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o] th(Burke, 2000: 37-50 ; Burke and Murphy, 1995: 375-395).
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O= Solvent molecule

:
G 77 %

— — P

<Y 2-14> AV)o|E=2 mdo| 43

<7 : Frackowiak and Béguin(2001), Carbon material for the electrochemical

storage of energy in capacitors

o Aol %7 €% 2 Helmholtz planed %4
S35 g4 2o FALFS BT O 410002 Lhehd 4 9t
2 o

Sol A Awd 33UHoR mel A go] ARZol H9olu}

ARAFERE Ao Awo] Rold, o]EA HAEo HYo7 Kol
U AgE FE T3 A sl g

Csciz 343 4 €%, Cyt Helmholtz plane®] %4 &3, Curts
&

diffuse layere] =%



1/C = 1/Csc + 1/Cx (10b)

3. = % 3tolBIYE FAYAH

FE ANANHEI S A ARAEH)E Aete] $42 Eukels S2uke

AEs WE 5o dydel wE& o]&dti= A AE =AM (Burke,
2000: 37-50) EDLCel W] 3ko] 3~4mj¢] %o o

AW RuO, ¥ IrO, S 1719 &4

[

woll Bzt HA Xekar

<71¥ 2-15>¢] Pseudo Capacitoroll AF8-5&= st A= £ &
H %7 &5 EDLCE @543 &7 vlaste] verdln

Fre AMAHAA AFEEE dEA QD EEAQ] Ru0:9 4§ 4hst-3H4
S T2 o] ¥ d ¥ tH(Conway, 1999).

Jut)

Positive Electrode

11
HRUO, © H,_;RUO,+3 H*+3 e~ (1D
Negative Electrode (12)
HRUO; +d H* + 4 e~ © H,.;RuO,
|
Overall Reaction (13)

HRUO, + HRUO, & H,., RUO, + H,_, RuO,
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o714 0<6<1 ot}

¢

Geometric Capacitance Fame?

Half cell test in agqueous solution,
1400 - F/g of active material only G i
R, JCHT
- { Literatures 2002~3006 } MG, SONT
IE'-‘ 1200 u FuC, PAPPA
o
= 1000 | TWAUD, 0,0,
= E Fuylscd-gelh
ﬁ 800 ® hini, WCHIED)
t‘g MPC Gy CAG NAC b,
L2 600 —— - —_p
§_ CNT, MPFFT o AT h hl:uﬁ’:ﬁﬁ‘d
s 400+ PAnET T MRy : A
L DANG-~ ' 4 ; :
Wi oy BT i “PANUAC S
sool b ek PEOTEH - nc,
.6.;:‘:-;'.-“.'-. il PIThi-— :} M, 4 e el
3 PPyIAL 2 O, 1 AL
0 h PECTAC o - ¥ :
Carbons Paolymers Metal Oxides RuOz
i e S
b e o i P pyariien B Gachtbur 5y Ao oaic
Electric Double +— Psevdocapacitance STt
Layer Capacltance
<29 2-15> 94 FEAAANEHE EEZ HFHEF

=4

advanced electrochemical capacitors

 Naoi and Simon(2008), New materials and New configurations for

do th

stolBE = AANHE FE£S 4 F-2FF &S ot 52
g bgE 22 dAste & ety d5s s shAY =
gF o2 A 2YE dte d5ow AAE WA A5 BE
dete] ol &t MM, FE 52 FRAMANEE =4 =
ArgtEolu MxAd A, gEol2wiH(LIB)Y ¥=S 18l 5=
EDLCOIA At&3te &5 =g th(Aida, et al., 20060 A534-A536).

<19 2-16>°] EDLCS wig g 181 stolBd = AAHY &4

A& A vaste] =43 sl

- 38 -
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Supercapacitor

+ =
£ o 2
® ® 3
CY
® 'zg e .
¢ o
- % @] @
® PFy
e ® o ¥e)
Li-ion Battery
+ -

<39 2-16> A713s AHYANHY F7E F4=

%7 Amatucci et al.(2000), Novel asymmetric hybrid cells and use of

pseudoreference cell electrodes in three electrode cell characterization
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7bestal(o]d g €], 20050 1133-1138), Zbs A4S ol e dyx
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A Q7\gket ANAEY FRE o] F 1
44171 EDLCe] e},

ChFe BEA ] mE Ao Agw MFA§FS [F 2-909 Ao
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[ 2-9] EE4Ed & 7138 AAANEHY 54
T = A5 24 (&EEAH) BAAKNV) | HEA&FEF/g)

Activated carbon (AC) 1.5 40
Graphite 3.0 12
Carbon aerogels 3.0 160
Carbon Mesoporous carbon 0.9 180
based Meso/macroporous carbon 0.8 130
Single-walled CNT's 2.3 50
Multi-walled CNTs sheet 2.5 13
CNTs / polypyrrole 0.9 281
RuO;-H20 1.0 650
Ruthenic acid nanosheet / Au 1.2 620
RuO; / carbon 0.8 1,000
SnO, / carbon aerogel 1.0 68

Transition
B it Ni(OH); / AC 0.9 194
Cobalt-nickel oxides / CNTs 1.0 569
Nickel-based mischmetal/AC 3.0 357
MooN / Tax0s 0.8 106
MnFex04 2.5 126
Poly (3-methylthiophene)/MnO- 1.0 381
Conductive | Polypyrrole / AC 0.9 345
polymers | PANI / MnO 1.2 715
PANI / AC 0.9 588

=

materials : A review A5 AF2F ATA

- 41 -

%7 : Zhang et al.(2009), Progress of electrochemical capacitor electrode




Al 3 A Current Collector

1. EDLC% Current Collectord A9 ¢} &7 EA

Current Collector®t &2ZA 2 5H o]sd] & HAY F&A o]z wro}

Aol A9+ g WA, B2 = A3,
WAy S e AT AnzAel AW SAE 3 e7dn
oEld o SAHL WIALGHE F5 % FFe W7 AW UEs

o
[ 2-10]e YEHTE o714 dFrH2 Ag, Cu, Au o= 53
A7) A==E 7HAL JS ¥ ofyzt 2=7} ol 25 AR 7ked 7t
7 o} EDLCE Current Collector24 7Hd 33 % H o]t} (Nishino
and Naoi, 2006: 201-206).

dAA EDLCE Current Collector24 714 9y Al&¥H = dFH)F
[ 2-11]e 4 ¢} 7ol B3 3 A9 o]l 7] wf&o wj¢ A A3}
o] Wl AsES FAsHA Hrh

A AR UER G5 AsE FEH vHel AstEe] FA de 55
b3t Aol mlElete] 1VE oF 1.3nm A=7F 4L, Aoz IJA4
H= ks gehe oF 0.7~20nm AERE 05~15V AEe] Wxste] ¥4

= =l (Nakada, 1996: 39-40), o]& g <A 4bsp o=t

Hbgol ofs) FHE LFvlw xHe Ast due BEA 2dEA g8
date] =5 A% SV ade® 2857 o =

Aol Cell A WF A3 ESRol B2 F&FS MAA HW, =3 1 &
Zob FAo wel EDLCe 54 #2 43S mAth

42 -



[ 2-10] A5 A=59 A7 AZH 2=

T2 A7 AFA0°Qem) | L= (g/en)
Ag 1.59 105
Cu 1.67 9.0
Au 2.35 19.3
Al 2.65 2.7
Ni 6.84 8.9
Fe 9.71 78
Pb 20.00 11.4
Ti 42.00 45

]
(Cr 25%,&1\?11 ?ioaliFe 55%) 73.00 8.0
¢ 1,375.00 2.3
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[ 2-11] 3= &9 AH

T B E(V)

Li'(aq) + e — Li(s) -3.05
K'(aq) + e — K(s) -2.92
Na'(aq) + e — Na(s) -2.71
Al*(aq) + 3¢ — Al(s) -1.67
H.0(2) + 3e - !/, Hy+OH -0.83
Zn*'(aq) + 2e — Zn(s) -0.76
Fe’'(aq) + 2e — Fe(s) -0.44
Co™'(aq) + 2e — Col(s) -0.28
Ni*'(aq) + 2e — Ni(s) -0.25
Pb*'(aq) + 2e — Ph(s) -0.13
2H* (aq) + 2e — Ha(g) 0.00
Cu”'(aq) + 2e — Cu(s) +0.34
Ag'(aq) + 2e — Ag(s) +0.80
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EDLCE Current Collectore] FA4w< &FulHe %7 =545 A
FALEFE ESRo| dA4EHE= A

o] ESR¥} L/C7F &, =3 577}
s dS F vk, 20100 29-78).
3t Current Collector®] T ZEuh eo wgpx =

FEFE FA Hed, o9k o] xW 2y YFHjY WY E Fok C6114
S FATIEE S dFEE YA VedTdY 12E3], A

e, A8 BAtE oA <" 2-17>9 (aAH tEAd F Ele YA

< Current Collector® A -83S wje} <17 2-17>9] (b)o} #Zo] YA

Fo ZUlz & g 725 33X YA F5 Current Collector =

A&t We 23E Hug A7 JdvHKim, et al, 2001: 853-857).

=

Aga AN S5

off

. A Fs 489 2k ESR¥} Hlol g A
U7t dAskA &de A3dE Hi s, ol €523 Current

Collector?t @32 H=

N
)
2
to
rlr
)
ol
oX,

ECIEE

%A}f;} =9 AFZE Yao WAlHo] <I¥ 2-18>9 & E B9 4
A tEd JA-ZF9 99l EDLCE ¢Fvw sds 44
Current Collector2 A -83te] EDLCS EA& Hluste] <9 2-19>,
<3 2-20>3 e ZA3E A, 3 Ade slY A A3e vz
VAR g3 FE2E e A7 55 A48T AdA S5 A%
A ZHE Bon, o et didF{ HHAAE 4 S4S e

U ATHYao, et al, 2007: A245-A249).

a8y} o] AFE9 A Current Collector® ARE3H Z e}l thaA 7]
de= 1 FAZE 247 13mmet 14dmmEA] dukA el EDLCE o5
Current Collector®] F77} 20~30m<l 217} vl s <k 708)] 7} =Fo]
FAYRA LA §rr AR = gl shAIRE o] o
Collector®] 7-%7} EDLC®| 574 2 43S "H & U= 8%

A e welE ATEolt,
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(b)

<a¥g 2-17> YA Current Collector : (a) U#A
(b) == YA &

3Z
1=]
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<aYg 2-18> £ g9 Ni-Cr 7]%¢ SEM °] 1] X

Capacity per unit weight of total activated carbon,

mAh/g

40

30

| Ni-Cr Foam
20 4+

Al Foil

Current density per unil area, mA/cm?

<Z¥ 2-19> fAdF 4d ad94=
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| OO
@ Ni-Cr Foam

80 (] Al Foil
o =60
B !
o
G
N 40

20
0 A }
0 20 40 6l &0 10O

Z_,cm?

“re?

<29 2-20> F Y9 Ni-Cr 7|23 &¢FvF 5
71%E& A8 3 EDLC9 Nyquist plots

71 Current Collector®] 7H&& &3 Aol 5AES FA78+
ATFZE &FvF Current Collector®] xRl CNF(Carbon Nano
Fiber)Z A &A1 7] 71 L (Portet, et al, 20060 A649-A653), == ol o] w &
S Tst 2WY AR E FHAFOEN dEdH HF AS vUF
]+ Al%=(Zhang, et al, 2007: 538-541)¢} &¢Fv|H Current Collector?]
Avtew dEdne HE WHA s T HF AY HEAE AT

A7 (Portet, et al., 2004: 905-912) F°] Slth.

2. EDLC® Current Collectord A% ¥

2
ke
Do
L
&
[-l (
2
o
-,
&=
@
ofo
@
jan
3
o]
-+
@
=
@
g
@]
=
!
>
>
ofo
)
R
)
rr
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99.7% ©°]Ae] 107042 &FuE sde T 2AFHA, AFFEHEE A A
JPAIE S22 AHEH gd AL IUE AFES A = AolofA A
Z W A Fdstoh(o]E S, 20100 29-78).
[ 2-12] AR & %o & &%
= = 3}t H (%)
o 8 =
S22 | g | Fe | Cu | Mn | Mg | zn | Ti | Al
1N99 - 0.004 - - - - - 99.99
1N90 - 0.03 - - - - - 99.90
1080 015 | 015 | 0.03 | 0.02 | 0.02 | 0.03 | 0.03 | 99.80 | #HAHAIH
1070 0.20 | 0.25 | 0.04 | 0.03 | 0.03 | 0.04 | 0.03 | 99.7
1060 025 | 035 | 0.05 | 0.03 | 0.03 | 0.05 | 0.03 | 99.60
1050 025 | 040 | 0.05 | 0.05 | 0.05 | 0.05 | 0.03 | 99.50 dhally
/ wiE g
1235 0.65 0.05 | 0.05 | 0.05 | 0.10 | 0.06 | 99.35 v & g
1N30 0.70 0.1 0.05 | 0.05 | 0.05 - 99.30 | ddtgE
3003 0.60 | 0.70 0.05 10 - 0.10 - 98.00 AR
1.0 0.8 %;S/E
3004 0.30 | 0.70 | 0.25 0.25 - 95.00 STE
~15] ~1.3
dvs EFrE £99 o WHe ds AsiAY F-agE =
A 3dE Axsted AMEeke W AR A oA AW <a¥ 2-21>
(Lin and Chang, 2011: 553-557)¢} A&l AIMAIH A4 &= oH &
d 9 S5 dF TdE Axs= d AFEste wF{ dE] A <™
2-22>°0% AA vE 4 =4, EDLCE Current Collector®] #| o=
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<ag 2-21> FAF A AFH AF FA

Lol A4 (D)A7F 7Fai A
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)

Lin & Chang(2011),
Electrochemical Etching on Morphology and Capacitance of Etched Aluminum
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FrUE =
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olJ
s
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o] o] FolA7] Mol wF el NFe Fihiel HPol wel g A
& wA) Ay

<9 2-22> niF A o AF FA

= 5

4 0EY 90, BEVF ST oIN NE 4F AR AT AT
?_:']__

FHEol A Hel ofsf ol Fo] o] FojA = WMAYFS ofefof 2

2A\(s)+6H"(aq) + 601 (aq) —2A% (aq)+6C1 (aq)+3H,(g) T
—>2AI0,; (complex) +3H,(g) T

ALO,(s)+6H" (ag) + 601 (ag) —>2AI (ag)+6C1(ag)+3H,0(ad)
—>2AIC; (conmplex) +3H,0O(aq)

A(OH);(s)+3H" (aq) +3CI" (ag) — Al (ag) +30 " (ag) +3H,0@q)
— Ald; (complex) +3H,0(gel)
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(-) & foil/ M3 EBE etching
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1
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F A AR HAYF

l

<Y 2-23>
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A 442 J2a499

ol

=y

4

d

A4, 19970 169-173), ==& Ah&

Nl

o
h

= XA g8 97 9o

S

&
o]

22297k A (Chou,

T

o€l 7}7)

I nm<]

1996: 4129-4133).

F g sle] vl AARle] eluA 7t =

279 g A4

g #e

=
=1

7] el

CEEERE

elo) (51, 2008: 11-16).
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I HzaE ol o

7;9

HE A

ol
o
T
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Mask —-—-—-—I
Resist

Target materials _
Substrate

Exposure &
TooT L=l s
Negative type Positive type

<Y 2-24> X E Fi2ad9y 3 ZEE

Z2 ¢ &d, A (2010), Frlve] HEHY Ve 9 &8
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A mold

resist
substrate

2. Remove
Mold

3. RIE

<9 2-25> 4yx JZHE 2y I ZEE

Z : Chou(1996), Nanoimprint lithography
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Tl

A3 A HH

0:

A1A Ag R AR

= Ao A= SHOWA DENKOALS] &% &% 99.98%, F7 40um
9] dFug 3YS Current Collectore] Am =2 181 HHS FE3F}HY)
A Az HFA R PR A== MicroChemAte] UAERE 2h33
A9l SU-8 2000 Al2l=9} MicroChemAte] SU-8 #4A1E AL-&a9] om,
SU-8 20008 AAE S AAAE A MicroChemAt2] Remover PGE
A8} At

dFUE 2dE AHS 7] AT ofAE, WS, TPA(CCl2ZRE IF)

me 1eal Oéz‘z} A, 4 4rlE2 DAEJUNG Chemicals(EP
7 =

A= XﬂZ:Oﬂ /‘}%fﬂ g eSS MSP-20(Kansai, ¥¥) Z=dA+=

Super-P(Timcal, 2=%12~), =38 A= CMC(Carboxymethylcellulose, Dahchi

Kogyo Seiyaki, SIRCOR A =

Sigma-Aldrich, ¥|=), Z8]3 #IH & PTFE(Polytetrafluoroethylene,

Daikin, ¥¥#)¢} SBR(Styrene butadiene rubber, ZEON, ¥¥®)S 7}z A}

PVP(polyvinylpyrrolidone,

Al ZYo= 1M9 TEABF4(Tetraecthylammonium tetrafluoroborate)”}

%ol 9l ACN(Acetonitrile) & o= 3 a4 Agatglon], 244
2 Abg® B$-7%E Topan printingAhe] 3-8 S25C8098 ol 48te] 4
dg AAsh
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]

[e)

23 5 E (Jaesung Engineering) & PRS 4FvH &

o
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o] Hojxl PR <ol

p
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2ol AAE o]
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<Y 3-1> ufx=9 AA
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Hard Baking

<39 3-2> Jd 34 AA
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2. HE o3

e dnpE vzl dF0E 542 7]£2 Current Collector #|Z A
AbgetE R A A 20 B gs =2 dAF AYE 2 sl =
el Al : 50g/ ¢, Cl : 200g/ ¢, SO4 : 10g/ ¢ o] =AS zt= A3 Yo A

2% 70T, 34 50Hz, AFUE 300 mA/cm® 18|31 A3 TFe] 7oA

3027 23 Wi A AFS WAskel, EE wis FHA AP AT
o #94e Frsc
O F 2 FREE AN 3, AP vk 4TS $Ysk9d PR

< AAB7] $18ke] SU-8 20009] A AAIQI Remover PGE 50~80TC =
7taate] 225 FAAIZ A 30~90i7F PR AAE AAgTH
npx ek o % [PAS 22t SRR AH F dx7]dA AxE st 27
H Hdo] FAste HF &dFruw &Y Current Collectors FH| gt}
Al PR AA7A S gAHS <29 3-4>°] Z=Alslon, 3§l
G| qEE o Ho o]27]74#]¢] EE Pattern Current Collector #|Z%

BAL <19 3-5>e ZAEHT
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<a¥g 3-3> uF oA FH AX

o

12 w5F A o3
(1°" Electrochemical AC etching)

¥

sl A nt
(Electrolytic polishing)

¥

A%

¥

PR A7

¥

2z 15 3l Etching
(2" Electrochemical AC etching)

¥

AR L A

<Y 3-4> A FAH TEL
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T2 2 A 2 2 o)

<9 3-5> 9 ¥ Current Collector A& FA
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dders e Adx7](SC-VACL25, Aztaah)ol A 180T, 2441+ &<t

AZAZ T ZH1A4, SHA, E2Ae vl E &3 & 9A(PDM
15-03, AL FA7])E o] &3t 250rpme] £E= 2417 FQF HAS AHA

AZA(RVDVE, Brookfield) 2 A=% #elstd HX7F 1,500cpsel =
G wji7tA] 22 SRTE FolTo] g E A F FHlE S
= 240 A AlZxw" 3™ Current Collector o] 24 IZEE 317] 9

5tel ZEH(DT-AF300, CoreTech, Korea)E A}-83F31 T}
1

|

e ¥ Current CollectorE & 1AGAIZ &
g 5 s F Axd £98E 3 ZHo| AFE 9y EdHe=E
15mm/sec®] H£E= oFAA 140me] FAZ I9S
g3le] 85ColA 57 123 283 105CelA 158
dA(FJ&dA YA 225 110C=Z 3+ 120mme

s
e
2
S
B
2L
10

ol Ay} e 3jEl Current CollectorE AF&3te] A#sl A= <19
3-6>0l Mot 2o AVie 392 Bl As Az

-5 A e dald FYLe FHHE @ AMO. TECH)AA &
(H,O0)°] 1.0ppm ©]&t= Aojd FeHj= /‘%_1/\]3}033:4, ¥ Current
Collectorg ©]&& = 2 Cello] Alx7bA9 378 <19 3-7>¢ e
RIS
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2 I _ | _
5mm 5mm
30mm 31mm

15mm 16mm
(+) A= (=) A=

Separate

Electrode

<Y 3-6> AF A7) @ A FA
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Al 4d 54 B}

1. 9998 Current Collectord T+ £4

si¥l Current Collector®] ¥ 42 A F+x2& FA4317] 918l SEM
(Scanning Electron Microscopy, S—-3000N, HITACHD S A}-&3t o™, uj
2> AR 724 54 A &olstes testA =45kt

ELh Rl 54 9 opit A7) ¥ T 58S A 9k
BET (Brunauer-Emmett-Teller, ASAP2020, Micromeritics) &4 7] & A}-&
St ™, 91.2kPa, 200l A 24413k St AA & T8 2= AAT

wAe e

2. A7|HEA AF £A

71882 A% A4S LSV(Linear Sweep Voltammetry) WS o] &
ske] ksl Y AU FAHHE dA AY e EAsen, CV
(Cyclic Voltammetry) WHS o]&3to] A=zt Ao F7]x<l AJS 7}
ato] olu WA= AFE A AL

A7)sked A S Hdll A8 AHlE SolartronAbe] dF T~ F

217191 2100AE AH8-3t
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ABSTRACT

The research of EDLC characteristics improving applied
Pattern Current Collector which is made by

convergence of Lithography technology.

Lee, Moon Su

Major in Technology Strategy

Dept. of Convergence Technology
Graduate School of Knowledge Service
Consulting

Hansung University

Due to global warming, the governments around the world are
tightening the restriction of COZ emission. In addition, high oil price
due to the imbalance of oil supply and demand make the world's
interest focused on renewable energy and energy storage devices.

Thus, eco—friendly clean energies such as solar, wind, tidal power,
hydrogen fuel cells or secondary battery which can substitute the
nuclear power and oil has received special attention.

Among these, solar and wind power generation system require a
device that can efficiently store the generated energy.

In contrary to the most researches focused on modifying and
changing the active material to improve electrochemical capacitor with
superior power characteristic among energy storage device, this study

is suggested for improving electrochemical capacitors performance
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through modification of the Current Collector.

Before the process of the traditional electrochemical etching for
the high purity aluminum foil Current Collector, Photolithography, an
electronic printing technology used in semiconductors and display is
used to provide a solution to the obstacle of designing and controlling
surface morphology, thus manufacture Current Collector with
stereoscopic pattern.

Using this as Current Collector in the electrochemical capacitor
with effective increased area of contact with active material and
shortening of the electron transport path, improvement of performance

was confirmed in EDLC with applied Current Collector.
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