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Abstract

With the energy and environmental issues becoming increasingly serious,
Lithium-ion batteries (LIBs) are now widely used in portable electronic devices, hybrid
electric vehicles (HEVS), plug-in hybrid electric vehicles (PHEVS) and pure electric
vehicles (PEVs), etc.. The application of high-voltage cathode material like
LiMnysNigs04 (LNMO) with a 4.7 V voltage platform has been considered as an
effective way to increase energy density storage. However, LiMnj sNipsO4 suffers
from serious capacity fading in the long-cycle, which is resulted from the oxidative
decomposition of electrolyte solvent at high voltage and the “Mn dissolution” problem
that is detrimental to the cell performance.

The effect of the film-formation additive Tris(trimethylsilyl) phosphate(TMSP) on
the performance of LNMO is investigated in the first part of the paper. TMSP can
decompose in the charge process and form a rigid solid interface film on the surface of
LNMO which can prevent the further decomposition of the electrolyte. As indicated by
the LSV results, oxidative decomposition of TMSP can occur at 4.2 V prior to the
potential electrolyte decomposition. The surface film has been confirmed by SEM and
XPS analysis. Ther. t. capacity performance of LNMO/Li increased slightly. After
1wt% TMSP has been added to the electrolyte , the first discharge capacity of the
half-cell increases from 111.8 mAh g™ to 120 mAh g, and the effciency increasing
from 78.3% to 92.5% after 100 cycles at 55°C. EIS results show that the interface
impedance is lower in the 1wt% TMSP-containing electrolyte compared with the base
electrolyte, which is attributed to the less LiF residue in the interface of LNMO as
indicated by XPS results. It is clearly illustrated that TMSP can decompose prior to
the electrolyte solvent and form a solid and high performance interface compared to
the base elecdtrolyte. In addition, the amount of the metal for Mn element dissulution
has decreased from 65.3 ppm to 29.7 ppm, while for Ni element dissolution, the
amount reducing from 11.7 ppm to 4.7 ppm in the high temperature storage with 1wt%

TMSP. This phenomenon can be attributed to the fact that the interface film formed



by TMSP can prevent direct contact between the LNMO and electrolyte and mitigate
the corrosion of the cathode caused by HF.

The aluminum cobalt oxides coated LiNigsMn;s04 (LNMO) cathode materials
are synthesized via a wet-coating method. The surface coating of LNMO with cobalt
aluminum oxides (CoAl,O,) does not alter its spinel structure, but greatly affects its
thermostability properties. The CoAl,O, coating layer can effectively prevent the
LNMO from direct contact with electrolyte and corrosion caused by HF. 2%
CoAlL,0,@LNMO exhibits an excellent high temperature performance. The capacity
retention rate of the half-cell is raised from 83.8% to 92.4% by 2% CoAl,0, coating
at 55°C at 5C rate after 100 cycles. The rate performance has alsc been improved by
2% CoAl,0O,4 coating. As indicated by CV and EIS analyses , CoAl,O4 coating can
improve the reversibility of the electrochemical intercalation/deintercalation of the
material and slow down the increase in interface resistance. In addition, the
dissolution amounts of the Mn and Ni elements has also been decreased by certain
amount of CoAl,O4 coating. DSC/TG analysis has suggested that the exothermic peak
of the full-charge material has shifted to a higher level, with lower exothermic value,
which demonstrats higher stability.

keywords: LNMO; TMSP; additives; CoAl,O4; coating
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