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Study on sodium storage behavior of hard carbons derived from coal with
different grades of metamorphism
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Abstract: Coal has the advantages of high carbon content, developed aromatic structure and low cost. It is a high—
quality precursor for the preparation of hard carbon anode materials for sodium ion batteries. However, the
graphitization degree, carbon layer spacing, and chemical composition of the coal-based hard carbons are different
due to the complex structure and the presence of inorganic impurity in the various kinds of coal, which makes it
challenging to optimize the electrochemical performance of coal-based hard carbon anodes. Herein, four types of
coal with different grades of metamorphism are chosen to prepare a series of coal-based hard carbons by acid
elution of ash and high—temperature carbonization treatment. Furthermore, the effects of the metamorphic grade and
carbonization temperature on the microcrystalline structure and surface heteroatomic composition of coal-based
hard carbon were studied, and the corresponding sodium storage behaviors were investigated as well. Therein, the
hard carbon anode derived from lignite carbonized at 1400°C exhibits the optimum performance, a high capacity of
338.8 mA+h-g" is delivered at a current density of 0.02 A-g™'and a high initial Coulombic efficiency of 81.1% is

displayed. The excellent electrochemical performance can be attributed to the larger carbon layer spacing and rich
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reversible sodium storage defect sites, which provide more sites for embedding and adsorbing sodium storage.

Key words: electrochemistry; sodium—ion batteries; pyrolysis; hard carbon; preparation; lignite
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Table 1 Industrial analysis before and after deashing of different coals and elemental analysis results of coals after deashing

- S HE Tl 53 H7/9% (T ) BRI BE A 53 H1/ 9% (J57 1) JBEIRAETC 2R 53 H7/% (o1 1)
M, A, V. M, A, V. C N H S 0
TCHHHE(WYM) 0.11 10.37 10.23 1.50 1.00 9.70 88.91 0.42 4.04 0.66 5.97
HHARECYM) 2.32 3.78 30.72 3.20 0.41 28.01 76.01 0.83 4.62 0.60 17.90
U (CYM) 521 4.80 47.51 4.56 0.31 42.62 71.64 0.85 6.01 0.42 21.08
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Table 2 X-Ray fluorescence spectrum analysis results for
the raw coals and demineralized coals
JBEIRAE XRE 43 H7/9% (B k)
WYM YM CYM HM

JEHE XRF 43 H7/% (5 i)
WYM YM CYM HM

4.240 0.320 0.360 7.560
3.790 0.300 0.410 2.440
0410 1.210 0.785 0.779
0.520 2.690 2.150 0.973
0.360
0.033

0.180 0.093 0.000 0.011
0.680 0.130 0.000 0.096
0.040 0.166 0.561 0.221
0.060 0.050 0.110 0.010
0.000 0.000 0.240 0.000 0.000 0.000 0.000
Cr,0,
Na,O

CuO

0.024 0.000 0.033 0.004 0.000 0.000 0.000

0.110 0.000 0.000 0.280 0.000 0.000 0.000 0.000

0.009 0.000 0.011 0.013 0.001 0.000 0.000 0.006
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Fig.1 FT-IR spectra of the raw coals and demineralized coals
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Fig.2 TG analysis results of demineralized coals with different rank
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Fig.3 XRD patterns of the samples prepared at different carbonization temperatures

(a) WYM-based carbons; (b) YM—based carbons; (¢) CYM~-based carbons; (d) HM coal-based carbons
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Fig.4 Raman spectra of the samples prepared at different carbonization temperatures

(a) WYM~-based carbons; (b) YM-based carbons; (¢) CYM~-based carbons; (d) HM~based carbons
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Table 4 Elemental and XPS analysis results of YM and HM coal-based hard carbons
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