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Graphene produced by thermally—altered coal : chemical structure evolution

WANG Shaoqing,SHA Jidun,ZHANG Hao,DONG Zeyu, WANG Kaixuan
(School of Geosciences and Surveying Engineering ,China University of Mining and Technology—Beijing , Beijing 100083, China)

Abstract: As a kind of carbon material with excellent performance, graphene has a broad application prospect. China is rich in coal re-
sources,and the research on the preparation of graphene using coal as raw material needs to be deepened continuously. Thermally—altered
coal affected has high carbon content and high aromaticity, but its feasibility of preparing graphene is worth studying. Taking No.5 Coal
seam of Shuoli Coal Mine in Huaibei Coalfield as the research object and takes three thermally—altered coals close to the magma intrusion
as the feed coal.The preparation of coal-based graphene was by using the improved Hummers method. After graphitization of feed coals , the
coal—based graphite was produced to coal —based graphene through oxidation, ultrasonic exfoliation, and reduction. Fourier Transform
Infrared Spectroscopy (FTIR) ,Raman spectroscopy,and X—ray diffraction were used to analyze coal-based graphite,GO,and RGO one by
one.The experimental results shows that the (002) d-spacing of the coal—based graphite is 0.338 1 nm.The molecular structure of GO
contains carboxyl, hydroxyl ,and epoxy groups.These functional groups fall off after reduction and form defects in the structure of the RGO.
The characteristic absorption peaks of hydroxyl groups appear in both the coal-based graphite and RGO infrared spectrogram.The differ-
ence is that the hydroxyl group in the coal—based graphite comes from the residue left in the graphitization process, while the hydroxyl
group in the RGO is the residue left in the incomplete reduction of GO.The results of Raman spectroscopy showed that 1;)/1;>1 of GO after
reduction.lt is caused by surface defects formed by the detachment of epoxy groups on the graphene sheet surface during the reduction
process.The layers of RGO prepared by thermally—altered coals are 4.29,3.97 ,and 4.31 respectively, all of which belong to few—layered
graphene.Thermally—altered coal can be used as a source material for the preparation of graphene.
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Table 1 Distance from sampling points to igneous

intrusion and vitrinite reflectance of samples
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Fig.1 FTIR spectrogram for coal-based graphite, GO and RGO

LIANETEEE IR | I SRl Ak AR A
=M (GO) Ja, NLLAMEE Al LU 1 GO i 3=
U BER R ISR BRI A
GO F)ZM il & i 3 E N 43 A 7E GO F 23
T, LM FE 43T 10 e T A G b BT £7 78, Ak
YR Yy N e e I e Y 1B YR Sy i)
R BGA R AL A BB (RGO) . 5 —J7 T,



FLE A LA O] 5 A 8804 L2 2R T Al

2021 4F55 2 #

B REHAT B M S R BB, R IE AR IE A
V&S TEA S W (R T 250 1 s I 5 RN 2 Bk B, T 20 4
FE BB T S e A B R T T s
3.2 HEHNW

PSSR Ry Yo oM AR fE R
AyBrh iz P  SL-4 SL-5 Hl SL-6 R
FIBEIEAT 58 (GO FIl RGO UL IS 2 Fis

i

Il 1 1 1 ]
1000 1400 1 800 2200 2 600 3000
$1 2 #/cm™
(a) SL-4

g —

L 1 1 1 1
1000 1400 1 800 2200 2 600 3000
Hi 27 Fe/cm

(b) SL-5

T

1000 1400 7800 2200 2600 3000
$r 2 7 F/em !
(c) SL-6

— R R — S B (GO) —if R A A BRI (RGO)

H2 MEFE SfeEHMERAME SHNTE LT

Fig.2 Raman spectrogram for coal-based graphite, GO and RGO

Tk SR Bk B hr 2 G 1T 43— A T R —
T AR D R (1350 em ™ BT ) G g%
(1580 em™ FffE )Y JE #H B SR 2D WE %A
(2700 em ' BiHIT) 10 D WS AT SRR TP 5 AL Bk
B, G WD) 2 55 A 485 KA i SR b sp” BB 118) T P9 4% 2
SIEH, BT 2D WEE A B 7 2 Ak v LR
F G W, g im0 60 1

D g5 G WERYSREE L (1,/1,) 7T BB A4 kY

TCIF BE bRk e BB, 1, /1, e 2, 256 1K 2 A
Fe2 UG A BN D B NT G U IR RA
AR Y 2D W 5 R K i A 8 1Y hr 2 B —
0 IR G BT A A ML AR B, A
B BYEE G RA TR, D R A4
A%, WA B R, GO Bk )5 A RGO J& , SL-
4-RGO 1Y G Wl A7 {H SL-5-RGO 1Y G 14
DRSS T SL-6-RGO Y G I IEA7 ) e B Ky 4%
LIRS . I A FESL A D I A8 I A7 B - GO -
RGO ik st i rh AR KA RS

& 2 i1, GO FE S Y D W aE BT G 0%,
1,/1,<1, 4 GO A JF AL RGO ZJ5,D IEFN G &)
AHXFSREE R A T RO B 1 /1> 1, BBITE GO ik J5t
AR ARG R 2 R BREE RGN T Bk F ok F
GO KM E REA], HAK G BHE I 5 i 25 A
W AR BT MR A T Bl fE Y R S B
RIS S RS 2 B RE AR B —8uw,

2 HESNEETDIES GIEREL
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Table 3 Peak parameters derived from XRD patterns of coal-based graphite, GO and RGO
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26/(°) FWHM dop)/nm L./nm N 26/(°) FWHM d(yp0)/nm L,/nm  26/(°) FWHM d(o)/nmL,/nm
SL-4 26.34 0.43 0.3381 18.90 — 42.52 0.44 0.2124 39.85 — — —
IR
i SL-5 26.34 0.46 0.3381 17.69 — 42.55 0.51 0.2123 33.87 — — — —
SL-6 26.34 0.47 0.3381 17.22 — 42.60 0.60 0.2121 29.01 — — — —
SL-4 — — — — — — — — — 11.36 2.81 0.7783 2.81
GO SL-5 — — — — — — — — — 11.30 1.95 0.7824  4.04
SL-6 — — — — — — — — — 11.78 2.30 0.7506 3.44
SL-4 25.00 6.88 0.3559 1.17 4.29 42.90 2.52 0.2106 6.94 — — —
RGO SL-5 24.52 7.46 0.3627 1.08 3.97 43.18 2.38 0.2093 7.34 — — —
SL-6 25.28 6.92 0.3520 1.16 4.31 42.94 2.24 0.2105 7.79 — — — —
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