55 42 B4 10 ) C K 2 e Vol.42  No. 10
20174 10 H JOURNAL OF CHINA COAL SOCIETY Oct. 2017

RN, b JEEE , SRBERE , A5 BT 1 A0 W) R B S AL RO R R [ )] B4, 2017 ,42(10) :2725-2732. doi: 10. 13225/j. enki.
jees.2017.0180

ZHU Chuan, QU Sijian,ZHANG Ningning, et al. Pyrolysis characteristics of Xinjiang Baishihu vitrinite-rich coal with high alkali content
[J]. Journal of China Coal Society,2017,42(10) ;:2725-2732. doi; 10. 13225/j. cnki. jecs. 2017. 0180

MERANERRASHERFEEGE

ANV BERD REESH B RKEA RFL,E AR B

(1 ET I RZ (AR e 5358 TRE2=B, JbaT 100083 ; 2. R BHAF ARG BEA FRA T ML T4rBe, dbaT 1000135 3. BEAH IR B30T
KA A E R E S, dbaT 100013)

i EANBEZRRBY KETHEIEZRAESHTARLT G435 5 4A 5 #AIE(BSL f
BS2 ML) 64 3 R4 e 2 4 5 R Bl B R R B AN TS S R AR R Rk b AT R ) AT AL 2 gy vk A
fEEFesh h F AR, EREV, GG HIEAE 600 C b = &R K LA RRRE I
& f 3 A BS1 Fe BS2 ML B SR 69 Bob Z R 5 R A 13.98% A0 13.75% , & & T /R ALy
1.61% , B BEAKEE & H/C RT IS diBos 5 A4 A H,,CH, = CO 4 £, BSI #=
BS2 MK 74 (H,0-Na) b Y251 4 79. 58% F= 85. 38% ; B B4 %754 (AcNH, —Na) & ¥ 10. 32% #»
8.06% , 124 F 44K 49 AcNH,—Na s B b #p I E A 2% X T H,0-Na, 27K BB 4ad 3 BRIE iR AL
5, BS2 WA AR EACRE A FR AT B T 2 IS B 45 A b = FK 14, 80% 4 5 ¥ An B 15.45%
17.18% #= 16. 92% ,

KT AR AR Bod R BRA R LR BB h F

R E S 2ES . TQ530. 2 M FRERD A M EHS:0253-9993(2017) 10-2725-08

Pyrolysis characteristics of Xinjiang Baishihu vitrinite-rich coal with
high alkali content

ZHU Chuan'??* QU Sijian>? ,ZHANG Ningning*’ ,SHAO Xun®”*,CAI Zhidan®",
ZHANG Yuhong™® ,WANG Yue’” | XIE Qiang'
(1. School of Chemical and Environmental Engineering ,China University of Mining and Technology( Beijing ) , Beijing 100083, China; 2. Research Institute

of Coal Chemistry ,China Coal Research Institute , Beijing 100013, China; 3. State Key Laboratory of Coal Mining and Clean Utilization( China Coal Research
Institute) ,Betjing 100013, China)

Abstract ; The fixed bed furnace , Gray-King assay device and thermogravimetric analyzer were used to investigate the
pyrolysis characteristics and products distribution of Baishihu vitrinite-rich coal (BS1 and BS2 coal) . Furthermore , the
different sodium forms in these coals were studied by the sequential chemical extraction experiment,and the influence
of pretreatment on pyrolysis products and kinetics of Baishihu coal was also discussed. The results showed that the tar
yield achieved its maximum content at 600 “C , and gas yield increased with temperature increasing. The tar yield of
vitrinite-rich BS1 and BS2 coal was obviously higher than Zhundong coal with high inertinite content. The tar yield of
BS1 and BS2 coal from fixed bed pyrolysis was 13.98% and 13. 75% respectively, which is markedly higher than
1.61% of Zhundong coal. The pyrolysis gas of Baishihu coal was mainly composed of H,,CH, and CO;tar with low
density,and high H/C atom ratio and diesel distillate content. The water soluble sodium ( H,0—-Na) was the main

form of sodium in BS1 and BS2 coal, accounting for 79.58% and 85.38% respectively. The ammonium acetate solu-
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ble sodium (AcNH,—Na) accounted for only 10.32% and 8.06% in BSI and BS2 coal,but had a greater inhibitory
effect on tar production than H,O—Na. After pretreated by H,0,AcNH, and HCI,the activation energy and pre-expo-

nential factor decreased, the first pyrolysis reactivity increased but second reactivity decreased and then promoted high-

er tar yield content,so the tar yield of BS2 coal by Gray-King assay increased from 14.80% to 15.45% ,17.18% and

16.92% ,respectively.

Key words : vitrinite-rich coal ; pyrolysis characteristics ;tar yield ;alkali metals;activation energy ; pyrolysis kinetics
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Table 1 Petrographical , proximate and ultimate analysis of coal samples

) W R e TAv g3/ % TCER G/ %
FE Sia/%  H/CC  0/CC
v 1 E My Ay Vit FC} Coat Hu Ol Naas
BS1 96 3.4 0.6 16. 96 6. 30 49.92  46.93 73.92 4.59 20. 28 0. 89 0. 40 0.75 0.21
BS2 95.3 3.0 1.7 13.42  16.34 53.17 39.18 72.82 4.82 21. 14 0.83 0.45 0.79 0.22
7D 26.0 74.0 0.0 9.74 6.94 32.20 63.10 79.54 4. 41 15.27 0.77 0.39 0.67 0.14
TE: BAR a RoR BB E &5, JE0 WIBUREME ; AR b 2R 20T BAR ¢ FREF L,
x2 HERBERBS DM
Table 2 Ash composition of raw coal samples %
BE S Si0, Al, 0, Fe, 0, Tio, Ca0 MgO K,0 Na, 0 MnO, S0, P,0;
BS1 22.44 14.27 13.70 0.43 34.78 1.97 0.27 3.88 0.23 5.99 0.04
BS2 46. 42 21.99 7.91 0.75 14. 34 0. 63 0.34 3.10 0.17 3.87 0.05
7D 29. 14 11.27 20. 28 0. 65 15. 07 4.58 0.28 4.07 0.32 10. 49 0.24
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Fig. 1  Sketch diagram of fixed bed pyrolysis system
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Fig. 2 Effect of temperature on product yields of BSI coal
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Fig. 3 Tar,water,gas and char yields of different coals

during pyrolysis
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Fig. 4 Content of NH, ,naphthalene ,H,S and benzene in gas
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Table 3 Composition of non-condensable gas derived

from Baisihu coal %

E (=2 BS1 BS2 LD BSI BS2
H, 30. 62 34.88 C,H, 0.34 0.41
0, 5.64 5.27 C,Hg 0.16 0.58
N, 16. 67 15.63 Cy 0.02 0.09
CH, 34.20 29.29 C, nd 0.10

co 10. 50 11.33 Cs nd nd
CO, 1.81 2.39 H,0 0.04 0.03

FA A T [ 2 PRI A A il B A T L35 4,
F 4 TR0, BSL KR % BN 954.2 kg/m’, B
70.8 mPa - s,H/C F1 0/C J& 7K 1. 47 #10. 06, 5
BS2 ML, PR B A A R B Ay
HH H/C BT, (A5 FL A Il e AB I B AR 2%
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P fe BV A A - M I3 > 10 A 43> 55 7 4 > Wi o
Horpr BST AR I ARURT 73 105 7 3 S R 5 L 58. 28%
e 5 R 35.56% . <360 °C RS o 5 ke
Rk 65.60% o 1A AR I BRI 25 B B s
H/C JE RS IMAR 3, S i — 20 0 T 000 o skt i
BREL

P A TR 2 181 R I A £ Tl o oo R
SIHTILER 7, M T AT BSL A BS2 R A A
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Table 4 Properties of tar derived from Baisihu coal
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Table 5 Group analysis of tar derived from Baisihu coal

bR BS1 BS2 %
) FE il T4 FE Je 5 Wi i
ash/ % trace trace
FAIE (20 °C)/(mPa - ) 70.8 793 BSI 31.84 26. 44 35.56 6.16
. o BS2 30.29 27.01 35.87 6.83
(20 °C)/ (kg » m™) 954.2 958.6
R/ % 0.36 0.54 .
*6 BEHEEHRBLIHNG
FRIR/ Po 3.21 3.18 o . .
Table 6 Distillation of tar derived from Baisihu coal
C/% 82.52 81.92
85y TR/ C BS1/% BS2/%
H/% 10. 13 10.93
0/% (W) 6.76 6.59 A2 <170 12.90 12. 10
i -
N/% 0.48 0.46 [LRTiH 170 ~210 14.70 14.30
25 210 ~230 7.20 8. 80
S/% 0.11 0.10 o
Vi 230 ~300 19. 60 18. 60
H/CRTH .47 1.60 T 300 ~360 11.20 11.50
O/CIRT I 0.06 0.06 it >360 34.40 34.70
K7 BAHEELENTUSHMTESH
Table 7 Proximate and ultimate analysis of chars derived from Bshihu coals
Tk 5387/ % TCE AT/ % H/CJE  0/CJ5 Qu.a/
i S,.0/% * o
M, Ay Vaar FCj Coar H (O Nar T T (MJ - kg™)
BSI—char 0.05 872 9.63 8248 92.69 2.95 2.78 1.35 0. 49 0.38 0.02 32.04
BS2-char 0.18 23.61 9.61 69.04 9296 2.70 2.74 1.25 0.31 0.35 0.02 26. 64
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Fig. 5 Percentage of different sodium in BS1,BS2 and ZD coal
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Table 8 Specific surface area and pore volume of char

e BET LR HIAY FHAL ML

(w” - g™) B/om (e’ g
BS2-R~Char 167.98 2.71 0.113 9
BS2-W—Char 154. 66 2.88 0.1113
BS2—-A~-Char 163. 44 2.33 0.095 4
BS2-H-Char 174. 49 2.56 0.1115
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AAEM XA B8 52 45 A Y R W AE AR T S
AAEM 2 BS2 #AM# I LBRETH i, BRI — AR
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AAEM X E AR5 i ) 45 SR — 3, IR PR
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Fig. 7 TG and DTG curves of BS2-R,BS2-W,
BS2-A and BS2-H
®9 B2 FIERHEKGE EREREESE RERE R
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Table 9 Characteristic pyrolysis parameters of BS2-R,
BS2-W,BS2-A and BS2-H

vln‘d /

B T,/°C " T./C F/%
(% + min™")

BS2-R 370 2.45 426 63.95

BS2-W 372 2.37 425 62.08

BS2-A 374 2.32 426 60. 66

BS2-H 377 2.63 423 59. 04

TE: Ty NG IR L 5 v,,,, A TORIAE A T, S i R A
X R ; F IR
R 10 BS2 FIRREKSE BEERTR MG R ER I ML AR
HMHESH
Table 10 Pyrolysis kinetic parameters of BS2-R,BS2-W,
BS2—-A and BS2-H

- .y THfLhE/ AT T/
(kJ + mol™) min™!
BS2-R 370 ~ 600 40. 00 157 0.974
BS2-W 372 ~ 600 36.38 84 0.983
BS2-A 374 ~ 600 33.33 49 0.982
BS2-H 377 ~600 34. 65 61 0.973

figt B, SO Z2 B/ F o PR Gl IR B
ThIRTIAL BT i i th A R TP A R A 8k, — 7
TET A e 1 B — O A BB, A T 22 4 03 7 ) 5
3 —J7 AL RELEAR <5 19 2 i 1] 58 PR AV A m Dk
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(3) BS1 il BS2 #+ H,0 - Na it 5 K
79.58% 1 85.38% , . 2 e T HEAR IR 65.5% ; Ac-
NH,-Na /7 oAU K 10. 32% Fi1 8. 06% , ik F1HE AR M1
19.57% , kb33 Y H,0-Na F1 AcNH, -Na J5 , BS2
MRS 4 TR AR = O 14. 80% 43 B N 15. 45%
F17.18% .

(4)BS2 427K Yk | it T 46 1 R 6 i vk Ak P
PR PR U I B T, T A RE RN S AR T R R,
AW A FIE A #h A R TR o A B — Ik
SN HEAT TRV AT R AR R 7 W) — R I B,
AcNH,—Na Jt 0B 5.
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