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Abstract- In the present work Cobalt Aluminum Oxide (CAO) 

Nano powder was used as loading particles in conducting 

polymer pyrrole to synthesis Polypyrrole Nano composites 

(PPy/CAO) by in situ chemical polymerization technique. 

Thermal studies of different weight percent Nano composites 

were done by Thermo gravimetric/Differential thermal 

analysis (TG/DTA). To understand the thermo gravimetric 

analysis, Nano composites were exposed to different 

temperatures in muffle furnace for 2 hours and FTIR was 

recorded immediately for these samples. TGA data reveals that 

the PPy/CAO has good thermal stability almost same as that of 

polypyrrole. FTIR data of the Nano composites after exposure 

to different temperatures supports to the TG/DTA analysis. 
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I. INTRODUCTION 

The polymer Nano composite belongs to the class of 
multi-phase system where very small portion of filler is 
added in host polymer matrix and these added fillers 
improves structural, electrical, thermal, chemical and 
mechanical properties of host polymers. The conducting 
polymers are excellent hosts for capsuling the nanoparticles 
of metals, metal-oxides, semiconductors and serves uniform 
distribution which is important in optoelectronics, 
electronics and many more applications [1].   

Different methods like chemical, electrochemical, 
emulsion polymerization in different organic and aqueous 
solvent are used to synthesize the Nano composites. 
Chemical polymerization is most used method for 
synthesizing Nano composites due to its benefits as (a) 
physical properties like particle size and morphology can be 
controlled by synthesis condition and (b) synthesizing larger 
amount than laboratory scale which is main drawback in 
electro polymerization is overcome by this method. 
Chemical polymerization is categorized in two types (a) 
blending of nanoparticles in formerly synthesized 
conducting polymer and (b) in- situ polymerization where 
nanoparticles were added while polymerization of monomer 

and this method gives very good dispersion in polymer 
matrix [2, 3]. Different application oriented Nano 
composites of PPy/V2O5 [4], PPy/ Fe3O4 [5], PPy/SiO2 [6, 
7], PPy/SnO2 [8] were studied by different group of 
researchers. 

Spinel structures have general chemical formula AB2O4 

where divalent A and trivalent B are metal cations which 
normally occupy tetrahedral and octahedral sites 
respectively. These structures are of great practical interest 
since  their different combinations allows to achieve desired 
properties such as high mechanical resistance, high thermal 
stability, low sintering temperature, catalytic properties, low 
surface acidity and high ability of cations diffusion [9].   

In this work spinel structured cobalt aluminum oxide 
(CoAl2O3) in different weight percent is used as filler in 
polypyrrole to form PPy/CAO Nano composites via in-situ 
chemical polymerization method using ammonium 
persulphate as oxidizing agent and thermal analysis of 
synthesized Nano composites were studied in detail.  

 

II. EXPERIMENTAL SECTION  

A. Materials 

The chemicals used to synthesize Nano composites are 
monomer pyrrole (C5H5N) (Spectrochem Pvt. Ltd) as a 
matrix material, oxidizing agent as Ammonium persulphate 
(APS) (Fisher Scientific) and ternary Cobalt Aluminum 
Oxide (CoAl2O4) (Sigma Aldrich) Nano powder as 
dispersion.  

B. Synthesis of Pure Polypyrrole (PPy) and PPy/CAO 

Nano composites 

 In this article, in-situ chemical oxidation 
polymerization method is used. For the synthesis of pure 
polypyrrole, 0.6M of APS clear solution is prepared and 
polymerization of 0.3M pyrrole is initiated by drop wise 
addition of the APS solution. The constant temperature in 
the range of 0 

0
C – 5 

0
C and constant stirring (500 -600 rpm) 

of 5 hours using magnetic stirrer is maintained during 
polymerization. The synthesized polypyrrole is filtered and 
water content is removed by keeping the powder in muffle 
furnace for 2 hours at 100 

0
C. The dried powder is crushed 
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well, weighed and preserved for further work. This weight 
of polypyrrole is considered as 100 wt. % [10].  

The same process is followed to prepare different weight 
percent Nano composites.  In details, CoAl2O4 Nano powder 
in 10-50 wt. % (in steps of 10 wt. %) is dispersed well in 
pyrrole solution by using magnetic stirrer and then same 
process of polymerization, filtration and preservation is 
followed as polypyrrole.  

C. Characterization 

 The morphology of PPy/CAO Nano composites 
were studied by SEM using TESCAN VEGA3 scanning 
electron microscope.  Structural studies were confirmed by 
XPERT-3 X-ray diffraction system with CuKα radiation of 
1.54060 Å and continuous scan from 10-80

0 
with scan rate 

of 0.03
0
/sec. [11]. Thermo-gravimetric studies were done at 

heating rate of 20 
0
C/min in temperature of 40 

0
C to 730 

0
C.  

To understand the decomposition and other thermal effect, 
synthesized Nano composites were exposed to different 
temperatures ( Room Temperature, 100 

0
C, 205 

0
C, 320 

0
C. 

and 600 
0
C) in muffle furnace for 2 hours and FTIR 

spectrum was recorded immediately by using PerkinElmer 
spectrum Two FTIR spectrometer in KBr medium.  

 

III. RESULTS AND DISCUSSION 

Fig.1 (a) and (b) are the TG/DTA results of pure 

polypyrrole and polypyrrole Nano composites. Fig.1 (a) 

shows percentage weight loss with temperature of 

polypyrrole Nano composites with different loadings of 

CAO nanoparticles. It is observed that weight loss occurred 

in three main stages in all Nano composites. First weight 

loss is in between 40-110 
0
C which is due to evaporation of 

water content from the sample. The second weight loss is 

due to decomposition of polypyrrole ring which is observed 

in temperature range of 110- 350 
0
C. And the third weight 

loss observed from 350-500 
0
C is due to complete melting 

of polypyrrole but with some leftover residue. It is 

confirmed from Fig. 1 (a) that all the Nano composites show 

almost similar thermal stability as that of polypyrrole.  

Fig.1 (b) is the variation of derivative weight with 
temperature for polypyrrole and PPy/CAO Nano 
composites. It clearly shows that water content gets 
removed around 70 

0
C,  complete decomposition of 

polypyrrole around 260 
0
C and melting of polypyrrole 

around 510 
0
C.  

To understand the decomposition and melting of 
PPy/CAO Nano composites, the powder samples were 
exposed to different temperatures and analyzed by FTIR. 
Initially pure PPy and 20 wt. % PPy/CAO Nano composite 
powders were kept in muffle furnace at 100 

0
C in closed 

crucibles. After 2 hours of continuous exposure to particular 
temperature, the powder samples were taken out and 
immediately FTIR spectrum were recorded using KBr 
medium. Similar process was carried out at different 
temperatures such as 205 

0
C, 320 

0
C and 600 

0
C. 
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Fig. 1 (a) and (b) TG/DTA Graph of Polypyrrole and PPy/CAO Nano 
composites         

The clear observation shows that there is no much 
difference in FTIR spectrum at room temperature and at 100 
0
C for both polypyrrole and 20 wt. % PPy/CAO Nano 

composite. The absorption peak observed at 3441 cm
-1

, 2930 
cm

-1
 in room temperature spectrum is due to O-H and C-H 

stretches respectively which gets removed at 100 
0
C 

confirming the evaporation of water and volatile contents 
from the polypyrrole. The  absorption peaks at 1098 cm

-1
 , 

916 cm
-1

 and 794 cm
-1

 are due C-H in-plane vibration, C-H 
out-of-plane (oop) vibration and pyrrole ring vibrations [12] 
and represents mainly ring type structure of pyrrole which 
are absent at 205 

0
C which confirms the decomposition of 

pyrrole ring  started at this temperature. At higher 
temperature of about 320 

0
C all the carbon content gets 

disappeared from the powder sample of polypyrrole 
confirming melting of polypyrrole and left with few 
residues which confirms from presence of N-H stretch at 
1628 cm

-1
. At around 600 

0
C no compound was left in 

crucible of polypyrrole powder confirming full evaporation 
of the residues. But for the same temperature, in the crucible 
of 20 wt. % PPy/CAO sample, blue color powder was left. 
This powder was cobalt aluminum oxide Nano powder 
which was used as loading particles in polypyrrole. This is 
confirmed from the absorption peaks present at 556 cm

-1
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and 697 cm
-1

 which are due to Co-O stretching and Al-O 
vibrational frequencies respectively [13].  
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Fig.2 (a) and (b)  FTIR spectrums recorded for pure polypyrrole and 20 wt. 

% PPy/CAO Nano composite after exposing to different temperatures. 

 

 

IV. CONCLUSION 

Successful synthesis of PPy/CAO Nano composites was 
achieved by in-situ chemical polymerization method. 
Thermo gravimetric and differential thermal analysis shows 
almost similar thermal stability as that of polypyrrole by the 
addition of cobalt aluminum oxide Nano powder as filler 
material. The recorded FTIR spectrums of Nano composites 
after exposing to different temperatures shows evaporation 
of water and volatile compounds at 100 

0
C,  onset of 

decomposition and melting of polypyrrole  starts around 205 
0
C and 320 

0
C respectively. The FTIR spectrum recorded at 

different temperatures are in good agreement with the 
TG/DTA data. 
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