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Abstract: SiO4 nanoparticles were granulated, and their microstructures and effects on electrochemical behaviors were

investigated. In spite of the promising electrochemical performance of SiOy, nanoparticles have limitations such as high

surface area, low density, and difficulty in handling during slurry processing. Granulation can be one solution. In this

study, pelletizing and annealing were conducted to create particles with sizes of several decades of micron. Decrease in

surface area directly influences the initial charge and discharge process when granules are applied as anode materials for

Li-ion batteries. Lower surface area is key to decreasing the amount of irreversible phase-formation, such as Li,Si,Os,

Li;SiO; and LisSiO4, as well as forming the solid electrolyte interface. Additionally, aggregation of nanoparticles is

required to obtain further enhancement of the electrochemical behavior due to restrictions that there be no LisSiOs-related

reaction during the first discharge process.

Keywords: SiO,, Nanoparticles, Granulation, Li-ion battery

1. M E 2A2 ZA(graphite)o] ‘2] AREEIL
mAh/g?] Agtd &2 Z=te ©Hol
R 71 RH=XHelectric vehicle), olUA] A& A|AE]l  OiFsh= ST4M=ZA], A2]E(Si)> 3,587

rl

9o}, 372
500

Tue=2

mAh/g9| =

(energy storage system)ut 72 ojZ2]Alo]M AR 2 ol &3 7HKIAITE & - HA Al 2REEl= 300%9]
Qs o]xbAR| Q] Zi o] Zh&stE|n], vouA|YEo] 2] R BAo=s F= FM(pulverization)’t HA§sto] &

FOIRAAPE a4Ea ot [1]. 2jgoleARAY &= & FAl&(retention)o] 43| Aste= A
ot [2-6]. ol=ih, Sio] Rm A2 dststy] 96l Si
-C

S 7=
=2 R -

= Boyun Jang; byjang@kier.re.kr AR YrLx3t [7,8], Si B3HA] [9,10] & ThoF
Sung-Soo Kim; sskim@cnu.ac.kr st A7t {l@cﬂﬂ 1 9Jch

Copyright ©2019 KIEEME. All rights reserved. SiOy [5,6] UYzxst= Si £ B4 & At

This is an Open-Access article distributed under the terms of the Creative Commons = . .

Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0) (1)_].- 7 ]-7:] Hcl- HH!‘ O] q’ Slox% Sliq ]3:}7;] ‘?_]', E'—;_%

which permits unrestricted non-commercial use, distribution, and reproduction in any

medium, provided the original work is properly cited. ‘Q‘Eék(NZvOOO mAh/g)J—-q' 7] 7:"7\4 C‘)_}7Ej }g% %%



A71AR A 2 ete]=wAl, Ai32d A= pp. 70-77, 2019'F 1€: o]|H2t 5 71

97180l e Aol AR A7
HaLE AlolE Holl, F =884
=35F Si0y (0<x<2) UYx=BUAx
SHAIE Ul 28t SiOx= (1)
AZE AL, (2) =2 vmHACo=z QI e
(solid- electrolyte interface) layer @402 =x7|
2% agol wou), (3) A3 Y 34 H§ol o3
O ©@7d0] ot [12-14].

ol2{gt TAIEEZ sliZst7] Hall. Si0x U=UAt=
ofola2 Arle] Qxt2 shgsteich nfo]az 7)o
Ue Jh3E u, Undstel Hagie) dE S43

y) 5485 #Xlstke Aol 58F Zolh.

YA g F A Yol dAste AER
A(stress) @ AEFHQl(strain)2 UL 1x YEA]
Harlz 2 7] dgoldt [12] Yrpxo 542
gAIste el vtol a2 rke AxsH] ¢,
S SiOy U= QJAHS Hejeto] A (pelletizing) X &2
(annealing)sdto] Ofo]22 UAL 7|2 ZUjeHaggre-
gation based granulation)stgitt. @A, =gElo]A] o
2 SiOx thegAte] 23 Folo), Yx} 1 (1AL 2
gRloz JPgA silct ol%, dAE ol }te
A ZA(sintering) g2 AXPT M2 2% (aggregation)
EH, et oA Shlth dAPE &Als] AF
dotel. 71ge] FA Zamur ohal, Yntsel A
B2 ol HedRte] 5ol Atepd Zojot. mhatA
UL Qxte] E4 4 ej7p ol 9= 2z 2 solst
7] el dAj2] eEE ciereb Mastct Axlel
2 98} West gobxl WL vl 272 A
sict. st Uniel Lt ol Aol
ol SEI layer7t XA FAHHW, x27] &5
Q5 Aoz st & AFoME, SO Y=Y
Ao we Wwel w2 WEUHOD WS BAS
2 Fsty] gl xoeE AWstACh, YRS BA
7] ¢iat Axels chort exe gt Agste

ole, F-

61-1\‘]

§80]

At &4 I® 2, AER 24, F -9 54
Hq7te Fol 4R @Al 2wo] mE ojANFxRet
A7)eterA 579 #AE ZRARSIATH
EER
FEEETERANAM Y - 35S S0l A
At Si0y Yx=JAME Olo]lZ= UAIR ZYSIAT.
B Ao, xYUSHK] e Si0, UYL-UAE GOE

Synthesis of SiOy nanoparticles ]

[
[
[ Ammealing
[
[

Carbon coating

)
]
Milling )
J
]

Microstructural and
Electrochemical analyses

Fig. 1. Process flow chart.
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Fig. 2. FE-SEM image of (a) nanoparticles (GO) and granulated
microparticles by various annealing temperatures [(b) Gl1, (c¢) G2,
and (d) G3].
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Fig. 3. XRD patterns of (a) nanoparticles (GO) and granulated
microparticles by various annealing temperatures [(b) G1, (c) G2,
and (d) G3].
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Fig. 4. Raman spectra of single crystalline Si as a reference,
GO, and G3.
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