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Abstract 

The Polypyrrole polymer composites containing ZnO nanoparticles (NPs) and Li2O have been investigated for 

structural properties. The compositions of the type PPy50 + Li2Ox + ZnO(50-x) NPs where x = 0, 2, 4, 6, 8, 

and 10, were prepared by employing ball milling method. Scanning Electron Microscope (SEM) and X-ray 

Diffraction (XRD) techniques were used to characterize the structural properties of as prepared samples. The 

spherical cluster of ZnO nanoparticle crystallites are shown in the SEM patterns as being surrounded by 

amorphous PPy/ZnoNps-Li2O structures. XRD results revealed that both amorphous and Nano crystallite 

structures were present in the samples. Changes in the structural characteristics as well as the creation of 

complex nanocomposite clusters encircled by amorphous structures have been reported.  
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1. INTRODUCTION  

Semiconducting polymers are attractive to 

scientists and engineers in a range of disciplines 

due to their potential applications as electrodes (for 

electrochemical batteries and capacitors), energy 

storage devices, electro catalysts and sensors, 

anticorrosive coatings, etc. [1-2]. Generally 

speaking, polymers are thought to be non-

conducting. Double-bonded conjugated polymers 

have semiconducting characteristics. With the right 

dopants, polypyrrole exhibits semiconducting 

characteristics [3]. The application and typical 

representative of conducting polymers point to the 

characteristics of the class of materials [4]. 

Numerous studies have shown that selective metal 

oxide doping can quickly improve the conductivity 

of poly-conjugated polymers with conductivities 

between 10-10 S/m and 10-5 S/m [5, 6–8]. 

Researchers have recently concentrated on 

improving the fabricability and other PPy features 

[9–11]. 

 

The composite material’s conducting charac-

teristics are improved by nanofillers in conducting 

polymers [12]. In PPy and other polymers,the  ZnO 

nanoparticles (NPs) function as reinforce fillers 

[13–14]. Numerous researchers have noted recently 

that ZnO NPs have a large specific surface area, are 

non-toxic, inexpensive, and operate as an 

adsorbent[15–18]. Because of its size-dependent 

electrical and optical chara-cteristics, ZnO NPs 

have received a lot of attention as a semiconductor 

in recent years [19]. ZnO NPs are discovered to be 

easily produced in metals and have numerous uses 

in the electronic and medical fields [20]. The 

nanocomposite consists of metal and organic parts; 

the second part being responsible for enhancing the 

host materials' electrical properties while the first 

part attributes to increasing their mechanical 

qualities [21].  High UV absorption, a long lifespan 

[22], and a large volume ratio are all positive 

characteristics of ZnO NPs that make them suitable 

for use in gas sensors [23–24]. There are several 

ways to synthesise ZnO NPS [25–27]. Due to its 

high ionic conductivity and superionic 

conductivity, lithium oxide (Li2O) has recently 

been used in energy storage devices for the next 

generation of electric vehicles [29], as well as in 

heart pacemakers, mobile phones, laptop 

computers, and lightweight, high power density 

solid state batteries. The polymer's molecular 

chains may attach during the in-situ polymerization 

process used to create PPy and act as filler [30–31]. 

 

ZnO NPs and lithium oxide are typically employed 

as dopants; the first is used to decorate PPy 

amorphous structures, and the second is used to 

implant ZnO NP crystallite clusters. 

The mechanical mixing process is appropriate for 

large-scale manufacturing, and the type of 

synthesis provides beneficial electrical, chemical, 

and mechanical features for industrial production 

[32, 33], as well as their use in sensors and lithium-

ion batteries [34, 35].  

 

In the present work, the ZnO NPs and bulk Li2O 

doped polypyrrole nanocomposites in the 

composition range, PPy50 + Li2ox + ZnO (50-x) NPs 

with x = 0, 2,4,6,8, and 10, labeled as PZL0, PZL2, 

PZL4, PZL6, PZL8 and PZL10 were synthesized 

and their structural properties have been 

investigated. 

 

The objective of the present work is to understand 

the effect of incorporation of ZnO NPs and bulk 

Li2O into pristine PPy over a wide range of 

composition. These composite systems have not 

been reported elsewhere, for their structural 

properties. 

 

2. EXPERIMENTAL  

The oxidizing agent Ammonium Persulphate 

(APS), Acetone, Li2O, and Zinc Oxide 

Nanoparticles in powdered form (particle size 

being less than 100 nm) were the AR grade 

chemicals that were purchased from Sigma 

Aldrich. Pyrrole, a doubly distilled monomer, is in 

situ polymerized in the presence of ammonium 

persulphate in a beaker with a 0.3 M concentration 

(APS). A magnetic stirrer is used to hold the 

beaker. 0.6 M ammonium persulphate is added to 

100ml of water. APS is gradually incorporated into 

0.3 M Polypyrrole. The magnetic needle revolved 

constantly throughout the reaction's six-hour 

runtime at a temperature of 273 K to 278 K. The 

precipitate that resulted was removed using a 

filtration suction process, rinsed with deionized 

water, and dried in a hot air oven for six hours. The 

byproduct was burned to a temperature of 373 K in 

a muffle furnace, producing 2.25 g of the black 

Polypyrrole powder, which was then regarded as 

100%. 

 

A mechanical vibration mill (Make: Techno search 

instrument Mumbai, India) was used to grind the 

required weight % of PPy50, ZnO(50-x) NPs, and 

Li2O(x). The mill was run for 15-20 minutes to 

produce a homogeneous combination of powder. 

The other samples were created using the same 

methodology, but with different compositions of x 

= 0, 2, 4, 6, 8 and 10 mole fraction weight 

percentage [36]. The labels for all of the samples 
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were PZL0, PZL2, PZL4, PZL6, PZL8, and 

PZL10. 

 

3. RESULTS AND DISCUSSIONS 

3.1 SEM Analysis 

Figures (1a) to (1g) show the SEM images of 

PPy/ZnONps-Li2O ternary composites for various 

weight percentages of PZL0, PZL2, PZL4, PZL6, 

PZL8, PZL10, and PPy. The SEM pictures of pure 

Polypyrrole (PPy) in Figure indicate a cluster of 

spherically shaped particles with the hallmarks of 

an amorphous nature (1g). The ZnO NPs were 

embedded in PPy and had loosely organized, 

approximately spherical grains, which allowed for 

the observation of the morphological alterations. 

Li2O is introduced, resulting in the granular 

morphology depicted in Figures 1b to 1d. As seen 

in Figure 1e, the surface morphology of Li2O in 

PZL8 has somewhat transformed into an 

agglomerated structure, and in PZL10, the 

agglomeration has increased. It is also observed 

that poly-pyrrole lithium decorated (PPy/ZnONps-

Li2O) amorphous structure Agglomeration of ZnO 

nanoparticles with different sizes. 

 

        
 

       
 

        
 

 
Fig 1. SEM images of Fig (1a) Pure PPy, (1b) PZL0, (1c) PZL2, (1d) PZL4, (1e) PZL6, (1f) PZL8 and (1g) 

PZL10. 
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3.2 X-Ray Diffraction Analysis  

 

 
Fig. 2. X-ray Diffraction (a) PPy and(b) PZL0 

 

XRD Williamson-Hall (W-H) analysis is a 

streamlined integral breadth approach used to 

calculate peak width-based estimates of crystallite 

size and lattice strain [37]. 

 

The amorphous structure of PPy was seen in the X-

ray diffraction pattern displayed in fig. 2(a), with a 

peak value at 2θ =25.54o. 

 

The PZL0 (PPy+ZnONPs 50 wt%) distinctive peak 

seen in figure 2 (b). There are 10 peaks that are 

present at 2=31.51o, 34.17 o, 36.00 o, 47.29 o, 56.35 
o, 67.80 o, 68.76 o, 72.19 o, and 76.79 o; these peaks 

are assigned to the respective planes (100), (002), 

(101), (102), (110), (103), (200), (112), (201), 

(004), and 2θ X-ray diffraction measurements and 

the published JCPDS file no. (00-36-1451) are in 

good accord [38]. The nanoparticles' crystalline 

structure was clearly seen in the peaks of the XRD 

spectrum. The lattice constants a = 4.886 and C = 

5.284 were obtained using the XRD peak positions; 

using these values, the ratio c/a=1.085Ao has been 

calculated using the following relation [38].  
1

𝑑ℎ𝑘𝑙
=

4

3
[

ℎ2+𝑘2+ℎ𝑘

𝑎2 ] +
𝑙2

𝑐2          (1) 

 

Where d hkl is the interplaner distance and (hkl) are 

the Miller indices of the specific plane in the XRD 

pattern, a and c are base vectors and constants. 

Equation (1)'s computed lattice constant is 

supported by the JCPDS file no. (00-36-1451), 

which is listed in table 1. 
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Table1. The 2θ, FWHM and d-spacing values of PZL0 

[2θ] FWHM d-spacing [Å] 

31.5118 0.3936 2.83913 

34.1777 0.3936 2.62353 

36.0073 0.4723 2.49431 

47.2902 0.3936 1.9222 

56.3585 0.3936 1.63254 

62.5438 0.4723 1.48514 

67.8047 0.551 1.38215 

68.7643 0.4723 1.36519 

72.1937 0.9446 1.30855 

76.7992 0.96 1.24013 

 

PPy/ZnO-Li2O Composites PZL2, PZL4, PZL6, 

PZL8, and PZL10 displayed features peaks at 2θ= 

29.84o, 31.53o, 34.17o, 36.02o, 47.31o, 56.36o, 

62.64o, 67.66o, 68.77o, and 76.77o in Figure 2(b). 

The peaks were in good agreement with the JCPDS 

file number and nearly identical to the X-ray 

diffraction data of ZnO NPs (00-36-1451). Because 

the Li2O adorned PPy is deposited on ZnO NPs, the 

peaks of Li2O were adsorbed and held by ZnO Nps. 

In XRD patterns with Plane (101), a second peak at 

2θ= 29.84o was seen. This peak is the typical peak 

of the defect that causes the augmentation of 

conductivity [39].  

 

 
Fig2(b). X-ray Diffraction (XRD) PPy/ZnoNPs-Li2o Composites (a) PZL2  (b) PZL4  (c) PZL6 (d) PZL8 (e) 

PZL10 

 

Table2. The 2θ, FWHM and spacing valves of PZL10 

[2θ] FWHM d-spacing [Å] 

29.8419 0.4723 2.99409 

31.5363 0.4723 2.83698 

34.1722 0.3936 2.62394 

36.0201 0.4723 2.49346 

47.311 0.4723 1.9214 

56.368 0.4723 1.63229 

62.643 0.4723 1.48303 

66.3097 0.551 1.40964 

67.6649 0.6298 1.38467 

68.7728 0.551 1.36504 

76.7763 0.96 1.24045 

 

The table 2 shows the 2θ, FWHM and interplaner 

spacing values of PZL10. In the XRD pattern, the 

(100) plane's greatest peak intensity was seen. 

When utilizing the Debye-Scherrer formula, which 

is provided below [40], this value is taken into 

account to get the average particle size of PZL0. 

𝑏 =
𝑘𝜆

𝛽𝑐𝑜𝑠𝜃
                        (2) 
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where d is grain size and 𝛽 is the full width half 

maxima (FWHM) of the particular peak, 𝑘 is the 

Scherer constant and is given by the value 0.9, θ is 

the Bragg’s angle , λ= 1.5418Ao is the wavelength 

of CuKα source radiation [40] .   

 

Using equation (2), it was determined that the ZnO 

nanoparticles in the material composite had an 

average size of about 20.26 nm. Table 1 contains 

the experimentally observed FWHM and 

interplaner spacing data for the Composite PZL0. 

 

Dislocation density is the length of dislocation lines 

per unit volume of the crystal was determined by 

the following equation [40] .  

𝛿 =
1

𝑏2        (3) 

 

Where d is the crystalline size. The dislocation 

density value for PZL0 from the data of XRD was 

calculated and is equal to 2.2710-3 (nm)-2 

 

CONCLUSION 

The Polypyrrole/ZnO NPs-Li2O ternary 

composites were created, and they were then 

analysed using SEM and XRD methods. The SEM 

revealed that the particle agglomeration increased 

in the 10% weight percentage compared to other 

weight percentages. PZL0 (PPy/ZnONPs 50wt%) 

exhibits mirage features with Pure ZnO NPS in the 

XRD pattern, but PZL10 (PPy/ZnONPS-Li2o 

10wt%) has an extra peak. 
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