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ABSTRACT 

In engineering applications, the scientists showed great interest in polymer-based composites because of 

specific characteristics enhancement. Incorporating different fibers and nanofillers into polymer systems can 

enhance some of the resin's properties as well as the fibers', making a composite that is more efficient than 

even some metals. Composites with nanofibrous fillers and epoxy resins are fabricated and tested to increase 

the impact strength of the hybrid composites that can be used in structural applications including 

automobiles, aerospace, military, and many others. An investigation of the effect of Alumina nanoparticles on 

glass/nylon composites has been undertaken. Taguchi's Design of Experiment method is used to determine 

the factors, levels of factors, and number of test models that will be considered for the experiments as well as 

the analysis. With an increase in the nanofiller content, increases the impact strength of the hybrid composite, 

according to the experimental results. With the Glass Fiber and Nylon fibers addition to hybrid composites, 

the excellent interaction between these two fibers and the Alumina nanoparticles reduces agglomeration. This 

good interaction increases the impact strength of hybrid composites, which can be added up to 20%. 
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INTRODUCTION 

Polymer matrix composite materials are developed to meet the design challenges of modern structural and 

industrial applications. The Fiber-reinforced polymer (FRP) Many structural applications use composites, 

such as automobiles, aircraft, robots and machines due to their superior qualities such as high strength and 

specific moduli. The low or high aspect ratio additives into epoxy are recommended to improve some of 

the specific qualities in FRP composites. Due to ease in manufacturing and its properties like higher 

strength and durability, composite materials are gaining importance[1], [2]. Toughness is improved brittle 

FRP composites, the reduction of the filler size is found to be an excellent method since the micro-structural 

excellencecan be achieved by reducing the size of possible defects. For the production of polymeric materials 

with desired properties, Polymer nanocomposites are developed by combining reformed metal oxides in the 

polymer phase or by the addition of synthetic polymer on inorganic materials [3].Tensile strength and impact 

strength in composites can be enhanced by increasing inorganic particles into the polymer phases [4], [5]. 

At the nano level, materials transform from electrical insulators to conductors, fragile to severe nature. One of 

the significant factors which lead to these properties is an increase in the surface area to volume ratio. By 

increasing the surface area of a particle creates more sites for bonding, catalysis or reaction with neighbor 

particles, thus enhances the properties like strength, toughness, chemical or heat resistance[6],[7]. As the 

continuous demand for high performing materials increasing in engineering applications,the use of 

nanotechnology becomes essential for further improvement in mechanical properties.Significant 

enhancements in static and dynamic mechanical properties consisting of axial strength, interlaminar shear 

strength, bending strength, fracture toughness, and stiffness are achieved through the use of different 

nanofillerslikeSiC, Al2O3, SiO2, and TiO2 particles, carbon nanofiber, and carbon nanotubes etc. 
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With low levels of nanofillersaddition, the polymer Nano Composites containing alumina nanoparticles 

exhibit a remarkable improvement in properties.The hybrid polymer composite gives a solution to the specific 

shortcomings in properties of the polymeric phases and the metal oxides without negotiating the parent 

properties [8],[9]. The high aspect ratio and functional interfacial interactions are also the major impact 

factors that will assure the effectiveness of reinforcement of alumina nanofillers which will impart excellent 

mechanical properties. [10].The proper dispersion of nanoparticles reduce the non-aggregationof filler and the 

resultant stress concentrator and also acts as hazardous to the mechanical behaviour of the composites. The 

proper proportion of Alumina can achieve the uniform dispersion of theAlumina, size of Alumina 

Nanoparticles, as well as the viscosity of the matrix [6],[7]. The appropriate quantity of Alumina Nanoparticles 

in the hybrid polymer matrix enhances the mechanical properties[11].The carbide nanoparticle reinforcement 

with Nylon-6 showed a noticeable enhancement in the impact strength of the hybrid nanocomposites[12], [13]. 

The mechanical properties of FRP composites increase and its adaptability in hybrid composites using nano 

fillers. 

MATERIALS AND PREPARATION OF HYBRID SAMPLES 

E-glass fiber (GF) and Nylon-6 fibers (NF)were purchased from Reinforced Plastic Industries, Bangalore, 

and Go Green Products, Chennai, respectively. The Araldite LY-556 epoxy resin was used in this research 

study. The Amino-based hardener HY-951 is used. The α-Al2O3 nano powders were purchased from 

Platonic Nanotech Private Limited, Jharkhand, with an average particle size of 30 – 50nm. The properties of 

Aluminium Oxide (AO) nanoparticles are shown in table 1. 

Table 1. Properties of Aluminium Oxide Nano Particles 

 

For the experimental purpose, we divided the raw material into input factors with different levels of 

percentages. This division of factors and factors level gives the total number of experiments to be conducted 

on the specimen. The decision of the minimum total number of specimens to be fabricated or a minimum total 

number of experiments to be conducted on specimens have been decided by applying the “Design of 

Experiments” techniques. The sample composition is selected based on the Taguchi technique for Glass fiber, 

Nylon fiber, and nano Al2O3 powder combination. In this study, the Orthogonal Array method is carried out 

for Optimization. The L16 sample combination is selected for 3 factors with 4 levels of variables as shown in 

table 2.2. 

 

For the hybrid composite preparation, a mold of 250 x 250 x 4 mm3 was used. To avoid the adhesion of 

composite to mold a release coating is applied on the bottom and the inner mold surface. A calculated 

quantity of epoxy resin is heated for about 80° C to 90° C and Alumina nano powder was carefully mixed 

using a mechanical stirrer. Once the proper dispersion is ensured, the hardener is poured at a calculated 

amount (10:1 by weight of epoxy). It should be stirred again. After proper mixing is ensured by stirring, the 

calculated amount of fiber blend is mixed and stirred again for the appropriate mixing of solution and the 

fiber. The properly stirred mixer is now poured into the mold uniformly and dispersed using a metallic piece 

for uniform thickness. The release coated metallic weight of the plane surface iskept on this mold and 

proper weight is added above this for proper compression loading. The prepared sample is kept to cure at 
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ambient temperature for one day. Later, the post-curing has been done at a temperature of 100 ± 5°C for 2 hours 

in a hot air circulated furnace [14]. 

Table 2. L16 sample combinations 

EXPERIMENTAL PROCEDURE 

ASTM D 256 [15] is used to conduct the Izod test on a Computerized Izod impact testing machine having 

25J capacity and 150º pendulum release angle, to evaluate the resistance of the fabricated composites to 

fracture. Water jet cutting machine used for sample preparation according to dimensions at Axiconn CNC 

Systems, Bangalore. Three specimens as shown in Fig.3.1, for each sample are tested for impact energy, and 

the average values of three specimens for each combination are obtained for specimen thickness of 4mm to 

get the impact strength in Joules. 

 

A – 10.2mm B – 31.5mm C – 63.0mm E – 12.7mm Width, W – 4.0mm 

Figure 3. Impact Test specimen Dimensions 

RESULTS AND DISCUSSION 

Impact Test results 

Izod test was performed on each sample as perthe ASTM D 256 standardand the average values are obtained 

for specimen thickness of 4mm to get the impact strength in Joules. The average impact strength values are 

plotted for each sample as shown in fig 4.1. For specimen number 8, the impact strength value found to be 

higher with a value of 3.8 J. 
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Figure 4. Impact strength for each specimen 

Results of DOE for Impact Test 

To run three parameters with four levels of the experiment it requires 64 combinations of runs in a full 

factorial design. Whereas, using Taguchi’s factorial experiment approach, only 16 runs are sufficient. This 

will reduce the cost and time of the experiment to a great extent. In the Taguchi technique, the quality of the 

parameter is indicated by using a signal to noise ratio method. In this work, “Larger is better” optimization 

function is used for Impact strength analysis. 

 
(1) 

Where n is the number of a repetitive experiment performed, Yi is the resulting output values measured 

forthe ith time [16], [17]. The values for the S/N ratio were computed using MINITAB17 Impact strength 

factor that takes Eq into account (1). Table 4.1 shows the S/N ratio values for impact strength for four levels of 

each parameter. Fig 4.2 shows the plot for S/N ratio values for impact strength for each level of parameters. 

The level with a high value of S/N ratio indicates the optimum level of each of the parameters. It is observed 

from the plot and table values that the most significant parameter among the reinforcement materials which 

affects the impact strength of the hybrid composite, is Alumina nanoparticles, followed by the Glass fiber and 

Nylon fiber. 

 

Figure 5. Main Effect plot for SN ratios for Impact Strength 

From the figure 5 it is evident that the impact strength increases from 0.25 to 1.0 wt% of Alumina, further 

impact strength decreased by a low rate as the Alumina increased from 1.0 to 2.0 wt%. While it showed 

enhancement for NF reinforcement from 5 to 20 wt%, but the trend showed a declined increment after 

10wt% of NF.Further increment in impact strength for Glass fiber reinforcement is observed from 5 to 20 

wt%, but the rate of increment in impact strength is reduced. 
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Table 3. Response Table for Signal to Noise Ratios for Impact Strength 

 

The enhancement of the impact strength can be attributed to good dispersion of Alumina nanoparticles and 

strong interfacial interactions with the epoxy matrix, that favour the pinning of cracks. As the nano Alumina 

content is increased the small inter-particle distance results in a large agglomeration that enhance the brittle 

nature of the hybrid composite[18]. The decrease in impact strength at higher levels of the parameter is due 

to the filler agglomerates that acted as a crack initiation point and helped further crack propagation. Similar 

results for impact strength were observed with nanoparticle inclusion in the matrix. The impact strength will 

be increased because the Nylon and Glass fibres will carry the maximum part of the impact load which will 

act on the hybrid composite [19]. 

 

Figure 6. SEM images of Impact test specimen after brakage. 

The figure 6 shows the various SEM images that are obtained for the specimens that are visualized to know 

the structural characters. The images shows the material bonding and structural changes. The resin mixture is 

prominent. A fiber orientation is seen with the form of particles which is dispended within the resin mixture. 

In these images fiber, particles are properly mixed with resin mixture. The fibers and filler were covered by 

the matrix, showing a good adhesion between the two phases. From the material fracture it is observed that, 

the fiber pull out has contributed to the enhancement of the mechanical properties. The excellent interaction 

of Glass Fiber and Nylon Fiber with Alumina nano particles reduces the agglomeration. As a result of this 

good interaction, the increment in the impact strength’ of the hybrid composite is observed for the addition of 

Glass Fiber and Nylon fiber even up to 20 wt %[20]–[22]. 

CONCLUSION 

The results focused on the most significant parameter among the reinforcement materials, which affects the 

impact strength of the hybrid’ composite, is found to be Alumina nanoparticles, followed by the Glass fiber 

and Nylon fiber. The decrease in impact strength at higher levels of the parameter is due to the filler 

agglomerates that acted as a crack initiation point and helped further crack propagation.The good interaction 

of Glass Fiber and Nylon Fiberwith Alumina nanoparticles reduces the agglomeration. This good interaction 

improved the impact strength of the composite’ even up to 20 wt% addition of Glass Fiber and Nylon fiber. 
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