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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.
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w0l =2 AAjo|tt. Ml AFoA
HILE AlolE Holl, R =884
=5t Si0y (0<x<2) YL 2R xR
SHAIE Ul 128t SiOx= (1) 3
AZE A4, (2) =2 vlmHANo=z Qs 49
(solid- electrolyte interface) layer @402 Xx7|
2% agol wov), (3) A3 Y 24 Ago| o
ch= thdo] 9t} [12-14].
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Fig. 1. Process flow chart.
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e N Hu o¥ g

Si0z)o] EHASH= 2%(1,200°C) olst= AMAAsrYch
[15-19]. 22 £56t B9)7] 7bA Q2 5C/min,
400 sccmog nAste] WMaE Hastelgirt RE

2ato] Fo MM ot B9 sSt SEI layer @&
sfAst7] ¢Jsll, &4 ZHE8(carbon coating) & &
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217](Ar based 4% H; gas, 200 sccm), 900°CojlA] L+
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g AL A2 gagko] I-EOA Yl gitet R
= AAEY F" AREE o2 siloh 3" o]%
RS o 20-30 wihe] Y 5712 Btk

AEE YAl BL S st] sl FARAL
310]4(field emission scanning electron microscope,
FE-SEM, S-4800, Hitachi High-Technologies Corp.)
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A)g o] 83t XM 3" BA(X-ray diffraction, XRD,
D/MAX 2000, Rigaku Corp.)2 &3 ZALARE X
Abstg9th. Scan speed 5°/min (40 kV, 100 mA)Oo.2
10~90" F7tollA Fstien], XRDO] 2= mffl2
O =o]Ql 22°9] m3 A|7](peak intensity) 3fC2 B
&3Hnormalization)stitt. Est, 2tgF BA(Raman,
XperRam Compact Raman Imaging System, Nanobase
Inc.)& ol&sto Si-Si 2 FEY ¥etE WS
2.5 mm beam size®] 532 nm DPSS (diode pumped
solid state) laser?} AF8-E]9ia1, 440~540 cm™'o] A
Edo] dojit. 2t 24 Al ©@E84 Si 7S TIE
o2 wXH(calibration)stion], TE 2ty AdHEH L
M =2 43 AI7I2 mESlskIoh

Avlster 545 =Qlshy] s, 5 -9 Ade
R8st Attj=o] Li metal foilQl 8F A X](half
cell2 Z7]|stst £4& =lstelon, A= &2f2=
=249 = XA (denka black, Denka Inc.), 8}QIH
(carboxymethyl cellulose and Styrene-Butadiene
rubber, CMC/SBR)Z At&stol Alzstaict &3
2] Az AL YeditY] 4 224 =AM ¢
gl o} vlgo] 7k 60, 20 ¥ 20 wt%o]daL, Zrjjst
AR e EE2A, S/ ¥ ERIg Y v]&o]
7k 80, 10 ¥ 10 wtwolqltt. A= S2f2l= 307 &
F FF oM Axsideny, Be =9 29H
(loading level)2 1.38~1.64 mg/cm?2 A|ojs}%ct.
AR =2 Ar 29719 22|18 HrA QhofA coin-
type cells (CR2032)2 A3}t E2]9te Celgard
24002, AsfjHe 1M LiPF6 EC:DEC=1:1 (v/v) with
3 vol% FEC (Soulbrain Inc.)S AF2st3ct A&k €k
= FRl AH25C)NA 24X17F QRN . B -
A 7](WBCS 3000, Won A Tech Inc.)E o]&3to] A7)
stst EAS Hrtstgth CC (constant current)/CV
(constant voltage) ZE=2 Al WA Alo]Z2L 0.01~1.5
V AEAstolA 0.1 c-ratez FsHAAL, & WA
Aol 2 0.01~1.0 V A=A 510A 0.1 c-rate® =
Astoct. Al WAISE pRah Afol 27K 0.01~1.0
V ALs A 4stoA 0.5 c-rate2 E7J5HAT
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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].

2 Ao 7Igtty. vHiE AREloA Hol= vjet o],
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a4 32 Yxdxt @ 2iet dAEe 24 Ax
gelZ ol #AgH XRD miglojtt. @& mjgl2 22
o] W3 A7| oz mEFSIIT. 1 3(a)= GO9
XRD W10 2 15~35%0]4 Hu kgrst 7to] AT
0. ol vFA SiOof Qlgt Zoltt. E3gt, O]A|t
28.3°, 47.3° mja=L 7H7F AAA Sio] UHK cubic)
FxOIA (111) " (220) & ©EZ YERHTH]CPDS,
No. 75-0589). et GO tiEE ¥|AHA SiO 2 o]
2ol Qlon, 4279 AAA Sio] 3|
g 4 Aot 28 3(b). () ¥ (d)e= GO ZF 900,
1,000 ¥ 1,100°CollA] EA2Jst G1, G2 & G39] XRD
ot} g4 2= sotdaE HgA Sio, 12
o] 2744 Si mj39] I} ZopA|n G39 AL
ARA Si o 37F 28.3°, 47.3°, 56.1°, 69.1° ¥ 76.3°
(7t 27284 si9] ¥ #+& (111), (220). (311), (400)
2 (331) ®ollA FAEJoA EYoiAl WAEN. o=

XS ol 4% vPgA SioF 2484 Siz A%
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Fig. 4. Raman spectra of single crystalline Si as a reference,
GO, and G3.

glE s o= FH35h, XRD HEM = ZHAHA]
okct. shAIRE 2 ApAdo] Aoy Aol ofstH, XPS
A4S 5ol SiOZF 1,000°C o]l Si+Si02 A
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Fig. 5. Cycle performances of nanoparticles (GO) and granulated
microparticles by various annealing temperatures (G1, G2, and G3).
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= u o O
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2 &% FAES UEULL ot follA AgsE vzt
e duRles =2 AR FEE 7RI Qlo,
7R Hm s & oo Gl G2+ 27 &
71

=X 83F 1,868.4 mAh/g, 1,842.5 mAh/g, Z7|
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st A7lstsl S0 2 Wb} gle AAY malrh
o] QIxjo] v|EHAoY W] #Hsly} Xy|ster E

do] ¥ists 714 & gtg H2otA] 947] wi&olat siA
=itk G39] A9, £7] 54 8% 1,370.5 mAh/g, &
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Fig. 6. (a) The first voltage profiles and (b) differential capacities of
nanoparticles (G0) and granulated microparticles by various annealing
temperatures (G1, G2, and G3).
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Li) 289 SEI ol 7|lst A HEHS
T WA gerwol 0.33 VoA =lEgict
of oJ5tH, o] FEHHLZ Li;pSizet LisSi049]
gk Aog dHA oot [22].
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O]J_L 9\;]\ Ur SEI 03}\-] D] leSle5 7< leSlOg—J H]
ool ofo] YrjEos Ztagt AL & 4 Yk of
5a) 22l vz @israaﬂ o2
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982.0 mAh/g, 7] 2% &
81.1% % % WHE 16%] 5
A= dAEE 5o AR HYR

o
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