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Many practical applications in the automotive industry, aerospace applications, 

construction and others have benefited from the development in composite 

materials and reinforced by glass fibers and nanoparticles, in this work is 

improving mechanical properties from adding Nano particles and  study of the 

effect of adding a mixture of nanoparticles of Graphene nanoparticles and Sio2 

nanoparticles on the mechanical properties of hybrid compounds, Where the 

models of the hybrid compound were studied for the purpose of tests and by 

manual paving method. The mixture was mixed with different weight ratios 

(1%, 2% and 3%) for the purpose and evaluation of mechanical properties. The 

ultimate stress for unreinforced specimen with fiber glass is (80.77.7MPa) and 

its values and the best value was 77.69 Mpa for reinforced specimen by 2 % of 

Graphene ,92.13 Mpa  for specimen by Sio2 at 3%  and  was 97.78 MPa at 

2.5% hybrid from (Graphene and Sio2) , Also this addition improvement from 

hardness strength and impact strength and endurance limits at fatigue test and 

this happen due to  good distribution of nanomaterials in composite materials as 

shown in SEM figures.  

Keywords: Graphene, Sio2, hybrid composite , Nano composites, fiber glass, 

epoxy resin. 

 

 

1. Introduction 

Recently, this type of polymeric compounds has been used at a great rate, as it has a huge 

amount of wonderful and different applications. The main characteristics of these 

compounds that distinguish them from many metals are low density, good fatigue and 

corrosion resistance, and thermal insulation, and bad expansion (Shams et al., 2013) [1].  

A composite polymer matrix has very good properties (mechanical and chemical ) , like 
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good modulus and strength, fatigue, and corrosion strength. They have been considered good 

alternatives to metal materials used in many everyday applications, such as aircraft, land and 

sea transportation, such as ships, and electrical and electronic installations  (Zhuge al, 2012) 

[2].  

These reinforced polymers compounds have distinctive properties that have distinguished 

them and become useful in mechanical applications such as magnetism, strength, thermal 

expansion, and high specific hardness, the most important of which is low energy 

consumption during manufacturing.  (A.A. Taher al, 2021) [3,4].  

Typical zones of composite applications in the car industry, aircraft forming, wind energy 

plants, boats, etc. (Varga et al, 2010) [5,6] .Due to the improved properties through the 

addition of nanomaterials and fillers it has been used in many industrial applications, 

electronics, aerospace applications and food packaging. Even by adding lower fillers, 

compared to conventional composites, it gives strengthening in mechanical properties, gas 

permeability and fire. (Khalil et al, 2013) [7].   Nanocomposites used in polymers are of 

great industrial importance during the recent period. Many groups of polymeric matrices, as 

well as the nanofillers used, were studied. It led to a number of improvements in chemical 

and physical properties (Chiu and Chen, 2015) [8]. 

     One of the most important factors that affect the properties of the compound in the 

polymer, including the size and shape of the filling, as well as the composition, amount and 

degree of adhesion of the filling within the matrix. The use of nanomaterials as a filler within 

the adhesion area may lead to a set of much stronger interactions with matrix, thus 

improving and strengthening the metal.  

In typical compounds, it is possible to obtain enhancement and obtain a good compound 

through good mixing, but it fails with nanomaterials, because the interactions that occur 

within the components may determine the bulk properties.  (Esteves, et 2005) [9].  

The addition of nano SiO2 helped enhance the mechanical properties of all sizes and weight 

ratios of particles, as well as improving the fracture toughness due to the penetration of the 

nanomaterial into the deformation of the matrix plastic, and thus helped to create a shield in 

the area, fill voids, and strengthen the shear resistance of the fiber used. (Jajama and Tippur, 

2012) [10]  

Ti  oxide nanoparticle and graphene are some of the most interesting compounds currently 

available. Through this development in the industry, it has the ability to be used successfully 

in many applications and industries, including acoustic stimuli and energy storage etc (Al-

Akaishi, A. Salih, 2021) [11,12]. 

Through research, it was found that 10% by weight nanocomposites showed a good 

combination of properties. They gave an increase in scratch resistance and modulus, as well 

as an increase in strain resistance to failure, while remaining durable. While composites 

containing micronized additives mean gains in scratch resistance and a reduction in stress to 

failure (Ng et al, 2001) [13,14]. 
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2. Experimental Work 

The volume of resin required to fill the mold within is calculated using ASTM (D638-10) 

type (I) and the impact test standard ASTM (D256-04), and the mold is manufactured using 

a CNC device in accordance with these dimensions. Figure (1) indicates casting by CNC 

machine of the ASTM standard dimensions of the tensile test. 

 

Figure 1 Mold of Specimens from CNC machine 

3 Mixing Process of Nano Composite: 

      The nano composites were prepared by adding the nano particles to resin without 

hardener. The mixing process consists of two mixing stages. The first stage was carried out 

by using a magnetic stirrer for 30 min [15]. The second mixing stage was done by using the 

ultrasound mixer device (MTI Corporation) (see Figure (2)) for 10 min . Resin was poured 

into the molds and dried for 24 hours, then the molds were opened to extract the samples. 

The mixing processes were done at the University of Kufa in the Faculty of Engineering in 

nanotechnology and advanced material research unit. 

 

Figure 2:Ultrasonic Mixer 

 

3. Results and discussion  

Figure 3 shows the stress-strain curve of epoxy when adding two layers of fiberglass to pure 
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epoxy and finally the composite material by adding hybrid composite materials from 

Graphene and Sio2 at weight ratios of 1% and 1.5%) respectively, where the increase and 

improvement in the amount of stress is noted to reach 97.78Mpa  due to the good mechanical 

properties of added nanomaterials as well as the distribution homogeneity between materials. 

 

Figure 3 :stress - strain curve of Two fiber glass with hybrid nano composite materials 

      The good and homogeneous distribution of the nanomaterials with the composite 

material of epoxy and fiberglass, and the manufacture of  samples in a good  manner  with 

the least possible gaps and cracks, was reflected in the homogeneous fracture process after 

the test, as noted in figure 4. 

 

Figure 4 : Specimens After Tensile Test of Epoxy fiber glass  with Different weight fraction 

of Nanoparticles 

    Through the following figures 5, it shows the amount of hardness increase of the 

composite material with increasing weight ratios of nanomaterials of Graphene and Sio2, 

where the best result obtained is at 2% and 3% of Graphene and Sio2 respectively, as well as 

when forming the hybrid composite The best result was when mixing 3% of the two 

nanomaterials, the nature, diffusion, and density of the nanomaterials, where the higher 
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density and diffusion on the sample surface is much higher. This leads to an increase in the 

bonds formed between the atoms in addition to filling the empty space between the atoms, 

and for all these reasons, the strength of the surface's resistance to plastic deformation 

increases. 

 

Figure 5: Hardness test of composite with two layer of fiber glass with Nano particles 

Figure 6 showed the effect of increasing the impact strength when adding Graphene and Sio2 

nanoparticles, and this occurs due to the good mechanical properties of nanoparticles, which 

improved the properties of the resulting composite material. The best values were at 3% for 

Graphene and 3% for Sio2, and the resistance was no difference at the mixing value which 

amounted to 165 KJ/m2. 

 

Figure 6: Impact Strength  of composite with two layer of fiber glass with Nano particles 

The good and homogeneous distribution of the nanomaterials with the composite material of 

epoxy and fiberglass, and the manufacture of samples in a good manner with the least 

possible gaps and cracks, was reflected in the homogeneous fracture process after the test, as 

noted in figure 7. 
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Figure 7: Specimens After Impact Tested of Epoxy fiber glass  with Different weight 

Fraction of Nanoparticles 

SEM images provide a good indication of the morphology of the surface, agglomeration, 

segregation, and particle distribution. Figure 8 shows the SEM images of the reinforced 

epoxy with one fiber and the best value of addition nano particles of 2% Graphene, 3% Sio2 

and the hybrid between them. It is clear from these images that have As a result of the 

correct and good mixing process, the distribution and homogeneity were good for all weight 

ratios used, but agglomeration can be seen and thick cracks in hybrids caused non-

homogenized in the composite regions. 

 

Figure 8: SEM of 2F+2%hyb of nano composite 

 

4. Conclusion 

       From previous the following conclusions may be written: 
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Tensile strength of nanocomposite which reinforced by (Graphene) is higher than (Sio2) at 

the same volume fraction, the addition of nano particles and fiberglass to epoxy were not 

effected in hardness test,  good improvement in impact when added nanoparticles.  

The maximum enhancements in ultimate tensile strength, Young modulus and fracture 

strength are (22%,15% and 7%) respectively by using 2% Graphene, and the maximum 

enhancements in ultimate tensile strength , Young modulus  and while the fracture strength 

are (16%,13% and 5%) respectively by using 2% Sio2, the  maximum enhancements in 

ultimate tensile strength, Young modulus and fracture strength are (27%, 21% and 9%) by 

using 2% hybrid nanocomposites, finally the SEM images shows the adding nanoparticles of 

(Graphene, Sio2, and hybrid) as the filler particles caused homogenize in the composites 

regions. 
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