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Abstract

This research studied the effects of modified BaTiO; (BT) nanoparticles with
coupling agent y-APS (0.5wt. %) on the tensile and thermal conductivity of epoxy
nanocomposites with respect to content (0.25, 0.5, 0.75, 1, 3 and 5wt. %). Multiwall
carbon nanotubes (MWCNTS) at different concentration (0.2, 0.4, 0.8 and 1 wt. %)
were added to the BaTiOs/epoxy nanocomposites. The influence of MWCNTS on
the tensile properties and thermal conductivity was investigated. The tensile strength
and Young’s modulus of BaTiOz/epoxy nanocomposites film were increased at up to
3 wt. % of added BT, but adding BT at more than 3 wt.% decreased the strength of
epoxy. The tensile strength was increased with increasing MWCNTSs content from
32 MPa for pure epoxy to the value 56.8 MPa for 1wt. % of MWCNTSs content. The
thermal conductivity of BaTiOs/epoxy nanocomposites improved with increase of
BT content. At 3wt. % and 5wt. % of BaTiO; the thermal conductivity of
nanocomposites decreased. The increase of MWCNTS concentration from 0.2 wt. %
to 1 wt. % resulted in a thermal conductivity enhancement.

Keywords Barium titanate (BaTiOs;), silane (y-APS) coupling agent, tensile
strength, thermal conductivity
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INTRODUCTION

Ceramic /Polymer composite materials type 0-3 (a 0-3 composite having 0-dimension particles
embedded in 3-dimensions of a continuous phase (polymer matrix)) [1] have received much attention
due to the combination of the dielectric properties of ceramics and the mechanical flexibility, chemical
stability, low cost and easy processing of polymers [2]. Barium titanate (BaTiO3) is a perovskite-type
electro-ceramic material which shows ferroelectricity that provides high polarization and high
dielectric constant. BaTiO; is widely used in fabrications of multilayer ceramic capacitors (MLCC),
infrared detectors, thermistors, transducers, electro-optic devices and sensors [3]. The incorporation of
a ceramic filler phase into polymer matrix produced composites with better mechanical properties and
piezoelectric characteristics.

Epoxy is one of the most important thermoset polymers, widely used as dielectric material in
manufacturing electronic devices. This is because epoxy has peerless physical and chemical
properties. However epoxy itself has low dielectric constant which is not suitable to be used in
capacitor applications. As a result, high dielectric constant fillers (high k) such as multi-walled carbon
nanotube (MWCNT) were introduced to mix with epoxy matrix to produce high k dielectric materials
[4].

Tensile testing is usually used to study the mechanical properties of nanocomposite materials (the
tensile strength, percent elongation at break and Young’s modulus) with certain geometry and
stretching speed. The relationship between the stress and tensile strain are determined through what is
called as Hooke law.

Modulus of elasticity (E) is a measure of the stiffness of an elastic isotropic material and is a
guantity used to characterize materials. It is defined as the ratio of the stress along an axis over the
strain along that axis in the range of stress in which Hooke's law holds.

stress
Young 's modulus (E) = -
strain
F
o
/1

where F is the load at failure (force at which the films break), A is the area of the film , I; is the final
length of the film at failure and | is the initial length of the film between grips [5].

The Lee's disc apparatus is working under the principle that when heat is transferred, by conduction
through unit cross-sectional area of a material, then a temperature gradient is generated perpendicular
to the area which, will results in a steady state after some time. Heat conducted through the sample at
steady state is equal to the heat radiated from the Lee’s disc.

The thermal conductivity (k) of the samples with thickness (d) and radius (r) were calculated using the
following equations [6]:

ed TA +TB
=Z1‘tr2[ s( 2 )]"'ZaATA e (2)

where e is given by
v
T, e (3)

[aATA + ag HT + aBTB + acTc]

e =

where ax, ag ac and as are the exposed surface areas of discs A, B, C and the sample, respectively.
Ta, Te and T¢ are the temperatures of the discs A, B and C, respectively, above ambient, V is the
potential deference across the heater and I is the current which flows through it.

2227



Nassif and Al-Shabander Iragi Journal of Science, 2020, Vol. 61, No. 9, pp: 2226-2231

This study aims to investigate the tensile properties and thermal conductivity of BaTiOs/epoxy
nanocomposites film. We also test the effects of different weight percentage ratios of MWCNTSs on
these properties for BaTiO; /epoxy nanocomposites.

EXPERMENTAL PART
Materials The materials used in the preparation of BaTiOs/epoxy nanocomposites and
BaTiOs/MWCNTs/epoxy nanocomposites were
e  Epoxy resin (Bisphenol A diglycidyl ether BADGE (EUXIT 50 K I)) manufactured by the
Egyptian Swiss chemical industries company.
e  Hardener( 4,4diamino diphenyl methane DDM) (EUXIT 50 K 11, 7728) made by the Egyptian
Swiss chemical industries company.
e  3-aminopropyl trimethoxy silane (y-APS), Sigma Aldrich.
e BaTiO; (<50 nm) nanopowders, Guoteng Electronic Ceramic Company.
e  MWCNTS (purity about 90% and particle size <10 nm), Cheap Tubes Inc.
Modified BaTiO; nanoparticles with y-APS

y-aminopropyl trimethoxy silane (y-APS) coupling agent was used to modify the surface of
BaTiO; to obtain good dispersion of BT into the epoxy matrix. First, y-APS at 0.5% wt. weight
fraction was dissolved in a solution of water : ethanol) with a volume ratio of 90:10, then 1 g of BT
nanoparticles was added to the mixture which was ultra-sonicated for 30 min at room temperature,
then stirred for 1 h at 60°C. The obtained BT suspension was centrifuged, washed by ethanol. and
finally dried in an oven to remove the residual solvent [7].
BaTiOs/epoxy& MWCNTS / BaTiOs/epoxy hanocomposites

The modified BT particles with y-APS coupling agent which were prepared from the prior step
were added to ethanol and ultrasonic was applied for 1 h to obtain a stable suspension and prevent BT
agglomeration. The epoxy resin was added to the suspension of BT in ethanol then stirred for 30 min.
After that it was subjected to ultrasonic treatment for 20 min. The obtained solution was heated to
70°C for several hours to remove the residual solvent, and a specific amount of hardener was added to
form a homogeneous mixture. This mixture was casted into a glass mold (20*20*0.1 cm). Finally, the
curing process was carried out at a temperature of about 110°C for 30 min. The ratios of BT
nanoparticles to epoxy resin were 0.25, 0.5, 0.75, 1, 3and 5wt. %. The samples were cut according to
ASTM D288 for tensile properties and Lee's Disc Method for thermal conductivity. The same above
procedure was used to prepare MWCNTSs / BaTiOs/epoxy nanocomposites at 0.2, 0.4, 0.8 and 1 wt. %
concentrations of MWCNTSs.
RESULTS and DISCUSSION

Figure-1 (a) shows the strain-stress curve for the pure epoxy film. It is clear that the pure epoxy
sample shows brittle behavior with tensile strength of 16 MPa. The addition of BaTiOs; nanoparticles
to epoxy improved the properties of epoxy and its n nanocomposites became more elastic, as shown in
Figure- 1 (b). It can be seen that the tensile strength and Young’s modulus of BaTiOs/Epoxy
nanocomposites film were increased at up to 3wt. % of the added BT. This may be attributed to the
well dispersion of nanoparticles in epoxy. Consequently, the y-APS coupling agent improved the
compatibility between the BaTiO; particles and the epoxy matrix. Also the increase in the tensile
properties of the polymer were due to the small size of the particles which will participate in a very
high-interfacial surface area and increase the mechanical properties [8]. As the nanoparticles content
increases to more than 5wt. % of BaTiOs, the strength was degraded because of the formation of
agglomeration and defects along with the presence of voids, etc. [9]. The tensile strength of epoxy
with the ratio of 5wt. % of BaTiO; was 32MPa and Young’s modulus was 644 MPa. The tensile
properties of BaTiOs/Epoxy nanocomposites such as tensile strength, elongation and Young’s
modulus (calculated by Eq.1) are illustrated in Table-1. All these properties were improved with the
increasing the value of BT nanoparticles content, but adding BaTiOs at more than 3wt.% to the epoxy
softened the matrix and reduced its tensile strength. Reductions in both stiffness and strength of the
composite are attributed to the weak bonding between the BT particles and epoxy matrix [10].
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Figure 1-Strain — Stress Curves for (a) epoxy, and for (b) BaTiOs/epoxy hanocomposites at deferent
BaTiO; content.

Table 1-Tensile properties for BaTiOs/epoxy nanocomposites with different BaTiO3 content

BaTiO; wt.% | Tensile Strength(MPa) Enlogation(mm) Young’'s Modulus(MPa)
0.25 16.3 12 312
0.5 21.4 9.35 500
0.75 255 4 874
1 34 10 1460
3 46.1 6.3 1710
5 32 6 664

Figure-2 shows the thermal conductivity of BaTiOs/epoxy nanocomposite at room temperature as a
function of BaTiO; nanoparticles contents, which is calculated by Egs.2 and 3. Thermal conductivity
of the epoxy resin was found to be 0.2 W/m.K which is in a good agreement with the literatures [11].
It is clear that the thermal conductivity was slightly increased with the increase in BT content till 1wt.
%. This is because the void formed during the preparation of the pure sample is greater than that for
the other samples which are doped with BaTiOs. Another reason is that the thermal conductivity of
BaTiO; is 1.3 to 6 W/(m K) [12], which is larger than that of epoxy resin [13]. At ratios of 3 and 5 wt.
% of BaTiOs;, the thermal conductivity of nanocomposites was decreased, which is attributed to air
voids created during the preparation of composite sample and the agglomeration of BT nanoparticles,
which was increased with high filler content. Although the distribution of BT in the matrix material is
assumed to be in an arranged manner, it is actually dispersed in the resin almost randomly at the high
contents of BT [14].
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Figure 2-Thermal Conductivity of BaTiOz/epoxy nanocomposites as a function of BaTiO; content.

The Strain — Stress curves of BaTiOs/epoxy nanocomposites as a function of MWCNTSs content
(0.2, 0.4, 0.8 and 1wt. %) at a constant weight ratio of BaTiO3 (5 wt. %) are explained in Figure-3. The
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tensile strength was increased with increasing MWCNTSs content from 32 MPa for pure epoxy to the
value 56.8 MPa for 1wt. % of MWCNTSs content. This can be attributed to the substantial effects of
MWCNTSs surface groups on the interfacial bonding. Only if CNTs firmly adhere to the epoxy matrix,
the load transfers from epoxy resin to the MWCNTS [15]. Table-2 explains the effects of MWCNTS at
different concentrations on the tensile properties of BaTiOs/epoxy nanocomposites. The tensile
properties of the composites were improved significantly with the addition of MWCNTS, because the
amorphous segment motions of the polymer chains are limited by the additives.
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Figure 3-Strain — Stress Curves of BaTiOz/epoxy nanocomposites as a function of MWCNTSs content
at 5 wt. % BaTiOs.

Table 2- Tensile properties of BaTiOs/epoxy nanocomposites as a function of MWCNTSs content at 5 wt. %
BaTiO3

MWCNTs wt.% = Tensile Strength(MPa) Enlogation(mm) Moglflﬂgzgl\ZPa)
0 32 6 664
0.2 33.2 55 799
0.4 38.6 5.4 838
0.8 41.8 5.33 1148
1 56.8 6.71 1314

Figure-4 shows the effects of the increase of concentration of MWCNTs on the thermal
conductivity of BaTiOz/Epoxy nanocomposites at a constant weight ratio of BaTiO3 (5 wt. %). The
increase of MWCNTSs concentration from 0.2 wt. % to 1 wt. % resulted in a thermal conductivity
enhancement. At room temperature, 1 wt. % MWCNT/epoxy composite showed thermal conductivity
of 0.2954 W/mK, which was higher than that of epoxy (0.2 W/mK). For MWCNTS/epoxy/BaTiOs
nanocomposites, slightly increases were recorded in the thermal conductivity compared to pure
polymers. Their thermal conductivity value is below its theoretical predictions based on the rule of
mixture, due to their large interface scattering and contact resistance [16, 17].
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Figure 4-Thermal Conductivity of BaTiOz/epoxy nanocomposite as a function of MWCNTS content
for 5 wt. % BaTiO3
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CONCLUSIONS

In this study, BaTiOs/Epoxy and MWCNTSs / BaTiOs/Epoxy nanocomposites were prepared and
functionalized by a saline agent. It was observed that the tensile properties were improved with
increasing BT content, but adding BT at more than 3wt. % to the epoxy softened the matrix and
reduced its tensile strength. The tensile properties of the composites were improved significantly with
the addition of MWCNTS. At ratios of 3wt. % and %5wt. % of BaTiO;, the thermal conductivity of the
nanocomposites was decreased.
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