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Synthesis and Properties of LiFePO,LiNi,sCo0,5Al,0:0, Composite
Cathode Material Modificated by Graphene for Lithium Ion Battery
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Abstract: The LiFePO,-Graphene/LiNiggCoy;5Algps0, composite for lithium ion batteries has been prepared by a
two-step dry-mixing and ball-milling procedure to achieve high capacity and high security of LiNiggCoq5Alye505.
The crystalline structure, morphology and electrochemical performance were systematically characterized by X-ray
diffraction  (XRD), scanning electron microscopy (SEM), transmission electron microscope (TEM), X-ray
photoelectronic spectroscopy  (XPS) and electrochemical tests. With the addition of graphene, the LiFePO,
nanoparticles can cover the surface of LiNiggCoy;sAlyes0, tightly, further protecting LiNiggCoqsAlys0, from the side
reaction with electrolyte, increasing the utilization of active materials and enhancing the cycling performance. The
conductive networks consisted of LiNiygCop sAlys0,, LiFePO, and graphene can facilitate electron infiltration and
transport, thus improving the rate performance. The LiFePO,-Graphene/LiNiggCoqsAly0s0, composite with 20% (w/
w) LiFePO, content exhibits a reversible capacitance up to 202.5 mAh-g™" at 0.1C, good rate capability with
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160.5 mAh-g™ at 3C, and an excellent long-term cycling stability with 91.9% capacity retention after 100 cycles
at 50 °C, which is much better than 72.9% of the pristine LiNiggCogsAlyps0, and 82.0% of the LiFePO,/

LiNiOAgCOQ 15A1()(0502 COmpOSite .

Keywords: lithium ion battery; LiNigCoq5Alo0s0,; LiFePO,; graphene
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Fig.1 XRD patterns of NCA, LFP and LFP-GR/NCA-20/80
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Fig.2 SEM images of (a) NCA, (b) LFP, (c) LFP/NCA-20/80 and (d) LFP-GR/NCA-20/80; TEM images of (¢) LFP/NCA-20/80
and (f) LFP-GR/NCA-20/80; HRTEM images of LFP for (g) LFP/NCA-20/80 and (h) LFP-GR/NCA-20/80
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Fig.3 SEM-mapping of LFP-GR/NCA-20/80
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Fig.4 SEM images of (a) NCA, (b) LFP/NCA-20/80 and (c) LFP-GR/NCA-20/80 cathodes after rolling
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Fig.5

(a) Initial charge and discharge profiles and (b) initial CV curves of the pristine NCA, LFP/NCA-20/80 and

LFP-GR/NCA-20/80 cathodes; (c) Initial charge and discharge profiles and (d) initial CV curves of the pristine

NCA and GR/NCA cathodes
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Fig.6  Cycling performance of NCA, LFP/NCA composites and LFP-GR/NCA composites with different LFP

contents at (a) 25 and (b) 50 C
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Fig.8 Nyquist plots of NCA, LFP/NCA-20/80and LFP-GR/NCA-20/80 cathodes at different states of charge
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Fig.9 XPS of NCA and LFP-GR/NCA-20/80 cathodes after 100 cycles at 50 C
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