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ABSTRACT:   

In the present work, a simple chemistry-based polymerization process was utilized to 

produce clean and Al2O3 nanoparticle-doped polypyrrole-based samples using three 

different Al2O3 doping dosages. The prepared samples were characterized using a range of 

techniques. The X-ray diffraction spectra of the produced samples reveal that they are 

quasi-crystals. The Fourier transformation infrared spectroscopy of these samples reveals 

the various required fundamental bands, validating the synthesis of the expected samples. 

Field emission scanning electron microscopy shows the morphology of the produced 

materials. The thermal properties of the produced samples were analyzed using thermal 

gravimetric analysis. Furthermore, the electrical properties of the produced samples were 

investigated at temperatures ranging from 293 to 393 K. The generated samples' 

conductivity rises with temperature, suggesting that they are semi-conducting. 

 

Introduction 

Insulators make up most polymers in literature. 

Polymers can behave like semiconducting materials, 

according to later findings [1]. Polymers have unique 

optical, electrical, and thermal properties that make 

them helpful in many industries. Polypyrrole (PPY) and 

other conducting polymers are popular due to their non-

redox doping [2], thermal and environmental stability, 

high conductivity, and practicality. As a compound, 

PPY characteristics vary dramatically. These 

composites are promising for electrochromic displays 

[3], temperature and current sensor devices, polymeric 

batteries, and electromagnetic/radio frequency interface 

shielding in electronics like computer and cell phone 

casings [4]. Combining PPY with metal oxides (MOs) 

improves its mechanical properties, conductivity, and 

processability. Achieving chemical interactions between 

PPY and MOs makes making PPY-MO composites 

difficult [5]. Researchers are still developing MO and 

PPY composites utilizing various ways due to their 

increased qualities and possible applications. 

Conducting polymers have been used as shells around 

inorganic nanoparticles like Al2O3 to generate 

nanocomposite materials [6]. Xia and Wang made a 

PPY/Al2O3 nanocomposite using ultrasonic irradiation. 

Schnitzler and Zarbin used sol-gel to synthesize Al2O3 

nanoparticles and PPY. The most common cathode 

choices for lithium. PPY packed with carbonaceous 

fillers [7], magnetic particles, or dielectric particles 

combines dielectric/magnetic and electrical properties. 

In the presence of sodium dodecyl benzenesulfonate, 

Song and colleagues generated PPY/NiO nanoparticles, 

nanobelts [8], and nanotubes. Despite multiple studies 

on PPY/Al2O3 composites, most researchers are 

currently working on their synthesis and 

characterization [9]. As far as the author knows, no 

TGA study has investigated dynamical characteristics 

for PPY/Al2O3 composites. Thus, a comprehensive 

study using varied Al2O3 concentrations in PPY and 

methods is needed [10].  

Experimental Details 

Sample Preparation 

Pure PPY and PPY/Al2O3 composite samples were 

synthesized via chemical oxidative polymerization. 

Aqueous ferric chloride and pyrrole solutions at 1.25 M 

and 1 M molar concentrations were prepared [11]. After 

that, the solutions were refrigerated for two hours. After 
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that, an ice bath kept the monomer solution between 0 

and 4 oC. After dropwise adding the oxidant solution to 

the monomer solution [12], the polymerization reaction 

commences quickly and lasts 24 hours. After enough 

time, the solution filters through filter paper [13]. Rinse 

the yield with 1 M HCl and acetone until the filtrate is 

colorless [14]. This yield was air-dried before vacuum-

drying. The dried sample was ground into powder with 

a pestle and mortar. The 5, 10, and 15% weight 

percentage Al2O3-doped PPY composites were 

synthesized similarly [15]. 

Experimental Techniques 

At a modest scanning rate of 2o/min, the Rigaku 

Miniflex-II diffractometer produced XRD patterns of 

MgKα at an angle of 2θ (10-80o). XRD measurements 

determined the sample crystal structure [16]. The 

powder sample was mixed with dry KBr at a weight 

ratio of 1:20 for FTIR analysis with Shimadzu IR 

affinity-1 8000 spectrophotometers. Surface 

microstructure was examined using the EVO 18 

scanning electron microscope [17]. 

 Results and Discussion 

X-ray Diffraction (XRD) Analysis 

PPY and PPY/Al2O3 composite XRD patterns are 

displayed in Figure 1. Two identical peaks at 20.36 and 

25.01 degrees are seen in the PPY and PPY/Al2O3 

composite samples' XRD patterns [18], while a soldier 

is at 16.10 degrees. The peak strength changes 

significantly when Al2O3 nanoparticles are introduced 

to PPY symmetry [19], demonstrating a strong 

interaction between Al2O3 and PPY. These peaks are 

caused by quinoid and benzenoid rings in perpendicular 

and parallel orientations [20]. The processed samples' 

two peaks indicate a quasi-crystal structure [21]. 

Fourier Transform Infrared (FTIR) Analysis 

FTIR spectra of pure and Al2O3-doped PPY composite 

samples are shown in Figure 2. In the FTIR spectrum, 

vibrations between 400 and 2000 cm-1 are apparent. 

Bands appear at 512, 808, 1160, 1291, 1483, and 1583 

cm-1. Para-disubstituted aromatic rings and C-H out-of-

plane bending vibration cause 512 and 808 cm-1 bands. 

An apparent band at 1291 cm-1 shows C-N stretching 

vibrations. Curved planes cause C-H vibration at 1160 

cm- [22]. The 1460-1600 cm-1 bands are likely driven 

by non-symmetric C6 ring stretching modes. The peak 

at 2312 cm-1 is created by aromatic C-H stretching 

vibrations, while the band at 2950-3300 cm-1 is due to 

aromatic amine N-H stretching [23]. 

Figure 3(a-d) shows typical FESEM images for pure 

PPY and PPY/Al2O3 composite samples. FESEM 

images of current samples show particles with the same 

morphology as clean and Al2O3-doped PPY samples 

[24]. The composite samples FESEM images show no 

Al2O3 nanoparticles, possibly because they've been 

integrated into the PPY matrix. Here, Al2O3 

nanoparticles are the core and PPY the shell [25].  

Conclusion 

PPY and Al2O3-doped PPY composite samples were 

synthesized via chemical oxidative polymerization. 

PPY-based pure and composite samples in the emerald 

salt form have significantly conducting state peaks of 

quinoid and benzenoid rings in their FTIR spectra. XRD 

patterns show that present samples are quasi-crystal. 

This shows that sample stability increases with Al2O3 

nanoparticle doping. FESEM images show particles 1–

10 um. 
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Figure 1: XRD patterns of PPY and PPY/Al2O3 composites 

 

Figure 2: FTIR spectra of PPY and PPY/Al2O3 composites 

 

 

Figure 3: FESEM images of PPY and PPY/Al2O3 composites 
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