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Aluminum Solid Electrolytic Capacitor Employing Polypyrrole as Solid Electrolyte

Jun-Sang Cho, Nam-San Yoo, Sang-Bin Lee, and Young-Seo Park*

Sam Young Electronics Co. Ltd., Sam Song Research Institute, Sungnam 462-120, Korea
*Korea Institute of Industry and Technology Information, Seoul 130-010, Korea
(Received May 28, 1997, Accepted July 31, 1997)

to

2
2
tr
ox
=)
Sl
_>'4_,
re
ifd
)
i)
it
3
=
o
o
%
X

HCPHeZ gk

rlr ofy

ot ;j;{

o 2

A% A B8 54 2

e
N
-
[
=
ok

2 3 dFusA)IAAS AGAEE ARer]) Yste] d2u)E A 2ALOY) 9
& FF22 ol8std FHEPy)IE HAAIFFEP)ANAT. A E EAo|
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Abstract : Aluminium solid electrolytic capacitor in which electroconducting polypyrrole(PPy) is used as an electrolyte is studied. Pyrrole
(Py) is electrochemically synthesized using the etched and anodized aluminium foil electrode(Al:Qs) as an anode on which the thin layer of
chemicalpolymerized PPy as a pre-coating layer is formed previously by chemical oxidative polymerization(CP). Investigating the effects of
the polymerization conditions on the electrical characteristics of resulting capacitors, the capacitors which were obtained from the
galvanostatic electrolysis of pyrrole containing sodium p-toluenesulfonate(TsONa) under the currents of 2.0~4.0mA /unit(6.5X 10mm),

showed the most superior properties
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oleig HAE Ay el AZNAEE B 94 o
Ado] 428 Polypyrrole(PPy)E& AAAIE] S 11 Aazz
o getn s AT wal AYslo] A7 G| AL o
o] zFe] A= rH4~12].

PPye] S8HE A3AE o] 4dt= 884185 §H(Chemical
Polymerization, CP)¥[13]13} %=FAbglol] o)st As|Ate}zat
(Electrochemical Polymerization, EP)'#[14]¢] ¢l=d], #Axz}el
B TR EEAE S PPyt dojAn 1 HER Eak o}
ol gl AL Azl W, £ A9y AMARE} =
€ (10°S/em AE) PPyREo] £44 dojd Wt ohg 5
A% FEzde] wel &olatA AT 4 v} yZo 22
AAFES A=A 75ARE2A gus] d783 JuI5~16).

= AFdAE oZ" LFujFNEtched Al Foil)ol #sal
AsHAnnodizing)oll 98t} HAE 2R uEAeks s ALOY) Y
ol CPyiel ofsf &g3htalade PPy(CP-PPy)Z A2 (Pre-
coating Layer)©. 24 FAPA7|1 o] £& ¥Foz olg A
A Fgete] AAE PPy(EP-PPy)E 14 Addz e



3

i
hc
i)

AlzARs ANNEE AZ 2 SAd d8 2AREg e,
AFGAEH A vlxe J89 Ad F¢xA dayz
Estgh

2. Y Uy

oo

2.1, Algk A 77|
211 A d Wz

Pymrole(Py)t A= Flukarl SFA1S4E Calhb2 A2 &
13 #gSfstd A&adnt. Pye AREkAIQl Ammonium
persulfatel(NH,S:0s}(APS)+= Hayashirl 53 A1%FS, AAA
|22 AbEE sodium p-toluene sulfonate(TsONa), sodium
dodecylsulfate(DSNa), sodium dodecylbenzenesulfonate(DBSNa)
2 tetrabutylammonium perchlorate(TBAPC)+= AldrichA}¢]
ERAIS 22 AMRstAT FHe AHEE 80 HOw &
(10" Qem)E, acetonitrile(AN)S 13 AAE ALg-atch

Z-8- A (working electrode, WE)&. 2 ARg® Al Foil&
KDKAFe] UR08 AlRetched Al, ¥ EH A& W37 A A
A g 65X10mm 27|12 EYstd +3F Lead WireE
248t AHgag e, th3(counter electrode, CE)2 SUS
30430 X100 mm) &, H2AF(auxiliary electrode, AE)2 SUS
wire( $05%50 mm)E& A3ttt

2.1.2. 87171

Py Yokogawa 2553 power supply®}t Fluke 8842A multi-
meterE AMEEt] AINFEE Aot on, Yokogawa 3086
X-Y recorderZ 71&&4th FEE PPy FZE SEM (Jeol
0oz #FsAL 7 E Zé%i%%*(capacnance, C), &
A Al 4=(dissipation factor, DF) 2 57F2 @A & equivalent series
resistance, ESR)< Boonton 5110 LCR meter®, impedance2}
Fo4 &ML Hewlett PackardAte] 4194A impedance
analyzer2 Z4& 400 445 (leakage current, LC)& 2
A AR LCEA7E ol &%tk

2.2, A i
2.2.1. st&t MEFE(Chemical Polymerization)

Ammonium adipic acid(Ada)5& WelA 10VZ A
(forming, 13 Alvte] FBE As) I osto &
HAAHl LT FALY)ES ¥ 01‘17]’\: #)A 70 Al
S 60M Py& (&l AN)ol €3A170 3 01 M APSE
(&) H0) ©A FHAA PyE AEEEAAY. £ %
CP-PPy%ol 84" Al H0Z A&, AxAA AsFEA
Z8AF02 M43t

2.2.2. Maff rEE8HElectropolymerization)

g€ AlFelel CPiel o8l 442120 CP-PPyZol ®x
A8 dEetd A% 2 A A8 2 (supporting electrolyte)
H 3L A A bPyZ Adsjrtst FeA A} ZgQalo]l z2Xo Py
04M, A AeHE 01 MEW:HO == AN)OI‘”OU% AHFE
AXW 1.0~50mAZ HeAlA 7kete] Faatdth Fig. 1o
8 AT AL FEFAY ALEE e

& TAAHAR o] &¢ dFEnF nAA AAAE 785

+Lead
<—— Auxiliary Electrode

(SUS Wire)
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Counter Electrode VWorking Electrode
(SUs) (CP-PPy Al Foil)

Fig. 1. Experimental apparatus of electropolymerization.
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Fig. 2. Structure of Al solid electrolytic capacitor.

2.2.3. 8394 9« Y (Fabrication of Cathod and Molding)
A Fsel s Y4H PPy slol 79 HEAYS Fo|
71 flate] AEA 72 2(Ag) HO|2EE £AHew ®
F FFURAE FAE F EAFAR Yt 63V
ol AInAHE AAAE 225 AzIA .
& Fig. 201 £ AdAA Azd Al zAAS) AFHAE
o] F2& Yehhddh

ox
N

2.2.4. 3 (Test of Characteristics)

Az" 2ze] A7]1HEA(Cap, DF)S LCR meterg o] &
3t Fobe 120Hzol A EAe o Alsgute] x7) g3
(Co)2 Ada$2(150g / 1000ml, HoO WA &4 38}, Impe-
danced] FIAFYELL F4E 100Hz~40MHE 2 *
AN A impedanceFS p10t0}°i{001 FAARE AA AYES
3ET WHE F AHAEH zEE AFge S48

3. Eot ¥ 1#

3.1. CPHoll ofst M7& HM(CP-PPy Laver)
A8 AN E Y FAZo 7 AeHE A3gRrF
FEA7] dio] ALO:Hd PyE AH Az
e7bsstth wetd PyE AsiF eyl def Az B
& 2402 PyE st EialA CP-PPy2 S gAAZG.
& Fig. 3ol 849 Alte) ZWF Py statzsiol 1
3 AAE Algrel 9 SEMAR-S Yehi gl

Fig. 3(b)oll A E& uie} Zo] CPE 13 AAg uto] ¥W
ol CP-PPy7t 27 #Eso] &g & 4 glod o =

w(ALOy)
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Fig. 3. SEM photographs(surface of Al foil) of formed Al foil
(a) and CP-PPy coated Al foil(b) prepared in 05M
pyrrole / AN and aq. solution containing 0.1 M APS as
oxidizing agent.

3.2. Majlstseiol 2
QPPHFOf 2Bt

3.2.1. A&

TsONaZ AAAs|E2 AL-ete] 4247 1.0~50mAY A
FE A7lEe PyE FHAALH, ojwf Ao ZHAY-A
b FA(V-t curve)d Fig. 49 JeRASIT,

AFE 227 1.0mA A7tsle) F88 4% Py AHatA
(08~11V)17lo] 23g 1.1V AEY AHbo] Z&Ho] Fd
3t PPyZo] dojxitt. U, EP-PPy7} wo] #& i
243 Coating®& Alro] 702 ATz of$ 44 2854
t}. BhE 50 mA/unit(65X 10 mm) 7HAE= F&o] 108 AL
2 o s waA AYHAA T FEAYe] 15V o}z Fo}
HA4EE PPyZol Bddsd g5+ A4S ¢+ A%dh

TA3E A8 P A5 F, 1997

z.n Current /unit

Volt(v)

Time(min)

Fig. 4. V-t characteristics of the galvanostatic electrolysis in
0.4 M pyrrole and aq. solution containing 0.1 M TsONa
at various currents.

AF QA7 EEHAYL 12~14V ko]
AN F 9glon FI&EEE NE Y

2.0~4.0 mA/unit2|
i T4g PPyEE
94; z%;d»g;].oi;}
Fig. 5= A ZFstd o AAHE= PPy7} A8 Alute)
A9Rel ¥z FFse AL BAkA FHa) A9 Al
st AalFeEE AlgdeE NaOH 8 AdolA F-2x

2 Alﬂu gEo g (a)e £4% Al Coref 24 943 &
Ao} # MMUPOI ALOsZ 9 340l :LEHE < Alshdut
o] gdolx (b)x PPy7t 32 AlE ALO;T7HA ¢4 3
BAAN Aoz AsFEE PPyst A E «l Uz 43
o] AAE AE &9 & 4 Aok
3.2.2. XX M=ol <iFt A

Pyel Aajitsls ol vlAe AR AN R JIFE A

o AAAHEZM = TsONa, DSNa, DBSNa(F&d4) 2
TBAPC(f71 8 A4A)E AHgstdom AltgHe] AHAF A
3 39 ZHAAE Fig. 69 JERARIH
Fgd74 As]2<2 TsONa, DSNa 2 DBSNaZ
AAsEd 4
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3.3. Al THANHFHTHAIEIS] M7|H EM

3.3.1. °|7|>X1EO{[ oI5t A%

A7MAR-E HEAA T 5 Az Ad9AEY 473 &
A% Table 1°l] e gl

AT AT E 3&Eg(C/Co) ZA% A EE 0% e
2 oy 10mA/unitl M F§E 29 A$ 2%E =
A vttt ol Ae AFHA AT S 5 urg
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Fig. 5. SEM photographs(cross section
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Fig. 6. SEM photographs(surface of Al foil) of EP-PPy layer prepared in 0.4 M pyrrole and aq.(or AN) solutions containing various
supporting electrolytes of 0.1 M. (a) TsONa, (b) DSNa, (c) DBSNa, (d) TBAPC.

EHo] PPy7b 452 A0 Aty o gu yrz 21

AgaA Rdy] oz A ¥ DFEHe ol7bA Fo)
2 2 ZolE wolu glow LCEA A 34~200xAZ o
=4 delvda . ol8l® DF, LCEAL AgEdA &

g ook ki

o}

o)
T A

FH FAA e o EAsle AczAM gE AdaFd
FAAA s HBAAFY] A9 A HeE Bl
a8 Aoz Jgad

J. of Korean Ind. & Eng. Chemistry, Vol8. No5, 1997



788 234 St

Table 1. Effect of Applied Currents During the Electropoly-
merization on the Electrical Characteristics of

Capacitors (Electropolymerization Solutions ; 04M
Pyrrole ag. Solution Containing 0.1 M TsONa.)

EP-condition | Co” c” C/Co | PPy LC
CT;AT/Q;Te (iﬁj) ((jg);:) (%) |(Shape)| (Volt/uA)
10/70 |357/36|292/42| & | O 163/20
20/20 |336/33|166/16] 49 | O |63/ H
30/15 |333/42 171/34 | 0 | O |63/ R
40/14 | 329/35]188/60 | 571 | O |63/14
50/10 | 294/36| 158/21 | 54 A |63/ 62

a) measured in Ada solution at 120Hz
b) measured under the solid state at 120Hz

Table 2. Effect of Supporting Electrolytes During the Electro-
polymerization on the Electrical Characteristics of
Capacitors (Applied Current ; 2.0 mA/unit, Electro-
polymerization Solutions ; 0.4 M Pyrrole aq. (or AN)
Solutions 0.1 M Supporting Electrolytes)

EP-condition| ~ Co" " |C/Co|PPy| LC
Electrolyte : - N
. C(Engge (iﬁ; (i?ﬂ/?’/f)) 06) |Shape) (Volu/4)
TsONa 20/20 |336/33|166/16| 49 | O 63/ 34
DSNa 20/20 |349/32)208/25| 60 | O |63/36
DBSNa 20/20 [233/33/19/19] 719 | O |63/48
TBAPC | 20/30 |330/32]168/39| 48 | & [63/40
a) measured in Ada solution at 120Hz
b) measured under the solid state at 120Hz
3.3.2. NRIMaHol| 25t A
TN AADRAY wste] wE izt AUH A4S

Table 20 YFEFWQATE

HAAE L£HEE(C/Co)e FEAH DBSNa AHEAI7}
T9%=2 7t mtony {71494 TBAPC ol& £#7}
RB%= 7t ot DFge TsONa9 297t 16%2 7H%
A Yelde Aoz Kol TsONao|#A7F AaEgA &4
A =t € FA @ FHel # AP AL ¢
T AT LC E4e& 34~48 AR ta ZA Jeht $elA
Aw3 upe} Zol AMaFHA £4E FA4 JHG HEAA
= A7t gdasitn gddy.

3.3.3. H=AEIS] ImpedanceS A
diryez AHAE impedanceSA-&

2 e,

ne e Ao

ZI=\| (ESR)*+( X, — X o) (Xv=2xfL, Xc=1/271C)

Fdgker A8 ¥ A5 F, 1997

/}_}

ol - e

+ 1.0 ma/Unit
s 2.0ma/ .
10 « 3.0ma/ -
o 4 0ma/ .
e 5.0ma/

Impedance (()
=
T

ol . s . .
18 Iy 10
Frequency(Hz)

Fig. 7. Effect of applied currents during the electropolymeri-
zation on the impedance of capacitors.

Impedance()
=

0.1 1 I | L
L 10 108 10°
Frequency(Hz)

Fig. 8. Effect of supporting electrolytes during the electropoly-
merization on the impedance of capacitors.

Z :impedance, Xi: fr=4 reactance, X¢: & %4 reactance,
f : Frequency

A AeA & F A%l FaEf)rt FrheE X2 F7he)
2 Xee ZAsAEY X =Xt HE d9FHed e A
A€l impedance(Z)E AIHESR)Ol Q& AHEu FA =
izt 24 "o o] Y FHEE AGAEY FAFIHSE
(resonance frequency, fr)gh 319 o] Fatsro Mol HA impe-
dancegto] 153 £4& Yehle Ax g AMgHTH

HAAFEA A7HAFY ¥ 2 AANARAER 2z F)
HAJE] 22 impedance54-S Fig. 77 Fig. 8¢ 7tz Uyt

Fig. 794 B uigbgo] 1.0mA/mit2 A% 2ze 7
& FAFIEIF 570KHzol 2 o)W impedancedte] 270 mQ o
2 7P =A et ol FA skAFIE wol Ppyst
Adsed UF 2 Azke]l 229084 FFx7]d A48
PPy’ dstelo] ARLrl 24507 Yoz sfAdn &
& 50mA/unitl A §A8 22k A 9o AR 52
so] BFdd PPyd FAol 98 impedanceEAel =A U
Etgch ek Table 13 Fig. 79 Z2#E 381 AR
AT EA AAFH A impedanceEA 2 42 f2E
5 28 9 AFAFEYE 20~40mA/unitYd S &

o o o:
4y o
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® Film cap.
" © At solid ele. cap.

4 Al ete.cop.

Imp-dln__:o(n)
——
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b R N 1 " sl
w w " n* w
Frequency(Hz)

Fig. 9. Frequency characteristics of impedance for various
capacitors.
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2 dTolA Az L Al A A= E 9 71E Al Asl7)
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T g mductance(L)ﬂ tald FRAFAE Jgdrg
Impedance%k"] grstA BAbso] 1 MHz B-2oA 10 285

2 )% %ol impedanceFAol £4 ¥he= AL & & 9ok
WA ALHEE 2oqFE 299 HAAE AARD, A
s A=4 nEAHPPy)E dAS Al A E] B¢
impedance §-4d¢] $-473ko] 1 Lo Bo| A o
Ax & AHAEHA 2HeE 4L YEhE A2 ¢ £

sl

4.8 £

A= LEAQ PPyE ol 8% Al AAN ARAHE A
Aot 1 BAE vAE 3% 23 52 979 49 de
2 eSS A& stk

1) Shehitets ECPIYol o8} 2%ulE s43us)d] CP-PPy
TE Ay, ol ¥Hoz o)gsel HeaFEHU(EP) L
R 2 ARA PPyEE 4ME st

2) Aol s F4HE PPyst 9F0F gadute o
e 9 WPz Aol 82%9 §%E L0 Bojd g

Fo nARE AN 2438 HedS BaAsty

3) AdFE Az £4F S 2 impedanceEAS THE o
BAAF AYFHAY A4 AFEdE 2349 20~40mAdA
THA Az 247 $48 EA S Yehhg

4) A8FHA Dopants2 AHEEE A AHLEA F8F
A AHAQA TsONag o]&3te] Azd AHAE 229 A
A0 71 45t

5) & AT E vtgoz &% T we AN 2 Ao A
Ao SxHtd ATA IEA PPyS uAAHfAZE
AFoE nAA A 243 5ol 2Estin
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