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ABSTRACT  
Composite materials play important role in many industrial applications. Researchers are working on fabrication of new 

composite materials to enhance the applicability of these materials. Chopped strand mat glass fibre reinforced polymer 

composites is widely used in many industrial applications particularly in the automotive industry due to advantages such as 

low weight, ease of processing, price and noise suppression., The objective of the present work is to analyse mechanical 

and wear behaviour of chopped strand mat E-glass fiber, reinforced in epoxy matrix with carbon powder as filler.  Three 

different types of composites are fabricated using 10% carbon, 20%carbon and 30% carbon with epoxy resin and hardener. 

The epoxy resin and hardener are mixed in 10:1 weight ratio.. The present work shows that incorporation of carbon filler 

into E-glass fiber epoxy reinforced composites modifies the hardness compressive and wear properties of the composites 

when compared with unfilled E-glass epoxy composite. 

 

Keywords: Composite, FRP, E-Glass Fibre, hardness, D-shore,wear test.  
 

 

I. INTRODUCTION 
Fiber reinforced polymer composites are widely used for the production of complex shape materials because of their 

favourable properties like, low coefficient of thermal expansion, high tensile and compressive strength, and good fatigue 

resistance. The applications of composite applications are aircraft fabrication, wind power plant, boats, ships etc. Among 

the composites, Chopped strand mat E-glass/ epoxy composite has shown better growth for marine application due to their 

high strength and moisture resistance than any other composites in making boat hulls, fiber glass boat. The other material 

Epoxy is widely used in industrial applications in relation to adhesives, coatings, and aerospace structures. 

Very limited work has been done on mechanical behaviour of chopped strand mat E-glass fiber reinforced epoxy composite 
of varying fiber wt% and carbon powder as a filler material. Therefore, the aim of this work is to fabricate the chopped 

strand mat E-glass / epoxy carbon powder composite of varying wt% using hand layup technique and to study the 

mechanical and tribological properties of the composites by conducting different tests. 

 

II. MATERIAL  
 

1. E Glass Fibre  

The glass fiber most commonly used is known as E-glass, a glass fiber having useful balance of mechanical, chemical, and 
electrical properties at very moderate cost. Typical strength and stiffness levels for the individual filaments area about 3450 

MPa tensile strength and 75.8 GPa Young’s modulus. For specialized applications, such as thermal barriers, an tenna 

windows etc. Glass fiber is the best known reinforcement in high performance composite applications due to its appealing 

combination of good properties and low cost. 

 

2. Epoxy Resin 

Epoxy Resins are thermosetting resins, which cure by internally generated heat. Epoxy systems consist of two parts, 

resin and hardener. When mixed together, the resin and hardener activate, causing a chemical reaction, which cures 

(hardens) the material. Epoxy resins generally have greater bonding and physical strength than do polyester resins. 

 

3. Activated Charcoal 

Activated carbon, also called activated charcoal, activated coal, carbo activatus or an "AC filter", is a form of carbon 
processed to have small, low-volume pores that increase the surface area available for adsorption or chemical reactions. 
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Activated is sometimes substituted with active. Due to its high degree of micro porosity, just one gram of activated carbon 

has a surface area in excess of 500 m2, as determined by gas adsorption. 

 

III. EXPERIMENTAL PROCEDURE 
 

Table 1:Composition of the specimen 

Composites Compositions 

 

Plain 

Epoxy (65wt %) + glass fiber 

(25wt %)+ 

Hardener (10wt %) 

 

Carbon 

10wt% 

Epoxy (55wt %)+ glass fiber 

(25wt%)+ 

Hardener(10wt%)+carbon 

powder(10wt%) 

 

Carbon 

20wt% 

Epoxy (45wt %)+ glass fiber 

(25wt%)+ 

Hardner(10wt%)+carbon 
powder(20wt%) 

 

Carbon 

30wt% 

Epoxy (35wt %)+ glass fiber 

(25wt%)+ 

Hardner(10wt%)+carbon 

powder(10wt%) 

 
Working Methodology 
Hand lay-up technique is the simplest method of composite processing. The infrastructural requirement for this method is 

also minimal. The processing steps are quite simple. First of all, wax is pasted on the mould surface to avoid the sticking of 

polymer to the surface. Required amount of E-glass fiber and epoxy is taken three times the weight of e-glass. E-glass in 

the form of chopped strand mats are cut as per the mould size and placed at the surface of mould after pasting wax. Then 

the general purpose resin (epoxy) is mixed thoroughly with a hardener hy951 of amount 10% of epoxy (curing agent) and 

poured onto the surface of mat already placed in the mould. The polymer is uniformly spread with the help of brush and 
quenched with the brush. Since there is chance of formation of air cavities it is important to quench properly. Second layer 

of mat is then placed on the polymer surface and again quenched on the mat-polymer layer to remove any air trapped as 

well as the excess polymer present. The process is repeated for each layer of polymer and mat, till the required layers are 

stacked. After completing this much work, wax is pasted on the inner surface of the top mould plate which is then kept on 

the stacked layers and the pressure is applied. After curing either at room temperature, mould is opened after six to seven 

hours and the developed composite part is taken out and further processed. 

 

 
Figure 1: Shows Hand layup Method 
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IV. TESTING PROCEDURES 
 

Mechanical And Tribological Tests 

 

Hardness test  

The test was conducted using Durometer. The test specimen is prepared according to ASTM D2240 standard. 

 

The term Durometer is often used to refer to the measurement as well as the instrument itself. Durometer is typically used 

as a measure of hardness in polymers and rubbers. There are several scales of Durometer, used for materials with different 

properties. The two most common scales, using slightly different measurement systems, are the ASTM D2240 type A and 

type D scales. 

 

 
Figure 2:Durometer used for Hardness test 

 

 

Compression Test 

A compression test is a method for determining the behaviour of materials under a compressive load. Compression tests are 

conducted by loading the test specimen between two plates, and then applying a force to the specimen by moving the 

crossheads together. During the test, the specimen is compressed, and deformation versus the applied load is recorded. The 

compression test is used to determine elastic limit, proportional limit, yield point, yield strength, and (for some materials) 

compressive strength. 

 

 
Figure 3: Universal Testing Machine 
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Wear Test 

Wear test is carried out to predict the wear performance and to investigate the wear mechanism. 

 

Two specific reasons are as follows 
From a material point of view, the test is performed to evaluate the wear property of a material so as to determine whether 

the material is adequate for a specific wear application. 
 

From a surface engineering point of view, wear test is carried out to evaluate the potential of using a certain surface 

engineering technology to reduce wear for a specific application, and to investigate the effect of treatment conditions 

(processing parameters) on the wear performance, so that optimised surface treatment conditions can be realised. 

 

 
Figure 2:Wear Testing Equipment 

 

V. RESULTS & DISCUSSION 
The measured hardness values of all the four composites are presented in Graph 1.It can be seen that the hardness value 

of chopped stand mat glass fibre reinforced epoxy composites is increasing gradually with the filler material (carbon) 

content. With the increase in carbon content from 0wt% to 30wt% the hardness is found to have increased from about 
53shored to 81 shore d.An average of three readings was taken for each specimen. 

 

 
 Graph 1:Hardness Vs composition 

 

The hardness of composite increased with increase of carbon filler loading. From Figure 6.1 it can be seen that the 

carbon filler greatly increased the hardness of carbon, which can be attributed to the higher hardness and more uniform 

dispersion of carbon filler. The higher hardness is exhibited by the 30 wt% carbon filled composite compared to other 
micro composites. The graph shows that for a 30 wt% increase in carbon content there is 45% increase in hardness. The 
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increase in carbon content results in an increase in brittleness of the composite. Hence this results in an increase in 

hardness value of the composite.  

 

Compression Test 

 

 
Figure 3: Specimen after Compression 

 

It is a material property which is maximum force per unit area before failure occurs. The compression test was carried out 

using a universal testing machine of capacity 4 tons. The test specimen is prepared according to ASTM D 695standard. In 

the present investigation the compression of specimen across and along the fibre is carried out.  

 

 
Graph 2: Compressive strength Vs. Composition 

 

Results of compression test are shown in graph 2 Compression tests were carried out for four different specimens. 

Remarkable differences can be seen in the values of compressive strength. It can be noticed that for the plain E-glass/Epoxy 

material the compressive strength value across the fiber is 0.2333 and along the fiber is 0.0277. With the addition of carbon 

as filler material it is seen that the compressive strength values are increasing. A maximum is seen at 30% carbon filled 

material. For 30% carbon filled material the compressive strength across the fiber is 0.25667 and along the fiber is 0.03333. 

Also we can see that the compressive strength across the fiber is too high comparing to along the fiber. Compressive 

strength increases with increase in filler material because of increased grain content and strong bonding of fibres. Result of 

some simulation showed that the increase in the strength of the material is very sharp when filler volume is high. 

 

Wear Test 
The wear test is carried out using the ducom pin on disc apparatus. The test specimen was prepared according to 

ASTM G76 standard.The weight loss was measured at 400,800,1200 rpm by applying normal loads of 4 kg, 6kg and 

8 kg under sliding distance of 157.079mm.(sliding distance = π*d, where d is the track diameter which is 50 

mm).The weight loss of each specimen was measured by taking the weight difference of the sample before and after 

each test. 

 

Wear loss = initial weight – final weight 
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.      
Graph 3.1:  Wear loss at 400rpm 

 

 
Graph 3.2:  Wear loss at 800rpm 

 

 
Graph 3.3:  Wear loss at 1200rpm 
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The experimental results reveal that weight loss for all samples increases with increase in applied normal load as we can 

see in the above graph. The composite which is filled with 20wt% exhibits less wear loss compared to other composites. 

The reason for improved wear resistance may be attributed to the type, surface treatment and filler loading. Carbon 

particles are dispersed uniformly in composite and hence, the fibres are less exposed to the abrasive medium resulted in the 

lower wear volume loss as compared to unfilled composites. And while comparing all the 4 variants we can see plain E-
glass/Epoxy composite have more wear loss. The higher wear loss in plain E-glass/Epoxy composite may be due to lower 

matrix ductility and poorer fiber–matrix adhesion. In the present work, during wear, in the initial stage of wear, wear occurs 

at soft outer layer of the composite (matrix) due to the lower hardness. Once the matrix layer was removed, the harder 

phase of the composite (fibers) was exposed to the rubbing area, which acted as a protector, leading to a reduction in the 

removal of material. 

  

VI. CONCLUSION 
In this study, an experimental investigation has been conducted to evaluate the mechanical properties and wear 

behaviour of glass-fiber reinforced epoxy matrix filled with different proportions of carbon powder. The following 
main conclusions can be drawn from this study. 

 

 The successful fabrication of a chopped glass fiber reinforced epoxy composites with different amount of filler 

material has been done by simple hand lay-up technique.  

 

 The present work shows that incorporation of carbon filler into Eglass fiber epoxy reinforced composites 

modifies the hardness compressive and wear properties of the composites.  

 

 Compared with unfilled eglass epoxy composite, the hardness of carbon filled eglass epoxy improves obviously, 

also the compressive strength across the fiber has a good improvement and along the fiber there is a slight 

increment. 
 

 The composite which is filled with 20wt% exhibits less wear loss compared to other composites. The reason for 

improved wear resistance may be attributed to the type, surface treatment and filler loading.The specific wear rate 

increases with load and speed. The higher percentage (30 wt%) of carbon content in eglass epoxy composite 

results to higher compressive strength, hardness and 20wt% carbon content has better wear resistance. 
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