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Abstract: Electromagnetic interference is an 
undesirable induction triggered by extensive use of 
alternating current/voltage which tries to produce 
corresponding induce signal in nearby electronic 
circuitry to spoil its performance. Electromagnetic 
interference shielding refers to the reflection and/or 
absorption of electromagnetic radiation by a material 
which thereby acts as a shield against the penetration 
of radiation through the shield. The (derivatives) 
Graphene, Graphene/polymer composites and CNT-
GNS hybrid polymer for EMI shielding is reviewed.  

Keywords: Electromagnetic interference shielding, 
Carbon nanotubes, Graphene, Polypropylene, 
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Introduction: Electromagnetic (EM) radiation is 
becoming more and more serious problem with 
increasing use of electrical and electronic devices in 
our daily lives. Mutual electromagnetic radiations 
interfere among themselves from the devices such as 
TVs, computers, mobile phones, radios and can 
degrade device performance. The technique to meet 
EM compatibility requirements is to shield or block 
these electromagnetic interfering radiations or signals 
from being emitted and/or penetrating into a defined 
space[1]. 

Initially Metal, in the form of thin sheets or sheathing, 
is an effective EMI shielding material. However, 
metal is expensive, heavy, and prone to corrosion, 
while adding to the complexity and cost of 
manufacturing processes. Conductive polymer 
composites offer a potentially cost-effective and 
process-friendly alternative to metal. Conventional 
conductive fillers such as metal flakes, stainless steel 
fibres, or carbon fibres are dispersed in a polymer 
matrix creating an electrically conductive network. 
EM radiation is either reflected or absorbed by the 
shielding composite materials[2] . 

Recently, conductive polymer nano-composites have 
attracted a great deal of academic and industrial 
interest due to their potential applications in many 
areas including EMI shielding. The nano-composite 

fillers have at least one dimension in the nanometer 
range, including materials such as carbon nanotubes 
(CNT) and graphite nanoplatelets (GNP)[3]. Graphene 
is a two dimensional, one atom thick carbon sheet 
with a planer honey comb lattice. Defect free 
graphene presents outstanding physical properties, 
such as high intrinsic mobility and ballistic transport, 
high thermal conductivity and Young’s modulus, an 
optical transmittance and large specific surface area. 
These high aspect ratio nano-scale fillers form 
conductive networks much more readily than 
conventional conductive fillers [4,5]. Due to larger 
filler-matrix interface, mechanical, electrical and 
thermal properties may also be enhanced or improved.  

Mechanism of Shielding: Shielding can be specified 
in the terms of reduction in magnetic (and electric) 
field or plane-wave strength caused by shielding. The 
effectiveness of a shield and its resulting EMI 
attenuation are based on the frequency, the distance 
of the shield from the source, the thickness of the 
shield and the shield material. Shielding effectiveness 
(SE) is normally expressed in decibels (dB) as a 
function of the logarithm of the ratio of the incident 
and exit electric (E), magnetic (H), or plane-wave 
field intensities (F): 
 SE(dB) = 20 log (Eo/E1),  
SE (dB) = 20 log (Ho/H1), or  
SE (dB) = 20 log (Fo/F1), respectively [6]. With any 
kind of electromagnetic interference, there are three 
mechanisms contributing to the effectiveness of a 
shield. Part of the incident radiation is reflected from 
the front surface of the shield, part is absorbed within 
the shield material and part is reflected from the 
shield rear surface to the front where it can aid or 
hinder the effectiveness of the shield depending on its 
phase relationship with the incident wave [7]. 
Therefore, the total shielding effectiveness of a 
shielding material (SE) equals the sum of the 
absorption factor (SEA), the reflection factor (SER) 
and the correction factor to account for multiple 
reflections (SEM) in thin shields i.e.   
SE = SEA + SER + SEM 
Shielding Effectiveness:  For the general EMI 
shielding material in the form of composites material, 
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a filler that is effective at a low concentration is also 
desirable. This is because the strength and ductility of 
a composites tends to decrease with increasing filler. 
Low filler content is desirable due to greater process 
ability, which decreases the increasing viscosity also 
reduction in cost and weight. The EMI SE of 
MWCNT reaches to 18-23 dB, when this MWCNT 
blend with PMMA the SE tends to 23-26 dB and with 
fibre epoxy it becomes 23-30 dB[8].The SE for 
graphene/Polyaniline is around 46 dB due to the high 
percolation threshold of grapheme. The grapheme-
CNT with hybrid polymer increases the shielding 
effectiveness to 98 dB[9].The Graphene Oxide  (GO) 
when observed for shielding effectiveness it seems to 
be 20-33 dB,when this GO blend with PANI and gold 
nanoparticles the shielding effectiveness increases 
very high and measured as 90-120 dB for different 
wt.%. The grapheme-based polymer nanocomposites 
showed good EMI shielding efficiency [9]. The EMI 
shielding efficiency of 15wt.% grapheme filled epoxy 
composite was 21 dB, which is higher than the target 
value (20 dB) for commercial application [10]. EMI 
shielding efficiency in a CMG/epoxy nanocomposite, 
achieving a commercially suitable level (around 20 
dB in the X-band) force 15 weight% loading fraction 
of hydrazine-reduced GO [11]. The EMI shielding for 
the composite CB/PP is 18 dB and for WCNT/PP is 
35 dB [12].  Novel foam composites comprising f-G 
and PVDF were prepared by simple technique and the 
typical percolation behaviour from insulting to 
conducting nature was observed with the addition of 
low wt.% functionalized Graphene reinforced foam 
composite in X-band region [13]. The 
poly(methylmethacrylate)- based bulk foam 
embedded with chemically reduced Graphene oxides 
have good EMI shielding performance of 13-19 dB 
[14]. Composites with continuous carbon-fibre have 
better EMI shielding effectiveness than those with 
discontinuous fillers. However, a continuous carbon-
fibre composite with a carbon-matrix is more effective 
for shielding, more reflective, and more conductive 
than that with an epoxy matrix, reaching an EMI 
shielding effectiveness of 124 dB [15]. The carbon 
nanofibres/polystyrene also shows the good EMI 
shielding effectiveness of 13 dB [16]. Carbon 
materials for EMI shielding are mainly carbon fibre 
composites, colloidal graphite and flexible graphite. 
The composites include non-structural composites 
with discontinuous fibres and structural composites 
with continuous fibres. Carbon filaments of 
submicron diameter, as made catalytically from 
carbonaceous gases, are effective, especially after 
electroplating with nickel. Flexible graphite is 
attractive for EMI gaskets [17].  

Conclusions: The composites of hybrid filler 
materials based on various combinations of 
conducting polymers, carbon based materials shows 
the better EMI shielding effectiveness. These 
nanocomposites can be used as lightweight EMI 

shielding materials to protect electronic devices and 
components from electromagnetic radiations.  
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