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Abstract : Transition metal chalcogenides have garnered significant attention as anode materials for sodium-ion batteries due to
their high theoretical capacity. Nevertheless, their practical application is impeded by their limited lifespan resulting from
substantial volume expansion during cycling and their low electrical conductivity. To tackle these issues, this study devised a
solution by synthesizing a nanostructured anode material composed of porous CNT (carbon nanotube) spheres and (Ni,Co)Se;,
nanocrystals. By employing spray pyrolysis and subsequent heat treatments, a porous-structured (Ni,Co)Se,-CNT composite
microsphere was successfully synthesized, and its electrochemical properties as an anode for sodium-ion batteries were evaluated.
The synthesized (Ni,Co)Se,-CNT microsphere possesses a porous structure due to the nanovoids that formed as a result of the
decomposition of the polystyrene (PS) nanobeads during spray pyrolysis. This porous structure can effectively accommodate the
volume expansion that occurs during repeated cycling, while the CNT scaffold enhances electronic conductivity. Consequently,
the (Ni,C0)Se,-CNT anode exhibited an initial discharge capacity of 698 mA h g”! and maintained a high discharge capacity of
400 mA h g after 100 cycles at a current density of 0.2 A g™,
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249 (Ni,Co)Se,-CNT  microsphere ARl EFEIHS]
AT & AAY 8= ol HEHUT F2A WHe &
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(CeHsCH=CH,, Sigma-Aldrich, 99.0%), 0.93 g2] 4-styrenesulfonic
acid sodium salt hydrate(H,C=CHCsH4SO;Na-xH,0, Sigma-
Aldrich, 99.0%), 123 0.05 g9 sodium bicarbonate(NaHCO:;,
Samchun, 99.0%)2 3713 F N, gas 22171, 70 °ColA] 1Ak
S wRE U o]F 0.05g9] potassium persulfate(K»S:0s,
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70°CoIA] 18417H5St Wiksto] ZHaIA00, TAE PS Lk
W= BF 47 A7)k oF S0 nm3c. $RARE FHE 9
S BXQoRo |19 Z&Z4o0] 0.005M =%9 Ni nitrate
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Scheme 1. Schematic illustration of formation mechanism for porous (Ni,Co)Se,-CNT composite microsphere.
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Figure 1. Morphological characteristics of p-(Ni,Co)O-CNT
microspheres: (a)-(b) SEM images, (c¢) TEM image, and
(d) SAED pattern.

Figure 2. Morphological characteristics of p-(Ni,Co)-CNT
microspheres: (a)-(b) SEM images, (c) TEM image, and
(d) SAED pattern.
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Figure 3. Morphological characteristics of p-(Ni,Co)Se,-CNT
microspheres: (a)-(b) SEM images, (c) TEM image, and
(d) mapping images. (¢) X-ray diffraction pattern of
p-(Ni,Co)Se,-CNT.
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Figure 4. (a)-(b) SEM images, (¢) X-ray diffraction pattern of

d-(Ni,Co)Se;, mircospheres.
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Figure 5. Electrochemical performance of the p-(Ni,C0)Se,-CNT and d-(Ni,Co)Se; anodes for SIBs: (a) discharge-charge curves and (b) cycle

performances at a current density of 0.2 A g™,
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