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X-ray Photoelectron Spectrum for Studying the Sulfur
Transformation of Coal Maceral During Pyrolysis

LI Mei'#, YANG Junhe ', CHANG Haizhou *
(1. School of Materials Science and Engineering , University of Shanghai for Science and Technology , Shanghai 200093 ,
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Abstract; A vitrinite and an inertinite of high purity were separated from New Zealand and
Lingshi bituminous coals with similar sulfur content and metamorphic grade. The vitrinite and
inertinite were pyrolyzed in a tube furnace reactor filled with highly purified argon at 300, 500,
700,1 000 C . The effect of temperature on the functional group content and organic sulfur form
transformation was examined by Fourier transform infrared spectrum and X-ray photoelectron
spectrum, respectively. Several interesting trends are observed; the organic sulfide content in the
vitrinite is higher than that in the inertinite; thiophenic sulfur is normally the dominant organic
component in vitrinite and inertinite char; the vitrinite has higher desulfurization rate than
inertinite at the same temperature; the vitrinite has similar desulfurization rate at lower
temperature; when the temperature is higher than 700 ‘C , the vitrinite which has lower thermal
stability has more efficient desulfurization.
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Tab.1 Proximate analysis and ultimate
analysis of NXL and LS coals %
Tl s TR ST
M. Aw Va FCua  Car Nar Ody Haat Stoaat
NXL 1.72 3.58 31.24 63.46 86.69 1.27 4.54 5.60 1.90

G

LS 1.18 8.89 26.26 63.67 84.27 1.30 8.16 4.23 2.04
e x ZZWRETE].

NXL F1 LS 45 3222 1) 2 S 4 e 5 I 4l Fn g
A, e F ARG R BE . 40 B TAE A U2
PIRPEE R o Al R R ) B B A S AL o
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Tab.2 Petrographical analysis of NXL and LS

maceral concentrates %
Rt BiieH o L7
NXL-V 99.5 0.5 -
LS-V 99.3 0.7 -
NXL-1 10.3 89.5 0.2
LS-1 11.3 88.3 0.4

#: NXL- V. NXL B2 ; LS - V. LS 5 ffidl ; NXL - I.NXL 5
Fad ;LS - I LS 15 a2l

FEACTAE 2 SO s R4 7 5 ot 2H RN T 20 1Y
P A S Ar, FHEEFN 5 °C /min, #4
fRLIEA 54 300, 500,700,1 000 C .3k %|i%E R
JEJG . PRIR 7 min, ¥ XS B A AR AR LA TR A
R AR S NXL fi1 LS B e 00
KR AN 3 .
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Tab.3 Ultimate analysis and sulfur removal of NXL and LS maceral char at different temperature %
il i/ C Caat Noaat Odit Ha S dat AR Jii a5
RT 84.47 1.30 4.82 8.04 1.37 - -
300 85.32 1.28 4.54 7.39 1.27 96. 38 10. 66
NXL-V 500 86. 81 1.31 4.04 6.67 1.17 73.57 37.17
700 87.65 1.21 3.88 6.23 1.03 65.23 50. 96
1 000 89. 86 1.13 2.53 5837 1.11 62.21 49.60
RT 87.41 1.11 4.24 5.58 1.66 - -
300 87.99 1.09 4.01 5.27 1.64 99.41 1.79
NXL-1I 500 88.88 1.07 3.78 4.71 1.56 82.12 22.83
700 90.13 1.14 3.03 4.34 1.36 74.87 38. 66
1 000 91.27 1.06 2.34 4.07 1.26 66.93 49.19
RT 83.02 1.44 8.89 4.85 1.80 - -
300 84.18 1.40 8.41 4.22 1.69 95.40 10.43
LS-V 500 85.94 1.36 7.18 3.94 1.58 73.86 35.17
700 87.64 1.22 6.53 3.17 1.44 65. 62 47.50
1 000 89.99 1.05 5.57 2.09 1.20 63.22 57.83
RT 85.60 1.23 7.35 3.95 1.87 - -
300 86.17 1.20 7.17 3.65 1.81 96.11 6.97
LS-1 500 87.16 1.02 6.65 3.45 1.72 84.81 21.99
700 89.30 0.98 5.77 2.46 1.49 73.64 41.32
1 000 91.17 0.87 4.78 1.72 1.46 70.11 45.26
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Fig.1 FTIR spectra of NXL and LS macerals and char at different temperature

—— LS-V
16 —o— NXL-V

&R/ (%cm™)

Jig
'y
T

0 200 400 600 800 1000

IR/ C
(2) NXL-VFILS- VA i F2 g 107 & 2 = (1 A8 4k

2.5

——LS-I
=~ 20F —o— NXL-I
1.5
1.0 +
0.5
B 0f

_0. 5 L 1 1 1 |
0 200 400 600 800 1000

IR/ C
(b) NXL-IFILS-T#ig i F2 R I A & = A4k

Wi A&/ (Y%-cm

2 #EREX NXL 1 LS BASHERSSEZN
Fig.2 Effect of temperature on content of aliphatic hydrogen of NXL and LS macerals
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Fig.3 S2p spectrum of NXL and LS vitrinites and chars
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L BE T e T g SR 2 —
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300 C . A HLBR AL P B A4 AH ] AR I3 4, 1%
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FE 5 500 C A, NXL £ 3% it A A I 214 HLaR
PR . VBE WY B P I 30 T v T 8 A, BRI R
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Tab.4 Organic sulfureous forms in NXL and

LS vitrinites and chars %
TE AL 75 5
ﬁ_ Iﬁl ﬁ/\m WIL - -

& i ﬁﬁg% U WA K

NXL-V 1.45 0.35 0.39 0.37 0.34
NXL - V-300°C 1.51 0.42 0.49 0.31 0.29
NXL - V-=500°C 1.19 0.31 0.45 0.29 0.14

NXL - V-700°C 0.97 - 0.51 0.26 0.20
NXL-V-1000°C 1.30 - 0.63 0.41 0.26
LS-V 1.74 0.52 0.54 0.48 0.20
LS-V-300°C 1.25 - 0.70 0.36 0.19
LS—-V-500°C 1.05 - 0.62 0.29 0.14
LS-V-700°C 1.34 - 0.71 0.44 0.19
LS-V-1000°C 1.25 - 0.70 0.43 0.12

K 4 2 NXL fi1 LS 15 i 41 & H7E 300, 500,
700.,1 000 C FH#igAER S 2p k&l IE 4 Hhaf L)
A NXL A LS 54 S 2p iG BB A 2 AR
PRI I, 4> B 7 F 162 ~166.5 eV il 166. 5~
171 eV, 3 162~166.5 eV Zh a2 K F
166.5~171 eVAik U i FL, Ui B 15 B 41 b 45 4 fig
£ 162~166.5 eV [WE LYt & m A L . gl &
J&i AT NXL 5 5t 48 oA AL AL 0B 7 25 % , e}
K 25%  WRZEHL 5 25 % IR H 5 25% ;LS
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ARG 7 24 % B ER 5 18% . Bl 4 il B ) T
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B A i SRR AT, LA ey B8 1 5 2 3 T v i
FEIX — L B AR 1) B i AR A AN K AR 1 5
A TR R HENA — R A LA Y B 5 A8 T
WEWM » I HAT 0 70 RSB i St A A B T RS
A IE G o DA T 75 O W3 P9 237 i A 3 — T B IXC (1]
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Fig.4 S2p spectrum of NXL and LS inertinites and chars
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Tab.5 Organic sulfureous forms in NXL and

LS inertinite and chars %
P TSR F it
(=] wiL

o At A g e o
NXL-1 2.01 0.40 0.60 0.50 0.51
NXL - I-300°C 1.26 0.35 0.35 0.33 0.23
NXL - I-500°C 1.08 - 0.66 0.30 0.12
NXL - I-700°C 0.95 - 0.60 0.27 0.08
NXL-I-1000°C 0.77 - 0.35 0.32 0.10
LS-1 1.90 0.46 0.64 0.45 0.35
LS-1-300°C 1.26 0.23 0.47 0.35 0.21
LS-1-500°C 1.22 - 0.76 0.36 0.10
LS-1-700°C 1.04 - 0.54 0.35 0.15
LS-1-1000°C 1.11 - 0.59 0.39 0.14

3 % it

a. P ferb . LS Bl 5 NXL 81541 i
7 U BT W B 2 S RIVAR TRJ LB R LS B o
ALrP AR 7 U B PR 2 T NXL 4L i, i
fiff LS 521 v AEe e A HILGR A B i A v B 2
s DA B A ORI 25 e 28k B A AV £
BB IR

b. LS i i 41w #9 A HLER AL P 8t b NXL 5 5
H e A LGB A 5y i LS B h i A
PLER AL BRAE 300 “C i B Al 73k o€ 42 11 NXL )5
PR LB LS 700 C A g 2.

¢ BEALS 1 B P B BT B AR B TRLE Y
Thm R AEAR RN N B A B A2 R T
&Y. 500 C Z il . ST AL A A i BT AL R
ZENBER BER IR I — 22 T B OB RS R
922 BT UG8/ . BT A2 R AT 5 20 1A BB
PPIBR Y &8 5% b5 WA S B S R DDA G

S 3k
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