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Structure characterization and model
construction of Shangwan coal and it’ s inertinite concentrated

LIN Hua-lin, LI Ke-jian, ZHANG Xu-wen
( China Shenhua Coal to Liquid and Chemical Shanghai Research Institute, Shanghai 201108, China)

Abstract: Shendong Shangwan coal (SDR) and its inertinite concentrated( SDI) from petrographical separation
were characterized by "C-CP/MAS NMR, FT-IR and XPS and their structure unit information was obtained.
Based on structure parameters and elemental analysis, macromolecular structure models of SDR and SDI were
constructed and "C chemical shift of the two models was calculated by ACD/CNMR predictor. The results
indicate that naphthalene with condensation degrees of 2 is the main form of aromatic carbon in SDR,
naphthalene and phenanthrene are those in SDI. The aromaticity of SDI is greater than that of SDR. For SDR
and SDI, oxygen atoms are present as carbonyl groups and nitrogen atoms exist in the forms of pyridine and
pyrrole. The calculated chemical shift spectrogram of model is well consistent with that of the experimental
results. The structural formulas calculated for SDR and SDI are C, H,xN,O,, and C,;,cH ,N,O,,, respectively.
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Table 1 Proximate and ultimate analysis of coal samples
Proximate analysis w /% Ultimate analysis wy,./ %
Sample " H/C
M, Ay Viar C H N S (0]
SDR 8.45 17.03  38.19 79.29  4.30 0.86 0.47 15.08  0.7031
SDI 10.96  5.27 30.59 82.12  3.79 0.86 0.40 12.83 0.5538
* by difference
F2 EHAOBRIN LB RE N 150 eV, K 0.5 eV R E T
Table 2  Petrographical analysis HEk 60 ev, K4 0.05 eV, HRhE 2 K 107 Pa,
Sample Content /% R LI C 15(284. 6 eV) KRR (TR IE, 445
. . . . . 13 VTSN
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Table 3  Structural parameters of the samples

S /%
amle e e A
SDR 72.11 8.69 63.42 28.31 35.10 8.46 7.75 12.1 27.89 7.37 15.94 4.58
SDI 76.71 9.24 67.47 28.5 38.97 7.15 5.49 15.87 23.29 7.05 13.38 2.86

note: f,: total aromatic carbon; f, : total aliphatic carbon; f,°: carbonyl & ( chemical shift) >165x107; fa'; in an aromatic ring;

", protonated and aromatic; f,~ . nonprotonated and aromatic; f.¥. phenolic or phenolic ether; f.°. alkylated aromatic;
Ja 2 P 3 Ja p sJa 2 P p 3 Ja y H

£.%: aromatic bridgehead; f, * : -CH, or nonprotonated; f," : CH or CH, ; f,°: bonded to oxygen
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Figure 2 FT-IR of SDI and SDR
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#z 4 SDR 1 SDI =/ HRHEXESH
Table 4 Relative indexes of SDR and SDI

gk by R &L R S ED ) 45 A fe
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Sample Calaulation SDR SDI ISP ,401. 4 F1402.9 eV 43 H1H)E TEE A A
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Figure 3 XPS N 1s spectra of SDR and SDI
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Table 5 XPS N 1s data of SDR and SDI
SDR SDI
E./eV Carbon form : .
content w/% (mol ratio) FWHM content w/% (mol ratio) FWHM

399.2 pyridinic nitrogen N-6 31.13 3.34 31.97 1.82

400. 4 pyrrolic nitrogen N-5 45.02 2.36 45.06 1.25

401.6 quaternary nitrogen N-Q 10.53 1.67 19.81 1.26

402.6 oxidised nitrogen-X 13.32 1.54 3.16 0.93

2.4 XPS HHMHRHBERS

FRE R H LA LB A G HLER BT S A7
MEMSE WM WAL S EZH4 LT 7.
163.3 eV ALY (045 85 860 B A0 ot 2 il Ak
i) Rl ik O & Ph-S-S-Ph %5 i AR R W)

SDR

Intensity/(a.u.)

| . 1 L 1 L | L 1 L 1 " |
162 164 166 168 170 172 174
Binding energy  E/eV

MFFIEDE 164, 1 eV A BEW BUGR, 166. 0 eV A R
TIER 168.2 eV AT, 169.0 ~170.4 eV £ & Ky
Bl R FIAS 2 £ 55 TTHLAR AR R, SDR il SDI 1
TRIGE ) XPS 43H UL 4, &R R &R Lk 6,

SDI

Intensity/(a.u.)

Il " L " 1 " 1 " L " 1 " 1 " L

158 160 162 164 166 168 170 172 174
Binding energy  E/eV

€l 4 SDR i SDI [y XPS S 2p &l
Figure 4 XPS S 2p spectra of SDR and SDI
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Table 6 XPS S 2p data of SDR and SDI
SDR SDI
Ey./eV Carbon form - :
content w/% (mol ratio) FWHM content w/% ( mol ratio) FWHM

163.3 pyrite - 6.82 1.36
164.1 thiophenes 27.18 1.86 41.6 2.17
166.3 sulphoxides 15.59 1.26 - -
168.2 sulfones - - 8.54 1.34
169.7 sulphonate and sulphate 57.23 2.16 43.04 2.23

5 SDR Hyfb g4tz
Figure 5 Chemical structure model of SDR
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Figure 6 Chemical structure model of SDI
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Table 7 Types of aromatic unit structure and number

. . Number
Aromatic unit structure
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Table 8 Parameters of chemical structural model

Ultimate analysis w/ %

Sample Formula Molecular weight Aromaticity
C H N o
SDR Cis Hi3sN,O,, 2723.02 79.84 5.03 1.03 14.10 0.6341
SDI CissHis N, O, 2763.17 80.85 5.40 1.01 12.74 0.6747
SDR caluculated SDI caluculated
experimental experimental
- =
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z g
2 =
" L L | " L " | L 1 n 1 1 ' | f 1 f | ' | .
-200 -100 0 100 200 300 400 -200 -100 0 100 200 300 400
Chemical shift & Chemical shift &
7 SDR il SDI SEHa AN HAAF 2R " C-NMR 5141 LA
Figure 7 Experimental and calculated > C-NMR spectra of raw coal and inertinite
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