
CHAPTER IV

RESULTS AND DISCUSSION

4.1 Preliminary study of polypyrrole coating composite

The polypyrrole composites were prepared via oxidative polymerization on 

the surface of selected host. เท this study, pyrrole was polymerized เท the presence 

of PS and FeCI3 at 0 °c. The resulting polymer composite was then washed 

exhaustedly with methanol to ensure that there is no Fe(lll) trapping เท the 

composite. The presence of PPy is confirmed by Fourier transform infrared 

spectroscopy. The IR spectra of the polymer composite in this research were 

obtained by Attenuated Total Reflectance (ATR FT-IR) technique. This technique 

allows the measurement of the IR spectrum of the sample surface. Figure 4.1 

shows the ATR FT-IR spectrum of PS/PPy composite prepared by using 0.5 pyrrole: 

PS weight ratio. The IR spectrum shows strong absorption bands of aromatic c = c  
stretching at 1550 cm'1, doping induced mode at 1320 and 1180 cm' 1 which are 

characteristics of polypyrrole. And it also shows weak absorption bands of aromatic 

c = c  stretching at 1490 cm'1, CH2 in plane bending at 1450 cm'1, and C=CH 

aromatic out of plane bending at 700 cm" 1 which are characteristic of PS. The 

characteristic of PS host polymer corresponds to the PS absorption peaks reported 

by Lascelles [39].

Theoretically, the PS host should be coated completely by PPy during the 

polymerization process and no IR absorption bands of PS should be observed. 

Some PS absorption peaks, however, appeared as shown in Figure 4.1. This may
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be due to several reasons. One reason is an inadequate coating of PPy over the 

surface of PS due to the ineffectiveness of the polymerization. The other may be 

due to the physical damage of the polymer composite during the sample 

preparation. Fortunately the absorption bands of PS are quite low, it is therefore 

possible to ignore the uncoated part of PS.

Attempts were made to study the ATR FT-IR of PVC/PPy composite. 

However, it was not achieved since the feature of PVC particle is not appropriate. 

The strong absorption peaks could not be found. The roughly surface and the large 

size of PVC/PPy particle are the causes of very weak absorption bands in IR 

spectra. It can be explained that the bigger size of PVC particle is not suitable for 

casting on the ATR prism. Too much space between PVC/PPy sample and prism 

surface leads to the little contact of PVC/PPy particles with prism.

Nevertheless, to investigate the incorporation of PPy on PVC, the regular 

KBr-disc technique was used to study the PVC/PPy samples. Figure 4.2 shows the 

spectrum of 0.5 weight ratio of PVC/PPy composite, which was prepared at 0 °c. 
The spectrum shows weak absorption bands due to PVC of C-CI stretching at 620 
cm'1, CH2 in plane bending at 1430 cm'1, and CH out of plane bending at 1250 cm'1. 

Since the IR measurement involves the whole sample not just only the surface, the 

intensities of absorption at each position are therefore the same. This demonstrates 

that pyrrole was indeed polymerized to PPy on the surface of PVC.
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Figure 4.1 ATR FT-IR spectrum of PS/PPy composite

Figure 4.2 FT-IR spectrum of PVC/PPy composite
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4,2 Effect of host polymer on polvpyrole coating composite

Various hosts such as PS, PVC, PE, and pp were employed in the synthesis 

of PPy composites. Even though these polymer composites were synthesized by the 

same manner, their physical and chemical properties are different. This section will 

describe the effects of host polymers on the polymer composite in details.

4.2.1 Polvstyrene/Polypyrrole composite

Polystyrene used in this research was prepared by emulsion 

polymerization technique [44], This technique provided finely divided polystyrene 

which was redispersed in methanol in order to obtain homogeneous smooth 

particles. Polystyrene prepared from this process allowed PPy to be coated 

thoroughly on the surface of the particles. Figure 4.3 shows the scanning electron 

micrograph of PS/PPy composite. Each sphere represents each particle of 

polystyrene. It is appeared that the PPy distributes homogeneously over all the 

surface of PS particle.

Figure 4.3 Scanning electron micrograph of PS/PPy composite
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Lascelles and Armes [39] reported that poly(N-vinyl pyrrolidone) was 

used as a stabilizer in order to bind PPy onto the surface of PS. Our observation 

indicates that PPy can be coated on PS surface even without stabilizers.

Our experimental results demonstrate that the conductivity of the 

synthesized PS/PPy composite is quite high in the range of 1-10 Scm' 1 while other 

researchers reported that their value is less than 1 Scm' 1 [39], This may be due to 

the high concentration of FeCI3 used during the polymerization of pyrrole. It was 

shown that PPy coated on the surface of PS almost instantly.

This experiment demonstrates that PS/PPy composite with high 

conductivity can be obtained from the chemically oxidative method even without 

stabilizer by using our condition. The effects of various experimental conditions on 

physical properties such as electrical conductivity, morphology, and stability will be 

further investigated and described in details.

4.2.2 Polvfvinvl chlorideVPolvpyrrole composite

PVC/PPy composite was prepared in the same manner as in Section

4.2.1, however, PVC was obtained from the industry and used as received. The 

appearance of PVC particle is not as fine as in the case of synthesized PS. 

However, the procedure to synthesis PVC requires sophisticated set-up we 

therefore decide to use the commercial one.

Figure 4.4 shows the scanning electron micrograph of PVC and 

PVC/PPy composite. It is noted that the surface of PVC is not smooth and particles 

are not homogeneous as expected. The scanning electron micrograph of the
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PVC/PPy composite also demonstrates the inhomogeneity of the coating of PPy on 

the surface of PVC. This is due to the difficulty of PPy to penetrate into the ditch 

area of the PVC surface. However, we could obtain the black powder of PVC/PPy 

composite. Figure 4.4(a) shows the morphology of PVC particle. It can be seen that 

PVC particles are not uniform and their sizes are bigger than PS, which caused the 

incomplete coating of PPy on PVC particle. เท Figure 4.4(b), the small particles of 

PPy distribute on the rock-liked surface of PVC particle. Even though PPy can not 

be coated on the surface of PVC as well as PS, the conductivity of the PVC/PPy 

composite is about the same as PS/PPy composite.

According to Meng and Chi [34], they used PVC particle as host 

polymer. Those works showed that the composite particle was analogous to this 

study. However, they found that PPy content on PVC particle was much lower than 

the original ratios of pyrrole to the PVC powder. It is responsible for the incomplete 

conversion of the pyrrole monomer into PPy in the oxidative polymerization and the 

loss of PPy that deposited on the reactor wall. These factors might be present also

in this research.
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Figure 4.4 Scanning electron micrographs of 

(a) PVC particle 

(ช) PVC/PPy composite surface
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4.2.3. Other insulating polymer/PolvDvrrole composite

Polyethylene (PE) and polypropylene (PP) were also chosen to be 

host polymer for the synthesizing of PPy composite since they can be obtained from 

the industry in Thailand. The polymerization method is the same as described 

before. The particle sizes of PE and PP are bigger than PS and PVC. We could 

expect an incomplete coating of PPy over the surface of PE and PP similar to the 

case of PVC. Unfortunately, PE and PP cannot form composite polymer upon the 

employed experimental conditions. PE and PP floated on the surface of the reaction 

medium. This may be due to the much lower density of PE and PP than the reaction 

medium. Since PE and PP floated in the reaction medium, it is difficult for the PPy 

to penetrate onto the surface of PE and PP.

However, there is a research which PP/PPy composite was 

succesfully produced. Omastova studied the synthesis of PP/PPy polymer 

composite in the mixture of water and methanol using less oxidant concentration 

[37], They reported that they could obtain PP/PPy composite particle with the 

conductivity about 1 0 ' 2 Scm'1.

When the concentration of FeCI3 in methanol is quite low, it is 

possible to synthesize PE/PPy and PP/PPy composites but the conductivities of the 

resulting polymer composites are also very low. Therefore, it is not suitable to use 

PE and PP as host polymers in the synthesis of high conductivity PPy polymer

composites.
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4 .3  Effect of poIvCvinvl pyrrolidone) on dispersion polvDvrrole

Polypyrrole was also prepared by the chemical oxidative polymerization of 

pyrrole in the dispersion media. The dispersing agent was added in the reaction to 

enhance the dispersion of polypyrrole particle. เท this research, poly(vinyl 

pyrrolidone)(PVP) had been used as the dispersing agent, which is also called 

stabilizer. Other components are similar to the components of PPy-coated 

polymerization method. The PVP powder were dissolved in the oxidant solution 

(FeCl3/methanol) before initialize the polymerization process to form the stabilizing 

feature. This polymeric stabilizer act by way of adsorption on the PPy particles 

formed during the polymerization [21]. After the polymerization succeed the 

sediment of PPy dispersion was obtained. PPy powder were washed exhaustedly 

by water and methanol then filtered, the black precipitates were dried and stored in 

the desiccator.

The morphology of the dispersion PPy is shown in Figure 4.5. It can be seen 

that although PPy powder were agglomerated there is also the dispersion character 

throughout the PPy sample. The agglomeration of PPy particle is present in most of 

the PPy synthesis.

The result from SEM shows that PPy powder did not exist as individual 

particle. This result is different from Armes and co-worker. They explained that the 

ratio of stabilizer to monomer is needed to form the spherical particle. Furthermore, 

the order of reagent addition is also necessary to form spherical particles.
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Figure 4.5 Scanning electron micrograph of dispersion PPy, using PVP stabilizer

The main problem of this procedure is the unable synthesis of spherical PPy 

particles. This may be due to the high concentration of the FeCI3 oxidant solution, 

which results in the difficulty of dissolving the stabilizer. The solubility of PVP was 

diminished when PVP concentration is increased. However, if the oxidant 

concentration was reduced, the high conductivity could not be obtained.
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4 .4  Determination of various effects on Polvstvrene/Polvpyrrole com posite

เท order to prepare high electrical conductivity of PS/PPy composite, various 

polymerization conditions were studied to obtain the optimum conditions. The 

concentration of FeCI3/methanol solution is 2.5 M. 2 g of polystyrene powder were 

used in the polymerization. Other parameters are varied as follows:

4.4.1 Effect of pyrrole

The effect of pyrrole is determined in order to find the threshold level 

in the edge of electrical conductivity. This means that how the employed pyrrole is 

suitable for the high electrical conductivity given. Table 4.1 shows the electrical 

conductivity of composites with various pyrrole: PS weight ratios. The reaction 

temperature was controlled constantly at 0 °c for 1 hour polymerization time.

Tables 4.1 Conductivity of PS/PPy composite depends on the pyrrole: PS ratio

Sample code Pyrrole: PS ratio Conductivity(Scm'1)

PS01 0.1 1.53

PS02 0 .2 2.72

PS03 0.5 7.57

PS04 0 .8 8 .1 0

PS05 1 .0 9.98

According to Table 4.1, the conductivity of PS/PPy composite 

depends on the amount of pyrrole. The conductivity of PS/PPy composite increases
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as pyrrole ratio increases. The conductivity of PS01 is about 1.53 Scm'1, which is an 

acceptable conductivity in the composite form.

Nevertheless, the slope of the graph plotted between conductivity and 

pyrrole: PS ratio is shown in Figure 4.6. It clearly exhibits that the conductivity does 

not increase rapidly after 0.5 pyrrole: PS ratio and it seems to be level off.

P y r r o le  ra tio

Figure 4.6 The conductivity of PS/PPy composite versus pyrrole: PS ratio

Analogous results were obtained by Lascelles [39] and Omastova 

[37], They suggested that the conductivity of the polymer composite stayed constant 

after the concentration of pyrrole through some threshold level. The ‘core shell’ 

morphology of these materials is responsible for this phenomenon. Charge 

transport can occur through the material without significant interference from the 

underlying electrically insulating polystyrene component.
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The coating of PPy on the surface of PS particles is supported by 

SEM as shown in Figure 4.7. The SEM of PS/PPy composites, which were 

synthesized from 0.5 and 1 pyrrole: PS ratios, are shown in Figure 4.7(b) and (c), 

respectively. The SEMs demonstrate no difference on the surface of PS particles.

FT-IR spectra of PS/PPy composites with various pyrrole ratios are 

shown in Figure 4.8, according to the electrical conductivity evidence and Lascelles 

and Armes [39]. The characteristics of FT-IR spectra depend on the pyrrole volume. 

PS absorption bands at 700, 1450 and 1490 cm'1 are decreased continuously as the 

pyrrole increases while the absorption bands of PPy showing in every spectrum are 

exhibited at 1180, 1320, and 1550 cm'1. This demonstrates that PPy can coat the 

surface of PS particle more completely when the added pyrrole is increased.
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Figure 4.7 Scanning electron micrographs of

(a) polystyrene micro-particles

(b) PS/PPy composite treated with 0.5 pyrrole: PS ratio

(c) PS/PPy composite treated with 1 pyrrole: PS ratio
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wavenumber (cm'1)

F ig u re  4 .8  F T -IR  s p e c t r a  o f  P S /P P y  c o m p o s i te  a s  a  fu n c tio n  o f  p y rro le :  P S  ra tio  

(a )  P S 0 1  (ช) P S 0 2  (c) P S 0 3  (d) P S 0 4  (e )  P S 0 5
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4 .4 .2  E ffe c t  o f  r e a c t io n  t im e

T h e  p o ly m e r iz a t io n  r e a c t io n  w a s  a c c o m p l i s h e d  b y  v a r io u s  r e a c t io n  

t im e s  fro m  1 to  3  h o u r s .  T h e  e le c tr ic a l  c o n d u c tiv ity  o f  P S /P P y  c o m p o s i t e s  a r e  

s h o w n  in T a b le  4 .2  w h ile  t h e  o th e r  p a r a m e t e r s  w e r e  k e p t  c o n s ta n t ,  i .e . 2 .5  M F e C I3 

s o lu t io n , 0 °c r e a c t io n  t e m p e r a tu r e .

T a b le  4 .2  C o n d u c t iv i ty  o f  P S / P P y  c o m p o s i te  d e p e n d s  o n  t h e  r e a c t io n  t im e

S a m p l e  c o d e  R e a c t io n  t im e  
(h o u r )

P y rro le :  P S  ra tio  c o n d u c t iv i ty (S c m '1)

P S 0 2 0 .2 2 .7 2

P S 0 3  1 0 .5 7 .5 7

P S 0 4 0 .8 8 .1 0

P S 0 6 0 .2 2 .5 3

P S 0 7  2 0 .5 5 .3 4

P S 0 8 0 .8 3 .2 0

P S 1 2 0 .2 2 .3 1

P S 1 3  3 0 .5 2 .8 1

P S 1 4 0 .8 2 .2 6

T a b le  4 .2  s h o w s  th a t  t h e  h ig h e s t  e le c tr ic a l  c o n d u c tiv ity  is  o b ta in e d  a t  

1 h o u r  1 w h ic h  is t h e  lo w e s t  r e a c t io n  tim e . เท T a n a w a d e e  r e s e a r c h  [5], t h e  m a x im u m  

c o n d u c tiv i ty  w a s  o b ta in e d  w h e n  low  p o ly m e r iz a t io n  t im e  w a s  u s e d .  T h is  is  d u e  to  

t h e  e f f e c t  o f  o x id a t io n  p o te n t ia l  o f  t h e  r e a c t io n  s o lu t io n . W h ile  p o ly m e r iz a t io n  t im e  

w a s  i n c r e a s e d ,  t h e  o x id a t io n  p o te n tia l  w a s  s lo w ly  d e c r e a s e d .
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T h is  p h e n o m e n o n  c a n  b e  e x p la in e d  fo llo w s  b y  t h e  o b s e r v a t io n  o f  

M a c h id a ’s  r e p o r t  [22], T h e y  s u g g e s t e d  th a t  t h e  o x id a t io n  p o te n tia l  o f  t h e  s o lu t io n  

p la y s  a n  im p o r ta n t  ro le  in th e  p o ly m e r iz a t io n  'p r o c e s s  a n d  t h e  c o n d u c tiv ity  o f  t h e  

s y n t h e s i z e d  p o ly p y rro le . เท th e  e q u ilib r iu m  s t a t e  t h e  o x id a tio n  p o te n t ia l  (E ) is 

e x p r e s s e d  b y  N e r n s t ’s  e q u a t io n  a s

E = Eo + (R T /n F )  เท (Aox/A red)

W h e r e  Aox a n d  A red a r e  t h e  a c t iv i t ie s  o f  t h e  o x id a n t  (F e C I3) a n d  

r e d u c t a n t  (F e C I2), r e s p e c t iv e ly .  D u rin g  th is  r e a c t io n ,  t h e  F e C I3 c o n c e n t r a t io n  

d e c r e a s e s  w h ile  t h e  F e C I2 c o n c e n t r a t io n  i n c r e a s e s .  H e n c e ,  t h e  o x id a tio n  p o te n t ia l  

will d e c r e a s e  d u r in g  t h e  p r o c e s s  a s  t h e  r e a c t io n  t im e  in c r e a s e s .  T h is  f e a tu r e  le d  to  

low  c o n d u c tiv i ty  o c c u r s  b e c a u s e  o f t h e  l e s s  o x id iz e d  p o ly p y rro le .

T h e  r e l a t io n s h ip s  b e tw e e n  t h e  e le c t r i c a l  c o n d u c tiv ity  a n d  t h e  

p o ly m e r iz a t io n  t im e  a t  v a r io u s  p y rro le  r a t io s  a r e  s h o w n  in F ig u re  4 .9 .  It c a n  b e  s e e n  

t h a t  t h e  lo n g e r  p o ly m e r iz a t io n  t im e  is n o t  s u i ta b le  fo r  p o ly p y rro le  p r e p a r a t io n .
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— ► — 0 .2  p y rro le  ra tio  

— • — 0 .5  p y rro le  ra tio  

— ► — 0 .8  p y rro le  ra tio

R e a c tio n  t im e  (h o u r)

F ig u r e  4 .9  T h e  c o n d u c tiv i ty  o f  P S /P P y  c o m p o s i te  v e r s u s  r e a c t io n  t im e

4 .4 .3  E ffe c t  o f  s o lv e n t

V a r io u s  t y p e s  o f s o lv e n ts  fo r  p o ly p y rro le  s y n th e s i s  w e r e  s tu d ie d  to  

a c h i e v e  t h e  o p tim u m  c o n d u c tiv ity . T h e  fa v o r i te  o n e  is m e th a n o l .  F ro m  p re v io u s  

w o r k s  [2 2 ,5 ] , m e th a n o l  is  t h e  b e s t  s o lv e n t  fo r  p o ly p y rro le  p r e p a r a t io n  s in c e  P P y  

c o u ld  b e  s y n t h e s i z e d  w ith  h ig h  c o n d u c tiv ity , b e y o n d  1 0 0  S c r r r 1. O th e r  s o lv e n t  s u c h  

a s  w a t e r  c a n  b e  u s e d  to  p o ly m e r iz e  p o ly p y rro le , M e n g  a n d  C h i [34] u s e d  w a te r  to  

p r e p a r e  t h e  F e C I3 s o lu t io n .  T h e  s im ila r  r e s u l t s  w e r e  a l s o  o b ta in e d  b y  O m a s to v a  

[37 ], t h e y  u s e d  w a t e r  a s  s o lv e n t  in p o ly m e r iz a t io n  o f  P M M A /P P y  c o m p o s i te .  

H o w e v e r ,  p r e p a r a t i o n  o f  h ig h  c o n c e n t r a t e  o x id a n t  s o lu t io n  b y  u s in g  o n ly  w a t e r  to  

d i s p e r s e  t h e  h o s t  p o ly m e r  p o w d e r  is v e ry  d ifficult. T h is  r e s e a r c h  a c c la im e d  th a t  

o th e r  s o lv e n t  s u c h  a s  m e th a n o l  w a s  a d d e d  to  t h e  r e a c t io n  in t h e  b in a ry  s o lv e n t  fo rm . 

T o  d i s p e r s e  t h e  h o s t  p o ly m e r , d e c r e a s in g  s o lv e n t  d e n s i ty  is  n e e d e d .  H e n c e ,  in th is  

r e s e a r c h ,  t h e  p o ly m e r iz a t io n  r e a c t io n s  w e r e  c a r r ie d  o u t  in t h r e e  k in d s  o f  s o lv e n ts ,
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i.e . w a te r ,  5 0 %  ทาe th a n o l /w a te r ,  a n d  m e th a n o l .  W a te r ,  h o w e v e r ,  w a s  n o t  a  s u i ta b le  

s o lv e n t  fo r  t h e  p r e p a r a t i o n  o f  P S /P P y  c o m p o s i te  s in c e  all P S  p o w d e r  in t h e  r e a c t io n  

m ix tu re  w a s  f lo a te d .  T a b le  4 .3  s h o w s  t h e  d e p e n d e n c e  o f  t h e  e le c t r ic a l  c o n d u c tiv ity  

o n  t h e  v a r io u s  s o lv e n t s .

T a b le  4 .3  in d ic a t e s  th a t  t h e  h ig h e s t  c o n d u c tiv ity  is 8 .7 3  S c m '1 fo r  P S  

s a m p le ,  w h ic h  w a s  p o ly m e r iz e d  in 5 0 %  m e th a n o l /w a te r  s o lv e n t  a t  0 .5  p y rro le :  P S  

ra tio . It w a s  a l s o  f o u n d  t h a t  w h e n  5 0 %  m e th a n o l /w a te r  w a s  u s e d  a s  s o lv e n t ,  th e  

h ig h e r  c o n d u c tiv i ty  P S / P P y  c o m p o s i te  a s  s e e n  a t  0 .1 , 0 .2 , a n d  0 .5  p y rro le :  P S  ra t io s  

w e r e  o b ta in e d .  T h is  s e e m s  th a t  5 0 %  m e th a n o l /w a te r  s o lv e n t  s y s t e m  is  b e t t e r  th a n  

m e th a n o l  fo r  t h e  p r e p a r a t i o n  o f  P P y  c o a t in g  c o m p o s i te .  H o w e v e r ,  t h e  th r e s h o ld  

le v e l o f  c o n d u c tiv i ty  in 5 0 %  m e th a n o l /w a te r  s y s te m  is low  w h ile  t h e  c o n d u c tiv ity  o f 

P S /P P y  c o m p o s i te  in m e th a n o l  s y s te m  m ig h t b e  r e a c h e d  a  h ig h e r  le v e l.

M a c h id a  [22 ] s tu d ie d  th e  e f fe c t  o f s o lv e n ts  fo r  t h e  p r e p a r a t io n  o f  P P y . 

H e  s u g g e s t s  t h a t  t h e  b e s t  s o lv e n t  w a s  m e th a n o l  b e c a u s e  o f  its  low  o x id a tio n  

p o te n t ia l ,  w h ic h  c a n  m a k e  t h e  h ig h  c o n d u c tiv ity  P P y . H o w e v e r ,  fo r  th is  r e s e a r c h ,  it 

w a s  f o u n d  t h a t  t h e  y ie ld  o f  P P y  p ro d u c t  fro m  5 0 %  m e th a n o l /w a te r  s o lu t io n  w a s

la rg e r .
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Tables 4.3 Conductivity of PS/PPy composite depends on the solvent

S a m p l e  c o d e P y r r o le :  P S  ratiiว S o lv e n t  c;o n d u c tiv i ty (S c m '1)

P S 0 1 0.1 1 .5 3

P S 0 2 0 .2 M e th a n o l 2 .7 5

P S 0 3 0 .5 7 .5 7

P S 1 6 0.1 6 .5 1

P S 1 7 0 .2 5 0 %
M e th a n o l /w a te r 7 .2 5

P S 1 8 0 .5 8 .7 3

H e n c e ,  it c a n  b e  a c c l a i m e d  t h a t  t h e  b in a r y  s o l v e n t  ( 5 0 %  

M e th a n o l /w a te r )  is  t h e  b e s t  s o lv e n t  fo r  c o a t in g  p o ly m e r iz a t io n . F u r th e r m o r e ,  it c a n  

b e  o b s e r v e d  th a t  w h e n  t h e  p o ly m e r  c o m p o s i te  w a s  p r e p a r e d  in m e th a n o l  o r  5 0 %  

m e th a n o l /w a te r ,  t h e  c o n d u c tiv ity  o f e a c h  c o m p o s i te  r e a c h e d  t h e  v a lu e  o f  8  S c m '1, 

w h e n  t h e  p y r ro le  ra t io  i n c r e a s e s  to  0 .5 .  (F ig u re  4 .1 0 ) .  T h e  p r e s e n c e  o f  p e rc o la t io n  

th r e s h o ld  o f  P P y  in t h e  c o m p o s i te  is r e s p o n s ib le  fo r  t h e s e  o b s e r v a t io n s .

T h e  s c a n n in g  e le c t r o n  m ic ro g ra p h  o f P S /P P y  c o m p o s i te ,  w h ic h  w a s  

p r e p a r e d  in 5 0 %  w a te r /m e th a n o l ,  is s h o w n  in F ig u re  4 .1 1 .  T h e  m o rp h o lo g y  o f 

P S / P P y  p a r t ic le s  e x h ib i te d  t h a t  in th e  m ix e d  w a te r - m e th a n o l  s o lv e n t  p o ly p y rro le  c a n  

c o a t  o n  t h e  P S  p a r t ic le  c o m p le te ly .  F u r th e rm o re ,  t h e  ro u g h  s u r f a c e  w h ic h  is p r e s e n t  

in F ig u r e  4 .1 1  s h o w s  t h a t  P S  p a r t ic le s  w e r e  c o a t e d  in th e  s a m e  f a s h io n  a s  

c o m p o s i t e  p r e p a r e d  fro m  m e th a n o l  s o lv e n t  (F ig u re  4 .7  (b )). T h is  d e m o n s t r a t e s  t h a t  

t h e  r e a c t io n  is  ra p id  in t h e s e  s o lv e n t  s y s t e m s .
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E๐ผิ
- i - j

♦ 3O3-àc5๐

0 0.1 
-m ethanol
-50% methanol/water

0.2 0.3 0.4
P y r ro le  r a t io

0.5 0.6

F ig u r e  4 .1 0  T h e  c o n d u c tiv i ty  o f  P S /P P y  c o m p o s i te  v e r s u s  p y rro le  ra tio  in v a r io u s  

s o lv e n t s

F ig u r e  4 .1 1  S c a n n in g  e le c t r o n  m ic ro g ra p h  o f P S /P P y  c o m p o s i te  u s in g  5 0 %  w a te r /

m e th a n o l  a s  s o lv e n t
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4.5 Conductive stability of Polystyrene/Polypyrrole composites

เท o r d e r  to  s tu d y  t h e  c o n d u c tiv e  s ta b ility , t h e  c o n d u c tiv i t ie s  o f  P S /P P y  

c o m p o s i t e s  w ith  0 .1 ,  0 .2 ,  0 .5 ,  0 .8 , a n d  1 p y rro le : P S  w e ig h t  ra tio  a s s ig n e d  to  P S 0 1 ,  

P S 0 2 ,  P S 0 3 ,  P S 0 4 ,  a n d  P S 0 5 ,  r e s p e c t iv e ly , w e r e  m e a s u r e d  b y  v a n  d e  P a u w  

m e th o d  a t  e v e r y  2  w e e k s  un til 1 0  w e e k s .  T h e  P S /P P y  c o n d u c tiv i t ie s  w ith  v a r io u s  

t im e s  a r e  s h o w n  in T a b le  4 .4 .  T h e  o th e r  p a r a m e te r s  w e r e  k e p t  c o n s ta n t ,  i.e . 0  °c 
r e a c t io n  t e m p e r a tu r e ,  1 h o u r  p o ly m e r iz a t io n  tim e , m e th a n o l  s o lv e n t ,  a n d  2 .5  M F e C I3 

s o lu t io n .

T a b le  4 .4  C o n d u c t iv i ty  o f  P S / P P y  c o m p o s i te  a s  s to r in g  t im e

T im e  (w e e k )
. -£ทุ่:■ .ชุ';-';V;>> C o n d u c tiv ity  (S c n T 1)

P S 0 1 P S 0 2 P S 0 3 P S 0 4 P S 0 5
0 1 .5 3 2 .7 2 7 .5 7 8 .1 0 9 .9 8

2 1 .8 8 2 .5 6 5 .8 8 6 .2 8 3 .6 3

4 1 .0 6 1 .6 8 4 .2 2 4 .5 8 2 .6 0

6 1 .21 1 .7 8 3 .9 2 2 .0 8 1 .7 3

8 0 .9 2 1 .3 0 3 .5 6 1 .8 2 1 .4 8

1 0 0 .8 8 1 .1 2 3 .2 2 0 .6 4 0 .7 4

T a b le  4 .4  i n d i c a t e s  th a t  th e  c o n d u c tiv ity  o f  P S /P P y  s a m p l e s  w e r e  d e c r e a s e d  

ra p id ly  a t  t h e  in itia l t im e  o f  0 -4  w e e k s  a n d  th e  r a t e  o f d e c r e a s in g  o f  c o n d u c tiv ity  w a s  

s lo w e d  d o w n  a f t e r  6  w e e k s .  T h e  e le c tr ic a l  c o n d u c tiv it ie s  i n c r e a s e  w h e n  t h e  p y rro le  

r a t io s  i n c r e a s e .  T h e  h ig h e s t  c o n d u c tiv ity  w a s  o b ta in e d  a t  1 p y rro le  ra tio , P S 0 5 .  

H o w e v e r ,  th i s  s a m p l e  is  n o t  t h e  b e s t  b e c a u s e  th e  c o n d u c tiv ity  o f  P S 0 3  is t h e  m o s t  

s t a b le .  It c a n  b e  s e e n  t h a t  a t  t h e  c o n d u c tiv ity  o f  P S 0 3  is  t h e  h ig h e s t  e v e n  a f t e r  10

w e e k s .
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From Figure 4.12, it can be seen that the conductivities of all samples are 

decreased rapidly when the time was passed. This behavior was suggested by 

Tanawadee [5] that the possibility of anions on the surface of the polymer matrix 

were less than those hold below the surface due to the interference of moisture or 

temperature. The presence of conductivities after 10 weeks is due to the presence 

of trapped chloride ions within the sample disc. Analogous to pure PPy, the PS/PPy 

sample could have the same phenomena. The high conductivity of PS/PPy 

composite after 10 weeks is due to the trapped chloride ions in reservoir between 

closed-packed PS particle.

—♦ — 0.1 pyrrole ratio storing time (week)

—■ — 0.2 pyrrole ratio 
—* — 0 .5  pyrrole ratio 
—X— 0.8 pyrrole ratio 
—* — 1 pyrrole ratio

Figure 4.12 The conductive stability of PS/PPy composites versus storing time
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4 .6  Determ ination of various effects on Polv(vinvl chlorideVPolvpyrrole 

com p osite

Similar to PS/PPy composite, the polymerization of PVC/PPy composite was 

accomplished in the FeCI3 solution. Many parameters were studied to obtain the 

suitable conditions for synthesizing high conductivity composite. The details of the 

study are discussed as follows.

4.6.1 Effect of pyrrole

The amount of pyrrole was varied for the preparation of PVC/PPy 

composite in order to obtain the suitable condition. As previously discussed the 

random coating of PPy on PVC particles occurred on the nonspherical particles of 

PVC. Thus, the electrical conductivity of PVC/PPy composite was less than in the 

case of PS/PPy and could not be obtained at the low pyrrole ratio. Tables 4.5 shows 

the electrical conductivity of PVC/PPy composite at 1 hour polymerization time.

The electrical conductivities of PVC/PPy composite were not obtained 

at 0.1 and 0.2 pyrrole: PVC weight ratios because the coating of PPy on the PVC 

particles was not successful. The electrical data, current (I) and potential (V), which 

were necessarily used to calculate the conductivity of the composite were very small 

and unstable. This is due to the incomplete polymerization of PPy on PVC particle. 

It can be ascribed that since PVC particles are bigger than PS and not spherical, the 

amount of pyrrole and the reaction time must be high enough for the coating. It is 

shown that PPy cannot coat successfully on PVC particles, which have many 

ditches on the particles. Moreover, the ditches on PVC particles are the cause of a 

little contact between PPy layer in compressed sample disc.
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Tables 4.5 Conductivity of PVC/PPy composite depends on pyrrole: PVC ratio

Sample code Pyrrole: PVC ratio Conductivity(Scm‘1)

PVC01 0.1 -

PVC02 0.2 -

PVC03 0.5 5.33

PVC04 0.8 9.52

PVC05 1.0 10.02

Even though the coating is not homogeneous, the conductivity of PPy 

composite at high pyrrole loads, i.e. 0.5, 0.8, and 1 ratio can be obtained. The 

polymerization of pyrrole on PVC particles takes place at high pyrrole: PVC ratio 

rather than low ratio. At 1 pyrrole: PVC ratio, the conductivity is quite high at a value 

of 10 Scrrf1. This is the highest reported conductivity. However, the high amount of 

pyrrole may be not a good choice due to the difficulty of the polymerization in the 

concentrated reaction mixture. It could be found that in high oxidant concentration 

and high pyrrole level the reaction mixture was very viscous and it was difficult to stir 

the reaction mixture. Furthermore, the use of high pyrrole volume is not economical.

The conductivity of PVC/PPy composite with various pyrrole ratios is 

shown in Figure 4.13. It can be noted that the value of conductivity of the resulting 

composite levels off after 0.8 pyrrole ratio.
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0 0.2 0.4 0.6 0.8 1
Pyrrole ratio

Figure 4.13 The conductivity of PVC/PPy composite versus pyrrole: PVC ratio

Figure 4.14 shows the morphology of PVC/PPy composite particle, 

which was prepared at 0 °c temperature for 1 hour polymerization time. The pyrrole 

was added to the reaction about 0.5 weight ratio. The SEM in Figure 4.14(a) shows 

that the feature of polypyrrole coated PVC particles is similar to the uncoated PVC, 

indicating that PPy cannot polymerize on the surface of successfully PVC particle. 

The PVC/PPy particle in Figure 4.14(a), which is magnified to 3500 times, is shown 

in Figure 4.14(b). There are small particles distributed on PVC particle, which 

illustrates the ditch of PVC particle. The ditch was the cause of incomplete contact 

of PPy on PVC surface. Flowever, PVC/PPy composite can occur rapidly by using 

0.8 pyrrole: PVC weight ratio. This is due to the large amount of pyrrole monomer 

and high concentration of FeCI3.
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Figure 4.14 Scanning electron micrographs of

(a) PVC/PPy composite treated with 0.5 pyrrole: PVC ratio.

(ช) PVC/PPy particle surface (treated with 0.5 pyrrole: PVC ratio)



71

เท order to confirms the polymerization of PPy on PVC particles, FT- 

IR spectroscopy was used. เท this study, it was found that the PPy could cover PVC 

particle at the higher pyrrole ratio. As seen in Figure 4.15(a-e), the IR spectra were 

recorded in the region of 400-1800 cm'1.

The modification of sample spectra depending on pyrrole volume 

can be observed. Analogous to the PS/PPy composite spectra, the absorption 

bands of PPy and PVC are changed contrarily. The absorption bands at 1180, 

1320, 1550 cm'1 due to PPy increase while the absorption bands at 620, 1250 and 

1430 cm'1 due to PVC decrease when the pyrrole ratio increases. These results 

show that PPy is coated on PVC particle completely. เท addition, the weak 

absorption bands of PVC indicates that the coating of PPy increased when 

increasing the pyrrole: PVC ratio.
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Figure 4.15 FT-IR spectra of PVC/PPy composites as a function of pyrrole: PVC 

ratio

(a) PVC01 (ช) PVC02 (c) PVC03 (d) PVC04 (e) PVC05
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4.6.2 Effect of reaction time

The polymerization was carried out by varying times from 1 to 3 

hours. The electrical conductivities of PVC/PPy composites are shown in Table 4.6 

while the other parameters were kept constant, i.e. 2.5 M FeCI3 solution, 0 °c 
reaction temperature. This method is similar to PS/PPy composite preparation 

system.

Tables 4.6 Conductivity of PVC/PPy composite depends on the reaction time

Sample code Reaction time 
(hour)

Pyrrole: PVC 
ratio

Conductivity(Scm'1)

PVC17 0.2 -

PVC18 1 0.5 5.33

PVC19 0.8 9.52

PVC22 0.2 2.24

PVC23 2 0.5 7.68

PVC24 0.8 7.41

PVC27 0.2 0.98

PVC28 3 0.5 1.97

PVC29 0.8 1.58

Again, the electrical conductivities of PVC/PPy composites also 

decreased when the polymerization time increased. These phenomena are 

analogous to the PS/PPy composite. Beside, it is interesting to note that the 

conductivity decreased when pyrrole ratio is higher than 0.5. The decreasing of 

conductivity was also observed when the polymerization was conducted after 2 

hours. It can be ascribed that the higher level of pyrrole adding to the reaction and
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lo n g  p o ly m e r iz a t io n  t im e  a r e  n o t  s u i t a b le  fo r  p o ly m e r iz a t io n  o f  P V C /P P y  c o m p o s i t e ,  

e s p e c i a l l y ,  a t  3  h o u r s  p o ly m e r iz a t io n  t im e . T h is  le d  to  t h e  lo w  e le c t r ic a l  c o n d u c t iv i ty  

a b o u t  1 S c m ' 1, w h ic h  is  u n d e s ir a b le  in t h is  r e s e a r c h .  H e n c e ,  t h e  s h o r t  t im e  is  t h e  

g o o d  c h o i c e  fo r  t h e  p r e p a r a t io n  o f  t h e  h ig h  c o n d u c t iv ity  c o m p o s i t e .  F ig u r e  4 .1 6  

d e m o n s t r a t e s  th a t  t h e  c o n d u c t iv i t i e s  i n c r e a s e  w h e n  t h e  p o ly m e r iz a t io n  t im e  is  2 

h o u r s  in t h e  c a s e s  o f  0 .2  a n d  0 .5  p y r r o le  ra tio . H o w e v e r ,  w h e n  t h e  p y r r o le  ra tio  is  

0 .8  t h e  c o n d u c t iv i t y  k e e p s  d e c r e a s in g  w ith  t im e . A fte r  2  h o u r s ,  t h e  d e c r e a s i n g  o f  

c o n d u c t iv i t y  in a ll c a s e s  w a s  o b s e r v e d .

—*— 0 .2  pyrrole ratio Reaction time (hour)
- * — 0 .5  pyrrole ratio 
—*— 0.8 pyrrole ratio

F ig u r e  4 . 1 6  T h e  c o n d u c t iv i t y  o f  P V C /P P y  c o m p o s i t e  v e r s u s  r e a c t io n  t im e

T h e  e l e c t r i c a l  c o n d u c t iv i t i e s  o f  P V C /P P y  c o m p o s i t e s  a t  a n y  

p o ly m e r iz a t io n  t im e  a r e  s h o w n  in F ig u r e  4 .1 6 .  It c le a r ly  e x h ib i t s  th a t  t h e  h i g h e s t  

c o n d u c t iv i t y  is  o b t a i n e d  w h e n  p o ly m e r iz a t io n  t im e  is  1 h o u r  a t  0.8 p y r r o le  ra tio . 

H o w e v e r ,  F ig u r e  4 . 1 6  s h o w s  th a t  t h e  h ig h  c o n d u c t iv i t i e s  a r e  fo u n d  a t  2  h o u r s  

p o ly m e r iz a t io n  t im e  in t h e  c a s e s  o f  0 .2  a n d  0 .5  p y r r o le  ra tio . เท f a c t ,  t h e  1 h o u r  is  t h e  

s u i t a b le  r e a c t io n  t im e  t o  p r o d u c e  t h e  h ig h  c o n d u c t iv ity  c o m p o s i t e  b e c a u s e  in t h e  

s h o r t  r e a c t io n  t im e  t h e  e f f i c i e n c y  o f  o x id a n t  to  o x id iz e  t h e  r e a c t io n  is  still h ig h .
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H o w e v e r ,  in 1 h o u r  s y s t e m  t h e  c o a t in g  o f  p o ly p y r r o le  o n  h o s t  p a r t ic le s  w a s  n o t  y e t  

c o m p l e t e .  T h e r e f o r e  t h e  e le c tr ic a l  c o n d u c t io n  b e h a v io r  o n  t h e  p a r t ic le  s u r f a c e  w a s  

n o t  o c c u r r e d .  T h e  d e c r e a s i n g  o f  t h e  o x id a t io n  p o te n t ia l  o f  o x id a n t  s o lu t io n  a t  lo n g  

p o ly m e r iz a t io n  t im e  w a s  d e s c r ib e d  p r e v io u s ly  in S e c t i o n  4 .4 .2 .  W h e n  t h e  o x id a t io n  

p o t e n t ia l  b e c o m e  lo w , t h e  c o n d u c t iv ity  o f  p r o d u c e d  c o m p o s i t e  is  a l s o  d e c r e a s e s .

C o n t r a s t  t o  o u r  r e s e a r c h ,  A r m e s  e t  a l. [2 7 ]  r e p o r te d  th a t  t h e  lo w  

o x id a n t  a n d  m o n o m e r  c o n c e n t r a t io n s  c o u ld  s lo w  t h e  r a te  o f  r e a c t io n , t h u s  p r o m o t e  

o f  t h e  p o ly m e r iz a t io n  o f  p y r r o le  s u r f a c e  r a th e r  th a n  t h e  p o ly m e r iz a t io n  o f  P P y  in t h e  

s o lu t io n .  T h e s e  r e s e a r c h e r s  u s e d  m ild  c o n d i t io n s  to  c o n d u c t  t h e  p o ly m e r iz a t io n  in 

t h e  lo n g  p o ly m e r iz a t io n  t im e  ( 2 4  h o u r s ) .  เท th is  r e s e a r c h ,  w e  n e e d  h ig h  

c o n c e n t r a t io n  o f  t h e  o x id a n t  a n d  s h o r t  r e a c t io n  t im e  to  s y n t h e s i z e  h ig h  c o n d u c t iv i t y  

P P y  c o m p o s i t e ,  w h ic h  is  t h e  a im  o f  o u r  r e s e a r c h .  T h e  c o n d u c t iv i t i e s  o f  t h e s e  

c o m p o s i t e s  w e r e  o b t a in e d .  It c a n  b e  s e e n  th a t , m o s t ly ,  P P y  c o u ld  c o a t  o n  P V C  

s u r f a c e  in a d e q u a t e  a m o u n t  fo r  e le c t r ic a l  t r a n s p o r ta t io n  a lo n g  t h e  c o m p o s i t e  

s u r f a c e .

4 . 6 . 3  E f fe c t  o f  s o l v e n t

เท th is  s e c t i o n ,  e f f e c t  o f  v a r io u s  s o l v e n t s  o n  t h e  p o ly m e r iz a t io n  w a s  

s t u d ie d  in d e t a i l s .  S im ila r  t o  t h e  s o lv e n t  e f f e c t  s t u d y  o f  P S / P P y  p o ly m e r iz a t io n , t h e  

c o m p o s i t e  c o n d u c t i v i t i e s  w e r e  c o m p a r e d  b e t w e e n  m e t h a n o l  a n d  5 0 %  

m e t h a n o l / w a t e r  s o lv e n t .  T h e  o b t a in e d  c o n d u c t iv i t i e s  a r e  s h o w n  in T a b le  4 . 7 .
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T a b l e s  4 . 7  C o n d u c t iv i t y  o f  P V C /P P y  c o m p o s i t e  d e p e n d s  o n  t h e  s o lv e n t

S a m p l e  c o d e  P y r r o le :  P V C  re:'ะ' -y* }- qjfgH pY'i ."๒  S o l v e n t  C o m J u c t iv ity (S c m ‘1)

P V C 0 1 0.1 -

P V C 0 2 0.2 M e th a n o l -

P V C 0 3 0 .5 5 .3 3

P V C  1 6 0.1 0 .5 0

P V C  1 7 0.2 5 0 %
M e th a n o l /w a te r 2 .4 2

P V C  1 8 0 .5 3 .5 6

T h e  o t h e r  p a r a m e t e r s  w e r e  k e p t  c o n s t a n t ,  i .e .  2 . 5  M F e C I3 s o lu t io n ,  0  

°c  r e a c t io n  t e m p e r a t u r e ,  a n d  1 h o u r  p o ly m e r iz a t io n  t im e . T h e  d a ta  fro m  t h e  t a b le  

s h o w  t h a t  t h e  c o n d u c t iv i t i e s  o f  P V C /P P y  c o m p o s i t e  p r e p a r e d  in 5 0 %  m e t h a n o l /w a t e r  

w e r e  o b t a i n e d  a t  0 .1 ,  0 .2 ,  a n d  0 .5  p y rro le : P V C  ra tio  w h i le  t h e  c o n d u c t iv i ty  w a s  

o b t a in e d  o n ly  w h e n  t h e  p y r r o le  ratio  w a s  0 .5  w h e n  t h e  r e a c t io n  w a s  c a r r ie d  o u t  in 

m e t h a n o l .  It i s  d i f f e r e n t  fr o m  M a c h id a  e t  a l . ’s  r e p o r t  [2 2 ] . T h e y  fo u n d  th a t  t h e  

o x id a t io n  p o t e n t ia l  o f  m e t h a n o l  is  s u i t a b le  fo r  t h e  p r e p a r a t io n  o f  t h e  h i g h e s t  

c o n d u c t iv i t y  c o m p o s i t e .  It is  r e p o r te d  t h e  c o n d u c t iv ity  o f  p o ly m e r  c o m p o s i t e  

d e p e n d s  o n  t h e  o x id a t io n  p o te n t ia l  o f  t h e  s o lv e n t  s y s t e m  u s e d .  T h is  c a n  e x p la in  t h e  

h ig h  c o n d u c t iv i t y  o f  5 . 3 3  S c r r f 1 w h e n  t h e  r e a c t io n  w a s  c a r r ie d  o u t  in m e t h a n o l  a n d  

t h e  lo w  c o n d u c t iv i t y  b u t b e t t e r  c o a t in g  w h e n  t h e  r e a c t io n  w a s  c a r r ie d  o u t  in 

5 0 % m e t h a n o l /w a t e r .

F ig u r e  4 . 1 7  s h o w s  t h e  r e la t io n s h ip s  b e t w e e n  c o n d u c t iv i t y  a n d  p y r r o le :  

P V C  r a tio . T h e  d i f f e r e n c e  o f  c o n d u c t iv ity  w h e n  t h e  r e a c t i o n s  w e r e  c a r r ie d  o u t  in 

m e t h a n o l  o r  5 0 %  m e t h a n o l /w a t e r  s y s t e m  w a s  a l s o  o b s e r v e d .



7 7

—ฒ— 50%  ทาeth a n o l/w a ter

F ig u r e  4 . 1 7  T h e  c o n d u c t iv i t y  o f  P V C /P P y  c o m p o s i t e  v e r s u s  p y r r o le  ra tio  in v a r io u s  

s o l v e n t s

T h e  S E M s  o f  P V C /P P y  c o m p o s i t e s ,  w h ic h  w e r e  p r e p a r e d  in d if fe r e n t  

s o l v e n t s ,  a r e  s h o w n  in F ig u r e  4 .1 8 .  It i s  c le a r ly  d e m o n s t r a t e d  th a t  t h e  a m o u n t  o f  

P P y  c o a t e d  o n  P V C  in m e t h a n o l  s o lv e n t  is  lo w e r  th a n  in 5 0 %  m e t h a n o l /w a t e r .  It c a n  

b e  o b s e r v e d  th a t  t h e  lo w  a n d  r a n d o m  c o a t in g  o f  P P y  o n  P V C  p a r t ic le  c a n  o c c u r  b y  

u s in g  s h o r t  p o ly m e r iz a t io n  p e r io d  in m e t h a n o l  s o lv e n t  (F ig u r e  4 .1 8 ( b ) ) .  O n  t h e  o th e r  

h a n d , t h e  P P y  w a s  c o a t e d  o n  P V C  in t h e  la r g e  a m o u n t  w h e n  5 0 %  m e t h a n o l /w a t e r  

w a s  u s e d  a s  s o l v e n t  (F ig u r e  4 .1 8 ( c ) ) .  T h e s e  d a ta  a r e  a g r e e d  w ith  t h e  h ig h e r  

c o n d u c t iv i t y  P V C /P P y  c o m p o s i t e  in 5 0 % m e t h a n o l /w a t e r  s o lv e n t .
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F ig u r e  4 . 1 8  S c a n n i n g  e l e c t r o n  m ic r o g r a p h s  o f  P V C /P P y  c o m p o s i t e s  0 .1  p y rr o le :

P V C  ra tio  p o ly m e r iz e d  in 

( a )  m e t h a n o l  ( x 9 5 0 )  (ช ) m e t h a n o l  ( x 2 7 0 )

(ช ) 5 0 %  m e t h a n o l /w a t e r  ( x 2 7 0 )
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4 . 7  C o n d u c t i v e  s t a b i l i t y  o f  P o lv ( v in v l  c h l o r i d e V P o l y p v r r o l e  c o m p o s i t e

T h e  e l e c t r i c a l  c o n d u c t iv i ty  o f  P V C /P P y  c o m p o s i t e s  a s s i g n e d  to  c o d e  P V C 0 3 ,  

P V C 0 4 ,  a n d  P V C 0 5  w ith  0 .5 ,  0 .8 ,  a n d  1 p y rro le : P V C  w e ig h t  ra tio  w e r e  m e a s u r e d  b y  

v a n  d e  P a u w  m e t h o d  e v e r y  2  w e e k s  until 1 0  w e e k s  in o r d e r  t o  s t u d ie d  t h e  s ta b il ity  o f  

c o n d u c t iv i t y .  T a b le  4 . 8  s h o w s  th e  c o n d u c t iv ity  o f  P V C /P P y  c o m p o s i t e s  th a t  w e r e  

o b s e r v e d  fo r  1 0  w e e k s .  T h e  o th e r  p a r a m e t e r s  w e r e  k e p t  c o n s t a n t ,  i .e .  0  °c r e a c t io n  

t e m p e r a t u r e ,  m e t h a n o l  s o lv e n t ,  1 h o u r  p o ly m e r iz a t io n  t im e , a n d  2 .5  M F e C I3 

s o lu t io n .

T a b le  4 . 8  C o n d u c t iv i t y  o f  P V C /P P y  c o m p o s i t e  a s  s to r in g  t im e

T im e  ( w e e k ) .'A J C o n d u c t iv ity  ( S c r r f 1 ) v/
P V C 0 3 P V C 0 4 P V C 0 5

0 5 .3 3 9 .5 2 10.02

2 2 . 1 4 3 .9 4 3 .1 9

4 1 .5 0 3 .1 4 2 . 1 2

6 1 .1 9 3 .7 0 1 .68

8 0 .8 1 1 .8 0 1 . 1 2

10 0 .7 4 1 .1 9 1 .02

F r o m  t h is  s t u d y ,  it w a s  fo u n d  th a t  t h e  c o n d u c t iv i ty  o f  P V C 0 3 ,  P V C 0 4 ,  a n d  

P V C 0 5  w e r e  r a p id ly  d e c r e a s e d  w ith  t h e  s to r in g  t im e . T h e  f in a l c o n d u c t iv i t i e s  o f  

t h e s e  s a m p l e s  w e r e  r a th e r  lo w  b u t t h e y  le v e le d  o ff . It c a n  b e  a s s u m e d  th a t  t h e  

m o is t u r e  in t h e  a t m o s p h e r e  c a n  a f f e c t  t h e  c o n d u c t iv ity  o f  s a m p l e .  T h e  c o n d u c t iv i t i e s  

o f  P V C /P P y  c o m p o s i t e s  a n d  P S /P P y  c o m p o s i t e s  a r e  lo w e r e d  to  a b o u t  t h e  s a m e

v a lu e  a f t e r  10  w e e k s .



80

— *— 0.5 pyrrole ratio storing time (week) 
—* — 0.8 pyrrole ratio 
— 1 pyrrole ratio

F ig u r e  4 . 1 9  T h e  c o n d u c t iv e  s ta b il ity  o f  P V C /P P y  c o m p o s i t e s  v e r s u s  s to r in g  t im e

F ig u r e  4 . 1 9  s h o w s  t h e  d e c r e a s in g  o f  t h e  c o n d u c t iv i t i e s  o f  P V C /P P y  

c o m p o s i t e s .  In itia lly , t h e  c o n d u c t iv i t i e s  d e c r e a s e  ra p id ly . It i s  p o s s i b l e  th a t  t h e  

a n i o n s  a r o u n d  t h e  s u r f a c e  o f  s a m p l e  d i s c  a r e  r e m o v e d  e a s i l y .  W h e n  t h e  o u t e r  la y e r  

o f  s a m p l e  m a tr ix  h a s  lo w  c o n d u c t iv ity ,  t h e  in n e r  la y e r  still h a s  a n i o n s  fo r  c h a r g e  

tr a n s p o r ta t io n . T h e  c o n d u c t iv i t i e s  f in a lly  s t a y  c o n s t a n t  a f t e r  s to r in g  fo r  s o m e t i m e .  

T h is  d e ta il  w a s  d e s c r i b e d  p r e v io u s ly  in S e c t io n  4 .3 .4 .
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4.8 Determination of various effects on dispersion polvDvrrole

T h e  d i s p e r s i t y  o f  P P y  p o w d e r  c a n  b e  i n c r e a s e d  b y  a d d in g  p o ly (v in y l  

p y r r o l id o n e )  (P V P ) ,  w h ic h  is  th e  d i s p e r s in g  a g e n t .  S o ,  th is  s e c t i o n  d i s c u s s e s  a b o u t  

t h e  p o ly m e r iz a t io n  o f  P P y  in t h e  p r e s e n c e  o f  d i s p e r s in g  a g e n t .  T h e  p r e p a r a t io n  o f  

P P y  c o a t i n g  c o m p o s i t e  in th is  s e c t i o n  is  d if fe r e n t  fro m  t h e  p r e v io u s  s e c t i o n .  T h e  

p o ly m e r  p r o d u c t  w a s  o b t a in e d  in t h e  d if fe r e n t  f e a t u r e .  T h e  e f f e c t s  o f  v a r io u s  

c o n d i t io n s  w e r e  s t u d ie d  a s  fo llo w .

4 .8 .1  E f f e c t  o f  p y r r o le

T h e  e f f e c t  o f  p y r r o le  a m o u n t  is  t h e  m a in  a t te n t io n  in th is  r e s e a r c h .  เท 

th is  p a r t , t h e  p y r r o le :  P V P  w e ig h t  r a t io s  w e r e  v a r ie d  fro m  0 .1  to  0 .8  in m e t h a n o l .  

T a b le  4 . 9  s h o w s  t h e  e le c t r ic a l  c o n d u c t iv ity  o f  t h e  s y n t h e s i z e d  p o ly p y r r o le  a t  v a r io u s  

p y r r o le  r a t io s .

T a b le  4 . 9  C o n d u c t iv i ty  o f  d i s p e r s io n  p o ly p y r r o le  d e p e n d s  o n  p y rro le : P V P  ra tio

S a m p l e  c o d e P y rro le :  P V P  ra tio C o n d u c t iv ity  ( S c m ' 1)

P V P 0 1 0.1 0 .1 5

P V P 0 2 0 .5 0 .2 4

P V P 0 3 0.8 1 .1 6

It c a n  b e  s e e n  th a t  t h e  e le c t r ic a l  c o n d u c t iv i t i e s  o f  t h e s e  s a m p l e s  w e r e  

v e r y  lo w  w h e n  P V P  w a s  a d d e d  to  t h e  r e a c t io n  e v e n  th o u g h  t h e  h ig h  a m o u n t  o f  

p y r r o le  w a s  p r e s e n t .  T h e  h ig h e s t  c o n d u c t iv i ty  is  o n ly  1 .1 6  S c m ' 1 a l t h o u g h  0 .8  

p y r r o le  r a t io  w a s  u s e d .  T h is  r e s u lt  in d ic a t e s  th a t  t h e  p o ly m e r iz a t io n  o f  p o ly p y r r o le  in
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m e t h a n o l  s o lu t io n  c o n t a in in g  P V P  c a n n o t  m a k e  t h e  h ig h  c o n d u c t iv i ty  p r o d u c t , 

d is s im i la r  to  t h e  s y n t h e s i s  o f  p o ly p y r r o le  in t h e  s a m e  c o n d i t io n s ,  w h ic h  c a n  

s u c c e s s f u l l y  p r e p a r e d  t h e  v e r y  h ig h  c o n d u c t iv ity  p o ly p y r r o le  [5 ], It c a n  b e  p r o p o s e d  

th a t  t h e  u s e  o f  s t a b i l i z e r  in t h e  m e th a n o l  s y s t e m  le a d  to  t h e  lo w  c o n d u c t iv ity  P P y .  

T h is  r e s u l t  c o r r e s p o n d s  t o  D ig a r ’s  r ep o r t [4 3 ] , T h e y  p r o p o s e d  th a t  d i s p e r s io n  P P y  

p r e p a r e d  in n o n a q u e o u s  m e d ia  lik e  e t h a n o l  o r  m e th a n o l  m ix tu r e  s h o w e d  m u c h  lo w e r  

c o n d u c t iv i t y  th a n  t h o s e  p r e p a r e d  in a q u e o u s  m e d ia .

F ig u r e  4 . 2 0  T h e  c o n d u c t iv i t y  o f  d i s p e r s io n  P P y  v e r s u s  p y r r o le  ra tio

T h e  r e la t io n s h ip  o f  c o n d u c t iv ity  w ith  t h e  a m o u n t  o f  p y r r o le  a d d e d  to  

t h e  r e a c t io n  is  s h o w n  in F ig u r e  4 .2 0 .  It c a n  b e  p r o p o s e d  th a t  t h e  c o n d u c t iv i ty  o f  

s y n t h e s i z e d  P P y  d e p e n d  o n  t h e  a m o u n t  o f  p y r r o le . W h e n  p y r r o le  ra tio  i n c r e a s e s  

c o n d u c t iv i t y  o f  P P y  i n c r e a s e s  a l s o .  H o w e v e r ,  a lt h o u g h  t h e  c o n d u c t iv i t i e s  o f  P P y  in 

t h e  p r e s e n c e  o f  P V P  a r e  v e r y  lo w  b u t t h e  e f f e c t  o f  m o n o m e r  c o n c e n t r a t io n  o n  t h e  

c o n d u c t iv i t y  is  a n a l o g o u s  to  t h o s e  p r e p a r e d  w ith o u t  s ta b i l iz e r .
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4 . 8 . 2  E f f e c t  o f  s o l v e n t

T h e  e f f e c t  o f  s o lv e n t  w a s  s t u d ie d  b y  c a r r y in g  t h e  e x p e r im e n t  in 

v a r io u s  s o l v e n t  s y s t e m s .  W a te r , m e th a n o l ,  a n d  5 0 %  m e t h a n o l /w a t e r  w e r e  u s e d  fo r  

t h e  in v e s t ig a t io n .  T h e  o t h e r  p a r a m e t e r s  w e r e  k e p t  c o n s t a n t ,  i .e .  2 .5  M F e C I3 

c o n c e n t r a t io n ,  0  °c r e a c t io n  t e m p e r a t u r e ,  a n d  1 h o u r  p o ly m e r iz a t io n  t im e . T a b le

4 . 1 0  s h o w s  t h e  e l e c t r i c a l  c o n d u c t iv i ty  o f  p r e p a r e d  P P y .

T a b le  4 . 1 0  C o n d u c t iv i t y  o f  d i s p e r s io n  p o ly p y r r o le  d e p e n d s  o n  t h e  s o lv e n t

S a m p l e  c o d e P y r r o le :  P V P  
ra tio

S o lv e n t  C o n d u c t iv i t y ( S c m '1)

P V P 0 1 0.1 0 .1 5

P V P 0 2 0 .5 M e th a n o l 0 .2 4

P V P 0 3 0.8 1 .1 6

P V P 0 4 0.1 1 5 .9 8

P V P 0 5 0 .5 W a te r 6 .5 3

P V P 0 6 0.8 2 . 8 7

P V P 0 7 0.1 4 1 . 9 9

P V P 0 8 0 .5 5 0 %
M e th a n o l /w a te r 1 5 .6 4

P V P 0 9 0.8 0 .9 0

F o r m  T a b le  4 .1 0 ,  t h e  a q u e o u s  s o lv e n t  c a n  s y n t h e s i z e  t h e  h ig h  

c o n d u c t iv i t y  P P y .  It c a n  b e  p r o p o s e d  th a t  t h e  r e a c t io n  o f  p o ly p y r r o le  p o ly m e r iz a t io n  

m ig h t b e  a c h i e v e d  เท t h e  w a t e r  s y s t e m .  H o w e v e r , เท 5 0 %  m e t h a n o l /w a t e r  s y s t e m  

t h e  c o n d u c t iv i t y  c a n  r e a c h  h ig h e r  b e c a u s e  t h e  s u i t a b le  o x id a t io n  p o te n t ia l  fro m  

m e t h a n o l  c a n  m a k e  t h e  h ig h  c o n d u c t iv ity  P P y . F o r  a b s o l u t e  m e t h a n o l  s y s t e m ,  P V P  

in t h e  s o lu t io n  m a y  b e  h in d e r in g  t h e  p o ly m e r iz a t io n  o f  p y r r o le  m o n o m e r .  T h e r e f o r e ,



84

t h e  c o n d u c t iv i t y  l e v e l  o f  d i s p e r s io n  P P y  is  b e c o m e  lo w . T h is  is  a n a l o g o u s  to  t h e  u s e  

o f  e t h a n o l  a n d  e t h a n o l  5 0 %  a q u e o u s  s o lu t io n  b y  D ig a r  [4 3 ] , T h e y  r e p o r te d  t h e  v e r y  

lo w  c o n d u c t iv i t y  in a b s o l u t e  e t h a n o l  w h i le  t h e  h ig h e r  c o n d u c t iv i ty  w a s  o b t a in e d  in  

5 0 %  e t h a n o l  s y s t e m .

T h e  s u r p r is in g  f e a t u r e  o f  c o n d u c t iv ity  is  o b s e r v e d  in t h e  a q u e o u s  

s y s t e m .  T h e  c o n d u c t iv i t y  a t  lo w  p y r r o le  ra tio  is  h ig h e r  th a n  a t  h ig h  p y r r o le  ra tio . T h e  

h i g h e s t  c o n d u c t iv i t y  w a s  o b t a in e d  o f  4 2  S c m ' 1 a t  0 .1  p y r r o le  ra tio  in 5 0 %  

m e t h a n o l / w a t e r  s o lv e n t .  T h is  r e s u lt  c a n n o t  b e  e x p la in e d  n o w  a n d  n e e d  t h e  

a d d it io n a l  s t u d y  to  u n d e r s t a n d  its  b e h a v io r  in t h e  fu tu r e .

T h e  c o n d u c t iv i t i e s  o f  P P y  p o w d e r  in d if fe r e n t  s o l v e n t s  a r e  s h o w n  in 

F ig u r e  4 . 2 1 .  It c le a r ly  e x h ib i t s  th a t  t h e  c o n d u c t iv ity  d e c r e a s e s  a s  t h e  p y r r o le  r a t io s  

i n c r e a s e .  T h e  h i g h e s t  c o n d u c t iv i ty  w a s  o b t a in e d  w h e n  t h e  p o ly m e r iz a t io n  w a s  

c a r r ie d  o u t  in 5 0 %  a q u e o u s  m e th a n o l .  F ro m  th is  r e s u lt ,  it c a n  b e  c o n c lu d e d  th a t  

5 0 %  m e t h a n o l / w a t e r  is  t h e  b e s t  s o lv e n t  fo r  t h e  p r e p a r a t io n  o f  d i s p e r s io n  P P y .
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—«— w a ter
— 5 0 % m eth a n o l/w a ter

F ig u r e  4 .2 1  T h e  c o n d u c t iv i t y  o f  d is p e r s io n  P P y  v e r s u s  p y r r o le  ra tio  in v a r io u s  

s o l v e n t s

T o  u n d e r s t a n d  t h e  m o r p h o lo g y  o f  d i s p e r s io n  p o ly p y r r o le  in t h e  

d if f e r e n t  s o l v e n t  s y s t e m ,  t h e  p o w d e r  s a m p l e s  w e r e  i n v e s t ig a t e d  b y  u s in g  s c a n n in g  

e l e c t r o n  m i c r o s c o p e  to  o b ta in  t h e  s u r f a c e  p h o t o g r a p h .  S c a n n in g  e le c t r o n  

m ic r o g r a p h  o f  p o ly p y r r o le  p o w d e r , w h ic h  w a s  p o ly m e r iz e d  in t h e  m e t h a n o l  s o lv e n t ,  

w a s  s h o w n  in F ig u r e  4 . 2 2 .

T h e  m o r p h o lo g y  o f  P P y  p o w d e r  th a t  w a s  p o ly m e r iz e d  in m e t h a n o l  

a n d  5 0 %  m e t h a n o l / w a t e r  a r e  s h o w n  in F ig u r e s  4 . 2 2  a n d  4 . 2 3 ,  r e s p e c t iv e ly .  F ig u r e

4 . 2 2  s h o w s  t h e  c h a r a c t e r  o f  P P y  p o w d e r , w h ic h  w a s  p r e p a r e d  in m e t h a n o l .  It c a n  b e  

s e e n  th a t  it w a s  n o  d i s p e r s i t y ,  d is s im ila r  to  P P y  p o ly m e r iz e d  in 5 0 % m e t h a n o l /w a t e r  

s o lv e n t ,  w h ic h  fu lly  h a v e  t h e  d is p e r s ity  c h a r a c t e r .  F lo w e v e r ,  it c a n n o t  b e  c o n c lu d e d  

th a t  t h e  d i s p e r s io n  P P y  fr o m  th is  e x p e r im e n t  is  g o o d  b e c a u s e  P P y  p a r t ic le s  a r e  

a g g l o m e r a t e d .
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F ig u r e  4 . 2 2  S c a n n i n g  e l e c t r o n  m ic r o g r a p h  o f  d i s p e r s io n  P P y  p o ly m e r iz e d  in 

m e t h a n o l

F ig u r e  4 . 2 3  S c a n n i n g  e l e c t r o n  m ic r o g r a p h  o f  d i s p e r s io n  P P y  p o ly m e r iz e d  in

5 0 %  m e t h a n o l /w a t e r
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T h e  a g g l o m e r a t i o n  o f  P P y  p o w d e r  w a s  e x p la in e d  b y  A r m e s  e t  a l. [4 5 ]  

w h o  c o n c lu d e d  th a t  t h e  c o a t in g  s ta b i l iz in g  b e c o m e s  n o n -u n ifo r m  w h e n  s a m p l e  w a s  

d r ie d . T h e  n o n -u n if o r m  c o v e r a g e  a l s o  h e lp s  t h e  p a r t ic le s  t o  a d h e r e  t o g e t h e r  s o  

t h o s e  a g g l o m e r a t i o n s  a r e  fo u n d  in t h e  e le c t r o n  m ic r o g r a p h . S o ,  t h e  r e d is p e r s io n  

o c c u r s  e a s i l y  w h e n  t h e  i s o l a t e d  p a r t ic le s  a r e  n o t  d r ied .

4 . 8 . 3  E f f e c t  o f  r e a c t io n  t im e

T h e  p o ly m e r iz a t io n  r e a c t io n  o f  t h e  d i s p e r s io n  P P y  w a s  a c c o m p l i s h e d  

a t  v a r io u s  r e a c t io n  t i m e s  fr o m  1 to  3  h o u r s .  T h e s e  r e a c t io n s  e m p lo y e d  0 .5  p y rro le :  

P V P  w e i g h t  r a tio . T a b le  4 .1 1  s h o w s  t h e  d e p e n d e n c e  o f  t h e  e le c t r ic a l  c o n d u c t iv i ty  o n  

t h e  r e a c t io n  t im e  w h i le  t h e  o th e r  p a r a m e t e r s  w e r e  k e p t  c o n s t a n t ,  i .e .  t h e  0 °c 
r e a c t io n  t e m p e r a t u r e ,  1 h o u r  r e a c t io n  t im e , a n d  2 .5  M F e C I3 a q u e o u s  s o lu t io n .

T a b le  4 .1 1  C o n d u c t iv i ty  o f  d i s p e r s io n  P P y  d e p e n d s  o n  t h e  r e a c t io n  t im e

S a m p l e  c o d e R e a c t io n  t im e  (h o u r ) C o n d u c t iv i t y ( S c m '1)

P V P 0 5 1 6 .5 3

P V P  1 0 2 7 .3 3

P V P 1 1 3 1 4 .8 8

T a b le  4 . 1 1 ,  s u g g e s t s  th a t  t h e  e le c tr ic a l  c o n d u c t iv i ty  o f  P P y  p r o d u c t s  

i n c r e a s e s  w h e n  t h e  r e a c t io n  t im e  i n c r e a s e s .  It s e e m s  th a t  t h e  h ig h e r  c o n d u c t iv i ty  

c a n  b e  o b s e r v e d  a t  l o n g e r  r e a c t io n  t im e .  N e v e r t h e l e s s ,  t h e  r e a c t io n  t im e  o v e r  3  

h o u r s  is  a l m o s t  n o t  p r a c t ic a l  b e c a u s e  t h e  m ix tu r e  in t h e  r e a c t o r  b e g a n  to  c o n d e n s e .  

S o ,  in t h is  e x p e r im e n t ,  t h e  r e a c t io n  h a d  to  b e  s t o p p e d  n o t  m o r e  th a n  3  h o u r s .  It is  

n o t e d  th a t  t h e  c o n d u c t iv i t i e s  i n c r e a s e  a s  t h e  r e a c t io n  t i m e s  i n c r e a s e  in t h e
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d i s p e r s in g  s y s t e m .  T h is  s e e m s  to  b e  t h e  e f f e c t  o f  P V P  in t h e  r e a c t io n  s y s t e m .  T h e  

p r e s e n c e  o f  P V P  in t h e  s o lu t io n  c o u ld  h in d e r  t h e  e le c t r ic a l  t r a n s p o r t  a m o n g  P P y  

p a r t ic le ,  w h ic h  is  s ig n i f ic a n t  a t  t h e  in itial s t a g e .  O th e r  r e s e a r c h e r s  u s e d  t h e  v e r y  lo n g  

p o ly m e r iz a t io n  t im e  to  p r o c e e d  t h e  r e a c t io n  in m ild  o x id a n t  c o n c e n t r a t io n .  T h e  

p o ly m e r iz a t io n  o f  d i s p e r s io n  P P y  w a s  s u c c e s s f u l  a t  2 4  h o u r s  a n d  lo w  c o n d u c t iv i ty  

P P y  w a s  o b t a i n e d  [ 3 8 ,3 9 ] ,

T h e  s t u d y  o f  d i s p e r s io n  P P y  is  t h e  a d d it io n a l  s t u d y  o f  th is  r e s e a r c h .  

T h e  e x p e r im e n t  in v o lv e d  t h e  p r e p a r a t io n  o f  d i s p e r s io n  P P y  is  a t  t h e  in itial s t a g e .  T h e  

a t t e m p t  n o w  is  o n ly  t h e  im p r o v e m e n t  o f  e le c tr ic a l  c o n d u c t iv ity .  T h u s ,  v a r io u s  

p r o p e r t i e s  o f  t h e s e  p r o d u c t s  a r e  n o t  y e t  d e t e r m in e d ,  i .e .  p a r t ic le  f e a t u r e ,  

c o n d u c t iv i t y ,  a n d  p r o c e s s a b i l i t y .  T h e s e  p r o p e r t ie s  a r e  v e r y  in te r e s t in g  in d i s p e r s io n  

P P y  s y n t h e s i s .  เท t h e  fu tu r e  w o r k  t h e  s y n t h e s i s  o f  d i s p e r s io n  p o ly p y r r o le  to  im p r o v e  

t h e  p a r t ic le  s h a p e  a n d  c o n d u c t iv i ty  s h o u ld  b e  in v e s t ig a t e d .
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4.9 The effect of reaction temperature on the Polystyrene/Polypyrrole 

composite synthesis

A s  w e l l  k n o w n , t h e  r e a c t io n  t e m p e r a t u r e  is  a n  im p o r ta n t  fa c to r  fo r  t h e  

s y n t h e s i s  o f  P P y .  M o s t  P P y  s y n t h e s e s  w e r e  c a r r ie d  o u t  in t h e  lo w  te m p e r a t u r e  

e n v ir o n m e n t ,  e s p e c i a l l y ,  n e a r  0  °c t e m p e r a tu r e .  H o w e v e r ,  in t h e  c a s e  o f  P P y  

c o m p o s i t e ,  t h e  p o ly m e r iz a t io n s  a t  t h e  t e m p e r a t u r e  lo w e r  th a n  0  °c h a d  b e e n  n e v e r  

e x h i b i t e d .  เท o r d e r  to  o b ta in  t h e  s u i t a b le  t e m p e r a t u r e  fo r  t h e  c h e m ic a l  

p o ly m e r iz a t io n  o f  P S / P P y  c o m p o s i t e ,  t h e  r e a c t io n  t e m p e r a t u r e s  a t  0 ,  -5 , - 1 0 ,  - 2 0  °c 
w e r e  s t u d ie d .  S o ,  t o  k e e p  t h o s e  t e m p e r a t u r e s  in t h e  r e a c t io n ,  d ry  i c e  in e t h a n o l  w a s  

u s e d .

T a b le  4 . 1 2  s h o w s  t h e  e le c tr ic a l  c o n d u c t iv ity  o f  P S / P P y  d e p e n d s  o n  t h e  

r e a c t io n  t e m p e r a t u r e  lo w e r  th a n  0 °c. T h e  o t h e r  p a r a m e t e r s  w e r e  k e p t  c o n s t a n t ,  i .e .  

0 .5  p y r r o le :  P V P  w e i g h t  ra tio , 2 .5  M F e C I3 s o lu t io n  in a b s o l u t e  m e t h a n o l ,  1 h o u r  

r e a c t io n  t im e .

T a b le  4 . 1 2  C o n d u c t iv i t y  o f  P S / P P y  c o m p o s i t e  d e p e n d s  o n  t h e  r e a c t io n  t e m p e r a t u r e

T e m p e r a t u r e ( ° C ) C o n d u c t iv i t y ( S c m '1)

0 7 .5 7

- 5 4 . 0 2

-1 0 2 .8 6

-2 0 -

T h e  r e s u l t s  s h o w  th a t  t h e  lo w e r  r e a c t io n  t e m p e r a t u r e  c a n  r e d u c e  t h e  

c o n d u c t iv i t y  o f  P S / P P y  c o m p o s i t e .  T h e  c o n d u c t iv ity  d e c r e a s e s  a s  t h e  r e a c t io n



9 0

temperature decreases. It can be seen that at -20 °c, the conductivity cannot be 
obtained since the polymerized PPy was not occurred after the polymerization was 

allowed to proceed at 1 hour. The color of mixture in flask could be used to show 

the occurrence of polymerization. It can be seen that brown color of the oxidant 

solution had not changed at the end of reaction in the -20 °c system. These show 

that the polymerization was only occurred when the temperature closes to 0 °c. It is 

participate with dark black color of the mixture when the reaction temperature is 

high. This can prove that the very low temperature is not suitable for the 

preparation of PS/PPy composite. The polymerization of pyrrole monomer was not 

occurred at very low temperature. This result corresponds to the synthesis of PPy in 

Tanawadee’s research [5], Thus, it can be concluded that the much lower 

temperature, <0 °c is not good for the synthesis of PS/PPy and other composites.
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