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Graphical abstract Abstract

This paper presents a study on the flexural properties of glass fiber reinforced
polymer composites. The epoxy-nanoclay resin was milled using a three roll mill
machine fo produce exfoliated structure nanocomposites. The fiber laminates
specimens were manufactured by vacuum bagging system. These specimens were
tested in the three point bend configuration following the ASTM D7264. The flexural
modulus, flexural strength and strain to failure were then determined based on the
flexural test results. The results showed that flexural modulus and flexural strength
increases when a certain amount of nanoclay was included in the resin system. A
maximum of 80% and 37% improvement of flexural strength and flexural modulus,
respectively, were found at 5 wi% nanoclay content when compared to the neat
GFRP composite. The improved properties of GFRP composites were achieved
mostly due to an increase on the interfacial surface areas as well as a well-
= A dispersion of nanoclay in the GFRP composite system. The fracture surfaces of
1474 o specimens after flexural test were observed under FESEM. The results showed that

B A the compressive failure region in the fiber was a dominant failure mechanism of the
specimens due to a large compressive area on the fracture surface.
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1.0 INTRODUCTION Among them E-Glass is generally used as a
reinforcing material due to its good mechanical and
Fiber Reinforced Polymer (FRP) is a composite electrical properties [6].
material made of a polymer matrix reinforced with Epoxy resins are extensively used in FRP composites
fibers. The most widely fiber used are glass, carbon, as a matrix material due to their superior thermal,
aramid and Kevlar. Over the recent years, FRP mechanical, and electrical properties [7]. The
composites have become attractive for structural widespread use of the epoxy resins, however, is
applications such as aerospace, marine, automobile limited in many high-performance applications
and construction industries due to their high because of their inherent brittleness properties. The
mechanical performance. In the aerospace industry, development of improved high performance
applications range from wall and floor panels to the composites based on epoxy resins can only be
fuselage [1, 2]. Glass fiber is by far the most widely achieved by simultaneously improving — matrix
used reinforcement fiber and is the lowest in cost [3, composites, fiber and interface properties. So that,
4]. The glass fibers have a lower strength and the inclusion of nanoparticle into matrix composites
modulus but a higher density when compared to leads fo new enhancements of composites
carbon and aramid fibers [3-5]. There are many types properties compared to conventional composites [8,
of glass fiber such as E-Glass, S-glass, and C-Glass. 9].
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Amongst the potential nanoparticle, nano layered
siicate or nanoclay have received much attention
as reinforcing fillers for polymer because of their
potentially high aspect rafio and unique
intercalation/exfoliation characteristics. Nanoclay
having thickness around 1 nm and lateral dimensions
in the order of few microns, have a very high aspect
ratio and specific surface area (around 657 m2/g) .
The nanoclay is expected to strengthen the
mechanical properties of FRP when nanoclay is well
dispersed in epoxy resin system [10].

A number of research studies have been carried
out to determine mechanical behavior of FRP using
nanoclay filer. Mechanical characterization like
tensile, flexural and, impact test are performed to
quantify the significance of nanoclay on the
mechanical properties of the composites. The
presence of exfoliated nanoclay platelets
substantially increased both the tensile strength and
modulus. Significant enhancement was observed at
nanoclay loadings less than 10% by weight of epoxy.
However, it was reported that brittle behavior was
also observed with high nanoclay content because
of the presence of agglomeration of nanoparticle in
the matrix resin.

This paper aims is to synthesize highly exfoliated
epoxy-clay nanocomposites using three roll mill
machines. Furthermore, the nanomodified GFRP
composites were fabricated using vacuum bagging
technique to develop high performance composites.
It is worth mentioning, if mechanical properties are
improved, the life-span of composites should be
improved. From this overview, the flexural test has
been performed in this study to determine the effect
of nanoclay on mechanical properties of nanoclay
incorporated GFRP composites. A possible fracture
mechanism on specimens fracture surface occur
during testing was obtained based on FESEM
observations

2.0 EXPERIMENTAL

There are several factors which must be considered
while selecting materials for a composite structure.
The most important factors are nanoclay and resin
chemistry, dispersion of the nanoclay in resin,
compatibility of fiber and resin, matrix formulation,
processing parameters and curing conditions. The
epoxy resin used in this study is a commercially
available Morcrete BJC 39 epoxy obtained from
Morstrong Industries Sdn. Bhd. This polymer system
comprises of a three to one ratio of resin to hardener.
MMT clays type nanomer 1.28 was used as nanofiller.
This type of nanoclay is commercially available and
supplied by Nanocor Inc. There are various types of
nanoclay available and have been commercialized
including 1.28 that are compatible with epoxy resin.
The surface of the MMT clay is modified with 25-30
wit% of frimethyl stearyl ammonium to produce

nanomer 1.28. Nanomers 1.28 are supplied as a white
powder that has a mean dry particle size of 8 = 10 um
and density of 1.9 g/cm3. The plain weave type of E-
glass fibre has been used as reinforcement. E-glass
fiber is high strength glass fiber for structural
applications and offers unique combinations of
properties: strength, impact resistance, sfiffness,
temperature resistance, fatigue resistance etc. The
modified epoxy with nanoclay content then
reinforced with glass fiber to develop advanced FRP
composites.

The required weight fraction of clay particles was
pre-dispersed into the resin by hand-stir for 15
minutes. Due to the presence of the clay particles
the epoxy resin became opaque and viscous, the
mixture was then milled using three roll mill machines
to produce exfoliated structure nanocomposites. The
milling process was carried out at 60°C temperature
by pouring the nanoclay-epoxy mixtures in between
the feed and the center rollers. The material was
collected and fed back into the feed and center
rollers because the three roll mill machine was not a
continuous process. The material was then poured
into the hopper feeder.

Then, the fiber laminates specimens were
produced using vacuum bagging system. The fiber
was then cut info size 300 mm x 250 mm in preparing
laminates. A series of nanomodified GFRP composites
was fabricated using 1 wi%, 3 wi% and 5 wi%
nanoclay content. The nanomodified resin and
hardener were mixed at weight ratio of 3:1 as a
matrix material. The plastic film was used to cover the
specimens to ensure the laminate can be easily
removed and smooth surface finish. The flatness of
the laminate without any air bubbles was ensured by
placing a 10kN load on top of the laminate and
applying vacuum pressure to the laminate using a
vacuum bagging system. The laminate was cured at
room temperature for 24 hours.

Flexural test was conducted fo determine the
flexural properties of nanomodified-GFRP composites
according fo ASTM D7264. The test specimens of 80
mm lengths x 13 mm width x 4 mm thickness were
bent under three-point bend configuration.

3.0 RESULTS AND DISCUSSION
3.1 Flexural Test

Figure 1 shows the typical flexural stress-strain curves
of neat and nanoclay-filled GFRP composite systems.
The graphs show that the addition of nanoclay
improved the flexural properties of the GFRP
composite.  The flexural properties of GFRP
composites are summarised in Table 1. Flexural
modulus is the ratio of stress to strain within the elastic
limit and this property was used fo indicate the
bending stiffness of the material while flexural
strength shows the ability of the material to resist
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deformation under load. As can be seen, the
nanoclay-filed GFRP composites improved flexural
strength and flexural modulus but slightly reduced the
failure strain at maximum flexure load when
compared to the neat GFRP composites. The flexural
stfrength of 5 wit% nanoclay specimen exhibits the
fremendous improvement with 80% increasing
compared to neat GFRP composites. In addition, the
flexural strength of 1T wi% and 3 wit% nanoclay was
increased to 27% and 71%, respectively. It was shown
that the strong bonding between glass fiber and
maftrix results in increases the ability of the glass fiber
to sustain the stress.

In addition, the flexural modulus of 5 wi% nanoclay
displayed the highest flexural modulus of
approximately 25GPa  with  37% improvement
compared to neat GFRP composites. The flexural
modulus for 1 wi% and 3 wi% nanoclay also exhibit
significant enhancement with  26% and 35%,
respectively. It is worth notfing that the improvement
of flexural modulus value is contributed by the
presence of nanoparticles in the epoxy matrix that
interact strongly with the polymer chain and limit the
ability of the polymer chain to move thus increasing
the flexural modulus considerably.
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Figure 1 Typical flexural stress-strain curves of nanomodified (GFRP) composites system

Table 1 Flexural properties of the GFRP composites with various of nanoclay content

GFRP system

Flexural Strength, or (MPQ)

Flexure strain at Maximum

Flexure load, (%) Flexural Modulus, E; (Gpa)

Neat

Twit%

3wit%

5 wit%

175.34£16.84

222.84+16.79

299.67£12.93

316.05£17.35

2.05+0.87 20.64+1.87
1.51£0.64 22.53+1.25
2.02+0.69 24.25+2.68
2.1140.81 24.31+1.64
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3.2 Fracture Surface

The fracture surfaces of GFRP composites system
after flexural test are shown in Figure 2. The fiber
breakage indicates that there is some fragmentation
of fiber bundles, evidence of extensive fiber
debonding, delamination and exftensive matrix
cracking. The neat GFRP composites (Figure 2(a))
shows the fracture occurred along the bonding
interface between fiber and epoxy resin. The
nanomodified-filled GFRP composites (Figure 2(b.c
and d)) shows a crack extension along the fiber-
maftrix interface with the absence of appreciable
matrix deformation, which is reminiscent of brittle
fracture behavior. Nanoclays is observed to adhere
in the epoxy matrix providing significant resistance to
crack propagation. This showed that by adding
nanoclay into epoxy matrix, the shear load is
effectively fransferred from the matrix to the glass
fiber to improve the strength of fiber laminates
composites. On other hand, for neat GFRP system
without nanoclay filler (Fig. 2(a)) the fracture
occurred along the bonding interface between fiber
and epoxy resin showing a poor adhesion of fiber to
the matrix.

The example of closer inspection of fracture
surface GFRP composite specimen as observed
under FESEM as shown in Figure 3. The micrograph
was taken in order to provide an insight on damage
mechanisms of fracture surface. The compressive
failures are the most common damage mechanisms
under flexural loading. The presences of splitting and
buckled fiber are clearly seen at the compressive
surface. The tensile failures are also observed at the
tension side of the specimens. This appears due to
the brittle failure or fiber pullout. The laminate failed
in compression after applied flexural loading due to
the strong tensile properties of the glass fiber.
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Figure 2 FESEM examination on fracture surface of GFRP (a)
neat system; (b) 1 wi% nanoclay; (c) 3 wi% nanoclay; (d) 5

wi% nanoclay
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Figure 3 FESEM microstructure showing crack propagation
of nanomodified GFRP composites observed under 2000x
magnification.

4.0 CONCLUSION

The nanomodified GFRP composites with nanoclay
filler were successfully developed using vacuum
bagging system. Based on the experimental results, it
was found that the milling technique using three roll
mill machine was an effective technique to infuse
nanoclay into epoxy matrix due to the improvement
of flexural properties of glass fibre laminates. The
GFRP composites fabricated with 5 wit% nanoclay
inclusion showed a significant improvement in the
flexural properties possibly due to several factors such
as: (1) well interaction between the matrix, clay and
fibers, (2) enhancement of matrix-filoer adhesion with
inclusion of nanoclay and (3) better sfiffness
properties of the matrix.

Acknowledgement

The «authors would like to thank Research
Management Institute (RMI) Universiti  Teknologi
MARA (UiTM), Ministry of Education Malaysia and
Institute of Graduate Studies (IPSIS) for the financial

supports. This research work is performed at the
Faculty of Mechanical Engineering, UiTM Malaysia
under the support of Research Acculturation
Collaborative  Effort (RACE) no: 600-RMI/RACE
16/6/2(7/2013) and Principal Investigator Support
Initiative (PSI) no: 600-RMI/DANA 5/3/PSI (361/2013).

References

[11  Jumahat, A., Soutis, C., Jones, F. R. and Hodzic, A. 2012.
Compressive behaviour of nanoclay modified aerospace
grade epoxy polymer. Plastics, Rubber and Composites.
41:225-232.

[2] Soutis, C. 2005. Fibre reinforced composites in aircraft
construction. Progress in Aerospace Sciences. 41: 143-151.

[8] Dong. C., Jayawardena, H. A. R. and Davies, . J. 2012.
Flexural properties of hybrid composites reinforced by S-2
glass and T700S carbon fibres. Composites Part B:
Engineering. 43: 573-581.

[4 Haque, A., Shamsuzzoha, M., Hussain, F. and Dean, D.
2003. S2-glass/epoxy polymer nanocomposites:
manufacturing, structures, thermal and mechanical
properties. Journal of Composite Materials. 37: 1821-1837.

[5]  Bozkurt, E., Kaya, E. and Tanoglu, M. 2007. Mechanical
and thermal behavior of non-crimp glass fiber reinforced
layered  clay/epoxy nanocomposites. Composites
Science and Technology. 67: 3394-3403.

[6]  Giancaspro, J. W., Papakonstantinou, C. G. and Balaguru,
P. N. 2010. Flexural response of inorganic hybrid
composites with E-glass and carbon fibers. Journal of
Engineering Materials and Technology. 132: 021005-
021005.

[71  Amir, W.W., Jumahat, A. and Kalom, A. 2015.
Characterization of Nanoclay-Modified Epoxy Polymers
Using X-Ray Diffraction Analysis. Applied Mechanics and
Materials. 175-180.

[8] Jumahat, A., Amir, W., Soutis, C. and Kasolang, S. 2014.
Flexural response of nanoclay-modified epoxy polymers.
Materials Research Innovations. 18: S6-280-56-285.

[?]1 Jagtap, S., Rao, V. S. and Ratna, D. 2012. Preparation of
flexible  epoxy/clay  nanocomposites:  effect  of
preparation method, clay modifier and matrix ductility.
Journal of Reinforced Plastics and Composites. 32: 183-
196.

[10] John, B. S. H., Timmerman, F. and Seferis, J. C. 2002.
Nanoclay reinforcement effects on the cryogenic
microcracking of carbon fiber/epoxy composites.
Composites Science and Technology. 62: 1249-1258.



