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Abstract: Nickel-rich layered oxide cathode material, Li-Ni,Mn,Co,_.,0, (x=0.8), has a specific capacity as high
as 220 mAh-g™" (x=0.83, 0.1C, 1C=180 mA -g") when being charged to 4.5 V  (vs Li/Li%), thus it is a very attractive
material for the development of high energy density lithium ion batteries. In this work, we have regulated the
composition and structure of the cathodeelectrolyte interface (CEI)film on the surface of a nickel-rich layered oxide
cathode material (LiNigg;MngesCog120,) by adding tris (trimethylsilane) phosphite (TMSP) in the electrolyte and
investigated how the additive affect the electrochemical performance of the Li || LiNiggMngesCog 1,0, cell. The TMSP
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additive helps producing a CEI layer on the surface of the LiNiggMnggsCoy1,0, cathode material by electrochemical
characterization methods, theoretical calculation, scanning electron microscopy (SEM), transmission electron
microscopy (TEM), X-ray photoelectron spectroscopy (XPS), and X-ray diffraction (XRD). The CEI layer wasfound
to be thin and uniformly distributed on the cathode surface even after 150 cycles at 1C between 2.8 to 4.5 V (vs
Li/Li*), and it was rich in Li,COs and Si-O-C, but limited in electrolyte decomposition products, i.e. ROCO,Li and
LiF. The CEI layer effectively reduced the polarization of the Li || LiNiggsMnggsCoo1,0, cell during cycling which
could be due to uniform lithium diffusion that enabled by the uniform CEI thickness, and it was also able to protect
the cathode material from structure damaging by suppressing the dissolution of transitional metal ions, resulting

in improved high voltage (4.5 V vs Li/Li*) cycling performance and rate capability of the Li || LiNiggMngesCog 20,

cells.

Keywords: nickel-rich layered oxide; tris(trimethylsilane) phosphite; lithium ion battery; high energy density
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1 () ERIE AR LNMCS11 fAE & XRD &, (b) LNMCS11 # BB K SEM 8] () EDS eI R EILR T EFE L,
(d) LNMC811 HUB G 12 XRD; (e) LNMC811 HLA% 9 SEM &l (f) LNMCS11 #4 LRy (414 1CP I i 25 24
Fig.1 Observed and calculated XRD profiles of the LNMC811 powder (a) , SEM image (b) and EDS data (c) of the LNMC811
powder; (d) Observed and calculated XRD profiles of the LNMC811 electrode; () SEM images of the pressed LNMC811
electrode;(f) ICP measurement of the LNMC811 cathode material
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Fig.2 (a) Calculated HOMO and LUMO energy of EC, EMC and TMSP molecules (a); (b) CVs of Li || LNMC811 cells in blank
electrolyte and 1%(w/w) TMSP added electrolyte; (c) EIS results of Li || LNMC811 cells after CV cycling in blank
electrolyte and 19%(w/w) TMSP added electrolyte; (d) Combination energy of Li* and solvents; (e) Enlarge of part of the
CV cycling result in (b); (f) LSV curves of Li || Au cells in blank electrolyte and 1%(w/w) TMSP added electrolyte
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Fig.3 SEM image of (a) fresh LNMC811 cathode; SEM images of LNMC811 cathode from Li || LNMC811 cell after charging
to 4.5V (b) and 150 cycles (c) in the baseline electrolyte; TEM images of LNMC811 cathode after 150 cycles in the
baseline electrolyte (d) and the fresh LNMC811cathode (e) ; SEM images of LNMC811 cathode after charge to 4.5 V
(f) and 150 cycles (g) in 19%(w/w) TMSP-containing electrolyte; (h) TEM image of the LNMC811 cathode after 150

cycles in 19%(w/w) TMSP-containing electrolyte
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Fig.4 (a) Cycle performance of Li || LNMC811 cells in electrolytes with different amounts of TMSP at C/3 rate; Charging and
discharging curve of Li || LNMC811 cells in electrolytes without TMSP (b) and with 1%(w/w) TMSP (c) ;(d) Cycle
performance of the Li || LNMC811 cells in electrolytes with different amounts of TMSP at 1C rate; (e) Rate capability
of Li || LNMCS8I11 cells without TMSP, and with 1%(w/w) TMSP or 2%(w/w) TMSP; (f) Cycle performance of Li || Li

symmetric cells in various electrolytes
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Fig.5 XRD patterns of LNMC811 electrodes of the fresh and disassembled from fully discharged Li || LNMCS811 cells after
150 cycles at 1C in baseline and 1%(w/w) TMSP-containing electrolytes, insert is the enlargement of selected peaks
inframe (a); XRD rietveld refinements of LNMC811 electrodes after 150 cycles at 1C in baseline (b) and 1% (w/w)
TMSP-containing electrolytes (c)
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Fig.6  XPS spectra and calculated element ratio on the surface (a); XPS fine spectra of the LNMC811 cathode of Cls (b), Ols (c),
Fls (d) and Si2p (e) after being cycled in the baseline and 1%(w/w) TMSP-containing electrolytes; (f) XPS fine spectra of

Ni2p on the Li metal anode surface after being cycled in the baseline and 1%(w/w) TMSP-containing electrolytes
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