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Composite materials are originated from the early agricultural societies and been forgotten gradually after centuries, actual revival of start using the lightweight composite structures for many technical solutions during the 20th century. After being solely used for their electromagnetic properties (insulators and radar-domes), using composites to improve the structural performance of spacecraft and military aircraft became popular in the last two decades of the previous century. First at any costs, with development of improved materials with increasing costs, nowadays cost reduction during manufacturing and operation are the main technology drivers. Fibers or particles embedded in matrix of another material are the best example of modern-day composite materials.
A composite material can be defined as a combination of two or more materials that results in better properties than those of the individual components used alone. In contrast to metallic alloys, each material retains its separate chemical, physical, and mechanical properties. The two constituents are reinforcement and a matrix. The main advantages of composite materials are their high strength and stiffness, combined with low density, when compared with bulk materials, allowing for a weight reduction in the finished part. [17]
Polymer composites are multi-phase materials produced by combining polymer resins such as polyester, vinyl ester and epoxy, with fillers and reinforcing fibres to produce a bulk material with properties better than those of the individual base materials. Fillers are often used to provide bulk to the material, reduce cost, lower bulk density or to produce aesthetic features. Fibers are used to reinforce the polymer and improve mechanical properties such as stiffness and strength. High strength fibers of glass, aramid and carbon are used as the primary means of carrying load, while the polymer resin protects the fibers and binds them into a cohesive structural unit. These are commonly called fiber composite materials. Polymer composites have enjoyed widespread use in the construction industry for many years in non-critical applications such as baths and vanities, cladding, decoration and finishing. [8]
Emergence of strong and stiff reinforcements like carbon fiber along with advances in polymer research to produce high performance resins as matrix materials, have helped meet the challenges posed by the complex designs of modern aircraft. The large scale use of advanced composites in current programs of development of military fighter aircraft, small and big civil transport aircraft, helicopters, satellites, launch vehicles and missiles all around the world is perhaps the most glowing example of the utilization of potential of such composite materials. [20]
Composites are generally classified as Thermosets and Thermoplastics.
Thermoset resin is a PMC in a soft solid or viscous state that changes irreversibly into an infusible, insoluble polymer network by curing. This is because the chains are rigidly joined with strong covalent bonds. Once hardened a thermoset resin cannot be reheated and melted into any other shape. Examples: Epoxies, Polyamide, Polyester etc.
Thermoplastic material is a PMC which softens when heated but it does not cure or set. Unlike thermoset, thermoplastics can be reheated and melted and hence can be reshaped. Examples: Polystyrene, Ketone, Polyphenylene Sulphide, Polyether etc.
The main drawbacks of PMC’s include high coefficients of thermal, low operating temperatures and moisture expansion, and low elastic properties in certain directions. The most common fibers used are glass, graphite and kevlar.

Glass fibers are among the most versatile industrial materials known today. They are readily produced from raw materials, which are available in virtually unlimited supply. All glass fibers described in this article are derived from compositions containing silica. They exhibit useful bulk properties such as hardness, transparency, resistance to chemical attack, stability, and inertness, as well as desirable fiber properties such as strength, flexibility, and stiffness. Glass fibers are used in the manufacture of structural composites, printed circuit boards and a wide range of special-purpose products. Glass melts are made by fusing (co-melting) silica with minerals, which contain the oxides needed to form a given composition. The molten mass is rapidly cooled to prevent crystallization and formed into glass fibers by a process also known as fiberization. 
Glass fibers fall into two categories, low-cost general-purpose fibers and premium special-purpose fibers. Over 90% of all glass fibers are general- purpose products. These fibers are known by the designation E-glass and are subject to ASTM specifications. The remaining glass fibers are premium special-purpose products. Many, like E-glass, have letter designations implying special properties. Some have trade names, but not all are subject to ASTM specifications. [20]
	Letter designation
	Property or characteristic



	E, electrical
	Low electrical conductivity

	S, strength
	High strength

	C, chemical
	High chemical durability

	M, modulus
	High stiffness

	A, alkali
	High alkali or soda lime glass

	D, dielectric
	Low dielectric constant


Table 1.1 - Compositions, physical and mechanical properties of commercial glass fibers. [20]
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Fig. 1.2 - Types of Matrix Materials
1.1 ADVANTAGES OF PMC MATERIALS
a. Polymer composite materials are lighter in weight when compared to other materials. 
b. When compared to homogeneous materials they have greater design flexibility.

c. Polymer composites have high stiffness and are cost effective. Also they are easily available which makes them the obvious choice for applications in surface transportation.

d. High corrosion and fatigue resistance due to which life of the material is more when compared to other conventional materials. 
e. Polymer matrix composite’s have comparatively very good aesthetic appearance.
f. Due to greater reliability, there are fewer inspections and structural repairs and hence reduces assembly costs.
g. The specific strength and specific modulus of high strength fibers (especially carbon) are higher than those of other comparable aerospace metallic alloys.
h. Polymer matrix composite’s have excellent electrical and thermal conductivity.
i. They have the ability to cure or bond a number of detail parts together to reduce assembly costs and the number of required fasteners.[17],[19]
1.2 LIMITATIONS OF PMC MATERIALS
a. High raw material costs and usually high fabrication and assembly costs.
b. Composites are prone to adverse effect of both temperature and moisture.
c. Composites are highly brittle in nature and have low toughness due to weak matrix in some cases.
d. These materials by definition are not homogenous. Hence their material properties vary from point‐to‐point. This factor as well makes them difficult to model, and analyze.

e. Transverse properties may also be weak. 
f. Susceptibility to impact damage and delaminating or ply separations and greater difficulty in repairing them compared to metallic structures. [17] [19]
1.3 APPLICATIONS
a. Automotive – Composites are being used more and more in automotive industries. Due to their strength, weight, quality and cost advantages. Body panels of automobiles are been constructed using composites. 

b. Medical applications – Currently PMMA is the polymer most commonly used as a bone cement for the fixation of total hip prostheses. Use of composites is encouraged in medical and dental applications due to biological compatibility, non supporting of microbial growth, availability in particulate and molded form, easy to obtain, non allergenic, high compressive strength and many such properties.
c. Aerospace industry – Composites are widely used in aerospace applications due to the properties like, it is light-weight due to high specific strength and stiffness, fatigue-resistance and corrosion resistance, capability to maintain dimensional and alignment stability in space environment, possibility of low dielectric loss in radar transparency, possibility of achieving low radar cross-section etc.
d. Civil Engineering – Compound curved roofs, pedestrian and vehicle bridges and bridge desks, energy absorbing roadside guardrails, electricity transmission towers, power poles etc are being constructed using PMC’s.
e. Miscellaneous Applications - sport equipment like tennis rackets, water skis, baseball bats, golf clubs, and bicycle are made of composites.
In the present work, considering the information presented in the topics given in the earlier paragraphs, ER is chosen as the matrix material. Reinforcing materials used are E glass, Silicon Carbide (SiC) and Aluminum Oxide (Al2O3). Activated Carbon (C) and Barium Sulphate (BaSO4) are used as filler materials. Characterization of Mechanical properties like Tensile strength, Impact energy, Wear resistance and Hardness of the designed material is carried out. SEM micrographs of the failed specimens are considered to reinforce the results and analysis.
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2.1 LITERATURE REVIEW
The information required to carry out this present work has been gathered by perusing the following technical articles.

1. Vikas M. Nadkami reviewed and discussed characteristics of polymer composites as a combination of chemical, thermal, mechanical and electrical properties required for the high strength materials. Polymers and composites are increasingly replacing conventional materials in engineering applications. Engineering applications are normally those wherein a material is subjected to extreme static or dynamic mechanical loading in a high temperature and chemically severe environment, sometimes on a continuous basis. Typical examples of such applications would be gears, bearings, pulleys, pressure pipes, pump impellers, valve seats, seals, auto bumpers and fenders, radiator fan blades and covers, etc. The composites use polymers as the matrix for the reinforcing fibers/fillers. For example, fiberglass reinforced epoxy suspension springs have been successfully tested for light commercial vehicles; metal pipes are being replaced by filament wound FRP pipes in oil exploration; carbon fiber reinforced epoxy composites are used in structural components of an aero plane such as taileron; and composite ropes made of Aramid and polypropylene filaments are used in mining ocean floors where steel wires fail. Polymer matrix composites (PMCs) are thus a versatile class of materials offering a broad range of properties.
2. J. Stabik et al., analyzed the properties of carbon materials (graphite). He referred graphite as engineering material due to its excellent electrical, thermal and lubricating properties. Because of these combinations of many properties it is one of the widest applied materials in industry. Graphite is an allotropic variety of coal. It crystallizes in two systems, hexagonal and Rhombohedral. Graphite crystal structure is a flat equilateral network in which corners carbon atoms are arranged. Application of this material as a substitute of many metallic materials for production of cathodes and electrodes gives significant prolongation of utilization time and decreases costs of process as well as reduces technological downtimes. 
3. P.D. Mangalgiri briefed about the useful properties of thermoplastics like polyamide. He said that need for better performance than epoxies at temperatures above 150ᵒC has led to the exploration of several thermoplastics as matrix materials. Amorphous thermoplastics, in general, have poor solvent resistance and exhibit a sudden drop in modulus at glass transition temperature. The other thermoplastic polymers have regions of molecular order, and thus exhibit a degree of crystallinity, which may be up to about 40 per cent. Such crystalline thermoplastics have excellent solvent resistance and show only a gradual decrease of modulus above glass transition temperature (even though the decrease in strength may be more drastic). The heat-deflection temperature may be up to 20ᵒC below glass transition temperature. The crystalline thermoplastics have, however, relatively high processing temperatures in relation to the service temperatures, and this becomes a major handicap in their use. 
4. Gaurav Agarwal et al., studied the effect of addition of Silicon Carbide (SiC) filler in different weight percentages on physical properties, mechanical properties, and thermal properties of chopped glass fiber-reinforced epoxy composites has been investigated. Physical and mechanical properties, such as, hardness, tensile strength, flexural strength, inter laminar shear of composite material subjected to loading. Thermo-mechanical properties of the material were measured with the help of a dynamic mechanical analyzer. The result showed that the physical and mechanical properties of SiC-filled glass fiber-reinforced epoxy composites were better than unfilled glass fiber-reinforced epoxy composites. 
5. J. Pires presented results of an experimental and analytical study about the mechanical behavior at elevated temperatures of Glass Fiber Reinforced Polymer (GFRP) pultruded profiles made of polyester resin and E-glass fibers. The paper describes results of an extensive study about the tensile, shear, and compressive responses of the GFRP material, namely the load-deflection curves, the stiffness, the failure modes and the ultimate strength. They finally assessed the accuracy of different empirical and phenomenological models published, as well as an empirical model proposed in their study, to reproduce the variation pattern as a function of temperature, that was verified for the mechanical properties that were studied. In the modeling performed, it was found that all models under analysis can adjust with greater or lesser accuracy the variation pattern obtained from experimental tests for the different properties in study. The phenomenological model presented the worst fitting, while the empirical models resulted on very similar adjustments. 
6. Mathieu Robert et al., stated that Fiber Reinforced Polymer (FRP) composites, mainly based on thermoset polymers vinyl ester and glass or carbon fibers, are being used in infrastructures exposed to harsh environments involving deicing salts or marine environments. FRP reinforcing bar can be used instead of steel bar in the concrete structure because of its advantages due to the nature of the material used in its fabrication. In addition, it is used due to its high stiffness/ weight ratio, high strength/weight ratio, corrosion resistance, and ease in fabrication. Under service conditions, concrete members reinforced with FRP bars are subjected to wide range of temperatures. 
7. Jin-Woo Kim et al., investigated the effect of fiber content and fiber orientation on the strength of composites. Glass fiber-reinforced plastic by changing fiber orientation and fiber content was made. Tensile strength of 0° direction of composites increased being proportional to fiber content and fiber orientation function as change from isotropy (J=0) to anisotropy (J=1). But, tensile strength of 90° direction by separation of fiber filament decreased when tensile load is imposed for width direction of reinforcement fiber length direction. In this study, empirical equation to estimate tensile strength out of fiber orientation and fiber content was proposed. 
8. M.F. Humphreys investigated concrete reinforced with fiber reinforced polymer (FRP) materials. Unstressed FRP reinforcement has been developed in a number of forms including ribbed FRP rod similar in appearance to deformed steel reinforcing bar, undeformed E-glass and carbon fiber bar bound with polyester, vinyl ester or epoxy resin, E-glass mesh made from flat FRP bars and prefabricated reinforcing cages using flat bars and box sections. Stressed FRP reinforcement is also available, usually consisting of bundles of rods or strands of fibre-reinforced polymer running parallel to the axis of the tendon. These are used in a similar fashion to conventional steel tendons. The durability performance of FRP reinforcements is considered by some to offer a possible solution to the problem of corrosion of steel reinforcement, a primary factor in reduced durability of concrete structures. Other reported advantages of FRP rebar include enhanced erection and handling speeds and suitability to applications which are sensitive to materials which impede radio wave propagation and disturb electromagnetic fields. 
9. D. Chandramohan et al., conducted experiments on epoxy resin polymers reinforced with natural fibers like Sisal, Banana and Roselle and three hybrid combinations of any two fibers. Tensile and hardness tests were conducted on all the three specimens. The hybrid composites showed better performance. Less elongation and fiber pull out and brittle nature of fracture were observed in fiber based composites while more elongation, fiber pull out and partial brittle nature of fracture were observed in hybrid composites. 
10. Kumahara et al. studied the effects of high temperature on the properties of FRP bars proves reduction of 20% in the tensile strength of glass and carbon fiber FRP bars at a temperature of 250°C. Limited information is available related to the effect of very high temperatures. 
11. P.V. Vasconcelos et al., conducted impact tests on aluminium filled milled (carbon and glass) fiber reinforced epoxy based polymer composites. The milled fiber addition slightly increased the impact resistance of the composites, but there was no difference in the impact strengths of Aluminum Filled Carbon and Aluminum Filled Glass composites. 
12. D. Chandramohan et al., studied the impact resistance of epoxy based composites reinforced with fiber and hybrid of sisal, banana and roselle fibers. The results showed that the hybrid composites absorbed more impact energy before fracture. The greater level of fiber pull out observed in specimens fabricated using hybrid reinforcement, leads to superior impact strength. 
13. S Bahadur et al., investigated the effect of the reinforcement of thermosetting polyester with short glass fibers on mechanical properties and tribological behavior. The optimum catalyst proportion for maximum strengthening was determined and the effect of coupling agent on both the mechanical and the tribological properties were investigated. The proportion by weight of fiber-glass used for the reinforcement of the polymer varied from 0 to 50%. The friction and wear-behavior was studied as a function of sliding speed and fiber-glass proportion. Wear resistance behavior increased with increase in glass fiber and filler content. 
14. David Hartman et al., described ‘E glass’ as Alumina-calcium-borosilicate glasses with a maximum alkali content of 2 wt.% used as general purpose fibers where strength and high electrical resistivity are required. Glass fiber properties, such as tensile strength, Young’s modulus, and chemical durability, are measured on the fibers directly. Other properties, such as dielectric constant, dissipation factor, dielectric strength, volume/surface resistivities, and thermal expansion, are measured on glass that has been formed into a bulk sample and annealed (heat treated) to relieve forming stresses. E Glass fibers have been found to retain approximately 50% of their pristine room-temperature strength at 538°C (1000°F) and are compared to organic reinforcement fibers. E Glass is 1.3 W/mK, near room temperature. E Glass have excellent resistance to all types of nuclear radiation. Alpha and beta radiation have almost no effect. 
15. Chittarangan Deo et al., studied the wear behavior of Lantana-Camara Fiber (LCF) reinforced in epoxy matrix. They carried out wear tests in dry conditions on a pin-on-disc machine against a 400 grit size paper with test speed of 0.314 m/s and normal load of 5, 10, 15, 20 and 25 N. The results showed that the abrasive wear behavior improves considerably by the incorporation of LCF into epoxy matrix. It was observed that the wear loss increases with increase in normal load. The optimum wear reduction was obtained with 40% fiber content. 
16. Mohammed Nadeem et al,. investigated composite materials required for elevated temperature applications were fabricated using vacuum bagging technique. Epoxy Resin (ER-VP401) was used as the matrix and Glass fiber was used as reinforcement. SiC, Al2O3 and others were used as fillers to bring in elevated temperature resistance. These composites were subjected to mechanical tests like Tensile, Hardness and Impact test. Tribological tests like two body abrasion and Pin on disc (POD) were carried out. Tensile strength, hardness and impact energy were improved with increase in fillers content. Wear resistance also improved with increase in percentage of fillers substantially.
2.2 OBJECTIVES OF THE PRESENT STUDY
1. To fabricate ER matrix composites with various percentages of C and BaSO4.
2. To investigate Mechanical characteristics like Tensile strength, Impact energy and   Specific wear rate at room temperature.

3. To investigate Hardness of the designed material at elevated temperatures.
4. Micro structural study by using SEM.
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The methodology adopted for this investigative work is delineated below:
· Procurement of raw materials.

· Calculation of proportions.

· Fabrication of ER composites.

· Conduction of tests and mechanical property evaluation.
3.1 MATERIALS PROCUREMENT

The matrix material is Epoxy Resin LY556 and room temperature curable hardener HY951, which was supplied by Zenith Enterprises, Bangalore, India. The chopped E – glass fibers were obtained from Reinforced Plastic Industries, Bangalore, India is used as one of the reinforcing materials. Activated carbon powder, Aluminum Oxide ( Al2O3 ) , Silicon Carbide ( SiC ) which are also used as reinforcing materials and the filler material Barium Sulphate (BaSO4) were procured from Raghu Chemicals, Mysuru, India.
3.2 Fabrication of Composites


Four different compositions of composites were made by blending all six components and varying the percentage of Activated carbon powder and Barium Sulphate (BaSO4). The specimens were fabricated at Reinforced Plastic Industries, Bengaluru, India. The content of each composition of composites is given in Table 3.1
	Table 3.1 – Composition of Specimens (in percentage)
Specimen No.→
	1

 
	2

 
	3

 
	4

 

	Components percentage by weight ↓
	
	
	
	

	Epoxy Resin
	50
	50
	50
	50

	Chopped E - Glass fiber
	10
	10
	10
	10

	Aluminium Oxide ( Al2O3 )
	10
	10
	10
	10

	Silicon Carbide ( SiC )
	10
	10
	10
	10

	Activated Carbon Powder
	04
	08
	12
	16

	Barium Sulphate (BaSO4)
	16
	12
	08
	04


Table 3.2 – Composition of Specimens (in grams)
	Specimen No.→
	1

 
	2

 
	3

 
	4

 

	Components in grams ↓
	
	
	
	

	Epoxy Resin
	100
	100
	100
	100

	Chopped E - Glass fiber
	20
	20
	20
	20

	Aluminum Oxide ( Al2O3 )
	20
	20
	20
	20

	Silicon Carbide ( SiC )
	20
	20
	20
	20

	Activated Carbon Powder
	08
	16
	24
	32

	Barium Sulphate (BaSO4)
	32
	24
	16
	08



First the materials are weighed as required. Then they are put together and mixed well. The mixture is then poured into a pre-prepared mould of the required thickness. It should be noted that the Epoxy resin and Hardener start to set i.e. start solidifying after 30 minutes of mixing and hence, the mixture should be poured into the mould before the setting time. The mixture is poured in excess and suitable weights are applied on it. Similarly, four different compositions are poured in separate moulds by varying the Activated carbon powder and BaSO4 content while keeping all the other weight percentages constant. The content of Activated carbon powder and BaSO4 are varied in steps of four percent in such a way that in any composition, the sum of Activated carbon powder and BaSO4 is 20 percent of the total weight. The moulds are then left for 24 hours to solidify and cure at room temperature. After solidification, the specimens are removed from the mould and post cured at 100oC for 2 hours in a hot air oven. The specimens are then taken out and labeled. The specimens are then marked as per the ASTM (American Society for Testing and Materials) test standards. Specimens are prepared for tensile, impact strength and wear tests. 
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Figure 3.1 - Weighing the constituents
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Figure 3.2 – Hot air oven technique used for fabrication

3.3 TESTING FOR MECHANICAL PROPERTIES OF EPOXY BASED GLASS REINFORCED HYBRID (EGRH) COMPOSITES 
In order to investigate the mechanical properties and tribilogical properties, tests like tensile, impact, hardness, and wear are conducted.

Details of the experimentation and standards used for them are discussed below.
3.3.1 Tensile Test

Tensile tests were conducted according to the ASTM D-638. Computerised Universal Testing Machine (UTM) used for this purpose and the loading arrangement is shown in Figure. 4.4. Specifications are also mentioned. The dimension of the tensile specimen was 165 mm x 12 mm x 3mm. Gauge length was 57 mm. Results were used to calculate the tensile strength of composite samples.
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Figure 3.3 - Tensile testing machine setup (UTM)

Make: International equipment, India
Model: PST-VGST/KFIST-05
Capacity: 50KN
Jaw separation speed: 1 to 500mm/min

The specimen for tensile test is given below.
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Figure 3.4 – Tensile specimen
3.3.2 Impact Test

Izod impact tests were conducted on V-notched composite specimen according to ASTM D256. A Pendulum impact tester, shown in Figure 4.6 was used for this purpose. Dimension of the specimen were 66 mm x 12.5 mm x 2.5 mm. The pendulum impact testing machine ascertains the impact strength of the material by shattering the specimen with a pendulum hammer, measuring the spent energy and relating it to the cross section of the specimen. The respective values of impact energy of different specimen are recorded directly from the digital indicator and reported.
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Figure 3.5 - Computerized impact testing machine
Capacity: Up to 25.00 Joules.
Release angle of pendulum: 150 degree.
 Range of four scales: 0-2.71 Joules, 0-5.42 Joules, 
0-10.84  Joules, 0-21.68 Joules and 0-25.00 Joules.
Power: 230 Volts, 50Hz, single phase.
The specimen for impact test is given below.
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Figure 3.6 – Impact Specimen
3.3.3 Hardness Test

Shore-D hardness tests were conducted on specimen according to ASTM D2240 using Durometer shown in Figure 3.7. The hardness tester is placed on the specimen and pressure is applied so that the flats underneath the tester touch the surface of the specimen. The readings are taken directly from the dial. The specimens are then heated to different temperatures and the readings are taken to determine the variation in the hardness of the specimen with respect to temperature.
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Figure 3.7 - Shore-D hardness testing machine

Make: Hiroshima Company
Range: 0 to 100
3.3.4 Wear Test

Wear tests were conducted according to the ASTM using Pin on Disc Machine (POD).The machine and its specifications are given in Figure 3.8. Dry sliding tests were conducted at ambient conditions with the loads of 4 Kg, 8 Kg and 12 Kg. Disc speed was kept at 1000rpm with track diameter of 120mm, resulting in a sliding velocity of 6.2 m/s. The tests were conducted for five minutes and 22 secs or the length of time until the specimen withstands the maximum load and failed whichever being the earliest. Wear of the materials considered was measured by loss in length which is then converted into wear volume using the measured cross-sectional area data. The specific Specific Wear rate (Ks) was calculated from equation (1).

Ks=∆V/ (P x D) m3/N-m     …………………………………………….  (1)

Where, ∆V is the volume loss in m3, P is the load in Newton; D is the sliding distance in meters.
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Figure 3.8 - Pin on disc machine

Pin size -3, 5,8,10 & 12 mm diameter or square
Disc size-1658mm

Disc rotation speed 0 to 2950 rpm

Wear track diameter: 50 to 100mm

Load: 5N-200N,

Sliding speed range-0-10m/s

Power- 230V, 50Hz, S phase
The specimen for wear test is given below.
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Figure 3.9 – Wear Specimen
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Mechanical properties such as Hardness, Strength, Impact and Wear describe the behavior of materials when they are subjected to various loads.  Tests were conducted and tabulated to investigate these properties under various loads and the behavior of the materials designed and fabricated. The effects of variations of filler percentages on these properties and the optimum filler content are investigated. Reinforcement used is chopped E glass fiber and its percentage by weight is (10%) and is kept constant. Epoxy Resin is used as the matrix and its weight percent is 50 and some other fillers like SiC and Al2O3 are also used and their weight percentages are 10% each. The results are tabulated from Table 4.1 through 4.4. Figures 4.1 through 4.5 depict the variations of these properties with respect to percentages of C and BaSO4. Corresponding SEM micrographs (X300) are depicted from Plates 4.1 through 4.5.
4.1 EFFECT OF ACTIVATED C AND BASO4 ON TENSILE STRENGTH OF EGRH COMPOSITES

The tensile strength is an engineering value that is calculated by dividing the maximum load on the material by the initial cross sectional area of the test specimen. The Table 4.1 shows the results obtained during the tensile test conducted on all the four specimens. 
Table 4.1 – Tensile Strength of EGRH Composites

	Specimen No. 
	Filler Content
	Ultimate Tensile Strength ( MPa )

	1
	4%C,16%BaSo4
	20.648

	2
	8%C, 12% BaSo4
	16.821

	3
	12%C, 8%BaSo4
	20.18

	4
	16%C, 4%BaSo4
	23.613
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Figure 4.1 – Effect of C and BaSO4 on tensile strength on EGRH Composites



From the graph, it can be seen that the tensile strength is the highest in the composite having 16% C and 04% BaSO4 (23.613 MPa), and the lowest is at 8% C and 12% BaSO4 (16.821). The tensile strength has decreased by 18.53% for 4% increase in C and 4% decrease in BaSO4. Subsequently, the strength has increased by 28.76% from the minimum value to the maximum for 8% C increase and 8% BaSO4 decrease. 
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Plate 4.1: SEM micrograph (300 X Magnification) of EGRH composite subjected to Tensile test

From SEM micrograph (Plate 4.1) it could be observed that the failure is predominantly due to the combination of brittle fracture and pulling of glass fibers from the matrix. The glass fibers are pulled from the matrix, and they are broken without any deformation. Since the interfacial adhesive forces between the glass fibers and the resin are more, the increase in requirement of forces has contributed to the increase in the strength of the material (Bright long spots). The dark spots represent the carbon filler particles. One can clearly observe more such dark spots from the SEM micrographs and these dark spots represent the presence or non presence of carbon particles. Density of C is lesser than that of E glass. Obviously the adhesive forces between the matrix and carbon fibers are more because of higher percentage of carbon. One must also note that the interfacial surface area between carbon particles and matrix is larger than that of interfacial surface area between E glass fibers and matrix. This implies that, as the percentage of C particles increase, strength of the designed composite increases. Other particles are appearing as small bright and grey crests in SEM. Their contribution in increasing the strength of this material is not significant since their percentages are kept constant. The inference is that, the increase in carbon percentage increases the strength.
4.2 EFFECT OF ACTIVATED CARBON AND BASO4 ON IMPACT STRENGTH OF EGRH COMPOSITES

The material’s resistance to fracture is known as toughness. It is the energy absorbed by the material before fracture and is expressed in terms of the same. A ductile material can absorb considerable amount of energy before fracture while a brittle material absorbs very little energy before fracture. Table 4.2 shows the results obtained during the impact test conducted on all the four specimens.
Table 4.2 – Impact strength of EGRH Composites

	Specimen No.
	Filler Content
	Impact Energy ( J )

	1
	4%C,16%BaSo4
	0.7

	2
	8%C, 12% BaSo4
	0.4

	3
	12%C, 8%BaSo4
	1.4

	4
	16%C, 4%BaSo4
	1
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Figure 4.2 - Effect of C and BaSO4 impact strength on EGRH Composites



From the graph, it can be seen that the impact strength is the highest in the composite having 12% C and 08% BaSO4 (1.4 J), and the lowest is at 8% C and 12% BaSO4 (0.4 J). The impact strength has decreased by 42.86% for 4% increase in C and 4% decrease in BaSO4. Subsequently, the strength has increased by 71.42% from the minimum value to the maximum for 4% C increase and 4% BaSO4 decrease.
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Plate 4.2: SEM micrograph (300 X Magnification) of EGRH composite subjected to Impact test

From SEM micrograph (Plate 4.2) is depicting the failed specimen surface morphology (during impact testing). It could be observed from the SEM micrograph that the glass fibers have broken due to the impact loading. The same cannot be observed with respect to the carbon (Dark irregular spots). Consequently, in impact loading breaking of glass fibers and subsequent pulling of them from matrix requires higher impact energy. Further one can observe from SEM micrograph that this phenomenon has not occurred for the carbon particles. Obviously, in impact energy consumption test the glass fibers along with the carbon particles have contributed to increase in impact energy up to 12 W% of C and 8W% of BaSO4. Up to these percentages, the synergetic effect of the presence of C and BaSO4 has played a vital role. Later, the percentages of C and BaSO4 (12 W% and 8 W% respectively) the synergetic effect has not come into play. This is indicated by the decrease in the impact strength of the material (Figure 4.3).
4.3 EFFECT OF ACTIVATED CARBON AND BASO4 ON WEAR RESISTANCE OF EGRH COMPOSITES

Wear is the sideways erosion of material on a solid surface due to the action of another surface. A material is said to possess good wear properties when less amount of material gets eroded due to the friction. Table 4.3 shows the results obtained during the wear test conducted on all the specimens.


Speed of the disc = 1000 rpm = 6.2 m/s


Radius of the disc = 120 x 10-3 m


Diameter of each specimen = 10 x 10-3 m


Length of each specimen = 33 x 10-3 m
Table 4.3 – Wear properties of EGRH Composites

	Specimen No.
	
	Load(N)

	
	
	39.24
	78.48
	117.72

	1
	Specific Wear rate (m3/Nm )
	2.19 x 10-6
	1.41 x 10-6
	1.49 x 10-6

	2
	Specific Wear rate (m3/Nm )
	2.38 x 10-6
	1.59 x 10-6
	1.35 x 10-6

	3
	Specific Wear rate (m3/Nm )
	2.30 x 10-6
	1.92 x 10-6
	1.83 x 10-6

	4
	Specific Wear rate (m3/Nm )
	2.44 x 10-6
	1.62 x 10-6
	2.48 x 10-6
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Figure 4.3 – Effect of C and BaSO4 on Wear resistance of EGRH Composite at maximum 
From the Figure 4.3, it is observed that, the wear resistance is the highest in the composite having 08% C and 12% BaSO4 (1.3225x10-6 m3/Nm), and the lowest is at 16% C and 04% BaSO4 (2.4348x10-6 m3/Nm). The wear resistance has decreased by 9.42% for 4% increase in C and 4% decrease in BaSO4. Subsequently, the wear resistance has decreased by 45.68% from the maximum value to the minimum for 8% C increase and 8% BaSO4 decrease.
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Plate 4.3: SEM micrograph (300 X Magnification) of EGRH composite subjected to Wear test

SEM micrograph (Plate 4.3) is illustrating the surface morphology of the worn out specimen having 08% C and 12% BaSO4. As could be seen from the micrograph, the glass fibers have worn out due to the contact with the surface of the disc. The wear debris have got impregnated on the plateaus (irregular grey bulged surfaces having bright spots) which calls for higher Tribological forces to become operational. This has contributed to the lowest wear rate. One can observe that as the percentage of carbon is increasing, the wear rate is also increasing.
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Plate 4.4: SEM micrograph (500 X Magnification) of EGRH composite subjected to Wear test

From SEM micrograph (Plate 4.4) which is depicting the worn out surface’s topography, it is observed that there are plateaus but they are less in number in comparison with SEM micrograph used for earlier analysis. Further, the presence of higher percentage of C has contributed to higher wear rate as one cannot observe any Carbon debris on the plateaus. These mechanisms have contributed to higher wear rate of the specimen.

4.4 EFFECT OF TEMPERATURE ON HARDNESS OF EGRH COMPOSITES

Hardness is a measure of how resistant a solid matter is to various kinds of permanent shape change when a force is applied. The hardness readings of the specimens were obtained directly from the Shore-D hardness tester The specimens were heated to six different temperatures by a hot air oven and the readings were taken. Table 4.4 shows the readings thus obtained.
Table 4.4 – Effect of temperature on hardness of EGRH Composites

	Specimen No. 
	Temperature ( oC )

	
	30
	60
	90
	120
	150
	180

	
	Shore-D Hardness no.

	1 - 04% C, 16% BaSO4
	90
	90
	89
	80
	70
	60

	2 - 08% C, 12% BaSO4
	90
	89
	80
	81
	69
	60

	3 - 12% C, 08% BaSO4
	90
	90
	90
	80
	70
	65

	4 - 16% C, 04% BaSO4
	90
	92
	89
	89
	75
	65

	Average Shore-D Hardness no
	90
	90
	87
	83
	71
	63



.
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Figure 4.4 – Variation of Shore-D hardness of EGRH Composites with temperature
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Figure 4.5 – Variation of average hardness of EGRH Composites with temperature

It could be seen from the table 4.5 and fig 4.4  hardness decreases with increase in temperature and the Shore-D hardness value obtained at room temperature for all the specimens of different composites is constant (90) and hence the average Shore D number at room  temperature is 90. Similarly, the average values of hardness for considered specimen at temperatures greater than the room temperature is steps of 30oC up to 180oC are 90, 87, 83, 71 and 63. It can also be observed that the composition with 16% C 4% BaSO4 is much harder at elevated temperatures when compared to other composition (Purple line in Figure 4.4).
From Figure 4.5 it can be observed that from 30oC (room temperature) to 60oC, the hardness value is constant (90) but decreases with further increase in temperature.

From 60℃ to 90℃, the decrease in average hardness no. is 3.33% which is not significant. Similarly from 90℃ to 120℃ the decrease is 4.59%. But from 120℃ to 150℃ the decrease in average hardness no. is 14.56% which is significant. From 150℃ to 180℃ the decrease in average hardness no. is 11.27%. The inference is that, the designed material can possess the required hardness up to 150℃ and hence it could be used in elevated temperature applications where the highest temperature is limited to 150℃. 
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5.1 CONCLUSION
The present study and analysis of results had led to the following conclusions

1. 16% C and 4% BaSO4 has shown maximum tensile strength of 23.613 MPa which is due to the high tensile modulus of Carbon.
2. The impact energy of the composite with 12% C and 8% BaSO4 has shown maximum impact strength (1.4 Joules). This is due to the higher percentage of Carbon content, which gives higher fracture toughness to the material.
3. The composition with 8% C and 12% BaSO4 has shown minimum specific wear rate of 1.3225x10-6. This is due to the self lubricating property of Carbon and Good thermal conductivity of BaSO4. 

4. Hardness of the material is noticed to be decreasing with the increase in temperature. The composition with 16% C and 4% BaSO4 has shown maximum hardness with hardness no. of 92 at 60℃ and a consistent average hardness of 90 up to 120℃.
5.2 Scope for further work
The main filler constituents, Carbon and Barium Sulphate have contributed to the expected behavior of the designed composites at room temperature and as well as at elevated temperature. 
Conduction of Tensile, Impact and Wear tests can be done at elevated temperatures up to 150℃. The percentage of filler materials in the compositions can also be altered according to the requirement and investigated.
The E glass chopped fibers used has higher thermal conductivity and mechanical strength. Instead of E glass fibers, if E glass powder is used as filler, one can improve the Mechanical and Tribological characteristics at elevated temperatures as the interfacial surface area between the matrix and the glass powder increases.
Further to ascertain the proper distribution of filler and reinforcement materials and their presence, XRD technique could be adopted.
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