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ELECTROLYTIC CAPACITOR EMPLOYING POLYPYRROLE A S  SOLID 
ELECTROLYTE 

HIDE0 YAMAMOT0,MINORU FUKUDA,ISAO ISA,*KATSUMI YOSHINO 
Central Research Laboratory,Japan Carlit Co.Ltd.,Shibukawa, 
Gumma,Japan 
'Faculty of Engineering,Osaka University,Suita,Osaka,Japan 

Abstract New type of aluminum and tantalum electrolytic ca- 
pacitors employing polypyrrole as solid electrolytes were 
developed. The surface o f  a dielectric is covered with elec- 
troconductive pre-coating thin layer of polypyrrole prepared 
by chemical oxidative polymerization. Then utilizing this 
layer as an anode, electrochemically polymerized polypyrrole 
is filled in micropores. 

INTRODUCTION 

Most of commercial available aluminum electrolytic capacitors have 
some disadvantages, such as high impedance at high frequency re- 
gions and poor thermal stability, because they employ ionic liquid 
electrolytes as true cathodes. In tantalum electrolytic capacitors 
thermal stability is improved because of employing manganese di- 
oxide solid electrolyte formed by pyrolysis. However the impedance 
characteristics are not still improved because the conductivity is 
low as the range from l o - *  to l o - '  S/cm I .  

Electroconductive polypyrrole has been attractived as solid 
electrolyte because it has high conductivity of the range from 10 
to l o z  S/cm ' and moderate environmental stability '. There are two 
methods to polymerize polypyrrole. One is chemical oxidative 
method and the other is electrochemical method * .  The electro- 
chemically polymerized polypyrrole shows high conductivity and good 
physical strengths, therefore it is suitable to the solid electro- 
lyte. However it is impossible to polymerize polypyrrole electro- 
chemically because the surface o f  electrolytic capacitor is covered 
with a insulated dielectric layer. 
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256 H. YAMAMOTO, M. FUKUDA, I .  ISA AND K. YOSHINO 

We h a v e  d e v e l o p e d  a l u m i n u m  a n d  t a n t a l u m  s o l i d  c a p a c i t o r s  em- 
p l o y i n g  o n l y  p o l y p y r r o l e  p o l y m e r  p r e p a r e d  by c o m b i n a t i o n  o f  c h e m i -  
c a l  o x i d a t i v e  p o l y m e r i z a t i o n  a n d  e l e c t r o c h e m i c a l  p o l y m e r i z a t i o n  5 .  

as  e l e c t r o l y t e s .  

EXPERIMENTAL 

P r e p a r a t i o n  o f  a l u m i n u m  e l e c t r o l y t i c  c a p a c i t o r ;  A 2.2mm x 10mm 
e t c h e d  a l u m i n u m  f o i l  w i t h  a l u m i n u m  wire l e a d  was a n o d i z e d  a t  49V t o  
f o r m  d i e l e c t r i c  l a y e r .  Then  t h i s  was i m m e r s e d  i n  6 M  o f  p y r r o l e / e t h -  
a n o l  s o l n . ,  c o n t i n u o u s l y  i n  0.1M o f  ammonium p e r s u l f a t e  a q u e o u s  
s o l n .  t o  p r e p a r e  c h e m i c a l  o x i d a t i v e  p o l y m e r i z e d  p o l y p y r r o l e .  T h i s  
a l u m i n u m  f o i l  was immer ,sed  i n  C H 3 C N  c o n t a i n i n g  0 . 2  M o f  p y r r o l e  a n d  
0.1M o f  s u p p o r t i n g  e l e c t r o l y t e .  An a u x i l i a r y  e l e c t r o d e  was t o u c h e d  
w i t h  t h e  s u r f a c e  o f  t h e  c h e m i c a l  o x i d a t i v e  p o l y m e r i z e d  p o l y p y r r o l e ,  
a n d  u s i n g  t h i s  as  a n  a n o d e  a g a l v a n o s t a t i c  e l e c t r o c h e m i c a l  p o l y m e r -  
i z a t i o n  was c a r r i e d  o u t .  A f t e r  t h e n  t h e  a l u m i n u m  f o i l  was c o a t e d  
w i t h  c o l l o i d a l  c a r b o n  a n d  s i l v e r  p a i n t ,  a n d  was m o l d e d  w i t h  e p o x y  
r e s i n  a f t e r  a c a t h o d e  l e a d  was t a k e n  o u t .  C a p a c i t a n c e ,  t a n 6  ( d i s -  
s i p a t i o n  f a c t o r )  , E S R ( E q u i v a l e n t  S e r i e s  R e s i s t a n c e )  a n d  i m p e d a n c e  
were m e a s u r e d  as  a f u n c t i o n  o f  f r e q u e n c y ,  t e m p e r a t u r e  a n d  t ime.  

P r e p a r a t i o n  o f  t a n t a l u m  e l e c t r o l y t i c  c a p a c i t o r ;  A t a n t a l u m  
p o r u s  s i n t e r e d  s l u g ,  o f  w h i c h  t h e  p r o d u c t  o f  c a p a c i t a n c e ( D F )  a n d  
f o r m i n g  v o l t a g e ( V )  p e r  g - u n i t  i s  a b o u t  1 0 , 0 0 0 ,  was a n o d i z e d  a t  l O O V  
t o  f o r m  a d i e l e c t r i c  l a y e r .  T h e n  t h e  s l u g  was i m m e r s e d  i n  2 0  w t %  
o f  h y d r o g e n  p e r o x i d e  s o l n .  c o n t a i n i n g  3 w t %  o f  s u l f u r i c  a c i d ,  c o n -  
t i n u o u s l y  i n  p y r r o l e  monomer t o  p r e p a r e  c h e m i c a l  o x i d a t i v e  p o l y m e r -  
i z e d  p o l y p y r r o l e .  An e l e c t r o c h e m i c a l  p o l y m e r i z a t i o n  a n d  s u c c e e d i n g  
p r o c e d u r e s  were c a r r i e d  o u t  a s  same as  t h e  e x p e r i m e n t  o f  t h e  a l u m i -  
num e l e c t r o l y t i c  c a p a c i t o r .  

COMPARISION O F  C O N D U C T I V E  P R E - C O A T I N G  LAYERS 

T h e  c o m p a r i t i o n  o f  c o n d u c t i v e  p r e - c o a t i n g  l a y e r s  was e x a m i n e d  on 
t a n t a l u m  e l e c t r o l y t i c  c a p a c i t o r .  A t  f i r s t  we e x a m i n e d  t h e  d i f f e r -  
e n c e  b e t w e e n  p o l y p y r r o l e  p r e p a r e d  by  a c h e m i c a l  o x i d a t i v e  p o l y m e r -  
i z a t i o n  (CP) a n d  t h a t  by a n  e l e c t r o c h e m i c a l  p o l y m e r i z a t i o n  ( E P ) .  
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ELECTROLYTIC CAPACITOR EMPLOYING POLYPYRROLE 257 

Table I shows initial electrical characteristics of two types of 
capacitors. One has polypyrrole solid electrolyte prepared by only 
10 times of CP and the other prepared by a combination of 2 times 
of CP and 20 minutes of EP(0.5mA/unit). The former shows high ESR 
value and t a n 6  because the polypyrrole prepared by CP is porosity 
and the conductivity is estimated in the region of 1-10 S/cm from 
preliminary experiments. The latter shows improved characteristics 
because EP gives high conductivity and high density polypyrrole. 

TABLEL I Initial Characteristics o f  Tantalum Capacitor. 

Polypyrrole Capacitance/C, t a n 6  ESR 
( % I  (%> (ma ) 

CP 88.1 5.78 2710 
CP and EP 9 6 . 0  0.80 185 

C ,  i q  :Capacitance measured in liquid electrolyte 

Then the comparision of manganese dioxide and polypyrrole pre- 
pared by CP as a conductive pre-coating layer was examined. Prepa- 
ration methods o f  solid electrolyte are as follows: A;10 times of 
pyrolysis preparation of Hn02. B;10 times of pyrolysis preparation 
of Mn02 and electrochemical polymerization of polypyrrole. C;5times 
o f  pyrolysis preparation of MnOz and electrochemical polymerization 
of polypyrrole. D;2 times of chemical oxidative polymerization and 
electrochemical polymerization o f  polypyrrle. Fig.1 shows frequency 
characteristics of impedance of these capacitors. The order of im- 
pedance is A>B>C>D. It is ovbious the combination of CP and EP 
gives exellent frequency characteristics of impedance. 

PROCESS OF POLYPYRRROLE POLYMERIZATION 

We observed how polypyrrole was filled in micropores hav 
diameter on aluminum foil through the chemical oxidative 
ization and the electrochemical polymerization by SEM. F 
shows SEM photographs. 

ng 1 - 2 y m  
polymer- 
gure 2 
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FIGURE 1 Frequency characteristics of impedance for various 
tantalum electrolytic capacitors. 

The photographs of the surface show many polypyrrole particles 
o f  which diameter i s  under O . l u m  were prepared by the CP, then 
electrochemical polymerized polypyrrole grew on them. After ten 
minutes the diameter was 0.5-lum and after 60 minutes the borders 
of the particles were not clear to be like a layer. 

The right side shows section of the aluminum foil in which 
both horizontal and vertical etching pits present. The photographs 
of the section show the inside surface of the pits were covered 
with polypyrrole thin layer of fine particles through the CP. The 
electrochemical polymerized polypyrrole grew on and filled micro- 
pores. The thickness of the polypyrrole can be observed from the 
horizontal pits and is 0.4t~m after 60 minutes, which is thinner 
than the surface one because a migration rate of pyrrole monomer 
into the pits is slow. Therefore, as the electrochemical polymeri- 
zation exceeds an appropriate period, the electric resistance in- 
creases. 

DOPANT SPECIES AND CAPACITOR CHARACTERISTICS 

It i s  well known the conductivity and thermal stability of poly- 
pyrrole depend on the dopant species. We examined these effects on 
tantalum electritical capacitors by preparing with various support- 
ing electrolytes. The initial characteristics are shown in Table 11. 

Both the ESR and t a n 6  of the cpacitors using BDS2-(benzenedisulfo- 
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ELECTROLYTIC CAPACITOR EMPLOYING POLYPYRROLE 

F I G U R E  2 SEM photographs of Process o f  polypyrrole 
polymerization. 

left side: surface, right side: section 
a: after forming 
b: after 1 time o f  chemical oxidative polymerization 
c: a f t er 10 minutes of electrochemical polymerization 
d: a f t e r  30 minutes of  electrochemical polymerization 
e :  a f t er 60 minutes of electrochemical polymerization 
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TABLE I1 Effects of dopant species o n  capacitor 
characteristics. 

Dopant Capacitance t a n 6  ESR 
( C L F )  ( % I  ( m Q  1 

1.36 
1.19 
1.39 
1.30 
1.36 
1.38 

0.94 133 
0.85 481 
2.36 2063 
1.60 815 
0.70 3 50 
0.80 185 

nate) and PTS-(paratoluenesulfonate) a s  t h e  dopants are superior t o  
ot h e s ,  s u c h a s  PF6-,TFA-(trifluoroacetate),C104-,BF4-. Figure 3 
s h o w s  c h a r a cteristics as a function of t i m e  at 105°C atornosphere. 

4 

1 

0 200 400 600 800 1000 0 200 400 600 800 1001 
t i m e ( h r s . 1  t i m e ( h r s . 1  

F I G U R E  3 Electrical characteristics of polypyrrole tantalum 
ca p a c i tors as a function of t ime. 

a: P F 6 -  b:TFA-(trifluoroacetate) c:C104- 
d:BDS'-(benzenedisuIfonate) e:TsO-(paratoluenesulfonate) 
f:BF4- 
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ELECTROLYTIC CAPACITOR EMPLOYING POLYPYRROLE 26 1 

T h e r e  i s  l i t t l e  c h a n g e  o f  s l o p e  w i t h  t ime i n  t h e  c a s e  o f  u s i n g  t h e  
a r o m a t i c  s u l f o n a t e  d o p a n t s .  On t h e  c o n t r a r y ,  o t h e r  d o p a n t s  show 
r a p i d  i n c r e a s e s  a s  t h e  t i m e  p r o c e e d s .  T h e s e  r e s u l t s  c o i n c i d e  w i t h  
t h e  r e p o r t e d  t h e r m a l  s t a b i l i t i e s  of  p o l y p y r r o l e  f i l m s ' .  

I n  a d d i t i o n ,  t h e r e  w e r e  no  p r o b l e m  i n  p r a c t i c a l  t h r o u g h  s o l d -  
e r i n g  t e s t s  a t  260°C, r o a d i n g  l i f e  t e s t s  a t  125°C a n d  m o i s u t u r e  
l i f e  t e s t s  a t  85°C a n d  85%RH. 

FREQUENCY CHARACTERISTICS OF IMPEDANCE 

The  f r e q u e n c y  c h a r a c t e r i s t i c s  of  i m p e d a n c e  o f  a n  a luminum e l e c t r o -  
l y t i c  c a p a c i t o r  e m p l o y i n g  p o l y p y r r o l e  (PA)  a n d  a t u n t a l u m  e l e c t r o -  
l y t i c  c a p a c i t o r  e m p l o y i n g  p o l y p y r r o l e  ( P T )  a r e  shown i n  F i g u r e  4 i n  
c o m p a r i s i o n  w i t h  t h o s e  o f  a n  a l u m i n u m  e l e c t r o l y t i c  c a p a c i t o r  em- 
p l o y i n g  l i q u i d  e l e c t r o l y t e  ( C E )  a n d  a t a n t a l u m  e l e c t r o l y t i c  c a p a c -  
i t o r  e m p l o y i n g  Mn02 s o l i d  e l e c t r o l y t e  ( C S ) .  The  f r e q u e n c y  c h a r a c -  
t e r i s t i c s  o f  i m p e d a n c e  a t  h i g h  f r e q u e n c y  r e g i o n s  of  c a p a c i t o r s  em- 
p l o y i n g  p o l y p y r r o l e  (PA,  PT)  a re  e x e l l e n t  s u p e r i o r  t o  t h o s e  o f  C E  
a n d  C S ,  a n d  a r e  c o m p a r a b l e  t o  t h a t  o f  f i l m  c a p a c i t o r .  

1000 

100 
v 
aJ 
2 10 

E l  

rd 
-0 

a 
c-( 

0 . 1  

0 . 0 1  
10 '  1 0 2  103 104 1 0 5  l o 6  10' 

F r e q u e n c y ( H z 1  

FIGURE 4 F r e q u e n c y  c h a r a c t e r i s t i c s  o f  i m p e d a n c e  for  v a r i o u s  
e l e c t r o l y t i c  c a p a c i t o r s .  
PA: p o l y p y r r o l e  t y p e  a l u m i n u m  e l e c t r o l y t i c  c a p a c i t o r  
PT:  p o l y p y r r o l e  t y p e  t a n t a l u m  e l e c t r o l y t i c  c a p a c i t o r  
C E :  l i q u i d  t y p e  a luminum e l e c t r o l y t i c  c a p a c i t o r  
CS: MnOz t y p e  t a n t a l u m  e l e c t r o l y t i c  c a p a c o t o r  
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CONCLUTION 

New type of aluminum and tantalum capacitors employing only poly- 
pyrrole as solid electrolytes were depeloped, which reveal exellent 
frequency and temperature characteristics. 

A chemical oxidative polymerized polypyrrole is superior to a 
pyrolytic prepared manganese dioxide as a conductive pre-coating 
layer. Aromatic sulfonate dopants give thermal stabilities and ex- 
cellent capacitor characteristics. 

REFERENCES 

1. R.L.Taylor and H . E . H a r i n g , J . E l e c t r o c h e m . S o c . , l 0 3 ( 1 1 ) , 6 1 1 ( 1 9 5 6 ) .  
2 .  A.f.Diaz.K.K.Kanazawa and G.P.Gardini,J.C.S.Chem.Comm.,635 

3 .  H.Munstedt,H.Naarmann and G.Kohler,Mol.Cryst.Liq.Cryst.,ll8,129 

4. K.Yoshino,S.Hayashi and R.Sugimoto,Jpn.J.Appl.Phys.,U,L899 

5. I.Isa,Nikkei New Mater.,1,48(1989). 
6. M.Fukuda,H.Yamamoto,I.Isa,Jpn.Pat.Open,63-173313~1988~. 
7. L.A.Samuelson and M.A.Druy,Macromolecules,l9,824(1986). 

(1979). 

(1985). 

(1984). 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

4:
17

 1
8 

Fe
br

ua
ry

 2
01

3 




