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ABSTRACT 
The cryogenic conditioning for longer periods may 

contribute in the improvement of carbon/glass 

interface by mechanical principles only. Hybrid 

composite materials have replaced most of the 

commonly used composite materials due to its 

advantages over the other materials, the 

manufacturer using hybrid composite can obtain 

required properties by choosing different carbon and 

glass according to his need, the properties are 

combined together in one material by using different 

carbon in one resin matrix, the prime objective of 

this paper is to fabricate and analyze the carbon/glass 

fiber reinforced epoxy hybrid composite with 

different carbon/glass proportions, the hybrid 

composite material is fabricated using vacuum 

bagging technique, the laminated specimen are tested 

as per ASTM standards to study various mechanical 

properties like flexural strength, ultimate tensile 

load, impact strength.. This review paper summarizes 

the hybrid composites of carbon and glass hybrid  

polymer characteristics and its applications. 

 

I. INTRODUCTION 

 
Glass fiber has roughly comparable mechanical 

properties to other fibers such as polymers and carbon 

fiber. Although not as strong or as rigid as carbon fiber, 

it is much cheaper and significantly less brittle when 

used in composites. Glass fibers are therefore used as a 

reinforcing agent for many polymer products; to form a 

very strong and relatively lightweight fiber-reinforced 

polymer (FRP) composite material called glass-

reinforced plastic (GRP), also popularly known as 

"fiberglass". This structural material product contains 

little or no air or gas, is more dense, and is a much 

poorer thermal insulator than is glass wool. Modern day 

engineers are focusing their work on improving the 

material strength without increasing its weight, 

composite material which has a huge advantage over 

other materials like low weight 25% weight of steel, 

30% lighter than aluminum, strength, less heat and 

electrical conductivity, resistance to wide range of 

chemical agents. Further experiments or conducted in 

composite sector for improving its strength to new 

height, one of the advanced material system is called 

hybrid composite which shows great diversity of 

material properties. The combination of different fibers 

into a single matrix has led to the discovery of hybrid 

composites, the properties of the hybrid composite is a 

total of individual components in which there is a more 

favorable balance between the inherent advantages and 

disadvantages. Hybrid composite materials are the great 

potential for engineering material in many applications. 

Hybrid polymer composite material offers the designer 

to obtain the required properties in a controlled 

considerable extent by the choice of fibers and matrix. 

The properties are tailored in the material by selecting 

different kinds of fiber incorporated in the same resin 

matrix. In the present investigation, the mechanical 

properties of carbon and glass fibers reinforced epoxy 

hybrid composite were studied. The vacuum bagging 

technique was adopted for the fabrication of hybrid 

composite materials. The mechanical properties such as 

hardness, tensile strength, tensile modulus, ductility, and 

peak load of the hybrid composites were determined as 

per ASTM standards. The mechanical properties were 

improved as the fibers reinforcement content increased 

in the matrix material. 

 

II. LITERATURE & SURVEY  

Glass fiber is formed when thin strands of silica-based or 

other formulation glass are extruded into many fibers with 

small diameters suitable for textile processing. The 

technique of heating and drawing glass into fine fibers has 

been known for millennia; however, the use of these fibers 

for textile applications is more recent. Until this time, all 

glass fiber had been manufactured as staple (that is, clusters 

of short lengths of fiber). 

The modern method for producing glass wool is the 

invention of Games Slayter working at the Owens-

Illinois Glass Co. (Toledo, Ohio). He first applied for a 

patent for a new process to make glass wool in 1933. The 

first commercial production of glass fiber was in 1936. In 

1938 Owens-Illinois Glass Company and Corning Glass 

Works joined to form the Owens-Corning Fiberglas 

Corporation. When the two companies joined to produce 

and promote glass fiber, they introduced 

continuous filament glass fibers.[2] Owens-Corning is still 

the major glass-fiber producer in the market today.The 

development of composite materials improves their 

performance based on the reinforcement of two or more 

fibers in a single polymeric matrix, which leads to the 

advanced material system called hybrid composites with a 

great diversity of material properties (Prabhakaran et al., 

2012). This is a major challenge that can only be met 

through an understanding of the relationships between 

materials architecture and mechanical response. The positive 

or negative hybrid effect of selected mechanical property 
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from the rule of mixture behavior of carbon/carbon/ epoxy 

and glass/carbon composites were studied. None of the 

mechanical properties, excluding the fracture energies show 

signs of a positive hybrid effect (Marom et al., 1978). 

Manders and Bader (1981) reported hybrid effect and failure 

strain enhancement of up to 50% for the glass fiber/carbon 

fiber/epoxy composite. The failure strain of the carbon 

phase increased as the relative proportion of carbon fiber 

was decreases and as the carbon fibers were more finely 

dispersed. Yerramalli and Waas (2003) have considered 

carbon/ glass hybrid composite with an overall fiber volume 

fraction of 30%. Splitting and kinking failures were noted 

while loading the hybrid laminates under static and dynamic 

loading rates. Zhang et al. (2012) studied the mechanical 

behavior of hybrid composites made of carbon/glass 

reinforcements and the processing method used is „wet lay-

up‟ which is not a best practice for obtaining high quality 

laminates. An addition of hard reinforcements such as 

silicon carbide, alumina and titanium carbide improves 

hardness, strength and wears resistance of the composites 

(Amar Patnaik et al., 2009; and Chauhan et al., 2009). The 

introduction of a glass fiber into a polymer matrix produces 

a composite material that results in an attractive 

combination of physical and mechanical properties which 

cannot be obtained with monolithic alloys (Schwartz, 1984). 

Among the various useful polymer matrices, vinyl ester is 

typically characterized by properties such as fluidity, 

corrosion resistance and high strength-weight ratio (Suresha 

et al., 2007). The advantages of Fiber-reinforced PMCs over 

traditional materials include greater mechanical strength, 

lighter weight, better dimensional stability, higher dielectric 

strength and corrosion resistance and flexibility to improve 

the designs (Folkes, 1992). The effectiveness of 

reinforcement essentially depends on the adhesion between 

matrix and fiber, so this is a key factor in determining the 

final properties of the composite material, particularly its 

mechanical properties (Yosoyima et al., 1984; Yosoyima et 

al., 1990; and Pukzky et al., 1995). In the present work, an 

attempt has been made to study the influence of glass fiber 

and carbon fiber reinforced epoxy polymer matrix on the 

mechanical properties. The hybrid composites were 

developed by varying the reinforcements from 15%, 30%, 

45% and 60% of glass fiber and carbon fiber in 40% epoxy 

matrix under vacuum bag process. The hardness and tensile 

properties were studied as per the ASTM standards. The 

Glass/Carbon fiber/Epoxy based hybrid composites were 

developed using vacuum bag process by varying both the 

reinforcements in terms of weight percentage of 15%, 30%, 

45% and 60% of glass fiber and carbon fiber in 40% of 

Epoxy matrix. The weight fraction of fibers and epoxy 

matrix materials were determined by considering the 

density, specific gravity and mass. Initially, the fabrication 

of the composite was done at room temperature by hand lay-

up technique. The required ingredients of resin and hardener 

were mixed thoroughly in a basin and the mixture is 

subsequently stirred constantly. The required sizes of fiber 

mats were prepared and the glass fiber was positioned 

manually in the open mold and the mold surface must be 

smooth enough to prevent bonding to the laminate. The 

mixture so made is brushed uniformly over the glass and 

carbon plies alternatively. The entrapped air is removed 

manually with squeezes or rollers to complete the laminates 

structure. Then the vacuum bagging is applied to the mold 

with a vacuum pressure 0.1 m bar for uniform distribution of 

resin and also to remove the entrapped air. The composite is 

cured at room temperature and the post curing was done at 

50 °C for 30 min, 65 °C for 45 min and 75 °C for 1 hour. 

The Fiber reinforced PMCs is mainly used due to easy 

availability of glass fibers and economic processing 

technique adopted for producing the Fiber-reinforced PMCs. 

The basis of textile-grade glass fibers is silica, SiO2. In its 

pure form it exists as a polymer, (SiO2)n. It has no 

true melting point but softens up to 1200 °C, where it starts 

to degrade. At 1713 °C, most of the molecules can move 

about freely. If the glass is extruded and cooled quickly at 

this temperature, it will be unable to form an ordered 

structure. In the polymer it forms SiO4 groups which are 

configured as a tetrahedron with the silicon atom at the 

center, and four oxygen atoms at the corners. These atoms 

then form a network bonded at the corners by sharing 

the oxygen atoms. There are two main types of glass fiber 

manufacture and two main types of glass fiber product. 

First, fiber is made either from a direct melt process or 

a marble remelt process. Both start with the raw materials in 

solid form. The materials are mixed together and melted in 

a furnace. Then, for the marble process, the molten material 

is sheared and rolled into marbles which are cooled and 

packaged. The marbles are taken to the fiber manufacturing 

facility where they are inserted into a can and remelted. The 

molten glass is extruded to the bushing to be formed into 

fiber. In the direct melt process, the molten glass in the 

furnace goes directly to the bushing for formation.  
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