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Evolutionary characteristics of microstructure of coal-based graphene from

)]

Ningxia coals: Comprehensive characterized analysis

LI Ruiqing, TANG Yuegang, LUO Peng, JU Minmin, XU Xiaoting
(School of Resource and Safety Engineering, China University of Mining and Technology-Beijing , Beijing 100083, China)

Abstract: The preparation and characterization of coal-based carbon materials is a hot topic. The structural characteristics of coal-based
graphene not only determine the performance of the products, but also provide reference for process control during product preparation.
Therefore, it is necessary to have a clear understanding of the microstructure and morphology of coal-based graphene. This study collected
8 different coal ranks coals in Ningxia, and obtained coal-based graphite through high-temperature graphitization treatment after chemical
demineralization. Graphene was prepared using an improved Hummer’s redox method, and the microstructure and structural parameters of
coal-based graphene were comprehensively characterized by X-ray diffraction, Raman spectroscopy, atomic force microscopy, and high-
resolution transmission electron microscopy. The results indicate that the coal-based graphene products prepared from coal samples of dif-
ferent coal ranks in Ningxia are all few-layer graphene. Graphitization can significantly improve the order and graphitization degree of coal

structure, which is beneficial for the preparation of coal-based graphene, especially for low coals. In this study, the graphitization degree of
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coal-based graphites are more than 0.70, and the highest is 0.99. The higher the coal rank, the larger the diameter and stacking height of the

graphene prepared, the fewer defects, and the better the peeling effect. and better the stripping effect of graphene prepared. The diameter of

the coal-based graphene prepared in this study ranges from 3.78 to 13.04 nm, with interlayer spacing exceeding 0.355 0 nm and a maxim-

um of 0.366 1 nm. As the coal rank increases, the diameter of coal-based graphene increases more significantly than the stacking height,

the morphology of coal-based graphene tends to develop in a flattened form in general. The caking of coals can cause an increase in the

surface roughness of graphene, but it does not affect the development of the crystal form and order of graphene microcrystalline domains.

As the coal rank increases, the graphene structure undergoes an evolution path of vortex type -Y-type - semi-plane type -plane type. The

plane type graphene structure is the final form of coal structure evolution during the preparation of coal-based graphene, characterized by

obvious peeling, curling, and stretching, which also provides the possibility for the formation of step like of graphene structures.

Key words: coal-based carbon material; coal-based graphene; coal rank; microstructure; structural parameter; high temperature graphit-

ization; graphitization degree
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Table 1 Basic characteristics of selected coal samples.

Tk 53 H7/% JCERIIHT/% AR 5%
Hedh R/% Gri
M, A, Viur Cur Hy Nt O S. \% I L M

WW 0.54 10.80 21.85 35.46 75.18 438  0.66 19.08 0.55 0 53.8 307 1.1 14.4
YCW 0.65 12.19 6.68 28.01 80.74  3.63 0.71 14.23 0.64 0 488 480 — 3.2
MLT 0.73 2.10 3222 3621 77.82 5.16 1.42 1474 058 69 496 329 — 17.5
SGQ 0.86 0.56 11.58 34.34 87.08 5.09 1.88 4.63 1.17 91 61.7 287 1.0 8.6
WE 0.96 0.97 1089  30.75 87.90 476 1.54 4.43 1.22 94 65.6 259 0.2 8.3
WCG 2.08 1.03 10.61 1161 91.55 3.46 1.38 1.92 1.51 6 71.2 19.4 1.6 78
BIG 2.65 0.43 4.49 9.60 9434 359 076 130 0.0l 0 89.6 7.6 — 2.8
JGS 5.80 4.19 0.82 2.34 96.61 175 059 0.16  0.88 0 90.9 6.8 — 23

T RABEFUABBHUR ISR, G MBEREG VIR, DR ; LZRARM; MATY).

FRIBUBL A FE 5 BT e 4l A SR, SR 5% =
HRUROY A7 B AE B N, LA S C/min THE 3R T2
1 000 °C F-AEHF 30 min, BEJ5 LA 20 °C/min T R
P T2 2 800 °C I AERFIREE 3 h, A TFHE S
b T B AR s Bl 45 1k Bl AR S AE IR T
PR 6 h, JFR B, 152 A B G-WW,
G-YCW, G-MLT. G-SGQ. G-WE, G-WCG. G-BJG.
G-JGS.
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Fig.2 XRD patterns of demineralized coal, coal-based graphite, and coal-based graphene
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Table 2 XRD fitting structural parameters
R 26,/ FWHM 4 200,/ FWHM,, / A 20,00/ FWHM,o/  dyy/ L/ L/ LJL. N, )i G
) ! ! (°) (°) (°) (°) nm nm nm
D-WwW  18.43 13.48 5543.60 24.73 4.31 1883.92 44.58 13.49 03597 1.30 197 0.66 648 025 —
D-YCW 1643 14.14 11163.46 24.28 4.26 395797 43.81 12.58 0.3663 139 1.99 0.70 644 026 —
D-MLT 24.56 6.54 423490 25.66 4.57 2060.00 44.51 10.35 0.3469 1.70 1.86 091 637 033 —
D-SGQ 2241 8.24 2056.77 25.45 4.45 1199.67 43.79 8.20 0.3497 213 191 1.12 647 037 —
D-WE 2222 4.21 2963.65 25.62 4.52 327541 43.86 8.50 0.3474 2.06 1.88 1.09 642 052 —
D-WCG 17.10 1527 3761.73 25.08 4.64 7011.37 43.57 5.90 0.3548 296 1.83 1.62 6.16 0.66 —
D-BIG  21.49 4.58 2821.65 25.57 4.52 7901.94 43.54 4.78 0.3481 366 188 194 641 074 —
D-JGS  21.04 4.72  38278.76 25.37 4.85 271358.88 43.56 3.55 0.3508 493 1.75 281 6.00 0.88 —
G-WW — — — 26.35 0.73 — 42.60 0.91 03380 19.15 11.67 1.64 3554 — 0.70
G-YCW — — — 26.35 0.77 — 42.69 0.94 03380 1855 11.06 1.68 3374 — 0.70
G-MLT — — — 26.37 0.80 — 42.59 0.69 03377 2526 1065 237 3254 — 073
G-SGQ — — — 26.41 0.76 — 42.63 0.70 03372 2490 1121 222 3425 — 0.79
G-WE — — — 26.4 0.76 — 42.63 0.73 03373 2388 11.21 213 3424 — 0.78
G-WCG — — — 26.43 0.58 — 42.52 0.45 03369 38.72 1469 264 4460 — 0.82
G-BJG — — — 26.46 0.45 — 42.49 0.44 03366 39.60 18.94 209 5727 — 0.86
G-JGS — — — 26.55 0.19 — 42.38 0.17 0.3355 102.45 4486 228 13473 — 099
GS-WW  19.64 4.87 17150.53 24.83 9.25 112121.65 43.54 4.58 0.3583 382 092 416 356 087 —
GS-YCW  19.25 4.68 173891 24.86 9.41 14277.02 43.51 4.63 0.3579 378 090 4.18 352 089 —
GS-MLT 17.26 4.60 821.26 24.77 8.79 21232.23 43.53 4.35 03591 4.02 097 416 369 096 —
GS-SGQ 16.42 4.23 52237 24.71 9.04 18514.06 43.44 4.02 0.3600 435 094 4.63 361 097 —
GS-WE  16.44 4.00 362.68 24.78 8.48 16 835.17 43.42 4.09 0.3590 427 1.00 427 379 098 —
GS-WCG  16.01 4.27 245.00 24.50 7.37 19548.69 43.39 3.03 0.3630 577 1.15 5.01 417 099 —
GS-BJG  16.01 3.63 214.83 24.52 7.34 15628.75 43.43 2.88 0.3627 6.07 1.16 525 419 099 —
GS-JGS  16.00 3.58 103.82 24.29 6.55 19907.80 43.40 1.34 03661 13.04 130 10.07 454 099 —

B3I 1) 0 EL AT IR S A X BRI, a0 A I UL TS Ak
PR T 20°BFFT 1 y U, 3 U PR HRESS # v i 1 R
F, A 7 A 4570 XRD 3% & rb g e ST g Ik
SR (100) W 7E 44° 4 47, HAERY 385 19 D-JGS., D-
BJG 5 D-WCG 119 (100 ) W58 B 55K, 3= B = M By
O A D R0 Y55 R R ARRE . KB dop,
AAE 035 nm 47, L, F1 L, ¥/, 43 5IFE 5 nm
A2 nm DL, L/L, 53 A6 TE 0.66 ~ 2.81, 2R Y )2
B Ny BUETE 6 ZoA7, (35 F 8 22 53R, BB FAIK
() D-WW A 0.25, B =5 1) D-JGS Al3A 0.88.
A, (002) W] 4575, 78 26.5° 4547, A WS
XIRRIE, v WETE R, (100) W6 25H8, 7 42.5°/Fir 3L
11 1) FWHM,, Fl FWHM,, 5 300N, 20 9043 A5
TE 0.19° ~ 0.80°F1 0.17° ~ 0.91°, 136 W 7 A& Ak &b BHARE
T A AR, B9 T 5 R A, A B E
HR LA ZE G PRLITE [ MEHES G5, T A B BT
394

FKITE dy, W29/ (F/NT 0.340m), L,. L, DL K&
Ny W 3G K, L 48 T 15 nm, fe = 1Y G-IGS
KF T 102.45 nm, L 3B 10 nm, N, 53] T 30
EUA L, f i@l G-JGS 1 134.73 )2, WA BE A
Ak ¥ AT 0.7, B BY & & 1) JGS. BIG Al
WCG X 7 8 6 A1 55 1) A As b BE 348 3 0.8, i
G-JGS B AR AL 0.99, J& T b I 77 58
I B AL, 12 BRI B, A SR
5 (002) W B A2 8%, N T 24.5°% 47, y W H B B,
FLBEE SR 30, y Wi B K A 2R, AR
BB AE 19.5°75 47, JCHRIE B B AE 16°F0T, 35 B B34
KT 0.85(H 1 GS-JGS. GS-BIG Fll GS-WCG #JH
0.99), HBEREBT P3G K . A 85475 1) FWHM,q
I EIGR, F30(002) AR N TG . R AR
(1) (100) W 7E 43.5°BFT, 165 LI I A7 SR R AR 8
FHEK, FWHM, o 7 1.34° ~ 4.63°, BF I B 19 /02
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Fig.3 Relationship between reflectance and XRD parameters
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Fig.4 Raman spectra of demineralized coal, coal-based graphite, and coal-based graphene
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Table 3 Raman fitting structural parameters
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Fig.5 Relationship between Raman structural parameters and reflectance
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Fig.6 AFM images of coal-based graphene from Ningxia coals
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