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Abstract A lithium secondary battery is the most promising candidate for future energy storage devices.
On the other hand, the battery capacity decreases gradually due to the small amount of water and
decomposition of the salts during the charging and discharging process, which deteriorates at high
temperatures. Many researchers focused on increasing the cycling performance, but there have been few
studies on the fundamental problem that removes water and HF molecules. In this study, silane molecules
that are capable of absorbing water and HF molecules are introduced to the separator. Firstly,
silica-coated amino-silane (APTES, 3-aminopropyltriethoxysilane) was synthesized, then the silica
reacted with epoxy-silane, GPTMS ((3-glycidyloxypropyDtrimethoxysilane). A ceramic-coated separator
was fabricated using the silane-coated silica, which is coated on porous polyethylene substrates. FT-IR
spectroscopy and TEM analysis were performed to examine the chemical composition and the shape of
the silane-coated silica. SEM was performed to confirm the ceramic layers. LMO half cells were
fabricated to evaluate the cycling performance at 60 €. The cells equipped with a GPTMS-silica
separator showed stable cycling performance, suggesting that it would be a solution for improving the

cycling performance of the Li-ion batteries at high temperatures.
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Fig. 1. Scheme for surface modification of silica

olF Axs] Hlsll, A HARE ofm]|=AIHAPTES,
3-Aminopropyltriethoxysilane)@ TEOS(Tetraethyl
orthosilicate), CTAB(Cetyltrimethylammonium Bromide)
= o]&sto] ®HO olvlZ|7F Eld AY7kE AR5
t}. o]E 9J8) 2 g9 TEOS, 0.43 g2] APTES, 0.204 g
9] CTABZ 140 ml =°f =<1 % 25 % ammonia 0.5
mlE Y1 4 AZF ¥R8S AAISH ¥hgo] B &
CentrifugeE &3l #H olWI717t =€ AH7ME
55t Al st S 7171 Aej7hg Alxst
7] el A7t £HY ofglat gkSo] 7Rs3t o EA| A
(GPTMS, (3-GlycidyloxypropyDtrimethoxysilane)
= ol-&st3ith. ol& s 51 At 4:1v1&
9] NMP/DMF &&-&do] 42 & 0.6 g° GPTMSE
a1 120 T 6 ARFEE 982 AAISHT mRREte &2
g 5otk

i O
\EE‘_E

centrifugeE 59 AME



e Aol Aol 945 4 olakax Reje

——Si02 ([ Synthesized )
——APTMS_Si02
——GPTMS _Si02
——GPTMS solution

C=0 in amide

Absorbance(%)

4000 3600 3200 2800 2400 2000 1600 1200 800
Wavelength(nm)

Fig. 2. FT-IR spectroscopy of SiOz, APTMS-SiO2,
GPTMS-SiO;, and GPTMS solution, respectively.
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Fig. 3. Analysis of Transmission electron micrograph
(a) APTMS-modified silica (b) GPTMS-modified silica
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Fig. 5. TEM images of GPTMS-silica coated separator
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Fig. 6. Cycling performance of the LMO half cell
with GPTMS-silica coated separator at
high temperature(60 T)
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