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ABSTRACT

Purpose: The design and manufacture of lightweight polymer composites with high electrical and 
thermal conductivity have been a research focus in recent years. In this study, tensile strength and 
modulus of elasticity of nanocomposites formed by high density polyethylene (HDPE) matrix and 
graphite powder filler material were determined.

Design/methodology/approach: In this study the conductive filler was graphite with an average 
particle size of 400 nm and purity of 99.9%, the matrix material was high density polyethylene (HDPE) 
with a density of 0.968 g/cm3 and a melt index of 5.8 g/10 min, supplied by Petkim A.Ş.- Izmir. 
Nanocomposites containing up to 30 weight percent of graphite powder filler material were prepared 
by mixing them in a Brabender Plasticorder at 180°C for 15 minutes. Tensile strength and modulus of 
elasticity of nanocomposites formed were determined as functions of graphite powder content.

Findings: An increase in tensile strength and modulus of elasticity was observed with increasing 
graphite powder content from 0 to 6%. However, for further increasing the graphite content, tensile 
strength decreases while modulus of elasticity continued to increase in the composite.

Practical implications: Since natural graphite (NG) has a high electrical conductivity at room 
temperature, it is considered an ideal candidate for manufacturing conductive polymer composites. 
The recent advancement of nano-scale compounding technique enables the preparation of 
highly electrically conductive polymeric nanocomposites with low loading of conductive fillers. 
Nanocomposites may offer enhanced physical features such as increased stiffness, strength, barrier 
properties and heat resistance, without loss of impact strength in a very broad range of common 
synthetic or natural polymers.

Originality/value: To see the effect of conducting fillers on mechanical properties of HDPE based 
nanocomposites, graphite particle 400 nm in size were used.
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1. Introduction 
 
In recent years, conducting polymer nanocomposites have 

attracted considerable attention due to their potential application 
in many areas, such as antistatic coatings, electromagnetic 
shielding materials, semiconductors and batteries [1-9]. The 
conductive fillers used mostly were metallic powders [1-3], 
carbon black [10-11] and graphite [12-16] usually incorporated 
into insulating polymers to produce electrical conducting 
composites [13-16]. Electrical conductivity values (S/cm) are 
typically 10-14 to 10-17 for polymers, 102 for carbon black, 105 for 
high-purity synthetic graphite, and 106 for metals such as 
aluminium and copper [17]. 

The presence of graphite particles has also great influence on 
the mechanical behaviour of polymeric composites [18-24]. 
Graphite/polyethylene composites have been studied intensively in 
recent years owing to the expected advantages of improving the 
electrical properties of composites. However, little effort is 
devoted to investigating the mechanical properties [24]. In the field 
of conducting polymeric composites, one main objective is to 
minimize the filler concentration because high-concentration of the 
conductive filler could lead to deterioration of mechanical 
properties of the composite [25]. For better process ability by 
conventional techniques such as injection moulding or 
compression moulding, a thermoplastic compound with as low a 
concentration of the conducting graphite additive as possible is 
preferred. This depends on the percolation threshold for a 
particular combination of graphite and the polymer matrix [26-27]. 

In this study, nanocomposites containing up to 30 weight % of 
graphite powder filler material were prepared by mixing them in a 
Brabender Plasticorder at 180°C for 15 minutes. Tensile strength 
and modulus of elasticity were determined as functions of content 
of graphite powder.  

 
 

2. Materials and methods 
 
 
2.1. Materials 

 
The matrix used for this project was high density polyethylene 

(HDPE- I-668) with a density of 0.968 g/cm3 and a melt index of 
5.8 g/10 min, supplied by Petkim A. .- Izmir. The conductive 
filler used in this study was graphite with an average particle size 
of 400 nm and purity of 99.9%. The graphite powder was 
purchased from Nanostructured and Amorphous Materials, Inc.-
Houston, USA. 

Figure 1 shows the size of the graphite particles used in 
fabricating HDPE-Graphite nanocomposites. As can be seen from 
Figure 1, graphite particles have a different shapes and sizes.  
 
 
2.2. Preparation of composite materials 

 
HDPE-graphite mixtures in different weight percentage 

(wt.%) were prepared in a Brabender Plasticorder PLE 331 
internal mixer at 180°C for a total mixing time of 15 min , the 
mixing chamber capacity being 30 ml. The rotors turned at 

35 rpm in a counter-rotating fashion with a speed ratio of 1.1. 
After 10 minutes, the mixing chamber of the Brabender apparatus 
is opened and the resulting mixture is taken out, then after passing 
through the rollers the mixture is solidified. The HDPE-graphite 
mixture then put in a compression molding die and compressed in 
a compression molding press at 120°C, under 40 kPa pressure for 
one minute to obtain samples in the form of sheets of 1mm in 
thickness. 
 

 
 

 
 

Fig. 1. The size of graphite particles 
 

 
Morphological analysis of the graphite powder and 

nanocomposite sample was conducted with a scanning electron 
microscopy (JEOL JSM 6060). In order to reduce the extent of 
sample arcing, the samples were coated with a thin layer of 
metallic gold in an automatic sputter coater (Polaran SC7620) 
prior to examination by SEM. Graphite particles were dispersed in 
HDPE phase, as presented in Figure 2. When the concentration of 
graphite in HDPE phase is 4%, it is difficult to distinguish 
continuous phase (HDPE) and dispersed phase (graphite). 
However, when the concentration is increased, graphite phase can 
be seen clearly. Especially for the concentration of 30%, graphite 
particles are placed very closely to each other. When the SEM 
micrograph of graphite (Figure 2a) was compared with other SEM 
micrographs such as Figures 2d and 2e, it can be said that the 
accumulation of graphite particles is also possible due to higher 
graphite concentrations. 
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a)           b) 

   
 
c)           d) 
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Fig. 2. a) Graphite powder b) HDPE-Graphite (4%), c) HDPE-Graphite (10%), d) HDPE-Graphite (20%), e) HDPE-Graphite (30%) 

 
2.3. Tensile testing 

 
The tensile specimens with a working area 

35 mm×3.6 mm×1 mm were punched out from the sheets. The 
mechanical properties were measured at room temperature using a 

Shimadzu Autograph AG-IS Series universal testing machine 
equipped with a video extensometer system at a cross head speed 
of 1 mm/min. The average values of three tests for tensile 
strength, tensile modulus and elongation at break are reported for 
each sample. 

2.3.	�Tensile testing

 

3. Results and discussion 
 

Figure 3 shows the tensile strength with increasing graphite 
content in composite sheets. As can be noticed from Figure 3, 
filler content affects the tensile strength of nano composites. The 
tensile strength of composites increases from 23.31 to 35.72 MPa 
with increasing graphite content from 0 to 6%. However, 
increasing of filler content from 6 to 8%, tensile strength 
decreases to 34.82 MPa. Upon further increasing the graphite 
content, strength decreases in composite sheets. The tensile 
strength values of nanocomposite, HDPE-Graphite (10%), HDPE-
Graphite (12%), HDPE-Graphite (15%), HDPE-Graphite (20%) 
and, HDPE-Graphite (30%) were obtained to be 32.74, 31.42, 
30.43, 28.46 and 20.52 MPa, respectively. the detrimental 
mechanical properties are described on the basis of aggregation 
theory [28]. Hence, nanocomposites possess more matrix 
aggregation at low content of graphite. At higher content of 
graphite, due to its highly porous structure and high surface area, 
low content of polymeric matrix is insufficient to infiltrate in 
graphite and, as a result, aggregation of graphite in composites. 
However, at a lower content of larger graphite particles, the 
properties of composites are dominated by the matrix contents. At 
a lower content of graphite above the percolation threshold, the 
matrix causes the creation of voids in the composites [29]. 
Therefore, the stress concentration effect is due to the voids and 
also increases the degree of bonding between graphite particles 
and matrix. Thus, the importance of stress concentration increases 
which changes the mode of fracture behaviour of composite 
sheets. 

 

 
 
Fig. 3. The variation of tensile strength with increasing graphite 
content in composites 

 
At a higher content of graphite, graphite particles have a 

inclination to collect. Therefore, the matrix does not penetrate into 
the galleries between or inside graphite and graphite could not 
fully wet. This means that some graphite particles can overlap 
with each other during composite plate development, resulting in 
voids or defects in the interior of the composite structure where 
the strain is concentrated. This is because of a lack of percolation 
due to the lower content of matrix, which leads to composite plate 
that is fragile and can easily be fractured with the application of 
small stress [17]. 

The effect of graphite content on tensile modulus of 
composites was given in Figure 4. As can be seen in Figure 4, the 
modulus of HDPE increases with increasing graphite content. The 
modulus exhibits increasing trend with the amount of graphite, 
showing the dominant contribution of the filler particles to the 
modulus of the composite. 

 

 
 
Fig. 4. The variation of tensile modulus with increasing graphite 
content in composites 
 
 

4. Conclusions 
 

HDPE-graphite mixtures in different weight percentage (wt.%) 
were prepared in a Brabender Plasticorder PLE 331 internal mixer 
and the resulting nanocomposite properties were compared with 
those of graphite in different weight percentage (wt.%) filled 
HDPE composite. With a loading of 6 wt.% expanded graphite in 
HDPE, the maximum tensile strength and the modulus improved 
over the neat HDPE film by about 53 and 46% respectively. The 
modulus of HDPE increases with increasing graphite content from 
8% to 30%. But at a higher loading of 8 wt.%, the tensile strength 
exhibited significant decrement. 
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