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Effect of nano clay and carbon nano-tube
on the mechanical properties of glass
fiber- epoxy hybrid composites

Foad Javdane!  Arman Sedghi?
Faranak Farhadinia’

1- Introduction

In recent years epoxy/fiberglass composite has
attracted much attention, due to its good properties and
low production cost. Relatively low flexural and
interlaminar shear strength are the two most important
weaknesses of this composite, which limit its uses.
One way to improve these properties is producing
hybrid composites by adding reinforcing particles to
the matrix. Carbon nanotube and nanoparticles of clay,
based on their good function as reinforcements have
attracted much attention for such purpose. Although,
adding these kinds of particles will improve the
properties of epoxy/fiberglass composite, generally
will increase its production cost, as well. The most
important challenge in the fabrication of epoxy-based
composites with nanoparticles is reaching the uniform
distribution of particles in the polymer matrix. The
uniform distribution of nanoparticles leads to achieve
the highest contact surface so that the stress is
effectively transferred from the weak matrix to the
strong nanoparticles. Effective stress transfer between
nanoparticles/polymers is the most important factor in
achieving improved properties in these types of
composites. Therefore, the production process, which
has a decisive effect on the structure and amount of
distribution of nanoparticles, will be one of the most
important factors affecting the properties of the
composite.

2- Exprimental Study

In this research, the effect of adding carbon nanotubes
to the matrix with and without clay nanoparticles has
been investigated. The raw materials used in this study
include epoxy bisphenol-A of medium viscosity type
as resin, baking agent HA205 as a crosslinking agent,
woven roving of type E glass, as well as, nano clay
and carbon nanotube as the reinforcements.

To make the samples, the resin and baking agent
were mixed in a weight ratio of 55 to 100, then
nanoparticles with different weight percentages were
added to the mixture. The final mixture was mixed
with a simple mechanical mixer at the speed of 400-
300 rpm for 1 minute. Then it is scrubbed on woven
roving of glass fibers which were placed on top of each
other. All samples were then baked for 0.5 hours at 70
° C at a pressure of 26 Kg/m?2.

Table 1- Sample coding

sample name Nano clay | Carbon nanotube
(w.t. %) (w.t. %)

0 0 0
5NC 0.5 0

10 NC 1 0
15NC 15 0

20 NC 2 0

25 NC 2.5 0
5NT 0 0.5
5NC-5NT 0.5 0.5

According to the ASTM D790 standard, The
dimensions of the specimens which were used in the
flexural strength tests were 12.7 * 12.7 * 3 mm. Also,
according to the ASTM D2344 standard, which was
used to evaluate the shear strength between layers, the
dimensions of the samples made for this test were 12
X40 x 6 mm.

3-Result and discussion

The results show that adding 0.5% by weight of nano
clay to the epoxy matrix in the epoxy/glass fiber
composite increased the flexural strength by 25% from
342 to 429 MPa. However, further increase of nano
clay has a negative effect, and flexural strength
decreases then remain almost constant. Also, adding
carbon nanotubes to the epoxy/glass fiber composite
or adding carbon nanotubes and nano clay both had a
negative effect on the flexural strength (Fig 1). It
shows that changing the adhesion of the substrate to
the glass fibers and the viscosity of the resin, will
change the optimal distance between the matrix and
the fibers.
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Figure 1. Flexural strength of samples

The interlaminar shear strength also increases with
adding nanoparticles. The interlaminar shear strength
of the sample containing 2% wt.% nano clay is the
highest and shows an increase of about 5% and
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3 Holder of master degree in material engineering, Imam Khomeini International University.
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reached 24.5 MPa. But with the addition of nanotubes,
a slight increase (2%) is observed due to the better
dispersion of nano clay particles in the matrix than
carbon nanotubes (Fig 2). Due to a greater tendency
to agglomerate, carbon nanotubes have bad dispersion
in the mixing method that used in this study, and they
will also increase the viscosity of the matrix.
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Figure 2- Interlaminar shear strength

In addition, the simultaneous adding of nano clay
and carbon nanotubes increases the mechanical
properties of the composite to some extent. However,
due to the tendency of the nanoparticles to
agglomerate, this increase is much smaller than the
sample only containing clay nanoparticles.

The sample with 5 w.t.% of nano clay shows better
elastic module (Fig 3).
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Figure 3- Elastic module of samples

The high adhesion of the matrix to the fibers causes
the deformation of the matrix around the fibers will
not happen during bending and prevent brittle
breaking. On the other hand, the low adhesion of the
resin and fibers means that the strength of the fibers is
not transferred to the matrix, in other words, the main
function of the composite, which is the simultaneous
use of good reinforcement properties and the matrix at
the same time, will not occur (or will not occur
enough). For this reason, proper and optimal adhesion
of the matrix and fibers can provide the best results.
This can be seen in the case of the SNC sample (Fig
4).
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Figure 4- Fracture cross section shows distance between
field and sample fibers SNC

4- Conclusion

The present study shows that the production method
studied in this research as an available and low-cost
method for large-scale production led to good
mechanical results. Therefore, by optimizing some
conditions (such as power and speed of mechanical
mixing, press pressure, time, etc.), the properties of
epoxy/glass composites are provided for many
industries with a reasonable price and only with a
slight addition of clay nanoparticles.
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