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Abstract : The rising demand for lithium-ion batteries has emphasized the critical need for elec-
trode materials that combine both high capacity and superior high-rate performance. While
graphite anodes, widely utilized today, offer structural stability and excellent electrical conduc-
tivity, they are hindered by low theoretical capacity and performance degradation during rapid
charge/discharge cycles. To overcome these limitations, this study focuses on enhancing the
electrochemical properties of graphite by optimizing the synthesis conditions for decorating
MoSe, nanosheets onto the natural graphite (NG) surface via hydrothermal synthesis. The

*E-mail: shinhy@cnu.ac.kr (H. Shin),
hanayoon@kier.re.kr (H. Yoon)

-151 -



152 J. Korean Electrochem. Soc., Vol. 27, No. 4, 2024

MoSe,@NG composite anode developed in this study demonstrated a high capacity of approx-

imately 558 mAh g™' at a low current density of 35 mA g,
). Additionally, even after 100 cycles at a high current density of

over pristine NG (~376 mAh g

showing a remarkable 48% increase

1600 mA g', the MoSez@NG composite anode maintained a capacity of around 439 mAhg™,
nearly double that of pristine NG (~221 mAh g after 100 cycles). These findings highlight
the potential of the MoSe,@NG composite as a promising next-generation anode material for
advanced lithium-ion batteries, delivering both high capacity and excellent high-rate performance.
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Fig. 1. XRD patterns of Pristine-NG (P-NG) and MoSe,@NG synthesized at varying reaction times of 4, 8, 16, 24, and 30
hours: (a) full range and (b) magnified view of the 10—18 degree region.
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Fig. 2. SEM images of P-NG and MoSe, nanosheets-decorated NG composites synthesized at various reaction times: (a)
P-NG, (b) 4 hours, (c) 8 hours, (d) 16 hours, (e) 24 hours, and (f) 30 hours. SEM and SEM-EDS mapping images show the
elemental distribution of Mo, Se and C in the composites at different reaction times: (g) 4 hours and (h) 30 hours.
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Fig. 3. SEM images of MoSe,@NG composites synthesized at different reaction times, showing the clustered formation of
pristine-MoSe;, (P-MoSe;) nanosheets: (a) 24 hours and (b) 30 hours.

—
Q
N

100 "\

~~

é 97

o 80

1]

< 9%

&

§

% 95

(="

= 404

= " .

2 Wm0 @ pMoSe,
20+ MoSe,@NG_8 MoSe;@NG_30

MoSe,@NG_4 MoSe;@NG_24

0L ——PNG MoSe,@NG 16

100 200 300 400 500
Temperature (°C)

(b)

100 4

[ Mose, [MING
820% [ 324 % [l 542 % [l 3.0 % [ 394 %

80

60

91.80 % 91.76 % 91.58 %

91.40 %

91.06 %

Composite contents (%)

600 4 8 16 24 30

Reaction time (hr)

Fig. 4. (a) TGA curves of MoSe,@NG composites synthesized at various reaction times with a heating rate of 10 °C min™*
in air, and (b) the corresponding MoSe, and NG content in each composite.
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Fig. 5. Electrochemical performance of P-NG and MoSe,@NG composites synthesized at various reaction times. (a)
Initial galvanostatic charge/discharge curves at current density of 35 mA g'. (b) Specific capacity and coulombic
efficiency in the first cycles under current density of 35 mA g™'. (c) Rate performance comparison at different current densities
ranging from 200 to 1200 mA g™'. Cycling performance at current densities of (d) 200 mA g™ and (¢) 1600 mA g™', respectively.
(f) Nyquist plots obtained from EIS data of MoSe,@NG composites synthesized at different reaction times, measured

prior to cycling.
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Table 1. Nyquist plots fitting results from EIS data of and MoSe,@NG composites synthesized at various reaction times

Sample P-NG MoSe,@NG _4

MoSe;@NG_8

MoSe;@NG 16 MoSe;@NG 24 MoSe;@NG 30

Ret+ Ry 169 Q 169 Q 140 Q
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Yozl =7 7-43 NG B9 9o 4738 MoSe, Y
AES BRAQ p2A Eefd mE FriEQd &4
AP EZ} F7ge] whE Aoz FHE
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