. 88 9.78 8. 07 12.92
40 350. 37 634. 23 12. 10 11. 95 18. 58
10 340. 92 580. 44 4.17 2.49 1. 54
Z7M3-350 20 349. 27 622. 27 6. 81 4,43 3.98
40 366. 16 672.13 11. 48 8. 29 10. 57
10 362.93 579. 41 4.13 2.83 1.53
7Z5M5-350 20 377.53 630. 74 6.91 4.52 3.48
40 383. 46 695. 14 11. 04 7.88 8.51
10 382. 88 579.42 3.78 2. 49 1. 11
73M7-350 20 392. 65 626. 96 5.41 3. 81 2.13
40 416. 16 702. 23 10. 96 7.51 6. 77
10 408. 63 591. 48 4.93 2.99 1. 50
Z5M5-450 20 413. 14 638. 22 7.91 4.71 3.42
40 453. 68 721. 83 12. 41 8. 27 6.91
10 428. 29 614. 52 5. 24 2.94 1. 37
Z5M5-550 20 457. 81 651. 28 8. 41 5. 36 3. 30
40 487. 41 742. 26 13. 20 7.77 5.82
10 419. 35 584. 87 4.49 2.81 1.23
M 20 450. 32 637.53 7.75 5. 06 3.03
40 470. 58 706. 59 10. 60 8. 28 5. 61
10 252. 87 471.09 8. 57 4. 09 11. 64
Z 20 265. 42 501. 48 18.97 7.82 42.01
40 302. 97 565. 07 33.08 12. 49 79. 66

JITAT R it Bt T 33 S 4 1 K o KR
R B e b T 3R BT T R R P
n R AR A T R IR 25 . BT ROV i IS
P4, 57,350 ‘CZ K MRS s A=A
Eb . M 5 KR JRRR B R AR X
T Z R R U L IR e LA R AR
JE IR AR A R AR RS . BT LA
T L 081 1 Y A 3 A 7= 0 Bt 25 e A 38 38 1 7
T o A L ARIOR LR b v T, B S L e
TR )25 I RE TR RUIR B 80+ 3 2 T ok Ak

TR Th e R AL 7= My R e 2 T LA
RS BAL =9 P 45 2 o o i S0 B0 IR 5y
[0 5 B JoH 0 SO N » 3 -5 b A A S 2R — 2K
LI E AR M 10 °C/min THRF] 40 °C/min. i f
B I ORI BE R - B A B R ARG B B 2
iR DI T30 25 1 e A1 T LS AR e B i st
A7 - T A A 4 ] LA AR SR BN FE 4 o
Wi Z BB EL 3 s I m Al 7=y 9 3 K
T BE AR . HLALBRAL - I KR T Z.M
MRALT= PR KR Z W) BB R Z Jbmie
P AT A SE IR AL ) B R S RO I 2



%54

X AR A4S IR R AL IR S B A F AT R 595

T Z e Ak v A v Y AR BE R A R
PRI AL = PR BE ] AT LS AL B 225 O I 1)
it MRS Al = W) A8 1545 2 ik be s ek
PRI BE REARR o 7 B0k e 1 B R B i 1k 4
B, sO2 TR Z A T
AT YR 4 5T 6 3 B8 FOHT H 25 365 U b
F AR AL B B KT A i 5 48000
AR TR, R EE & 2 ok AL TR
350 C.Z M MBIRIL R 72 3. FHEEREN
20 °C /minfif Bl 5 B 2 4k 7= PR be R M 4L
AT ABERCRA F bF  AH AT AR R S5 4~ MR
ThBAL =1 R be Rt F8 B T 237. 600, FHAER T
SRR BE BB RF AR BT 132. 5%,
2.3 BT 5EER A=Y & Bt E 3R
ARSI A ST S B (R W e Ak
TR B R R A T R RIRON . BB R

200 200 600 800 1000
REE/C
() FEMITIE L SOOI 2k

REREM%

EWaiE LA
We = LWaom + baWaowmo (2)
Hopr, IRGWIEBALT W) W z10m0 BT 15 L5
W om0 9 VPTG 7 W) R B 1) 5% T ks L
/ﬁl:/ﬁ\%;j\:ﬁ'f‘bfg% ':F‘ W oo Fﬁ 5 I:KWU 3 Waomo j‘j
BRI MR BE  k dRE
T RERE B F AR R e AR R K A
SR B 20, I ASE AW, ]
AW =W, — W 3
Horr, W W 70 501 g S2 56 M S K B 2R, 2
AW S IEAE IR M HIEOR . 2 AW S fE s )
P EIAE S B8N 3 [ P i 2 Ay )
TR AR R,
£ 20 °C/min FHEHRT R RBIR oy 3t
HACT ) TG M2 SE58 5 BB (A A LB &S SR A
Kl 5 Frs.

200 400 600 800 1000
R/ C
(b) FEMERIS S S AT 21 Hh £

5 HmAEMEK

M 5a 0 LLE 5280 °C LART#H £ JLiE &
A KA 5 280 °C LA RAR L I IR H B 22
Wlo Z M ARE TR & Lo 3L Ak 7 P R e 1) 2%
AN B e AL R b Ok T IS A (E L X 1]
A= Pk e it B b L T PR IR Y,
AT TEAE R A3 R Be B BRI B P R 2 BAE
FH AR R 50 Re  I Eh Rl 5 AR I BE Z 2R 1
GRSk s JE 1 . X T Z6MS e fb )
W Z AT o 15 R S R sk AR v A 1 IR 43
AW S Z2 IR BEHE MR AR S 18T, BEAG T M
IRACH R A3 R0 30 S RN R, 4T LD A R
PR . Z3MT FEfh R Z 38453 7= A B9 K 4 55
D RS R LU M 43 o 4 A3 R A
Beo ZTM3 FER AR R 5y KI5l Z 353 77 4
PHEETROR i

ME 5b Al LUF i, 7E 220 ~ 420 C Z JA],

ZTM3 F Z3MT7 3% 2 FE Fh ) AW <20, 375 °C ff
AT BT, U5 B A O X ) e A A 7 P R e
R B TR . Z5M5 7E 220~350 °C,
AW <0 BHEAEPREIVE FH » 76 350~500 °C . AW >
O Bof H B At R0 X2 B T Z5MIS e Ak ™
W Ey Z AR o3 #8 o WA o AR v 7 A B IR 43
ANWTHE Z IR B MR AR5 g R 08T, BHAT T M
IRAER 3 A 3 (1) 38 HE A, 18T EE 0
BRI . 7E 500 °C B, BT A AE S i AW >
0, 3 /2% FAE R et F v o AL 7=y R 4y
FER YO AR [ T U R R e 22k
WM A — o B L BHAT Tk bs. T AR
FRTE 640 °CFIE A AW <0 H BRI R , 158 B 78
UL EE DX [H) PR 2 VR S A e AR B T R A
Mo HERWMT O B FHmibr= vk ot
RO R SO 7 A I R TG A PR



096 AT K 5 AR AR

746 %

BE— 2 IMARIRE 9 i 4% 53 » BE A R s @ S
BT P A AE— 25 A Tl 4 R TR W) I 2 B
il BT 7 R AR e AR I3 58 . 53 4
ZTM3 FF il R DI R85 00 fe 0 H
2.4 BANEFESH

K KAS IEF1 FWO 318 2 5 M 3Lt
PPN R IE AL RE. B/NE KBER Eu N o 1E
0. 1~0. 3 Z[B]X L% AL RE A1 (6L S ey Il
KGR

T Z 5 M Il Yy AT oA AP Y

BRTHRHE R (o) Ry W HLIE RS E il 1L
AEs R NHAH SR W ELR=28. 314 J/(mol « K);
mo RFE IR GG JBT 8 s me SRR SR TE ¢ B 20 B
e NI TR sn MR R I n=1,

KAS IR ITRRIT -

nB — m[Eﬁfa)}—R—ET %)

Hr g M OB £ RIREL
SRR o HER RS In(3/TH 5 1/T i
TG ELE BRIV AT L2 ARk SR H 3R S L 1 i 1

JRBRJE T BB F R R Sk bt R A BEE.
o AR M {m}
SER R TR I (030 )20 A L B FWORIHSTRINT .
AE E
doe A E _ _ _ E
= gl @en(~gF) 0 In g = In[ 5 | 5.331 — 1.052 ()
T . (LR o WERT AR In g 5 1/T bl
omy —me. B AT FIH B mbRi 8 O 15 1LRE E.
fla) = (1—a)" (6) FEATGE L RE SR L R Z MRS A B2k aniE 6
Hod oo NEALR T NROVEIE ;A MISRTN T B,
1801
140+
160| —=—Z KASS) X —=M-350(KAS) - M-350(FWO)
IMS%‘S&QQS 1200 R ——7-350(KAS)  ——Z-350(FWO)
10t 73R s% _ - —a-Z5M5-350(KAS) —+Z5M5-350(FWO)
E 120 5 100} \ M 00AS) - ZAMT 330FWO)
2 :i @& -350(KAS) -350( )
2= 100 S A NN\
m \‘% 3
E 80_ ' * o\O\O -O- O ?‘Ei' 0 x\\ S :
| e ” - .~ .vr .
60 2%‘1 ) ——t \,jf‘\!fo
a0l —— M(FW F{V \\\v\v 40 —
—— M-=350(FWO) ——, e
20 —7= Z-350(FWO) | . . 20 . . . . .
0 0.2 04 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0

(a) BIHFE

(b) WAEFES

6 HRBELESEUEZEMNXFREE

M 6a AT LU H L KAS fil EWO 2 Foy kit
AR E AL GEH R —F, Z-350,M-350
S5 AR ZOMHLER FER AR R 0~0. 3
Z NG RERR A Tt . X R FERIRE N
0~0. 3 i FE IR AL HH S Z .M 5%
ST RV I TE AL BB O AR S R R 4y
BRI BUAEAE AR AL KT 0. 3 B, I 1L E
LT a3 e A0 A 25 TR R L) L il
TR A BTG, Z M SRR B Y 3tk
= -G AL REA T T Z M Bl AR 2Z ]
WISk Ak Ak 3 R T Z0 M OBR B I N 1Y
120 . Z BBk R it B e AL R 3 KL TG fL BB
SR IE R FEFE L3R 0. 1~0. 4 Z a4 T4
RAOTIRBER BL B AL N 0. 7 IF AR oK Tk fE

S FNINRY S I B AN N N g P o
B, BN BN W AE FERERL Z . MBI BE R . i
TR P8 03 o o0 B A 1] 5 ik o 4
FAXTEZ - B DL RE MR RE o 3 S BT it 1
PR RERE 56 03 1 3 KM 2 i » 4 52 L3RR
T 0. 3 I I RERE DB E N W B

FERL N J1 22 2R 3 Tl

H13% 3 R L FWO 35453 21 A9 4k HH 5 R 8L
R? HRRT 0. 95, UL ATHE 1% AL g 52 , BEHL A
. F—BRIT  BEE LRI R T & By
HKRE Eq bl Z $2 0, Wk A FWO 35315
Z5M5-350, Z5M5-450, Z5M5-550 1 E 43 5l Ky
120. 94.,129. 43,135. 07 kJ/mol, 15 A H: e Ak il i
s L AR AL U R O AT I R TR A



%54

X AR A4S IR R AL IR S B A F AT R

597

P RE AT 85 A it P B3 A 20 T 0 OO T

s iR

R3 HRHNINESHY

o KAS i FWO %
" /MEAERE/ (k) mol ™) ARYEMIZE R B R? I/NEAREE/ (k] e mol ™) ARV AR R
Z 57.01 0.92 63. 05 0.95
M 84.78 0. 99 92.05 0.99
ZOM10 108. 36 0. 96 102. 35 0.97
Z3M7-350 89. 14 0.93 95.16 0. 96
Z5M5-350 116. 83 0.93 120. 94 0.95
ZTM3-350 80. 25 0.93 85. 85 0. 96
Z10M0-350 95. 31 0.92 100. 49 0.95
Z5M5-450 123.91 0. 95 129. 43 0.98
Z5M5-550 130. 38 0. 96 135. 07 0.99

3 3 FWO 31545 8 1Y ZTM3-350 /)
% K BEH 85. 85 kJ/mol,/NT M BAMUREL Y e/
& Kig U] Z.M Al ) AP RE I 7E—
FREE LR MORRAR , i L be g

M 6b AT LAE ) A [FHBIR LA Pk
PEEEAL RN 0. 1~0. 9 BF FF i 1975 TL BE iy 28 S A
BT FEF AL RN 0. 1~0. 3 B, B &
Z T BN /N KRR E 5B 1
s PR FE BT SR DR PR EE T T Ey s
I FH AR5 S Ny B 5 i T 5 235 E T B
I X HZETH U EAE R AT A BIR T
K3 7.7 3y Z3MT7, ZTM3 P[RR HEAE FH A
L HE KT RN BN 5 2 5 1)
Z5M5 PR A A 45k 2 80 KT 1Y) E
KT R AL B S 3 T T I RE R

3 %

=A

XEEAT SRS BAL = PR S B 12
PEAT AT AR LU S5

(D ZM Ittt AT CIURMBEAR,
] R B ot AR S o SR b il 20
B i HARA = PR 1 ATB R H B R 3 R
S R T (SR R SR A BB 2 R
RIS L D8N o - AR B 1 R MR B R S 2
S B A AT LASCGE SR B BETERE o

(2) BEEIHACIRE T R Z 5 M 3wl
W K o o i 23 RO R A, TG il 2R 10
RIS Bl 35 IR ARSI T i » R ZR
IRBEROCR » e O BT T k) » 350 °C ) S RE A B
A Ab B P e o

3y AL = W IR o8 i 2 e 2B b [) 00
270~350 ‘CHf2x i B HEAE T, 550 “C R Hh 31

it

TR AT IR KT 630 °C B RIVE FHAS R E
HBE R 7+ 3 19 ZTM3 S Ak 7= 4 i b [R5k
V7 B A B TR LU S i B

(4) FWO,KAS 2 #rikitEiG b ae e ik &
F—FLFWO ¥ R KT 0. 95, A BOER B4,
HBAL =Y IBIR LN 7 ¢+ 3 B Z7TM3 FE 5 B
/NG KAE E A%, N 85. 85 kJ/mol, FH# Z N
20 °C/min B} K B8 B 1 38 B fe K. o 3. 98 X
107" min~* « °C 77, 255 A e 14 RE R4 % LA 1)
SGERE, I SRR Y 7 ¢ 3 BIRGITE
() IR AR = ) SR PSR ) o (R 5 L 8

(& % X W]

RegAat, ST R R IY 3, SF AE W A AR i S I AT O
[J]. KPAfE2:4R,2015,36(5) : 1041-1047.

RUKIE. A=W s A B ) 48 SR be e PERF 52 [ D .
11 AL P T K27, 2018.

TR AT BTIAZN 55, L P IR B4 2 43 AL JE B T
SRR LT, T AR . 2019, 25(1) 1 47-56.

SRR, AR5 U8 5 AR W 3 R AR S S B R LD, e
AR, 2019.

IMANE B, YOUNES C,FATIMA E M A, et al. Investiga-

[1]

(2]

(3]

[4]

tion of (co)-combustion kinetics of biomass, coal and mu-
nicipal solid wastes[ ] ]. Waste Management, 2019, 97 (9);
10-18.
TV AT IE I 25 L S5, A BEAN I SRS R 3 A = 4
K ORI A3 (). MEBEAE , 2019, 42(4) 1 40-49.
B 4 UK B8 MERIES FORFT LR e L S <1k
PIREHORALT ). 3y TRE 4 2020, 40(4) - 272-281.
A, 0. B, 55, AR B RCHR A 3 e AL BELIE 1
PR i ). A . 2019, 4(4) : 11-16.
RHEE BB S 52 45, SIS U/ 46 ML K SRR AL 7 )
AL AR ORI R L) ). AL L2740, 2020, 71(5)
2320-2332.

SR LEW BTG AR o R SR R B B B 5 [ D

[7]

(8]

(9]

[10]



598

Gk K FIRCH KAF RO

746 %

[11]

[12]

[13]

[14]

[15]

[16]

(17]

[18]

[19]

e IR R4, 2016.

WANG Z T,GONG Z Q, WANG Z B, et al. A TG-MS
study on the coupled pyrolysis and combustion of oil
sludge[ J]. Thermochimica Acta,2018,663(5);137-144.
RAMIN B, AHMET Y, HAYATI O, et al. TGA and ki-
netic study of different torrefaction conditions of wood bio-
mass under air and oxy-fuel combustion atmospheres[ ] .
Journal of the Energy Institute,2020,93(3) :889-898.

LIN Y S,GE Y,XIAO H M, et al. Investigation of hydro-
thermal co-carbonization of waste textile with waste
wood, waste paper and waste food from typical municipal
solid wastes[ J]. Energy,2020,210(11) ;118606.

R 5 A 0 O e A T A T 0 M AR SR R R TR LD
TER : 1A, 2020.

JUMOKE M O, STEPHEN A,CHENG H P, et al. A no-
vel index for the study of synergistic effects during the co-
processing of coal and biomass [J]. Applied Energy, 2017,
188(2):215-225.

WANG L P,ChANG Y Z,ZHANG X ], et al. Hydrother-
mal co-carbonization of sewage sludge and high concentra-
tion phenolic wastewater for production of solid Biofuel
with increased calorific value[ J]. Journal of Cleaner Pro-
duction, 2020, 255(5) : 120317.

WU T,GONG M, EDWARD L, et al. Characteristics and
synergistic effects of co-firing of coal and carbonaceous
wastes| ] ]. Fuel,2013,104(2) :194-200.

IR T35 55 T A ARSI BE R B 3 Ty
WP, KBAREZEAR . 2018,39(9) : 2648-2655.

CHEN C X,HUANG Y T, YANG S X, et al. Effect of ox-
ygen enriched atmospheres on combustion of bagasse, coal

and theirs blends by thermogravimetric analysis[ J . Jour-

[20]

[21]

[22]

(23]

[24]

[26]

nal of Environmental Chemical
8(5):104398.

M LB &R 5. 15T 5B K Uk AL 1 B[R]
et BRgE L) ] AL T2 2019, 70(8) : 3132-3141.

WANG G W,ZUANG ] L.SHAO ] G.et al. Thermal be-

havior and kinetic analysis of co-combustion of waste bio-

Engineering, 2020,

mass/low rank coal blends[]]. Energy Conversion and
Management, 2016,124(9) . 414-426.

YAO H F,HE B S,DING G C, et al. Thermogravimetric
analyses of oxy-fuel co-combustion of semi-coke and bitu-
minous coal [ J]. Applied Thermal Engineering, 2019,
156(6):708-721.

XU J.TANG H,SU S, et al. A study of the relationships
between coal structures and combustion characteristics: the
insights from micro-raman spectroscopy based on 32 kinds
of Chinese coals[J]. Applied Energy,2018,212(2) ;46-56.
LIAO X J,SINGH S, YANG H P, et al. A thermogravime-
tric assessment of the tri-combustion process for coal, bio-
mass and polyethylene[ J]. Fuel,2021,287(3):119355.
LIU Q W,ZHONG W Q, TANG R, et al. Experimental
tests on co-firing coal and biomass waste fuels in a fluid-
ised bed under oxy-fuel combustion [ J]. Fuel, 2021,
286(2):119312.

ORIS C,LUO Z Y, YU C J. Study of the kinetic behaviour
of biomass and coal during oxyfuel co-combustion[ ] ]. Chi-
nese Journal of Chemical Engineering, 2020, 28 (7):
1796-1804.

LG WIMHD

(L35 582 TT)

(1]

(2]

(3]

(4]

(5]

(6]

(& % X Wkl

JER A BTN WAL 55, SUV R ZhHLAG #A A8 F — 4/ = 4k
et B 5 etk L)), o [ HLAR AR . 2019, 30 (5): 608~
614,629.

ZRH B BV . R IR R S #
P [) ], 1K TR 2020.42(9) : 1197-1205. 1210,

A ZER VRN, 7 25 R S LA IR 3 1 B 5 WL AL
Bt J ] R A TR 2021,43(8) :1248-1253.

ZHANG C H,UDDIN M, ROBINSON A C,et al. Full vehi-
cle CFD investigations on the influence of front-end configu-
ration on radiator performance and cooling drag[ ] . Applied
Thermal Engineering,2018,130:1328-1340.

A AR T L 25 BT STAR-CCM - Ryt B 9L % 30
U =20 A7 L) ). B2 R 5 T, 2020, 20 (24)
9893-9897.

TAO Q. SU C Q, CHEN M, et al. Numerical investigation

on the temperature distribution inside the engine compart-

7]

(8]

(9]

[10]

[11]

ment of a fuel cell vehicle with nanofluids as coolant [ ] ]. In-
ternational Journal of Energy Research, 2021, 45 (6):
9613-9626.
FHAER KA KRR, BT RSP oA A BT R
FRAPAEE G AL ] K% L. 2020, 42(3): 315-
322,329.
FZ L WA A 2N A B XU I8 R S LR T4 1
PRI . P22 A8 2244 - 2017, 51(3) - 14-19.
SEA RS 1= Bl SRS A AR X R A AR UM R
SO B o AT OF T L) ] VR AR 2 I, 2021, 11(6)
442-446.
XA 2240 5K 55 L 55, BE T UGG 1 R S HLAE Y
G o B 5 A5 Ak i [ ). 7R % T/, 2017, 39 (8):
879-888.
PR, TR R SR B B0 A LD . R &t B AU
2R KA, 2015.

GifEami  WIEHO



