
Physical properties and thermal behaviours of polymers vary by molecular weight or
stereoisomers. These properties also change in the presence of polymeric and non-
polymeric additives. Conductive polymers are insoluble in original organic solvents

and their processibility are limited. In this research, the processible conducting polymers
are synthesized and their electrical properties and thermal behaviour are studied. The
blends of polyvinyl acetate (PVAc), polystyrene (PS) and polyvinyl chloride (PVC) with
polypyrrole (PPy) and polyaniline (PANi) are prepared. On the other hand, the percent-
ages of compounds of these blends for suitable electrical properties, solubility and
processability are optimized. All the samples were prepared in the smooth form and thin
film. A four-point probe method is adopted to examine the electrical DC conductivity. It is
found that the conductivity of the blends is decreased but their processibility and solubili-
ty are increased. Thermal stability of polypyrrole and polyaniline blends were investigated
by scanning thermal analysis (STA), differential scanning calorimetry (DSC) and thermal
gravimetrical analysis (TGA). As it is evident from the results, the prepared blends are
much more stable compared with polypyrrole, polyaniline and host polymers.
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Conducting organic polymers have
shown great potential for many
applications including rechargeable
batteries, light-emitting diodes,
molecular sensors, and gas separa-
tion membranes [1-6]. To be useful
in these applications, the polymers

must be highly processable and
chemically stable for long periods of
time. Polyaniline (PANi) has been
among the most widely studied of
the conducting polymers because of
its chemical and oxidative stability.
However, as it is common with other
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conjugated polymers, PANi has its limitation by poor
thermal processability and solvent solubility.

Improved solubility can be achieved by introducing
bulky alkyl substituents on the PANi backbone [7,8].
Ordinarily, PANi is cast into films from the Emeraldine
base, or undoped, non-conducting form (Figure 1, top),
from a dispersion of the powder in N-methyl-2-pyrroli-
done (NMP). The Emeraldine acid, or doped, conduct-
ing form (Figure 1, bottom), of this polymer is insolu-
ble in organic solvents. Intensive grinding is often used
to disperse the PANi powder in order to prepare free-
standing films. By substituting an alkyl group on the
polymer backbone, improved solubility can be
achieved, but limitations are then imposed on the con-
ductivity of the polymer produced.

Combining the conductivity of PANi with the solubil-
ity of substituted PANi is important and can be achieved
through copolymerization. For example, copolymers of
aniline with o- or m-toluidine and N-butylaniline have
been reported [9,10]. These copolymers of aniline with
substituted anilines show improved solvent solubility,
while maintaining high electrical conductivity. 

Another important feature for film formation and
processability of PANi is the thermal stability of the poly-
mer in its base powder form over long periods of time.
While PANi is a highly stable conducting polymer, a
gradual decrease in polymer solubility in NMP with time
is observed. Since solvent solubility is crucial for pro-
cessing PANi, it is useful to understand the origins of

thermal aging in PANi base powder. The causes of ther-
mal deterioration for either acid-doped or base-undoped
PANi are still unclear. The mechanisms of thermal degra-
dation for acid-doped PANi proposed by several research
group include changes in morphology, loss of dopants,
cross-linking, and decomposition of the PANi backbone
[11-13]. Thermal properties of PANi and poly(aniline-co-
o-ethylaniline) have been reported by J.A. Conklin [14].

Polypyrrole (PPy) is a polyconjugated polymer that
is one of the most frequently used and studied polymers
owing to its suitable properties and easy preparation.
Unfortunately, results published on the properties of
PPy are often different or even contradictory. Although
there are an enormous number of papers related to the
preparation conditions of PPy with high electric con-
ductivity or mechanical stability [15], there are only a
few reports dealing with the thermal stability of PPy
[16]. High thermal stability and electrical conductivity
will provide conducting polymers with extremely wide
applications for the practical operation of solid-state
electric devices [17]. Differential scanning calorimetric
(DSC) and thermogravimetric (TGA) studies of PPy
have been reported and a number of papers have report-
ed a temperature dependence of the conductivity of
oxidized PPy [18,19]. Wei [20] and Rodrigues [21]
have investigated the effects of thermal aging on con-
ductivity and dynamic mechanical properties for PANi.
In the preceding work, we synthesized PANi blends
and studied their sensing properties by toxic gases and
vapours [5]. The produced results were notable. In this
paper, we present a chemical method for producing
flexible, free-standing blend polymer films of PPy with
polyvinyl acetate (PVAc), polystyrene(PS) and
polyvinyl chloride(PVC). These films have good elec-
trical conductivity similar to pure PPy films (σ = ca.
1-40 Ω-1 cm-1 at room temperature), yet they retain the
favourable mechanical properties of the host polymers.

we have reported toxic gas and vapour sensing abil-
ities of polypyrrole blends with conventional polymers
such as PVAc, PS and PVC [22]. The prepared PANi
and PPy blends have higher thermal stability with
respect to PANi and PPy or hosting polymers.

EXPERIMENTAL

Reagents and Materials
Aniline was purified by refluxing with 10% acetone for
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Figure 1. Repeat unit of polyaniline in the doped, emeraldine

base form (top) and the fully acid doped, emeraldine salt form

(bottom).



10 h and then it was acidified with HCl. It was extract-
ed with Et2O until colourless. Pyrrole (Aldrich) was
dried with NaOH, fractionally distilled under reduced
pressure from sodium or CaH2. N-Methylpyrrolidone
(NMP) (Merck) was dried on silica gel, distillated on
phosphoroxide in the presence of nitrogen gas.
Polyvinyl acetate, polystyrene and polyvinyl chloride
(Aldrich, medium molecular weight) were used as
matrix polymers. All the other materials used in this
test were purchased from Merck chemicals and puri-
fied, or were prepared by literature methods.

Instrumentation
Electrical conductivity of the blends was measured by
a four-probe device (home-made). The thermal proper-
ties of the PANi and PPy of blends are studied by TGA
and DSC of PL Thermal Science devise. Scanning elec-
tron microscopy (SEM) was employed to study the
type of surface morphology of the blends. A Cambridge
S-360 SEM was used for this purpose.

Preparation of PANi Blends
A 250 mL two-necked round bottom flask containing a
homogeneous solution from one gram hosting polymers
(PVAc, PS and PVC) in 50 mL NMP equipped with a
sealed mechanical stirrer and a dropping funnel was
charged with different weight ratios of PANi in 50 mL
NMP. The solution was stirred for 60 min at 25oC.

Preparation of PPy Blends
One gram of PVAc, PS or PVC were dissolved in
30 mL THF and placed in a two-necked, 250-mL
round-bottomed flask fitted with a dropping funnel
under N2 atmosphere. A plastic-covered magnetic stir-
rer was inserted. Freshly purified pyrrole (0.34 g,
0.005 mol) was dissolved in 20 mL of THF and added
to the above solution and cooled in a dry ice-2-
propanol bath. N-Bromosuccinimide(NBS)(0.89 g,
0.005 mol) was added and the mixture swirled for a
short time after removal from the dry ice bath, until all
the NBS was in solution. The solution was allowed to
stand in a freezer (-10oC) for 2 h during which the solu-
tions became light green. Sodium sulphite (1 g) was
added to the solution, and the solvent was concentrated
on a rotary evaporator at room temperature.

Preparation of Films
Films (30-60 m thick) were prepared by casting the

blend solutions onto a preheated glass slide, which was
then placed in an oven (70oC) with 10 mmHg vacuum
condition, after filtration with a sintered glass filter.
The black solid films thus obtained were washed with
a sufficient amount of 10% HCl in water followed by
distilled water. Further, the remaining THF and water
were removed by evaporation under vacuum at room
temperature.

RESULTS AND DISCUSSION

Thermal Properties
The most important and reliable factor in the study of
heat stable polymers is the measurement or evaluation
of thermal stability. Thermal properties and interaction
between the polymers can also be noted from the
oxidative degradation curves through thermogravimet-
ric analysis (TGA) and differential scanning calorime-
try (DSC) studies. DSC is most commonly used to
determine transition temperatures such as glass transi-
tions, melting cross-linking reactions, and decomposi-
tion. However, it measures only the total heat flow and
the sum of all thermal transitions in the sample. The
representative TGA and DSC curves for PANi blends
are shown in Figures 2a-c and the results are summa-
rized in Table 1. The DSC measurement results for
PANi blends show the heat flow (w/g) in different tem-
peratures. An endothermic peaks of 240 to 275oC and
310 to 350oC and exothermic peak at 440 to 460oC are
related to PVAc-PANi blend. The endothermic peaks
180 to 205oC and 380 to 500oC are related to PS-PANi
blend. The endothermic peaks of 90 to 100oC, 150 to
200oC, 300 to 350oC and 420 to 480oC and exothermic
peak at 280 to 310oC are related to PVC-PANi blends.
In DSC, the curve of PS-PANi exothermic peak is not
observed clearly. The methods of interpreting TGA
results are numerous and also do not exactly follow the
standard previous pattern. Some of these show 10%
loss of temperature, either on the temperature inflection
of the downward slope, or on the first detectable break
in the curve. 

The TGA results illustrate that initial decomposi-
tion temperature (IDT) and polymer decomposition
temperature (PDT) are 320oC and 395oC for PVAc-
PANi, 340oC and 360oC for PS-PANi, and 122oC and
200oC for PVC-PANi blends, respectively.

The maximum polymer decomposition temperature
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(PDTmax) ranged from 350 to 500oC, 360 to 430oC and
200 to 250oC for PVAc-PANi, PS-PANi and PVC-PANi

blends, respectively. The residual weights (γc) of the
polymers were reported at 600oC. These polymers were
stable in N2 up to the present temperatures.

The degradation of PANi occurs in three stages.
The first stage is the loss of absorbed moisture and sol-
vent from room temperature until around 150oC for
PANi-PVAc blend, 200oC for PANi-PS blend and
120oC for PANi-PVC blend. The second stage, occur-
ring between 150 to 350oC for PANi-PVAc blend, 200
to 400oC for PANi-PS blend and 120 to 300oC for
PANi-PVC blend are due to the loss of dopants in PANi
salt and the degradation of host polymers (PVAc, PS
and PVC) chains. The final degradation of the poly-
mers occurs from 350 to 600oC, 400 to 600oC and 300
to 600oC for PANi blends with PVAc, PS and PVC,
respectively. The TGA curves of the physical mixture
can easily be resolved into that due to PANi, which
shows a sharp loss in weight at around 390oC, and that
due to PVAc which consists of two weight loss steps at
approximately 430 and 500oC. These steps, however,
are not observed in the TGA curves of the blends, sug-
gesting the presence of interaction between the poly-
mers which alters the degradation pattern.

A representative TGA and DSC curves of PPy
blends are shown in Figures 3a-c  and the results are
summarized in Table 2. On the other hand, the DSC
measurement results for PPy blends show the heat flow
(w/g) in different temperatures. The endothermic peaks
400 to 460oC and 100 to 140oC, 170 to 200oC for PS-
PPy and PVC-PPy were observed, respectively. The
exothermic peaks 300 to 320oC and 260 to 330oC, 440
to 520oC for PVAc-PPy and PVC-PPy blends were
observed, respectively. An endothermic peak of PVAc-
PPy and an exothermic peak of PS-PPy are not
observed as well as the others. The methods of inter-
preting TGA results are numerous and also lack stan-
dardization. Some of these note the temperature of the
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Table 1. Thermal analysis data for PANi blends.

(a) Initial decomposition temperature; (b) Blend decomposition temperature;

(c) Maximum blend decomposition temperature; (d) Char yield at 600oC.

Blend IDT (oC)a PDT (oC)b PDT (oC)maxc γc (%)d

PVAc-PANi

PS-PANi

PVC-PANi

320

340

122

395

360

200

500

430

347

4.47

0.9

0.9

Figure 2. STA (TGA and DSC) Thermograms of (a) PVAc-

PANi (b) PS-PANi and (c) PVC-PANi (60/40 w/w) blends.

(b)

(a)

(c)

(a) Initial decomposition temperature; (b) Polymer decomposition temperature;

(c) Maximum polymer decomposition temperature; (d) Char yield at 600oC.

Table 2. Thermal analysis data for PPy blends.

Blend IDT (oC)a PDT (oC)b PDT (oC)maxc γc (%)d

PVAc-PPy

PS-PPy

PVC-PPy

120

400

100

160

440

130

206

484

316

4.14

4.09

2.69



5-10% loss, or by the temperature inflection of the
downward slope, or by the first detectable break in the
curve. The TGA results illustrate that initial decompo-
sition temperature (IDT) and polymer decomposition
temperature (PDT) are 120oC and 160oC for PVAc-PPy,
400oC and 440oC for PS-PPy and 100oC and 130oC for
PVC-PPy blends, respectively.

The maximum polymer decomposition temperature
(PDTmax) ranged from 300 to 400oC, 400 to 485oC and
200 to 300oC for PVAc-PPy, PS-PPy and PVC-PPy
blends, respectively. The residual weights (γc) of the
polymers were reported at 600oC. These polymers were
stable in N2 atmosphere up to present temperatures.

Scanning Electron Microscopy (SEM)
SEM Analysis is used to study morphology and the
external form of the prepared blend materials. Figure 4a-

Studies of Thermal and Electrical Conductivity ...Hosseini S.H. et al.

Iranian Polymer Journal / Volume 14 Number 3 (2005) 205

Figure 4. SEM Micrographs of (a) PVAc-PANi, (b) PS-PANi,

and (c) PVC-PANi blends.

(a)

(b)

(c)

Figure 3. DSC and STA (TGA and DSC) thermograms of (a)

PVAc-PPy, (b) PS-PPy and (c) PVC-PPy (70/30 w/w) blends.

(a)

(b)

(c)



c shows the images of different PANi blends obtained by
optical microscopy. The SEM picture shows that the sur-
face of the blends was apparently smooth and blending

process accomplished successfully. The thermal proper-
ties and SEM studies of blends show that PANi-PVAc
blend was miscible and PANi-PS and PANi-PVC blends
were dispersed from each other [5]. 

Scanning electron micrographs for the PVC-PPy,
PVAc-PPy and PS-PPy blends containing 30 wt% PPy
are presented in Figure 5a-c. Morphologies based on
aggregated particles are observed for the samples pre-
pared. In these films, the primary particles are distrib-
uted completely and form homogeneous phases. A dis-
tinct PPy phase could be detected by SEM and the
blending process accomplished it successfully.

Conductivity and Stability PANi and PPy of Blends
As-cast Emeraldine free base PANi is an electrical
insulator, when reacted with protonic acids, PANi
exhibits increased electrical conductivity. The reported
conductivities of PANi in the acid form varies from
approximately 1 to 100 S/cm [23]. This range may be
due to the different sample preparation methods,
molecular weight distributions, counterions, and diffi-
culty in obtaining uniform film thicknesses. Generally,
conducting polymers with substituents on their frame-
works show lower conductivities compared to those of
the original polymers. For example, the room tempera-
ture conductivity of acid-doped poly(o-ethylaniline)
found by the four-probe technique is 2 10-5 S/cm,
which is at least 5 orders of magnitude lower than
doped PANi.

The effect of the weight ratios of PANi/polymer on
the properties of the films are shown in Tables 3-5. The
changed conductivities before and after doping by 1.5
M HCl with the weight ratios of PANi/polymer show
increases as the weight ratio of PANi increases. The
best electrical and mechanical properties of the con-
ducting blends are weight ratios of 40-50/60-50.

The effect of the mole ratio of oxidant (ferric chlo-
ride) to pyrrole on the conductivity are shown in Table
6. There is an optimum mole ratio of oxidant to pyrrole
in the range of 2.3/1. 

The conductivity of the blend is increased rapidly
with increasing the amounts of oxidant below the opti-
mum value, and decreases with a further increase in the
oxidant mole ratio. As expected, the yield of the blend
increases with increasing oxidant concentration. The
decrease of the conductivity beyond the maximum is
probably due to the decrease in the average degree of
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Figure 5. SEM Micrographs of (a) PVC-PPy, (b) PS-PPy, and

(c) PVAc-PPy blends.

(a)

(b)

(c)
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(a) Synthetic polymer; (b) Doping carrying out by 1.5 M HCl solution after 24 h.

Table 3. Effect of the weight ratio of PANi/PVAca blend on the conductivity (S/cm) and properties of the films.

(a) Containing of 5% wt polybutadiene; (b) Doping carring out by 1.5 M HCl solution after 24 h.

Table 4. Effect of the weight ratio of PANi/PSa blend on the conductivity (S/cm) and properties of the films.

PANi/PVAc

(wt/wt)
Conductivity (befor doping) Conductivity (after doping)b Remarks on the film

30/70

40/60

50/50

60/40

70/30

8.8 * 10-5

7.6 * 10-3

0.064

0.078

0.099

2.3 * 10-4

3.4 * 10-2

0.1

0.17 

0.25

smooth, flexible, strong

smooth, flexible, strong

smooth, flexible, most strong

smooth, flexible, strong

smooth, slightly brittle, strong

PANi/PS

(wt/wt)
Conductivity (befor doping) Conductivity (after doping)b Remarks on the film

30/70

40/60

50/50

60/40

70/30

1.8 * 10-5

7.8 * 10-3

0.029

0.04

0.09

3.4 * 10-5

2.3 * 10-4

0.64

0.82

0.15

smooth, most flexible, strong

smooth, flexible, strong

smooth, flexible, most strong

smooth, flexible, strong

smooth, flexible, strong

(a) Containing of 1-2% wt DOP (di-octylphthalate); (b) Doping carrying out by 1.5 M HCl solution after 024 h.

Table 5. Effect of the weight ratio of PANi/PVCa blend on the conductivity (S/cm) and properties of the films.

(a) Synthetic polymer; (b) Containing of 5% wt polybutadiene; (c) Containing of 1-2% wt DOP (di-octylphthalate).

Table 6. Effect of the molar ratio FeCl3/Py on the conductivity (S/cm) and properties of the film in THF

solvent.

PANi/PVC

(wt/wt)
Conductivity (befor doping) Conductivity (after doping)b Remarks on the film

30/70

40/60

50/50

60/40

70/30

1.1 * 10-5

9.1 * 10-3

0.96

2.1

2.4

2.8 * 10-4

6.4 * 10-2

1.5

2.6

2.8

smooth, most flexible, strong

smooth, flexible, strong

smooth, flexible, most strong

smooth, flexible, strong

smooth, flexible, strong

Molar ratio

of FeCl3/py

Conductivity of blends
Remarks on the film

PVAca-ppy PSb-ppy PVAcc-ppy

1/1

2/1

3/1

1/2

1/3

3.1 * 10-3

7.8 * 10-3

7.1 * 10-4

9.2 * 10-3

4.2 * 10-3

8.9 * 10-2

4.5 * 10-3

8.3 * 10-4

1.2 * 10-3

3.6 * 10-3

6.6 * 10-3

0.019

2.1 * 10-3

7.3 * 10-3

0.01

smooth, flexible, most strong

smooth, flexible, strong

smooth, slightly brittle, strong

smoothless, slightly brittle, strong

smooth, brittle, strong
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polymerization. This implies shorter conjugation
lengths.

Although PPy is more stable than the other conduc-
tive polymers in the environmental conditions, its con-
ductivity still decreases during its exposure to the envi-
ronment. The PPy prepared here has lost almost 50% of
its conductivity after 45 days of exposure to the atmos-
phere. On the other hand, the PPy/PVAc, PS or PVC
blends remain more stable and the PS-PPy blend is the
most stable. These polymer blends have higher stability
in the environment than the pure PPy, because the insu-
lators (PVAc, PS and PVC) do not provide only mechan-
ical strength but also prevent the exposure of PPy to the

atmosphere. All of TGA thermograms have good ther-
mal stability. The apparent weight loss can be observed
only when the temperature is over their IDT. These are
consistent with the in-situ electrical conductivity meas-
urements on different temperatures before and after dop-
ing by HCl 1.5 M as shown in Figures 6 and 7.

CONCLUSION

The results indicate that PANi blends are very stable
with 60/40 weight ratio, before 310, 340 and 250oC for
PVAc-PANi, PS-PANi and PVC-PANi, respectively.
On the other hand, the results indicate that PPy blends
are more stable than all the hosting polymers. Thus,
there is no decomposition before 300, 400 and 140oC
for PVAc-PPy, PS-PPy and PVC-PPy with 70/30
weight ratio, respectively. By increasing the weight
ratio of PANi and PPy to the hosting polymers the sta-
bility and conductivity would increase, but processibil-
ity and solubility decrease. The prepared PANi and PPy
blends showed higher thermal stability in comparison
with PANi and PPy or hosting polymers. Thermal sta-
bility of PS-PPy and PS-PANi blends are the most. All
STA (DSC and TGA) diagrams plotted with high scan
rate, showed that the endothermic and exothermic
curves are not sharp.
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