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Abstract

High-performance polymer nanocomposites utilizing different-sized
nanofillers had a lot of interest recently. Due to their distinct structural, and
thermal characteristics. Multi-wall carbon nanotubes (MWCNT) and
nanoclay (NC) have the most interest among the numerous types of
reinforcing as filler elements for a polymer. The formation of hybrid from
MWCNT and NC at various loadings (0.5%, 1%, and 2wt%) on the
characteristics of epoxy polymer have been assessed in this work. The
specimens have been created using solution blending procedures with the
addition of solvent ethanol at a ratio of 1:1 for dispersed nanofillers, and
then they have been re-mixed with epoxy. Tests like X-Ray diffraction
(XRD), and thermal conductivity were used to identify properties of epoxy.
According to the test results, the thermal conductivity rise as the filler
content rises at 1wt%, then start to decrease after 1wt%. The sample with
the hybrid filler loading of 1 wt% produced the best performance. Since
hybrid epoxy exhibits the best result of the thermal conductivity 135% over
MWNT and NC nanocomposites of 1 wt.% reached 0.3568 W/m.K in the
thermal conductivity property. By the EP
nanocomposites XRD pattern. The hybrid of epoxy nanocomposites
exhibits all of the NC and MWCNT characteristic peaks. Since interactions
between the filler and the epoxy cause a shift in the peak location of 1wt%.
Due to the homogeneity of the nanofillers entire epoxy matrix, there may
be changes in the intensity or location of the peaks at 1% for 26= 20.13°,
which corresponds to an interlayer distance of d=0.461nm.

increased examining
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1. Introduction

Epoxy resins are among the most widely used
thermoset polymers for use in the production of
composites. They are frequently utilized in coating and
structural applications, such as adhesives, castings,
electrical laminates, and tooling components, due to
their outstanding mechanical, thermal, and electrical
properties [1]. The brittleness, weak strength, low-
temperature stability, and low fracture toughness of
the pure epoxy polymer, are drawbacks that restrict its
usefulness [2].In order to get over these problems,
epoxy nanocomposite is made using reinforcing
nanofillers such as nanoclay ,CNTs, and hybrid
nanofillers are used to enhance the properties of epoxy
in order to create high-performance epoxy composites
with even better properties[3].Carbon nano-tubes
(CNT) are characterized by a distinct atomic structure,
a high tensile modulus, and exceptional thermal and
electrical conductivities [4].So that multiwall carbon
nanotubes (MWCNTSs) have been used by several
researchers to improve properties of polymer
nanocomposite materials. Nanoclays have been shown
to be effective polymer reinforcing fillers due to their
lamellar structure and large specific surface area (750
m?/g) [5]. They provide a substantial alternative for the
production of polymer nanocomposites because of
their inexpensive cost, outstanding characteristics, and
high cation exchange capacities [6]. One of the most
widely utilized types of nanoclay is montmorillonite
clay, which is mostly composed of silica and alumina.
MMT possesses the right combination of specific
surface area, elastic modulus, low material cost,
density, low thermal expansion coefficient, and
thermal stability [7]. In order to create composite
materials, which have at least one dimension in the
micro-nanometer range, different matrices, fillers, and
reinforcements are combined [8,9]. The dispersion of
various fillers inside polymer matrices results in large
interfacial contacts between the organic-inorganic
phases, producing an interfacial material with very
distinct shape and superior properties compared to
bulk polymer phase qualities [10,11]. Sanaa Haider. M
and et al. (2021). Studied improve performance epoxy
matrix by using various weight of the MWCNT. The
samples were manufactured by utilizing an ultrasonic
machine and a solution mixing method. Resulted
enhanced the impact of MWCNTSs was increase as 33
%, 46 %, 75 %, and 108 %, respectively. Furthermore,
improved their hardness to be as 0.4% ,2.20% ,2.89%.
Finally, the FTIR and FE-SEM were also tested to find
the structure of MWCNT' and dispersion quality [12].
Tuan Anh et al.(2020), studied FE-SEM, and XRD
Mechanical of Nanoclay. The mechanical properties of
the nanocomposite, including tensile strength, flexural
strength, compression strength, and impact resistance,
enhanced with a little addition of nano clay (2%). Izod.
63.05 MPa of tensile strength grew by 13.59%, 116.80
MPa of bending strength increased by 34.63 %, 179.67
MPa of compressive strength increased by 15.11 %,
and 12.81 kJ/m2 of Izod impact resistance increased

287

d“{ﬁ"*\/\ Jas

by 80.16%, or 63.5 MPa. [13]. Sunil Kumar and et.al
(2021), investigated the mechanical properties of
epoxy matrix with three different types of
nanocomposites (NC, MWCNT, and hybrid).
Nanoparticles were completely dispersed into epoxy
resin utilizing homogenizer and ultrasonic processing
methods. The results were shown for the mechanical
(tensile strength and hardness) qualities. Tensile
strength was raised from 50.5 MPa to 55.5 MPa (9.4%
increases) compared to pure epoxy where it is found at
0.3 wt% MWCNT and 4% NC content hybrid
composite. Also, at 0.3 % MWCNT-4%NC, the elastic
modulus was measured at a higher value. Nanoclay has
a 068% higher pure epoxy content. The
MWCNT/epoxy tesin at 0.5 % has the highest
Rockwell hardness (HRB), 12.5 % higher than neat
epoxy [14].

In this research, MWCNT and nanoclay will be
employed to improve the thermal conductivity, and
morphological properties. And combining 50%
MWCNT and nanoclay by weight ratios to achieve
high performance epoxy polymer nanocomposites.

2. Experimental Work:
2.1. Materials

Three materials were employed in this study at 2:1
weight ratio of epoxy resin and the hardener Sikodor-
52 (Sika Turkey) was utilized. The use of industrial-
grade multi-walled carbon nanotubes (MWCNTS)
from Nanjing XFNANO Materials Tech Co. Ltd. with
dimensions of outer diameter (8-15 nm), purity (>90
weight percent), inner diameter (3-6 nm), tube length
(30-50 m), apparent density (0.1 g/cm3), tap density
(2.1 g/cm3), and conductivity (>100 s/cm) is the
second materials. Third Nanoclay (NC) Sigma Aldrich
was used, which has the following characteristics:
density (2.53 kg/m3), diameter (30-70 nm), length (1-
3 m), and sutface area (64 m2/g). The use of ethanol
(99.9% purity) as the solvent aided in the surface
modification and dispersion of the nanofillers.by
combining  solutions, nanocomposite  is
produced.
2.2. Preparation of Neat Epoxy

To investigate the effect of mnanoclay and
MWCNTs, pure epoxy samples were also fabricated.
In silicone molds, the samples were molded. The
preparation of the impact test samples and the tensile
moulds is shown in Figure 1. First, a 2:1 mixture of the
resin and hardener was prepared, and then 10 minutes
of hand stirring. In order to remove any bubbles that
may have formed in the mixture after it had been
uniformly mixed, it was degassed in a specified way (at
35° C and a pressure of -80 Kpa) for 30 minutes. The
mixture was then poured into silicone molds using a
syringe for tensile and impact tests. The samples were
then kept for 24 hours at room temperature. Tablel
displayed the specifics of the EP matrix formulation.

epoxy
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Table (1): Epoxy and Epoxy Nanocomposites

Samples.
No samples No. samples
1 Pute epoxy 16 NC 1% / Epoxy
2 Pute epoxy 17 NC 1% / Epoxy
3 Pure epoxy 18 NC 1% / Epoxy
0
4 MWCNTs0.5% / 19 NC 2% / Epoxy
Epoxy
0
5 | MWENTSOS% /1 o NC 2% / Epoxy
Epoxy
0,
6 | MWENTSO05% /| o) NC 2% / Epoxy
Epoxy :
7 MWCNTs0.1% / 2 MWCNTSs0.5%-NC 0.5%
Epoxy / Epoxy
MWCNTs0.1% / MWCNTSs0.5%-NC 0.5%
8 23
Epoxy / Epoxy
MWCNTs0.1% / MWCNTs0.5%-NC 0.5
9 24 .
Epoxy % / Epoxy
10 MWCNTSs 2% / 25 MWCNTs1%-NC1% /
Epoxy Epoxy
1 MWCNTSs 2% / 2% MWCNTs1%-NC1%
Epoxy /Epoxy
MWCNTs 2% / MWCNTs1%-NC1%
12 27
Epoxy /Epoxy
M 2%-NC29
13 | NC0.5%/Epoxy | 28 WC@ESPO/;YNC &
M 2%-NC29
14 | NCO.5%/Epoxy | 29 WENTs270-NC2%
/Epoxy
0/ 0
15 | NCO.5%/Epoxy | 30 | MWOENTs2%-NC2%
/ Epoxy

2.3. Dispersion of MWCNT /Nanoclay
Nanofillers in Epoxy:

Three different types of samples were used in the
fabrication process: MWCNT/epoxy, NC/epoxy, and
hybrid (MWCNT-nanoclay) epoxy. These samples
were all made in accordance with the following steps.
To decongest the nanoparticle agglomeration and
ensure adequate dispersion of nanoparticles in the
resin, various dispersion techniques were used. In our
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Vacuum for 30 min at 35 ¢
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investigation, MWCNT's and NC were added to the
mixture in proportions of 0.5%, 1%, and 2% of the
total weight. MWCNT were initially dissolved in
ethanol at a 1:1 ratio. According to a prior work [15],
the solvent was used as the dispersing medium to
achieve a superior dispersion. The nanofillers were
distributed by hand-stirring ethanol and CNTs. For 15
minutes, the CNT combination in ethanol was
performed under strictly regulated circumstances.
Then 15 minutes at room temperature magnetic
stirring. Epoxy resin in the needed quantity was
simultaneously taken and heated for 30 minutes at
60°C to reduce viscosity. In order to obtain a petrfectly
homogenous preheated epoxy resin,
MWCNT/ethanol mixture was continuously added to
epoxy after it had been heated for 1 hour at 40°C using
an ultrasonicator. The beaker was then surrounded by
bits of ice for an hour to stop the acetone from
evaporating and maintain the proper temperature.
Finally, the sample was heated at 60 °C for 2 hours to
guarantee that all of the ethanol had been eliminated.
Both nanoparticles were then evenly and consistently
dispersed throughout the epoxy by continuous high-
speed stirring. The liquid was then let to cool till room
temperature so that the hardener "part B" could be
added.
2.4 Fabrication of Nanocomposites

After dispersion of MWCNT in epoxy part A. The
hardener was then added to the mixture in a 2:1 ratio.
To create a homogenous mixture, high-speed
mechanical mixing was done for 10 min at RT. To get
rid of the bubbles that had formed in the resin as a
result of the mechanical mixing in both situations, the
resin mixture was degasified by putting it in a vacuum
oven for around 30 minutes. The mixture was then
poured into the mold as seen in Figures 1 and 2. the
remaining  steps  for  hybrid  epoxy  with
MWCNT/Nanoclay and EP/NC. Were the processes
used to create nanocomposites for Ep/MWCNT as
shown in Figure (1).

"‘ W = = e
/ k )
-

)
Dispersing with ultrasonicator
for 1h. 25C°

)
Ultrasonic ice bath
1h.30C®

(6)
Mechanical stirrer
and heating for 2 h. to
evaporate ethanol

O]
Add hardener with hand
mixing for 5 min.

Figure (1): The schematic of manufacturing process for fabricating nanocomposites
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Figure (2): The processing steps of nanocomposites fabricating,.

3.Charactrictization Technique
3.1. Thermal Conductivity Machine

KD2 PRO made in Decagon Devices, Inc, in
College of Engineeting materials / University of Kufa
was used to measure the thermal conductivity. The
gadget has a sensor that is submerged in the fluid
during testing to acquire trustworthy findings. At least
three readings should be collected for each test to
assure accuracy. a smidgeon of liquid.

3.2. X-Ray Diffraction (XRD)

For analyzing ordered groupings of atoms or
molecules through the interaction of electromagnetic
radiation, the X-ray diffraction technique produces
interference effects with structures close in size to the
radiation wavelength [16]. The crystallinity of the
blend's particles was evaluated using XRD on the
advanced X-ray diffractometer SHIMADZU-XRD
6000.The crystalline extent was calculated using
diameters (D) obtained from XRD peaks using Debye-
Scheret's equation [17].

D=KAX/ @B Cos0).......coevvviinnnn )

Whereas: K is 0.89 as a constant, X is the incident
X-ray beam wavelength (Cu Ka=1.5406 A°), 0 is the
angle of diffraction of Bragg, and § is the full X-ray
pattern line width at half peak radius height. The
samples were prepared by placing small piece of each
sample in a 200 mesh sieve. The sample was taken out
from the sieve and placed in the sample holder, which
consists of a circle of 20mm diameter and depth of 2
mm, then press well so that the powder is at the surface
level of the sample holder.

4. Results and Discussion
4.1 Results of Thermal Conductivity

Figure 3 and Table 2 show the variation of thermal
conductivity as a function of wt.% contents for all the
nanocomposites. The weight fraction of the fillers 0.5
linearly with the thermal

and  1%increases
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conductivity. The thermal conductivities of epoxy
nanocomposites containing 1wt.%MWCNT and NC
were, respectively, 55% and 56% higher than those of
clean epoxy. Hybrid epoxy has a thermal conductivity
of 0.3568 W/m.K, which is 1wt.% higher than that of
MWNT, NC nanocomposites. The large improvement
in thermal conductivity of hybrid/epoxy composites
with higher filler concentrations can be attributed to
the high inherent thermal conductivity of MWNT and
NC as well as the good contact between the filler and
matrix. When hybtid (EP/MWNT-NC) concentration
to 2.0 wt%, epoxy
nanocomposites' thermal conductivity dropped from
89% to 39%. As a result, it was discovered that adding
CNT and NC to the epoxy matrix had a considerable
impact on the heat conductivity of epoxy composites.

increased from 0.5 wt%

However, the thermal conductivity coefficient rises
when the weight ratio of EP/MWNT-NC is (1wt%o).
The largest
conductivity of epoxy nanocomposites due to the
superior thermal conductivity of the nanofillers is
135%.

4.2. X-ray Diffraction Analysis (XRD)

An analytical approach for determining the crystal
structure, particle size, and distance between crystal
planes of produced mnanoscale materials.X-ray
diffraction for epoxy and its nanocomposites is shown
in Figures 4 and table3. Due to scattering from the
crosslinked network of epoxy, pure epoxy produces
large peaks at 20=17.5°indicating the amorphous
nature of epoxy [18]. In the case of EP/MWCNTs at
1%, a peak can be detected at 20= 19.3°, which
corresponds to an interlayer distance of 0.481nm
according to the Bragg equation, with a little shift in
the peak's position and a decrease in its intensity. This
demonstrates the interfacial interactions between
MWCNT and epoxy resin, which result in MWCNT
dispersion in an epoxy matrix. The NC weight ratio

percentage increase in  thermal
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relates to the clay's capacity to bond with the epoxy
resin via van der Waals forces. Due to the
homogeneous and cluster-free dispersion nanofillers
in the whole epoxy matrix, hybrid-epoxy
nanocomposites exhibit all distinctive peaks of NC
and MWCNTs that may form at 1 wt.% for 20= 20.13°
for d = 1.578. There is no major movement in the peak
position here. There were no voids in neat epoxy or
the NCs comprising 0.5-1wt.%generated by solution
mixing. The X-ray diffraction spectrum of the
nanocomposite hybrid 1wt.% showed a broad peak at
(20 = 17.97). While the diffraction spectrum of the
EP/MWCNT-NC nanocomposite 2wt%) showed a
slight displacement at the apex up to (20 = 20.13°), due
to the increase in the nanoscale scattering rate for both
materials over epoxy matrix surface,which confirms
the non-crystalline nature and the success of the
bonding of the MWCNT ,and NC on the surface of
epoxy resin, that transform from amorphous (solid
phase) to rubbery phase during curing process at high
temperature.

e
N

0.334 0.339

e
@
L

W/m.K
e (=]
5 &

ty

0.2

Thermal conductivi

Weight presentage of nanofillers wt.%

Figure(3): The thermal conductivity as function of
wt.% of the putre epoxy and nanocomposites.

Table (3): XRD data of nanocomposites epoxy

[=1)]
s | & | 52 |8~

?"e ff 2 | g ES | ¥ 2E| g

ample o =B ju ¢~ g
- =]
Pure BEP | 175 | 0756 | 99 | 276 | 0506 | 10
0.5%
eNrymp | 1915 | 0991 | 946 | 201 | 0462 | 8
0,
“’CII\,]T/ Bl j93 [ 1379 | o1 | 220 | 0481 | 5
2% 183 | 1.632 | 100 | 193 | 0457 | 4
CNT/EP : ® :
0.5%

Nejgp | 182 1610 | 100 | 201 | 0487 | 5
1% NC/EP | 1850 | 1.851 | 100 | 228 | 0476 | 8
2% NC/EP | 17.09 | 0955 | 969 | 221 | 0518 | 4

0
0.5% 01;10/ El 73] 1020 | 913 | 210 [ 0511 | 7
1% NC/EP | 2013 | 1578 | 100 | 230 | 0493 | ©
2% NC/EP | 1797 | 085 | 100 | 184 | 0440 | 5
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Figure (4): The X-ray diffraction spectrum of pure
epoxy and its nanocomposites.

5.Conclusions

This study investigates the effects of MWCNT,
NC and hybrid loading on the properties of EP
nanocomposite. The following conclusions were XRD
pattern of the epoxy nanocomposite. The hybrid-
epoxy nanocomposites show all characteristics peaks
of NC and MWCNTs. Since There are changes in the
intensity or position of the relevant peaks. that may
arise at 1wt.% due to the homogenous and cluster free
dispersion nano filler in the entire epoxy matrix. An
increase in thermal conductivity was obtained after the
incorporation 1wt.% hybrid epoxy, while the other
contents, noticeably for the 2wt.% concentration
reduce conductivity. This indicates of agglomeration
and the formation of filler clusters in the epoxy matrix
with ratio 2wt% of MWCNTSs and NC content
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