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Comparison of Electrochemical Performance of Lithium Ion
Batteries Fabricated by Silica Nanoparticles with Different Surface
Structure
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Abstract A silicon anode material for a lithium ion battery (LIB) has a very large theoretical capacity of
4,200 mA h/g, but the volume expansion during the charge/discharge process also exhibits a large rate
of 400%. The large volume expansion rate of silicon limits its application as an LIB anode material. To
solve this problem, various studies are being conducted. In this study, spherical silica nanoparticles with
different surface structures were synthesized by using the Stdber method (solid silica) and a
microemulsion method (mesoporous silica). The surface morphology of the synthesized silica
nanoparticles was analyzed using a field emission scanning electron microscope. The bonding properties
of silica nanoparticles are characterized by using FT-IR spectroscopy. CR2032 LIB coin cells were
fabricated with anode material of silica nanoparticles. Electrochemical performance of the coin cells was
evaluated for various conditions. As a result, mesoporous silica nanoparticles exhibit more stable
coulombic efficiency and higher capacity at a high current density of 1,000 mA/g in a charge/discharge
test. This is attributed to the large specific surface area of mesoporous silica nanoparticles.
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5171 918t A2k TEOS (SiCsHz004 95%, Samchun),
ammonium hydroxide solution (NH4OH, 28%,
Sigma-Aldrich), ethyl alcohol (C;HsOH, 99.9%,
Samchun), urea (CHAN:O, 98%, Daejung), 1-Butanol

(C4H100,  99%, Samchun), cetylpyridinium
bromide hydrate (CPB, 98%, Sigma-Aldrich),
hydrochloric acid (HCl, 35~37%, Samchun),

cyclohexane (CgHiz, 99%, Samchun)& AR5t
&7 e A7 e YAE Stober TAHCE A

t}. ethanol 43.2 g, D.I water 13.89 mLE &35t &
1022t wHkg ohZ, A1 TECS 2.72 g& ¥l &

g FAoA 587t F7FE wEFeE 2o ammonium
hydroxide solution 1.38 g& H7}5I¥ 1, 6AIZF <t
Ao WS Agsiict. EE &9l Art U
LAE 12,000 rpml & YARIFUL, £5H ot
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HHFA FHATE Fig. 20] YET &= e
7F Ve QiAte] 49 o] wiEet A 7HA I gle
&S sl gl FH) BaEQl 371= 9F 200 nm
Tk whHo] WixxeA Ayt Yedihs Ha F#
2 F5o| vnd FdaHA FAE] Aon, HiF
Ql Z7]= 9F 100 nm A=t

FAE YAt ezt etz 2 A= NE
A& golslr] 9sto] FT-IR B33t BAS AA|sHo]
Fig. 3o Uehfoict. &= A7t yegdzhes o
455, 802, 965, 1075 & 3314 cm™' oA A=< A
27F YieQlzte] 54 mart, vxzaas A v
UAH= o} 448, 802, 934, 1083 @ 3342 cm™' oA
APl A7t Y QJAte] m35o] #EEo] Azt

WA 7E Ao HENES & o AUTHI5)

= 200 nm

X200000

— 200‘nm‘ =

X200000

: =5 N
& X200000 m— 200 nm X200000 200 nm

Fig. 1. FE-SEM images of (a), (b) solid silica nanoparticles
(NPs)(Stober method) and (c), (d) mesoporous
silica NPs(microemulsion method) with various
synthesis conditions

X150000

X200000

Fig. 2. FE-SEM images of (a), (b) solid silica NPs and
(o), (d) mesoporous silica NPs with best
synthesis conditions
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Fig. 3. FT-IR analysis results of solid silica NPs(black
line) and mesoporous silica NPs(red line)
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o} 70 ¥ 134 #olE(cycle)olA Y A7 852 &EjE
Ag7H= 101 mAh/g, 102 mAh/gP & A== ¥,
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|9 Aol= 5%¥ & K6kt Fig. 4 (¢, D= AR
UrE HIKZ|HA SH/04 B4 B7IRE C-rate
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= AY %tk Fig. 4 (e)= A7t h=dAY 9+
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Fig. 6. Cyclic voltammetry results of (a) solid silica
NPs, (b) mesoporous silica NPs using scan
rate of 0.1 mV/s. Voltage profiles of (c) solid
silica NPs, and (d) mesoporous silica NPs
using 100 mA/g current density
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