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ABSTRACT
Epoxy resins, by varying glass fibre reinforcement and fillers to enhance its thermal properties will result in a composite
material which can withstand high temperature of the range exceeding 200C. The fillers used should have thermal properties
like high service temperature, low coefficient of thermal expansion, maximum operating temperature, high melting point,
retention of mechanical properties at elevated temperatures etc.
Polymer composites, in current scenario can withstand temperatures up to 140C-200C. These composites, however, when
subjected to high temperatures, tend to soften, decompose or melt depending upon their composition. Also, the increasing cost
of the metals due to inflation and depletion of resources has given further impetus to the research of high temperature
application polymer composites.

Keywords: Elevated Temperature resistance, EGRHC, Activated Carbon, Chopped E-Glass, Al2O3, SiC, BaSO4,

1. INTRODUCTION
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.
The reinforcing phase provides the strength and stiffness. In most cases, the reinforcement is harder, stronger, and
stiffer than the matrix. The reinforcement is usually a fiber or a particulate. Particulate composites have dimensions
that are approximately equal in all directions. They may be spherical, platelets, or any other regular or irregular
geometry. Particulate composites tend to be much weaker and less stiff than continuous fiber composites, but they are
usually much less expensive.
Particulate reinforced composites usually contain less reinforcement (up to 40 to 50 volume percent) due to processing
difficulties and brittleness [2]. A fiber has a length that is much greater than its diameter. The length-to-diameter (l/d)
ratio is known as the aspect ratio and can vary greatly. Continuous fibers have long aspect ratios, while discontinuous
fibers have short aspect ratios. Continuous-fiber composites normally have a preferred orientation, while discontinuous
fibers generally have a random orientation [3,6].Examples of continuous reinforcements include unidirectional, woven
cloth, and helical winding, while examples of discontinuous reinforcements are chopped fibers and random matrix.
Continuous-fiber composites are often made into laminates by stacking single sheets of continuous fibers in different
orientations to obtain the desired strength and stiffness properties with fiber volumes as high as 60 to 70 percent[12].
Fibers produce high-strength composites because of their small diameter; they contain far fewer defects (normally
surface defects) compared to the material produced in bulk. As a general rule, the smaller the diameter of the fiber, the
higher its strength, but often the cost increases as the diameter becomes smaller.
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In addition, smaller-diameter high-strength fibers have greater flexibility [3] and are more amenable to fabrication
processes such as weaving or forming over radii. Typical fibers include glass, aramid, and carbon, which may be
continuous or discontinuous [17].
The importance of matrix material cannot be underestimated as it provides support for the fibers and assists the fibers
in carrying the loads. It also provides stability to the composite material. Resin matrix system acts as a binding agent in
a structural component in which the fibers are embedded. When too much resin is used, the part is classified as resin
rich. On the other hand if there is too little resin, the part is called resin starved. A resin rich part is more susceptible to
cracking due to lack of fiber support.

2. LITERATURE REVIEW
1. Erhard Gunter et al., observed that Carbon fibers are usually combined with other materials to form a composite.
When combined with a plastic resin and wound or molded it forms carbon fiber reinforced polymer (often referred
to as carbon fiber) which has a very high strength-to-weight ratio, and is extremely rigid although somewhat
brittle. However, carbon fibers are also composed with other materials, such as with graphite to form carboncarbon composites, which have a very high heat tolerance.
2. Pascault J.P et al., observed carbon fibre may be turbostatic or graphitic depending upon precursor to make the
fibreor have a hybrid structure with both graphitic and turbostratic parts present. Carbon fibers derived from
mesophase pitch are graphitic after heat treatment at temperatures exceeding 2200 °C. Turbostratic carbon fibers
tend to have high tensile strength, whereas heat-treated mesophase-pitch-derived carbon fibers have high Young's
modulus (i.e., high stiffness or resistance to extension under load) and high thermal conductivity.
3. Dr Sanjay Palsule observed that formation of metal carbides and corrosion considerations, carbon has seen limited
success in metal matrix composite applications. Reinforced carbon-carbon (RCC) consists of carbon fiberreinforced graphite, and is used structurally in high-temperature applications. The fiber also finds use in filtration
of high-temperature gases, as an electrode with high surface area and impeccable corrosion resistance, and as an
anti-static component. Molding a thin layer of carbon fibers significantly improves fire resistance of polymers or
thermoset composites because a dense, compact layer of carbon fibers efficiently reflects heat.
4. Frederick T et al., concluded that Although Glass is not as strong and stiff as carbon fiber, it is less brittle, and its
raw materials are much cheaper. Its bulk strength and weight are also better than many metals, and it can be more
readily molded into complex shapes. Applications of fiberglass include, aircraft, boats, automobiles, bath tubs and
enclosures, hot tubs, septic tanks, water tanks, roofing, pipes, cladding, casts, surfboards, and external door skins.
5. Loewenstein, K.L observed that, During World War II, fiberglass was developed as a replacement for the molded
plywood used in aircraft radomes (fiberglass being transparent to microwaves), fiberglass is now yielding to carbon
fiber, which weighs less and is stronger by volume and weight.
6. John Fuller Fiberglass". Yeshiva University. Retrieved 27 August 2010. (Technical paper).
7. Glass fiber is commonly used as an insulating material. It is also used as a reinforcing agent for many polymer
products; to form a very strong and light fiber-reinforced polymer(FRP) composite material called glass-reinforced
plastic (GRP), popularly known as "fiberglass". Glass fiber has roughly comparable 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.
8. Frank P. Incropera et al., studied that, Glass fibers are useful thermal insulators because of their high ratio of
surface area to weight. However, the increased surface area makes them much more susceptible to chemical attack.
By trapping air within them, blocks of glass fiber make good thermal insulation, with a thermal conductivity of the
order of 0.05 W/(m K).
9. Volf, Milos B. concluded that, High Strength Glass offers six vital enhanced properties critical for demanding
applications: strength (40% higher than other Glass), impact resistance (higher elongation and toughness than
other Glass), stiffness (20% higher than other Glass), temperature resistance (200 C higher than other Glass),
fatigue (longer life for highly fatigued parts), and radar transparency.
10. L. Hammerton concluded that, Epoxy resins, also known as polyepoxides are a class of reactive prepolymers and
polymers which contain epoxide groups. Epoxy resins may be reacted (cross-linked) either with themselves
through catalytic homopolymerisation, or with a wide range of co-reactants including polyfunctional amines,
acids (and acid anhydrides), phenols, alcohols, and thiols. Properties including slow vs. fast curing time, opaque
vs. clear colors, water-proof vs water-resistant, and flexible vs. rigid.
11. Wooden Boat forum published that, Epoxy adhesives are a major part of the class of adhesives called "structural
adhesives" or "engineering adhesives" .These high-performance adhesives are used in the construction of
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aircraft, automobiles, bicycles, boats, golf clubs, skis, snowboards, and other applications where high strength
bonds are required. In general, epoxy adhesives cured with heat will be more heat- and chemical-resistant than
those cured at room temperature. The strength of epoxy adhesives is degraded at temperatures above 350 °F (177
°C).
Tong, L et al., studied that, Graphite is made almost entirely of carbon atoms, and as with diamond, is a
semimetal native element mineral, and an allotrope of carbon. Graphite, meaning "writing stone", was named by
Abraham Gottlob Werner in 1789 from the Ancient Greek, "to draw/write", for its use in pencils, where it is
known as lead. Graphite has a layered, planar structure. In each layer, the carbon atoms are arranged in a
honeycomb lattice with separation of 0.142 nm, and the distance between planes is 0.335 nm. The two known
forms of graphite, alpha (hexagonal) and beta (rhombohedral), have very similar physical properties, except that
the graphene layers stack slightly differently. The hexagonal graphite may be either flat or buckled. The alpha
form can be converted to the beta form through mechanical treatment and the beta form reverts to the alpha form
when it is heated above 1300 °C.
Aida Besnea et al., investigated two Polyphenylene Sulphide matrix-based composites: PPS GF 40 (PPS Polyphenylene Sulphide +40% glass fibers) and PPS PVX (PPS - Polyphenylene Sulphide +10% PTFE+10%
carbon fibers +10% graphite). The tribological properties of these composites were tested on a Universal
Tribometer UMT-2 (CETR) apparatus (pin-on-disc test, in dry sliding, with the help of a pin-on-disk tribotester.
The tribological behaviour was found to depend on the filler materials in the tested composites and better results
were obtained for the composite containing solid lubricants (PTFE and graphite).
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.
Dr. Chandramohan et al., conducted a research 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.

3. OBJECTIVES
1. To fabricate the PMC’s (polymer matrix composites) composites.
2. To conduct tests on mechanical, wear resistance and high temperature resistant properties.
3. To analyze and test using scanning electron microscope (SEM) micro graphs.
4. To analyze and validate the experimental results.

4. MATERIALS AND METHODS
The methodology adopted for this investigative work is delineated below
1. Procurement of raw materials.
2. Calculation of proportions.
3. Fabrication of ER composites.
4. Conduction of tests and evaluation of mechanical and wear properties.
4.1 Materials procurement
The matrix material is Epoxy Resin LY556 and room temperature curable hardener HY951, which was supplied by
Reinforced Plastic Industries, 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 which is also used as
a reinforcing material and the fillers Aluminium Oxide (Al2O3) and Silicon Carbide (SiC) were procured from
chethana chemicals, Mysuru, India. The filler Barium Sulphate was supplied by Mysore Chemicals, Mysore, India..
4.2 Fabrication of Composites
Four different compositions of composites were made by blending all six components and varying the percentage of
Barium Sulphate and Chopped E-Glass. The specimens were fabricated at Reinforced Plastic Industries, Bangalore,
India. The content of each composition of composites is given in table below.
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Table 1: Composition of Specimens (Percentage).

Table 2: Composition of Specimen (Weight).

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 Barium Sulphate and Chopped E-Glass content while keeping all the other
weight percentages constant. The content of Sulphate and Chopped E-Glass are varied in steps of four percent in such a
way that in any composition, the sum of Sulphate and Chopped E-Glass 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 test standards. Specimens were prepared for tensile, impact strength and wear
tests.
4.3 Testing for mechanical properties of Composites
In order to investigate the mechanical properties and tribological properties, tests like tensile, impact, hardness, and
wear are conducted. Details of the experimentation and standards used for them are discussed below.
4.4 Tensile Test
Tensile tests were conducted according to the ASTM D-638. Computerized Universal Testing Machine (UTM) used for
this purpose and the loading arrangement is shown in Figure. 1. Specifications are also mentioned. The dimension of
the tensile specimen was 165 mm x 19 mm x 3.2 mm. Gauge length was 50 mm. Results were used to calculate the
tensile strength of composite samples.

Figure-1: Computerized Universal Testing Machine
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Make: International equipment, India
Model: PST-VGST/KFIST-05
Capacity: 50KN
Jaw separation speed: 1 to 500mm/min
4.5 Impact Test
Izod impact tests were conducted on V-notched composite specimen according to ASTM D256. A Pendulum impact
tester, shown in Figure 2 was used for this purpose. Dimension of the specimen were 64 mm x 12.5 mm x 3.2 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.

Figure-2: 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.
4.6 Hardness Test
Shore-D hardness tests were conducted on specimen according to ASTM D2240 using Durometer shown in Figure 3.
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.

Figure-3: Shore-D hardness testing machine.
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Make: Hiroshima Company
Range: 0 to 100
4.7 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 4. Dry sliding tests were conducted at ambient conditions with the loads of 4 Kg, 8
Kg, 12 Kg and 16 Kg. Disc speed was kept at 1000rpm with track diameter of 60mm, resulting in a sliding velocity of
6.2 m/s. The tests were conducted for five minutes twenty two seconds. Wear of the materials considered was measured
by loss in weight which is then converted into wear volume using the measured density data. The Specific Wear rate
(Ws) was calculated from equation below,

Ws=

Figure-4: 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 phas

5.RESULTS AND ANALYSIS
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. Epoxy resin is used as the matrix and its weight percent is 50 and some
other filler like SiC, Carbon and Al2O3 are also used and their weight percentages are 10% each. Reinforcement used
is chopped E-Glass Fiber and its percentage by weight is varied. The results are tabulated from table 6.1 through 6.7
Graph 6.2 through 6.8 depict the variations of these properties with respect to percentages of E-Glass and Barium
Sulphate. Corresponding SEM Micrographs(X500) are depicted from Plates 1 through Plate 3. The properties of
Barium Sulphate and chopped E-Glass are given in table. Analysis of results and discussions are presented in the
following sections.
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Table 6.1: Property table of Chopped E- Glass and Barium Sulphate.

Table 6.2: Tensile Strength of Composites.

Graph 6.1: Ultimate Tensile strength.
From table 6.2 and graph 6.1, it can be seen that the modulus is increasing by 20.77% in the composition 16W%EGlass and 4W%Barium Sulphate and decreases by 2.41% at composition of 4W%E-Glass and 16W%Barium Sulphate.
The modulus increases proportionally with increasing in the E-Glass content and decreasing in the Barium Sulphate
content. This shows that the modulus of E-Glass is greater than that of Barium Sulphate. The fourth composition,
16W% E-Glass and 4W% Barium Sulphate, has the highest modulus. This is due to the presence of more amount of EGlass (16W% E-Glass). E-Glass fibers which fill the composite, due to their high modulus, can withstand more loads
and at the same time transfer load to adjacent particles as well. It also reduces the load concentration at points which in
turn reduce the stress concentration thereby increase modulus of the specimen.

Plate 1 – SEM micrograph (500 X Magnification) of EGRH composite with subjected to tensile test.
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From SEM micrograph, it is seen that the specimen has failed due to the pulling of glass fibers form the ER matrix.
Final failure is by breaking of glass fibers. Since the interfacial area between ER matrix and glass fibers loading is
larger, the above mentioned phenomenon occurs. Barium Sulphate particles, which are seen as dark spots, has also
contributed to increasing the modulus. Small dark spots are Barium Sulphate. Larger dark spots represent carbon
particles.
Table 6.3: Impact strength of Composites.

Graph 6.2: Impact strength
Impact strength (from the table 6.3 and graph 6.2), it could be seen that impact strength is increasing from 4W% Eglass and 16W%BaSo4 ER matrix composite to 8W%E-Glass, 12W% BaSO4 ER matrix 10% further the impact has
reduced by 10%. This clearly shows that addition of increasing percentages of E-glass increase Impact strength of
designed composite significantly. This is due to the fact that breaking of glass fiber and BaSo4 particles requires more
impact load, since the force due to impact loading must first pull the glass fibers and BaSo4 particles and then break
them. The presence of large percentage of BaSo4 has contributed to the larger impact load due to the interfacial surface
area between the matrix and BaSo4 is larger. The test clearly demonstrates that interfacial adhesive forces are larger for
BaSo4 and ER matrix interface than the glass fiber and ER matrix interface.

Plate 2 – SEM micrograph (500 X Magnification) of EGRH composite with subjected to Impact test
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This observation is also evident from SEM micrograph. Larger dark spots are carbon fillers and smaller dark spots are
BaSO4 filler (Carbon 10W%and BaSo4 4W %). They clearly indicate that the BaSo4 and carbon particles are pulled
from their position slightly and then broken.Bright spots in SEM micrographs are illustrating breaking of Glass Fiber
rather than pulling it from ER matrix. From this, we can conclude that, since the interfacial adhesive forces between
ER matrix and Glass Fiber is low compared to interfacial forces between BaSo4.. Carbon filler increase in percentage
of Glass Fiber has contributed less to the Impact strength.
Table 6.4: Wear properties of Composites.

Graph 6.3: The Variation Of Wear Rate With Respect To Weight.
From Table 6.4 and Graph 6.3, it could be observed that, Wear rate has decreased by 14.3% from 12W% E-glass and
8W% BaSo4 matrix to 16W% E-glass and 4W% BaSo4 matrix.
This is due to the fact that, Glass is harder than BaSo4. Hence the wear rate has reduced with increasing glass
percentage.

Plate 3 – SEM micrograph (500 X Magnification) of EGRH composite with subjected to Wear Test.
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Formation of plateaus are due to the impregnation of wear debris (here predominately worn-out Glass Fiber debris) is
an important phenomenon in Tribological analysis. One can observe that plate 3 that small elevated patches with bright
spots are less in number which represents plateaus.
Obviously, the inference is that more E-glass loading is required for the reduction is wear rate. The surface areas of
plateaus is larger wear rate is smaller. This is because the impregnated wear particles should wear out first, to reach the
actual surface which is in contact with the disc.
Table 6.5 Effect of Temperature on Hardness of Composites.

Graph 6.4: Variation of Shore-D Hardness of Composites with respect to Temperature
Table 6.5 and Graph 6.4 are illustrating variations of Shore-D Hardness numbers with respect to temperature in 0C. it
is seen that for 4W% E-Glass and 16W% BaSo4 the retention of hardness with increase in temperature is excellent up
till 900C for 8W% E-Glass and 12W% BaSO4 the retention of hardness is satisfactory. Further, form these
percentages; the hardness values have reduced slightly (3.37%). For 16W%E-Glass, 4W% BaSO4 the reduction in
hardness due to increase in temperature is slightly larger (4.7%). The inference is that higher percentages of BaSO4
contributes to retention of hardness since thermal conductivity of BaSO4 (18.4 W/m K) is very much higher than Glass
(1.35W/m K). This makes BaSO4 to conduct away the heat more rapidly than Glass, thereby, retaining its hardness.

6.CONCLUSION
THE PRESENT STUDY AND ANALYSIS OF RESULTS HAD LED TO THE FOLLOWING CONCLUSIONS

1. Wear rate for 4W%E-Glass, 16W% BaSO4 composite is minimum (0.0037) and could be considered as optimum
percentage of these fillers for further development.
2. Impact energy for the composite having 8W%E-Glass, 12W% BaSO4 is 0.5 J which is maximum under the
considered experimental conditions. Impact strength of this composite is due to the fact that fracture toughness (3.5
MPa m1/2) of BaSO4 is greater than Glass.
3. Tensile strength increased by 18.81%, which is very significant. This is due to high modulus of BaSO4 (300 GPa).
4. The general conclusion is that the addition of higher amounts of BaSO4 has significantly contributed to the
improvement in wear resistance, impact and hardness properties.
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7.FUTURE SCOPE
The main filler constituents, chopped E-Glass 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 temperature up to 1500 C. The percentage of filler
materials in the compositions can also be altered according to the requirement and investigated.
The E-Glass chopped fibre used has higher thermal conductivity and mechanical strength. Instead of E-Glass Fibre, if
E-Glass powder is used as filler, one can improve the Mechanical and Tribological characteristics at elevated
temperature as the interfacial surface area between the matrix and the glass powder increases.
Further to ascertain the proper distribution of filler and reinforcement material and their presence, XRD technique
could be adopted.
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