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1.Introduction

Conductive polymer matrix composites have attracted
considerable attention due to their many applications, as
shields against electromagnetic waves, batteries, and
sensors. The adjustable electrical conductivity, corrosion
resistance, and low density of these materials have led to
their utilization in various fields. Long-term exposure to
electromagnetic waves is a serious threat to human health,
making the design and development of electromagnetic
protective materials is essential. When a conductive
reinforcement is added to the polymer matrix, electrical
conductivity is improved in the polymer matrix composite.
As the electrical conductivity of the structure increases, the
composite's protection against electromagnetic waves also
improves. One of the allotropes of carbon is carbon black,
commonly used as a reinforcement in rubber, a pigment in
plastics, and a reinforcing phase in conductive composites.
Its inherent conductivity, desirable chemical stability, and
low cost have led to carbon black widely used in polymer
matrix composites. The aim of the current research is to
make a conductive polymer matrix composite using
segregated structure to enhance electrical conductivity and
provide protection against electromagnetic waves. To
achieve this goal, composites of high-density polyethylene
(HDPE) and carbon black (CB were made) in various
weight percentages using mechanical blending and hot
pressing.

2. Method

In this study, carbon black was added to polyethylene
powder at concentrations of 2%, 5%, 5.7%, and 10% by
weight. To produce HDPE/carbon black composite
granules, the raw materials were subjected to mechanical
mixing for 10 min. In the final stage, hot pressing was
employed to fabricate nanocomposites. To produce
segregated structure composite, the molded powders were
subjected to a load of 16 tons for 3 minutes at 120°C.

Additionally, for the fabrication of polymer composites
with a random distribution of the secondary phase, samples
were subjected to a pressure load of 30 tons at a
temperature of 180°C.

Table 1. Electrical Conductivity of HDPE-Carbon black

Composites
conductivity (S/m) Electrical | sample code
0.007 r-CB2
20 s-CB2
0.011 r-CB5
59 s-CB5
72 s-CB7.5
78 s-CB10

3. Results and discussion

electron microscopy images revealed that in the CB-2
composite powder, carbon black particles are present on
the surface of polymer granules. However, in the CB-7.5
composite powder, with an increase in the weight
percentage of carbon black, a significant amount of carbon
black particles is deposited on the polymer granules,
indicating the formation of a conductive network at the
surface of the granules in the segregated structure. In the
r-CB2 sample, the addition of 2% by weight of carbon
black resulted in an electrical conductivity of 0.007 S/m.
In contrast, in the s-CB2 sample, with a similar amount of
carbon black, the electrical conductivity increased
approximately 3000 times and reached 20 S/m. The results
of the wave absorption rate show that in the samples of
these composites, the dominant mechanism of protection
is the absorption mechanism .This significant increase in
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electrical conductivity suggests the successful creation of
segregated structure in the s-CB2 sample.
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Figure 2. Comparison of protection level with absorption
and reflection mechanisms and total protection in s-CB2

composite.
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Figure 1. Comparison of Absorption and Reflection in s-
CB5 and r-CB5 composites.

4. Conclusions

The creation of a segregated structure has significantly
enhanced electrical conductivity compared to a random
structure. In the sample containing 2% carbon black,
electrical conductivity has increased from 0.007 S/m in the
random structure to 20 S/m in the segregated structure.
With an increase in the percentage of carbon black,
conductivity improved further, reaching 78 S/m with the
addition of 10% by weight of carbon black. The trend of
maximum composite protection shows an increase from 6
dB to 16 dB with a change in the weight percentage of
carbon black from 2% to 5%. This is attributed to the thick
layer of carbon black coating at the surfaces of polymer
granules in the structure.
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Effect of Carbon Black Distribution on Conductivity and Electromagnetic Interference Shielding
Properties of Polyethylene Composite

Ali Shajari Fatemeh Najarnia Mohsen Haddad Sabzevar Samaneh Sahebian

Abstract The application of conductive particles with segregated distribution in the polymeric matrices is one of the
most effective ways to reduce percolation threshold, increase conductivity, and improve EMI shielding properties. In this
study, mechanical mixing and hot compression molding were used to fabricate polyethylene/carbon black composite with
segregate and random distributions. Microscopic images showed that during the mechanical mixing process, the
polymeric granules were well coated with carbon black. The electrical conductivity of segregated structure composite
( 2 wt% carbon black) increased about 3000 times compared to the random structure(2%wt carbon black). Using the
vector network analyzer, it was revealed that by increasing the black carbon content from 2 to 5 wt%, the maximum EMI
shielding effectiveness of the composite increased from 6 dB to 16 dB, respectively.

Keywords Conductive polymer composite, conductive property, segregated structure, carbon black, Electromagnetic
Interference Shielding Properties.
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