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Combustion characteristics and kinetic analysis of blended coal of
upgraded low rank coal and bituminous coal injected into blast furnace
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(School of Metallurgical and Ecological Engineering, University of
Science and Technology Beijing, Beijing 100083 ,P.R.China)

Abstract: Thermo-gravimetric analysis is performed to study the combustion performance of upgraded low
rank coal, bituminous coal injected into blast furnace and their mixture.It’s studied the relationship between
adding quantity of upgraded low rank coal and change rules of blended coal combustion index and their
influence on each other.Blended combustion kinetics is analyzed by using the distributed activation energy
model (DAEM).The results indicate that the combustion rate of upgraded low rank coal is faster than that
of bituminous coal. With the increase of adding quantity of upgraded low rank coal in the blended coal, the
ignition temperature gradually decreases, the combustible index and comprehensive combustion index
increase, and burning effect gets better. The value of interaction factors K of all blended coals are greater
than 1,which suggests that the mutual promotion between upgraded low rank coal and bituminous coal in
the combustion process exists. The apparent activation energy of blended coals decrease with the increase of
adding quantity of upgraded low rank coal, which indicates the combustion activity of blend coal gradually
stronger.

Key words: upgraded low rank coal; bituminous coal; combustion characteristics; interaction factors;
DAEM kinetic analysis model

s B #:2015-03-04
ESWE:HRKF 5 R % B m B (2011BACO1B02) 5 B K 1 g 46 il AF ¢ & J& i+ % % Bh 3 B (973 3t &)
(2012CB720401),
Supported by National Key Technology Research and Development Program of China (2011BAC01B02) and
National Basic Research Program of China (973 Program) (2012CB720401).
YB3 B A AR A (1988-) L HURHE R 2= T - F 90 A % SRR R ORE 1 R T B2 IR s P R R AR SE IS 5
TR R R A AE R KA IR WA 2E 0, BN HRBBT AR AR SEBF 5, (E-maib)jl.zhang@ustb.edu.cn.,



http://gks.cqu.edu.cn

2 TRRKFFR % 38 %

FERRRIA A 2R 77 TP b MRk 7 I B T o b 81 B L Rk 1 1 B A R A B9 Ak Tk R e R p A
i ok T AR A A T R R R KT R A 2 1) 2 — T L BRI A R R R T R IR RE RE B G
PR LU A G A TR E XU TR AR R . DRI, B B MG R 1) R TR L ISR 2 R 2 A0 SR T fl TG A O
W% J SR 5 TR TR A e . TR A TS AU AT DB By B R B Rk SR B T T R R O Y U
T . AREIIF R IAEE A o0 W ASCKH R b e R 22 2 A R A R I R e 43 AS ) L 51048 TR A5 31 A TR B AR
BMEBEUEAT T oA 100 L 5 S 3 B TRRE 19 2 M R P T R Jr o b 4] JHC 28 B R o 42k e o 0 0 L 48]
HOF i NT(TR: 0 O - R R I e S | IR R P ot ST RN R 0/ 0 R S S [ 1 O 3 = W - G O -7
Wi, 7K E 26 AR 5T 36 B - 4 20 T Bl A R e M E A 3T B S TR ARE A R R A T B 5 TR B A A A B B A A Y R A
PE R e P R A 25 58 K R R R i 4L SR 08 10 R 08 i M 5 AL 0 IRE R R 22 3 R, R 38 IR s e 1 A8 25 5 TRV 1)
BRBEFETE R 2%, 5 A4 IR R B PEAS SR T BA AR M SC &R . RV IR S 6 W . G AR 2 T 16 EU AR
Z5 TR 10 25 K R I TG AR S L 081 Fr) 155 T i AR 25 TG AR 5 AR R 1 R O AR S M R B S TG R AR B 1 ) 14 T B
K. TR SR DBl o2 BE I 98 T AN [R) EG A8 00 J5E 45 D0 AR JRER 5 R 08 B B0 35 AR RE A FL IR A . 3T 4 0k [ PN b
WEIE X A Y B TH SR P R 5 S R TR A R R SR TT T R S S0 9 5 (7L [ P X 412 S5 0 5 v e s
TR TR 30 . BTl S R ZWRSE 1 48 A R Bk ) ol i P A P R R L S AR TR
A oA (0 TR B AR A e AR A B A 3 I IR 1 Y L e I A S L B A 4R =
1 WKWK FE
1.1 EEHEHA

S B A e A FIB SR B A S B R IR 2R A R A R . KPR ERELE 40 C
AL T4 T T 3 b AR A AT R SRR AR 40, B 0.074~0.063 mm A BERYVE S SIS AE S Tl 2 A
MR g Rk 1 s,

£1 BEOTUSHHTESN

Table 1 Proximate and ultimate analysis of coal samples

- Tabsr#T/ % JCEIIHT/ %%
Kty M Koy A R Va B E#R FC. C H 0 N S
JHIE FIB 1.12 9.65 20.54 68.69 81.12 2.95 1.99 1.14 0.76
I 1.87 7.71 17.16 73.26 60.76 2.76 13.87 0.64 0.19
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Fig.1 TG/DTG curves of upgraded low rank coal and bituminous coal

B2 K FIBRRHRRIE

Fig.2 The morphology characterization of bituminous coal FJB
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Fig.3 The morphology characterization of upgraded low rank coal

2.2 RERESHEERELGE S TG/DTG #& 5 i

A4 A BSOS T EE ] SR 8026 .60 %6 .40 %6 .20 %0 B TR MK L 100 0 42 BB AN 100 Yo M FIB B B TG Al
DTG k. EhA R G A3 RS IR B TG # & IE R 5 800 (0 AL . 22 WK 5] TR B A 1% B oo 2 B AR
FEAL . ELB 25 B2 B C EL A 3 VR TG 22520 8 ) 2% 8l BRI AR BE L FF 2 i 17 100 2048 Y TG iy
LA . ASFER PR L 25T RS DTG M &g 4RI KA s il Jg FAE M be . Bl & 12 1
TR IC B AR N TR DTG i 2632 8 ) 22 8 8l W BB i A8 25 . [R) B, Bl 25 4 J5 0 T BG o A9 34 o il 2k 0
(B 14 4 KB e U /N 38 . AR 4 A m T DL M B A 81 B 3 B 0 O A b 1 3 s R 1 4 0y B AR 35
RAARG AR B R B PR 3058 W A0 0 HBR BRSO B M 5 100 Y0 32 B MESE T . 3 26 W ME M3 IR B Ml S A 5 4% & 1y



http://gks.cqu.edu.cn

4 TRRKFFR % 38 %

AMRBKER L GHAGEWAFEET LR,

'g 03
g o4l
S
% -05L — I
-
5 -06} —3H)
— B
07 —HFEE20%
G 1 1 1 1 1 08 . ﬁﬁ‘ 0%
200 400 600 800 % 200 300 600 800
TIC /¢

4 REUEINEE FIB R & MEEH TG/DTG # £
Fig.4 TG/DTG curves of blending coal combustion
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Table 2 Combustion characteristic parameters of blending coals

SN: ) (2)

BB T.)C T.,)C Tu)C Wonax/ W nean/ ' Cc/ S/
(% +min (% +min ") [107°%/(min+ C>)] [(10 7 %?/(min* « C*)]

M 100% 454 710 511 14.096 5.656 2.74 5.45
ST 80 457 709 527 13.268 5.618 2.69 5.03
T 60% 457 735 525 11.624 5.324 2.55 4.03
SRFIE 40 455 743 544 10.308 5.024 2.43 3.37
SRFIE 20% 476 747 570 10.598 5.358 2.36 3.36
HHHE 100 % 495 754 568 11.064 5.406 2.21 3.24
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Fig.5 Combustion characteristic parameters of blending coals (C .Sy )
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Fig.6 Comparative analysis of TG/DTG curves between weighted calculation and experiment
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Table 3 Interacting factors of blending coal combustion

U {3 3 U 1) 2 1 e VA TR A AH B AE A

P2 T B C A LE 1) . ) )
T/ C W../ C H /(% /min) K {d

80 % -exp 571 155 0.531 8
1.29

80 %-cal 559 182 0.472 5

60 % -exp 543 158 0.515 5
1.36

60 % -cal 525 195 0.450 8

40 %-exp 523 131 0.552 2
1.31

40 % -cal 517 153 0.486 9

20 %-exp 514 106 0.627 0
1.22

20 %-cal 480 126 0.570 3
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Table 4 Activation energy under different weightlessness ratio calculated by DAEM

B E/ A, B E/ A,
VRN L 1]/ % ¢ (kJ » mol™) K VA A1/ % ¢ (kJ » mol™) K

0.2 105.00 0.995 3 0.2 103.31 0.997 0
0.3 101.21 0.994 6 0.3 105.65 0.998 0
0.4 89.55 0.998 9 0.4 105.72 0.960 3
0.5 83.93 0.996 5 0.5 102.38 0.961 7
100 0.6 78.53 0.998 4 40 0.6 95.84 0.952 5
0.7 76.10 0.991 6 0.7 91.35 0.964 7
0.8 76.19 0.999 5 0.8 76.54 0.990 5
0.9 84.89 0.995 6 0.9 87.49 0.994 7

By fi 86.92 By fi 96.03
0.2 71.98 0.970 9 0.2 119.39 0.981 9
0.3 87.16 0.991 8 0.3 106.88 0.989 6
0.4 87.59 0.996 8 0.4 121.55 0.997 1
0.5 87.42 0.993 9 0.5 121.18 0.999 7
80 0.6 90.37 0.994 0 20 0.6 110.86 0.992 3
0.7 91.70 0.999 9 0.7 95.12 0.996 9
0.8 101.74 0.997 0 0.8 80.90 0.997 5
0.9 104.76 0.994 3 0.9 79.35 0.999 6

Y f 90.34 P fE 104.40
0.2 107.92 0.998 6 0.2 212.54 0.999 1
0.3 99.00 0.998 1 0.3 134.96 0.998 5
0.4 103.86 0.994 0 0.4 106.59 0.993 4
0.5 96.44 0.997 0 0.5 86.24 0.994 2
60 0.6 90.31 0.992 4 0 0.6 88.74 0.994 3
0.7 87.77 0.999 9 0.7 80.28 0.999 9
0.8 89.45 0.995 5 0.8 77.75 0.998 6
0.9 81.88 0.994 3 0.9 73.26 0.999 0

¥iE 94.58 B 107.55

3% #

SCH R GEIETE T $ T e WA JRETR 5 R 8 A P ML B A EL S W R R L O X R b i R T AL RE R
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