SAHARUDIN, M.S., HASBI, S., ZULKIFLI, A. and ZAILANI, N.F. 2019. The processing of epoxy/1 wt%-graphene
nanocomposites: effects of ethanol on flexural properties. International journal of innovative technology and
exploring engineering [online], 9(1), pages 5440-5444. Available from: https://doi.org/10.35940/ijitee.A8105.119119

The processing of epoxy/1 wt%-graphene
nanocomposites: effects of ethanol on flexural
properties.

SAHARUDIN, M.S., HASBI, S., ZULKIFLI, A. and ZAILANI, N.F.

2019

© The Authors. Blue Eyes Intelligence Engineering and Sciences Publication (BEIESP). This is an open
access article under the CC-BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

mAl R This document was downloaded from

@RG U https://openair.rgu.ac.uk


https://doi.org/10.35940/ijitee.A8105.119119
http://creativecommons.org/licenses/by-nc-nd/4.0/

International Journal of Innovative Technology and Exploring Engineering (IJITEE)

ISSN: 2278-3075, Volume-9 Issue-1, November 2019

The Processing of Epoxy/1 wt%-graphene
Nanocomposites: Effects of Ethanol on Flexural
Properties

Mohd Shahneel Saharudin, Syafawati Hasbi, Asmimi Zulkifli, Nurul Fatihah Zailani

Abstract: Four different types of nanocomposites were
successfully produced using solution casting technique. Graphene
was dispersed in four different ethanol concentrations; 0g, 1g,
2.5g, and 5g. In general, it can be observed that ethanol is an
excellent agent for 1 wt% graphene dispersed in the epoxy matrix.
The maximum increase in flexural properties, impact strength and
microhardness were observed in 1 wt% graphene dispersed in 1g
ethanol. The flexural strength and modulus increased by 62% and
61% respectively. The highest impact strength was recorded for 1
wt% graphene dispersed with 1g ethanol, where an improvement
of 9.5% was observed. The maximum Vickers microhardness was
recorded to improve 3% compared to monolithic epoxy. SEM
images revealed that graphene can impede the advancing cracks
and significantly change the fracture mode from a straight
fracture path to radially emanated path. It is worth to point out
that if ethanol is not completely evaporated during processing, it
can cause porosity which is unfavourable to the mechanical
properties of the nanocomposites.
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I. INTRODUCTION

Epoxy resins are typically used in aerospace, automotive,
building and construction application due to their dinstict
mechanical properties, favourable thermal stability, ease of
processing, compatibility with other fibers and excellent
chemical and water resistant [1], [2].

However, this material has low toughness; hence adding
nano particles can improve its properties. The inclusion of
graphene into epoxy can considerably increase the physical
and chemical performance of matrix at low content providing
that the filler is homogenousely dispersed in the matrix [3].

In 2004, graphene was discovered by Andre Geim and
Kostya Novoselov [4]. This unique material has received
limelight as mother of all graphitic materials owing to its
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superlative mechanical, electrical and thermal properties [5].
According to Wei et al., recently the European Commission
has invested almost 1 billion in funding in research associated
with graphene in academic and commercial institution [6].
Graphene is incorporate in the epoxy to improve its
mechanical properties. Significant improvement could be
seen when the graphene is uniformly dispersed where the
dispersed graphene shared the external stress and blocks the
advancing cracks. However, for practical applications,
graphene is not suitable to disperse in epoxy just by simple
mixing, as graphene tends to accumulate in the matrix [7].
Poorly dispersed graphene could act as a stress raiser and
causes stress concentration, which decreases the mechanical
properties of composites [3]. Homogenous dispersion
graphene in the liquid matrix is very difficult to achieve due
to its large surface area [8]. Besides that, the strong van der
Waals force attracts graphene to each other which leads to
reaggregation of graphene as reported in the literature [9].
Achieving a good dispersion of graphene-reinforcement is
one of the difficult challenges in the processing of epoxy/
graphene nanocomposites [10]. According to Zhang et al.,
uniform dispersion of gaphene create high surface area of
filler which affects the polymer chain that facilitate the
improvement of the whole nanocomposite properties [11].

Mittal and Vikal stated that the easiest method for
processing  epoxy/graphene  nanocomposites is by
manipulating the surface of graphene which enable direct
dispersion of organic solvents [12]. This adds to better
physical or chemical interface between the functionalized
graphene and polymeric matrices. Several studies describe
how the surface alteration of graphene has been carried out
by reinforcing surfactant such as amine, organic phosphate,
silane, and plasma [13], [14].

As a commonly used surfactant, ethanol is widely known
to disperse graphene, however, the dispersing efficiency of
ethanol at low content (such as 1 wt%) for graphene in an
epoxy matrix is still unknown. In order to evaluate its
dispersing performance, epoxy/1 wt%-graphene
nanocomposites were produced and their mechanical
properties were studied. To date, there has been no specific
research publication discussing on the effects of ethanol
content on the properties of the epoxy/lwt% graphene
nanocomposites [6], [15].

Therefore, this study
provides a new insight for the
preparation of epoxy/1
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wit%-graphene nanocomposites at various ethanol contents
and examines the usage of ethanol solvent in the processing
of epoxy/graphene nanocomposites.

Il. MATERIALS AND SAMPLES PREPARATION

Graphene (nanoplatelets) of 2 pm particle size and
thickness in few nm with a surface area of 300 m?g and
purity of 99.2% was purchased from Sigma Aldrich, UK. The
graphene of 1 wt% was dispersed in 4 different ethanol
contents of 0g, 1g, 2.5¢, and 5g. The dispersion of graphene
in ethanol was carried out using a bath sonicator (Fig. 1) for 5
minutes followed by mixing with epoxy resin. The
temperature of the ethanol and epoxy mixture was increased
to 60 °C for 10 min to remove the solvent. Then, the hardener
was added in the epoxy-graphene mixture. Subsequently, the
mixture was hand mixing for another 5 minutes before
vacuum degassing took place for 15 minutes. The mixture
was poured into silicone mould to cured for 6 hours at room
temperature before post-curing took place at 150 °C for 6 h as
shown in Fig. 2 [16].

The silicone rubber and curing agent used in this research
were supplied by Portal Trading, Penang, Malaysia. The
gelation time is 25 minutes. The mixture of silicone rubber
and the curing agent were poured into an acrylic mould and
cured at room temperature for 24 hours. The ratio between
the silicone rubber and hardener was 98:2.

The epoxy and hardener used in this research were
Miracast 1517A and Miracast 1517B supplied by Miracon
Sdn. Bhd., Seri Kembangan, Malaysia. The epoxy has a
density of 1.13 g/cm3 while the hardener has 1.1 g/cm3
density. This epoxy system is a standard resin for composite
industry and has low viscosity. The low viscosity of the
harderner prevent the reinforcement agglorameration by
improving the dispersion state and fast curing [15]. The resin
was left 40 minutes at room temperature for gelation.

Fig. 1.Sonication of 1 wt% graphene in epoxy resin
using bath sonicator.
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Fig. 2. Post curing of samples at 150°C in a drying oven.
I1l. CHARACTERIZATION

A flexural test was performed using Victor Universal
Testing Machine (Victor VE 2302). Five specimens were
prepared and tested for each composition. For flexural test,
the displacement rate was set to Imm/min. The test properties
were conducted based on ASTM D790 using specimen with 3
mm thickness as shown in Fig. 3. Buehler Micromet Il was
used for Vickers microhardness test for the monolithic
polyester and its nano composites in air and after methanol
exposure. 200 g of load was applied for 10 s and the readings
were taken on specimens based on standard ASTM D790.
Brooks Charpy Impact Tester UK was used for the impact
test and was performed based on the standard ASTM A370
(Fig. 4). Mini SEM (Thermo Fisher, USA) was used for
Scanning Electron Microscopy analysis. The samples were
taken from broken flexural specimens.
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Fig. 3. Hlustration of the flexural sample in mm
(ASTM D790)

Fig. 4. lllustration of the impact test sample in mm
(ASTM 370)
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IV. RESULTS AND DISCUSSION

The variation of flexural strength of monolithic epoxy and
epoxy/l wt% graphene nanocomposites prepared with
different ethanol dosages is shown in Fig. 5. Monolithic
epoxy (ME) recorded 113 MPa of flexural strength. For 1
wit% graphene dispersed without ethanol, the flexural
strength increased by 5%. Due to the strong van der Waals, it
can be observed that after the sonication process in bath
sonicator, graphene has a tendency to reaggregate in the
matrix [17]. In the case of 1 wt% graphene dispersed in 1g
ethanol, the flexural strength improved by 62%. In the case of
1 wt% graphene dispersed in 2.5g ethanol, the flexural
strength increased by 24% compared with monolithic epoxy.
The flexural strength recorded the lowest value for graphene
dispersed in 5g ethanol.

Flexural modulus of monolithic epoxy and epoxy/1 wt%
graphene nanocomposites prepared with different ethanol
dosages is shown in Fig. 6. Monolithic epoxy recorded 7.6
GPa of flexural modulus. In the case of graphene dispersed
without ethanol, the flexural modulus increased by 42%. The
flexural modulus further increased up to 61% in the case of
1wt% Graphene dispersed in 1g ethanol. In the case of
graphene dispersed in 2.5g ethanol, the flexural strength
increased by about 18.7%. The flexural modulus dropped
22% compared with a flexural modulus of monolithic epoxy.
This can be associated with retained ethanol which acts as a
stress raiser and thus deteriorating the flexural modulus [18].
Ethanol was not completely removed during the stirring
process at 60°C possibly due to insufficient time needed to
evaporate.

The variation of flexural strain for monolithic epoxy and
epoxy/1wt% graphene nanocomposites prepared with
different ethanol dosages is shown in Fig. 7. In general,
monolithic epoxy recorded the highest flexural strain
compared with all samples reinforced with 1 wt% graphene.
This is due to the fact that graphene has outstanding
properties of carbonaceous materials, such as high strength
and stiffness [19]. Besides that, graphene had decreased the
length of the polymeric chain as well as of the number of
rigid particles from the polymeric matrix [20].

The variation of impact strength is shown in Fig. 8. It can
be seen that monolithic epoxy (ME) exhibit the lowest impact
strength compared with other samples reinforced with 1 wt%
graphene. The highest impact strength was recorded in the
case of 1 wt% graphene dispersed with 1g ethanol, where an
improvement of 9.5% was observed. The minimum
improvement of impact strength was seen in the case of
graphene sonicated in 5g ethanol where 6.8% improvement
was observed. The reason for this impact strength
improvement is that, when the fracture path becomes more
tortuous as cracks deviate around the strong reinforcement,
the increase in crack microlayers offers extra work to fracture
[19].

The variation of microhardness for monolithic epoxy and
epoxy/1 wt% graphene nanocomposites is shown in Fig. 9.
The maximum Vickers microhardness was seen in the case of
epoxy/1wt% graphene processed with 1g ethanol. An
increase of 3% microhardness was recorded. The lowest
improvement in microhardness was observed in the case of
graphene dispersed in 5g ethanol where only 0.5%
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improvement was recorded. The result shows some air
entrapment and restriction in the movement of polymer
chains due to the reinforcement of graphene. The graphene
tends to fill in the porosity in the matrix and restricts the
movement of polymer chains that increase the
microhardness. As mentioned earlier, the porosity was visible
on produced samples due to air entrapment during samples
preparation where the volatiles were not able to escape in the
curing process.
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Fig. 5. Flexural strength of epoxy/graphene
nanocomposites prepared with ethanol
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Fig. 6. Flexural modulus of epoxy/graphene
nanocomposites prepared with ethanol
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Fig. 7. Flexural strain of the nanocomposites prepared
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Fig. 9. Microhardness of the nanocomposites
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V. SEM ANALYSIS

Fig. 10 shows the SEM images taken from flexural
samples for monolithic epoxy and epoxy-1 wt% graphene
prepared with ethanol. It can be seen that for monolithic
epoxy (Fig. 10 (a)), the crack propagates in straight lines
when the maximum load is reached. The crack moves
without diversions and this can be associated with lower
resistance which is very typical for unreinforced epoxy [21].
Fig. 10 (b) shows the SEM image of epoxy-1 wt% graphene
sample. The crack started from a defect point and radially
emanated as shown below. Dispersion of graphene in ethanol
improved the dispersion in the epoxy matrix. The
homogenous dispersion and improved chemical interaction
between graphene and epoxy matrix contributed to the
excellent flexural properties. In contrast, poor graphene
dispersion raises stress and lowering its mechanical
properties due to stress concentration [18].

.

Fig. 10. SEM images of (a) monolithic epoxy and (b)
epoxy-1wt% graphene prepared with 1g ethanol
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VI. CONCLUSION

Four different types of nanocomposites were successfully
produced. It was found that ethanol is an excellent dispersant
agent for 1 wt% graphene dispersed in the epoxy matrix. The
maximum increase in flexural properties, impact strength and
microhardness were observed in the case of 1 wt% graphene
dispersed in 1g ethanol. The flexural strength and modulus
increased by 62% and 61% respectively. The highest impact
strength was recorded for 1 wt% graphene dispersed with 1g
ethanol, where an improvement of 9.5% was observed. The
maximum Vickers microhardness was recorded to improve
3% compared with monolithic epoxy. SEM images revealed
that graphene can obstruct the advancing cracks and
significantly change the fracture mode from straight fracture
path to radially emanated path. It is worth to point out that if
ethanol is not completely evaporated during processing, it
causes porosity which is unfavourable to mechanical
properties. Further research need to be carried out as the
results would differ if ethanol is completely removed at
higher temperature during mixing process of graphene and
epoxy.
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