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Combustion characteristics of thermal dissolution coal

ZHAO Jun ZUO Hai-bin®™ LONG Sivang WANG Jing-song XUE Qing-guo

State Key Laboratory of Advanced Metallurgy University of Sciences and Technology Beijing Beijing 100083 China

B Corresponding author E-mail: zuohaibin@ ustb. edu. cn

ABSTRACT Coal is one of the most important energy sources in our society. However there have been increasing environment con—
cerns regarding coal utilization. The high-value application of low—rank coal has an important significance for broadening the energy
pathways improving energy efficiency and solving environmental problems. In this study thermal dissolution coals ( TDCs)  which
have low ash and high volatility were extracted from four types of low—rank coal by N2-methyl2-pyrrolidinone ( NMP) . The combus—
tion characteristics of TDCs were investigated by thermogravimetric analysis and the structure variation law of raw coals and TDCs were
compared using Raman spectra. The results show that the ash content and fixed carbon of TDCs significantly decrease whereas the vol-
atile content and high heating valve increase. The H/C atomic ratios of K. GD and ZS TDCs are higher than those of raw coals
whereas XB has a lower H/C atomic ratio than that of raw coal. The ratio of peak intensity ( I;,/1;) and peak area (A, /A;) values of
KL GD and ZS TDCs are greater than those of raw coals indicating that as the ordering degrees of these TDCs decrease the struc—
ture deficiencies and combustion reactivity increase. In contrast XB coal showed opposite results.

KEY WORDS low—sank coal; thermal dissolution coal, combustion characteristic; thermal extraction; Raman spectrum
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Table 1 Proximate and ultimate analysis of coal samples %
( ) ( )
N S H 0" H/C o/C
KL—RAW 32.20 10.37 57.43 1.59 73.38 0.96 4.73 7.48 0.77 0.08
GD—RAW 14.31 9.14 76. 55 1.23 80. 19 1.22 3.78 3.65 0.57 0.03
XB—RAW 31.81 9.87 58.33 0.65 63. 83 0.89 3.89 8.95 0.73 0.11
ZS—RAW 29. 11 11.42 59.47 0.61 61.75 0.25 3.68 9.46 0.71 0.11
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Table 2 Proximate and ultimate analysis of thermal dissolution coals %
( ) ( )
N C S H 0" H/C 0/C
KL—TDC 49.91 0.49 50. 00 4.14 79.13 0.53 5.27 6. 85 0. 80 0. 06
GD—TDC 29.00 0.68 70. 32 3.25 83.34 1.20 4.70 6. 46 0.68 0. 06
XB—TDC 47.02 1.26 51.72 3.08 80. 84 0.27 4.60 8.65 0. 68 0.08

7ZS—TDC 44.77 0.90 54.34 2.75 77.97 0.56 5. 66 10. 85 0.87 0.10
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Fig.3 Combustion characteristic analysis of raw coals and thermal dissolution coals
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Table 3 Combustion characteristic parameters of raw coals and thermal dissolution coals
T./C T,./C T,/%C (dx/dt) ,,, /min~" (dx/di) ey /min ! s/10-M
KL—RAW 444.26 503. 405 579.99 0. 104 0. 066 5.996
KL—TDC 434.43 481. 41 539.43 0.123 0. 069 8.336
GD—RAW 489.73 529.44 600. 04 0. 128 0.078 6.938
GD—TDC 459. 48 500. 97 578.31 0.132 0.073 7.892
XB—RAW 392.10 434.77 497. 48 0. 160 0.075 15. 690
XB—TDC 440.71 495.52 548.58 0. 131 0.071 8.729
ZS—RAW 412.00 438.18 470. 06 0. 161 0.110 23.811
ZS—TDC 397.90 428.35 462.33 0.173 0.115 29.336
4
Fig.4 TG analysis of thermal dissolution coals and raw coals
4
2.3.3
KL—TDC 51.26%
GD 21.68%.
2.3.2
Fe, O, P 5 KL.GD.XB
Ca0-K,0 78 4
4

1600 cm ™ G
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Table 4 Ash components of raw coals

%

Si0, Al 0, Fe, 0, Ca0 S0, MgO Ti0, MnO Na, 0 K,0 P,0;

KL 46. 86 42.31 2.45 3.03 2.00 0 1.57 0 0 0.18 1.02

GD 49. 86 39.74 3.23 1.52 1.72 0 2.25 0.03 0 0.58 0. 63

XB 25.70 10. 24 21. 86 21.36 12.71 4.00 0.92 0.43 0 0.49 0.03

YA 32.90 10. 98 24.93 21.46 1. 68 4.08 1.18 0.45 1.49 0.29 0.02

5
Fig.5 Raman spectrum of raw coals and thermal dissolution coals
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Fig.6 Curve fitting of Raman spectrums for KL—TDC (a) and KL ( b)

7 GD (a) (b)
Fig.7 Curve fitting of Raman spectrums for GD—TDC (a) and GD ( b)
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Fig.8 Curve fitting of Raman spectrums for XB—TDC ( a) and XB ( b)

G D N
I, /1

AplAg 4
I, D



- 337 -

9 7S

(a)

(b)

Fig.9 Curve fitting of Raman spectrums for ZS—TDC ( a) and ZS ( b)

A, G W, D W, G 5
5
Table 5 Raman characteristic parameters of raw coals and thermal dissolution coals
Ap Iy Wy Ag I W Iy /1 AplAg
KL—RAW 27050 291.24 87.26 37900 487. 68 62. 17 0. 60 0.71
KL-TDC 43730 488.57 84.09 52280 731. 13 66. 05 0.67 0.84
GD—RAW 30400 344.02 54. 10 44570 626. 60 83.01 0.55 0. 68
GD—TDC 40380 444. 62 85.03 51640 693. 60 62. 40 0. 64 0.78
XB—RAW 21660 227.58 89. 39 26310 350. 01 70. 62 0. 65 0. 82
XB—TDC 33620 375. 69 84. 07 46520 581.91 71. 80 0. 65 0.72
7ZS—RAW 15140 160. 51 88. 60 19070 258. 80 64. 14 0. 62 0.79
7S—TDC 31620 335.72 88. 49 38670 471. 85 67.08 0.70 0. 82
KL.GD 7S 1,/1,
A, /A, KL 1,/1, ;  XB
Ay lA, 0.60 0.71 0.67 0.84 GD
I, /1,  AyIA, 0.55 0.68 2.4 4
0.64 0.78 7S 1,11, Ay IA, 0. 62 Parikh %
0.79 0.70  0.82. I,/I. A,/A, :
1,1, A,/A, HHV =0. 35361, +0. 1559w, —0.0078w,( MJ<kg ')
KL.GD 7S 3 (3)
NMP W0y W, .
XB
A, /A, 0.82 0.72 1,/1I, 4 6
6 4
XB A
3
KL.GD ZS (1)
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Table 6 High heating values of raw coals and thermal dissolution coals

1% /
(MJ*kg™)
KL—RAW 32.20 10. 37 57.43 25.25
KL—TDC 49.91 0.49 50. 00 25.46
GD—RAW 14.31 9.14 76. 55 29.23
GD—TDC 29.00 0.68 70. 32 29.38
XB—RAW 31.81 9.87 58.33 25.51
XB—TDC 47.02 1.26 51.72 25.61
ZS—RAW 29.11 11.42 59.47 25.48
7S—TDC 44.77 0.90 54.34 26.19
; C
XB 7S
; KL.GD 7S 3 H/C
XB H/C
(C=0) (C—0)
(—COOH)
(2)4
4 400
C
(3)4
KL.ZS GD ;. XB
4
KL.GD 7S3 I,/1;
Ay lA,
XB I,/1,
Ay lA,
(4) 4 HHV
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