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ABSTRACT: Carbon nanotubes (CNT) and graphene nanoparticles (GNP) have
been used as carbonaceous filler in epoxy composites based on the diglycidyl ether of
bisphenol A (DGEBA) cured with tetra methyl diamine (TMD). Both CNT/epoxy and
GNP/epoxy nanocomposites were subjected to ageing at 0%, 30%, 50%, 70% and
100% of relative humidity at room temperature for three weeks. Both composites show
increasing water absorption percentage at higher relative humidity. Moreover, the
GNP/epoxy nanocomposites showed a higher water absorption compared to CNT/epoxy
nanocomposites. The dielectric constant increment of both nanocomposites is parallel
to the water absorption properties. It is concluded that water absorption leads both to
increase the dielectric constant of the epoxy resin.

Keywords: Water absorption, epoxy nanocomposites, carbon nanotube, graphene,
graphene nanoparticles

1. INTRODUCTION

Since their commercial introduction, epoxies have become an essential part of
insulation materials. The versatility, stability under extreme conditions, and
ease of use has significantly improved the electrical devices that relies on their
insulating abilities.' From the smallest computer chip to the largest motors and
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generators, epoxies serve their purpose from time to time. The close observation
of the processes and modifications have been used to follow the rapid development
in both devices and materials to ensure solutions to the predictable problems. In
electronic devices industry, epoxy composites were used due to their insulation
abilities as well as their optical, mechanical and chemical properties.** The
insulation abilities of epoxy rely on its low dielectric constant. Owing its tailorable
nature, the dielectric constant of epoxy could be modified in several ways, such
as modification of chemical structure and incorporating the dielectric fillers.” The
easier way to modify the dielectric constant is by incorporating the dielectric fillers
such as metal, ceramic and carbonaceous particles.®!*

Amongthesethreetypes of dielectricfillers, carbonaceous filler seems more effective
to modify the dielectric constant of epoxy composites due to their compatibility
with the epoxy matrix."* Carbon nanotube (CNT) and graphene nanoparticles
(GNP) are the most popular carbonaceous fillers in polymer composites technology
nowadays. Epoxy composites filled with CNT and GNP usually increase the
dielectric constant of epoxy composites. However, the dielectric constant of the
composites would be affected by the humidity of the environment depending on
the water absorption behavior of the composites. Water absorption properties of
epoxy nanocomposites is important especially in electronic application because it
has direct effect to the dielectric properties of the material and eventually affect the
impedance of electronic components. In this paper, we aim to investigate the water
absorption behaviors of the epoxy/CNT and epoxy/GNP nanocomposites and their
effect on dielectric constant of the composites.

2. EXPERIMENTAL

2.1 Materials

Diglycidyl ether of bisphenol A or epoxy resin DER 331 (DGEBA) was purchased
from Dow Chemical (Malaysia) Sdn. Bhd. CNT and GNP were obtained from
Skyspring Nanomaterials Inc. and were used as composite fillers. The CNT is
multiwalled-CNT. Trimethylhexaethylene diamine (TMD) which acts as a curing
agent was obtained from Sigma-Aldrich (M) Sdn. Bhd. Silica gel, magnesium
chloride (MgCl,), magnesium nitrate (MgNO,), sodium chloride (NaCl) and
deionised water were used for relative humidity environment. All materials were
used as received.
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2.2 Epoxy Nanocomposite Preparation

The ratio of DGEBA, TMD and GNP used in this experiment is 10:6:1 by weight
percentage. The GNP was added into DGEBA and stirred under 80 rpm for 5 min
and sonicate using high frequency sonicator for 2 min. The mixture was then put
in a vacuum for 5 min to eliminate air bubbles. Then TMD was added into the
mixture and stirred under 80 rpm for another 5 min. The final mixture was put into
the vacuum to eliminate trapped air bubbles. The mixture was put into the mold
and cured at room temperature for 24 h. The same procedure was repeated by
substituted GNP with CNT. Neat epoxy with 10:6 ratio of DGEBA and TMD was
also prepared as control subject.

2.3  Water Absorption Test

The water absorption test was conducted under five different relative humidity
(RH) conditions. The equilibrium RH environment was prepared using different
saturated salt solution according to Arnold Wexler et al.”® Silica gel represents
approximately RH 0%, MgCl, (RH 30%), MgNO; (RH 50%), NaCl (RH 70%)
and deionised water (RH 100%). The initial weight of epoxy/GNP and epoxy/
CNT nanocomposites samples were recorded before the test. The samples soaked
into the solutions for three weeks. The weight after three weeks was recorded. The
water absorption was calculated using Equation 1:

Water absorption = [(A — B)/B] x 100% (1)
2.4 Dielectric Constant Test

The dielectric constant test was conducted using Agilent RF Analyser. Each
sample (neat epoxy, GNP/epoxy and CNT epoxy nanocomposites) with all RH
aged condition were tested. The RF Analyser give the dielectric constant and loss
tangent data at 1 GHz for each sample.

3. RESULTS AND DISCUSSION

The water absorption of epoxy and epoxy composites increases with the
increasing relative humidity. It was due to the nature of diamine cured epoxy
having a lot of hydroxyl (-OH) functional groups in the crosslink networks.'®
The -OH groups and water molecules could form strong hydrogen bonds.!” The
-OH groups tend to attract water molecules from the environment and depicted
as water absorption properties. Figure 1 shows the difference water absorption
percentage among neat epoxy, epoxy/GNP and epoxy/CNT. Both epoxy/GNP
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and epoxy/CNT show slightly higher water absorption percentage compare to
the neat epoxy. Both epoxy/GNP and epoxy/CNT were incorporated with GNP
and CNT fillers respectively. CNT always tend to agglomerate in epoxy resins
regarding to its wire-like shape and van der Waals force.'® The agglomeration of
CNT would create some non-wettability clusters which further attracted the water
molecules from the environment. Moreover, the agglomeration of CNT would
form “capillaries” which resembles to activated carbon. Unlike “smooth” surface
of CNT, GNP are flake-shape nanoparticles which possesses a lot of -OH and
-COOH functional groups on the surface. These functional groups would make the
epoxy/GNP composite absorbed more water compared to epoxy/CNT. Figure 2
shows the schematic structure of CNT and GNP.
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Figure 1: Comparison of water absorption percentage among neat epoxy, epoxy/GNP
and epoxy/CNY nanocomposites with exposure in different relative humidity.
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Figure 2: Schematic structure of (a) CNT and (b) graphene.
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Dielectric constant of neat epoxy and epoxy composites increased with the
increasing of relative humidity which directly related to the water absorption.
The higher water content in epoxy and epoxy composites would increase the
dielectric constant. Figure 3 shows the comparison of dielectric constant among
neat epoxy, epoxy/GNP and epoxy/CNT. At lower relative humidity, epoxy/
GNP and epoxy/CNT were having about the same dielectric constant due to same
graphitic structure of both GNP and CNT which increased the dielectric constant
of the composites. The agglomeration of both GNP and CNT would give closer
characteristic of filler reinforcement. The increment of dielectric constant from
neat epoxy to the carbonaceous filled epoxy is slightly influenced by the filler
type. However, at higher relative humidity, epoxy/GNP showed higher dielectric
constant than epoxy/CNT. This result is due to the higher water absorption of
epoxy/GNP dominated the factor of dielectric constant increment. Moreover, the
GNP contains more oxygen moieties responsible for better interaction with the
epoxy matrix."”
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Figure 3: Comparison of dielectric constant at | GHz among neat epoxy, epoxy/GNP and
epoxy/CNT nanocomposites with exposure in different relative humidity.

4. CONCLUSION

Epoxy/GNP and epoxy/CNT composites show increasing water absorption
percentage at higher relative humidity. Moreover, the epoxy/GNP nanocomposites
showed a higher water absorption compared to epoxy/CNT nanocomposites. The
dielectric constant increment of both nanocomposites is parallel to the water
absorption properties. It is concluded that water absorption dominates the increase
of the dielectric constant of epoxy composites.
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