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Construction of NiCo,S,/MXene/ nitrogen-doped carbon hollow microspheres
and their application as negative electrodes for sodium ion batteries
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Abstract : [Objective] In response to growing energy crises and environmental challenges, the demand for clean energy solution is
rising. Sodium resources, with their low cost and abundance, offer significant advantages. Sodium-ion batteries (SIBs) have gradually
become the most promising alternative to lithium-ion batteries for large-scale energy storage systems. As a typical bimetallic sulfide,
NiCo; S; has a high theoretical specific capacity and exhibits superior sodium storage performance. However, in the practical
application of SIBs,NiCo, S, electrodes still suffer from slow kinetics and insufficient cycling stability, making it important to optimize
the NiCo,S, electrode material. [ Methods] In this study, NiCo,S, /MXene/ nitrogen-doped carbon (NiCo,S; /MX/NC) hollow microspheres

were constructed layer-by-layer by utilizing dual templates of polyethylene (PS) microspheres and metal-organic skeleton ZIF-67.
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Firstly, MX nanosheets were wrapped on the surface of PS spheres by room temperature stirring, followed by the layer-by-layer
growth of NiCo-layered double hydroxide (LDH) on the surface of the MX/PS spheres by introducing ZIF-67 and Ni*". Finally,
NiCo, S, was generated on the surface of the ZIF-67/MX/PS spheres, and the PS template was removed under high-temperature
annealing conditions, yielding NiCo,S,/MX/NC hollow microspheres. Ultimately, the electrochemical performance of SIBs was
investigated using NiCo, S, /MX/NC as the anode material. [ Results] In terms of structures, NiCo, S, /MX/NC has a unique hollow
spherical structure with excellent conductive MX nanosheets on the inner surface of spheres and high capacity NiCo,S, uniformly
attached on the outer surface of spheres. In terms of electrochemical properties, NiCo, S, /MX/NC has excellent charge storage ability
in SIBs.achieving a high specific capacity of charging (780 mAh/g at 0. 2 A/g). The Coulombic efficiency of the first cycle reached
86. 4% ,and the material exhibited excellent cycling stability, with a low capacity decay rate of about 0. 003 4% per cycle over 4 000
cycles at 10 A/g,and maintaining approximately 100% Coulombic efficiency throughout the cycles. By testing the first three cyclic
voltammetry (CV) cycles of NiCo, S, /MX/NC,the CV curves almost overlapped from the 2nd cycle,indicating high reversibility and
stability of the redox reactions during repeated charging and discharging cycles. 200 cycles were performed on the NiCo, S, /MX/NC
electrode at 0. 2 A/g,and the curves were compared when the cycles were carried out up to 50, 100, and 200 cycles. The similar
curves under different cycles also indicated the stability of the composite material. Using the electrochemical impedance spectroscopy
(EIS) , the internal resistance (R,) and charge transfer resistance (R..) of the NiCo,S,/MX/NC electrode were measured as 3. 88 and
2. 06 Q, respectively, indicating small charge transfer resistance favorable for efficient charge transfer. The diffusion coefficient of
Na' was calculated to be 4. 91X10!° em? /s, indicating that the NiCo, S, /MX/NC electrode had a better ion diffusion and migration
kinetics. In addition, kinetic analysis showed that the NiCo; S, /MX/NC electrode had mixed charge storage behavior, with the fitted
slope () values close to 1,implying that the pseudocapacitance process controlled by surface adsorption played a dominant role. The
pseudocapacitance contribution increased from 70% at 0. 2 mV/s to 83% at 1. 0 mV/s, suggesting rapid absorption and release of
Na™ at high scan rates with excellent multiplicative capacity. [ Conclusion] The NiCo; S, /MX/NC hollow microspheres were prepared
based on the PS and ZIF-67 dual templates,and the composite negative electrodes showed excellent performance in SIBs due to the
synergistic effect of their components. The introduction of MX and NC significantly improved the electrical conductivity of the
composite electrode, while the construction of the hollow spherical structure effectively enhanced the stability of the composite
electrode, strengthened its high-current withstanding capacity, and increased the specific surface area of NiCo,S,/MX/NC. Such
structure facilitated full contact between the electrode and electrolyte, shortening the diffusion path of Na® and preventing the
structural collapse of NiCo, S, during the cycling process. This study presents a novel NiCo,S,-based composite material, constructed
by simple room-temperature stirring and high-temperature annealing, providing a practical and effective method for designing high-
performance anode materials for SIBs. It also offers a new perspective for improving the sodium storage performance of metal

sulfides.
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