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ABSTRACT
Mechanical properties and abrasive wear behaviour of bi-directional jute fabric re-inforced epoxy (J/Ep) with
micron sized TiO2 particles at different wt% (2.5, 5, 7.5 and 10) were investigated. The tribo-potential of combined
effect of TiO2 and jute fiber in epoxy (J/Ep) for enhancing the abrasion resistance has not been studied so far. Hence,
the present work aims to explore the possibility of using TiO2 filler and jute fiber to reinforce the epoxy and thus
open a new way to implement inexpensive reinforcements and produce new candidate tribo-material for industrial
applica-tions. Silane treated TiO2 filled J/Ep composites were prepared by hand lay-up method. Selected
mechanical properties and three-body abrasive wear tests were evaluated as per ASTM standards. Results indicate
an enhancement in the J/Ep composite mechanical properties due to addition of TiO2 particles up to 7.5 wt% of
loading. Highest tensile and flexural properties were found at 7.5 wt% TiO2 loading. Results of abrasion tests show
resistance to abrasion at 5 wt% TiO2 filled J/Ep com-posite. Scanning electron micrographs evidenced that the fiber
and filler have fairly good bonding with matrix. Finally, this investigation confirms the applicability of TiO2 as
secondary reinforcement in J/Ep composite.
Keywords: TiO2 Filled J/Ep, Mechanical Properties, Abrasion, Scanning Electron Microscopy

I. INTRODUCTION
In recent years, attempts have been made to reduce the
use of expensive fibers glass, aramid or carbon and also
lighten considerably the automotive parts by taking
advantage of the lower mass density and cost that
majority natural fibers provide. In that sense, renewable
fibers as load-bearing materials were vastly used in the
composites of interior parts for a number of passenger
and commercial vehicles [1]-[3]. Natural fiber/particulate reinforced polymer matrix composites
(PMCs) have emerged as a po-tential environmentallyfriendly and cost-effective choice to synthetic fiber
reinforced PMCs. The availability of natural fibers and
ease of extraction and manufacturing have tempted
researchers to try locally available inexpensive fibers
and to study their feasi-bility of effective reinforcement
with engineering polymers for tribological applications
[4]. Despite the interest and environmental appeal of
natural fibers, their use has been limited to non-bearing
applications due to their poor strength and stiffness
compared with synthetic fiber/filler reinforced PMCs

[5]. The stiffness and strength shortcomings of biocomposites can be overcome by structural
configurations especially by chemical treatment and
modified fabric architecture for highest strength
performance.
With the advance of science and technology, highmolecular weight polymeric materials now become one
of most attractive materials in recent years. Among
thermosetting matrix resins used in composites
manufacturing, epoxy resins are the most widely used
for high performance applications [6] [7]. Epoxy
matrixes exhibit excellent me-chanical and thermal
properties, low shrinkage upon curing, very good
chemical and corrosion resistance properties and good
process ability under variable working condi-tions.
However, epoxy or epoxy-based materials have very
poor impact resistance and wear properties. To improve
the impact/wear resistance, several solutions have so far
been proposed [8] [9]. The incorporation of inorganic
fillers is one of the most com-mon ones that soften rigid
thermoset matrices [10] [11].
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During the recent years, the interest in using natural
fibres as reinforcement in polymers has increased. The
attractive features of natural fibers like jute, sisal, silk,
coir, banana, have been their low cost, light weight,
high specific modulus, renewability and biodegrability.
Since the interfacial bonding between the reinforcing
fillers/fibers and polymer matrix is an important
element in realizing the mechanical properties of the
bio-based polymer composites. Several authors have
focussed the studies on the treat-ment of fillers to
improve the bonding with resin matrix.
The very fine micron-sized particles cause the particles
to attract each other due to van der Waals forces and to
form agglomerates. It is reported that a considerable
amount of improvement in mechanical properties can be
achieved using micron-sized filler loadings. Moloney et
al. and other researchers [12]-[15] have reported that by
se-lecting higher modulus filler and increasing the
volume fraction, the modulus of filler filled epoxy can
be increased. These reports prompted us to consider the
exciting possi-bility of incorporating the fine micronsized TiO2 particles in a composite consisting of jute
fabric reinforced epoxy to study their effects on the
mechanical properties and abrasive wear behaviour of
the composites. Siddhartha et al. [16] have investigated
tita-nium dioxide (TiO2) reinforced epoxy functionally
graded composites. They concluded that addition of
TiO2 particles into epoxy has a dramatic effect on the
flexural strength, tensile modulus, and interlaminar
strength in comparison to homogeneous composites.
Shi et al. [17] studied the effects of filler crystal
structure and shape on the friction and wear properties
of potassium titanate whisker (K2Ti4O9 whisker,
K2Ti6O13 whisker) and TiO2 particles filled PTFE
composites. They reported that the friction coefficients
of various PTFE based composites are weakly
dependent on filler shape, but they are more strongly
dependent on filler crystal structure.
Swain et al. [18] have studied the physico-mechanical
properties of alumina filled jute fiber reinforced epoxy
hybrid composites. Jute and alumina as hybrid
reinforce-ment in epoxy, they have concluded that
hardness, strength, flexural and tensile modulus
increased with increase in the fiber and filler loading.
Alavudeen et al. [19] have investigated the mechanical
properties of woven banana fiber, kenaf fiber and banana/kenaf hybrid fiber composites. Mechanical
properties such as tensile, flexural and impact strengths

of woven banana/kenaf fiber hybrid composites
increased due to the hybridization of kenaf with banana
fibers. Mantry et al. [20] have studied the tensile
properties of unfilled and SiC particles filled jute/epoxy
hybrid composites. They found that the tensile strength
of unfilled jute/epoxy composite increased with increase
in fi-ber loading. On the other hand the strength of SiC
filled jute/epoxy composites de-creased with increase in
SiC loading. Osmani [21] has investigated the
mechanical properties of silicon dioxide filled
glass/epoxy composites and reported that tensile and
shear strengths decreased with increase in silicon
dioxide content and flexural strength and modulus were
increased with increase in filler loading.
Among all the natural fibers, jute is more promising as
it is relatively inexpensive and commercially available
in various forms. Jute fiber has many inherent
advantages like luster, low extensibility, high tensile
strength, moderate fire and heat resistance and long
staple lengths.
The effect of abrasion is particularly evident in the
industrial areas of agriculture, mining, mineral
processing, earth moving and essentially where ever dirt,
rock, and minerals are handled. In three-body abrasive
wear the grits are free to roll as well as slide over the
surface, since they are not held rigidly. Tribology
focuses on wear, fric-tion and lubrication of interacting
surfaces in relative motion. It was assessed that the total
wear of machine element can be recognized as 80% - 90%
in the form of abrasion and 8% as in the form of fatigue
wear [22].
For effective performance of PMCs, abrasive wear is to
be minimised. The fiber in plain weave woven form as
reinforcement in polymer matrix improves the load
bearing capability [23]. Among the different types of
synthetic fibers used (carbon, aramid and glass) the
wear rate of epoxy reinforced with carbon fibers is less
than that of glass fi-bers [24]. Furthermore, woven
fabric reinforced PMCs yield better wear characteristics
[25] [26]. Modi et al. [27] have found that there is an
increase in wear resistance of carbon fabric reinforced
composites and the same is attributed to their balanced
prop-erties due to the simultaneous existence of parallel
and anti-parallel fibers. Agrawal et al. [28] concluded
that specific wear rate decreases with increase in sliding
velocity up to 40 wt% fiber reinforced and then further
decreases, whereas specific wear rate in-creases with the
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increase in applied normal load for long and short glass
reinforced ep- oxy composites.
Interestingly, natural fibers like coir, coconut coir
sheath, bamboo, sugar cane, waste silk, oil palm,
ipomoea carnea and banana have proved to be good and
effective rein-forcement in the thermoset matrices for
abrasion resistance applications [29]-[35]. Some
researchers reported that, natural fibers need to be
chemically treated first to make them more compatible
with thermoset polymers to improve the mechanical
properties of the composites. Surprisingly, research
articles concerning the tribological behaviour of natural
fibres reinforced polymers are rare in the tribology
literature. Furthermore, few research articles were
focused on the study of abrasive wear behav-iour of
natural fibers in woven form without fillers [36]-[38].
The present work aims to investigate the role of TiO2 as
secondary filler in the plain weave woven from jute
fabric reinforced epoxy hybrid composites on
mechanical and three-body abrasive behaviour of such
hybrid composites. Tensile and flexural proper-ties at
rupture were measured for both unfilled and TiO2 filled
jute/epoxy (J/Ep) com-posites. Also, unfilled and TiO2
filled J/Ep composite specimens were subjected to
three-body abrasion tests using Rubber Wheel Abrasion
Tester with dry silica sand abrasives. Results of
mechanical properties and abrasive wear for unfilled
and TiO2 filled J/Ep composites at different
loads/velocity and abrading distance are presented and
discussed.

II. METHODS AND MATERIAL

2.2. Composite Fabrication
The composite samples were fabricated by hand lay-up
method followed by compres-sion using a hot press.
Plain weave jute fabric, which is compatible to epoxy
resin, is used as the reinforcement. The mixture of
epoxy resin and hardener is mixed in the ra-tio 100:12
by weight. The stacking procedure consists of placing
the fabric one above the other with the resin mix well
spread between the fabrics. A porous Teflon film is
placed on the completed stack. To ensure uniform
thickness of the sample a spacer of size 3 mm is used.
The mould plates have a release agent smeared on it.
The whole as-sembly is pressed in a hydraulic press (0.5
MPa) and allowed to cure for a day at room temperature.
After molding, post curing was done at 100˚C for 2 h
using an air circu-lated oven. The laminate so prepared
has a size 250 mm × 250 mm × 3 mm. To prepare the
titanium dioxide (TiO2) filled J/Ep composites, filler
TiO2 is mixed with a known amount of epoxy resin.
The details of the composites prepared are listed in
Table 1. Specimens were cut to the ASTM standards
using water jet machining.
2.3. Physico-Mechanical Tests
2.3.1. Density
Density was measured in accordance with ASTM D-792
method using METTLER AE 200 densitometer. The
specimen is weighed in air, and then weighed after
immersion in distilled water at 23˚C using a sinker and a
wire to hold the specimen which was com-pletely
submerged.

2.1. Materials

2.3.2. Tensile Properties

In this study a bidirectional woven jute fabric with a
density of 1.31 g/cm3 (Calcutta supply agency,
Bangalore) was used as reinforcement. The areal weight
of the fabric used is approximately 320 g/m2. The
matrix material system selected is an epoxy resin
(Bisphenol-A MY 740 with density 1.16 g/cm3)
supplied by Huntsman advanced mate-rials, Bangalore,
India. Araldite HY 918 and Anhydride DY 062 were
used as hardener and accelerator. The commercially
available titanium dioxide microfiller were obtained
from Srivathsa enterprises, Bangalore. Its particle size
ranged from 30 - 50 μm was used as filler material.

The tensile strength and the tensile modulus of glassepoxy composite with and without fillers were
determined according to ASTM D638-14. The tensile
test was carried out with the dog-bone-shaped
specimens using universal test machine at room
tempera-ture. A crosshead speed of 2 mm/min was
applied. The data reported were averages of at least five
measurements for each composition. Tensile modulus
was evaluated from the stress-strain diagram.
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2.3.3. Flexural Properties
Bending test was applied to J/Ep composite with and
without TiO2 filler in order to de-termine the flexural
properties. ASTM D790-10 was followed to determine
the bending strength and the modulus unfilled and TiO2
filled J/Ep composites. Test Method 1 of ASTM D79010 was used in which a three-point loading systemutilizing centre load-ing on a simply supported beam
was employed. Specimens were machined from a
laminate and tested at a crosshead speed of 1.5 mm/min.
The test specimen had dimen-sions of 90 mm × 12 mm
× 3 mm. Five specimens from each composition were
tested and flexural strength and modulus were evaluated
from the load-deflection curves.
The tensile and bending tests were carried out on a fully
automated Kalpak-100 kN universal testing machine
connected to a computer, which was aided by KALPAK
software. A 50-kN/10 kN load cell was used and load
versus deflection data were col-lected for all
measurements. The loading was of displacementcontrolled type. The load versus deflection curves
obtained from the tests was transformed into stress
versus strain curves.
Table 1. Composites selected for the present study

Jute
Composite’s Design fiber
composition ation
(wt%)
Jute
fabric
reinforced
epoxy
J/Ep 55
Titanium
dioxide filledJ/EpJute
2.5
fabric
TiO2
reinforced
epoxy
55
Titanium
dioxide filled
Jute
J/Ep-5
fabric
TiO2 55
reinforced
epoxy
Titanium
J/Epdioxide filled7.5
55

Epox
y
TiO2 filler
(wt%
)
(wt%)

45

0

Jute
TiO2
fabric
reinforced
epoxy
Titanium
dioxide filled
Jute
J/Ep-10
fabric
TiO2 55
reinforced
epoxy

35

10

2.3.4. Abrasive Wear Test
The three-body abrasive wear tests were conducted
using a dry sand/rubber wheel abrasion tester as per
ASTM G-65. The dimensions of the samples
measuring 75 mm × 27 mm × 3 mm was cleaned with
acetone and dried. The experiments were carried out
for two different loads (23.5 and 47 N) under
different abrading distances (125 m to 500 m).
Densities of the composites were determined using a
high precision electronic weighing balance following
Archimedes’s principle. The tests were conducted at a
rota-tional speed of 200 rpm. The wear was measured
by the loss in weight, which was then converted into
wear volume using the measured density data. After
the wear test, the sample was again cleaned. The
specific wear rate (Ks) was calculated from the
equation:
Ks ∆V
= L × D m3/N∙m
(1)
Where V is the volume loss, L is the load and D is the
abrading distance.
2.3.5. Scanning Electron Microscopy

2.5
42.5

40

37.5

5

7.5

Tensile and flexural fractured surfaces of test
specimens were examined by using Model JEOL
JSM-6480LV scanning electron microscopy with an
acceleration voltage of 20 kV. Before the
examinations, a thin gold film was coated on the
fractured surface by sput-tering to achieve a
conducting layer.

III. RESULTS AND DISCUSSION
The measured density, tensile and flexural properties
of the TiO2 filled J/Ep composites are tabulated in
Table 2. All measurements of the mechanical
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properties reported here show that the TiO2 filled
J/Ep samples are significantly stronger than the
unfilled J/Ep composite samples.
3.1. Effect of Filler Loading on Density
The measured densities of the unfilled and TiO2
filled J/Ep composite samples are listed in Table 2.
As indicated in Table 2, the density variation of TiO2
filled J/Ep composites are significant. It is observed
that as the TiO2 filler loading increases, the bulk
density of J/Ep composite also increases. At the same
time, density of TiO2 is 4.1 g/cm3 which is higher
that the J/Ep composite. Further, in can be seen the 10
wt% TiO2 filled J/Ep is 1.44 g/cm3, which is highest
when compared to other compositions of J/Ep
composites.
Table 2. Physico-mechanical properties JE and TiO2
filled JE composites.
J/ J/Ep- J/Ep- J/Ep- J/EpE 2.5
5
7.5
10
p
TiO2 TiO2 TiO2 TiO2

Sample code

Density,
(g/cm3)

ρ

Tensile strength,
σ (MPa)
Tensile modulus,
E (GPa)
Flexural strength,
σf (MPa)
Flexural
modulus,
E
(GPa)

1.
2
0 1.29
2
5.
9 33.07
1.
3
2 1.68
6
4.
2 93.74
2.
5
1 3.17

1.36 1.40

1.44

34.09 40.02 29.05

1.78 1.95

1.25

95.27 99.34 74.95

3.49 3.62

3.03

3.2 Mechanical Properties of Composites
The importance of mechanical properties is to quantify
the role of fiber and filler in PMCs. Further, mechanical
properties can also provide information on interfacial
be-haviour in composites, because the interaction

between the fiber and/filler with the polymer matrix has
a great effect on the mechanical properties. The
mechanical prop-erties such as tensile/flexural strength,
modulus and deformation were reported in Ta-ble 2 and
in Figures 1-4.
The typical load-displacement curves of unfilled and
TiO2 filled J/Ep composites are shown in Figure 1 and
the measured mechanical test results are listed in Table
2. Re-ferring to the tensile and flexural test results listed
in Table 2, it can be seen that both modulus and
strength increases up to 7.5 wt% TiO2 filler loading.
When the loading is above 7.5 wt%, it was found that
the strength as well as modulus decreased rapidly. This
could be due to more particles get agglomerated and
poor interaction between TiO2 particles and J/Ep
composite.
It is observed from that the tensile strength of TiO2
filled J/Ep composites is higher than that of unfilled
J/Ep composite. The variation in the elongation at break,
strength and modulus of unfilled and TiO2 filled J/Ep
composites are given in Figure 1 and Fig-ure 2
respectively.
From the measured elongation of various J/Ep
composites in Figure 1, the elonga-tion was found to be
higher in the case of unfilled J/Ep composite, while this
value is lower in the of TiO2 filled J/Ep composites.
Regarding the elongation values of particulate filled
fiber reinforced PMCs, structural parameters of
fiber/filler shape, ductility, strength, stiffness, and
aspect ratio play an important role. These values are
dominated by the fiber/filler breakage and matrix
cracking. The ductile nature of jute fiber pro-vides
strain compatibility between fiber and matrix. The strain
compatibility get re-duced when TiO2 filler is
hybridized with jute fiber, elongation is decreased. In
general, factors such as the extent of bonding of the
filler to the epoxy matrix and the distribu-tion of the
filler in the epoxy matrix as well as the shape, size and
content of the par-ticulate fillers have been found to
affect mechanical properties of the epoxy matrix
composite. In the present work, it seems that there is a
relation between the particles loading producing
elongation, as the loading increases the elongation at
break de-creases.
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The tensile strength is increased with increasing TiO2
up to 7.5 wt%, because of the uniform dispersion of
TiO2 filler in J/Ep (Figure 2). However, the increase in
tensile strength is marginal beyond 7.5 wt% of TiO2
filler loading. This could be attributed to a slight
agglomeration of TiO2 parti-cles in J/Ep. The
improvement in the J/Ep composite tensile properties by
using small amount of TiO2 filler may be attributed to
the improvement of the interfacial interac-tion. TiO2
particles have higher rigidity than epoxy and sufficient
particle/matrix adhe-sion as well as good bonding
between fiber and matrix should be attributed for the interfacial interaction improvement. This investigation is
mainly focused on TiO2 filler loading rather than
unfilled J/Ep composite, taking the 7.5 wt% TiO2
loading into J/Ep there is about 23% increase in the
tensile strength.

Figure 2 shows the tensile strength and modulus as a
function of TiO2 filler loading for the J/Ep composite
specimens manufactured by hand lay-up followed by
compres-sion moulding. It can be seen that the tensile
strength and tensile modulus of all J/Ep composites
increased with increasing TiO2 content; which showed
that an increase in the rigidity of TiO2 filled J/Ep
composites would result in more resistance to higher
load at low elongation. In TiO2 filled J/Ep composite
samples the higher strength and modulus indicates there
was better filler-matrix bonding combined with the fact
that the rigid TiO2 filler was stronger than the jute fiber.

Elastic modulus is mainly dependent on the matrix
deformation of the composite and increases as the slope
of the load-deformation curve at the initial stage and is
prac-tically not much influenced by the interfacial
strength between fiber and matrix. Gen-erally, the
addition of TiO2 filler and jute fiber reduces the
elongation at break because of the lower elongation at
break values of TiO2 filler and jute fiber compared to
that of epoxy matrix at the filler loading 0 - 10 wt%.
Comparing the results, it can be seen that TiO2 filled
J/Ep samples show improved mechanical properties,
confirming the effect of TiO2 filler inclusion. The
addition of TiO2 particles causes a dispersion of these
particles in the matrix which impede to the propagation
of failure along the loading direction. Thus the failure
would propagate easily in those directions where the
dispersed con-centration is less leading to increased
tensile strength, modulus and lower elongation. Fuqua
and Ulven studied the role of MAPP on tensile
properties of corn chaff fiber re- inforced polypropylene
composite materials [39]. They also studied the effect of
differ-ent silane treatments on corn chaff fiber and
distilled dried grains reinforced PP com-posite materials.
It was concluded that 5 wt% MAPP yielded the
optimum tensile and modulus properties for the PP
composites. They also concluded that the strength reduction in higher MAPP loading was due to poor
interaction between the compatibi-lizer and the
fiber/matrix system. Similar observations were also
found from our pre-sent investigation for TiO2 filled
J/Ep composites.
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PMCs used in structures are likely to fail in bending and
therefore the development of new fiber and particulate
filled PMCs with improved flexural characteristics is
nec-essary. Flexural mechanical test was performed to
evaluate the strength, modulus and deflection of the
unfilled and TiO2 filled J/Ep composites.
The flexural properties of these composites are shown in
Table 2 and the typical load- deformation curves are
shown in Figure 3. Flexural properties like strength and
modulus of unfilled and TiO2 filled J/Ep composites are
shown in Figure 4. The flexural strength of unfilled J/Ep
composite is 64.2 MPa and increases with increase in
TiO2 filler loading. Modifying the J/Ep composite with
different TiO2 loading improved both flexural strength
and modulus. In the case of 7.5 wt%, TiO2 particles
caused a maxi-mum increase in the flexural strength
(64.2 to 99.34 MPa) as well as modulus (3.17 to 3.62
GPa). The maximum flexural strength and modulus
increase is about 55% and 14 5 respectively, when
compared to unfilled J/Ep.
As discussed earlier, the fiber and filler interface in
PMCs plays a major role in the improvement of the
mechanical properties. Stresses transfer and elastic
deformation from the matrix to the fiber and fillers are
governed by the interface quality. Due to the higher
rigidity of TiO2 particles compared to epoxy, the
deformation comes from the polymer. Up to 7.5 wt%,
the TiO2 particles are able to induce further
mechanisms of failure without blocking matrix
deformation. On the other hand, when filler loading
exceed 7.5 wt%, large number of particles get
agglomerated and reduced the matrix de-formation.
These results indicate that there is no significance of
increasing the filler loading beyond 7.5 wt%.
SEM micrographs of fracture surfaces of unfilled and
TiO2 filled J/Ep composites are shown in Figure 5(a)
and Figure 5(b). Figure 5(a) shows the unfilled J/Ep
composite after tensile testing in which a smooth
fracture surface as well as cracks in different planes of
matrix (Figure 5(a)), more fiber breakage in the loading
direction, pull-out of fibers in the transverse direction
(Figure 5(a)) can be seen. This is an indication of a
brittle fracture of the J/Ep composite. It can be observed
that the fibers were cut perpendicular to fiber axis
(bottom portion of micrograph, Figure 5(a)), few fibers
damaged in the length direction and also relatively poor
bonding with the epoxy ma-trix. This indicates that a

relatively small amount of energy was consumed to
fracture the J/Ep samples.
Figure 5(b) shows lower and higher magnified SEM
images of J/Ep composite after tensile testing for 7.5 wt%
of TiO2 filler loading, respectively. When TiO2
introduced into J/Ep, the fracture morphology is
different from that of unfilled J/Ep. From Figure 5(a), it
can be observed that the matrix surface is rough, more
cracks in different planes, good bonding between
fiber/filler and matrix as well as less fiber breakage
(Figure 5(b)). This result indicates the resistance of the
material and emphasizes that the ultimate strength is at
7.5 wt% of TiO2 in J/Ep composite.

(a)
(b)
Figure 5. Fractographs of tensile failed samples (a)
unfilled J/Ep and (b) 7.5 wt% TiO2 J/Ep composites.
SEM micrographs of bending test failed fractographs of
TiO2 filled and unfilled hy-brid composites were shown
in Figure 6(a) and Figure 6(b). Figure 6(a) and Figure
6(b) shows SEM pictures of flexural fractured surfaces
of JE and JE-7.5TiO2 samples at 50x and 500x
magnifications respectively. From Figure 6(a), it can be
clearly observed the jute fiber pull out and debonding
between the reinforcement and matrix material. The
lack of adhesion between the pulled out fibers and the
resin is also visible from the Figure 6(b). The
agglomeration is the collective stacking or collection of
fibers together in the matrix which reduces the strength
by non-uniform stress transfer. The fiber-matrix
adhesion, dispersion and orientation of fibers, fiber
agglomeration, and pres-ence of air voids these are the
influential factors for reduction of strength of the fiber
reinforced composite.
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(a)

(b)

increase in applied load from 23.5 N to 47 N there is an
in-crease in the wear volume, due to the fact that the
apparent contact area is greatly in-creased at higher
applied load of 47 N. This increase in contact area,
allows a large number of sand particles to encounter the
interface and share the stress. This, in turn, leads to
increase in the wear volume. Among the composites
studied, the better abra-sion resistance was achieved at 5
wt% TiO2 filled J/Ep composite. This is attributed to
the fact that, in 5 wt% TiO2 filled J/Ep composite, the
dispersion of filler is more or less uniform and better
adhesion due to surface modification of fillers and fairly
good in-teraction between the matrix and fiber/filler.

Figure 6. (a) Fractograph of bending failed sample of
unfilled J/Ep composites; (b) Fractograph of bending
failed sample of 7.5 wt% TiO2 J/Ep composites.
3.3. Abrasive Wear Performance
Abrasive wear performance results are reported as wear
volume loss of J/Ep compos-ites; the greater the wear
volume loss, the lower the abrasion resistance. The wear
vol-ume loss for the unfilled and TiO2 filled jute fabric
epoxy composites as a function of abrading distance at
two different loads of 23.5 N and 47 N are shown in
Figure 7(a) and Figure 7(b) respectively. It is clear that
the abrasion resistance of all J/Ep composites increased
with increasing TiO2 content; this is because of
improved filler/matrix adhe-sion and good interaction
between filler and matrix upto 5 wt% of TiO2loading
and beyond this loading, TiO2 particles removed during
three-body abrasion leading to in-creased wear volume
loss. Further, it is observed that there is a near-linear
trend of volume loss with an increasing abrading
distance (Figure 7(a) and Figure 7(b)). The highest
volume loss is seen with unfilled J/Ep composites while
the lowest is seen for 5 wt% TiO2 filled JE composite.
The volume loss is higher in (7.5 and 10 wt%) TiO2
filled J/Ep as compared to 5 wt% TiO2 filled ones,
indicating the good bonding between filler and fiber
with the matrix. With the increase in filler loading, the
wear volume loss of the composites also increases.
Wear resistance is better in J/EP with 5 wt% TiO2 and it
could be due to the uniform dispersion of TiO2 particles
in the matrix. Higher filler loading >5 wt% in the epoxy
matrix did not protect the fibers from damage and hence
increased the wear volume loss.
The wear volume strongly depends on the applied load
and abrading distance for all the composites. With an

IV. CONCLUSION
Jute fabric reinforced epoxy composites filled with
TiO2 filler were tested for their physical, mechanical
properties as well as three-body abrasive wear. The
following findings were observed. Increasing TiO2
content up to 7.5 wt% tended to increase the tensile
and flexural modulus of J/Ep composites, but
decreased the deformation at break. TiO2 particles
could be used as secondary reinforcing filler with jute
fabric in epoxy matrix composites because of the
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dispersive enhancement of jute in the form of fabric
in the epoxy matrix, as indicated by an increase in
tensile and flexural strength.Compared with unfilled
J/Ep composite, the mechanical properties of the 7.5
wt% TiO2 filled JE composite show better tensile and
flexural strength with an increase of 23.4% and 54.5%
respectively. Tensile properties results show that both
tensile strength and tensile modulus of J/Ep
composites tend to increase with increase in TiO2
filler loading, especially up to 7.5 wt%. Higher
loading of TiO2 beyond 7.5 wt%, the strength and
modulus was found to decrease and is due to poor
interac-tion between the filler and fiber/matrix system.
TiO2
filler addition to J/Ep composites has
exceptionally
improved
the
abrasivewear
performance. The maximum wear volume is observed
for unfilled J/Ep com-posites. The wear volume is
increased with increase in abrading distance and load
and decreased with increase in TiO2 loading up to 5
wt%. The fractographs of both tensile and flexural
specimens show microcracks in the matrix, pull-out
of fibers, debonding of fiber, bending of transverse
fiber, better adhesion between filler and matrix.
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[8].

[9].

V. REFERENCES
[10].
[1].

[2].

[3].

[4].

[5].

Holbery, J. and Houston, D. (2006) Natural-Fiber
Reinforced Polymer Composites in Automotive
Applications.
JOM,
58,
80-86.
http://dx.doi.org/10.1007/s11837-006-0234-2
Mohanty, A.K., Misra, M. and Drzal, L.T. (2005)
Natural Fibers, Biopolymers, and Bio-composites.
CRC Press, Taylor & Francis Group, Boca Raton,
FL.
https://www.crcpress.com/Natural-FibersBiopolymers-and-Biocomposites/Mohanty-Misr
a-Drzal/p/book/9780849317415
Farag, M.M. (2009) Quantitative Methods of
Materials Substitution: Application to Automotive Components. Materials & Design, 29,
374-378.
http://dx.doi.org/10.1016/j.matdes.2007.01.028
El-Tayeb, N.S.M. (2008) Abrasive Wear
Performance of Untreated SCF Reinforced
Polymer Composite. Journal of Materials
Processing & Technology, 206, 305-314.
http://dx.doi.org/10.1016/j.matdes.2007.01.028
Suresha, B., Chandramohanm G., Siddaramaiah,
Samapthkumaran, P. and Seetharamu, S. (2007)
Three-Body Abrasive Wear Behaviour of Carbon

[11].

[12].

[13].

and Glass Fiber Reinforced Epoxy Composites.
Materials Science & Engineering: A, 443, 285291. http://dx.doi.org/10.1016/j.msea.2006.09.016
Hosur, M.V., Adbullahm, M. and Jeelani, S.
(2005) Studies on the Low-Velocity Impact
Response of Woven Hybrid Composites.
Composite
Structure,
67,
253-262.
http://dx.doi.org/10.1016/j.compstruct.2004.07.02
4
Suresha, B., Chandramohan, G., Sadananda Rao,
P.R., Samapthkumaran, P. and Seetharamu,(2007)
Influence of SiC Filler on Mechanical and
Tribological Behavior of Glass Fabric Reinforced
Epoxy Composite Systems. Journal of Reinforced
Plastics and Composites, 26, 565-578.
http://dx.doi.org/10.1177/0731684407075533
Bagheri, R. and Pearsonm R.A. (1996) Role of
Particle Cavitation in Rubber-Toughened
Epoxies: 1. Micro-Void Toughening. Polymer,
37, 4529-4538. http://dx.doi.org/10.1016/00323861(96)00295-9
Hourston, D.J. and Lane, J.M. (1992) The
Toughening of Epoxy Resins with Thermoplastics: 1. Trifunctional Epoxy Resin-Polyetherimide
Blends.
Polymer,
33,
1379-1383.
http://dx.doi.org/10.1016/0032-3861(92)90110-I
Suresha, B., Chandramohan, G., Renukappa,
N.M. and Siddaramaiah (2007) Mechanical and
Tribological
Properties
of
Glass-Epoxy
Composites with and without Graphite Particulate Filler. Journal of Applied Polymer
Science,
103,
2472-2480.
http://dx.doi.org/10.1002/app.25413
Katz, H.S. and Mileski, J.V. (1987) Handbook of
Fillers
for
Plastics.
Springer,
US.
http://www.springer.com/us/book/978044226024
8
Suresha, B., Chandramohan, G., Praksah, J.N.,
Balu
Samy,
V.
and
Sankaranarayana
Samy,V.(2006) The Role of Fillers on Friction
and Slide Wear Characteristics in Glass-Epoxy
Composite Systems. Journal of Minerals
Materials Characterization and Engineering, 5,87101. http://dx.doi.org/10.4236/jmmce.2006.51006
Moloney, A.C., Kausch, H.H., Kasier, T. and
Beer, H.R. (1987) Parameters Determining the
Strength and Toughness of Particulate Filled
Epoxide Resins. Journal of Material Science, 22,
381-393. http://dx.doi.org/10.1007/bf01160743

International Journal of Scientific Research in Science, Engineering and Technology (ijsrset.com)

733

[14]. Narkis, M., Nicolais, L. and Joseph, E. (1978)
The Elastic Modulus of Particulate-Filled
Polymers. Journal of Applied Polymer Science,
22,
2391-2394.
http://dx.doi.org/10.1002/app.1978.070220829
[15]. Manson, J.A. and Sperling, L.H. (1976) Polymer
Blends and Composites. Plenum Press, New York
and London. http://dx.doi.org/10.1007/978-14615-1761-0
[16]. Ishai, O. and Cohen, L.J. (1967) Elastic Properties
of Filled and Porous Epoxy Composites.
International Journal of Mechanical Sciences, 9,
539-546.
http://dx.doi.org/10.1016/00207403(67)90053-7
[17]. Siddhartha, V., Patnaik, A. and Bhatt, A.D.
(2011) Mechanical and Dry Sliding Wear Characterization of Epoxy-TiO2 Particulate Filled
Functionally Graded Composites Materials Using
Taguchi Design of Experiment. Materials &
Design,
32,
615-627.
http://dx.doi.org/10.1016/j.matdes.2010.08.011
[18]. Shi, Y.J., Feng, X., Wang, H.Y., Liu, C. and Lu,
X.H. (2007) Effects of Filler Crystal Struc-ture
and Shape on the Tribological Properties of PTFE
Composites. Tribology Interna-tional, 40, 11951203.
http://dx.doi.org/10.1016/j.triboint.2006.12.006
[19]. Swain, P.T.R. and Biswas, S. (2014) Physical and
Mechanical Behavior of Al2O3 Filled Jute Fiber
Reinforced Epoxy Composites. International
Journal of Current Engineering & Technology, 2,
67-71.
http://dx.doi.org/10.14741/ijcet/spl.2.2014.13
[20]. Alavudeen, A., Rajini, N., Karthikeyan, S.,
Thiruchitrambalam, M. and Venkateshwaren, N.
(2015) Mechanical Properties of Banana/Kenaf
Fiber-Reinforced Hybrid Polyester Com-posites:
Effect of Woven Fabric and Random Orientation.
Materials
&
Design,
66,
246-257.
http://dx.doi.org/10.1016/j.matdes.2014.10.067
[21]. Mantry, S., Satapathy, A., Jha, A.K., Singh, S.K.
and Patnaik, A. (2011) Preparation, Characterization and Erosion Response of Jute-Epoxy
Composites Reinforced with Sic Derived from
Rice Husk. International Journal of Plastics and
Technology,
15,
69-76.
http://dx.doi.org/10.1007/s12588-011-9007-z
[22]. Osmani, A. (2009) Mechanical Properties of
Glass-Fiber Reinforced Epoxy Composites Filled
with Al2O3 Particles. Journal of Reinforced

Plastics and Composites, 28, 2861-2867.
http://dx.doi.org/10.1177/0731684408093975
[23]. Wu, L., Guo, X. and Zhang, J. (2014) Abrasive
Resistant Coatings—A Review. Lubricants, 2, 6689. http://dx.doi.org/10.3390/lubricants2020066
[24]. Lancaster, J.K. (1968) The Effect of Carbon Fiber
Reinforcement on Friction and Wear of Polymers.
Journal of Physics D: Applied Physics, 1, 549555. http://dx.doi.org/10.1088/0022-3727/1/5/303
[25]. Suresha, B. and Shiva Kumar, K.N. (2009)
Investigations on Mechanical and Two-Body
Abrasive Wear Behaviour of Carbon/Glass Fabric
Reinforced Vinyl Ester Composites. Ma-terials &
Design,
30,
2056-2060.
http://www.sciencedirect.com/science/article/pii/S
0261306908004457

International Journal of Scientific Research in Science, Engineering and Technology (ijsrset.com)

734

