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Abstract
The material properties can be significantly changed, with the addition of low concentration of nanofillers. With the 
integration of two nanofillers into the epoxy matrix, new hybrid nanocomposites can be obtained to suit requirements 
of the high voltage applications by improving desired electrical, thermal and mechanical properties. Indeed, hybrid 
nanocomposites are the fastest growing areas of material research. In the present work, the feasibility of multi-scale hybrid 
nanocomposite for conductor core applications was discussed. Composite sheets were fabricated with a very low wt.% 
of Multi-Walled Carbon Nano Tube(MWCNT) with an average size of 6-13nm and Graphene Nanoplatelets (GNP) with 
a particle size of 15μm were mixed in to commercially available bisphenol-A epoxy resin reinforced with E-Glassfiber. 
A homogeneous epoxy-nanofiller mixture is obtained using mechanical stirring followed by slow pultrusion technique. 
The resulting MWCNT/GNP reinforced epoxy resin was used to fabricate hybrid nanocomposite sheets with 70 wt.% 
unidirectional Glass Fiber(GF) with density of 400 g/m2. The hybrid nanocomposite sections were processed using 
pultrusion technique. With this former process glass fiber-epoxy (70:30), GF-epoxy/MWCNT (70:28:2) and GF-Epoxy/
MWCNT/GNP (70:27:2:1, 70:26:2:2, 70:25:2:3) weight percent composite sections were obtained. Dielectric properties 
were studied using LCR meter in the frequency range from 10Hz to 8MHz and mechanical properties were investigated 
using Universal Testing Machine. The mechanical tests revealed that the addition of MWCNT improves the tensile strength, 
cross breaking strength and the GNP enhances the tensile elastic modulus of the hybrid composite sheets. Electrical 
properties such as dielectric constant and impedance were found to be improved with filler addition. Finally, this work 
seeks to address the need of hybrid nanocomposite core in high voltage applications and need to understand the changes 
in electrical and mechanical properties with the addition of hybrid nanofillers.
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1.  Introduction
Hybrid nano composites are the new class of materials 
which are widely used in numerous advanced applications 
of electrical, mechanical, civil, aerospace engineering 
fields. Advantage of using this new class of materials is 
that tailored/customized functionalities could be achieved 
with the use of nano fillers and processing techniques. 
Emerging technologies in the areas of Electrical 
transmission and distribution and energy storage 

applications require robust, light weight material having 
high dielectric constant which could withstand high 
operating temperatures. Thermo setting epoxy polymer 
matrix along with the glass fiber offers exceptional 
mechanical, thermal and chemical resistant properties 
and also provides high strength to mass and high stiffness 
to mass ratios in addition to flexibility and low density 
compared with metals1,2. The Glass Fiber Reinforced 
Polymer composite (GFRP) epoxy composites with the 
reinforcement of nanofillers like MWCNT, GNP could 
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provide the multifunctional Hybrid Nano Composites 
(HNCs) materials. HNCs can have a significant mass 
saving in production due to inherent high strength to 
mass and high stiffness to mass ratios compared with 
metals, best suited to attain functional properties for 
the electrical applications. Addition of very low volume 
fraction of MWCNT increases dielectric constant, reduces 
the impedance, and improves mechanical strength and 
tensile modulus1–3. GNP improves the current density, 
thermal conductivity and stiffness compared to that 
of the copper and aluminium being non-reactive to 
atmospheric gases, also reduces brittleness and ductility4,5 
also significantly increases fracture toughness and fatigue 
strength. Though reinforcement of MWCNT and GNP 
could results in high performance due strong van der 
Waals forces between the fillers tend to agglomerate and 
result in uneven dispersion, where as a well-dispersed 
network of GNP provides a conductive path and a steady 
improvement in thermal conductivity with increasing 
concentration of GNP6–9. The dispersion and processing 
techniques play a major role for good adhesion/ bonding 
between the fillers and matrix to infuse the attributes of 
carbon nanofillers for making advanced materials. Among 
the various fabrication techniques pultrusion process10 
has been widely used for fabricating high performance 
advanced composite products. 

In this work, HNCs with higher wt.% ratios of 
MWCNTs and GNPs were fabricated compared to the 
work carried out previously11–14, a homogenous suspen-
sion was prepared by directly dispersing MWCNTs and 
GNPs into epoxy assisted with industrial mechanical 
stirrer with addition of fire retardant agent and trans-
ferred to Epoxy bath container. Glass fiber threads 
made to dip into epoxy bath and composite section is 
pulled thorough the mould using pultrusion technique. 
Composite Sections were cut according to test require-
ments for measurement of Mechanical and Electrical 
Properties. 

2.  Materials and Methods

2.1 Materials 
In this study Graphene nanoplatelets 15μm particle 
size, surface area 120-150 m2/g, bulk density 0.03‑0.1 g/
cm3 of Sigma Aldrich Company was supplied by Ultra 
Lab products Bangalore. Material Multi Walled Carbon 
Nanotubes (MWNTs), O.D.xL 16nm x 10-20μm Specific 

Surface area 220m2/g, Bulk density 0.10-0.06 g/cm3 
supplied by IENT Inc. Tamilnadu, India. Araldite MY 740 
100pbw and Hardener HY 918 85pbw of HUNTSMAN 
co. and the plain glass fiber rovings with a density of 2.72 
g/cm3 procured by M/s. Ashok industries, Bangalore. 

2.2 Preparation of the Epoxy/MWCNT/GNP 
Mixture and Fabrication
Epoxy, nano fillers, fire retardant agent (aluminium tri 
hydrate) ATH15 along with the hardener were taken as per 
the supplier’s recommended standards. Nanofillers, ATH 
were weighed according weight of epoxy. The different 
ratios are given in the Table 1. A homogeneous mixture 
is obtained after mechanical stirring; composite mixture 
is then transferred to temperature controlled Closed 
Container resin bath system in the pultrusion setup 
as shown in the Figure 1. The fiber glass is pulled with 
the speed of 5-6meters/Hour with the die temperature 
maintained at 145oC-170oC for curing. A rectangular 
section of 3.7mm thickness with 40mm width is pulled 
and sections of 1.5 meters were cut and transferred.

2.3 Experimental 
Fully automated high-precession LCR meter 
(HIOKI-IM3536) and (HIOKIL2000) four-terminal 
probe in the frequency range from 10Hz to 8MHz is 
used at room temperature for electrical parameters 
measurements for all HNC samples. The capacitance (c), 
dissipation factor (tanδ) and resistance were recorded 
directly and from which dielectric constant (εr) and 
dielectric loss (ε”) were calculated.

Tensile test was performed with tension fixture in 
Universal Testing Machine (UTM) in accordance to the 
ASTM D3039 standard samples to evaluate the tensile 
properties. Water absorption test conducted as per Indian 
Standard IS: 10192 standards.

2.4 Experimental 
Fully automated high-precession LCR meter 
(HIOKI-IM3536) and (HIOKIL2000) four-terminal 
probe in the frequency range from 10Hz to 8MHz is used 
for electrical parameters measurements at room tempera-
ture of all HNC samples. The capacitance(c), dissipation 
factor (tanδ) and resistance were recorded directly and 
from which dielectric constant (εr) and dielectric loss (ε”) 
were calculated.
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3.  Results and Discussion

3.1 Water Absorption of  GF-Epoxy/GNP-
MWNT HNC Samples
HNCs specimens were cut into square piece of 
40mm±0.5mm; the thickness of the specimen is less than 
25mm as per Indian Standard IS: 10192 standards. First 
weight (W1) of the specimen was first measured in air 
and then the specimen was immersed in distilled water 
for a period of 24hours at room temperature. Before 
immersion, care was taken to remove any air bubbles 
sticking to specimen before taking the weight in water. 
Specimens were removed from the water wiped properly 
using absorbing paper and weighed immediately and the 
weight (W2) was recorded. The water absorption ratio was 
calculated by eq.1

Water Absorption = 
+

×2 1

1

100
W W

W
� (1)

Figure 2 shows the water absorption percentage of 
Neat and HNC samples with different nanofiller wt.% 
is as shown in Table.2. The water absorbency of HNC 
increased in the case of sample with single nanofiller, 
when both the fillers were added it reduces. Absorption 
in the case of Epoxy composite is smaller than that of 
Epoxy/GNP nanocomposite and higher than that of 
Epoxy/MWNTs, because GNPs have natural tendency 
to absorb water more than MWNTs and also due to 
higher exposed surface area of nanoplatelets. Epoxy/
GNP-MWNT nanocomposite is more hydrophobic 
than Epoxy/MWNTs and Epoxy/GNPs nanocomposite. 
Water absorption on Epoxy/MWCNT-GNP nanocom-
posite surfaces decreases with increasing nanofillers16. 

Figure 2.  Water Absorption percentage in HNCs.

Table 1.  Sample identification and composition

Sample identification Composition MWCNT
(wt.%)

GNP
(wt.%)

ATH
(wt.%)

A Epoxy/GF -- -- 20%

B Epoxy/GF/
MWCNT 2% -- 20%

C Epoxy/GF/
GNP -- 1% 20%

D Epoxy/GF/
GNP/MWCNT 2% 1% 20%

E Epoxy/GF/
GNP/MWCNT 2% 2% 20%

F Epoxy/GF/
GNP/MWCNT 2% 3% 20%

Figure 1.  Pultrusion process.
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3.2 Tensile Properties of  
Epoxy/GNPs-MWNTs HNC Samples
The flat specimens of required size were fixed between the 
grips of each head of the testing machine in a way that the 
direction of force applied to the specimen is coincident 
along with the axis of the specimen. A very low rate of 
tensile speed 0.5 mm/min is applied at room temperature 
of 28oC. For each type of HNC of varying filler content, 
the tensile test was carried out on at least five specimens; 
the result was the average value of the five measurements. 

Tensile Strength = 
W
BD

�  (2)

where, W = Load in Kgs, B= Breadth in m, and D = thick-
ness in m.

Figure 3.  Tensile strength of epoxy-glass fiber composite 
and HNC

The tensile strength of the pure epoxy and their 
nanocomposites with different various filler loading of 
MWCNTs and GNPs is shown in Figure 3. With the 

addition of MWCNTs there is no significant change in the 
tensile strength, but as the content of GNPs increased to a 
range of 0 to 1%, the tensile strength decreased sharply. In a 
weight percentage range of 1% to 3%, the change in tensile 
strength was increased slightly but there is a considerable 
improvement in cross breaking strength as listed in Table 2.

3.3  Electrical Properties
The capacitance, loss tangent and impedance were measured 
at room temperature in the applied electric field with the fre-
quency range from 10Hz to 8MHz. The complex impedance 
of the sample with the real (Zr) and imaginary components 
(Zi) can be calculated by using (3) and (4).

Zr = |Z| cos φ� (3) 
Zi = |Z| sin φ� (4)

The variation of total impedance of the HNC with 
frequency is as shown in Figure 4. The addition of 
MWCNT and GNP decreases the impedance of the 
epoxy resin by a few orders of magnitude. This signifies 
that with the addition of nanofillers the conductivity of 
the composite increases.

Figure 4.  Impedance of HNCs versus the applied frequency.

Table 2.  Physical and mechanical properties test results

Sample Composition
Physical properties Mechanical properties

Specific gravity 
(g/cc)

Water 
absorption

Tensile strength 
(N/mm2)

Cross breaking 
strength (N/mm2)

A Epoxy/GF 2.6 0.002 451.3 1468.5

B Epoxy/GF/2wt.%MWCNT 2.66 0.007 450.62 1323.5

C Epoxy/GF/1wt.%GNP 2.49 0.009 397.28 1298.8

D Epoxy/GF/1wt.%GNP/2wt.%MWCNT 2.49 0.003 350.35 1228.89

E Epoxy/GF/2wt.%GNP/2wt.%MWCNT 2.61 0.003 394.74 1484.34

F Epoxy/GF/3wt.%GNP/2wt.%MWCNT 2.49 0.001 426.53 1515.11
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Figure 5 shows Cole–Cole plot of the imaginary 
component Zi versus the real component Zr of complex 
impedance Z for all HNC samples. The constructed plots 
are distorted semicircles with maxima shifted toward the 
negative Zr axis, indicating the decrease in bulk resistance 
(Rb) of the HNC, with increasing MWCNT and GNP. 
Therefore, the nanocomposites will be less resistive or 
more conductive in nature. The appearance of spikes in 
low frequency response region is attributed to additional 
capacitance and resistance contribution arising from 
dielectric relaxation in the HNCs structure17,18.

Figure 5.  Cole-Cole plot of complex impedance components 
for HNCs.

From the measured value of capacitance, the dielectric 
constant (εr) is calculated from (5) 

*
*r

o

C t
A

ε
ε

= � (5)

where, C is the capacitance in farads, εo is the dielectric 
constant (8.8549X10-12F/m) in free vacuum, t is the thick-
ness of the specimen in m, A is the area of the electrode 
in m2. The variations of the impedance and dielectric 
properties with increase in frequency ranging from 10Hz 
to 8MHz for Epoxy-GF and HNC are shown in Figure 
6(a) and (b) respectively. At lower frequency range 
(10-104Hz), the dielectric constant of HNC decreased, 
and above which it decreases up to 108Hz. The dissipa-
tion factor shown in Figure 6(b) of the composite was 
lower than 0.2 for all HNC except for the HNC with the 
2wt.%MWCNT+1wt.%GNP, this shows promising HNC 
with low dielectric loss (D). As mentioned in the percola-
tion theory, both the dielectric constant and loss tangent 
exhibit transition behavior at vicinity of percolation. 
Thus, considerably high loss tangent of the composites 

with higher volume fraction of MWCNT and GNP could 
be observed in Figure 6(b). 

(a)

(b)
Figure 6.  (a) Frequency dependency of dielectric constant 
(εr). (b) Frequency Vs Dissipation factor of HNCs.

4.  Conclusion 
The individual and simultaneous effects of MWNT 
and GNP on the mechanical properties and electrical 
properties of an epoxy glass fiber HNCs were studied. 
It can be concluded from the results that the addition 
of both MWNT and GNP simultaneously improves 
the electrical properties. But introducing GNP into the 
MWCNT/epoxy nanocomposites reduces the mechanical 
properties. The dielectric properties of the composite 
are improved significantly with the combined effect of 
MWNT and GNP. It was also found that the simultaneous 
presence of MWNT and GNP can improve the cross 
breaking strength but it reduces the ultimate tensile 
strength. The presence of MWCNT and GNP is found to 
decrease the water uptake of nanocomposites compared 
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to  neat epoxy  due to  the excellent barrier properties of 
these nano-fillers.
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