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sastn 23§ HEHQ MO|Z™Ol ZHsOHA =ebFX|R, FHE2  SEISO

0=
0x
aal
ra

2|§0|20| 72| Sargt = §lo] 2 &S =BHh[9,10]

1 Pulverization
thhl ti
— Lithiation More Lithiation
Delithlation
1 >
Nano Silicon 150nm Micron silicon
<150nm >150nm
Delamination
2
Fa
| @D |
]
! i
! i
L J
Broken SEI layer b
Unstable SEI Layer
3 ‘ . thhiatlon ‘. ’ Delithiation ‘ ‘ Many cycles ’ f
' .
SEl layer Si Surface Thick SEI layer
4 Low electrical conductivity
a3 2-4. 22 232 2N
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3.1 SiO/EtaLte e 9 EtA IARE SiO/EtALIEHEF HZE (0<x<2)

3.1.1 EtALEME M=

a8 3-

rlo

A Ll MO HI|WAIES 088101 MZSIYCH Mutdol DX HSE HE IHE

rir

101 LIEtLHRACE  Polyacrylonitrile  (PAN, Mw 150,000, Sigma-Aldrich) 4g2 N, N-
Dimethylformamide(DMF) 2690 'E0{ 80°COlA 18A|Z O|& LHIA|Z H7|HAL BAZ

7|SMZHIE O|E3I0] LAMSIRACE HAA| LIS2 23G, FREEE

Mz=otACE Mz=El NS S

r

15pL/min, Y 14-16KvE2 HYSIAUCE WALE PAN L= RE QHEIIAZ|7] Q8 7IEEE

ot

1AIZHEQ SXIAIZCH O] QbYatsl

0| 8310 5°C/min2| SR2&E2 280 °CTHA| 7tE$t

H718A PAN L H7E N2297I0AM  EX2loty  EetAIZILE S25&  10°C/min25

i

1100°COo| M FAIZH RX[B10] 5,10 pme| FHE 7tX|= EALEHERE HM=ESHAL

(@ (b) (c)

oY Y
: | G, T .
| = Aror SiO,on CNF Gas
x acetylene Output
y gas input J
. N —
<© — f— . —

-l S —

(SCIENTIFIC REPORTS, 2017, 7, 3280)
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3.1.2 92t Sjo, 7|Ht EtALIE-MQ B M2 X =(Si0,-C)

EtALE- R0 SiOE FEAIZIZ] 2l RF magnetron sputterdd S O|38tJCH AHE{ A
Silicon target(3 inch, 99.99%) = At&3tR 1, EFZ O substrate A2|&= 100mmE DY E| AL} RF
A Of= S0WE AHEEJLD, Ar 722 XHLUR Mol =2 7 mTorrO| AL 7t

Q)

rir

Ar: 0, = 10:5 (sccm)O| 2O

oK

Het#EHe 3mtorr2 MAESHSLCE

Ar/CH, (95/5 v/v) Z87EAO|CH OMMEEI(CH,) 7tlAs D2(>625°C)0AM ElAQL OEIS

0
tu

2O EICE42] BXN da=k Ot2& 27|50 SiO,-C =2 760°CTHA| 3°C/minl| £ 2

u

N KT B

S2OtALE ol o2& JtAE

>+

i

|€ 0]83}0] 50sccml& LA L{L0

YUSHALL 760°C7t =ESIAS W OrMEH ZIFASIOA  300scecml| FELZE 25%

al

CEANZICE O|2{st gtHo 2 MY, HIRIGHZE Qs SiO-CH3S MZESIACH O|HA HM=E= C-
2 3-30|A =elg 4= 9o, C-Sio,-Col #+X+&= Si00| ME Carbonl 2
HoJe HAS EQICL olyst =& EZlg=/EEl&gs MM Sio Fu| WS FutEoR

HMojgh = Ael, d2|E A M2 M= Lt=YAt BT ZRH HMIHZo| 2utH el [Xt
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%3 3-3. C-SiO,-C &Xf 7HEr
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3.2 Half cell M=

Sio-C, C-SiO-CE HYEZIE 0|80 XHE 14mm=zZ HYSIALCL M & 29| HHFS
KEHst7] I ArZtAR 7HS YT FREHA oM dE =Sl 0, ® H,07t
<0.5ppm O|%IC} TXQl EER CR2032 coin type cell2 AtESIR}LD, S322 Li metal
AHE3H0] half cell® Td3HRUCH E2[2H2 PP(Celgard 240002 AtESIYCD, Mo Z2E 13 M
LiPFs + 2.0% LiBF, + 10% FEC + 0.5% VC + 1.0% PS in EC/EMC/DEC (3/5/2=v/v/v)& AI-&5} %L}

2 Mz=o| 2HEE o|0jX|= O 3-40]LCf.

Assembly Pressure

S Cap

R Spring

T Spacer

R —— Li metal

P . : Gasket
‘% L l — Separator

Electrode(C-SiO,-C)

Case

a3 3-4. C-SiO,-C M M= CHEXNOQI =A%
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3.3 EM "t

3.3.1 Scanning Electron Microscope (SEM)

SiO,-C, C-SiO,-C2] EtALIE M Q9| A e zHH et 2012 2| sH

MHMALEHFTAEAS0|E  (Cold FE-SEM, SU8220, Hitachi)S AtESIRUCH MAFEZEZ =7t

22 d2|E MtEe EEE 125t0 Au ZE 15 mA, 1 min =&AL
3.3.2 Transmission electron Microscope (TEM)

558 sioe 2YH A0 SHet DYBY FAMS HASY| A SHHAHY (cs-

STEM)2 ALESHRUCH MEZAl Bt IEE GridE AHESHRALCE E4A| EDS(Energy Dispersive X-

3.3.3 X-ray diffraction (XRD)

CNF, SiO,-C, C-SiO,-Co| M Z™ FZXE 24317 ol Cu K, radiation source (1.5418 A)E
A2 St X-ray diffraction (XRD, MiniFlex, Rigaku Corp)S AE3}ICt 2-Theta 10° - 90°H {0j| A,

AMEE 109/min2 SHSFRUCEH

3.3.4 Thermogravimetric Analyzers (TGA)

S Lol Bfay R H2|Eo FAHIE =5t S8 TGAZAM S HASHIN. 58 =d2
Air2 2710 A 30 °C - 1000 °C 7HX| 10°/min2| &2 £E2 S ACt

3.3.5 Raman spectroscopy (Raman)
SiO-Ce C-Sio-Col Fd=4 A CNFHO|O] WE H2E SHES =olsty| s 2tTHs

AEBIULCH =X ZHS2514nm laser, N/D filter 10%, == A|Zt 4s2 2 400 - 2400 cm™ HEIE
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3.3.6 X-Ray Photoelectron Spectroscopy (XPS)

#OH0| ZEYE He[2AeEol Mt RO B9 FEHE YIRS X-Ray Photoelectron

?I8ll SiO,-C/Li-metal, C-SiO,-C/Li metal®| T QIMEZ ZESIQUCE ZHIZH2 X7| 10A0|2 ¢t

0.005 -2 V (vs. Li+/Li) 8 HR0AM0.1 mV/s 2UEE2 FHHSHQULCH

3.3.8 Cycle life Test & Rate Capability Test

CNFe| FHE &4 8 B 3ES /70 WE AOIE 51t Rate 55 HlLSHY| I3
[ES =HoIACH. THHEO| IO ZF AHSEF 17|98 Rest= 24A[ZHTIASHRACE

HAEA 2E& 30°C MYHLQ= 0005 - 1.5 VE MEESIUCE X7|0j= OHEZEOQOl SEIE

Of

d85t7] sl 50mA g-19] MRLUEZE 2 cycle S-HHE £HSIRUCEL O = 50, 200, 1000 mA
g-1 o MRLULE MO|E HAEE 5%, Rate HAEE 100, 200, 500, 1000, 2000 mA g-1 2

HRLEZE 5cycle™ +=3SHRACE

3.3.9 Scanning Electron Microscope (SEM)- Ex-situ Cross section

SiO,-C,  C-SiO-Ce| AtO|E2 = Mol EFHBz L e FFHZ Y
MRHALEHFTAIEXS0| A (Cold FE-SEM, SU8220, Hitachi)S AFESISILCE ALO|EH, Z|E4Y,
2 EEE 52 ZHCE HAEE ZIHUSIRCH, AMO|E = S &26i5t6f DMCE ®=0| 22

HAlES MA 3 298 2RE A WoM AZAZCL 24 CHEY ERZS Qs

ol
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3 0| Al

L=

SFALE

mV, E Range= -2.5V, 2.5Va ASSIRILCEH

ZHOZ 100 mA g9 MEY

WHA|O| HI|SeE S4

3.3.10 Electrochemical Impedance Spectroscopy (EIS)

m
o

o 4 XE %

Rl
0%

2| E A

—_/ -

#g

A== HmE 23 EIS (SP-200e, Bio-Logic)
58 ZUSR, Fht5 9| 100 kHz - 10 mHz SH0A =

3.3.11 Galvanostatic Intermittent Titration Technique (GITT)

8l half cell H=3H0] GTTEES TSI

I
Hu

600= &2t 7, 600= S?Q

—

Jot
Rl
0x
RIL
i
rx
Jr
Ot
2
ot
Rl
4

=
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41. &
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ojo
1y
i
Mo
n
Am
0x
ok!
N

4.1.1 Scanning Electron Microscope (SEM)

CNF, C-SiO,-C®t SiO-Ce| EEEX|= SEMIt TEMO| 2[sl ZAME|RUCE CNF, SiO,-CeF C-SiO,-
cE BYSD ZYUS A% USH UMY FE-RA PXE HYOH HFLS & ~500

nMmEEZE 20l JhsSICHOR 4-1)(2 8 4-2). ot U2 BHO|DE Sj07F Y= 2S50| ofLzt

A -

THHez 012 #YstA Sio7t & JSEEN Us A2 =elgd = UYL C-SiO,-CO| Sio,-
col Hisf o X|2st EHAYZ EQCL O|= Sputtering@ 2 FEE SiOELCt CVDE F2HE
CarbonO| O X|Z3A REYECH=E AS AAIGHDE 2BHC=Z XY HEUA n1Zd=z AEE

CarbonO| =X|TtCt.

a3 4-1.Si0,-C, C-SiO,-CE™ SEM O[|O|X| (a- b) SiO,-C (c-d) C-SiO,-C
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500nm

A& 4-2. SEM O|O|X| (a) CNF (b) SiO,-C (c) C-SiO,-C
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4.1.2 Transmission electron Microscope (TEM)

Hdado AmMHIE SH FHE FH X YAREE QST s TEM &40
FHE|ACE CNF 20| B&E SioLl FH& & 120 nm O[St2 SEE A2 &g =+
UARJULCE £ U/ E MM SHE H2|24ztE2 T Ko7t st CNFe
otz BT SioE BE AIZ7] R0 CNF Mf EUHO HME 298t FHE 7HX[X|
tom, O FHXO|IZF FHf Ol L= FY9x ZOIEICHAE 4-3) C-SiO-Ce| HRTEM

ZAE B8 FH7F 3Lt HEAQ| CarbonO| ~20nm O|8l2 Z*tEl A2 OIS ALCE

—

8 4-4) C-SiO-C MEQ| ALEZE oYXl 24 2EBEDS)O 28l ZTALE|QACE EDSE

CVDE ZHE Carbon?| &S =g & ACL Co| A MSE EfLt= Iigk FHO|
3747t LtEtLH=H| of 2 F92 CNFe| =0l flof2fe| §f2 RES=2 LiEfLis

Mz 52 CVDE SEE CarbonO|Ch 72t HIEE Carbon AOIO] C M=7t Gl EHO|
EMst=0Hl, ol FEE SO EXSHe FYO|CE N2 CNFE MZESt= 2FEOIAM
N,2%7] EHMz|of o3l LiEtLt= AQIH A0 EXfste A2 HQIE|UCE mMEtM
CNF(EE ~400 nm)0f SiO, (~120 nm)7t Mo U1, H|FHHES| Carbon coating layer(~20

m)7t BEEHO| ZEIfSt= C-SiO-C ME0 §8H2= M=L[RACE O[NE He|Zit=t=0

Carbon22 FZ{M0 = Fx=& HEE FOBsH HEIYEE & & A2l Z 5L
8f2 SEl layerS &-dsl 28Xl AOIZ2ZE 7Y & ALt LM AL

SIO/ONFs b

L SiO,/CNF

2
0
C

a3 4-3. TEM O|0|X| (a-b) SiO,-C (c-d) C-SiO,-C
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A3 4-4. 2AStH7|SSAE2z IYE BaF TEM O[O[X|

200nm

a3 4-7.C, O, Si, N ¥& C-SiO-C 11H{E EDS mapping
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4.1.3 X-ray diffraction (XRD)

XRDE &l 4

Mt

o #HY FdE =27

P

9 ATHE FHSIYCH 12 480 2 %

QUSO0|, CNF2t SiO,-C= 25°EZ20|M Y2 Carbon LAl 214°EZ0|M Y2 silicon oxide

2H

trun At AR QAC[43] OlF &3 CNFO| Sio, 7t HEHO| tHSHA HHEALH S

=~

rn

Sio= HI8EO|Zt= AtZ2s & = QUCf £ CSiO-CHEE HEE 7h2 Y m3f

[ — — =

r

LAXALEZ Ol CNFO| S&E Sio, EHO| HIFZES| CarbonO| 2HSHA HHE UCH=

— C-Si0C
Si0,-C
CNF

s ol

Amorphous SiO,

Intensity (a.u.)

Amorphous C

1 N I o 1 v 1 N 1 N 1 v I

10 20 30 40 50 60 70 80 90
2-Theta (degree)

% 4-8. C-SiO.-C, SiO,-C, CNF X-ray diffraction pattern
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4.1.4 Thermogravimetric Analyzers (TGA)

T8 492 SYH ol 2 259 s LI 2 5 2A4(TGAS HAlsty, 1
ZANtE LIEtLH Z0|Ct Sio-Cet C-SiO-C SEH Q| FAE& 460°C £20|M =435 2450
S&E Carbondt CNFZF S7|500M WEH Aot 2SHE|ASS Y = UCH[M44] ¥E JM9
4AE B8l Z 284 SiO-C, C-SiO,-C Lol Si 20| Z+Zt 346, 121 wt%2 & == UJALCH
IR MEOM 750°C O|F0| FAHZH FA B7KSHUCL SioZt AstE|0] B7HE BEUS
1257 2/l Alumina plate0f SiO& Z2EHSZE FTEA|A TGA 242 TIASIRALCE Sio 7t

—

SIO,2 AMSIEIO| 2 2BIH= 0.13%2 OFF S LIEIGLCE 0|2 E3f 22|= CNF EHO|

ol

& 9l AEE SiO2f Carbonl| HIEE Zolg = URUALEL ( SiO, : Carbon layer = 1 : 1.77 wt%)

140
— C-Si0,-C
120 1 Si0,-C
] — Sio,
100 H =
= vy
< 80+
=
D
2 60
= 87.9 %
40 -
20 -
i A
0 ' | y 1 ' | ' | ’ T ' | '
0 200 400 600 800 1000 1200 1400

Temperature (C)

a8l 4-9. C-SiO.-C, SiO-C, Si0,2] TGA ZXM
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4.1.5 Raman spectroscopy (Raman)

[

2l 4-10 SiOC2 C-SiO-C =etAel 2t AHERZZ LIEHHCH SiO,-CeF C-SiO-C

SSHOM 295 cm™, 496 cm™. 925cm'0| S| TSt HIFE AZ|E m|3A7t 2OIE|QAC[45,46]

ot

Aot =& O XHMIS| =ALSH| fI8l 212 2435t= D band(1345cm-1) 2t G band(1580cm-
1ol CHal Z43ERALCE C-Sio-Cel FEM FEZ=&= 1.01 (calculated by the ratio of peak intensities,
Ro = Ip/lg)2 == CNFS| 0.87=ECt =Lt ol2fet Zut= IEE 7252 FEMEIL &2
HIZE Bt CNF= 20| H3| S92t =7t O =L AS AASCLA47] M2t EEN 2
MO|= CNF= H|WH ZAFEO| Ao} MEYEo| O =1, #HO| ZEYE Carbon2 H|EEO|7|

2o wFedol =1 HE2[Eo RoEy 8 =0 H ZF NS =BUNA AZH2=2

SOHeE H dotFEes 9Ee oot
I/l = 1.01
Sj D band G band
iL—’SL : I — C-SiO,-C
ghio : P
S| é ! ! .
> 1 1 1 ! ' .
:‘5 ‘ ' ' 1 | SIOX-C
C | | | .
| i ' E
= : . I/l = 0.87
: ! CNF
T ¥ T ¥ T T T

—T T T — T — T
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
Raman shift (cm™)

3 4-10. CNF, SiO,-C, C-Si0,-C Raman AF2t AT E 2
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4.1.6 X-Ray Photoelectron Spectroscopy (XPS)

SiO-C, C-SiIO-C SEUMEL| UAFEEE 8 4-112 Z0| XpSE2 EAME[QUCE Si 2p XPS
AHEHOAM SiO-C 2 Z2| 102.68 eV, 102.08 eV, 100.88 eVo| IIE= ZtZt Si**, Si**, Si'*
Agtel EXof sHEerL|ch[48,49] A0 Z&=of w2t Zge| o2ko| HaiX|7| W20 Sitref

Sierol Zgtol g

o

FO| Qo O <Fst mMAE LIEH|E Si'*= 20| O MCln & £ 9of
Si**, Si?*, Si7t 3FE®ES € 5 QULCE C-SiO-C ESEMEO 103.98eV, 10348evel A% mAE
2t2p sitt, st 2o EX, 101.68eV, 99.38evel ofgt mA= Si*, SiZt EMEE ¥ = RUACH[48,49]
akA Sio-Ct C-SiO-CE H|uwdtH, EtATE = S AR Siztet Sit'= s X[ALE

o337t gIoX|1 O R binding energyE 7HA&= SiIl37 ME HEHE A2 =g =+

QUL Ol= EMz| Zof BEE£X™Ol st Si' 7F St Si2 2z

mjo
I
m
rl_
n
I

IXp7to| 2 o/siel |AHH|E=  SiO,-Ceb C-SiO,-COlA  Zt2ZE 1.172F 1.340|QACh(

I¢|

BARE 03 MABTO| FOl M Si0° HETS AAGKD 2T wH U 2@

Ot M2 BhAE o= QUCH XPS 24 At SiO-COolA 531.08, 532.582} 533.18 O /X[t O1s9]
3= 22 C=0Z4%, Si-0-Si?t O0-Si-O °| Z¥2 LIEFHCE[50,51], C-SiO,-COlA{ 531.54,
533.052} 533.470{ k|3t O1s2| mA = 22 Si-0, 0-Si-O 2 C-0°| ATHS LIEFHCE[49,50]

N 1s 2HEZHON XM SiO,-Ct C-SiO-C= = Lt pyridinic-N, pyrrolic-N, graphitic-N |37}

oI RACE Ozl ZHZF 3987+ 03 eV, 4004 + 03 eV 2|11 4014 = 03 eVOM

LtEH-ACH[49,52] EtATE HPEHOIAM EdShs 760°C OFEE #2917 EXZ|0|A CNFEHS| NO|
HO| AME[A EICt[53] et EtATAY 20| Graphitic N 280 O ZE0{=H =ICh EHO

BEE Ao AUS YA Y8 C 15 AH

|I11
I
o

2 MSHALCE 283.48 eV, 284.18 eV, 284.98
eVOA C-Si, sp? sp® LA7t EXjES HOISIYUCHAE 4-12)[54,55] Ol EEH EtATAE SO

A BT g0 a4 EAZDE 0|R0/F SFYNOl DYBO| HHEASS AlARSICE,

34



Si2p Si0,-C
Fl El 3
e s s
2 2 2
@ 7} @
5 = i
X
|
108 104 100 9% 540 535 530 525 406 402 398 394
Sizp Binding Energy (eV) O1s Binding Energy (eV) N1s Binding Energy (eV)
O1s
] 3 3
s © s
2 > >
=3 2 2
z £ =
1
108 104 100 % 540 535 550 525 406 402 398 394
Binding energy (eV) Binding Energy (eV) Binding energy (eV)

a3 4-11. SiO,-C, C-SiO,-C XPS Si 2p, O 1s, N 1sAHEH

E 4-1.Si0,-C, C-SiO,-C A2|2 Atz 8 O/Si ratio H|

Sample Si¢* Si* Siz* Sil* Si O/Si Ratio (at%)
SiO,-C 44 8% 0 34.5% 20.7% 0 1.17
C-SiO,-C 42.8% 41.2% 8.3% 0 7.7% 1.34
C1s
£l
A
>
2
o
IS
C-Si
¥

295 ZéO 2é5 280
Binding Energy (eV)

a7 4-12 C-SiO,-C XPS C 1s 2HEH
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4.1.7 Cyclic Voltammetry (CV)

2| E2Al ASE ZASH| I8l HEAR w2k HYFPFY(CV)0l =HEULt Sio,-Cet C-

bt

SiO,-Co| F7|slshA Atztztel HE22 X7| 10A0|2 SO 0.005 ~ 1.5V HQ0AM 0.1 mV
sT A =2 TWIMCE 07 4-130M =7] 1070 v [ME EORLE Sio-Col FL

123V, 0.83 V, 0.23 VO| cathodich|37} XMHW LHIHO|AM BEE|=0|, Ol SEI 9

A0 SHHEeL|CE[56,57] 1V 229 Cathodic I3 = Z|& 33 2t20) sHEstH, 0.08 V
anodic I3 = 2|& Eetazt BHE0| s etL Ch58,59] C-SiO-Co| AR0|= SEI & M0

ogt Ht30| 0.63 V cathodic peak O|AMEH 25t 2lE a2 097 - 1.08 9
Cathodic peakOi|A =QIEICH[60] 2l& EEI23t BFE2 anodic L3 Q! 0.08 V, 0.26 VO|A
EE, HEE SiolM  LbELhs BHSO[CH[e1] AEM AtO[Z2Q| mATt 7t =
LIEFGCE O] {2 HEM ALO|ZO0|M HIZtYMo=z HH8dh= SEIQ| Ao 7|Qetct ot

T0A10|Z2 & Cv HMo| 0| F3g Hahoh LIEFLEX] @ Aol AN, Ol &

r

ST AO|E B¢ SiOo-C2t C-Sio-C ZF OHHAQl SEIE0| HHEYUSH 22

ro
rot

Ral
A
ikl
ro
0o
o
Rl
ot
mjn
ne
|0
N
Ral
&2
rir
finl
rir
P
njo
>
>
rot
inl
Ot
Ral
O
(@)
(%)
O
(@)
o
(%)
O
(@)
[

ct ME

A2 a-Li(x+y)Si — a-LixSi + yLi”E LtEFLCE[61] O|2{st it B4 I T M2 CHE
HALUELE HM7|stetd "-30| YEsiCt= 742 o0t 230 2= Hieb Z0|, C-

= 1 =

Si0,-Cet SiO-Cel Li*of tigh gtE HHLF2 Chgi 20| =tstMez LIEtE & RACE. [62]
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Current (mA)

SiOy + xLi*+ xe” —xLi,O + Si

SiO, + xLi* + xe” —x/4Li,SiO,4

(Equation 1)

(Equation 2)

2SiO, + 4Li*+4e” — Li,SiO4 + Si (Equation 3)

SiO, + 4Li*+4e” — 2Li,O + Si (Equation 4)

Si + xLi* + xe” — Li,Si (Equation 5)

Li,Si — Si + xLi* + xe” (Equation 6)

0.10
0.08V delithiation
0.05 /\ N
0.00 | —
104V 4 23y <
0057 0.83V =
5
-0.10 4 S
4
-0.15 lithiation
-0.2040.01v : ;:;ccyy(ilee
10" cycle
02544 . : :
00 0.5 1.0 1.5 20
Voltage(V)

3 4-13. a SiO-C, b C-SiO-C2| CV test

37
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0.10
delithiation
0.08V N
0.051 A o02ev
—— -
0.00 4 e -
| 0.97-1.08V (2-10)
0054 |
-0.10 4
L
-0.15 lithiation
0.006V
-0.20 — 1stcycle
—— 2™ cycle
10t cycle
-0.25 T T T
0.0 0.5 1.0 15 20
Voltage(V)



4.1.8 Cycle life Test & Rate Capability Test

C-SiO-Cet SiO-Cel LiME S8t AO|E Ed= 7otz <l ofdet H7|stetH

A%

HO| =¥t M2 0.005 ~ 1.5V vs Lit/Li2E AFSHRACE 13 4-14= 005 A
g2l formation cycled|A 2| voltage profileg EOFL|CE X7| @™ &2 1774, 2007
mAh/gO| X7| 5T 222 967, 1434 mAh g'0|Ct X7|228 82 SiO-COM 55 %, C-

SiIO-COIM 71 %7t LIZteD Ol HE® AO|E0AM Li,0 H LSO &2 H[Z7tG4

=
rH

rx

o1
==X

i

gd8ez W2 2lgs 227 WEOICE Sio-C Al A2 7| A-E5HH
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4.1.9 Scanning Electron Microscope (SEM)- Ex-situ Cross section
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4.1.10 Electrochemical Impedance Spectroscopy (EIS)
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4.1.11 Galvanostatic Intermittent Titration Technique (GITT)
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Overpotential (V) SiOx-C C-SiOx-C
charge 0.0277 0.0265
discharge 0.0274 0.0256
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Internal resistance (mQ) SiOx-C C-SiO-C
charge 3.07 2.94
discharge 3.04 2.84
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7. Abstract

The carbon-based anodes in lithium-ion batteries (LIBs) are nearing their performance limits due
to constrained energy density, prompting the emergence of silicon as an alternative, heralded for
its superior specific capacity. However, silicon anodes must overcome significant volume changes
upon alloying with lithium, intrinsic characteristics such as low conductivity, and the challenge
posed by the continuous formation of the solid electrolyte interphase (SEl) layer, which irreversibly
consumes lithium ions. In this study, we present an innovative approach involving the sputtering
of SiO, onto one-dimensional nanostructured CNFs (SiO,-C), followed by coating with amorphous
carbon, to create C-SiO,-C composite electrodes. The volume expansion issue of SiO, particles can
be mitigated by the flexible porous structure of CNF supports, while structurally, the formation of
dual-functional carbon shells on the surface of SiO, promotes the formation of a stable SEI film
and enhances conductivity. Structurally, this design promotes the formation of a dual-functional
carbon shell on the SiO, surface, facilitating stable SEI film formation and enhancing conductivity.
Consequently, the electrochemical and rate capabilities of the half-cells consisting of SiO,-C and
C-SiO,-C were outstanding. SiO,-C and C-SiO,-C maintained 88.8% of their capacity up to 292th
cycles at 0.2 A g™'. Additionally, SiO,-C exhibited a capacity retention of 70% from the first to the
3000th cycle at a high current density of 1 A g™ (achieving 90% capacity retention from the 60th
to the 3000th cycle), while C-SiO,-C showed a capacity retention of 75% from the first to the
800th cycle. Both electrode modes achieved outstanding cycling stability.

Keywords: RF-magnetron sputtering, silicon oxide, Thin-film Lithium-ion batteries anode, carbon

nanofiber, electrospinning, light-weight current collector
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