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ABSTRACT

The final objective of this study was to investigate the effect of various contents of
muti-walled carbon nanotubes (MWCNTs) on the strength of a novel hybrid thermoset
material. Besides, the influence of the hybrid matrix stiffness (epoxy/polyester blend) on the
reinforcement role of MWCNTs were also studied. Specifically, this paper studied and
evaluated the effects of weight percentages of MWCNT on the tensile strength of fabricated
specimens. In addition, the morphology of the fracture surfaces of the resulting
nanocomposites was examined by a field emission scanning electron microscope (FESEM).
Experimental results indicated that the tensile strength of the novel nanocomposite material
increases to 86.3 % with the addition of a 1% ratio of MWCNTs. Furthermore, FESEM
analysis revealed that excellent adhesion and interfacing between the matrices and the fillers
are the main reasons for optimum improvement of properties. The unique contribution of this
study is the discovery that novel hybrid thermoset material reinforced with nano-filler
(MWCNT) can be applied in making low cost, high strength and light weight components as
automobile parts, transportation systems and biomedical devices.

Keywords: Multi-walled Carbon Nanotubes (MWCNTs); Epoxy/Polyester Blend;
Nanocomposite; Tensile Strength; Field Emission Scanning Electron Microscope (FESEM).
TOM TAT

Muc dich chinh ciia nghién ciru nay la dé khao st anh hieong ciia ham lwong thay doi cia
cdc ong nano carbon da vach (MWCNTS) vao do bén kéo ciia mét vat liéu polymer nhiét ran lai
M&i. Bén canh, dnh hwong ciia dé cimg nén lai (cia hdn hep trén epoxy va polyester) vao vai
tro gia cuong Cua MWCNTs da dwoc thuc hién. Dac biét, bai bdo nay da nghién ciru va danh
gid dnh hweng cua phan tram trong lwong cia MWCNTs vao dg bén kéo cia cdc mau thi
nghiém ché tao. Thém vao do, hinh thai cia bé mat cdc mau composite sau khi phd hity dwroc
kiém tra bang kinh hién vi dién tir quét cé dg phdn gidi cao. Két qud thi nghiém chi ra rang do
bén kéo cuia vdt ligu nanocomposite méi tang dén 86.3% V4i viéce thém 1% ham lirong MWCNTS.
Hon nita, phan tich FESEM cho thay rang do bam dinh va két hop tuyet voi gitia cac vat ligu
Nén va chdt don la nhitng Iy do chinh dé cai thién toi wu cdc tinh chat. Péng gop doc dao cua
nghién ciru ndy la phat hién ra vat lieu polymer nhiét ran lai méi duroc gia cé bang chdt don
nano (MWCNT) ¢6 thé dwoc dp dung trong viéc ché tao cdc phu ting cé trong lwong nhe, do
bén cao va chi phi thap nhir cdc chi tiét trén 6 16, cdc hé thong giao théng va thiét bjy sinh.

Tir khéa: Ong nano carbon da vach (MWCNTS), Hon hop Epoxy/Polyester; Nanocomposite;
Do bén kéo; Kinh hién vi dién twr quét do phan gidi cao.

1. INTRODUCTION were found by lijima [1]. Particularly in the
manufacture of composite materials, they

Carbon nanotubes possessing excellent . . )
serve as a superior filler material for

mechanical, thermal and electrical properties
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enhancing the properties and strength of
these hybrid materials.

Regarding the matrix, thermoset epoxy
resins are universally and widely applied as
matrix materials in the fabrication of
advanced composites and electronic and
electrical circuit boards as well as in
hardware components [2,3,4]. In an effort to
promote the performance of the thermoset
matrix, modifications of epoxy using
polyester matrix combinations are of interest
[5,6]. Unsaturated polyester resin possesses
very good mechanical, thermal and corrosion
resistant properties and is also simpler to use
and more economical than epoxy. They are
used as the second phase of production,
blended with epoxies to make the resin
system of materials.

In addition, the effect on reinforcing
polymer by the addition of MWCNTs was
also studied. The results showed that adding
MWCNTs at low weight fractions improved
the tensile and flexural properties of
polyester resin [7,8]. More recently, amino
functionalized MWCNTs were used to
reinforce the mechanical and
thermo-mechanical properties of
e-glass/epoxy composites [9,10,11]. Ruban et
al. [12] implemented the mechanical and
thermal studies of unsaturated
polyester-toughness epoxy composites filled
with amino-functionalized nanosilica.
Vizureanu et al. [13] investigated the
dependence between thermal conductivity
and reinforcing elements. Their researches
were structurally, chemically and thermally
conducted, and the final results confirmed
that the effective thermal conductivity
increases with the concentration of CNT.
Giorcelli et al. [14] studied a wide-band
microwave characterization of
nanocomposites based on commercial
MWCNTs and epoxy resin. Lavorgna et al.
[15] investigated the effects of Silanization
and silica enrichment of multi-walled carbon
nanotubes on the thermal-mechanical
properties of epoxy nanocomposites. They
found that in the rubbery region, the storage
modulus of composites with silanized and

silica enriched carbon nanotubes were about
240% and 285% higher than modulus of neat
epoxy system, respectively. Most studies on
polymeric composites with functionalized
CNTs focus on elastic properties. Among the
various studies incorporating CNTs, some
researchers [16] studied the effect of a matrix
with  different  stiffnesses on  the
reinforcement role of CNT. Mechanical tests
indicated that the stiffness matrix affects the
reinforcement role of carbon nanotubes.

In recent years, composite materials have
found common application in automotive
industries, electronic circuit board production
and aerospace and customer products. This is
attributed to their light weight, high strength,
corrosion resistance and ability to reduce
manufacturing and maintenance costs. In
particular, reinforced polymer composite
materials using various methods in processing
and for improving material strength will
receive increasing interest in the future. The
final objective of this study was to investigate
the effect of various contents of muti-walled
carbon nanotubes (MWCNTS) on the strength
of a novel hybrid thermoset material. Besides,
the influence of the hybrid matrix stiffness
(epoxy/polyester blend) on the reinforcement
role of MWCNTs were also studied.
Specifically, this paper studied and evaluated
the effects of weight percentages of MWCNT
on the tensile strength of fabricated
specimens. In addition, the morphology of the
fracture  surfaces of the  resulting
nanocomposites was examined by a field
emission scanning electron microscope
(FESEM). The unique contribution of this
study is the discovery that novel hybrid
thermoset material reinforced with nano-filler
(MWCNT) can be applied in making low

cost, high strength and light weight
components as automobile parts,
transportation  systems and biomedical
devices.

2. MATERIALS AND METHODS

2.1 Materials

The Multi-walled carbon nanotubes
(MWCNTs) (Figure 1) fabricated by
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chemical vapor deposition with a purity of >
95%, outer diameters between 35 to 55 nm
and lengths between 15 and 25 pm, were
purchased from Cheap Tubes Inc. (USA).
The matrix material is made by mixing of
epoxy 6620, hardener AH150 and
unsaturated polyester resin (UPR) supplied
by Golden Company (Taiwan). For UPR, in
the curing process, cobalt naphthenate (6%)
was used as an accelerator and methyl ethyl
ketone peroxide (MEKP) as a catalyst. An
indispensable agent for separating and
dispersion of the fillers in the resin is methyl
ethyl ketone (MEK).

10pm Cmnst
10.0kV SEI SEM

12/10/2014
WD 9mm  12:00:04

Figure 1. Scanning Electron Microscopy
graph of primary MWCNT.

2.2 Manufacturing Process

In this study, MWCNTs with different
weight percentage, respectively, were evenly
mixed with the epoxy/polyester solution
before casting. Nanocomposite specimens
were fabricated by the hot compress molding
process as illustrated in Figure 2.
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Figure 2. Schematic diagram showing the
preparation process of nanocomposite.

The precalculated amount of MWCNTSs
and epoxy/unsaturated polyester were mixed
together in a suitable beaker. MWCNTSs were
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dispersed into an epoxy/polyester resin using
ultrasonic energy in combination with high
speed mechanical stirring. Ultrasonication
was carried out at 40 °C in a bath sonicator
(T490DH Transsonic Digital S) operated at
40 kHz and mechanical stirring was
performed at 2000 rpm using a high speed
mechanical stirrer. The beaker was then
placed in a ultra-sonicator with a high
intensity for one and half hour with pulse
mode (9s on/9s off). External cooling system
was employed by submerging the beaker
containing the mixture in an ice bath to avoid
temperature rise during the sonication
process. When the process was finished, all
agents including hardener, accelerator and
catalyst with the weight ratio of 2:1/1/1 were
mixed to the previous thermoset polymer
solution. A aluminium mold (Figure 3(a))
with required dimensions was used for
making samples on par with ASTM standard.
The mold was covered with a mold releasing
agent to remove the sample easily. The
completed mixture was poured into the mold.
The 2 parts casting mold was maintained
under the pressure of 0.8 MPa for 24 h at
ambience temperature. To eliminate the
residual stress due to the heat and complete
the curing process, experimental specimens
were post cured at 90°C for 2 h. The
specimens of resulted nanocomposites are
shown in Figure 3(b).

Figure 3.

(a) Mold. (b) Tensile test
specimens.

In this study, the influence of different
matrix stiffnesses on the reinforcement
ability of nano-fillers was investigated. The
resulted nanocomposite will become softer
and more ductile when the addition of
hardener is little. It can be conluded that the
curing process is incomplete. The stiffness of
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matrix can be varied by the mixing ratios
between the hybrid matrix and hardener. The
mixing ratios 2:1, 1.5:1 and 1.3:1 between
the epoxy and hardener were sequentially
used to change the hybrid thermoset matrix
stiffness.

With  this analysis, a set of
nanocomposite samples comprising various
stiffnesses of matrix and different weight
percentages of nano-fillers, was fabricated.
The neat hybrid polymers were also made to
compare with the nano-fillers reinforced
composites samples.

2.3 Tensile Test

The experimental set up for tensile test
was done on the tensile test machine (Instron
5566-CN2081) with a ASTM standard (D638
Type V). The following parameters were set
up for the experiment: clamp length: 26.3
mm, tensile speed: 0.5 mm/min, room
temperature: 25°C. For each content of filler,
the tensile test was carried out at least on 5
specimens and the result is the average value
of 5 times of measuring.

2.4 Field Emission Scanning Electron
Microsope (FESEM)

FESEM at 10 kV voltage was used to
observe the distribution of the nano-fillers in
the structure of nanocomposite system as well
as evaluate the effective of nano-filler
dispersion process and the adhesion among
the phases. To not be affected by the heat of
the laser beam during observation process, the
samples were coated with a thin gold film in
the vacuum chamber before being analysed.

3. RESULTS AND DISCUSSION
3.1 Tensile Properties

The stress-strain  reponses of the
nanocomposite specimens in tensile test are
shown in Figure 4. This figure reveals that
the tensile properties of the nanocomposites
at different weight percentages of filler
transform in the similar way. Initially, tensile
stress increased with the linear style,
exhibiting the period of elastic deformation
of the resulting nanocomposites. Then, stress

reached the maximum value and then rapidly
decreased to the completely destroyed state.
The results of tensile test shows that
nanocomposite specimens have a
elastoplasticity property and a rather brittle
charateristic.

The analysis data of the 90 experiments,
achieved by using Nexygen Plus 3.0 with a
high reliability over 95%, have been
presented in Tables 1 and 2 at the different
mixing ratios of hybrid matrix and hardener.

Table 1. The relationship between the weight
percentage of tensile strength and MWCNT
filler at the mixing ratio of 2:1.

EAOV'UE%‘T)I 0% |0.2%|05% | 1% [1.5%| 2%
Tensile
strength | 17.01 |27.17 | 28.73| 31.69 |30.64| 25.62
(MPa)

Table 2. The variation of tensile property of
MWCNT reinforced nanocomposites at
different mixing ratios.

Wit% of Tensile strength (MPa)
MWCNTSs 2:1 1.5:1 1.3:1
0 17.01 15.45 13.29
0.2 27.17 22.71 16.85
0.5 28.73 24.95 19.48
1 31.69 27.51 22.77
15 30.64 23.37 17.39
2 25.62 18.18 15.36

Figure 5 shows the relationship between
the weight percentage of filler (MWCNT)
and the tensile strength of the nanocomposite
at the mixing ratio of 2:1. The figure
indicates that the tensile strength of
nanocomposite specimens increases rapidly
as the weight percentage of MWCNTs
increases from 0% to 0.2%. The tensile
strength changes slightly in the range of
MWCNT content from 0.2% to 1.5%. The
maximum value of tensile strength achieved
at the MWCNT content of 1%. This value
increases approximately 86.3% as compared
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with that of the specimens without added
fillers. As the weight percentage of MWCNT
increases to over 1.5%, the tensile strength of
nanocomposites decreases rapidly.

To create different stiffnesses of matrix,
a range of mixing ratios between the hybrid
matrix and hardener was proposed consisting
of 2:1, 1.5:1 and 1.3:1. Figure 6 presents the
relationship between the tensile strength of
MWCNT  reinforced  hybrid  polymer
nanocomposite in different mixing ratios and
the filler content of 0%, 0.2%, 0.5%, 1%,
1.5% and 2%. The tensile strength value of
the composite decreased from 31.69 MPa to
13.29 MPa when the mixing ratio runs from
2:1 to 1.3:1. The composites with the low
stiffness matrix (mixing ratio 2:1) had an
increase of tensile strength to 86.3% in 1%
MWCNT weight percentage. The composites
with the medium stiffness matrix (mixing
ratio 1.5:1) had a 77.9% increase of tensile
strength in 1% MWCNT weight percentage.
The composites with the high stiffness matrix
(mixing ratio 1.3:1) had a 71.4% increase of
tensile strength in 1% MWCNT weight
percentage.

The results proved that the nano-fillers
(MWCNTSs) show an extremely significant
and clear reinforcement ability in a soft
matrix rather than a hard matrix. The
reinforcement role of these two categories of
nano-fillers decreases when the stiffness of
matrix increases.

+0% of MWCNTSs
00.2% of MWCNTSs
20.5% of MWCNTSs
%1% of MWCNTSs

2% of MWCNTSs

0.04 006 008 0.1
Strain (mm/mm)

0 0.02

Figure 4. Stress-strain curve in tensile test of
MWCNT reinforced composite.
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Figure 5. The relationship between tensile
strength and wt% of MWCNT.
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Figure 6. The variation of tensile strength of
nanocomposite with different mixing ratios.

3.2 Fracture Surface Properties

Figure 7 shows the SEM graphs of the
fracture surface in the tensile test. This
observation is consistent with the
experimental results of tensile strength
shown in Figure 6. A pretty smooth surface
can be seen in Figure 7(a) for the pure
composite without nano-fillers. With 1% of
MWCNTs, the fracture surface of
nanocomposites is pretty rough, showing a
brittle fracture kind, as indicated in Figure
7(b). In the SEM image with 30,000
magnification, the surface of nano-fillers
are seen to be entirely covered by the
hybrid polymer matrix as shown in Figures
7(c). This indicates a good adhesion
between the matrix and reinforcement
substance and the reliable results of the
mechanical properties of the manufactured
experimental specimens.
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(b)

4. CONCLUSIONS

This paper studied and evaluated the
effect of various contents of muti-walled
carbon nanotubes (MWCNTS) on the tensile
strength property of a novel hybrid thermoset
material. Experimental results indicated that
the tensile strength of the novel
nanocomposite material increases to 86.3 %

Figure 7. SEM images of (a) neat polymer;
(b) nanocomposite reinforced with 1 %
MWCNT at magnification of 1,000; (c)

nanocomposite reinforced with 1% MWCNT

at magnification of 30,000.

the matrices and the fillers are the main
reasons for optimum improvement of
properties. The unique contribution of this
study is the discovery that novel hybrid
thermoset ~ material ~ reinforced  with
nano-filler (MWCNT) can be applied in
making low cost, high strength and light
weight components as automobile parts,

with the addition of a 1% ratio of MWCNTSs. :jran_sportation systtms and  biomedical
Furthermore, FESEM analysis revealed that =~ 2€V1¢®%:
excellent adhesion and interfacing between
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