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Abstract : High conductive filler graphite is added with 

polystyrene to prepare conductive polymer composites. Solution 

casting technique was implemented to prepare polystyrene films. 

Benzene is used as a solvent to dissolve polystyrene. Graphite is 

loaded in these polystyrene films with various concentrations from 

0.5 % to 2.5 % as a filler. The reinforcement of graphite particles 

in polystyrene matrix is studied through various characterization 

techniques like XRD, FTIR and SEM analyses. Antibacterial 

studies are performed for two microorganisms. Electrical 

conductivity of the films are measured using LCR meter. 

 

Keywords : Graphite, Polystyrene, XRD, FTIR, SEM, 

Antibacterial assay. 

I. INTRODUCTION 

Conductive fillers in polymers occupied the flexible 

electronics market for display applications. In the last few 

decades, polymer thin films has grabbed the attention of 

many great researchers because of its diverse use in various 

fields such as it can be used as an adhesives, as a lubricant 

and also as membranes and for that purpose the major 

properties of the polymeric films were studied and it was 

found that they are dependent on the interfacial 

characteristics [1]. Since then many experiments have been 

carried out on the polymeric films to investigate the 

interfacial characteristics. From this experiments many 

important observations have been made like the glass transition 

temperature (Tg) of the films which is found to be lower than 

their bulk state [2][3]. The structural characteristics of the 

polymeric films can be studied using various techniques like 

the X ray scattering [4], secondary ion mass spectroscopy [5], 
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scanning probe microscopy [6] and many other techniques. 

Since there are so many polymers which are used in recent 

days to form the polymeric films, polystyrene is one of the 

important polymers which has application in various fields 

like the electronic packaging and many others  [7][8]. 

Polystyrene is an example of thermoplastic polymer, 

produced from monomer unit styrene. Polystyrene is rigid 

solid in its solid form, but heating changes to its liquid form 

and used again for molding and extrusion [9].  

Polystyrene is a kind of plastic which holds some 

remarkable properties like excellent dielectric property, 

dimensionally stable and the resistance towards chemicals 

are also very good. Starting from electronic industries to 

kitchen appliances everywhere this plastic is used [10]. 

Adding thermal conductive fillers enhance the properties of 

the films to a greater extent. And for that various kinds of 

fillers has been used in past like the carbon black, carbon 

fiber etc.[11][12][13][14][15][16] , graphite could be one of 

the ideal fillers as many researchers in past have used 

graphite as a filler to enhance the properties [17].  

Graphite was used as conducting filler for preparing 

polymer composites since it is having more electrical 

conductivity [18][19]. In Graphite the carbon atoms are 

bonded covalently and the geometry of the arrangement of 

the atoms are hexagonal. And the layers of the Graphite are 

bonded by very weak Van der Walls forces [10]. So the 

graphite particles are then dispersed with the polymer matrix 

homogenously and for that sonicator is used and then the 

composites are prepared by the in-situ polymerization 

technique. The reason for using this technique is that there no 

appreciable changes takes place in the electrical or 

mechanical properties as it has been reported that blending 

and extruding often results in reducing the properties of the 

composites which is not at all desirable [20].  

      Polymer composites are prepared with conductive fillers. 

They are superior to metallic conductors because of low cost, 

light weight and corrosion resistance [21]. The efficiency of 

the nanocomposite is decided by the filler chemical structure, 

its surface area, morphology and the interaction between the 

polymer and filler. When a filler is added to a polymer with a 

very good solvent, strong interactions occur between the 

polymer and the filler. The volume of the filler can increase 

the viscosity of the composite [22].This work was initiated to 

explore polystyrene graphite nanocomposite as a 

multifunctional material for 

various applications. 
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conductivity in polymers can be achieved with 

nanocomposites. 

    Graphite consists of many stacked layers of nano sheets. 

The electrical conductivity of graphite is 10
4
 S/cm [23]. The 

origin of high electrical conductivity and superconductivity 

in polystyrene films is reported by Nikolaeva et al. The 

formation of covalent bonds between PS and graphite create 

some mechanical stresses which gives rise to 

superconducting property. A conductivity level of more than 

20 S·m−1 can be achieved through the formation of 

composites for the polymers. This superior electrical 

conductivity may be attributed only to the structure of 

nanocomposites [24]. Polystyrene loaded with graphite 

particles can be used for insulated sheathing in construction 

applications. The buildings can be laminated with polymeric 

film facers as water resistant barriers which can eliminate the 

need for house wrap.  

    Increased loading of graphite in polystyrene films offers 

more electrical conductivity, high young’s modulus and a 

protective electromagnetic shielding. But loading of graphite 

more than 40% graphite filler leads to more agglomeration 

which leads to deterioration of the film [25]. In this work, 

polystyrene graphite composite is prepared with very small 

loading of filler. 

II.  MATERIALS AND METHODS 

A. Materials 

  

      Commercial grade poly-styrene [(C8H8)n and density at 

20°C is 1.04-1.065 g/ml] and the commercial grade 99% pure 

Graphite was obtained from Reachem laboratory chemicals 

private limited. Commercial grade benzene [Average 

molecular weight = 78.11 and distillation range is 79-81°C 

and density at 20°C 0.877-0.880 g/ml] was supplied by 

Rankem laboratory. 

B. Formation of Polystyrene/ Graphite Films 

 

     The polystyrene film is formed by the solution casting 

technique followed by solvent evaporation process. In 

solvent evaporation method, the film formation occurs at 

room temperature. When the solvent evaporates, voids are 

produced. The film formation and the thickness of the film 

depends mainly on the concentration of the polystyrene 

pellets corresponding to the volume of the solvent. The 

colloid concentration increases and the colloid shrinkage 

occur. Void closure occurs which leads to the formation of 

the film [26].10gm of poly-styrene pellets was taken and 

added with 45ml of benzene. Then the solution is put in the 

magnetic stirrer for almost 2hrs so that the pellets get 

dissolved in the solvent completely. The solution was poured 

on a glass slab (which was cleaned with distilled water and 

acetone) and spread it evenly and the solvent evaporated for 

almost 36 hrs and then the polystyrene film was obtained. 

Graphite is loaded with polystyrene films in various 

concentrations from 0.5%,1%,1.5%, 2% and 2.5%.After the 

matrix was formed , the solution was kept in the sonicator for 

20 min so that the homogeneity of the matrix should be 

maintained. The solution was poured on the slab till the 

solvent gets evaporated and then the films were made. 

III. RESULTS AND DISUSSION 

A. XRD Studies 

      XRD is an important tool for studying the intercalation of 

fillers in polymer matrices. XRD reveals a successful 

preparation of  polystyrene graphite composite. The chemical 

interaction between polystyrene and graphite is confirmed. 

The proper mixing of PS and the galleries of Graphite can be 

seen through the XRD of nano-composite which is shown in 

Fig. 1. The samples were scanned from the range of 2θ=0 to 

2θ=30(degrees). A peak at 2θ=26.35(degrees) corresponding 

to 002 plane of Graphite was observed. A broad peak 

showing the amorphous nature of PS is present at 

2θ=15–25(degrees) [27]. There is no change in d-spacing and 

2θ of 002 peak of Graphite in the nano-composites. The 

intensity of the XRD peaks increases with the loading of 

graphite. As the loading of graphite increases, the 

crystallinity of the polymer increases which is confirmed 

from XRD analysis. The d spacing value for graphite peak is 

found to be 3.4 Å corresponding to 2θ = 26

. The fraction of 

the crystalline phase increases with the increase in filler 

content which shows a high affinity between polystyrene and 

graphite. 
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                                               Fig. 1. XRD-graphs of the Graphite polystyrene samples 

 

 
Fig. 2. FTIR graphs of the samples of graphite with polystyrene 

 

B. Fourier transmission infrared spectroscopy 

(FTIR)studies 

 

      Fig. 2. Shows the FTIR spectra of PS, and 

nano-composites. As seen in figure PS composites give the 

information of OH group, aromatic C=C vibration and 

phenyl ring. It is noticed at concern vibrational assignment 

bands at 3442, 1377 cm
-1

, 1448, 1492 and 1595 cm
-1

 

correspond to stretching OH vibration and aromatic C=C 

vibration. In addition, the peaks at 756 and 699                    

cm
-1

correspond to out-of plane Vibration modes of phenyl 

ring of PS [28] [29]. Furthermore, the spectrum of 

nano-composite, the absorption of graphite and PS was found 

without change or shift in their characteristic bands. This 

indicates that there is no chemical interaction between the 

graphite and the PS molecules during processing. The 

intensity of all the vibrations increases as the loading of 

graphite filler increases. No shift in the peaks was found upon 

loading. The studies of chemical composition at the interface 

from FTIR analysis is an important area to analyse the 

properties of polymer composites [30]. The FTIR of graphite 

is not having any functional 

groups because of pauli’s 

blocking. When the final 
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transition states are completely filled and no electron can do 

transition, Pauli’s blocking occurs i.e conduction band is 

completely filled with electrons. The spectra is like a flat line. 

The absorption is independent of the frequency and material 

properties [31]. The FTIR spectrum of pure graphite should 

be flat since there are only polyaromatic layers. When the 

composites are made with a polymer and graphite, a peak at 

2θ=26

 appears for graphite in XRD analysis. But no peak is 

there for graphite in the FTIR spectrum of the composites. 

But the intensity of the polymer peak increases in both the 

cases when the filler loading increases. 

C. Scanning electron microscopy(SEM) studies 

     The SEM pictures show a homogenous dispersion of 

graphite in polystyrene and the films are smooth. There is no 

agglomeration of graphite particles in the polymer film. It can 

be seen from Fig.3. shows that Graphite is having a loose and 

porous vermicular structure which is similar to that of 

reported by Song et al.[32]. The porous structure confirms a 

high surface area of graphite particles. 

 

D. Antibacterial studies 

 

The antimicrobial studies are performed for two 

organisms Staphylococcus aureas MTCC 96 and E.coli 

MTCC 1652. The bacterial sample of 10
-6

 cells are loaded in 

100µl liquid samples. Bacterial culture is prepared by 

inoculating micro-organisms in a 100 ml of sterile medium 

and incubating for 24 h at 37 °C. The dilutions of the bacterial 

sample were spread over the agar plates and kept at 37 °C for 

24hrs. The sterilized medium was cooled to 40 °C and poured 

into the petri dishes and the media was allowed to solidify at 

room temperature. Antimicrobial activity of the crude 

extracts was determined by the agar well diffusion method. 

All the test organisms were inoculated in LB broth (pH 7.0.) 

for 8 hours. The optical density of the suspensions was 

adjusted to 0.5 with the help of a spectrophotometer.  Isolates 

were grown on LB agar plates by using sterile plastic 

inoculation loop and L rod. A 100 µl of 10
-6 

cells were spread 

over the LB agar plate. Plates were incubated at 37°C for 48 

hours. Triplicate plates were maintained for each organism. 

The antibacterial activity of the PS graphite composite films 

was assessed by measuring the minimum inhibitory 

concentration  and minimum bactericidal concentration  

(Fig.4).  

A clear zone was observed around the disc which 

confirms the presence of inhibition of bacterial growth. The 

size of the zone of inhibition was measured in millimeters 

[34, 35]. 

 

 
 

Fig. 3.SEM images for graphite incorporated PS samples for graphite loading of 0.5%, 1%,1.5%, 2%, 2.5 %. 
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Fig. 4. Zone of inhibition of graphite incorporated PS samples for graphite loading of 0.5%, 1%,1.5%, 2%, 2.5 % 

. 

E. Electrical ConductivityMeasurements 
 

     The physics behind carbon based structures is very 

important for studying the percolation conduction process in 

nanocomposites. The electronic property of graphite arises 

from its stacked structure. The conductive particles in 

polymers enable the conduction above the percolation 

threshold. Composites with conductive fillers can be 

explained with percolation theory. In composites, the 

conductive particles are having a very high conductance. If 

the loading is small, the composite will have a very high 

resistance. At some fraction of the filler, the insulator 

becomes a conductor. The filling fraction value at which the 

insulator becomes a conductor is known as percolation 

threshold. The composite will become a metal like material 

[31]. A high aspect ratio of graphite sheets is the reason for 

improvement in electrical conductivity of the composite. 

High loading of graphite gives rise to poor mechanical 

properties and high density of the composite. There is an 

optimum level of loading of the filler in the matrix to make 

the composite with remarkable properties. The addition of 

graphite in polystyrene may increase the glass transition 

temperature of the composite which depends on the mobility 

of the chain segments and this is true only for low loading of 

the filler [27]. 

     For designing a good performance of  composites, the 

following factors should be considered (i) selection of filler 

and matrix (ii) thermodynamic and rheological properties of 

filler and matrix (iii) Processing conditions. During the 

synthesis of nanocomposites, the chemical structure of 

polymer is controlled and thereby the attraction between the 

polymer and filler is increased. This leads to better 

disaggregation and homogenous dispersion of the filler in the 

matrix. Thus percolation threshold can be achieved even for 

small loading of the filler. [32]. The polymer composites can 

be made as functional through the percolation of high surface 

area conductive particles. The effective surface area may 

decrease due to aggregation after composite formation [33]. 

The electrical conductivity study of the films is performed in 

LCR meter. Fig.5 shows the Electrical conductivity 

measurements of graphite incorporated PS samples for 

graphite loading of 0.5%, 1%,1.5%, 2%, 2.5 %. Polystyrene 

with 1% graphite shows more conductivity than other 

samples which is evident from the graph. 

 

 
 

Fig. 5. Electrical conductivity evaluationof graphite 

incorporated PS samples for graphite loading of 0.5%, 

1%,1.5%, 2%, 2.5 %. 

IV. CONCLUSION 

The cost effective polystyrene/ graphite nano-composites 

was prepared by a solution casting  method. XRD shows that 

the crystallinity increases upon increasing the graphite 

content. FTIR shows that there is no chemical interaction 

between Graphite and PS molecules. SEM pictures give the 

information about uniform distribution and 

three-dimensional network of Graphite in PS matrix. 

Antibacterial studies and Electrical conductivity 

measurements show good results. 
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