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1- Introduction

The fabrication of polymer-based composites with
segregated structure using conductive fillers is one of the
methods to achieve a material with desirable electrical
conductivity in low weight percentage of the conductive
reinforcement. Using of carbon materials such as graphite,
carbon nanotubes, and carbon black as the conductive
phase, compared to metals in polymer matrix composites,
is one of the ways to reduce production costs and achieve
superior electrical properties in the segregated structure of
composites [1-4]. The weak mechanical properties of
segregated structure compared to composite with random
distribution is related to the weak interface and the
accumulation of micro-holes at the boundary of the two
phases. to solve it, the use of polymer reinforcing phase
with lower molecular weight compared to matrix is
suggested.

2- Experimental

The matrix phase of the composite in this study is High-
Density Polyethylene (HDPE) and Carbon Black (CB)
were used as the conductive phase with particle sizes
between 20 to 50 nm. Low-Density Polyethylene (LDPE)
was selected as a secondary reinforcing phase. CB/HDPE
composite samples without of LDPE phase and in the
presence of 0.5% wt LDPE with 0-5% by weight of carbon
black were prepared under hot pressing at a pressure of 16
tons, in the temperature range of 122 to 124 °C.

Results and Discussion
Considering the FESEM images obtained from the tensile
test in Figure 1-a, fracture surfaces of HDPE/2%wt CB

and HDPE/2%wt CB/0.5%wt LDPE composites can be
observed. for both samples, the segregated structure or
conductive paths is well visible. besides, in the
HDPE/2%wt CB/0.5%wt LDPE composite, the presence
of LDPE fibers can be seen in the interface of two phases.
The results of electrical conductivity (Fig 1-b) show that
the addition of 0.5% by weight of LDPE caused a
decrease in electrical conductivity due to Destruction in
the segregate path.

According to Table 1, due to the imperfect melting of
polyethylene granules and the presence of structural
defects such as holes and a weak interface between two
phases, the mechanical properties of all segregated
structure are lower than the pure HDPE. By adding the
carbon black powders, the amount of stress required to
start the plastic deformation shows a decreasing trend. The
presence of soft phase of LDPE in the interface of
composite, the amount of structural defects has decreased,
but the low resistance of this phase against plastic
deformation causes easier conformation of polymer chains
at lower stress levels. This trend is clearly observed for
HDPE/1%wtCB/0.5%wt LDPE composite. By increasing
the weight percentage of carbon black to 2%wt, the effect
of the soft micron phase in the interface with the presence
of carbon black nanoparticles is reduced and the increasing
trend of the yield stress can be seen.
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Figure 1-a: FESEM Images of Fractured Surface a) Composite containing 2%wt CB b) Composite containing 2%wt
CB/0.5%wt LDPE. b: Changes in electrical conductivity as a function of CB weight percentage in two composites containing

Table 1: Mechanical Properties Results of the
Composite with Segregated Structure

Yield Strength Young's Modulus Samples
(MPa) (GPa)
3.9 0.282 HDPE
2.89 0.290 1CB-HD
1.85 0.204 1CB-0.5LD
4.04 0.311 2CB-HD
2.27 0.250 2CB-0.5LD

2%wt CB and 2%wt CB/0.5%wt LDPE.

3- Conclusion

In this research, using dry mixing and hot compression
molding, xCB-HD and xCB-0.5LD composite samples
with segregated structure were. The cumulative
distribution of CB in the HDPE has been very favorable in
increasing electrical conductivity. The addition of 0.5%
LDPE caused a drop in electrical conductivity. But the
addition of LDPE did not improve mechanical properties
such as yield strength and Young's modulus.
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Effect of Presence LDPE on Mechanical and Electrical Properties of CB/HDPE Segregated Structure

Mehran Teimoury  Samaneh Sahebian  Seyed Abdolkarim Sajjadi

Abstract

Considering the application of conductive polymer composites with segregated structure in electronics and aerospace
industries, their mechanical properties becomes important. In this research, High Density Polyethylene (HDPE),
Carbon Black (CB) as conductive phase and Low Density Polyethylene (LDPE) were used as reinforcing phase to make
composite. Mechanical mixing followed by hot pressing was used to prepare composites. The conductivity of the
samples was measured to ensure the formation of segregated structure. In the xCB-HD sample, the maximum electrical
conductivity was 43.10 S/m and in the xCB-1LD sample, it was 36.62 S/m. Evaluation of microscopic images also
confirms the formation of conductive paths in the structure, and microscopic images also confirmed the results of
electrical conductivity. With the increase of the conductive carbon phase at the boundary of the HDPE granules due to
the creation of structural defects, the yield strength decreasing trend was observed compared to pure polyethylene.. By
increasing the weight percentage of carbon black from 1 to 2 weight percent, yield strength improved by 20 to 40
percent and Young's modulus by 7 to 22 percent in xCB-HD and xCB-1LD segregated structures.

Keywords Segregated Structure, Mechanical Properties, Electrical Conductivity, Conductive Polymer Composites, Yield
Strength, Young's Modulus.
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