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ABSTRACT 
 

Polypyrrole/montmorillonite, (PPy/MMT) clay composite was synthesized via chemical 
reaction method by adding 0.6M iron (III) chloride, (FeCl3) as oxidizing and doping 
agent to 0.2M monomer of pyrrole with 2 to 12 % of MMT clay as filler. The insertion 
of conducting polymer PPy into layered MMT clay has been confirm by using X-Ray 
Diffraction, (XRD) technique in the 2θ range of 4° to 35°. The influence of various 
percentages of the filler on thermal diffusivity was investigated by using photoflash 
technique and to examine the dc conductivity in this conducting polymer composite, 
four-point probe technique was used at room temperature. Interestingly, correlation 
between the thermal diffusivity and the dc conductivity is qualitatively constant for all 
samples in which both characteristic showed decreasing trend with increased in 
percentages of MMT clay loading in the PPy.  
 

INTRODUCTION 
 
The discovery of the conductive polymer is unique in its accomplishment acting not as 
traditional insulators but as a semiconductor or metal behavior [1]. Electrical 
conductivity of the conducting polymer can be increased to as high as 15 orders of 
magnitude by changing dopant concentrations [2,3]. Since that, the conductive 
polymers belonging to polyaniline, polythiopene and polyacetylene have been studied 
extensively [4]. Between all the above classes,   polypyrrole (PPy) is among the best 
candidate material used in commercial applications due to their good electronic 
properties, exhibit significant environmental stability and easy to synthesis [5, 6]. 
Nevertheless, in some extend the physical properties of PPy are not satisfactory for 
practical applications [7]. This has led much intensive research to overcome the 
drawback [8]. For that reason, Montmorillonite (MMT) clay is commonly used as filers 
because its environment friendly available used in large quantities with relatively low 
coast which is suitable in industry condition especially in the application of 
reinforcement materials with polymers [9, 10]. Beside that, MMT clay is the most 
active clay in terms of generates negative charges situated in the MMT clay galleries 
[11]. This type of interlayer is characterized by a moderate surface charge known as 
cation-exchange as showed in Figure 1 [12, 13]. The cation-exchange can provide 
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functional groups that can react with the polymer chains and improve the strength of 
interface between the MMT clay and the polymer chains.  
 
The analysis regarding the electrical conductivity measurement which is electrical 
transport of the polymer always gets much attention and available in the literatures [14]. 
Nevertheless, knowledge of the thermal transport is also important for their long term 
use in devices as well as from the mechanistic point of view. Therefore, there must be a 
correlation between the thermal and electrical transport. In the present study, in order to 
investigate the correlation between thermal diffusivity and dc conductivity in this 
conducting polymer composite, MMT clay was added to PPy as filler. Iron (III) 
chloride, (FeCl3) was used as oxidizing and doping agent. 
 

 
 

Figure 1: The structure of layered MMT clay 
 

EXPERIMENTAL METHOD 
 

The PPy/MMT clay composite was synthesized by chemical reaction method. Initially, 
the monomer pyrrole (Fluka) was distilled at a 131°C and stored at 4°C. A mixture 
solution containing pyrrole of 0.2M concentration and FeCl3 (HmBG Chemicals) with 
0.6M concentration was dissolved in distilled water. During the mixing process, the 
colour of the solution changed from transparent to dark green indicating the 
polymerization has taken place instantaneously and resulting PPy conducting polymer. 
After 5 minutes, 2 % of MMT clay (Fluka) was added into the solution. Then the 
mixture was stirred for 6 hours at room temperature. The resulting powders were 
filtered and dried at 40°C for 48 hours. The powdered was then grounded into fine 
powder and pressed into pellet at 7 tonne pressure. These steps were repeated for 4 to 
12 % of MMT clay. The insertion of the PPy into the layered MMT clay is confirmed 
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by using X-Ray Diffraction, (XRD) technique. The XRD analysis was carried out using 
a computer-controlled x-ray diffractometer (PANalytical X’pert PRO XRD System) in 
conjugation with a programmable control unit. A scanning was carried out at 2θ range 
of 4° to 35°. The characterization of thermal diffusivity was determine by using 
photoflash technique in which the thermal diffusivity is obtained by measuring the time 
corresponding to the half maximum of the temperature rise (t1/2). In order to study the 
dc conductivity, four point probe technique (model DMV-001) with current source was 
applied from 5mA to 50mA.  

 
RESULTS AND DISCUSSIONS 

 
3.1 X-Ray Diffraction Characteristic 
Figure 2 showed that all spectra become more polycrystalline structure due to the 
presence of sharp peaks. Three sharp peaks were observed for pure MMT clay and  
shifted to lower angle with decreasing MMT clay percentages in the PPy. It is observed 
that only for 10 and 12% of MMT clay loading in the polymer showed the existence of 
the first peak and for the rest of the samples samples, there is no such peak in that 2θ 
range. With the slight shifting for the all peaks confirmed that the PPy chains have 
intercalated into the MMT clay layers [15].  The values of d-spacing for PPy/MMT clay 
composite are tabulated in Table 1.  
 
In the 2θ range between 26.40° to 26.98° there a formation of ion-pair (NaCl). The 
existence of the ion-pair is probably connected with the cation-exchange phenomena 
that occur during modification of sodium (Na+) in polymerization process. The result 
has good agreement with Bricker, (1999), Thakur et al., (2006) and Mravcakova et al., 
(2006). They reported that the formation of the ion-pair provides evidence for very 
strong interaction between polymer chain and MMT clay network [16, 17,18]. The ion-
pair also showed the presence of some ionic interaction network can be influence the 
mechanism of charge carrier in the composite.  
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Figure 2: The effect of filling MMT clay to PPy/MMT clay composite 

 
Figure 3: The thermal diffusivity and dc conductivity of PPy/MMT clay composite 
against different MMT clay percentage 
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Table 1: Parameters of XRD data of PPy/MMT clay composite prepared with various 
MMT clay percentages. 

 

 
 
Correlation between Thermal Diffusivity and DC Conductivity  
The measured values of thermal diffusivity and dc conductivity for the PPy/MMT clay 
composite with various percentages of MMT clay are shown in Figure 3. A qualitative 
correlation between thermal diffusivity and dc conductivity can be obviously observed 
from the figure. Both thermal diffusivity and dc conductivity display a similar trend. 
The thermal diffusivity of the conducting polymer composite decreased from 3.01 to 
1.09x10-3 cm2s-1 and the dc conductivity also showed a decreasing trend from 1.29 to 
0.53 Scm-1. A more qualitative correlation between thermal diffusivity, αc and dc 
conductivity, σdc can be obtained from the ratio of αc /σdc [14]. As a results, the values 
are approximately constant with average ratio are 0.20 ±0.05 cm2s-1 /Scm-1.  
 
What can be inferred from the both results is the decreasing trend may possibly because 
of the presence of the layered MMT clay. Thus, with the presence of silica and 
aluminum in nature (Figure 1) in the PPy/MMT clay composite may be a reason to 
become a resistance for the electron motion. Furthermore, with the formation of ion-
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pair, NaCl, as observed in the XRD, can reduce the number of available charge carrier. 
Consequently, it can lower the thermal diffusivity and the dc conductivity in the 
conducting polymer composite on further MMT clay addition [13, 16]. 

 
CONCLUSION 

 
Bulk samples of PPy/MMT clay composites have been successfully prepared by 
chemical polymerization at various MMT clay percentages. XRD results suggest a 
strong interaction between polymer and MMT clay which showed the formation of ion-
pair, NaCl in the 2θ range of 26.40° to 26.98°. A correlation between thermal 
diffusivity and dc conductivity has shown a similar trend where the average ratio (αc 
/σdc) is approximately constant. Its also observed that the decreasing trend of thermal 
diffusivity and dc conductivity is because of the presence of the MMT clay layers 
which may influence the motion of electron. 
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