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Abstract—Polymeric materials reinforced with synthetic
fibers like glass, carbon, and aramid provide advantage of
high stiffness and strength to weight ratio as compared to
conventional materials like wood, concrete etc. In the light
of these the present experimental study aims at learning the
physico-mechanical and tribological properties of glass
epoxy composite filled with a filler of MoS2. Hand layout
technique is employed for preparing the samples, with
varying weight fraction of bi-directional glass fiber. The
ratio of filler is varied between 0 to 6 wt.-%. Specimens
were cut from the fabricated laminate according to the
ASTM standards for different experiments. The systematic
experimentation leads to determination of significant
process parameters and material variables that
predominantly influence the wear rate. It has been found
that wear rate increases with increasing abrading distance
and for 4% filler optimized wear strength were achieved.
Mechanical properties of composites are increases with
increase of filler. The mechanical and wear behaviour of
filled composites is more superior then unfilled composites.
Index Terms—glass fiber, mechanical properties, MoS2
filler, tribological properties.

I.

INTRODUCTION

Bi-directional glass fiber reinforced polymer
composites is widely used in many industrial applications
due to several advantages such as low weight, ease of
processing, price and noise suspension. The performance
of the composites can be further improved by adding
particulate filler to them. The “filler” play an important
role for the improvement in performance of polymer
composites. Filler materials are generally used to reduce
the cost of material and to improve mechanical properties
to some extent and in some cases to improve its process
ability. Besides this, it is also used to increase the
properties like reduce shrinkage, hardness and wear
resistance [1][ 2]. Fibre reinforced polymer composites
containing different filler are used in many application in
which tribological and mechanical properties are critical
issues [3][4][5]. Also a full understanding of the effects
of all system variables on the wear rate is necessary in
order to undertake appropriate steps in the design of
machine or structural component and in the choice of
materials to reduce/control wear [6].
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Many researchers are worked on glass/carbon fibers
reinforced epoxy composites and they find optimized
values with the addition of fillers [7][8][9].
Most of the researchers are used Sic and graphite as
filler due to his unique properties and optimized results
with the addition of fillers [10][11][12].
Although a great deal of work has been reported in the
literature which discuss the mechanical and wear
behaviour of fiber reinforced polymer composites with
and without filler, however a very less work has been
done on effect of MoS2 filler on mechanical and wear
behaviour of bi-directional glass fiber reinforced epoxy
composites. Against this background, In the present
investigation, Composites samples are made by using
simple hand-lay-up technique with varying weight
fraction of bi-directional glass fiber and MoS2 filler. The
effects of fiber loading and filler on the tribological and
mechanical behaviour of epoxy composites are studied.
II. SPECIMEN AND EXPERIMENTAL SETUP
The fabrication of the various composite materials is
carried out through hand layup technique. The composite
fabrication consist of three steps: (a) mixing of epoxy
resin and filler using a mechanical stirrer, (b) mixing of
the curing agent with the filled epoxy resin, and (c)
fabrication of composites. Resin and hardener (HY 951)
mixed in a ratio of 10:1 by weight as recommended.
MoS2 powder of average size 100-200 µm mixed with
epoxy resin by stirring at room temperature and poured in
to the wooden mould of dimension (210X210X40) mm3.
The composite sample of three different compositions
samples i.e. Sample EG-1 (60% glass fiber + 40% epoxy),
sample EG-2 (60% glass fiber + 38% Epoxy + 2% Filler),
EG-3 (60% glass fiber+ 36% Epoxy + 4% Filler). The
cast of each composite is cured under a load of about 20
kg for 24 hours before it is removed from the mould.
Then this cast material is allowed for post curing in the
air for another 24 hours after removing out of the mould.
Test specimen of 3mm thickness and 50mm length are
cut from composite sheets for airjet erosion test. Test
specimen of 76 mm length and 25.4 mm width are cut
from composite sheets for wear test. After fabrication the
test specimens were subjected to various mechanical tests
as per ASTM standard. Generally flat specimens are used
for tension test. A uniaxial load is applied through both
the ends. The dimension of the samples for the test is 150
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TABLE I.

THEORETICAL AND MEASURED DENSITY VALUES OF THE
COMPOSITES WITH VOLUME FRACTION OF VOIDS

Composites

Measured
Density
(g/cc)

Theoretical
Density(g/cc)

Volume
fraction of
Voids

EG-1

1.52

1.54

0.902

EG -2

1.65

1.72

4.126

EG-3

1.65

1.71

4.817

Density of a composite depends on the relative
proportion of matrix and reinforcing materials and this
was one of the most important factors determining the
properties of the composites. The voids significantly
affect some of the mechanical properties and even the
performance of composites in the place of use. Higher
void contents usually mean lower fatigue resistance,
greater susceptibility to water penetration and weathering.
B. Tensile Properties
Tensile test was conducted on the Hounstill’s universal
testing machine in accordance with ASTM D638. Table 2
shows the details of the same.
TABLE II. TENSILE TEST RESULTS

ELONGATION (MM)

A. Density
The theoretical and measured densities along with the
corresponding volume fraction of voids were presented in
Table 1. It was clear from the Table 1 that the volume
fraction of voids was negligible, and this was due to the
absence of particulate fillers. With the addition of filler
materials more voids were found in the composites. As
the filler content changes from composites to composites
the volume fraction of voids was also found to be
changed.
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Figure 1. Percentage elongation as a function of MoS2 filler content.

TENSILE STRENGTH (MPA)

III. DISCUSSION

filled glass fiber reinforced epoxy composites are plotted
as a function of MoS2 filler and the same is shown in
Fig.1, 2 and 3. Fig.1 shows the percentage elongation of
glass fiber reinforced epoxy composite with and without
MoS2 filler. It is observed that, the glass fiber reinforced
epoxy composites with 4% MoS2 filler has highest
elongation of 4.92mm and glass fiber reinforced epoxy
composite without MoS2 filler the elongation is 4.27.
Fig.2 shows a linear increase in the tensile strength as the
percentage of MoS2 increased. The tensile strength of
composite without filler and with 2% and 4% of the
MoS2 content has been increased from 418.08 Mpa to
476.72 Mpa. The tensile modulus from fig.3 shows that,
decrease in modulus as the filler content in the composite
is increased. These observations suggest overall
improvement in tensile properties with the addition of
MoS2 filler.
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Figure 2. Tensile strength as a function of MoS2 filler content.

TENSILE MODULUS
(MPA)

mm X 10 mm and thickness of approximately 3mm. The
test is performed in the universal testing machine and the
test is repeated three times for each sample to obtain the
mean value of tensile strength. The abrasion testing of
composite specimens is performed on a standard abrasion
test rig (supplied by DUCOM) as per ASTM G-65
standard and air jet erosion test as per ASTM G76. The
material losses from the composite surface are measured
by using precision electronic balance.
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Figure 3. Tensile Modulus as a function of MoS2 filler content.

In this study, percentage of elongation, tensile strength
and tensile modulus at fracture of unfilled and MoS2
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C. Flexural Properties

magnitude increase in hardness with MoS2 filler content
is not substantial.
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E. Three Body Abrasive Wear Tests
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Figure 4. Flexural Strength as a function of MoS2 filler content.
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Figure 7. Fig 7. Weight loss Vs Abrading Distance
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Figure 6. Hardness number as a function of Molybdenum disulfide
filler content.
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Fig.4 and 5 shows the variation of flexural strength
and modulus as a function of MoS2 filler. Glass fiber
reinforced epoxy composite with 4% MoS2 additives
showed the least flexural strength and modulus. Whereas
the one with 2% of MoS2 filler indicated the maximum
value suggesting that if flexural properties are important
in any application, one should use minimum filler content.
(Table 3)

HARDNESS NUMBER

TABLE III. FLEXURAL TEST RESULTS
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Figure 5. Flexural Modulus as a function of MoS2 filler content.

D. Hardness Properties
TABLE IV. HARDNESS TEST RESULTS

Hardness test was conducted according to ASTM D2240 and the readings are tabulated in Table IV. Shore D
Hardness number of glass fiber reinforced epoxy
composites with and without MoS2 filler were arrived at
and average results are plotted as shown in Fig.6. Figure
shows the linear increase in the hardness as the
percentage of MoS2 content increases, although the
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Figure 8. Specific Wear rate Vs Abrading Distance.

Fig. 7 show the weight loss in grams as a function of
sliding distance for G-E composites with and without
MoS2 filler. It is observed that weight loss is increasing
with increased abrading distance and amount of wear has
been decreased with increase in MoS2 filler content.
The addition of filler has altered the wear behaviour
characteristics of composites and addition of filler has
resulted in better wear resistance. From the graph it is
clear that glass fiber reinforced epoxy composites with 2%
MoS2 filler showed the best wear behaviour than G-E
composite without and with 4% MoS2 filler.
Fig. 8 shows specific wear rate as a function of
abrading distance for G-E composites with and without
filler. These figures indicate that the specific wear rate
generally dropped with increased abrading distance. G-E
composite without filler showed maximum specific wear
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rate at an abrading distance of 300m, whereas G-E
composite with 2% filler showed the least specific wear
rate.
Also it can be observed that the specific wear rate for
G-E composites without filler and with 4% filler didn’t
show any fixed trend of variation with increased abrading
distance, whereas specific wear rate for G-E composite
with 2% filler marginally decreased with increased
abrading distance for all the loads suggesting that 2%
MoS2 filled G-E composite showed stable wear
characteristics as compared to other two.

WEAR LOSS (G)

F. Air Jet Erosion Test
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Figure 9. Weight loss Vs Impinging angle.

Fig.9 shows the erosive wear loss as a function of
impinging angle. It is observed that erosive wear
decreased with increased impinging angle. G-E
composite with 2%MoS2 additive resulted in lesser
erosive wear compared with the other two. Also no
significant variation of wear loss was observed. This
shows that this composite with 2% MoS2 filler showed
stable wear properties even under ageing conditions.
IV. RESULTS
Glass fiber reinforced epoxy composite with 4% MoS2
filler content showed the maximum tensile strength and
elongation, whereas maximum flexural strength and
modulus was obtained for G-E Composites with 2%
MoS2 filler. An increase in hardness was observed with
increased percentage of MoS2 filler in the composite.
Abrasive wear of glass fiber reinforced epoxy
composite was strongly dependant on the test parameters
such as load and sliding distance. Comparative wear
performance of different composites showed increased
weight loss and decreased specific wear rate with
increased load and abrading distance. MoS2 filler
provided better abrasion resistance to composite as
compared to unfilled ones. Also wear rate decreased with
increased filler content. Best abrasive wear
characteristics were obtained for the G-E composite with
2% MoS2 filler.
Weight loss of G-E composite during abrasion test was
strongly dependant on the test parameter namely
impinging angle. Comparative erosive wear performance
of all the composites showed that wear loss decreased
with increased impinging angle. G-E composites with
© 2019 Int. J. Mech. Eng. Rob. Res

filler showed better erosion resistance. Best erosive wear
performance was seen for G-E composite with 2% MoS2
filler.
REFERENCES
G. J. Aurrekoetxea, M. Sarrionandia and X. Gómez, “Effects of
microstructure on wear behaviour of wood reinforced
polypropylene composite,” Wear, vol. 265, no. 5-6, August 25
2008, pp. 606-611.
[2] A. K. Rout, A. Satapathy “Study on mechanical and triboperformance of rice-husk filled glass–epoxy hybrid composites,”
Materials and Design, vol. 41, pp. 131–141, 2012.
[3] B. Suresha, K. S. Kumar, S. Seetharamu, P. SampathKumaran,
“Friction and dry sliding wear behavior of carbon and glass fabric
reinforced vinyl ester composites,” Tribology International, vol.
43, pp. 602 –609, 2010.
[4] A. Satapathy, A. K. Jha, S. Mantry, S. K. Singh, A. Patnaik,
“Processing and characterization of jute–epoxy composites
reinforced with SiC derived from rice husk,” J ReinfPlast Compos,
2010.
[5] N. Mohan, S. Natarajan, S. P. KumareshBabu, “Abrasive wear
behaviour of hard powders filled glass fabric–epoxy hybrid
composites,” Materials and Design, vol. 32, pp. 1704–1709, 2011.
[6] Tensile Properties of Fiber–resin Composites ASTM D 3039–76.
American
[7] J. Stabik and A. Dybowska, “Electrical and tribological properties
of gradient epoxy-graphite composites,” JAMME, vol. 27, March
2008, pp. 39-42
[8] J. K. Lancaster, “The effect of carbon fiber reinforcement on
friction and wear of polymers,” J. Appl. Phy, vol. 1, pp. 549-555,
1968.
[9] V. K. Srivastava and A. G. Pawar, “Solid particle erosion of glass
fiber reinforced flash filled epoxy resin composites,” Composite
Science and Technology, 2006, pp. 3021-3028
[10] N. Mohan, S. Natarajan, S. P. KumareshBabu, Siddaramaiah,
“Investigation on two-body abrasive wear behavior of silicon
carbide filled glass fabric-epoxy composites,” JMMCE, vol. 9/3,
pp. 231-246, 2010.
[11] B. Suresha, G. Chandramohan, N. M. Renukappa, Siddaramaiah,
“Mechanical and tribological properties of glass-epoxy
composites with and without graphite particulate filler,” Material
Science Engg. vol. 103, pp. 2472-2480, 2007.
[12] B Suresha, “Experimental studies using SiC instead of graphite as
the filler material in E-glass reinforced thermoset composites,”
JMMCE, vol. 26/6, pp. 565-578, 2009.
[1]

Mr. Vijay B R. born on 28/03/1985 and
brought up in Mysore, Karnataka State, India.
He is pursuing his Doctor of Philosophy in
Mechanical
Engineering,
Visvesvaraya
Technological University, Belagavi under the
valuable guidance of Dr. Srikantappa A S. He
obtained his Master of Science in
Engineering by Research at National Institute
of Engineering Mysore. He obtained his
Bachelor of Engineering from Vidya Vikas
Institute of Engineering & Technology,
Mysuru, Visvesvaraya Technological University, Belagavi. Mr. Vijay B
R is having 8 years of teaching experience and 3 years of industrial
experience. He is currently working as COO of IntraLabs India
Technology Private Limited ,Bengaluru Karnataka State, India. He has
taught many subjects include Mechanics of Materials, Design of
Machine elements, Control Engineering, Computer Aided Engineering
Drawing, Computer Aided machine Drawing, Finite Element Method,
Operations Research etc. His areas of interest are Material science and
Design. Mr. Vijay B R has published more than 5 International journal
papers and more than 8 national conference papers.

International Journal of Mechanical Engineering and Robotics Research Vol. 8, No. 6, November 2019

Dr. Srikantappa A S born on 08/12/1968
and brought up in Arakere Village, Mandya
District, Karnataka State, India. Doctor of
Philosophy in Mechanical Engineering from
Kirupananda
Variyar
Engineering College Salem Tamil Nadu
State India. He completed his Master of
Technology in Production Engineering
Systems Technology from National Institute
of Engineering Mysore Karnataka State India.
He completed his Bachelor of Engineering in
Industrial Production Engineering from P.E.S College of Engineering
Mandya Karnataka State India. He obtained his LLB from H.
Hombegowda Memorial Law College Mandya Karnataka State India.
Dr. Srikantappa A S Served as Member of Local Inspection Committee
for VTU Affiliation. He served as Research Supervisor at Visvesvaraya
Technological University Research Resource Centre Belagavi
Karnataka India. He is having a 8 years of experience as Principal and
currently serving as Principal at Cauv

© 2019 Int. J. Mech. Eng. Rob. Res

