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Abstract - In recent years, high strength and low cost conductive polymer composites have attracted a considerable attention 

of worldwide researchers due to their wide range of applications. Usually, they are being made by adding high volume 

fraction of conductive reinforcing fine particles in polymers, which is expensive and also causes some problems as it reduces 

the moldability and draw ability of the composites. Binary polymer matrix with binary conductive particle reinforced 

composite could be a solution to overcome the challenges. This study is designed to develop a conductive binary matrix 

polymer composites composed of polymers of high strength (polypropylene, PP) and  soft but conductivity friendly 

(ethylene-co-vinyl acetate, EVA) with relatively lower amount of conductive binary nano filler materials (carbon black and 

alumina powder). For doing this, samples were prepared by mixing all ingredients (PP 60wt%, EVA 40wt%) and their 

thermal conductivity values were measured. After detailed experimental study, it has been revealed that the thermal 

conductivity of the developed binary nano particle reinforced composite is nearly 12 times higher than that of the pure PP 

and 10 times higher that of pure EVA, whereas the conductivity is significantly lower if the reinforcing particles (carbon and 

alumina) are used separately.  
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I. INTRODUCTION 

 

Among different types of polymers used, 

polypropylene is light, low cost, easy of processing 

and excellent chemical stability with high mechanical 

strength [1,2]. This polymer is not only used in 

plastic industries, but it is also used in bulk volume as 

fibres in textile industries. On the other hand, 

polymers like polyanylene, polyvinyl alcohol, 

polyethylene-co-vinyl acetate, etc have moderate to 

high thermal conductivity. Conducting polymeric 

materials also have a wide range of uses for making 

antistatic coatings, electromagnetic shielding 

materials, biomaterials, semiconductors and batteries 

[3,4,7,8]. As we know, PP has good mechanical 

properties, however, its conductivity is relatively 

poor. On the other hand, compared to PP, EVA has 

better thermal and electrical conductivities, but it is 

relatively soft. In this situation, binary matrix (PP and 

EVA) polymer could be a good choice for a more 

balanced mechanical and thermal property 

combination [9-11]. EVA added PP binary polymer 

has also drawn considerable attention to be used in 

smart fabric, which can give comfortness as well as 

high durability because of its relatively high strength 

[3-7]. Different particles are increasingly being used 

as additives in polymers to simultaneously enhance a 

variety of properties without sacrificing other useful 

qualities of the base polymers. Carbon black, 

activated carbon and alumina, for example, have very 

high thermal and electrical conductivities. As a 

consequence, these fillers can be used to convert 

thermally and electrically insulating polymers into 

conductive materials [12-14].    

 

II. MATERIALS AND EXPERIMENTAL 

PROCEDURE 

 

For making binary polymer matrix PP and EVA 

along with two different fillers as carbon black and 

alumina powders were collected from the local 

market.  

In development of the composite, at first, the 

ingredients of the binary polymer matrix (PP 60wt% 

and EVA 40wt%) along with 6wt% (compared to the 

total weight of PP and EVA) the nano filler particles 

(carbon black and alumina of particle size less than 

100nm, Fig.1) singly or in combination (as binary 

filler material) were melted and blended in a simple 

polymer melting and blending unit having rotational 

speed range from 0 to 60 rpm and temperature range 

up to 450°C. To begin, all compounds ingredients 

were mixed at 190°C in the blending unit using a 30 

rpm speed for 10min.  

 
Figure 1: SEM photomicrograph showing the particle size of 

filler material. 
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The molten polymer from the blending machine was 

then transferred to an aluminum mold and the mold 

was then placed under a hot press. Thereafter, the 

samples were molded to plate shape by hydraulic 

compression press at a pressure of approximately 

30kN for 5min at 190°C. After cooling, the cast 

sample was taken out from the mould (the overall 

operation in hot press is shown in Fig.2). The 

prepared samples were characterized by FTIR 

analysis, FEGSEM and thermal conductivity tests.  

 

 
Figure 2: Schematic of sample preparation of compression 

molding in hot press. 

 

III. RESULTS AND DISCUSSION 

 

3.1. FTIR Spectroscopy 

Figure 3 represents the FTIR spectra for the blended 

PP/EVA and filler materials, where all characteristics 

peaks have been found. The peaks found like 

2914cm-1, 2847cm-1, 1730cm-1, 1464cm-1, 1375cm-1, 

1300cm-1 and 720cm-1, respectively, represent 

methylene asymmetric C–H stretching, methylene 

symmetric C–H stretching, aliphatic C=O ester group 

of EVA, methylene scissoring, methyl symmetrical 

C–H bending, methylene wagging and methylene 

rocking respectively. From the spectra resented in 

Fig.3 no new peak other that the characteristic peaks 

related to EVA and PP has been observed. This 

finding is a proof that after melting and blending of 

the binary polymer matrix of PP and EVA did not 

form any new type of polymer, rather than they just 

remain as co-continuous phases. Similar observation 

has also been mentioned by some other investigators 

[10,15]. 

 

 
Figure 3: FTIR spectra binary polymer reinforced with binary 

particle. 

3.3 Microstructural Observation in FEGSEM 

The FEGSEM observation is presented in Fig.4. 

From this photomicrograph taken on tensile fracture 

surfaces, it is very clear that the two phases of PP and 

EVA are not in mixed condition, they just overlapped 

with each other creating a mating interface. PP is 

relatively brittle, which has been identified by its 

nature of brittle type of fracture, whereas EVA phase 

has been identified from its ductile nature of fracture 

mode. This observation figures out that these two 

polymers remain immiscible in the case of their 

binary matrix. 

 

 
Figure 4: Immiscible phases PP and EVA binary matrix 

polymer. 

 

3.4 Thermal Conductivity 

Throughout the study binary matrix system of 

polypropylene (PP, 60 wt%) and ethylene vinyl 

acetate (EVA, 40 wt%) were used. The samples were 

designed in such way that single to binary particle 

effects on thermal conductibility of the developed 

composites could be possible to observe. Figure 5 

indicates that the thermal conductivity of the binary 

polymer composites increase with the increase in the 

activated carbon filler content and that after adding 

about 8% of carbon particles the thermal conductivity 

increase from the value of base binary polymer 

matrix 0.16 to 0.9w/m.k. This increase might have 

been attributed due to continuous thermal pathways 

created in the composites.  

 
Figure 5: Variation of thermal conductivity with carbon 

particle content in PP and EVA binary matrix. 
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Figure 6: Variation of thermal conductivity with alumina 

particle content in PP and EVA binary matrix 

 

Similar to activated carbon, alumina particle 

individually also has low effect on thermal 

conductivity of the composite (Fig.6), where the 

thermal conductivity increased from 0.16 to 1.0w/m.k 

after addition of 6% of filler particle. Slightly better 

conductivity increase has been possibly due to its 

higher thermal conductivity compared to that of the 

activated carbon particle.  From Figs.5 and 6, it is 

clear that the effect of 6% alumina particle is very 

close to that of 8% carbon particle.  

 

 
Figure 6: Variation of thermal conductivity of alumina and 

carbon binary particle content in PP and EVA binary matrix. 

 

 
Figure 7: Easy conductive pathways in EVA phase in the 

binary PP and EVA polymer matrix. 

For binary polymer matrix with binary particle 

reinforcement composite system the senerio is 

somewhat different, Fig.7. In the latter case, initially 

the thermal conductivity increases slightly similar to 

the single particle reinforced composite due to 

isolated alumina particle segregation in activated 

carbon particle. However, the trend has been changed 

when the alumina content is gradually increased as 

higher alumina created more continuous networks in 

immiscible interfacial zone of EVA. This is because 

EVA is polar materials, whereas PP is non-polar, 

where alumina particles tend to remain preferentially 

distributed in EVA phase, Fig.7. Consequently, more 

and favourable easy thermal pathways have been 

created in the composite. The carbon particles also 

create more contact between the alumina networks, 

which also accelerated the thermal conductivity of the 

composite. In this case the thermal conductivity has 

been increased to 1.7w/m.k from the base value of 

0.16w/m.k, which is about 12 time higher than that of 

pure PP and 10 higher than that of pure EVA. Some 

other researchers have also mentioned similar 

observation [15,16]. Here it is to be noted that the 

thermal conductivity of pure PP and EVA are, 

respectively, 0.14w/m.k and 0.16w/m.k [17].  

 

IV. CONCLUSION 

 

In the present research, binary matrix by single 

particle and binary matrix by binary particle 

composites were fabricated with hot press technique 

following pre melting and blending of fixed 6wt% of 

filler. After development of the composite; it was 

characterized by FTIR spectroscopy, FEGSEM and 

thermal conductivity tests. After the detail 

investigation the followings outcome can be 

concluded from this work: 

 

a. The polymer composite containing single filler 

either organic particle (activated carbon) or 

inorganic particle (alumina) have lower effect on 

thermal conductivity of polymer composite than 

binary particle.  

b. It is revealed from experimental result that in the 

binary matrix immiscible co-continuous phase of 

binary matrix of PP/EVA has been formed that 

helped to particle distribution in immiscible 

interfacial zones of the binary matrix. This 

creates thermal conductive pathways of filler that 

caused significant enhancement in the thermal 

conductivity. The ultimate thermal conductivity 

of this study is nearly twelve times of the pure 

PP and ten times of pure EVA having 6wt% of 

filler in the binary matrix system. 
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