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Abstract: Sodium-ion batteries (SIBs) have attracted significant attention as energy storage devices, while the anode material, which
represents a crucial component of SIBs, has emerged as a central point of investigation in related research. The low-ash coal tar pitch, a by-
product of the coal chemical industry, as a raw material for further research. The preparation of pitch based hard-soft carbon composite
material was achieved by mixing the coal tar pitch directly with phenolic resin and subjecting it to a high-temperature carbonization
process. The resulting materials were successfully applied to SIBs. The results of the SEM, TEM, XRD, Raman, XPS and FTIR tests
demonstrate that phenolic resin have the ability to effectively inhibit the excessive graphitization of pitch during high temperatures.
Furthermore, pitch can also repair irreversible defects created by phenolic resin during the carbonization process. Meanwhile, the cross-

linking can occur between pitch and phenolic resin during the carbonization process. This phenomenon is conducive to the formation of
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pseudo-graphite structure in the composite materials, which results in the creation of additional adsorption and intercalation sites. As the
mass ratio of pitch to phenolic resin increased gradually, the pseudo-graphitic structure content of the composites displayed an upward
trajectory, followed by a decline. The composite material, comprising a mass ratio of 1 : 4 (LF-1 : 4) , exhibited the highest pseudo-
graphite structure content, at 32.88%. This was superior to the 21.28% observed in the material produced by direct heating of pure pitch

(LQ) and the 27.08% observed in the material produced by direct carbonization of pure phenolic resin (FQ ) . The electrochemical
tests, including constant-current charge/discharge and cyclic voltammetry, have demonstrated that the composite material of coal tar pitch
and phenolic resin exhibited superior sodium storage performance. The hard-soft carbon composite material had an initial coulombic
efficiency of 80.87% and a reversible capacity of 249.10 mAh/g with a pitch to phenolic resin ratio of 1 : 4 (LF-1:4) , which had a
significant advantage over the material obtained by direct carbonization of pure coal tar pitch (LQ) , which was 48.39% and 90.39

mAh/g, and pure phenolic resin (FQ) of 73.46% and 230.48 mAh/g. In contrast, the full cell prepared using LF-1 : 4 displayed a

reversible capacity of 251.37 mAh/g, with an energy density of 214 Wh/kg.

Key words: coal tar pitch; phenolic resin; negative electrode material; sodium ion battery; electrochemical performance
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Fig. 2 Surface chemical state of different samples
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Table2 The microcrystal parameters of different samples

o dgoo/nm Ip/Ig
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Table 3 Electrochemical parameters of different samples

Tl HL L7/ FoH LA

i N . AR 1%
(mAh-g) (mAh-g )

LQ 186.78 90.39 48.39

FQ 313.77 230.48 73.46
LF-1:1 293.74 223.82 76.20
LF-1:2 301.03 235.25 78.15
LF-1:3 301.15 239.52 79.54
LF-1:4 308.04 249.10 80.87
LF-1:5 296.92 224.79 75.71
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