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Abstract: The NiCo,S,@carbon nanotube (CNT) constructed flexible film(NiCo,S,@CNTF)electrodes was synthes-
ized by a new top-down route using dense and ultrathin carbon nanotube films (CNTF)from floating catalytic
chemical vapor deposition as a support. The synthesis included two-step acid treatment of a dense-packed CNTF
leading to a three-dimensionally porous conductive matrix, growth of uniformNiCo,(CO;),5(OH);precursor on each
CNT, followed by solution-based sulfidation. Meanwhile the two-step acid treatment transformed hydrophobic
CNTF to be highly hydrophilic, which made its interior to be highly ion-accessible and well-separation of
adjacent CNTs in a 3D space, thus assured high loadings. The products were characterized by X-ray diffraction,
scanning electron microscopy and other techniques. The results indicatedthat the optimal products were flexible
composite filmswith a 3D network structure constructed by NiCo,S, coated CNTs. The NiCo,S, nanoparticle
coating was rough with a thickness of ~70 nm, which is benefit for providing active sites for electrochemical
energy storage. The composite film electrode had a specific capacitance of 270.3 mF -cm™ at 0.5 mA -cm™, and

exhibited excellent cycling stability with 93% of initial capacitance even after 10 000 cycles at a high current
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density of 2.5 mA +em™ The coulombic efficiency kept at around 92% with fluctuations during the whole cycling.

Also, the composite film electrode kept good structure integrity after repeated large deformations. The relationship

been the specific nanostructure and electrochemical performance was discussed in detail, and involved

mechanism was also revealed.
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1 BRGUCRAE AL P AL TR AL Bl (e, e, @R (d, f, h)F FIE S A28 1k: (a) CNTF 05 2 A0 31 A 5 i 20ht B X 1
(b) 2 T I AR 9 B B RS (e, d) CNTF FR I 3R 5 (e, HWEIRAE A Y SEM E; (g, h)&K 1 SEM
Fig.1 Morphology and microstructure changes of CNTF (c, e, g) before and (d, f, h) after two-step acid treatment process:
(a) Digital photograph of a pristine CNTF before (the left half) and after (the right half) two-step acid treatment;
(b) Digital photograph after adding water to the surface; (c, d) Contacting angles recorded from the CNTF surface;
(e, f) Cross-section SEM images of the film; (g, h) Corresponding SEM images recorded from the surface

CNT networks Volumetric expansion Precursor coated CNTs NiCo,S,@CNTF
addition of groups

Two-step Growth of .
acid precursor
treatment

Kl 2 NiCo,S,@CNTF il £ i 2 /R 2%
Fig.2  Schematic illustration ofNiCo,S,@CNTF

Sulfidation
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Fig.3 XRD pattern of NiCo,S;@CNTF
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Fig.4 (a~c) SEM imageswith different magnifications of NiC0o,S;@CNTF and (d) SEM-mappings and

corresponding EDX data of different elements measured from a single NiCo,S, coated CNT
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Fig.5 (a) CV curves at various scan rates and (b) GCD curves at different current densities, (c) the relationship between

areal capacitance of electrode and current density of the NiCo,S,@CNTF composite electrode; (d) Digital photograph

of the composite electrode under bent, folded and crimped states
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Fig.6  Cycle performance of the NiCo,S,@CNTF electrode

measured at a current density of 2.5 mA-cm™
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