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Effect of filler loading on the shielding

of electromagnetic interference of reduced graphene
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prepared via a twin-screw extruder
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ABSTRACT

Thermoplastic polypropylene (PP) with different loadings (0.5, 1, 3 & 5 wt%) of
reduced graphene oxide (RGO) were prepared to design a nanocomposite to
shield the electromagnetic interference (EMI) using melt processing technique
via a twin-screw extruder. The nanocomposites were characterized by dc con-
ductivity, mechanical, fractography, and electromagnetic shielding applications.
Incorporation of RGO significantly affects the mechanical strength of
nanocomposites, which helps to rise in the tensile (4.7%) and flexural strength
(4%) at maximum (5 wt%) RGO loading compared to pure PP. There has an
improvement in the electrical conductivity of nanocomposites with an increase
in the filler load. The RGO/PP nanocomposites exhibit the EMI shielding
effectiveness (SE) of — 10.2 dB with 2 mm of thickness at 5 wt% of RGO loading.
The outcomes showed that the RGO/PP nanocomposites are able to block up to
90% of the EM wave and are a potential candidate for another kind of micro-
wave absorbing material at large-scale manufacturing division.
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mechanisms of EMI include reflection, absorption,
and multiple reflections [3]. In the past, metal com-

1 Introduction

The rapidly growing use of electronic and electrical
devices has given a lot of boost to EMI, and there is a
need to protect these electronic devices, gadgets from
EMI [1]. In general, there are some unwanted emis-
sions from EMI, which cause noise in electronic
devices and harmful to the human body [2]. For the
arrangement of these issues, it is essential to build up
the EMI protecting materials. The underlying
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pounds have been broadly utilized as EMI protecting
materials due to their high electrical conductivity and
ability to reflect incident electromagnetic waves.
Their characteristics, such as heavyweight, low
rigidity, and corrosion, limit their use. However,
several attempts have been made to develop light-
weight coating materials [4, 5]. Polymer compounds
containing carbon content are widely used for
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shielding materials over metals due to their advan-
tages such as lightweight, mechanical flexibility, ease
of processing, corrosion resistance, adjustable electri-
cal conductivity, and low cost [4, 6, 7]. Conductive
polymer compounds are usually prepared for useful
materials that protect against electromagnetic inter-
ference through conductive fillers such as CNT [8],
graphene [9], carbon black [10], and RGO [11] by
in situ polymerizations [12] of the monomers, melt
mixing [13] or solution mixing [14] of solutions.
Graphene-based nanocomposites have received con-
siderable research attention because they have man-
aged to improve the electrical, mechanical as well as
shielding properties [15-23].

The reason for selecting RGO as a conductive filler,
is its good electrical conductivity, mechanical
strength, and higher flexibility. The presence of
functional groups and defects creates impedance
misalignment and electronic relaxation of dipoles,
which generally contributes to increasing electro-
magnetic interference, especially microwave absorp-
tion [24]. Yan et al. [24] studied reduced graphene
oxide (RGO)/polystyrene (PS) nanocomposites for
EMI shielding applications. The nanocomposites
were prepared using solid-phase compression
molding and achieved SE of 45.1 dB at 3.47 vol%
RGO loading. Kim et al. [25] developed the reduced
graphene oxide (RGO) polyetherimide (PEI) films by
the electrophoretic deposition technique. They found
the prepared PEI/RGO nanocomposites exhibit EMI
SE of 6.37 dB at 0.66 vol% of RGO. Sawai et al. [20]
studied the EMI SE of RGO filled Polyetherimide
(PED) film nanocomposites for 0.5 to 2.5 weight % of
RGO. The measured EMI SE was 22-26 dB in the
X-band (8.2-12.4 GHz) frequency range, while the
pure PEI indicated the SE of 1-3 dB. Zhu et al. [26]
prepared the ferrocobalt magnetic nanoparticle dec-
orated (FeCo)/Reduced graphene oxide
(FeCo@rGO)/ Ultrahigh molecular weight poly-
ethylene (UHMWPE) nanocomposites via precipita-
tion method for EMI shielding applications. The
FeCo@rGO/UHMWPE nanocomposites showed a
good EMI shielding effectiveness of 21.8 dB in the
X-band with the presence of 8.97 vol% FeCo@rGO.
George et al. [1] studied the polypropylene/reduced
graphene oxide (RGO) nanocomposites by latex
method using in situ polymerization. That displayed
EMI SE of — 50 and — 48 dB in the X- and Ku-band,
respectively, at 20 wt % of RGO content.
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The melt processing technique is the prominent
traditional technique for producing graphene-based
polymeric materials as well as suitable for large-scale
manufacturing [27-31]. It is important to note that the
above studies did not meet the requirement of
industrial use and are not suitable for large-scale
manufacturing. Although some researchers have
used traditional methods to prepare nanocomposites,
most of them just focused only on improving the
shielding performance and avoided improving the
tensile and flexible strength of nanocomposites which
are essential for withstanding tension and stress-
bearing restorations, when high pressure is exerted
on the material.

In this article, the main objective is to prepare the
RGO/PP nanocomposite via conventional tech-
nique (melt processing) using a twin-screw extruder.
This study was carried out, taking into account the effect
of RGO material on the electrical, mechanical, and EMI
Shielding performance of these nanocomposites.

2 Experimental
2.1 Materials

HMEL, Polysure (India), provided an isotactic
homopolymer polypropylene (PP) with a density of
1.8 g/cm® and a melt flow index of 12 g/10 min
(230 °C/2.16 kg). Reduced graphene oxide (RGO)
having a thickness of 2 nm and a diameter of 4 pm
purchased from Nanohemzone, India.

2.2 Preparation of RGO/PP nanocomposite

RGO/PP nanocomposite samples were obtained by a
twin-screw extruder (Labtech, Thailand 20MM) using
a melt processing technique with a mixing time of
10 min, at a processing temperature of 220 °C, and a
screw speed of 150 rpm, respectively. The samples
were designated as PURE, 0.5 RGO, 1RGO, 3RGO
and 5RGO according to 0, 0.5, 1, 3, and 5 wt % of RGO
present in it. Samples for the tensile test were made
using an injection molding (ARBURG 320 C)
machine at a cylinder temperature of 200 °C.

2.3 Characterization

Scanning electron microscopy (SEM) images were
scanned using a Quanta FEG450. A two-probe
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(Keithley (SCS 2400)) tester was used to measure the
electrical conductivity. Tensile properties were eval-
uated using a universal model of the Zwick-Z010
tester at a speed of 10 mm/min. Three-point bending
tests were studied using a universal testing machine
(MTEST Quattro). EMI SE was measured over the
X-band using an Agilent E8362B vector network
analyzer (VNA).

3 Results and discussion

Figure 1a shows the stress—strain relationship of the
nanocomposites; it has shown from the Fig. 1a that
with the increase in RGO content, the behavior of the
nanocomposites changes from ductile to brittle. It is
apparent in Fig. 1b that the PRG (RGO reinforced PP)
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comparable to the pure PP. The highest value for the
tensile modulus achieved at 3 wt% RGO loading is
1022.13 MPa (Fig. 1c). At 0.5 and 1 wt% of RGO
loading, the tensile strength is improved than that of
pure PP. The decrease in tensile strength has been
observed at 3 wt% RGO loading, this is due to the
interconnection between RGO and PP which reduced
the surface area and subsequently reduced the stress
transfer efficiency. However, the tensile strength
decreases at 3 wt % RGO loading, which is ascribed
to the agglomeration of RGO and reduced stress
transmission [32]. However, the tensile strength of
the nanocomposite decreases, but it is still higher
than the pure polypropylene. This change leads to a
decrease in the cross-linkability of the nanocompos-
ites, called mechanical percolation [33].

nanocomposites exhibit better tensile strength
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Fig. 2 Fractured SEM images
of a PURE, b 0.5 wt%,

c 1 wt%, d 3 wt%, e and

5 wt%, of RGO/PP
composites

Fractured surface with river lines
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3.1 Fracture morphology

Morphologies of the fractured surface of RGO/PP
nanocomposites with different weight percent RGO
are presented here. The cross-sectional surface of the
tensile fracture of pure PP (Fig. 2a) looks like a rela-
tively smooth river line; the lines show that the
expansion of PP [34]. The images of RGO/PP
nanocomposites showed a rough surface with
enlarged edges and areas folded on layered RGO
sheets (Fig. 2b) [20]. There are some apparent irreg-
ular stretch marks when pulling out the RGO
(Fig. 2¢). Some irregular stretch marks have been
seen, which arise by pulling out of RGO from the
nanocomposite (Fig. 2d). The fractured surface is
going rougher with the increase in RGO content, and
the resulting dislocation increases the tensile modu-
lus of the nanocomposites. (Fig. 2e) [35].
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3.2 Flexural properties

The stress—strain results from the varying weight
percentage loading of RGO reinforcement on the
RGO/PP nanocomposite from the 3-point bend flex-
ural technique are illustrated in Fig. 3a. It has been
observed that RGO interfaces have improved the
flexible behavior of nanocomposites.

The flexural stress-strain relationship of RGO/PP
nanocomposites is depicted in Fig. 3a. It is observed
that the nanocomposites with 5 wt% of RGO loading
has proved to be the better candidate in terms to
provide better flexural strength compared to the rest
of the prepared nanocomposite samples. The flexural
modulus (Fig. 3c) increases by 12% for 0.5RGO as
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Fig. 4 Electrical conductivity of RGO/PP nanocomposites
samples with different weight percentage of RGO

compared to pure PP. Increment in modulus is
associated with the interphase between the matrix
and RGO, which improved the bonding through
mechanical adhesion [36]. The flexural strength
(Fig. 3b) of RGO containing compounds increases
due to better adhesion between RGO and PP. The
poor performance of samples with 5 wt % RGO is
associated with defects. It has seen at 5 wt% loading
of RGO, it agglomerates in the polymer matrix that
reduces the strength of the nanocomposite, leading to
a decrease in the flexural modulus [37, 38]. RGO as a
nanofiller significantly changes the bending strength.
These results suggest that the flexural properties of
the nanocomposites improved but in a smaller
amount.

3.3 Electrical conductivity

The electrical conductivity of the nanocomposites
depends on the charge transferred through physical
contact between the conductive fillers as well as the
conductive network through the insulation gaps
between the fillers. A thin layer of insulating polymer
forms these gaps, which allows tunneling of electrons
from one filler to another through this insulation gap,
helps to rise in conductivity [39, 40]. Figure 4 shows
an improvement in electrical conductivity at 0.5 and 1
wt % of RGO content. The nanocomposite shows a
slight improvement in conductivity at 5 wt% of RGO
content, which is 1 x 1077 S/cm. The rise in
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Fig. 5 Schematic of EMI shielding mechanism

conductivity is due to the interconnecting network
between the filler and matrix.

3.4 EMI SE

The attenuation is produced by shielding material of
the propagating EM waves called EMI shielding.
Figure 5 shows the EMI shielding mechanism. EMI
can be attenuated by three mechanisms namely
absorption, reflection, and multiple reflections. The
effect of multiple reflections can be ignored when the
absorption loss > 10 dB. EMI SE is expressed as the
total shielding effectiveness (SEt) and is described
from Eq. (1) which is also the sum of reflection (SEg),
absorption (SE,), and multi-reflection (SEy,) [41-44].

PO B Hp
EMISEr = 1010gP—T = 20log E. = ZOlogHT (dB) (1)

where P; (E;) and where Py (Er) are the power
(electric field) of the incident and transmitted EM
waves, respectively.

SEr = SE, + SEg + SEy(dB) )

The results of the measurements of EMI shielding
effectiveness over the frequency range of 8.2-12.4 GHz
for PP and their composites with various RGO load-
ings are shown in Fig. 6a—c. In general, there is a vast
difference in SE between the pure polymer (PP) and
their nanocomposites. Compared to PURE, the EMI SE
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of the nanocomposites increased by 40%. The EMI SE
measurement for RGO/PP nanocomposites has done
in the X-band frequency range. A rise of 40% in SE is
seen at a higher amount of RGO loading as compared
to the PURE. As the load increases, the EMI SE of the
nanocomposites increases up to — 10.2 dB, respec-
tively, if the coating material can interrupt the 90% of
electromagnetic radiation. The rise in EMI SE is mainly
associated with the formation of interconnected con-
ductive networks in the polymer matrix [39, 40].

4 Conclusions

RGO reinforced PP nanocomposites were fabricated
via melt processing technique using a twin-screw
extruder with varying RGO content in the PP matrix.
The improvement in mechanical behavior like tensile

@ Springer
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and flexural strength is increased with the increase in
RGO loading. The increase in conductivity has been
noticed with the maximum filler loading. EMI
shielding properties of the samples were studied in
the frequency range of X-band (8.2-12.4 GHz). The
EMI SE was measured to be — 10.2 dB with a thick-
ness of 2 mm at 5 wt% of RGO loading. This study
provides a valuable polymer nanocomposite with
good tensile strength and EMI SE. The prepared
nanocomposite is suitable for high-strength EMI
shielding materials for on site applications in elec-
tronic areas.
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