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Abstract

Introduction: Conductive polymer composites (CPCs) have been getting
attention in academic and industrial fields for several decades. Unfortunately,
ordinary CPCs with random conductive network usually require a high filler
percentage to provide desired conductivity. In upcoming research, an electrically
conductive polymer composites with segregated structure was used in order to
achieve high conductivity at low filler percentages
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Methods: Segregated Structure HDPE/CNT nanocomposite were produced with
pure nanotubes reinforcement and modified surface nanotubes by dry mixing
method.

Findings: Microscopic images results showed that in both types of pure and
surface modified composites an aggregated arrangement structure was created
and carbon nanotubes were placed in interface between the granules.
Conductivity results showed an exponentially increase in structure conductivity
with increasing carbon nanotube content. The maximum value of conductivity in
two composites with pure nanotubes and surface modified nanotubes at 6 wt%
respectively was 47.675 , 27.675 s/m. The Maximum shielding (EMI) in raw
carbon nanotubes reinforced composite and modified surface respectively was
equal to 9 and 9.31 dB.
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Extended Abstract

Introduction

Nowadays, the absorbing electromagnetic
waves in the microwave region technology is a
valuable subject for commercial purposes,
communication devices, military and many
electronic  or  technological  systems.
Nanocomposites  containing  electrically
conductive materials are the most suitable
candidates for use in wave absorbing materials.
At present, several methods have been defined
in the field of polymers to control the
conductive filler network formation, but the
creation of polymer composites with a
segregated filler network is a promising method
to achieve high electrical conductivity with low
amounts of reinforcing phase in composites. In
addition, they exhibit unique advantages such
as very low threshold values and optimal
shielding against electromagnetic waves
compared to conventional conductive polymer
composites with random networks. Carbon
nanotubes need a modification process due to
their special structure such as large aspect ratio
and lack of solubility in aqueous solvents.
Functionalization of carbon nanotubes is the
best method in developing their reactivity and
application. The presence of functional groups
on the surface or at the end of nanotubes allows
them to enter into chemical reactions with
different molecules or macromolecules. The
binding of different molecules on the surface of
nanotubes improves their solubility beside
improve their properties and structure.

Methodology

In this research, multi-layered carbon
nanotubes (MWCNT) with a 60-40 nm external
diameter ,5-10 micrometers length and 99%
purity from Vira company were used. For acid
washing process, a 65% nitric acid (produced
by Merck company) with distilled water were
used to wash the samples. HDPE powder with
250 to 500 microns particle size and grade HD
52505 UV produced by injection method from
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Jam Petrochemical Company was used for
composites.

Results and discussion

To perform the acid washing process, 0.1 g of
carbon nanotubes were added to 50 cc of nitric
acid and subjected to ultrasonic waves for one
hour, then the sample was mixed for 2 hours at
ambient temperature by a magnetic stirrer until
the reaction was complete with the functional
groups and a magnetic stirrer is used for this
part of work. The samples washed several times
by distilled water until the final pH of the
exiting water from the reaches filter be about 6.
Then, in order to dry products, samples dried at
90 C for 6 hours. For produce composite
samples, first, 0.5, 0.2, 1, 2, 3, 4, 5, 6 percent of
carbon nanotube were added to polyethylene
powder. Then, they were mechanically mixed
by using a NARYA-BM25 mill mixer (made in
Iran )at 20 Hz frequency for 10 minutes. The jar
and balls of this device are made of stainless
steel. In next step, prototyping was done by
pressure molding at a pressure of 16 MPa and a
temperature of 122C. The composite samples
made with pure carbon nanotubes are named as
P-CNT and the composites made by acid-
washed carbon nanotubes are named as F-CNT,
and the weight percentage also displayed with a
number.

Conclusion and Discussion

During the acid washing process, functional
groups are formed on the surface of carbon
nanotubes, for this purpose, a FTIR test was
taken from P-CNT and F-CNT samples. During
the acid washing process, impurities on the
nanotube are removed and hydroxyl and
carboxy! functional groups which formed on
the outer surface of nanotube.

According to the conductivity test results, with
the increase of CNT in both composites, the
conductivity has increased, which is due to the
increase and accumulation of carbon nanotubes
in the interconnected conductive paths in the
structure of the Segregate composite. But this

Journal of New Materials. 2022; 13 (49): 57-71



Neyshabouri Mohammadabdi et al

increase in P-CNT composite is higher than F-
CNT composites in higher percentages.
Because during the surface modification
process, the amount of defects and damages in
carbon nanotubes increases and these defects
are more visible in high percentages of
nanotubes in the produced composites. In this
research, the threshold of ¢_¢ for P-CNT and F-
CNT samples is respectively equal to
¢ _¢c=0.0799 vol% (equal to 0.167% wt) and
¢_c=0.0794 vol% (equal to 0.166 wt% ) and the
t value was obtained as 2.46 and 2.53,
respectively.

According to the VAN test results, the amount
of protection through absorption is much higher
than the reflection mechanism and the
contribution of reflection is very small. As a
result, it can be seen that absorption is the
dominant mechanism in both composites. In
general, in both protection samples, the values
are higher than 4 dB and decrease by 1 dB only
in the frequency range of 5.9-10 GHz. In the
maximum protection, the contribution of
absorption in P-CNT6 and F-CNT6 samples is
76.85% and 76.94%, respectively, and the
reflection contribution from the maximum
protection in P-CNT6 and F-CNT6 samples is
23.14 and 23.05, respectively.

According to the microscopic images, it can be
seen that due to acid washing, the ends of the
nanotubes are opened, and as a result of the
nanotubes modification, functional groups are
created at the ends or on the surface of
nanotubes. Also, the carbon nanotubes in the
pure sample and the acid-washed sample
completely covered HDPE granules surface
during the mixermill process, and it can also be
seen with increase in the CNT weight
percentage, more carbon nanotubes were
placed on the surface of the granules. Finally,
the fracture surface of the P-CNT2 and F-CNT2
composite samples shows that in the aggregate
structure, the secondary phase (CNT carbon
nanotube) is coated around the HDPE granules.
In this type of segregate composites, the carbon
nanotube is selectively placed in the boundary
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between the granules and creates a conductive
path instead of being distributed in the polymer
field.
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