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Z QrHAESE 2 EE goldt A4

A7) ERe] mEm, 71A(10) Aol wAMoR Tdw AT F(1D R FEHWD) ol &~ ATA F(12)0]

gAdh. olu, F% A7 210 S¥H Fow wAH ot AR 15 H A wi 4A

oA (vetting BADE Bkl olsh AFSHE 1AW AEE SO AnEe] FF HEHel FG wkgel

ofste] FAE W ABE(CCO) Fol FHUD TE FEHOD BT thed At i) Bu

2 #Aa & FE 3l

AN ALRA, A BW AFAA, AF, F9-ANNE B QoM AR AS Fed FRE 53
FANA e, ARA0OT FAGE £ S AL FA

3
3k AsHglo] A& = Attt oA A
o]
=

20 71A 5o AEY 5 . o 24
F, AstaE, AstgFry, dadE, dalw, dadFrwE, AbseladlE, bk ‘F‘U]'E'_ EJE}o}, Absf
olo], A, mloldlx FoRFEH HduxE Aok i 4 Q. BE?}, F71Al 7NAZA EE ==
G o] E(PET), Z|FFEUICIE(PC), ZEloln=(Pl), Eg ot =(PA), ZdEdANUZEHYolE E= o] x37}
(e B9, FEIA E= ERE LY 5 Ak AAH A 1 A MeER, e FEA, O bt a4
(flexibility)S zte Aol F8& 4 A& vl, dF W 7] & 1 2 2 21700 A" 71414 L #7149 &
A F Aox suE Yeid 4 g,
F 1
B4 H4 =74
2147 = (MD) 15000-40000( -4 2] 2.2 20000-30000) ASTM-D882
9127 (TD) 20000-50000( -3 & ©. & 30000-40000) ASTM-D882
A= (D) 10000-25000 psi (#1222 12000-17000 psi) ASTM-D882
522 (D) 500000-850000 psi (-2 ©.& 600000-800000 psi) ASTM-D882
2522 (1D) 550000-900000 psi(T-A 2.2 660000-850000 psi) ASTM-D882
21 21€-(MD) 100-170%( 734 4 ©. 2 105-130%) ASTM-D882
1218 (TD) 85-105%( -4 2 2.2 90-100%) ASTM-D882
XU Z= 30-45 nm(35-40 nm) Fst 44
4= 1.25-1.45 g/cc(FAZH SR 1.3-1.4 g/cc) ASTM-D1505
HE 0.5-0.6 dl/g(FAHC2 0.53-0.57 dl/g) ASTM-D4603
FE e Gvield)  |17000-25000 in'/Ib(FAZ S 19000-23000 in/1b) n/a
* 2
54 Exe % 9] =744y
SAZE |AC, 20C  |6000-8000 V/mm( A2 0.2 6500-7500 V/mm) ASTM-D149-64
SR [25°C, 1klz |3-3.5(FA| MO 3.1-3.3) ASTM-D150-81
A4 25T 1.00E+17-1.00E+210hm - cm( -4 2 & 2 ASTM-D257-78
1.00E+18-1.00E+200hm - cm)

E

A FA ] wEE, s ?‘& upel o] AlFE Z1A(10) Aol A AakE F(11)S A%t a9 A3
E2 FHACA el e ok A" 5 Aok olegk WRe] o =4 Brodie W, Staudenmaier
Hummer "R ol &4#1A A& v, B} d¥X o 2= /EFE Humer WS A8 4 AUrt.  Hummer 4 <
XEFE Y7 O] E(KMn0,) 35% B%F 2 At UEHCE 0.5 5% TS AHE
ate], AaH(AL E= Aa/Eh el EA4] st A aEtulel E(FAA 0 ZHolE FH) 1 T IS 1H¥
Al A% ok oA A Ao oA, At ube o] Alx¥ HH AbstEC] RAME(FLE:
& 59 oF 1 WA 5 mg/ml, FAHCRZ oF 1.5 WA 3 mg/ml) & A= F, 71A(10) Aol Z=xste] 1%

o
_{

2
il
il
)
2
o
2L
[40

O

o

o
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Aske S(1Do] ZEd 7IAH(10E A 4 Ao, od, =¥ Wyor, SE-Aagy S o] Tl
A A" S A8 ¢ A B, add AskE S(1D) 9 FA=, dF8 &9 oF 0.5 WA 10 m, A
Ao o 0.8 A 5 ym, BrF FAHSE ¢ 0.9 WA 3 m MAL F U

71744 (10) ol =1 O 3
FHE A¥T ¢ Ao, olHd =Y Wwyew

%+ vk

=
2
o,
Iy
ut
K
[
o,
offt -
i)
i
)
oft
ins
)
>
12
)
)
o
1>
o
2 ol

ATH(EA T FHW). old, ZHd AbskE
el AA HAEAE 5 deH, +
£

5ok ]
He SrEA, o5 59 (149 ¢d3s B/Es &, FAHSE odes

=
Z
=L
!
i—";
Mo oo of L

ANH FAele] e, B AN AE sd FHUDL, dE BW (g, FelCw), YAND, 2%
oA, A(Fe), FWE(Co), LTS, okel(Zn), BeHao), F4(sn), BeHFPD), Eleky (11, v
RV, 280, A2E () 2 AF(INOE oFolAE ToRE Holw shbsl ded & Y, 74
ozt 2(Ag), T, YAND, FHEC), oFd(Zn) 5L & 9lor], url FAGoRE ofd(Zn)Y

gtk ER, B ATAEL FLHODE FAY, PUG, MAEND, TEAG, FRAKE, FuskE, ol

=
5 , B4 =
o 23w ole] 3B 4 Atk v, F& A7A) FFl b elm skEel B9 A
o e
)

ultA

b 2
sg
B
)y o

of olstel AEEE el AWM BW, BH Uk EE FE AL WY 5

AX A FA o] wEE
MFe 3, 5d3] A o
Aoz k4 A 10 mM HYD 5 A},

T4 ol AFARA ol ofAE|OE 24385 AlgetE A, ZHW AEEY HES upE ol o3
g 2ketE 7He] v FEE = 1col YERAT

Lwol we=m, 27ke] ofdd o] 23} T AbsHE O] AbA 87 o] FE Age] dojus Aow B

AN g thE FAde] mEY, A& vk ol ARE YW AE R FEHOD) o e-FF ATA
£ P EYNCEE BUNES Az, olF A1) Fol EEF & Ak, o] A%, W WshEs
T ATAY FF 0SS vwy Solsl 22F & g€ @A, TFY EE BU W F& ATA F AR
(59, 7 28 92 2AGE F5 ATAE 5 B 9g F F5 A2 B 35 AHER
AR Fe 5 ATk olsh Bstel, ER m B ] FHND) ATA BEE, €F 59 o 1y
A1 50 mM, FFAIA SR °F 3 WA 20 mM, Bok FAAHSE ok 4 A 10 mM HAYD 5 ot

w3, dAE FAde wEW, a9 AEE 0 FE50D) AFAY ¥E, T VFeR, 98 &
0.5 WA 2, 7AAe® ¢k 1 : 0.8 WA 1.5, B} FAZFOZ ¢k 1 : 0.9 WA 1.2 HYd 5 ot}
ek, A7 A Hlee dAFel Aoz oslE 4 k. A7 FAldelA aEF AstE R 34501 ATHA
3 ,dE 591 9k 0.5 WA 10 im, FAIACE 9F 0.8 WA 5 um, Bt FAIFo® 9k 0.9 WA 3

Mo=d F) wE 2dW AsEn 34 AT EFEe P41 Folt a
W AEES BANT SA6 Fe) ostel MAHE AL o4 A B Wge Fae] & o] ATA
E wd 2 Be wE AR A9 5 Qv

g &
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850 nm(FAA o & oF 750 WA 800 nm, BT} FAFOoZ ¢k 770 WA 790 nm) o] #F HYS
AE A& & drk. oleh o] AW uio, FAFoR 5F I gioe] #olAE A&
olfrv= 2#F AtstEe] w4 HE Al HE(AEEY) g 2 T4 o] AFA] d Eafd
AN F dE duAE FFshe Aol 879 ¢ A7) "ot &S, HolAe 99
oA o] FFF o] tﬂr% Fd dhgel ok Fd GA %7%}% M aeste, & =W
100 mW, FAH oz oF 50 WA 90 mW, Bt} FAHoz o 60 U] 80 mW HE WelA A4 4 gt
A&, #HolAe] 2 139 7*%% FdE 7 dov, 500 BE% ‘—;L%(Ml) AbstEe] A= dE
5
<l

ol >{\i

o g I r1r

},

rsL‘
o

)

7] glate] B4 Hol AR AAHYES FAT 4 A EF, 2AEE dolAe] Ee oE W o

m, FAACZ oF 10 WA 25 m, W} FAAOZ oF 15 A 20 m WAL = ok, ole] oAA

SECEEIEN

olAH, elolA Al EE 2Y WAL ol 8T A4S, AT
3 ol Hokd Ad, dF 5 & 2}

o) el tiake slAlel djetel . ,
189 oA 2k SlolE A s 98 AUAR ABE 45 ALt
A

& 2= 2R AAskE(60) Aol w5 Y dA/r60 RS d4dske o

2

2 %

A7) EWS Fxsd, a2 AskE Fol 54 ol AyAZE A EfE] AU At =g Ee] mY
of EatEe] Au(FEA FAx). o, mg Az HYs wet delAE FARIAY YT wet
A e 2AY doedA w8 WA-O-AA vE e 2dE AsE(G0) S Fd kgl oste] Pabasty
o] ¢l e AstE(rG0) o= HEhE ),

AAA FA ] w2H, HWst FAS A5t o|nH rZESO7t AMEE = glom, MEH oA e,
dE 5W dWH DD H2Y =eholB S5 Fste] 3= 5 olvt

ojmf FET He YR AASEL dUAE F5E A9 ols BAATIY e 2A4S Za 7] giEd =
Abe e AbskEe] A4 e AdEE gYdxe] 2mrt §A3] st Hie vk, olE 5 Ao Yol
g ZABIAY 219 Aedls, oE 59 oF 400 WA 1000 T, FAHoE oF 500 WA 900T/HA] F&
2 Ak

A, YR gskEe] FdEE whg olfele gE&WMD HyAE =A4H MR el @ EaHo a4
A& EE F5 Astee] Az dEd $ ool ojd, add AsEe AAa-Fh A871E Frska o
of th=giAte] ¥ A4 Bl 1 EE YA AelER 2ge 4 9lal, uebx e agd ksl i Bl
AR 9ol 3}7) wkgA] 13} o] FEHWMD) T T4 ASEO0DY Y=gAE 4T 5 Ak

[whg2] 1]

GO+hv — GO (h +e)
+ +
4"+ 2H0 — 0, + 4H
M+ G0 (e) > GO+ M

GO + 4e + 4H — rGO + 21,0

M+ 02 I MOX

AXNA FA A E2H, S50 B 250D AstE UxgAte] Atel2(HA)E, «F £94 < 1 A 300
mm, TAFOR oF 10 A 100 mm, Bk FAHCZ o 20 WA 50 m WL 5 U

Azst AAE Bl #9® W ASE Zo] daHo] wEH 54 EE FE5ASE UngiE S0 1)
w2e A% G A A= 248357 FTh

A Aol glofd], W WS Fold FAEE GmEEE GHM2) ASE AL olFed ot
oj¢} Fo] T AFES R (Zd e ¢olo]) Yo m AFA7]7I %’43}04, FAANA LH WS A&
st 4 Qe vl dEH ez VLS &4 (vapor-liquid-solid process), 7|5 % (electrodeposition), Z-2AW
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(sol-gel), MOCVD(metal-organic chemical vapor deposition), 4~E3A % (hydrothermal process) = <A
s 4 Qlth, olF EA, AAAN oS YT u, a3 g3 Y2 A el fEE F

ATt

Bl ye2es g4 Ae, a502) AFA-SH &
A 8 < o83 F Utk dAIH FAldo] MEW, F4502) AFA
oA FE5(M2)2, A& 501 ] = 549 %Ag) T2 (Cw), UAWNI), &Fr+&Al),
A(Fe), ZXE(Co), AZ(Si), oFdZn) Bdl(Mo), F4(Sn), ZeE(Pd), ElEFs (Ti), ¥ (),
AFCr), AZ2FZFZr) 2 du(In)o = o|F= Fo=HH 3101.-_ sty AelE 4= Qla, FAA o RE
2(Ag), TFE(Cw), YZNI), IZLE(Co), otd(Zn) ¥ & don, B FAHoZE ofIZnY & Utt.
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P, b=,
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e e :

N
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ofo

2
o
o
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e
2
o

0,

B

fr

>

2

i

mln

¢

dll

by
_O,%ELI
=
_O‘/‘\
S
E\J
>,
H
Lo
iifow
oo f1
o I
2
©
_o4r>~
*
p M

AN
ip%
FIFHU
N n
X o

o
=]

>
U

9 =
megog,
ook
Ngﬁm‘f;
JooéﬂHN

o,
5 & P

o
e
4>
3o, s
rlr
=
ol

= b
=
)
)
-

N

*Mﬂ@ﬂ S7veHAl ®Tt.
, TAXRORE oF 15 WA 40 mM, Eﬂr %xﬂﬂog ok 20 X
0*7} AYAA FAY 2 Afde 5502) AstEe] A

2ol el = ok, uuk, A7) sk WMele= Al Aem wke
)

L
iy

B g
Y
r{o
QL
rlr
o
b
utl
(1
o
oft
oz
g
R

A e Gotel FHM) ATA-IH AL FHOL) ATAL FEHOR) AR AR} EA
E 2) AT ¢ S e Aods

pY-)

M2 N
S

il
» e

_IJQ?Q\-F_YE:BL'E—D

2,
ol
o
rir

o] 9} FE502) AsEY] YrrEs V1A SAE/r0 )9 £
2 3 (perpendlcular) = 419223 (non- perpendlcular) ko g st
12025, FAHOR °F 70 WA 11085, Hu} FAA oz ok 80 WA 10085, E3)
wao g A (FANSRE AA AT ¢ AT

rJ
e
p‘g
_EL

ArH oz, FE502) ATA-F & W AV "7 AEY AA T
18 WA 70 mM, B} FAHo = oF 20 WA 40 mM H g WellA 43

E3h, A Aol mEw, SE50M2) AT £ WelAd S502) ¢ H7F ARl & v
10905 WA 3. A= 1 ¢ 0.7 WA 2, Bok FAFSE 1 ¢ 0.9 A 1.39 HAY

_/I:
QA H wES AlxEel glojA, FA(FAH R FEN) WM F5M2) ATAls shy] wheA 20wk
(M2) AstER dosus Yrere gdowr st Hot.
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Zn(NO;)* = Zn®™ + 2NO;~
CeH1oNy + 6H50 «> 6HCHO + 4NH;
NH;3 + H:0 &> NHy + OH™
Zn** +20H © Zn(OH),
Zn(OH), «» ZnO + H,O

FE, FHOR) AR Jese) 438 AF g A % L% o FH0R) A5z Fud JFE T
< I}
°

v, 9k 2R o2 =W oF 60 WX 200°C, FAIAORE oF 70 W1H] 120C, R} FAFOR F 80 WA 100
T, B3 7AAoR ¢ 80 WA 95T WYY 4 oz, w3k vk (dAg) A7, g3 59 oF 1 WA 24 A
2, FAHoR oF 3 A 12 AlRE, Bop FAHORE o 5 Ulx] 8 AgE, 53] FAFoR °F 6 WA 7 AR H
AL 4 A

oje} o] yiAfolze] A= QRIEFE AA sty B UnRsE PAsA He vh, oY YreEE
zr7re] A% W ook 50 WA 200 nm, TAZORE 80 WA 180 nm, Btk FAASZ <k 120 WA

,dE EW 2 YA 15 m, FAIFoR oF 5 UK 12 ym, RTF 3K

3 AslE o] 39 Ao FAdHE FEHEWMD) e FE50M) A
e YAt Al=E F502) 2kskEel 075»}% T & - (nucleation spot) o2 2Hgste] Fogt 44
B

2 IA Wgel wel AxEE destE 35 4EE Ye2s RELS dx A&H(CGE EW, EWXXE), 9t
TA A, AAM(AE B, 7t A, 38 M), wlEgE, FH-AAE 53 o] thdt 8o Hed
4 gt

(PE0), Z|oldalZ2Z(PEG), A vEd, (T2 SAlo)=), —-‘;%al(ﬂﬂ% @%A& iﬂo}ﬂﬁi
L EZ(PAN), irﬂﬂl‘érﬂtﬂéigﬂ‘r J=(PVDF), Z2(Rjddl ZFQgo|-co-dAEF oz rzdd), Eg v
el E o] E(PMMA) 58 @508 T Z35te] AFEE 4= .

=, AEL A, @] e o9 Oﬂ(?xﬂﬂOi 719 Ee F7I9)o2A, odF W FUA4 dsde 3
AH(HS04), FAHMHCL), ZAAFHNOy), A4HWHP0,), FAFSEZAE(KOH), |3HZ-E(KCl1), FAHFEHRNayS0,), A3tel

(LiCl), A2 ELICI0,) B oo 2oz y Adud o glar, &3 {74 dafjd wWeadEL, o

153

ERH ZEAL, d g ttololul B Egfol M| EAFEDTA), Et,NBF,(tetraethylammonium tetrafluoroborate) % o]¢] %3}
O 7 o|Foj ForKE AMEldE 4 iy, 3, HEZNH-Ad g (tetraethyl-ammonium), H|EZFE-IE
F (tertabutyl-ammonium), HEZH d-EA~F F(tetraphenyl-phosphonium), olg-wdo]n|t}Ee]-S(ethyl-
methylimmidazolium), = o|E(perchlorate), HEZHZFLZH#o]E(tetrafluoroborate), FAIZF O EFE
2~H|o] E (hexaf luorophosphate), HIE#ZHdKX #do]E(tetraphenylborate), EEZH7|A(AEZFo =24 d)E
o] E(tetrakis(pentafluorophenyl)borate), EfZEF o 2Y et I Y|o)E(trifluoromethanesul fonate;
triflate), HA2(EgZFe2zvEgd ¥ d)olu]=(bis(trifluoromethylsulfonyl)imide), = o] Fggo=z o]
Folzl o RRE AUEE o2y dqAY = vk, HAEd HaAlAe A, Bad uHAe 2F odY A
A x3& 7Hssit.
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T3, wA deide] =X A AN dER WS o]gste 3T e v, odE EW =E-AaE
9 =29, 2% 39, 4F =¥, 24 3H 5% 84T & Ut

olelel =, oAIF FAelo] wEE, A daF F4E& EFE(=XY) U HdaFY =, 5 49 2 0.5
WA 5 M, FAFSZ oF 0.7 WX 2 M, Bt} FAFSZ ok 0.8 YA 1.5 M HYY 4 v}, m=Es, 12X o
Eglzo] g Aalde % Hl=, oI 59 ok 0.5 YR 2, FAFeRE o 0.8 WA 1.5, Bt} FA|HoR
E 0.9 UA 1.2 HY 5= A}, gk, A& 32 W9 drH 5oz osE 4= ).

=X Folls Az A E 59, o 10 WA 40 T, TAH R oF
of FH-ANAEE AT 5 A
=

qew, srle] AAld=

B
&
o)
T
o
-
__)tl_l‘l
2
o
ft
rir
0%
rlo 3,
o
N
2
kl
0%
-
v 2

i)
ol
o
2
>
I
_\LJ
=2
itua

ah71e] AAjelel elste] wrh

e
s wgel e Agetagt s 2

e AbshE(G0) o] 3

A AR (G0) NFE Hummer S F3le] AT, FAHoZ, adgtolE Fe o] (Alfa Aesar,
-325 mesh, 99.8% metal basis flakes) 1lg % AAMFIEF(NaN03) 0.5 g& T Zg2azo] Y& F oo~ uj
2o YAIAFAT. 2 B, vl vkE o] 85t wwkelHA Bt 23 mlE AAS] HUlsIla, fdo] T

o

3 W7hsd b A 8l w2 2R fAshM e wR7MOIE([IN0Y) 3 g& EEH AHUhehAdth.
K045 W57 H74ek §, g FAAE ofels HIAREE o] 35 T2 243 HE o Wja= &3
o}.

ofF, o 1ARF Tk wubIElE FASIGE wh, Wgo] AFLFFH FAo) Aol SRk, vhadlE Wit
t ool FAdskA 2 AACM 40 mle] SRS AAE FAssls v wbe T 8§99 X A4S T
Jlett, FEHor, galo] LX)l 40 To] E9ehH 100 nle] FF4S 7150w F9leka 34.5% Ik}
FaE AUkl

B7) &NE o3 AAE olgdte] oHI T, L F5F Foll Zoll 3|Aske] 4,000 rpmFER AR
gatglar, ol2HH £5¥ AEs AFHsdt. olF, 100 fatdl LA F fAlResta FrhH e AlH
stol w& AFAELS AASA

oA 2ddS o] &g Zn0 Al=/rG0 EHEA 3 wlo] r60 HEe] A

Zod e Zee| o] E(PET) &S Lightscribe 2@ (Dol 2A At}
Az 293t a9 AEst x-dd §xA1717] st A8 D TY9 573 7=
Stk A7 ZEE G0 FUHEQ Y-S @Adsy] fstd dE8e] A YA Al ]

<} 5 s
mg/ml FEZ FAAIZL E4EH 20 mlE 0, plasmad A &g

o
ofo
ol
Aui
5
Aui
oo
12
>
2
T
[
R
i
Do

o]% o} o] HFAEA ol EATAM.W. 219.50, 99.0%, Samchun-Chemistry, Korea)e] 5 mM o &l2 &
NG Az, AxE 0 BES oldolMHolE SHoz AHu by, 30x Fo odet&z AAsdtt. 60
IE Ao ofdxdTAle MRS T/ 9kl 7] @dAE 53] wrEEeIth. wixEoz | ofddolM Ho| E
2 Ag¥ G0 DES LightScribe DVD drive (HP-337s) wWelA H <A (IR) #1°] A4 (780 nm, 60 mW)E o©]-&&}o]
w2ke (interdigitated) A= tlARQlell weh 270 aklar, 33] whEste] rG0 9 Zn0 A|=7F SAl] FAH =S
otk % 7n0 Al=E FA38H7] 98k ofdetMH o] Ee] 3 wA B #lo] A 2 W aseiTt.

[«0

Zn0 Al =/rGOE o] 83t 7n0 Y2 =9] A%

Axtolad 653FE (MW, 297.47, 98.0%, Samchun-Chemistry) 2.97¢ 2 axlwgaAlg Egtolal(M.W. 140.19,
99.0%, Kanto—Chemical, Japan) 1.40gS 400 ml9] o] &3A|A Zn0 AFE ofd AFA NS A xs
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[0119]
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[0121]

[0122]

[0123]
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vk, 7 ohe, A AR 20 AE/rG0 BES ofd ATA §9 FolA AT FT=Pagn, 90TAA 6
AR O £ WS SRS, WS FE F, 20 UheRE/r60 UES 34 "olesw AdSdn, 4
& 27 sl A AzART

H:PO,/PVA 7 Hald A%

1 g9 ZZvjd ¢3Z&(PVA; 89,000-98,000, 99+% hydrolyzed, Sigma-Aldrich)$} 10 g9 THTE EF3ATt
|0l 90 CellA FEafd wW7hA] E=s wwsiitt. & FEAY 7S THeta F2ow YA
71 Zo QJAAFM.W. 98.07, 95.07% Samchun-Chemistry, KOREA) 1 g& 77| & Hrlsta f#dst 28 Fd3

w7k A 2T

ZG MSC 2 rGO MSCe] A=

ol A2 FE9 rG0= A=W okyel FAA|(current collector)e 9ag st ul, A7) Alzxd HPO,/PVA
gel AsAE MSCe A=Eo] watshs F& Ao =5-A='dk o A2dA 312y 5 AZRAIA MSC e
a4 Aald 2ES A8, 1 ue, JHA FEE & Fo]~E(Elcoat p-100, CANS)E :®3le] 7]s)
g4 flazH ol ZEH oate] A3

rl

H
e ACERH 160 A5 =S RIS,

AAEEFALA A AN A (field emission scanning electron microscopy, FE-SEM; LEO SUPRA 55), F3}Ax}3d
e

" Z (field emission transmission electron microscopy, FE-TEM; JEOL JEM-2100 F, 200 kV), & X-A Zdx}
EFE X 7] (X-ray photoelectron spectroscopy, XPS; Thermo Electron K-Alpha)E o]&3lo] Axd E4& &
At EE XRD 2 EHLS C 1s AgeU=|Ql 284.6 eVl vl oA 2 HA =T,

MSCe] A 7)1gats BALe =@ dddF H(cyelic voltammetry, CV), BAF Z97dH(galvanostatic charge-
discharge, GCD), EIS(equivalent series resistance) ¥ ZFWH &3 oA HAEM 93le] S F AT},
CV, GCD % EIS A& potentio/galvanostat (IVIUMSTAT, Ivium Technologies)Z o]&3&le] =3wdr}. EIS

AL ME-AF Aol 10 mvel 2ZF 2 100 kHzol A 0.01 Hze] F3p4= ¥9lol 2A 71Zadnh. S84
T3 HFAA H2EE 0.1 A/are] AFEEA EAE potentiostat/galvanostat (WMPG1000, WonATech)E&
o] &3te] S E AT}

B Ay

=] MSC AAE sk, AMAEH Hd5E 3702 Aoldt Zn0 NRs/rGO NSC AAIE o] &3le] tin|sile v, A
7] A¥= Zn0 Y=2=/rGO0 MSC7F 3.90 F/er & 0.43 mWh/cre] =8 AgAldd s 2 oyx] A=S HFE
UL, o] Hlo] rGO MSCell Hl3te] oF 3wl =& FFOIUE B, Zn0 Yx=2E/rG0 NSC= #A 3] 2 A AA
S AFBIGITE. oA"Y, B AAde wE Wy hde Euk ofyE, #HEs uhE 9 22 R4S o=
st the A718teA mlola® tutolzo] A& THEEE & & ATk

% 1bE xSl 2P, AAdlA e Aske )
AR G0 AEel chelobalgo]= 4
e, 1 ARE = 40 e,

ZE Hummer WO o)8le] A E QI o] ZEE
Aol th3le] 78313 nm A LA #@HolAE A st

ﬂlﬂl
_l
)
oy

= 401 e upe} o], GO7F #lolA Al olsle] @el| Wk olue, ®HH shede] elsje] ofgl of
AEolE7 QRalHe} m0 =S B4, E, AR 0 BE Al 2K A, FA® 24 @
Aash el olsle] wE ool Wejeq Sqo] waeelth. oleld FAT A4 TmAlst Ah-dg 1
2 Baony (0 AES vRlaln BUAA BeE 60 FEUE B2

£, Ak BolE(noiety)d] Bl Bi AGEEE B 942 AAS 1609 i We
wali vl %= 50 GEd e} o] dlolA 2o eRle] B H9le4 S8 @A, A

BN o

A deld &8 WETt dlolq el dAneh AriHos 7] wEe] Aol AR
Anpew, dolA 2AdE 160 F A2 A 7m0 e =(FY )l AT AHAE v, ol Zm0 A=
7 oled Gudon WAR T2 Aot A EASA 9] dEen sebn.
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[0134]

[0135]

[0136]
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W, £ 6L 20 UemE/r00) 29 AEe) SEN ALK H, alol A eE delol el m0/rG0 2l Alo]e)
o
A=}

ol g ool rGo 2B RS wWeh 700 thezEsh FAELTE. olw, 8} A 700 YheRE/rG0

ghele] gof Aol

% 6% FEsW, A4 w9 RS oF 2omelmE, oF 20 m 2 F W Ado]nE 2 /0 i

E/rG0 @91e] ojdlel7t AR, ES, rG0 S W}, 53 = 5o EAE G0 Fele) A FolA A

groz 449 m0 2o BAEUG. WS wwdE ool dolq saeteldH o] niw dol ¢

A gl BIE, m0 w2l 4gehA e BHE 0 DO Fo} i wh, o (0o e
=

H715kek Hupo] s g o] AYe A&sh] skl A AlzbE, waksks (0) R (4) A
S Zh= NSCO] HE Y-S EAESE v, @ﬂr% 7o EhA AT

7] el wh=d, 27 e] AAAE A7) A" sj= Apolol] aabshE sjRle] A w o] gl wb, #lolA =
ojijo] H3 tulolx RS bASHA FAsk=rl AMEE F AES Boler. wxkd S| o) Ao g7
Ao o], = 2 kAL ZZF 5 mm, 300 pm, 2 100 pmolUth.  AALAE Aw sj=o] Alo]== oF 8§ m
X8 mmo] ATk, o] <} %%6}04 n0 Ym0 SR o A wAlel %A, Zn0 A=/rG0 AES] AL
24y Me BFeglE vh, = Thie dlolA 2o Ede] tigehis 20 me] B&E 60 Sdem AT, of
AopAlHlo] B & ol 40}04 P49 rG0 A Zn0 A =TS U gFobA SEN ARIOlA = w8k i E A

ZAtt. & Tcoll YERA mRe} Zo], makE JAANANE G0 FeloRE AL wxkE A Alole] H|:Ew
GO A dgol =AUt Zn0 Al & WelA Zn0 A=/rG0e] 2 Aol o3 44 9A F, Zn0 A=
7F A" Aow #E rG0 EW Aol T 7n0 Y2=TF AASIA s v, ol #lo)A-~Agte|wE
rGO 4ol Zn0 Yxezrol 3 A AFAE AAFHE 7e B = 7{). = 7gol YERA wie} o], A9
n0 Yiz2= g2l AA-8249 7n0 Y2tz o|Fojxon 7n0 YxzZ=(4 me do] © 70-120 nme] =
7)ol 1go| WEs

PEEAT. SAEDE Edle AFE 0 Ym2ro] AHEE BAEYE vh, Zn0 v
e % UEgs nu 4w f2x0E FUgA d(wurtzite hexagonal phase)S ZEiL S-S Flsqitt

E3, B AN AR dolA-2Tetol e Aust ol urk BT tulol s AW S FHsH=d 4§
g 5 gtk e FEEUATL(E 9 FH).

BaE rG0 el Zn0 Y2 Erb Aoz ggsteE MAYUSTS SR 8Rlsty] flete], IR #HolAR 2~
3 PF9(G0) @ ~AEdE FA(Zn0 V=2 =/rG0)EHE 9 XRD 2 XPS ~HEHS BA5 0
o, éﬁ—a T 10a°] YVERAQITE. A7) 9o whEw, 31.9° ) 34.6° , 2 36.4° oA 3719 EA A
=y}, o= L2x0lE 7Zn09 Zn0 (1010), Zn0 (0002) % Zn0O (1011l Z+z A3t E3],
34.6° oﬂ*ﬂ -y GohEa A3 vas Y 0 YeRert £2 %S wE A S-S A S
=

@, 27 ge delAE 0 hesse] gt WAt WA ek, ol| @ sk m0 e
227t 97 deld 2AgE G gelm AAFS AAFY. XRD A gloA, PET 7147 G0 BE 2
(60 BERT el o FH7] Gl G0 i rGoo] Adels 54 waE AEA ekl

n0 Y=2/rG0 A ZR2AAE gL 84517 9ste, /AE dAdA XPS BEAS Fdsiglon, 1 ATE
T 100 YERATE. AA, AAM oA LAgtolWe| okl G0E #E FAAIIE AE Rl A3t
Cl XPSE #olA 2719 99 (rG0) 2 =P A e AY9(G0)NA H4sl¥on, 7 A3E & 10b L &=
10cel YeERAATE. C-0 (286.3 eV), C=0 (288.1 eV), 0-C=0 (289.4 eV), % C-C/C=C V= (284.6 eV)9} o]
THEE G0 54 939 AT G0 FgolA AZEATH(E 10b F3). vk, 3 RA 3719 AkAa-g
f A Y35 160 99 ol e C-C/C=C ¥ (284.6 eV)E AQdlare dolA 2 A Fole= A9 AL
A= 10c F=x).

2 g, G0 delA Zn0 A= % Zn0 YxeREVF FAEE AS G137l fste Zn 2p XPS A4S
Sy, = 1dE FEEH AF AT n0 A=/r60 ¥ Zn0 Y=EE/r60 99 ZHtoRRE GO
JA(Z, HA #HolAd tate] Hx==F d9)e Zn 2p XPSS YERIT. G0 99 Wl 2719] Zn 2p HA(Zn
2012 B Zn 2pyp HRRIYE oluAe] AEEH)7E EAFe] FRIFAE b, ol Bol2FE AAST Tk ofdobA
Ho|E2RE stz ofre ofd A7t oxd] GO Aol s He oudth, G0 P9 Zn 2p XPSe}
WS, Zn 2pyp YA BUF & wplY olux] Zog o 0.4 eV FZESIGE v, o] ofddolAE o] E9
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A Eajo o3 Zn0 FAY Fdste] #AFH, I FAZERH(down-shifted) I F&HA L= 10e
z). A FAZE" A(uwp-shift)S 2719 oAz 02 A #2479 A3 2SS AATHE 1(c) Z=x).
AA 27Fe] T4 o] &2 G0 ®W Fe] AbA Aot AdfE = Aol i, 1 A olelg 27F o] FF G0
AES] 7HuE fF=gth. Alo] G0 5 (% 11la)¥ divlstd, -0 23] Arw ofd o9 H3F oA ofd
ohAHIC|ER A" G0 "EA BX ok vl ol G0 IE Ul 277 54 o9 %‘%% AAISH (= 10D

= 60 259 BW A Axpe) Ajtetar, ol #eolA A ¥ Zn0 A=E HstE]
o, 3 ZnO LJrLiE/rG 0 999 Zn XPSE= 7Zn0 A=/rGO 99 (Zn 2pzp: 1022.4 eV)H A2 A3 93
AAN(Zn 2psp: 1022.5 eV)E YERIR oY, & MERTE 52 7n 2p I3 ZEE Uitk XPS I A0
WEM, /0 YxREEE G0 AJE A 2719 o4l o] o g RE Mulzlon Wity zn0 A= Ao AAs A
o2 AEUYE F At

3 Aes Bade 48 F St PFHE AZEdOS o8] FRANAE A A oA §
BE ATHE Al 70 /60 vhol s AMAEN G USOHS The Aol PET Aol oA

s % dm, H4UC TR AE NScel A5 BATeRA A48 & Ak B @AAd g ow 147}
o AFCE: 30 @, 30 m R 30 S FAD B PoIT 26 UC0E AR A 2E Us0od el
A% tulolz o FASATCE 12). MSCS A71SHEH4 Sz BPO/PVA L Zd_éﬁé% 2 27)9)
A5 A8l ool Saw oln,

T 13av™ 100 mV/s®] FAF &EolA 350, 330 % 310-7G MSC94 CV F4E& BolFEu.  350-7G NSCel CV ZAe
ZHE H A& WA 330-72G MSC 2 310-ZG MSCR T 4 WolE vl, ol 350-ZG MSCl 8] AsJAIR
7b Bop Avke JS AlAbge doldk A5 Ale]l=2E Zhe ZG MSC & H7)8ket4] A5 GD S s}
o Bt} AFEAT. A7) 76 MSCel dF A<l G HZAEE 0.1 A/ane] A EZelA 383819 0H (%= 13b).
350-ZG MSCe] GCD A2 WS AFHdaL tE 76 NSCR T o @ AHeH =F S zta g, WA 348

I _>.i

o] &3to] AEE M ZG MSCe ¥ AvA " A= 350-ZG MSC, 330-ZG MSC 2 310-ZG MSC ZHzhel 7% 3.90
F/em, 2.32 F/em alc 1.51 F/emo]l AT}, MSCe] A%, Ao 7|Rksl= AsAIE 2 Hr7hrh Aegel 7ubsts 49
of wlate] B} FFejHolmR ~¥o] A Z|uksl= MSCE HIASfAIR =7 AlLkE L T 13c= 3y
o Mt 3= ALl 100 kHzollA 0.01 Hz7kx12] ®$loll 23X ZG MSC2] Nyquist é%o Ueldt, o9& 76
MSCe}F wjashH | 350-7G MSCi= 7Fd @ EISE Zk= uf, o]&= 1 kHzolA 9 EH3e dudxo] A FEolu),
A Axo] wal Joldt 76 MSCe ~¥ AMAIEAE T 13de] YERYT. BEE 76 MSCY 2~E AAE A
ol AF Wxe] Zrtel| wre} A E EFetar, 350-7G MSCE EE ZG MSC FdA 7P o ~8 7 ujA
B2 kS Yehdidt. o213k B3ES 350-7ZG MSC, 330-ZG MSC 2 310-7G MSC <o& A= Z& FIoaH
A= ko] 7k s Ao mEH ZIQIgt. AS P AS A9 FUbe ol it Holo] FUkE st

of Wi AgS F7HAZIT. ol d & }% 7G MSC9] EIS(%E 13¢ #%) ¥ IR-=8 A= 13d FR)d= &
viH T, ook, Ao Eo] fragel wEt 28 AAE Al 743Gl

7G MSC W Zn0 Y29 F-AAIE A 7|35 Eelslr] ko], Zn0E A a7 AY]-o|TF-AAAH
2~(EDLC)®RFS- zh= 350-7G MSCe} #713k8h4] AleS tiu|shsict.

100 mV/s9] FAF &Xo)A 350-rGO MSCel CV FA& 350-7G MSCHETE ¥ 2o AALAE A4S zka o=
l4a F=). A7 76 NSCE #2e AF PEdA rG0 MSCETH ¥ & IR =FS YENATHE 14b FXx)
=, ZG NSC &= rGO MSC} tivlsld & Ass YetdE vf, ol& Zn0 Y2 E9] Hrp v dxgdo= <l
3te] rGO MSCeF timlshd ZG MSC7F Bt} &2 ulf A 2t &S AAgt. HF Zn0 Yx=R =71 rGoo
Hjste] vk AEAS Zha Ve s, Zn0 YiezEef A= Afele] W wkge] ot AAdE dEtde] %
B Qlate] A8 AgAMElA gho] F743F £ e Aotk AA|, 26 MSCE CV HZEdA dx & H HA
Zkar Qlar, EEFE 350-ZG MSCE] GCD =412 350- rGO MSCR.TF B4 = del. =1 A3}, 76 MSCe] Aakd
28 AYA - D HAE A A Aolet i Lol A rG0 MSCol Hlgte] ¥ EQhth(E 14d ).
350-ZG MSC % 350-rGO MSC] 7] <84 <Al 100003]9] GDC AtelES a3t XUHPon, 7 A%E
E 14de YERSITE. A7 EWe] wrEW, A HA 2000382 AlelE A, FE NSC BT BoHASle] o
st ZEAZ2 St ds & Atk olF, FF MSC EF 9000 ARolE7bAl FEaEtal ARl HE Sk
(retention rate)Z WEFNTE. A=+, ZG MSCE rGO MSCol Hlgte]l AA3] ¥33 ArEH A, = B}
o 28 AYAE(1.31 F/an(rGO MSC) ©h 3.90 F/em(ZG MSC)), /WA= &2 ©x(0.26 W/cm(rGO MSC) o
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0.40 W/ew(ZG MSC)), H F71e olux Ex E& By =2 28 AZAE22(0.13 mWh/cr(rGO MSC) ©) 0.43
mWh/cr (ZG MSC))& YERASI.

rGO MSC 2 ZG NSCol thahel, Abold FA} &%

A

10 W= 500 mVs Dol Aol CV 4 2 Thrs AR W (114 1

A 327 mA/em) oA 2] GCD A& FAHo] = 159 YERNAY. Ar] Zwe| wEw, rGO MSCe} Bl ZG MSC
o AdAE 2z 54 9 &% ATl 3t

T 162 7] ol Aol 350-ZG 2 350-rGO MSCE] AZ olyux = &7 Ao 7]%3 g ZFolg. A
7] Tdo wWEw, 76 MSC7F & &8 dx 9 ouyx dxE uke $= gle ub, ol Ao|3 HA FxE %
E O A E 53,

B AAdo] wE rGO(LightScribe DVD Zgho]Bol o)dte] &5)E= G0 AF wdo] oM wyd gy wj$
ARl = Eretar, IV Sl el 5 el flojM s 71 Harel (1 Vel A 20 mA)ell wlste] HTh
o ZH(1 Vol 800 pA)S YERHATHE 17 F2).

B Ao glojA | Aold AT|AIE A5 Fgr|EolA AL&E Au)el Ao]dk LightScribe DVD =2}o] B 9
dolx &8 4 % FA SE2REH 73 Ad £ dE v, o)e rG09 Y 2 FT& AxAdo] Fd 9
< m AL

2 A do| A ALg% LightScribe DVD Zglo]H e} T3 An|E o]&3lo] #olA-xTgteo|yE rG0Z #2HE
FHARA A B3 T 71ES G0 F rGodl oA fFAREE IV EAS YRS uEkA, FEried 5Y
3 F4S UEhE rG0E o] &8t 7G NSCE AATo gz AT dAded A% M e = ).

A&

golA Adgeldy] B F& A w-Sol 93 7n0 AHES B8k Zn0 YeZE/rG0 EEAE tgxe Me
2 HEstsle YU Aoz AAsIGTh.  #olA adetely Wo] AlFstE AAl Je iR
stef, #HZ tufolx F2E AASY] fste], thdd mlo|AR-FHAANAIE AAVE &olsiA =EE F Ut

] =|
, AN R 2] BE grE FEelA vl JAHE YESlE Bl o= 726G MSCo
%

S
17] Abel 2 ebgge tEnigl. A

Al e GyEl Teat HelE dulelasl $88 Asteln BrAcI @ S Aok wen, 4
Aelel et AFHE HAGe gonke AR L wWE-o GY) FHe 2TFORA TR UCE M Fato]
7154 vhelam tutel 2B Aldstzd ol g8 F itk

®ougel Bed Wy U Mg of ok B9 A4S 7k Aol elstel olsh olg® 4 o, o
98 WPolt WAe wE ¥ wel 9o xyHE oz % 4 v

_19_



ZIHSd 10-2019-0097379

SSMEE U= /rGD

10

12 11

B54EE HE=EL/1GO

_20_



ZIHSd 10-2019-0097379

k1
:
[\

S
~-
“—

_21_



ZIHSd 10-2019-0097379

k1
N2
[N\

‘ Electrolyte

Middle .
_fCrac

_22_



ZIHSd 10-2019-0097379

ZaONRsiiGQer g
5 _

?:# i o

_23_



k1

)

a)

Intensity (a.u.)

L ]
(0002)

b c
) 86 part — ) 150 part o
4
3 El 1
! s {
2 = 4
B 2
I WRRIGOVPET c ]
5 a
5 £
202 200 288 286 264 82 280 202 290 288 285 284 w2 230
Binding Energy (V) Binding Energy (aV)
d) —_— L] LT
n ~
| / \
- ) | - N
; 0 s | ; |
> N / = /
&= I | =
& ol o] 1
B/ Il | g 4
— mINRaEa ) / k — THOI RO
| & | e SN |2 ___,,/“\ 3
_,/L__\_‘:..omm.x, \‘_: 1 — 0
— L S i
| | et B, NT— e R —— k. e
ol o i — _— =
5 10 15 20 25 30 35 40 45 &0 1050 1045 1040 035 1030 1025 1020 1026 1029 1024 ez 1020 e

20(%)

Binding Energy {e\/)

_24_

Binding Energy (8V)

10-2019-0097379



GO

Intensity (a.u.)

-

292 220 288 286 284 282
Binding Energy (V)

L]

A Width of electrode

B : Interspace

C : Width of current collector
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