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ABSTRACT

Polymer reinforced with nano particles specifically carbon nanotubes (CNTSs) provide high strength. In this
present investigation iron oxide doped CNTs (CNTs-Fe.03) were prepared via sol-gel method and study the effect of
CNTs-Fe,O3 on mechanical properties of glass fibre/epoxy nanocomposites. Introduction of 1.0 wt % nano particles
into epoxy the tensile, flexural and impact properties are enhanced respectively. These results indicated that hybrids
nanoparticles were well dispersed into epoxy system. However the addition of more than 1.0 wt% hybrids nano
particles decreases the mechanical properties. The morphology of nanocomposites was observed by Scanning Electron
Microscopy. This study revealed that introduction of CNTs-Fe;Os into glass fibre/epoxy composites improved the
mechanical properties.
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INTRODUCTION

Glass fiber-reinforced laminated composites are now widely used as structural materials due to their high
specific modulus and strength, providing significant weight reduction relative to metallic materials (Mangalagiri,
1999). In general, the weak out-of-plane properties of fibrous composites are mainly attributed to the matrix dominated
cracks at low strain and inefficient stress transfer. As a result, there have been several attempts toward enhancing
mechanical properties of the fiber/polymer composites by using modified matrix. In this situation, a variety of
approaches such as blending with fillers such as CNTSs, silica, metal oxide and ceramic oxide are carried out to enhance
the mechanical and thermal properties polymer composites. In particular, carbon nanotubes (CNTSs) with excellent
mechanical properties are considered as attractive candidates for the reinforcement materials. Even though CNTSs
improve the mechanical properties, due the agglomeration dispersion of CNTs into polymer remains difficult.
Moreover, a strong interfacial interaction is required to obtain efficient load transfer from matrix to CNTs. Hence, the
poor dispersion and weak interfacial bonding can limit the reinforcing effectiveness of CNTs or even deteriorate the
composite properties. Noteworthy, some researchers proposed the multi-scale hybridization of CNTs with various
types of microparticles, where the CNT structure and hybrid organization can be tailored by adjusting synthesis
parameters. With the addition of hybrids into polymer matrix, the uniform CNT dispersion and improved interfacial
properties were achieved. In this study to prepare the glass fiber/epoxy composites incorporation of various
concentration of CNT-Fe;O3 hybrid nanoparticles. The fiber/epoxy composites observed the tensile, flexural and
impact studies as per the ASTM standards. SEM images explain the morphology and dispersion of nanoparticles.

Materials: The Diglycidyl ether of bisphenol-A (DGEBA) based epoxy resin; LY 556 (epoxy equivalent of 185 g/eq
and viscosity of 10,000 cP) and the hardener, 4, 4"-diaminodiphenylmethane (DDM) were purchased from, Ciba-Geigy
Ltd., India. Multiwalled carbon nanotubes (MWCNTS), surface area= 200 m2/g, diameter = 10-20 nm, length >10y,
purity > 98% was purchased from Chemapol Industries Ltd, India. Fe (NOs)s and other solvent was all analytical
grades and purchased from Central Drug House, New Delhi, India. Glass fiber was purchased from local market.

Removal of amorphous carbon: 200 mg of MWCNTSs, 50 ml of conc. HCI were taken in a 250 ml beaker and
sonicated for 30 min. The mixture was kept for 24 h and then acid (HCI) was decanted. The MWCNTs was washed
with deionised water till the pH of washings becomes 7 and centrifuged. The MWCNTSs were dried in a hot air oven at
150 °C for 12 h.

Formation of MWCNT-COOH: 180 mg of MWCNTSs and conc. HNO3 (60%) were taken in a 250 ml RB flask and
sonicated for 30 min. The reaction flask was equipped with reflux condenser and a magnetic stirrer. The mixture was
refluxed continuously in an oil bath for 48 h at 90 °C. The mixture was cooled to room temperature and allowed to
settle. The MWCNT-COOH was washed with distilled water and acetone and then dried at 100 °C for 24 h (losif,
2005).
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Preparation of iron oxide doped MWCNTs: The MWCNTs-COOH were dispersed in a 0.05 M Fe(NOs3); solution
with vigorous stirring continued by sonication, then an ammonia solution (2.5 wt.%) was slowly added into the above
solution till the pH reached 9.5. The resulting mixture was filtered through a 0.2 mm filter membrane and washed
repeatedly with distilled water, and the product was the oven dried at 100°C for 12 hours.

Fabrication of hybrid nanocomposites: The mold was designed and fabricated to consist of two mild steel plates of
300 mm x 280 mm x 30 mm, each. The inner surfaces of both the plates were grounded to obtain smooth perfectly
horizontal planes. The bottom plate was provided with six studs and corresponding holes were made in the top plate.
For fabrication of the laminate, mold release agent was applied to the surfaces of the mold glass fabrics were pre-
impregnated with the matrix material consisting of epoxy with CNTs-Fe;O3 nanoparticles (0.5, 1.0 and 2 wt %)
respectively. The impregnated layers were placed one over the other on the bottom plate of the mold. Top plate was
placed over the impregnated stack of layers and pressed by uniformly and simultaneously tightening the nuts. Hybrid
composites are cured at 100°C for 3 hour and post cured at 140° for 4 hour. All the laminates were made up by four ply
with 3 mm thickness. For comparison without CNTs-Fe,O3; nanoparticles glass fibre/epoxy composites were prepared.

RESULT AND DISCUSSION

Effect of CNTs-Fe,O; hybrids on mechanical properties of glass fiber/epoxy composites: Figure.l shows the
tensile strength of glass fibre/ neat and CNTs-Fe,O3; nanoparticles containing epoxy nanocomposites. The results shows
that compared with neat epoxy incorporation nanoparticles increase the tensile strength. However the addition of 1.0 wt
of nanoparticles in nanocomposites evidently increased due to the better dispersion of nanoparticles. It indicated that
the fillers provide reinforcing mechanism via matrix strengthening, which is more evident in the case of CNTs-Fe,0s.
But in the case of incorporation of 2.0 wt % of nanoparticles decreases the tensile strength because poor dispersion of
nanoparticles due to the aggregation of CNTs. Similar trend also is obtained for flexural strength and impact strength.
On the other hand, inclusion of higher concentration of CNTs-Fe>O3 hybrids (> 1.0 wt %) decreases the mechanical
properties. The same observation was obtained for the flexural strength and impact strength shown in Figure.2, 3 and 4.
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Figure.1l Tensile strength Figure.2 Flexural strength  Figure.3 Flexural modulus Figure.4 Impact strength
Morphology of glassfibre/epoxy contain CNTs-Fe,Oz nanocomposites: SEM morphologies of the delaminated
surface of glass fabric reinforced epoxy composites are illustrated in Fig. 3. The reference composites made from neat
epoxy are shown in Fig. 3 a. In this case, the fiber surface is rather smooth and there are obvious river stripes of brittle
fracture in the matrix.

Nanoparticles content (wt%)

Furthermore, the de bonding between fibers and matrix are observed and the cracks mainly propagate along the
fiber—matrix interface, indicating a weak interfacial adhesion Fig. 3b and 3c, it can be clearly seen that the CNTs on
Fe,Os surface are well dispersed in the matrix and stay at their actual lengths. This dispersion state could effectively
prevent the formation of micro flaws in matrix. Moreover, the CNT—Fe,O3 Hybrids lead to larger surface contact and
stronger molecular coupling between CNTs-Fe,Os and matrix. The hybrids play an important role in reinforcing the
matrix, due to the synergistic reinforcing effect of the CNTs and Fe,Os. Additionally, the uniform dispersion of CNT—
Fe,Os3 does not increase greatly the viscosity of the matrix substantially. This is helpful for the adhesion between the
modified matrix and glass fibers. However CNTs- Fe,O; exists in the waveform and agglomeration in the region
between fiber and matrix. They will induce stress concentration, thus reducing the mechanical properties shown in
Fig.3d.

JCHPS Special Issue 6: March 2015 Www.jchps.com Page 200


http://www.jchps.com/

International Conference on Energy Efficient Technologies For Automobiles (EETA’ 15)
Journal of Chemical and Pharmaceutical Sciences ISSN: 0974-2115

Figure.3a. Neat epoxy Figure.3b.Epoxy with Figure.3c.Epoxy with = —
0.5Wt% CNT-Fe;Os LOW% CNT-Fe,05 | F19reS0.Epoxy with 2.0
hybrids hybrids o 203 Ny
CONCLUSION

The effect of CNT- Fe,O3 hybrids on the mechanical properties of glass fabric reinforced epoxy composites
was investigated. The addition of CNT— Fe.Os (1.0 wt. %) improved tensile, flexural and impact strength. This can be
attributed to the good dispersion of the hybrids in the matrix, leading to higher strength and lower viscosity, as well as
the strong interfacial interaction between fillers and matrix, where the hybrids can serve as bridges interconnecting
neighboring fibers to each other. Although further optimizations are still required, the introduction of multi scale
hybrids endows the fibrous composites with enhanced properties, which provides greater potential for applications.
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