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PREPARATION AND EUClROCHEMCAL PROPERTIES OF FLFCTRICALLY 
CONDU- POLYEEERMDE - POLYPYRROJB COMPOSITES 

DONG-IL KANG, WON-JEI CHO, AND CHANG-SIK HA* 
Department of Polymer Science and Engineering, 
Pusan National University, Pusan 609-735, Korea 

Abstract In this work, electrically mductive polyetherimide(PEI)- 
polypyrrole(PPy) mmposites have been prepared and their electrochemical 
properties were investigated. ?he composites were prepared on indium- 
tin-oxide(lT0) coated glass electrode. 'Ihe composite films showed lower 
conductivity but be#er thermal stability than PPy hamopolymtz film The 
Properties of the composite films were strongly depemknt on the preparation 
method of the m matrix. 

INIXODUCIION 

Composite materials based on electrically conducting polymers have attracted much 
scientific and technological interest recent years12. ?he processing of conducting 
polymers has been taken through the development of composites of the conducting 
plastics. 'Ihe added cOmpOnentS are chosen for their mechanical and chemical 
properties such as cohesion, adhesion, air stabiity, and fle~ibility.~ Interpenetrating 
networks of polypyrrole (PPy) filaments in swollen insulating plastic matrices have been 
also produced in dedrochemical cells. The electrodes such as conducting glass are 
plrecoated with an insulating polymer such as poly(viny1 alohol) or pOly(villy1 chloride) 
and exposed to a solution of pymle monomer. The resulting blends exhibit good 
mechanical Properties while maintaining respectible levels of eledronic mductivity4'. 

electrically conductive polyetheknide@EI) - PF'y composim have 
been prepared and their electrocherm 'cal Properties were investigated. PEI was chosen 
because of its high glass transition temperature and exellent hydrolytic stability as well 

In this work, 

as hi& mechafcal smngth.4' 

The cOmpOsiteS were prepared on indium-tin+xide(ITo) coated glass electrode (size 
1 x 1 cm?. preparation of the electridiy conductive c~mp~site~ were ~aepared in two 
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step; first, 1 or 2 wt.% of PEI(General Electric, Ultem) solution in 
N,Ndimethylacetamide(DMA) were prepared with Stirring at 80-90’C for 30 min. Then, 
the electrode was coated by dip-coating or spincasting method to prepare PEI matrix 
for composite films. In the case of dipcoating of PEI matrix, the solution was dried 
vertically or horizontally. For the spin-cast matrix using a spin-coater(Headway 
Reserach Inc.), the speed of spinning was varied as l,ooO, 1,500, 2,000, and 2,500 
rpm. Then, pyrrole was electropolymenzed on the PEI coated lT0 glass electrode in 
0.036 M sodium doQecylsufate(SDS)/HzO electrolyte solution system Oontaining 0.36 M 
pyrrole monomer. In this case, the current density was 10 mA and PPy film thickness 

?herma1 stabilities of the composite films were examined by Thermogravimetric 
Analyzer(TGA) w o n t  2100) at a heating rate of 10 “c/min unh NZ atmosphere. 
The electric resistance of the electrode side of the cornpasite films were m e a s u r e d  by 
the standard four-probe technique. The morphology of the electrode side of the 
composite films was observed by using Scanning Elecl~on MicrmWSEM, JEOL JSM 
5200). 

was equivalent to 20 qcmz. 

RESULTS AND DISCUSSION 

Table 1 and 2 show the resistance valucs of composite films prepared in SDS/H20 
electrolyte solution system by electropolymerization method. Regardless of the 
preparation method(dipcoating or spin-casting) of the PEI matrix, the composite films 
showed higher electric resistance values(i.e. lower conductivity) than PPy homopolymer. 
Composite films prepared from 1 wt.% solution of PEI in DMA showed lower electric 
resistance than those prepared from 2 wt% solution of PEI in DMA. It means that the 
electric resistance value was strongly i n f l u a d  by the Concentration of PEI. Also, the 
electric resistance value was increased with dipping (i.e. coating) times. The spin-cast 
matrix with 2 wt% c o n d o n  of PEI exhibited lower electric resistance values as 
the speed of the spinning in- However, in the case ‘of the spin-cast matrix for 
lower concentration of PEI(i.e. 1 wt.%), the effect of the spinning speed was negligible, 

the electric resistance value was also 
influenced by the drying method of the PEI matrix film. In the same mmtration of 
the PEI/DMA solution, the vatically dried film showed higher electric resistance value 
than that of horizontally dried one, meaning that the state of PEil on the IT0 coated 
glass electrode strongly affected the elecfrochemical properties of the composite film. 
The results of morphological investigation clearly proved the above results. 

In the case of the dip-coated matrix, 

Figure 1 shows the image of PEI mted on the lT0 electrode with 2 wt.% 
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TABLEI The electric re&ance values and the theamal decomposition temperatures of 
dipcoated colnposite films with different drying method (horkmuy or vertically) 
and PEI cancentraa 'on(wL%). 

Resistance @) Thermal Decomposition Temperature('c ) 

25.49 

vertically dried, 1 wt% 34.63 
horh&dly dried, 2 wt% 114.59 
vertically dried, 2 wt% 157.35 

2 wt% 245.78 

2 wt% 285.31 

E L t a l l y  dried, 1 wt% 30.03 

horizantaly dried, dipping h w  times 

vertically w dipping two times 

160 
163 
169 
173 
177 

197 

200 

mmtration. In the case of the dipcoated FEI matrix, vertically dried film@) showed 
more homogeneous phase than the horizontally dried film(a), yielding higher electric 
resistance values because of thicker insulating matrix 

When the PEI concentration is lowa(1 wt.%), not mch difference was observed 
in morphology. Also in the case of the @-cast PEI matrix, morphologies of samples 
were similar regardless of the spinning speed when the PEI concentration was 1 wt.96. 
However, at higher PEI u ~ n ~ t i o n ( 2 w t . % ) ,  the morphology was different dependrng 
on the spinning speed, as shown in figure 2. ?he result implies that the faeparation 
method is important to obtain m @ t e  films with homogeneous matrix for 6nal 

c w .  

cOmpOsite materials. 
In Table 1, the thermal stabi- 

lity i n h  With increashg con- 
The vertically dried 

composite films showed higher the%- 
tents of PEI. 

mal stability than the horizontally 
composite films. The thermal stabi- 
lity was, however, not strongly 
affected by the spirming speed for 
the spincrrst fjlm except 1,ooO yn, 
as shown in Table 2. 

It is notewQthy that all the 
composite filmr exhibited higher 
thermal stability when compared to 
that of the PPy homopolymer film. 

TABlEII ?he electric resistanCe values and 
the thermal decomposition temperatures of 
spin-cast composite films with different 
SpinningSpeedW- 'on; 2 -96 ] 

1,OOo 263.75 192 

2300 139.45 180 

1 9  148.39 180 
2,OOo 144.17 181 
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5 /-tm ( x 5,000) - 5 pm ( x 5,000) 
FIGURE 2 SEM mimgraphs of 

cOmpOsiteS [dipping in 2 wt% solution] PElpPy canposites [spincasting in 
2 wt% solution ] (a) loo0 rpm 

FIGURE 1 SEM micrographs of Pnlppy 

(a) hopizontally dried and (b) vertically 
dried. and@) mrpm 

CONCLUSIONS 

"he PEI-Ppy cOmpOsiteS films showed lower cmdudvity but better thermal stability 
than Ppy homopolymer films. It was concluded that the preparation method of the 
PEI matrix is important to obtain colnposite films withho?Isogeneous structure for final 
compositematerials. 
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