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Experimental Research on the Releasing Characteristics of Sulfur-containing Gases in

High-sulfur Coal Under Different Atmospheres During Mild Thermal Upgrading
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(State Key Laboratory of Coal Combustion, Huazhong University of Science and Technology,
Wuhan 430074, Hubei Province, China)

ABSTRACT: Mild thermal upgrading before coal utilization is
an efficient method for sulfur removal as well as the quality
upgrading. Two coal samples with high sulfur content from
Guizhou province were selected to investigate the releasing
mechanism of different forms of sulfur under different
atmospheres during mild thermal upgrading. The study shows
that sulfur in coal can be divided into three types: unstable
organic sulfur, pyrite sulfur and stable organic sulfur. Small
amount of oxygen in the carrier gas can significantly improve
the release amount of SO, in coal especially for the pyrite
sulfur. The breaking of C-C and C-S bonds during thermal
upgrading is observed to have different selectivity for different
oxygen contents. The study indicates that 4% O,-N, low
oxidizing atmosphere and 400 C is the optimal working

condition for mild thermal upgrading before combustion.
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Tab.1 Proximate analysis of coal samples

. Tols i/ % A E/
JRERE O
Maq Ay Vaar FCug (kJ-kg™)
LZ 1.3 314 21.6 53.1 23,354
Y 1.2 233 13.3 65.7 26,164

W LZ NSHEE: ZY i .
T2 BHETESWER

Tab.2 Ultimate analysis of coal samples

. TEEAT%
HERE
H 0 N S
Lz 57.7 3.0 23 1.0 3.7
zY 66.1 2.2 0.5 0.6 6.3

1.2 BEPHRESSHh

FIF ASTM AR5 BT I TR A5 77 72:(ASTM
D2492—1990), AKX 2 FRGEFE R TS AT
THMTOLE 3), S5REMH, LZ Fiigs K2 H0ok
HEVEA B, 110 ZY R R 2 Hek B s
IR

®3 BEHEPEHESRNSE
Tab.3 Analysis of sulfur forms in LZ
and ZY coal samples %

B A BBk AR T AR #h Bl
LZ 3.65 2.02 1.22 041
Y 6.27 1.48 4.65 0.14
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Fig.1 Schematic of the experimental set up
used for thermal upgrading
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Fig.2 SO, releasing from LZ coal by thermal upgrading
under different atmospheres
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Fig. 3 SO, releasing from ZY coal by thermal upgrading
under different atmospheres
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Tab.4 The distribution of sulfur after thermal upgrading

under different atmospheres %
B dHy &R/C N, 4%0, 10%0,
600 15.5 50.4 65.5
TS
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LZ M Pk
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£
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ZY B R
1000 85.2 54.3 10.7
4, 24, 20.
o 600 3 5 0.3
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THELAGH 1 2 FERAE A RS IR AR A Rl iR
JEIX 18] (¥ i B 51 3 22 A R S

*®S5 LZFZY RPABERBANNFESH

Tab.5 Kinetic parameters of pyrolysis desulfurization
of LZ and ZY coals

. _ RFEXIEY FRETHT RMTEILAY/

G C 5'10° (kJ/mol) i

300~450 0.8 52.32 0.9325

N, 450~650 43 79.41 0.972 6
800~1000 — —

300~450 33 29.83 0.927 1

LZ 4%0,  450~650 6.7 4127 0.978 4
800~1000 — — —

300~450 7.6 27.93 0.943 4

10% 0,  450~650 5.4 59.93 0.988 8
800~1000 — —

300~450 12 43.10 0.9712

N, 450~650 42 70.85 0.994 7
800~1000 — — —

300~450 1.4 30.01 0.997 2

ZY 4%0,  450~650 4.0 58.55 0.986 8
800~1000 — —

300~450 35 2332 0.986 0

10%0,  450~650 5.8 33.00 0.974 8

800~1000 102 203.15 0.960 5

M S BTSRRI R 45 R LUE %
BTG RE — B E S, USRI AR B
B AR AR U R AN R, 300~450 “C il B2
Bnl A0 R B R 5 ax 10 A AR OB TR B
450~650 °Cifi B B T L AR A B R AT AL ) 40 AR T
BB s 800~1000 “C it B B g o o3 il (1) WaE Wy KA
BLR IR o

PN RN S B s AL e v LA
4%0, AL FE MBS AFM, RErEKiE
BB G B S A RE, (RS B 48 2
S ORAE [ PRI B2 B 9 A B R A8 45 Vs AL RE FRAIC,
10%0, S48 R 1E 450~650 “C LR B 3510 it S i 55
4%0, SR PR r, IX AT RS BT AR E
BOR G T 8B AU 3 fife 1) 45
3 ZHig

D ERAURT, S mA s EEN
SO, Al HpS. TERUEAMIE AT, Sl UkH >4
KERT N SO,. HEF A SE A MBI KR UG 7E
370 CHYiL, MsERD 7 il 2L SO, IR USSR
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ARG RZI3RET 50 °C o 800 'C LA MR MR
JELIP) SO HRYF T 45 b 2 4 ity ey S LR, I HL
IS AE B AU A A M AR I B R R
BRI, A RIREIEE] 10%8 PL B, 7E
PARIETE 800 °C LA T A7 it -

2) 1E 4%0, MESR T, AAES TFH ik
AR R A R, IV e C-S i, JL
KT C-C Bt . MESIRIZIER] 10%08], #fFt 2
HE SR T R R W R IR B R AR AR A, K
1 C-C B ZAM F 2T C-S b, Mk
AL HH i 2 2 P B AT A ) R B R

3) 4%0, MR SAAE 400 °C R JaHE W
oI R A RE SO e WS RO, 2 IR R
T ER T Z IR VGBI, R S B R U
PEHE AN R, R BE SR PFE 7 T 3R I i AR 4%
PR PG AR R BN I, ST IR A R 13t
TR A% FIEALESURAE 400 CRRIRE T
XS BRI bR B A ]

4) DB AR I R A R B TS AL R K
M, 7E 300~450°C L BB iE L RE S /)N, 450~
650 ‘C ¥k, 800~1000 CIiEILAE I A, K1 B
JRE PN [ SR AL FE TP IS AL RE KN “HE 4y
AP > “THEI IR > “ 50 ra oL 7.
4%0, IR SR EAR IR B 1 AR v 1L AR R A
SAFUR, VEERESR PRSI & iE
TR 2% 5 AT

oo
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