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Distribution characteristics and differences of oxygen-containing functional
groups in macerals of low rank coal
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(1. Key Laboratory of Coalbed Methane Resource & Reservoir Formation Process,Ministry of Education , China University of Mining & Technology , Xuzhou
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Abstract ; Composition of oxygen-containing functional groups is considered as a critical factor in determining the sor-
ting strategy and separating efficiency of macerals in low rank coal,and a significant role in their subsequent process-

ing and transforming as well, therefore it is particularly indispensable to ascertain the distribution characteristics and
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differences of oxygen-containing functional groups in macerals of low rank coal. By using elemental analysis, XPS,
“C-NMR and chemical titration in combination, the distribution characteristics and differences of oxy-gen-containing
functional groups of macerals in Shenhua (vitrinite-rich) and Zhundong (inertinite-rich) low rank coal were investi-
gated from surface and inner structure respectively. The research findings are as follows; the elemental analysis shows
the oxygen content of macerals in Zhundong coal is higher than those in Shenhua coal ,and the O/C atomic ratio of vit-
rinite are higher than inertinite in both coals. However, vitrinite and inertinite share a similar surface O/C ratio in XPS
test, which indicates the oxygen-containing functional groups are mainly concentrated on the surface of inertinite while
these groups are much well distributed inside and outside of vitrinite. C = O ( carbonyl or O0—C—0) and COOH are
the typical oxygen-containing group of vitrinite and inertinite respectively based on quantitative analysis of XPS,while
the dominant oxygen-containing group in vitrinite and inertinite are —O— and —OH respectively. According to
"C-NMR measurement , all macerals have the same proportion rank of oxygen-containing groups ; aromatic oxygen-con-
taining groups>carbonyl>COOH>aliphatic oxygen-containing groups except that aliphatic oxygen-containing groups in
Shenhua vitrinite ranked up to second. There is a lower percentage of COOH in vitrinite whereas aliphatic oxygen-con-
taining groups possess the least distribution in inertinite even disappeared in Zhundong inertinite. Results of chemical
titration show that the acid oxygen-containing groups are more easily gathered on the surface of inertinite ,and the dis-
tribution of acid oxygen-containing groups varies according to the type of coal and maceral ,for instance,the inertinite
in Zhundong has obviously high content of phenolic hydroxyl group.

Key words:low rank coal ;maceral ; oxygen-containing functional group; XPS;"C-NMR
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Table 1 Petrographic constituent of macerals in low

rank coal

. BERAUR( L0 W0 BRAEU % kg

oAl s Fmal A%
SHR 57.75 40. 65 1.60 0.53
SHV 94. 39 4.30 1.31 0.57
SHI 8.50 90. 16 1.34 0.51
ZDR 43.76 55.01 1.23 0. 44
7DV 90. 07 8.38 1.55 0.48
7DI 14.20 85.22 0.58 0.42
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Table 2 Characterization of macerals in low rank coal

Tolk g3 Ht/ % JLER T/ % i

G

M,y Ay Var FC,4 Coat Ha O gat Nar Sia H/C 0sC
SHR 6.91 7.58 35.71 56.75 76. 46 4.50 17.95 0.77 0.24 0.71 0.17
SHV 8.30 1.93 40. 16 29. 80 75. 84 4.77 18.22 0.94 0.23 0.76 0.18
SHI 6.77 4. 66 29. 82 64.52 79.55 4.09 15.38 0.75 0.28 0.62 0.14
ZDR 13.29 3.50 37.86 59.91 76.57 3.71 18. 48 0.73 0. 46 0.58 0.18
7DV 12.35 2.44 42.96 55.55 74.30 4.49 20. 27 0.72 0.24 0.72 0.20
7Dl 9.82 3.01 35.18 62.77 78.95 3.95 16. 19 0.62 0.36 0. 60 0.15

®3 RKMMEBRAES XPS EHER

Table 3 XPS wide scan results of macerals in low rank coal

) Bt o4 % JET L
FE
C 0 0/C
SHV 85.15 13. 41 0.16
SHI 85.21 13. 36 0.15
ZDV 81.55 16.97 0.21
ZDI 82.33 16. 55 0. 20
75 RS B R C(53.76%)
—— N4 &C(24.25%)
—— C—OH4(13.10%)
—— C—OX#(8.89%)
295 290 285 280
g5 fEleV
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— LN45C(10.86%)
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295 290 285 280
“EEReleV
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P S Y LA

HEIE S RENIEC(54.01%)
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F 1 B Cls iGRiE 4537

Fig. 1 Cls overlapping peak resolving of macerals
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Fig.2  Ols overlapping peak resolving of macerals
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#7153 . At(—0—) = 4. 11% ,At(—OH) = 2.93%
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Table 4 Distribution of oxygen-containing functional

groups on maceral surface

AR R AR EEARRE G5 [T, SHV BINS TG C 45 ke IX I i
WRJE 5 ZDV AH2ZTCJL, i SHI BN 5% C 45 44 X 5
U5 BE =5 T ZDI, W SHI AHXT HA 3w i IR 7% C

P =N
i,

0 50 100 150 200 250
6/10 ©

K3 ARKE A 2319 C-NMR 3%

Fig.3 "C-NMR spectra of macerals in low rank coal
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Table 5 Carbon structure assignments of chemical

shifts in">C-NMR for coal
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Fig. 4 Peak fitting of "C—NMR spectra of macerals in low rank coal
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Table 6 Distribution of oxygen-containing functional

groups in maceral based on"” C—-NMR test

Jt 538 %
AR REHA
SHV SHI ZDV ZDI1
YRR T 5. 64 2.94 1.58 0
F 5T
AR EE 1.97 1.17 2.70 0
SRR T e 10. 42 7.76 11. 10 10. 05
FRFE A e A 3.12 4.80 4.57 5.53
FhIE (5 I H AR A5 4 6.29 5.56 7. 44 7.99
& AR B i 7.61 4.11 4.28 0
AT B 10. 42 7.76 11.10 10. 05
TEEREA R 27.44 22,23 27.39 23.57
Jig Wi T 42U e AL 27.72 18.50 15. 61 0
IR A A E e 37.98  34.88  40.54 42.63
B AT R 11.36  21.59 16. 69 23.47
78 Sl Wi 22.93  25.03  27.16 33.90
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Table 7 Contents of acid oxygen-containing functional

groups in maceral based on chemical titration

RIES A R EEJRUEFE/ (mmol - g7')
Bk SHV SHI ZDV ZDI
b8 0. 030 0. 052 0.038 0. 061
PN i ik 0. 043 0. 054 0. 046 0. 064
[ 0.012 0.035 0. 049 0. 098
JE8 s 0. 085 0. 141 0.133 0.223
3 % i
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