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Enhanced removal of sulphur from coal by microwave combined

with chemical auxiliaries

ZHOU Bingyi,ZHOU Tao, LI Yang,GE Tao

(School of Materials Science and Engineering ,Anhui University of Science & Technology , Huainan 232001, China)
Abstract : Sulfur is the main harmful element in coal. The emission of sulfur during coal utilization is an important cause of acid rain. Des-
ulfurization is one of the research hotspots for clean utilization of coal. Microwave has the function of promoting the reaction and accelera-
ting the reaction rate. Microwave combined with chemical auxiliaries is an important means of coal desulfurization. In this paper,the effects
of sulfur removal in coal were studied by microwave irradiation combined with three chemical additives. The effects of microwave irradiation
time , chemical additives types and coal types on desulfurization were investigated by orthogonal test. The results show that the coal types
have a great influence on the desulfurization efficiency of microwave assisted additives, and the optimum irradiation time of the selected
three coal samples is different. Among the three chemical additives selected,the desulfurization effect of nitric acid combined with micro-
wave is the best. The removal rate of total sulfur in Guizhou (GZ) coal can reach 71.2% under the action of microwave combining with ni-
tric acid. The morphological sulfur test analysis shows that the removal efficiency of inorganic sulfur after coal desulfurization is higher,up
t0 90.5% ,and the removal efficiency of organic sulfur is between 20% and 40% . XRD spectrum analysis shows that after the desulfuriza-
tion of microwave assisting chemical additives,there is no significant change in the main minerals and coal structure in the coal. The micro-
waves can maintain the stability of coal matrix while removing sulfur from coal. Through the analysis of XPS spectrum, it is known that the
removal of sulphur thioethers and organic sulphur from coal samples is better, the removal rate can reach 49.4% ,the sulfoxides are slightly
lower, the removal rate is 23% —28% ,the removal of the thiophene organic sulfur is the worst,and the removal rate is between 10% and
20% .
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Table 1 Proximate and ultimate analysis of coal samples

) Tk i/ % TCRIIHT/ %
HEFE
M ad Ad Vd F Cd Csl Hd Od Nd S:l
sX 1.00 9.01 15.46 74.53 87.43 4.4 3.34 14 3.15
SD 1.97 6.40 35.87 55.76 81.29 5.49 8.52 1.52 312
GZ 2.84 41.13 7.62 48.41 82.36 3.39 6.66 1.48 4.20
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Fig. 1  Schematic diagram of microwave reactor
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Table 2 Factors and levels
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Table 3 Orthogonal experiment scheme and results

. A e B C B
1 2 3 4 R/ %
1 1 1 1 1 28.6
2 1 2 2 2 53.1
3 1 3 3 3 15.7
4 2 1 2 3 29.8
5 2 2 3 1 23.8
6 2 3 1 2 71.2
7 3 1 3 2 40.7
8 3 2 1 3 50. 6
9 3 3 2 1 12.4
K 97. 4 99.1 150. 4 64,8
K, 124. 8 127.5 95.3 165.0
K 103.7 99.3 80.2 9. 1

K3 9486.76 9 820.81 22620.16 4 199.04
K3 15 575.04 16 256.25 9 082.09 27 225.00
K 10 753.69 9860.49 6432.04 9235.21
R 27.4 28.4 70.2 100. 2

S 137. 30 177.98 910.23 1 751.88
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Fig. 2 Desulfurization rate of coal sample

2.2 JRBEERBUIE XRD 4R

FRAE IE AT I8 45 5, 3 i IRAE B AR B A 25 1R 1Y)
IS5 1.6 f1 8, Xt 3 R AT G A RE I
17 XRD 407, aniEl 3 e, AT, 3 FlEERE A B4
TR BB TE S R A RIS R
H R BRARAT FREIE I (ANATT 5 FA 2 14. 819°F1 45. 449°
k) A TR R 1 B 22 it D TR) Ak 2 Bl R

BoJe AR P CHLGR & 0 AR, DA e B rh g e
AVRRFHE R ARG, R D D e 0 A R
SRR , B R YEAR (HNO, ) KA RO, A%
TrfAn KA1 (CaCO, ) FHAL 4y 5 e il W 22 AL AN
WA Ul AR AT R RE B R R B A2 A
(RO 55 AT P/ o (i D ] A = B 7 X o 1A
HLIT RN BT TCREIR

Ofis. Q—Fik
K—l& g1
C—Ji A
O—HAih
Wi 5
Q (6]

Q—fi# QA

K—mlk A K—ml A7
V—ERFEA C—H AT
O—JLAth

O—HAt  pgs g
IS K
Q

o0 Qﬁ%ﬁﬁlﬁ

-

1 1
40 50

1 1
40 50

10 20 30 60 70 80 30 40 50 60 70 80 10 20 30 60 70 80
20/(°) 20/(°) 20/(°)
(a) SXit (b) GZHE (c¢) SD#E

B3 BLenl &M A XRD %
Fig. 3 XRD spectra of coal before and after desulfurization

2.3 ERHEBIEHRES

B AERE T LLTCHLGR SR R AT LY A
THER 2ok A Y i S &4, LAk |
TRIERER A R TC R G 32, TCHLEE 2 AIICKE I %
o ey mEMR AR SR ATE i, ZEAY)
VR, DR, 8 rP JCHLAR A FBE bR AR X 25 5 Ry o,
AlE T R A LB R S A A HL
SEFRALE A BT, R P AN SR R I R A LR AT
FETFHER ST ZERRRIR  RAPIRS 0] 40 M
P ok 5 3 Ak 4 | i Tk ok A A 4 | 1E Wy 2K 2 A i AL
P T MU A AR A R A WA
PR 2 SEBAR K, T LA BILGT A0 58 3 AR T PR X

HRAE GB/T 215—2003 ¢ 5 H 45 FiE 25857 (1411 52
FEYRHRIG T ZE 1.6 A1 8 BYMERE DA Fi 5 #1747
RARR (S, ) FIBRALARER (S, ) 52 , A FH 48 (S, ) Uik
MBS B A YL (S,) &, T E G, 45
W 4, B4 AT, BERETE G P 18] Ak 2 Bh 71

52

W, P B E A, o LR S T
R B A5 K, IR R B 3 1T 3k 90. 5% ., A3 LA B G
BRFTE 20% ~40% , REE5 R 5 kR R A
SRR A S BIE A & BT LI 4 s

8

R0

7 ks

6 L

St S
®
= — Wl S;S,
il WERRT s
5 v
,):"é

3 L

2 -

1 L

SX GZ SD
JEAF
"4 mBAMIL

Fig. 4  Comparison of sulfur morphology
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Table 4 Characterization of morphological sulfur in coal by microwave combined with chemical additives %
. JBt Bt i iR RS
FErE
s, 8, +8. s, s, S, +S, s, s, 5, +S, s,
SX 3.15 0.57 2.58 2.25 0.23 2.02 28. 60 59. 60 21.70
GZ 4.20 2.96 1.24 1.21 0.28 0.93 71.20 90. 50 25.00
SD 3.12 0.73 2.39 1.54 0.12 1.41 50. 60 83. 60 41.00
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Table 5 Form and distribution of organic sulfur in coal samples
PRI F25 5 fi/ eV FiE/ % T & R AL
yea i it — ‘ — — o
e T it )5 i 7 T i /%
B (k) 163.75 163.70 1. 41 1.05 25.50
SX IE ) 164. 15 164. 30 0. 65 0.57 12.30
IR 165. 15 165. 15 0.52 0. 40 23.10
T ( Tk ) 163. 80 163. 769 1.58 0. 80 49. 40
SD WEWM) 164. 00 164.25 0.31 0.25 19. 40
WA 165. 075 165. 08 0.50 0.36 28.00
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Fig. 5 XPS fitting spectrum before and after coal sample desulfurization
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Fig. 6 Comparison of organic sulfur form content
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