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ABSTRACT: Thermogravimetry is applied to analyze the
combustion characteristics and combustion kinetic mechanisms
of three kinds of stone coal, and the classify attribute of stone
coal is investigated. The results show that stone coal is with
high ash, high sulfur and low heat value. The combustion
characteristics of stone coal are similar to anthracite coal and
worse than anthracite. The combustion kinetic mechanism of
stone coal is investigated with Popescu method, and the
conclusion indicates that the combustion of stone coal is
controlled by the three-dimensional diffusion model and the
anti Jander equation is the most probable kinetic function. The
activation energies of the above three reaction stages are
calculated by isoconversional method, and the values show that
the energy barriers are always higher which confirms the
combustion kinetic mechanism of stone coal. The classification
system based on the volatile matter content in dry and ash free
basis is not suitable to stone coal. From the coal rank and the
combustion characteristics and kinetic analyzing results, the
stone coal should be classed as a high rank and maggy

anthracite coal.
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Tab.l Proximate analysis and ultimate
analysis of coal samples

. kA H wi%
B FE Onerad/(kI/kg)
Mag Aag Vad Vaat FCuq

Py ey 113 8438 377 2602  10.72 3574
PANIITC 1.02  81.68 644 3535 11.78 3611
P THE 091 8486 331 2339 10.84 4063
eyt 343 2073 2672 3523 49.12 22185
WAL 089 27.02 672 9.32 65.37 24421

. TCE T W %

Caa Hag Nag Stad Oad

AR 10.78 0.38 0.29 225 0.79
PANIITC 13.12 0.53 0.29 2.96 0.92
P THE 10.67 0.26 0.22 1.10 1.98
st it 57.43 3.88 0.76 0.73 13.04
W HEAR 61.38 2.66 0.93 0.44 6.68
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Fig.1 TGand DTG curve of Yunshi coal

527 4
0.05
100 fow-umwnmgogmy s 20°C/min
N o ooom o
© 951 N\ N 80°C/min 4_g 5 g
fﬁi 90t Y 50°C/min =
jans I'| Y 50°C/min  4-0.15 fa
B85 _e1c \| E
K |/ % %\ 80C/min
80 DTG LN =
AAAAAAAAA 20C/min ~°77-0.25
200 400 600 800 1000

ZE T/°C
B2 STLEMKRERESHMREERR L
Fig.2 TG and DTG curve of Jiangshan coal
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Fig. 3 TGand DTG curve of Fengchuan coal
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Fig.4 TGand DTG curve of Huating coal
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Fig.5 TG and DTG curve of Hongji coal
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Tab. 2 Characteristic parameters of coal samples combustion

JEFE F/(C/min)  T;/C T,/C Tia/ C (AW/AT)man/(%/C) (AW/AT )/ T/ (%/°CY) R, fil% £ 1%

20 580 655 634 0.198 5.89x107 2.04 26.06 71.94

Py ey 30 594 675 654 0.178 5.05x1077 1.98 25.78 72.21
50 607 700 668 0.151 4.12x1077 1.94 25.29 72.70

20 600 675 646 0.246 6.86x107" 2.01 25.58 72.41

YLl 50 625 720 678 0.189 4.84x1077 1.91 22.57 75.42
80 641 755 691 0.155 3.78x107" 1.86 2223 75.76

20 560 680 650 0.110 3.52x107 2.03 25.96 72.04

P 50 585 723 683 0.095 2.80x107" 1.93 25.14 72.85
80 590 755 713 0.077 2.24x1077 1.88 25.10 72.89

20 550 690 618 0.534 1.77x107° 221 8.76 89.23

BB Sy 30 560 730 622 0.425 1.36x107° 2.16 8.57 89.42
50 574 830 653 0.286 8.69x107" 2.05 7.35 90.64

20 440 550 512 0.738 3.82x107° 2.74 22.05 75.94

tes gt 50 445 640 550 0.409 2.07x107 2.55 16.66 81.33
80 448 710 563 0.300 1.50x107 2.49 14.52 83.47
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Tab. 3 Typical kinetic mechanism functions
BRI 4 BRI R HLER BB G () W TEA f (@)

I Jander Ji i =P IR [0-0-a)"F 3(1-a)"[1- (1~ "] 12

2 G-B Jif# SR, BRI AR 1-2a/3-(1-a)*? 3[(1-a)-117" 12

3 2 Jander Jj 7% SYEYT [(1+a) =17 3(1+a)? [(1+a) =112

4 n=1 —In(1-) l-a

5 SRR n=1/3 3[1- (1-0)""] (-

6 n=1/2 2[1- (1-a)"?] (1-a)"?

7 Wi Bk pA AL, BRRHFR 1-(1-a)"® 3(1-a)*?

8 WS 45 15 A A AL, AR FR 1- (1-)"? 2(1-a)"?
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Tab. 4 Linear fitting results of kinetic mechanism functions
4 ST RIS JA 11
J
r s r r'sp r s

1 0.989 62 0.03425 0.993 44 0.01583 0.997 82 0.004 89
2 0.99533 0.01685 0.994 59 0.01135 0.998 74 0.00239
3 0.99978 0.00088 0.999 72 0.00283 0.999 99 0.005 71
4 0.995 60 0.06777 0.99798 0.026 68 0.99945 0.20207
5 0.999 08 0.05104 0.998 84 0.03405 0.999 89 0.21774
6 0.999 86 0.07633 0.99920 0.043 83 0.999 98 0.22125
7 0.999 08 0.01701 0.998 84 0.01135 0.999 89 0.07258
8 0.999 86 0.03816 0.99920 0.02191 0.999 98 0.11062
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ALY ORI 5 5 1 S Jander /7 FE (BRI 3) 0 A1 IR Tab.5 Kinetic analyzing results of coal samples

e SN IR e A L EE BR 4R W HA%a  E/mol) A/x10%min)  r o
3.2 BRI N E L RE Y oK iR 0.2 198.64 482294 09998 0.0106
3 2 40, JEERE SR S R B THE 2R [ AR 4k A 05 168.07 101.13 0.9981 0.0340
- s o VLSt S22 01 1 e A 2 0.8 137.95 1.36 0.9996 0.0130
%j(’ jjT/% Fﬁﬂ/mjﬁgiﬁ?}?’ @ﬁ%%ﬁﬁﬁﬁﬁ 0.2 190.25 603.23 0.9999  0.0049
RAGERR IR BEA) S AT DL, SRS e A5 0y PANTID S S ] 121.57 0.16 0.9915 0.0924
WISKIRIEAE 0.2, 0.5 F1 0.8 =FhiE4k% R KIG L AE 0.8 210.15 146012 09999  0.0042
i, WE S5 . 0.2 210.09 113107 0.9989 0.0412
; P 0.5 180.54 321.19 0.9975  0.0641

NN R e
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1H[,3(dT)]—ln[Af(a)] RT G) 08 16.91 0.18x10° 09723  0.0636
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