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Reagents

Molecular formula

Specification

Nickel nitrate Ni(NO3),-6H,O 96.0%
Ammonium molybdate (NH.)eMo0;054-4H,0O 98.0%
Alununium nitrate AlNO;);9H,0 98.0%
Ammonin carbonate (NH,),CO4 30.0%
Silicon Si 99 9%
# 2
Gas Molecular formula Specification Manufacturer

N, gas N, 99% Korea Standard Gas C'o

H, gas H, 20% Korea Standard Gas Co

C,H, gas C,H, 20% Korea Standard Gas C'o

Ni-Mo o] eZvj A=

= 1o dElrd mpe} o], B dgel AAdoME Ni-Mo o)) #&% FulE AxsedH T (com
precipitation method)& o]€3glom, BFAUwAS A Aast Zuje] 278 2dolry] 93] YA olE
Hlo]E(nickel nitrate)$} ¢XE Zg]H o] E(ammonium molybdate)E & ®] 7]& 10:0, 8:2, 6:4, 5:5, 4:6,
2:8, 0:1022 v|&S Zdsle] AzeAT. 9 HEHE YA Yo]|EFo]E(nickel nitrate)9} YEF =Tl
dlo] E (ammonium molybdate), &Fv|E UolE#o|E(aluminium nitrate)S} A S/FFo &3 &, HAAE
A4S f8 dRE JRJle]E(ammonium carbonate) & FHGo dlste] T §dE F OE FFHF ¥4 €
ojrmg]ar IARE FF wykste] &S HGsAIZITE o] & FE st e FAHAES 100 T Ax7]elA 124]
b ol AFAA FHuf BEE Ao, o]F o]ty dAYxMFE AT
gav=Afo &4
T 2v 2 o] AAdo A&E= 38| dFAHCD)S Hg A FAAS YERA E=dolt)
T 20 YERA kel Zo], BAUNARE 8 AT WEAAE ol &ete] FE|FAHeR YA
80 mm(#7)>x 1400 mm(Ao])e] 3 Ao WgyHorw WIHANE A on, #d3 2REEE A7) 9l
3-zone .2 FA3A k. A=A Mass Flow Controller MFC)E ¥+$ 7F259] F3S At on | ey
S AAA717] 98 gadoeR dEqS ARgsta, V)RS FXVFARE FAE, AFortaR ALE AL

oo do
o g
bt

» £

Np BE SRS 4PN A FHF FEE0NE 127
qete 98 A2E TAFY 10 TninZ FHLEAH LEE 29T
WEENb0 ALE A BelE ¥, G2l oPAL St
Bgo] By F Az BVIIM LE8 et FEAAc

B el YA o] F ugel
. BE FYLue wgstw /g
FelFel BatbedfE AT
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[0038]

[0039]

[0040]

[0041]

[0042]

[0043]

[0044]

[0045]
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AP/ BateAt 28 Y

g fe g ol ARl - BE HAHolA ATz Wt el gE oz AE 578 S UE

9o e 7S AlEsk ARt A2 o] 28%e T o3 B djdsky] f8 dud/savedft 5

FaME P8k, 7P S A4 BEAS Ushde S53AAE FAdE] A dEEd SuE R

H & 7]FO = 8:2, 6:4, 5:5, 4:6, 2:82% XAttt 9] HEU R AEE U9t Ni-Mo FvlE olehE 50

mLoll Wil = (ball mill)E o]&3ke] 1243t o] 7+
=

WS, o] & EAkgNS 100 T HFR7IONA 12417
fr BEAAE Fdeoirt.

)
o]}g A =

% 3o yreRA wkek 3ol Ni-Mo FHvi= A
FaAE HE OIAHAAY SFAR AHEE 371F 8
(Polytetra fluoroethylene)Z 8:2 wt% v &% &35l [PA (Isopropyl Alcohol)® HAS ZF4E3} 2000 rpm
A 208 3t A4 ERF71E WNbAlA dipping &S AlZsklth. wwkAl7l dipping &Y o2 HF
ZAZ(Ni foam)S o (dipping) HeZ I3[, dEH] A8 & YAZNi foam)S A4 7] Ax
, 100 T A7 A 24412 o] Ax=AA 3WF AX Y FFAZ 283t

J T2

37 AAE Are] AR F2H "i(glove box)olA AZsloH, 3T HMA 9 RALRE

ok, 335 HAE half cellZ2 AZslglen, 2dA=(working electrode) o2& A|x3 FE2
(counter) % 7]F HZE(reference electrode)C2E gE F£E& Hywozs daldo] wetting® glass
fiber separatorE AFE3F%th. Adsf@d == EC (ethylene carbonate):PC (propylene carbonate):EMC (ethyl
methyl carbonate)”} 1:1:3¢] FAWE&E2 23® LMo 1 M LiPF7F &3l® A& @3 EC (ethylene

carbonate) :PC (propylene carbonate)”7} 1:1 FAR] &= &3tH 8o 1 M LiCl107F &3iE Asfd& AFE3A

o},

£4717]

oAl FEEME Ve R S dhunAfe AEE/gdavnAdSt S AR A9 I
2 37]Z Scanning electron microscopy (SEM, Hitachi, S-4800)°. % #&slgion EAH RES Fpergy
dispersive spectroscopy (EDS, Horiba, 7593-H)Z AA - Az BEAsgr). w3 ATz 9 njgEAe

)

Raman spectroscopy (Raman, Horiba Jobin-Yvon, LabRam HR) % X-ray diffraction (XRD, PANalytical, X
pert PRO-MPD)o. & =383}l t}.

Raman® 73-$- 514 nm Ar+ laserZ AF&31 o XRDE= 10~80° 9 26 WlolA Cu KaAS AFE3Fe] 0.016Y
scan stepZ SA3ATH. FAHE HdaveAdfolA @9 Ni 2 Mool AFS A 918t Al KailS ol
3} X-ray photoelectron spectroscopy (XPS, Thermo Fisher Scientific, Multilab-2000)& =H3ldct. A
g Z/air2u g B3aAe] v ZEHAES Specific surface area analyzer (BET, Micromeritics, ASAP-
2010)& ©]-&3ted S4g3drt.

T SAveAdRe dEE/davsAdt ERAAE SFAZ AFESt Y 3WF AA Y S Lot
B7] 98t] Electrochemical interface (solartron, SI11287)& o]&ste] <3AdAFH  (Cyclic
Voltammetry) 22 0.01~2 Vo] AStollA 100 mV/se] FAIEER AFE AVlste] A7) 3kshH =

w3l Automatic battery cycler (WonATech Co.,Ltd, WBCS3000)E A}-g3sle] % - wbd &3
AF3Faitt.
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SEM

[0046]
[0047]
[0048]
[0049]
[0050]

ol
o7
o
ojp
™

&

3]l e}
o,

o, 34 L%7F 600 T

P ex=71 800 €l A
(e}

=

-
It

IR

o
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H

B} [

[

=

=] O
qs

ol

I

S o
Mo

gk

R
73-%- SEM} EDS A=

Jo}. wepA ol

R
P

°l
&9

Yol 44 -

9

A&
==7F 800 T
# 3

=

=

#o) HHREL EDS

Y
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perature

88.94% 5

EDS

[0051]

19.20

v
e

2.83

41.14

36.28

600 °C

)
=
§l’

3o
&

[e)

KN
=

]

A
g

3k

[e)

=g
oddll 7}~5 o]

o

o] SEM A}
w2 Mo%k A}

o

i

=
=

SR CIESER
A
=

S

[e)

okl
By
ko,

10:0, 8:2, 6:4, 5:5, 4:6, 2:8, 0:102.=

o]
ok
=

dl

4
=

34

1.08
0.49
S

32

Al
2k
=4

0.30

"

[e)

e}
=

=

46.17
8.76

uj o] Fon)
o] 2:8¢1 (f)E BdAvx=AH7})

34.15
88.94
=
hl

27
8]
o

=

H]go] 8:2¢1 (b)olA= 35 nm ~ 75 nm&E T}

700 ¢
800°C
oS
o =

800 CeollA 3}

slgith. Ni-Mo ©]
L
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K

A
W= Nig Moo s

1
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L

L
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SEM

[0053]
[0054]
[0055]
[0056]
[0057]
[0058]



[0059]

[0060]

[0061]

[0062]

[0063]

[0064]

ZIHSd 10-2016-0099178

wje] PAo] vehbA B Ao mol oS FHuQl Niol BHL Fi zEuje o

tlo

S Aoz B]lt,

o
off

SEMO & #Es vhavedfo] 54 FES EDS®E A - BAsg o Nid Moo H=n|&d e 7 9
29 BAFE [F 4]0 YehddTh. @4 949 FHFES Nidk o2l s%=n8]&0°] 10:0, 8.2, 6:4, 5:5, 4:6,
2:891 4% 747} 84.50%, 88.96%, 84.31%, 88.94%, 85.22%, 87.00%%= erAun=Af7E 2 AT A9 E=A o
EFEAIRE, Nidt Mo®] s=HIEo] 0:109 W ©@avteilfrt 2 JdshA ol w4 4o Hrgho] 33.59%%
WA ERRTE

X4
Sample 6 (0] Ni Mo Al

Ni:Mo=10:0 84.50 1167 1.29 0 2.54
Ni:Mo=8:2 88.90 5.35 235 1.17 218
Ni:Mo=6:4 84.31 11.32 1.18 0.76 243
Ni:Mo=3:5 88.94 8.76 0.30 0.49 1.51
Ni:Mo=4:06 85.22 9.62 0.88 1.22 3.06
NiMo=2:8 87.00 7.18 0.70 389 1.23
Ni:Mo=10:10 33.59 4425 0 2.67 19.49

Raman

NiZ} Mool Fmn|gol wel s edaveifo] 4448 ZASH7] $18ke] Raman Spectroscopy® #4183l
o, 71 AFE = 79 yHEide. = 74 ek

band®} G-band”} WEFSITE. D-bandv ©rAaueAdf o] ©ad o] EFEoly 18k3lo] E(graphite) ] T34
Astol] 9]¢k bando] i, G-bandt <1 AAAZ ZA3t @ @AV FE YERNE band ©]T.

D-band®] intensity/G-band®] intensity ®](D/G ratio)E& FHIFEZIL 3k, o|=N BAYUEAF] A4
AAARES Hr1E 4 k. v sen]d] uel $Ae By =Ad-R-2] Raman spectradl A D/G ratioE AAFS}
ol [& 5l YEeERlATE. [3E 5]olA 'j”‘éEg A, Nigk ARSSE A= D/G YI7F 1.042 7HF

9ROm, Nidh o) Fwul&S 6148 AL W D/G W7 0.672 713 S vhebuh, mekA Nigh Moo)
Dol 642 1 A Dby fel A9Hol A el AS o & e,

_12_



[0065]

[0066]

[0067]

[0068]

[0069]
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X5
Sample D/G
NiMo=10:0 1.04
Ni:Mo=28:2 0.70
NiMo=6:4 0.67
Ni:Mo=35:35 0.84
Ni:Mo=4:6 0.81
NiMo=2:8 0.95
XRD
T 82 & o] AAde fﬂri‘r Ni#h Mool s=H|&d mel AR ehhveAlfel A4S A g
XRD 4 Aahg vehfgich, % sel vhebdl vkek gol, Zvje] wmulgel mek w=e] A7) (intensity)olE
zpol7F AT BF 20 = 26 ° F-Fol A graphitee] AATERE Ve E 3 37F YERGTE Nid Mool F=H]

ol 5:58 ASE AQdstar Nio] H|Eo] FUHEel wat 39 AM7](intensity)7F F7Fske Ao
e o 53] Nidt Moo ®XH|&o] 10:0, 8:2, 6:42 AL =9 Al7|(intensity)7} Ahd o=z =7 U
Elwtl. XRD Z3}E Raman 7—24?% H s Hoks o, Nidk Mool s&H]&o] 6:491 AollA D/G #ko] 7 wto
W Tagtgto]E(graphite)d AATEE JElWE 339 Al7|(intensity)7t ot AAAdol 7HE 3 gant
AR EE S ¢ F A}

)

XPS

Raman¥} XRD2] ZA3}E wlgtoe =z ZAAAo] 714 43 gtAhvedf7F $A" 2712 Nid Moo FXEn]&9] 6:4
Q FvjR FAe SAaY AR XPS spectrag & 99 YERUIIeH, 1 ZA3E [& 6] At = 99

2

UERA ubel o], ClsollA] 7Hd whe Azt x]Ql 284.22 eV CNFs9) C-C(sp ) AT e, 285.57 eV
CNFSQI C-C(sp ) ATHS LJERIT, E3 287.09 eV C-02E2S UERAM, 289.53 eV C00ZTS Uit} ®

T 99 0lsdlA] 532.89 eVE (=023 Ve, 534.27 eVE C-0Z23FF, 531.02 eV Al0;23%, 535.08 eV
= NO-ALZF, 529.9 eV Sue} B " M0, 23S vekdt),

NJ
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[0070]

[0071]

[0072]

[0073]

[0074]

[0075]

[0076]

ZIHSd 10-2016-0099178

X6
Name Peak BE Analysis

ClsScan A 285.57 C-C Of CNF (sp®)
ClsScan B 284.22 C-C of CNF (3p?)
ClsScan C 287.09 C-0 combination
ClsScanD 289.53 COO combination
OlsScan A 532.89 =0 combination
OlsScan B 534.27 C-0O combination
Ols Scan C 531.02 Al,O, combination
OlsScan D 535.08 N,O-Al combination
OlsScanE 329.9 MoO, combination

Nish Mool FEulEME Azdtel YA BabeARel SHRAAN Al P S NIt ool F
Mgl 6:491 Sl delEat BYAAE A, QeE U Niqlo ) Hoz EPAU F
FNPFANOR BabARE AN BH2AT FASRYOM, of W WeEa Eohe TAMES
8:2, 6 5:5, 4:6, 2:8% 3}l AT},

SEM

= we Aol wel de|Fd Seje] wjgel wEh A de/Sarheda SdaA e SEN olvAE
&= 100 HERRRAE. = 10 dERd mpe} o], AeEat el mlEo] 8:291 (a)= Aol 26 mQl =2
o] gaumAdirt Askslan, dedat Fuje] ml&e] 6:4, 5:5, 4:6, 2:8% (b), (¢), (d), (e)o] 4+

2 2]

H70] 50 mel L Fee] WAheMRTF 4FE e HAY ? gk, AP /B Sgade
RE WgAA VAR ARACH, 53 (b), ()., (@), (@9 FF UL SxbeARIt 47
s

EDS

SEMe.2 #zel AE /e 4 5 =5 Ao, A Za Zu)o
Hl o wp2 7} 449 3 719l vERi, AdeE/gaveds 5o BE Hlé’_r ol 4] E:r Ha
o] dytrgtel A yvetwth. 53] A Fujo] ujg&o] 5:5, 4:6, 2 %!

78.53%, 74.41%, 85.17%% W2 =A vhebyit).
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[0077]

[0078]

[0079]

[0080]

[0081]

[0082]

[0083]

[0084]

[0085]
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X7
Sample St & (€] N1 Mo Al
Si:CNFs=8:2 28.93 623 746 0.35 0.45 0.5
SuCNFs=6:4 19.69 69.05 9.04 0.47 0.8 094
Si:CNFs=5:5 1125 78.53 8.42 039 0.66 0.75
SiCNFs=4:6 10.87 74.41 11.78 0.64 1.09 1.22
SuCNFs=2:8 419 85.17 7.63 0.7 1.07 1.23

Raman

Ael@ Zoje] ulgol wel FAE HeF/eavede 2gaAe] A4S 24 98te] Raman BAS
stglor, o A¥E = 1l Yehidth  11o] v whel 2ol 521 em oA AR deEe e
W band7b YEREIL, 1340 e Ftel A @aubeAf ol9le] gage] BB o8] Yehb:s D-bandsh
1580 cm oA =913t ¥ BaU A4S ERNE G-band7h UFERRETE.

AelEa Zoje] ulgo] wel g HelF/ /e G 2g2A9 Raman spectracl A FAREE vhehi
D/G ratio® Axtste] [& 8]ol vhehiiich. [E 1o vebdl wheh 2o], mE ul&e] A=A D/G ratio’h W]

Sl ebsth, 58, Ae@a Sule) wlgol 4:690 4% D/G ratiorh 0.9504% 74 W e o] e
A AR wavhed Rl dg40] Mg Saste A

A
=

v

% 8
sample D/Gratio
S1:CNFs=8:2 1.0336
S1:CNFs=6:4 0.9667
Si:CNFs=5:5 1.0218
Si:CNFs=4:6 0.9594
Si:CNFs=2:8 1.1591

XRD

A Zd Fuje] vlgol met A" A/ SaveAS FaAe A848S A HEke] XRD AES
getgion, 4 A74E = 120 HERATE. EE Bl EolA 26 = 26 ° FoA Sd9 AFF2E UERY
=zt #FEGeH, 1 F A Fujo] H)Eo] 5:5, 4:6, 2:8¢] —Or 54 939 M7](intensity)7}
A Yebsth. XRD A4S Raman A3} vlus] HobS w, A3 = 4:6%1 7% D/G ratio #kol
7HE o, Zde AAQFEE YehE 339 AM7](intensity)7} %2 Ho=E YEhY AU RARo Z2H

Hol 14 sk A & & Ak

> e
o

=

=

BET

2 oago] AAeel A deldst Svjel vlgel weh G Weld/Harhedd BFAAY MEALS

Ay
2
S



[0086]

[0087]

[0088]

[0089]

[0090]

[0091]

[0092]

[0093]

[0094]
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BET 232 [ 9o HeblAvk. [ 9]0l uebdl nis} 3ol Hejs} Fvjo] nlgo] 4:6, 2:8YU v 747} 396

9 -1 9 -1 _
mg , 151 mg &% HE =& v FHAS YEY

# 9
Sample Surface area (m?g)
Si:CNFs=8:2 27
SUCNFs=6:4 47
Si:('NFs=5:5 48
Si:CNFs=4:6 396
Si:CNFs=2:8 151

A7|sety B4

2 ol oo whEf Ni-MoF = A7 ehhve o de/savedf S Arsies &
g2 AR SAC AMES Aol Aol ¢l e Nidk Moo FEHIEo] 6:4, 8:2¢1 Hvjw
Tk davbedfrol Bl A (surface area)e] ¥ A I Fujo] HlEo] 4:6, 2:8%1 A E/ et
fr BEFAAE o] &3Qlrt. oluf, 7|stEhA B4 uig A dFS Polrry] 93] EC (ethylene
carbonate) :PC (propylene carbonate):EMC (ethyl methyl carbonate)”} 1:1:39] FA H|&2 &3t g9
LiPFsE 83lA)17] Al &3} EC (ethylene carbonate):PC (propylene carbonate)”} 1:12] AR &= &3t &

ol LiCl0,Z €217 Al dS ALg3le] A4S 2 agssict.

>

Cyclic Voltammetry
AEs AREES A2 AREste 2§e 3dF AR A7|sety BEAS AR $8] 0.01-2 V (vs.
Li/LiDel AL TF7relA 100 mV/s9] FAFEE 2 cyclic voltammetry (CV)E $33}3t}.

d

o] AAlde] whEh Nizhk Moo FLH|Ee] 8:2¢1 Fvl2 P43 daveidfi= dsldE LiPFE AME3)
AL, Nidt Mool FEH|Eo] 6:49 Fu|2 FAE exbwei i AP E LiPFot LiCl0,E AHRSlY (VE
gatgdom I A3E £ 130 YeRQTE. A ES LiPFeS AFE3 Nidt Mo =R 15
25 A Wl S cycledl A= 1.1 VoF 0.5 VollA 3o a7t YeRAIRE F WA S Mol S(cyele) oA+
1.1 Ve}F 0.5 VellA 319 37F YepA] exoktt.

T3, AeEE LiCl0,Z AFEE Nidt Moo ws=Hl&o] 6:42 A &EE A HA T4 cycledl A= 0.5 Vel A 29

v 371 JebgA e £ HA 24 cycledldE 0.5 Vol S99 3 7F YElUA] Gkt Al AR BF A WA =
A cycledl ] yElt skhuart F WA =4 cycleolA §lojrl Ao g Hol o] solid electrolyte
interface (SE1)%S¢ PJAHo=2 Qg H7}GA dhg w2l Aoz AZLHT),

o] 8:2, 6:491 F »

o

AgZy Zu]o] Hgo] 4:69 AYEZ/EBAUAG BIAAE ASAZ LiPFsd LiCl0,S A3l cyclic
voltammetryE 33}l o, A& B A= A dE LiPF=

Abgsle] CVE Faldtd o, =33 (Ve A3E = 140 Yeldtr, Aa &3 =nje] vl go] 4:690 ZF$ A
A AZ LiPFex AME3sle] FA3S (Vv A9} LiCl0E AFE3S OV 23 2% A HA T4 cycleolA & 0.5 VollA
!

S A 7F YEFEAIRE, T AA S cycledl & 0.5 VollA] v a7

oL

;

&
A
=
1o
=
o
o
Do
oS
(o
il
ik
i
~
)
B~
°
b
o
:{o

of

wek, A2y Fvje] Hgo] 2:8% AIEE HIAR LiPFE AMHES A9, A HA T4 cycledl A= 0.9 Vel

_16_



[0095]

[0096]

[0097]

[0098]

[0099]

[0100]

ZIHSd 10-2016-0099178

0.5 VollA #um17F el A e, & WA 4 cycledldE 0.9 VoF 0.5 Vol S99 =37 YeEhA] g},
A AR B A AR FA4 cycleolAl YEld L9327 7 AR 3 cycledl A AR o2 Hol o] FEgH
solid electrolyte interface (SEI) =¢] Ao =2 <13t nH|7}H9 4 HES wjiEel Hoz A7),

Galvanostatic charge-discharge

o o] Aajde] weh Nidt Moo sEH|&o] 6:4, 8:221 Fulz A dhvux=ARE gF olAHAY &
AR AREste] A& A1) 20th cycledere] &%& & 159 YERNATE. SH ARES AlE= Nidt Mo
FEAlEo] 6:4%1 FulE o] &sto] A3 *‘El [FAUEAR BEAAE ARSsElon, A FHuje] H]
£o] 4:6, 2:8%1 AmE #HF olxkAAIY SHAE ARESt] A A A €] 20th cycle E¢H] £FS = 169
YR AT

S o cycle 54 tigh A¥b= [3E 1010 WERH wRe} o], Nidt Mool sw=v]&o] 8:291 Alse] %
A2 LiPFsE A& 2%, %7 &3 527 mAh/gol A 20 cycle ¥ 39 mAh/gO 2 7.4%2] retention rateS X
Stk NiZ Mool F=H]&o] 6:40|H AAZ LiPFE AFE3 49 Z7] €% 570 mAh/gollA] 20 cycle ¥ 85
mAh/g .2 15.05%2] retention rate2 YENa, AR LiCl10,E AFHEE 9 27|83 263 mAh/gollA] 20
cycle ¥ 177 mAh/gO = retention rate’} 67.23%= YEFNSITE.

% 162 *‘FA*/E‘rMJri 1 S0 cycle 54 gk Adfolvk. [ 1110 vepd upe} o], Sizp ol
o] nlgo] 4:6d W HSHE LiPFRE AFSS A9, Z718% 1,311 mAh/gollAl 20 cycle$ 161 mAh/go =
12.59%2] retention rate®d UER I, WA LiCl0,E AFES A x7]18% 1,068 mAh/gol A 20 cycled
242 mAh/gO 2 22.71%%] retention rates YEMATE. Hg Sizt Fvljo] H]&o] 2:8Y uw H3A=Z LiPFE A}
83 9, 27]8%F 1,137 mAh/gol A 20 cycle¥ 133 mAh/gO = retention rateZ} 11.7%% e},

fo
P
N
oo
ofi
o

S ok e/ Bate s BRRAY ocleSANA ANLR LiPRE AT 45 ¥e
HERIA R cycleel AR W ol AT Pashs AFE wA. ot OV AN &
Hom A% HAdH wrge] o Aoz wel

LIPR:E AHEE A9neh A% 780 6% 358

9,

e 4
ENe ¥
N
oo

ol

fo =

Iy
o
oﬂi

After 20 cycles

Max discharge capacit

Sample Discharge capacity (in
v (mAh/g) Retentionrate (%)
Ah/g)
Ni:Mo=8§.2 (LiPF,) 537 39 7.4
Ni:Mo= 64 (LiPFy) 570 85 1808
Ni:Mo=6:4 (LiClO,) 263 177 67.23

a Retention rate (%) = discharge capacity at 20cycle/discharge capacity at maximumx 100
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[0101]

[0102]

[0103]

[0104]

[0105]

[0106]

[0107]

[0108]

[0109]

[0110]

[0111]

[0112]

[0113]

[0114]
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H* 11

After 20 cycles

Max discharge capacit

Sample Discharge capacity (im
v (mAh/g) Retentionrate (%)
Ah/g)

St:CNFs=4:6 (LiPF,) 1311 161 12.59
Si:CNFs=4:6 (LiC1O

1068 242 22.71

4

Si:CNFs=2:8 (LiPF,) 1137 133 11.7

a Retention rate (%) = discharge capacity at 20cycle/discharge capacity at maxamumx 100

A

Boagel At Nidlo ol9 E0E neMe Axste] SEI4FAYOR BabedRE Bt B
4 542 2Asgor, du@ ddsh Nido Fviel B8 £@e B deu@/astedt 2HLAE @
Aasih. o Uobt o @lF oA A Agse] ArlAeH 54 2AHgon vt ge 2

2. Ni-Mo& thek3l s=n &2 A3 2 A ethavA 59 SEM/EDS =4 ZAx, Nid Mool F=H&
o] 8:2~4:62 AL BP9 HFFko] 84.31% ~ 88.96%F HAo] 50 nm¢l =& FEe e@AunAG7F AR
St

3. Raman spectraolA= Ni¥ Moo %E 180] 6:42 &2 A3 A A89 D/G ratiogte] 0.672 -
AP =7t 7hd grol Aol 7 4% Aoz el

4. XRD A3}, 20 =26 ° FZoA A=A R

SAFZE el 444 9art BE Fun| g #z
o E3] Nidt Mo F=n8]E0] 10:0, 8:2, 6:4 ©

Ql AS- 54 F=29 intensity’} =A YEFRLT.
5. Ni# Mod) =% H]fo] 6:491 Eujz AFAZ eratbweAdGe XPS B4 A Cls scanol Al CNFse] sp. 2
sp 9 (-C ATS YERE 937} 284.22 ¢V 2 285.57 eV oAl

6. NiZ} Mool sZH]&o] 6:4¢1 Fu2 HeE/Srv=df SEdaAE FAsisler, S A7 Ae2 S
o] H]go] 5:5, 4:6, 2:82 Ao BAUro HFHO| 74.41% ~ 85.17%= =A Jebt).

d

7. Raman A A3}, AT Evjel wlge] 4:69) Hel@/BarkuAf BERAS FS D/ ratio’t 0.9504
2 714 Sl ve.

8. XRD 4] @3, Wel@w Hoje] wlgo] 5:5, 4:6, 2:891 AP T/earhedf BFLAY AP warhed
F% Uehlls 54 9129 A7 Gintensity) 7 ZA vekske

;

[‘

9. BET 2% 2%}, A2 Soje) vlgo] 4:691 Aeld/gateAlf Bgade] B9 wEALe] 306 ng 2
Vg 2A ek

10. Cyclic Voltammetry =74 A3}, gavpweifob Ade)Z/daunidf Bl dajd= LiPFst LiCl0,
F AERS o mE ARG R iA Fdoyeled e S92k vebdAw F wA $3 cyeled e 89
937} e ek,

11. Galvanostatic Charge-discharge =4 A¥, ©hyx=AFoA Nid Moo HEH|Eo] 6:4Y wf AFd=



[0115]

[0116]

[0117]
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LiPFeZS AF&3 ¢ %=7] &3 570 mAh/goll A 20 cycle ¥ 15.05%2] retention rates WJEML, Haid=
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Intensity
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