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78.55 5.03 13.36 1.33 1.26

T Cor THR TR LR OT R & ik 5 Hy PR ICIR I SO0 5 & i
Ou TR IR IL A TR T N TR IR IE A TR T4 S M
e

x3 HRERTESWER 1%

Table 3 Sulfur elements forms in Pingshuo coal slime
Sl,ad Sp,ad Ss,ad So,ad
1.26 1.01 0.15 0.11

T SRS i SO BE A S 0 R AR A
S, o HLBR 75 12 o

MR 1~3R 3 ATAN, e K oy 8, iR E) T
26.74%; B RS R R, KB T 13.36%, HAFHE—
ERMIEL ., BOTE . otE LT BT
HUBRAFAE, B LB & UM 0.11%, Akt A Xf
S SRS A3 AT PR s ), el FH PR D0 S 56 i i v
T -1.3 glem® =Y T IR 22RAE ., 2405,
XTI K 3 (4,0 M 5.31%

1.2 “C B#H IR E D

PC A% G L PR P HEAY (PC NMR)J2 43 A1 8 ik
TCR G REA RN I Z— o il 7E & o3 B
1Y Bruker advance Il 400 WB Y635 _E#E4T. I
B T HRER) CPMAS — Rk o il B f
TiE % (MAS ) (9 G 4 /N 7 vk Fn A8 U AR (CP) B4R
5 /W P I SR HOR G SRS 10 I s R . DU
RN 100.63 MHz, CP 4 fifi 814 2 ms, 5t A
)24 3 s, i P v e 5% A PR R 7E 8 kHzo

1.3 BEMETRLIKEIEMSHT

{8 FL AR e 21 A 3% (FTIR ) i 1 X634 )5 1
ZTAM AT o EEL P 2 4k S B AR ol R T 2 BT ) A
W, 72 T A0, BEIRATIL 0 M5 e iy
Bro (8B AR e 21 A0 1% (FTIR) AT LA 43 B i e 3
T ) 2 480 RE A R 2 M &1 . I ZE Nicolet
isS ZIAMEREAY EaE AT DR B A TR A i 5
PEAEA (2 1 mg) FEAFA Th 5 KBr(100 mg) 5t 43
JE, FEAELT T RS LIS K A (5200, SRJG 7E 20 MPa
A EAREBL gk — 28 R 1 min, LAARASAE S A .
TP RE S A B T = T, #E 4 000~400 cm!
T 16 K, H PN 4 om ',

1.4 XES&NHBEFREIEST
X SR T RETE (XPS) F TG RN, it



%34

X5, S5 RN NE BT SRR Ry - 119 -

il PR BRI X BRI AR SO T, AT A5 3
S HL T RETE T o0 M ke b e i M . AR SO
XPS(ESCALAB 250Xi.USA )% 2 i & 48 B fik
HROCRMAFIE ST 00T, o e 26 1h i A B
AE A AR X 5 i B A5 R AU RE A S . 4
SRR BB AR R PR, SRBERT R 900 pm P
WY IS RE RN 20.00 eV, BEREAE K R 0.05 eV, R
FH C 1s F05(284.8 eV) e e 4h S RENIE .

2 FERERMERAEENEESNT
21 BRILERSH

fdFHC NMR X I B 25 A 204 74T, 28551
WE 1R, “C NMR ERER) 0~50 <107 Lb AT Jz i
R eP IR I AR A 254 . (50~100) %107 4b AT iz e
H AR ERR 2544, (100~160)x 10 b AT Sz Bl
95 B AR B 4544, (160~200) =107 4b 7] fz et i
FRILEERT Y, AN S AR TS AR 0~70 x10°
Z [, 33K 1d W ARE D8 A7 — o it 1 S8 N D7 e ik 245
F o 7E(160~200)x10° 2 [A1V& A 1 35 (706 H B, 35X
VEHAMEIE i & 1 C=0 XU AR FLd 0,

70 100 160

4000

3000

2000

FHXF SR

1000

e Fs /107

El1 “CNMR R4 R
Fig.1 "C NMR spectrum of Pingshuo coal slime
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Fig. 2 Peak fitting results of "C NMR spectrum
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Table 4 Peak fitting results of 0~70x10° “"C NMR
spectrum

REEE g v wmg F0M
0~22 Jig Joii HR 4 13558  22.54
22~26 05 A B3 / / /
26~37 NIAGEE 2 35184 46.64
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At 12 60143 100.00
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Table 5 Peak fitting results of (100~160)x10° “C NMR
spectrum
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Table 6 Peak fitting results of 2980~2800 cm™' FTIR
spectrum

B /em™ 19 & WesE WA & /%
2955 CH.J X FRH 4 23.92 11.02
2921 CHJZ X R 45 34.93 44.61
2892 CH BR A4 24.99 10.77
2855 CH X FR M4 44.13 33.60
At 100.00

1.0
— R
— ik
0.8 | Gy 2%
0.6 -
"
)
= P
04 F : H
oab it i

SN s
1400 1600 1800

WAL /em!

El5 1800~950 cm™ S IERIELER
Fig.5 Peak fitting results of 1800~950 cm” FTIR
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Table 7 Peak fitting results of 1800~950 cm™ FTIR
spectrum

W H/em™ U 15 & el vE U T AR 5 B /%
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Table 9 Peak fitting results of N1s
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Table 10 Structural parameters of Pingshuo coal slime
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Fig. 8 Molecular model of Pingshuo coal
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Properties Analysis and Molecular Modelling of Pingshuo Coal Slime
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Abstract: The conversion and utilization are fundamentally determined by the chemical composition of coal. The establishment and
simulation of coal molecular model can reduce the experimental cost and experimental time, and improve the research efficiency.
However, the chemical composition of coal exhibited significant complexity due to the complex coal—forming plants and
depositional environments. Therefore, the accurate construction of coal molecular models, which can truly reflect the physical and
chemical properties of coal, is essential for the research of clean and efficient utilization of coal. In this study, the coal slime from
Pingshuo mining area in Shanxi Province was used as the research object. The relative contents and specific chemical states of
carbon (C), oxygen (O), and nitrogen (N) were analyzed by 13C nuclear magnetic resonance (NMR) spectroscopy, Fourier transform
infrared (FTIR) spectroscopy, and X—ray photoelectron spectroscopy (XPS). The results showed that Pingshuo coal slime does not
contain any aromatic methyl groups. The carbon element mainly exists in the chemical form of mono— and polycyclic aromatic
carbons. The oxygen element mainly exists in chemical forms such as ester group and hydroxyl group. The nitrogen element mainly
exists in the chemical form of pyridine compounds. Based on the chemical analysis structure, the molecular model of Pingshuo coal
slime was constructed. The molecular model of C,;cH,5,0,sN, was optimized by molecular simulation method, and the correctness of
the model was verified by "C NMR spectral line prediction verification and density verification. The "C NMR spectrum prediction
and density verification results showed that the model spectral line is in good agreement with the measured spectral line, and the
difference between the model density and the actual density of coal is only 0.019 g/cm’, indicating that the model is well
representative. This research provides a crucial molecular—level understanding of the coal's chemical architecture and establishes a
robust theoretical foundation for developing efficient and clean coal conversion technologies.

Keywords: Pingshuo; coal slime; "C NMR; FTIR; XPS; molecular model
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