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Abstract— The current paper explores the preparation of 

PVA composites by doping it with zinc oxide (ZnO) using 

the solvent casting technique. The samples of pure PVA and 

ZnO incorporated in PVA polymer blends, with various 

weight proportions have been prepared. The X-ray 

diffraction study has been carried out on prepared samples. 

The XRD study explores that the average crystallite size of 

the synthesized blends varies from 40 Å to 62 Å and shows 

that the crystallinity factor of PVA composites is influenced 

by the interaction occurring between the PVA and the ZnO 

particle. The decrease in the crystallite size is observed with 

increase in the crystallinity index. The addition of ZnO 

powder in the poly vinyl alcohol can be developed as a 

composite with improved/enhanced crystalline properties. 
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I. INTRODUCTION 

The attention of scientists is acquired by polymers due to 

their technological applications and various properties. 

Polymers have significant potential in various aspects as a 

result of their versatile properties. Poly vinyl alcohol (PVA) 

is a semi crystalline material which is soluble in water, 

biodegradable in fluids and human tissues, stable 

mechanically and chemically in a good way. It is admirable 

due to its low cost, good ability to form films as well as its 

electrical and optical properties. It has low electric 

conductivity, good charge storage capacity, soluble in 

ethanol upto a small degree and insoluble in other organic 

solvent [1, 2]. The properties of polymer vary according to 

the dopant. Composites are prepared due to their use in 

different applications in various areas. They enhance the 

optical and electrical properties of the polymer. This article 

discusses about the change in structural properties of pure 

and ZnO dopped PVA using X-ray diffraction technique. 

  Zinc Oxide (ZnO) is a direct semiconductor contains wide 

band gap (3.37eV) at room temperature with large exciton 

binding energy (60meV). It is environmentally safe, 

biodegradable, bio safe, nontoxic material having high 

transparency in the region of visible wavelength. It is  used 

in solar cells, sensors, UV lasers and LED'S, flat panel 

displays, etc [4-7]. 

Using ZnO as a dopent material in PVA results 

profitable optical, mechanical and electrical properties [8]. 

Electric conductive capacity, magnetic inductive capacity 

and specific conductivity are the properties which control 

the interaction of electromagnetic radiation with matters, 

which are related to absorption and refractive index of the 

composite system [9]. 

II. MATERIAL AND METHOD 

A. Materials 

PVA is purchesed in form of powder from Thomas Baker 

Chemical Limited, Mumbai. ZnO is purchased from Merck 

Specialities Private Limited, Mumbai. It is used as dopent in 

different weight percentages. PVA is taken as basic 

polymeric material. 

B. Preparation of Samples 

Films of pure and ZnO dopped PVA are prepared using 

solution casting method. To form pure PVA film 2g of PVA 

is dissolved in 30ml distilled water and stirred with the help 

of magnetic stirrer. Composite films were prepared by 

combination of ZnO in different wt% (.2, .4, .6, .8, 1, 2) is 

dopped into PVA ( 1.996, 1.992, 1.988, 1.984, 1.980, 

1.960)g respectively. The mixture of PVA+ZnO was 

dissolved in 25 ml distilled water and stirred in magnetic 

stirrer. The stirred solution is then poured into glass plates 

and kept in the oven to dry at 60ºC. The films obtained were 

kept in store right poly bags for further characterization. 

C. X- Ray Diffraction 

X ray are when incident on a material, interact with the 

atoms and get scattered. These scattered rays interfere and 

produce diffraction pattern. The arrangement of atom in a 

given lattice can be obtained by the analysis of diffraction 

pattern.XRD had so applications in various areas such as 

forensic science, geology, pharmaceutical, etc. Each 

material has a unique XRD pattern. These patterns are very 

sharp peaks which are surrounded by areas of high 

destructive interference, gives the characteristics of crystal 

structure[10].  

To study the structural properties of composites, X-

ray DiffractometerBruker D2 Phaser Second Generation was 

used. Scanning curve was obtained for the value of 2θ 

ranging from 0-90o on prepared samples. The degree of 

crystalline was record from the ratio of the areas under the 

crystalline peaks and total area under a peak. The degree 

(Cr) of crystallinity can be written as [11]: 
𝐴𝑟𝑒𝑎 𝑜𝑓𝑐𝑟𝑦𝑠𝑡𝑎𝑙𝑙𝑖𝑛𝑒 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 (𝑢𝑛𝑑𝑒𝑟𝑝𝑒𝑎𝑘)

𝐴𝑟𝑒𝑎 𝑜𝑓𝑐𝑟𝑦𝑠𝑡𝑎𝑙𝑙𝑖𝑛𝑒 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 + 𝐴𝑟𝑒𝑎 𝑜𝑓𝑎𝑚𝑜𝑟𝑝ℎ𝑜𝑢𝑠 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛
 

The interplanar distance d was calculated for the first order 

(n=1) using following formula: 

                                      𝑑 =
𝜆

2𝑠𝑖𝑛𝜃
                                     1.1 

The average size of the crystalline region (D) was 

determined from the broadening of the peaks by using 

Scherer’s formula : 

                                  𝐷 =
0.89λ

(βcosθ)
                                   1.2 

Where β is the half width of the peak, θ is the angle 

and λ is the wavelength. The average inter crystalline 

separation (R) in the amorphous region of the sample was 

evaluated using following equation [12]:   

                                       𝑅 =
5λ

(8Sinθ)
                                     1.3 
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III. RESULT& DISCUSSION 

A. X-Ray Diffraction 

X-ray Diffraction patterns of pure PVA and ZnO reinforced 

PVA samples have been recorded. The X-ray 

Diffractographs of pure PVA and ZnO reinforced PVA 

samples are shown in Fig. 1 and summarized in Table 1.The 

peak positions of all the samples are shown in Fig.2. In all 

the samples, the crystalline peak is observed between 2θ = 

18º to 21º. For pure PVA film, the crystalline peak is 

observed at 19.70o, which yields crystallinity of 47.60 %, 

interplanar distance, d = 1.85Å, crystallite sizeD = 53.65Å 

and average inter crystalline separation R= 2.315 Å. As a 

result of the addition of ZnO in PVA shifts in crystalline 

peak are observed. For .2 % ZnO+ PVA blend crystalline 

peak is observed at 2θ = 19.74º, which yields the 

crystallinity of 51.73% with interplanar distance,d = 1.77Å, 

crystallite size D = 51.2Å and average inter crystalline 

separation R= 2.21Å. For .4 and .6 wt% composites similar 

increases in various properties have been observed. The 

crystallinity observed for .4 and .6, composites are 51.73and 

63.92%, respectively, which shows the crystallinity is 

increasing with concentration up to .6 wt % of ZnO. Further 

as we increase the concentration of ZnO (i.e. .8, 1 and 2wt% 

ZnO) the crystallinity decreases. 
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75 
53.65 2.31 
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51.1 2.41 
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Table 1. Crystallinity, peaks at2θ (º), interplanar distance 

‘d’, crystallite size ‘D’ (Å), and average inter Crystalline 

Separation R (Å) 
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Fig.1: X-ray diffraction Pattern of Pure PVAand composites 

films at different wt% of ZnO 
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Fig. 2: Peak Positions for Pure PVAand composites films at 

different wt% of ZnO 

IV. CONCLUSION 

In the present work biodegradable composites of PVA and 

ZnO powder has been synthesized. The prepared samples 

were characterized by XRD technique. It is found that the 

crystallinity is increasing up to .6wt% of ZnO, which shows 

that the developed composite having good structural 

properties and ZnO improves the structural properties of 

PVA matrix up to the .6wt% of ZnO. The Average inter 

Crystalline Separation (R) is maximum (=2.93Å) for .6wt% 

of ZnO incorporated PVA matrix. So that we can say that 

the incorporation of low levels of ZnO into PVA matrix can 

often lead to an increase in the crystalline properties of 

composite. 
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