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Effect of additives on microstructure of coal-based graphite

YU Zhaoyi', XIE Weining®, QIU Tian’, LU Qichang', JIANG Haidi', HE Yaqun'
(1.School of Chemical Engineering, China University of Mining and Technology, Xuzhou 221116, China; 2. Advanced Analysis & Compuration Center,
China University of Mining and Technology, Xuzhou 221116, China)
Abstract: The Taixi anthracite was used as the raw materials, and mixed with different masses of additives, namely silicon oxide, titanium
oxide, and iron oxide, to prepare the coal-based graphite by high temperature graphitization. The microstructure of coal-based graphite was
characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM), laser confocal Raman spectroscopy (Raman) and Specif-
ic surface area and porosity analyzer.The results show that the graphitization degree of the coal-based graphite can reach over 89% after
high temperature heat treatment at 2 800 °C, which significantly improves the microcrystalline structure of anthracite and achieves or-
derly rearrangement of sp’ hybrid carbon atoms in the coal. Under the same additive mixing level, the graphitization degree and stacking
height of coal-based graphite with titanium dioxide as additive are relatively high, the difference between the layer spacing and the ideal
graphite layer spacing is the smallest, and the degree of ordering of carbon materials is the highest. The Raman spectroscopy results
showed that the order degree of coal -based graphite prepared under different additives was significantly different, and the order degree of
TXSC3, TXTC2 and TXIC3 coal-based graphite was the highest among the additives. Under the electron microscope, it is found that un-
der the conditions of three additives, the scales, spherical and two shapes of coal-based graphite can be prepared separately. It can be seen
from the specific surface area and pore size distribution data of coal-based graphite that they have similar low-temperature nitrogen adsorp-
tion-desorption isotherms.
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Table 1 Proximate and ultimate analyses of
Taixi anthracite

Tk s /% JLER /%
Vad Ad Vdnf Cdaf Hdnf Odaf Ndaf Sdaf

3=
A

JFBE 107 281 7.86 87.04 3.11 859 062 0.64
WREE 118 206 9.03 86.84 3.17 887 049 0.63

Wy o He A B Al A KRR A B 7 25 R 1 R
S IEREDEA T R A A FRU> 1 AR AR B AR
B RERE R R 200 H LA T R FREL 100 g 5 50 g &
FALENIR G5, 16 150 °C FHEE 10 h, Z e FHEE
TS E R (LGRS RN, R ETES T
PRAANOREE 120 °C, BFE D 12 h, BT, T
Je BIBEREI AT 0 00 10% RYERIRIE TR, IF & T
60°C K IA I FE RN 2 h, FhIEVER B, 45
250 e BRI ARG 0 ARERE ot o 2B AR it 1 Tl
SIMTRTCE TR WL 1. i BORAN S, K5
WA IR (2.81% ) [51] 2.06%, K53 5% N 26.7%,
YT ) Jo A 2] — e JBE R A8 o B KT e A P i T
RO o BN, Ul B RERE i i o3 2L
FHURIEAFAE . HeAh, 2B ms i ik Ak B I IR ARE 1)
YRR Ay HE ML 15%, 2% B I A B IR T 34 o0 B ok
IR P25, 7=t — 28/ Ny T3
1.3 BiREEEHSERRE

JI B A B S R VG JC AR 5 A AR L Ak
BRI ACERIR A, 4k mT LA 2] — R BN 38 5
B A 0 TCHREERE S K R A W 43 AR e oA TXS,
TXT 1 TXI, &5 1-6 fRFRHMECLL (R 2) . ¥ Lk
FE BT A SR A SR A S, D
10 °C/min A9 FHIR HORFHE 2 2 800 °C, FR T[]
3h, AR B E IR (LU 2l SRR ) R
R SR P BRI A B i, R R SR UIE A TX-
SC1 ~ TXSC6, TXTC1 ~ TXTC5, TXIC1 ~ TXIC6({F:

*2 AREHRMFSHKEFRREEL
Table 2 Mixed ratios between different addition agents
with demineralized coal

R bR A 2H A R TR BL L
TXSI JBEIRMERE + — 4Rk 9:1
TXS2 JBEIRKERE -+ — 4 ALRE 8:2
TXS3 BEICHRE AR bRk 7:3
TXS4 JEIRISRE © AR AR 6:4
TXS5 JBEIRKERE = — 4 ALRE 5:5
TXS6 JBEIRAERE + SRk 4:6
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Fig.1 XRD patterns of different coal-based graphites treated by

various additives
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Table 3 Microcrystalline structure parameters of different

coal-based graphites treated by various additives

5 200,/ C dy/nm L/nm L/nm G/l%

TXSC1 26.502 0.33632 22.33 34.70 92.33
TXSC2 26.503 0.33631 25.09 32.40 92.56
TXSC3 26.522 0.336 07 28.16 38.09 95.23
TXSC4 26.524 0.336 04 32.19 33.13 95.58
TXSC5 26.549 033573 32.81 42.11 99.19
TXSC6 26.551 0.33571 36.78 41.92 99.42
TXTCl 26.568 0.33550 37.59 31.83 98.84
TXTC2 26.575 0.33541 46.88 31.89 99.88
TXTC3 26.550 033572 60.51 50.47 96.28
TXTC4 26.568 0.33550 68.81 44.70 98.84
TXTCS 26.570 0.33547 69.37 128.84 99.19
TXICI 26.502 0.33632 30.04 29.97 89.30
TXIC2 26.503 0.336 31 25.85 29.71 89.42
TXIC3 26.502 0.33632 26.83 34.85 89.30
TXIC4 26.559 0.33561 28.82 37.85 97.56
TXICS 26.542 0.33582 34.26 44.80 95.12
TXIC6 26.558 0.33562 33.86 41.81 97.44

K, Z AR dy, M B 0.336 32 nm % # [ K &
0.33571 nm, f1884LFEH 92.33% $25 & 99.42%. i
TSI AR R e R A S Al R P B K TE
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SR AT, B A 28 2 I HERD W A T Ak, B
BHLAL R SRR B B A BB T o T TXTC
I TXIC RYVEIA BN, S I 28— (E,
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Fig.2 Raman spectrum of different coal-based graphites treated

by various additives
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Fig.4 Low-temperature nitrogen adsorption-desorption iso-

therms and pore size distribution of different

coal-based graphites
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Table 4 Specific surface area and total pore volume of

different coal-based graphites

SRR HERmH/ (m?g ™) MALAER (em® g ™)

TXSC1 09193 0.002 572
TXSC2 4.1712 0.009 728
TXSC3 6.1909 0.013 652
TXSC4 5.7675 0.012 41

TXSCS 4.5787 0.009 602
TXSC6 1.5956 0.003 966
TXIC1 0.5027 0.001 044
TXIC2 0.750 8 0.002 065
TXIC3 0.7754 0.003 039
TXIC4 1.5145 0.003 481
TXICS 1.4308 0.004 281
TXIC6 0.1135 0.001 769
TXTC1 0.5079 0.001 06
TXTC2 0.8643 0.000 27
TXTC3 0.3069 0.000 691
TXTC4 0.016 8 0.000 575
TXTC5 0.2482 0.000481
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