Preparation and characterization of Glass & Carbon Fiber Reinforced Polymer Composite Material
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Abstract
That fiber composites like SCS and CSC turn out to be greater well-favored. This study examines the tensile energy, impact electricity, and other mechanical residences of SCS, CSC and hybrid composites. During the curing phase of composites, numerous molding hundreds had been used to create the composites utilizing a manual lay-up method. The traits of the cloth may be altered via choosing extraordinary fiber types to encompass right into an available resin matrix. In the prevailing experiment, the mechanical properties of an epoxy hybrid composite bolstered with carbon and glass fibers had been investigated. The technique of making hybrid composite substances with the aid of vacuum bagging. According to ASTM recommendations, the mechanical homes of the hybrid composites, inclusive of hardness, tensile energy, tensile modulus, ductility, and top load, had been evaluated. The mechanical properties elevated collectively with the fiber reinforcing content material of the matrix material. Fiber composites are manufactured and researched, and SCS and CSC are used separately for comparison. Information on the mechanical behavior of the composite is acquired with the aid of trying out the composite laminates for tensile (at extraordinary stress quotes and temperatures), flexural (at various strain prices), and impact. The composite is made using the hand layup approach. It is observed that the CSC composite outperforms SCS in phrases of tensile and flexural houses. The inside shape of the composite is studied the use of a scanning electron microscope (SEM), in conjunction with any fractures, voids, and fiber delamination.
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1. Introduction
A composite material is made by combining two or more different materials. This makes the new material stronger and more durable than the original ones. There are two main types of composites: ones made by mixing small particles of different materials together, and ones made by adding strong fibers to a weaker material.

Customers nowadays want goods that are highly resistant to corrosion and lightweight, which has increased demand for materials with these characteristics. Polymer matrix composites are the most widely used type of composite because they offer excellent corrosion resistance and high strength. Glass and carbon fibers are among the possible reinforcement materials used in polymer matrix composites. These composites are in high demand in industries such as aerospace and aviation, motor vehicles, medical technology, and civil engineering.

A composite material consists of two or more materials - fibers and a matrix. The matrix is ductile and protects the fibers from damage. When designed properly, composites are stronger than the individual materials. They have many applications, including structural, electrical, thermal, tribological, and environmental uses. Hybrid composites are advanced composites that can have more than one reinforcing phase or multiple matrix phases. They are more flexible than other fiber-reinforced composites and have a high-modulus fiber for stiffness and a low-modulus fiber for damage tolerance and cost-effectiveness. By changing the volume ratio and stacking sequence of different plies, the mechanical properties of a hybrid composite can be varied.

Glass reinforced plastic (GRP), commonly known as "fiberglass," is a material that uses E-glass, an alumina-borosilicate glass, as its primary reinforcement. Other types of glass, such as A-glass, E-CR-glass, C-glass, D-glass, R-glass, and S-glass, are also used. Fiberglass has excellent tensile and compressive strength and is used in high-strength textiles, corrosion-resistant materials, thermal insulation, electrical insulation, and sound insulation, among other applications. FRP tanks and vessels often use fiberglass in their construction.

Carbon fibers are made up of carbon atoms and have a different atomic structure than graphite, which is made up of sheets of carbon atoms arranged in a hexagonal pattern. Carbon fibers have many useful properties, such as high tensile strength, stiffness, low weight, high temperature tolerance, and minimal thermal expansion. However, compared to other fibers like glass or aramid, carbon fibers are more expensive.

2. Literature Review
T D Jagannatha et al.[1] used the vacuum bagging technique to conduct research on the mechanical characteristics of carbon/glass fibre reinforced epoxy hybrid polymer composites. They created a hybrid material using carbon fibre and E-glass fibre. As the material's fibre reinforcement content grew, he noticed an increase in its mechanical qualities.

The study of the mechanical characteristics and morphology of seawater-aged carbon and glass fibre reinforced polymer hybrid composites was the subject of research by Dipak Kumar Jesthi et al.[2] They created a material using the hand layup approach and assessed the effects of the stacking order of carbon and glass fibre on the sea diffusivity, tensile, flexural, and impact strength of hybrid composites.
In addition, their unique energy and modulus are particularly excessive. K.V. Arun, S. Basavarajappa, and B.S. Sherigara [3] carried out experimental have a look at on hybrid composites more suitable with glass/cloth cloth in each regular conditions and saltwater environments. In each interlinear and translaminar eventualities, impact lifetime, interlinear shear power, and the important stress depth aspect have all been studied. The medium viscosity epoxy resin matrix was created out of clean-woven e-glass cloth and commonly composed of silk cloth.

Hybrid glass fibre sisal/jute reinforced epoxy composites were the subject of research by M. Ramesh et al.[4] on comparative evaluation of their characteristics. The findings showed that the tensile properties of sisal fibre reinforced and GFRP composites were superior than those of jute fibre reinforced composites, whereas the flexural properties of jute fibre reinforced and  GFRP composites were superior
Yi Zou, Shah Huda, and Yiqi Yang [5] investigated the homes of polypropylene-based laminates made from complete and chopped wheat straws (WS), along with their tensile electricity, flexural electricity, impact strength, and sound soaking up capacities (PP).

The mechanical residences of an unsaturated polyester composite strengthened through sisal fibres in an admicellar have been tested by means of researchers Supreme Sang tung, Thirawudh Pongprayoon, and Nantaya Yanumet [6].

S.M. Sapuan et al.[7] investigated the mechanical characteristics of hybrid composites made from longitudinal basalt and woven glass fibers. To create the composites, they used the hand lay up method in six formulations. This study demonstrates how basalt boosted the density, tensile, and flexural properties of glass-fiber reinforced unsaturated polyester resin.
 P. Tyhreepopnatkul, N. Kaerkitcha, and N. Athipongarporn have all investigated mechanical homes, inclusive of tensile power, impact energy, and thermo gravimetric evaluation [8]. (TGA). The altered fibre in laminates fashioned of polycarbonate composites with pineapple leaf fibre (PALF) has been diagnosed by way of exam utilising Fourier transform infrared spectroscopy (FTIR).

Hibiscus cannabinus pulp and Nano fibres had been tested by way of Mehdi Jonoobi, Jalaludin Harun, Alireza Shakeri, Manjusri Misra, and Kristiina Oksman for their resistance to chemical, crystallinity, and thermal degradation [9]. The material that underwent chemical robotic processing has a better thermal stability 

Using scanning electron microscopy, Dany Arnolodo Hernandez et al.[10] studied the tensile test failure analysis of carbon fibre reinforced polymer and epoxy glue. Prior to the tensile test, a micrograph study of a CFRP plate reveals several inherent manufacturing flaws that may affect the material's mechanical properties. It was explained how the mechanical properties and morphological qualities of each material related to the failure process.
A.S. Singha and Vijay Kumar Thakur [11], the thermal and mechanical houses of Grewia optiva fibre better urea-formaldehyde (UF) matrix based totally completely polymer composites were evaluated. The mechanical houses of the urea-formaldehyde resin, inclusive of tensile power, compressive strength, and wear resistance, notably thrive when strengthened with Grewia optiva fibre. The bio composites that are supported through a matrix and fibres have also induced problems for morphological and thermal research. Materials along with raw Grewia optiva fibre, polymeric UF resin, and bio composites underwent thermo gravimetric size to decide how a whole lot weight was lost as the temperature extended (TGA). 

3. Method
When you build something, you need to add things like glass fibers and carbon fiber to it. The composite laminate specimens are made with the hand layup method, and the specimens are tested as per the ASTM standards. Weaved fibers are used, and resin is spread across each fiber layer by rollers or brushes. Nip-roller impregnators, which use rotating rollers as well as a resin bath, are becoming more common. Laminates are cured in a normal atmosphere. They were made with 60% fiber and 40% matrix. When it comes to the thickness of the fibers, they're all lined up in 12, with thickness of 3 mm. 
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Flow chart1: Preparation method of hand lay up
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Figure1: Preparation of mould
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Figure2: Preparation of material

3.1 Testing methods
All presently hired mechanical trying out techniques have been conceptualised from American Standard Testing Methods (ASTM). The ASTM D638-Tensile test, D790-Flexural test,D256- Impact test.The morphological reviews now hire a scanning electron microscope (SEM).
3.1.1 Tensile test

The tensile take a look at measures a material's resistance to stresses that commonly have the propensity to tear it apart in addition to the greatest stretch it is able to resist before breaking.

Tensile strength = [image: image7.png]Force (load)
Cross section area




[image: image8.emf]
Figure3: Tensile test Machine

3.1.2 Flexural test 
Flexural electricity is the capability of a material to withstand bending forces carried out perpendicular to its longitudinal axis. For flexural trying out, laminates are sliced into specimens in accordance with the tips in ASTM D790
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Figure4: Flexural  test Machine

3.1.3 Impact test
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An effect check is used to degree how lots strength a cloth will absorb all through fracture. In order to have a look at longevity and temperature-dependent transitions, a fabric's power absorption, which acts as a degree of toughness, may be measured.

Figure5: Impact test Machine
4. Results and Discussion
4.1 Tensile test 
The strength-related properties of a composite material are significantly impacted by the fiber content and fiber strength, as these parameters play a crucial role in determining the overall strength and durability of the material. The tensile test is a common method for evaluating the mechanical properties of materials. It involves subjecting a sample to an axial load while measuring the resulting deformation and stress. Tensile test conducted for ASTM D638 specimen at 35oC and 70oC for the specimens of combinations S-Glass+ Carbon+ S-Glass and Carbon+ S-Glass+ Carbon.
Table 1: Tensile test at 35oC
	Fibers
	Layers
	Strain rate

(mm/min)
	Ultimate 

stress

(N/mm2)
	Maximum
displacement

(mm)
	Breaking

 load(N)
	Elongation 

(%)

	S-Glass+ Carbon+ S-Glass
	3
	2.5
	625.958
	0.7
	34648
	2.976

	Carbon+S-Glass+ Carbon
	3
	1.5
	114.149
	2.4
	5.744
	5.476


Table 2: Tensile test at 70oC
	Fibers
	Layers
	Strain rate

(mm/min)
	Ultimate 

stress

(N/mm2)
	Maximum

displacement

(mm)
	Breaking

 load(N)
	Elongation 

(%)

	S-Glass+ Carbon+ S-Glass
	3
	2.5
	643.483
	0.7
	36694
	12.143

	Carbon+S-Glass+ Carbon
	3
	1.5
	587.85
	0.7
	33625
	11.905
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Figure6. Tensile strength

4.2 Flexural Test 
The three point bending test is conducted in accordance with the specimen specifications of ASTM standards D70. Flexural test is conducted on the UTM at 35oC and 70oC for the specimens of combinations S-Glass+ Carbon+ S-Glass and Carbon+ S-Glass+ Carbon.
Table 3:Flexural test at 35oc

	Fibers
	Layers
	Strain rate

(mm/min)
	Ultimate

stress

(N/mm2)
	Maximum

displacement

(mm)
	Breaking

load(N)

	S-Glass+ Carbon+ S-Glass
	3
	2.5
	8
	6.3
	475

	Carbon+S-Glass+ Carbon
	3
	1.5
	6
	7.9
	285


Tabel 4: Flexural test at 70oc

	Fibers
	Layers
	Strain rate

(mm/min)
	Ultimate 

stress

(N/mm2)
	Maximum

displacement

(mm)
	Breaking

 load(N)

	S-Glass+ Carbon+ S-Glass
	3
	2.5
	31.578
	6.1
	1785

	Carbon+S-Glass+ Carbon
	3
	1.5
	25
	6.7
	1085
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Figure7: Impact test

4.3 Impact test
The impact test is a common method for evaluating the mechanical properties of materials under high strain rates. It can provide valuable information about a material's strength, ductility, and impact resistance, which can be useful in a variety of applications.

Tabel 5: Impact test 
	S.no
	Fibers
	Layers
	Area(a) mm2
	Average actual energy absorbed(K) joules
	Impact strength (Ik) Ik=K/a J/mm2

	1
	S-Glass+ Carbon+ S-Glass
	3
	72
	6
	0.0833

	2
	Carbon+S-Glass+ Carbon
	3
	54.6
	4
	0.0733
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Figure 8. Impact test
4.4 MORPHOLOGICAL ANALYSIS (SCANNING ELECTRON MICROSCOPY ANALYSIS)

Using scanning electron microscopy, morphological evaluation turned into carried out. Following trying out, a SEM analysis of the composite material's floor houses become carried out. After drying, the samples from every take a look at have been covered with a fifteen-20 nm thick layer of gold the use of an ion-sputter coater. After that, the samples had been inspected the usage of a scanning electron microscope. The interfacial adhesion among the matrix and fibre in all fairness properly proven in scanning electron micrographs.

SEM micrograph of the composite manufactured from S-Glass+ Carbon+ S-Glass and Carbon+ S-Glass+ Carbon need to be proven. Although the composite was cautiously synthesized, it is apparent that the fibers usually have intra-fiber delamination, which reduces the composite's strength. Because the loading for the tensile test is carried out in the horizontal course, its miles observed that the fibers are damaged greater often in one course than the alternative.
Figures depict the S-Glass+ Carbon+ S-Glass and Carbon+ S-Glass+ Carbon fiber composites that underwent tensile testing. Air bubbles and fiber draw-out are the handiest actual problems, yet the adhesion is cheap. While fiber can be visible on a bumpy floor, resin can be visible on a clean floor. The top notch strength of Carbon+ S-Glass+ Carbon fibers has prompted individual fibers to break, giving the cloth its very excessive strength. The high strain values recorded all through the test exhibit an [image: image15.jpg]


effective pressure transition alongside the tensile path among the fiber and matrix.
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Figure9: SEM image of S-Glass+ Carbon+ S-Glass composite after tensile
Figure10: SEM image of test S-Glass+ Carbon+ S-Glass after flexural testing
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Figure11: SEM image of Carbon+ S-Glass+ Carbon Composite after tensile test
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                 Figure 12: SEM image of Carbon+S-Glass+ Carbon Composite after flexural test

A Carbon+ S-Glass+ Carbon and S-Glass+ Carbon+ S-Glass specimen having flexural cracks as proven in a SEM micrograph. The cross-segment of a composite studies inter-phase delimitation due to the carried out flexural strain. The specimen's void content is determined to be low due to the homogenous weight implemented to it. Failure is as a result of the fracture, which propagates thru the plant fibers in preference to the S-Glass+ Carbon+ S-Glass fiber. Due of the very low values, flexural strength measurements also show very little matrix to fiber strain transmission.

5. Conclusions
In this examine, 2 fibres composites made from S-Glass+ Carbon+ S-Glass, Carbon+S-Glass+ Carbon fibers are employed. The following conclusions have been reached after inspecting their mechanical homes, inclusive of tensile power (at numerous stress charges and temperatures), flexural energy (at numerous stress charges), and impact energy.

· The tensile power of Carbon+ S-Glass+ Carbon composite, which has a value of 36.262 KN, is tons higher than that of S-Glass+ Carbon+ S-Glass composite.
· It has been located through tensile checking out that Carbon+ S-Glass+ Carbon famous reveals much less elongation than S-Glass+ Carbon+ S-Glass composite. Because of this, the S-Glass+ Carbon+ S-Glass composite can face up to more pressure before failing in tensile finding out than the Carbon+ S-Glass+ Carbon composite.
· The flexural energy of Carbon+ S-Glass+ Carbon composite is much better than that of S-Glass+ Carbon+ S-Glass composite with a closure load value of one.785KN.
· When as compared to the impact values of the S-Glass+ Carbon+ S-Glass composite, which can be 6J and 4J, respectively, the 11J effect strength of the Carbon+ S-Glass+ Carbon  composite is lots extra robust.
· The consequences of numerous opinions are evaluated, and the inner workings of composites have additionally been tested the use of a scanning electron microscope (SEM). It has been observed that the orientation angles of the fibres have a tremendous effect on how mechanically sound Carbon+ S-Glass+ Carbon and S-Glass+ Carbon+ S-Glass composites behave. SEM micrographs of the tensile and flexural examined specimens can be used to forecast the origin of voids, fibre pull-out, and fibre failure below loading situations. It additionally gives information on how the composite fractures propagated.
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