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E-glass · sliding wear · specific wear
rate · coefficient of friction · Al2O3 ·
mechanical property

In this study, laminates of neat glass fa-
bric/epoxy composite (GEC) and three
levels of Al2O3 filled glass fabric/epoxy
composites, designated as 3AGEC,
6AGEC and 9AGEC (micro particulates
of Al2O3 - by 3, 6 and 9 wt. % of resin re-
spectively) were prepared using hand
lay-up method. 3AGEC exhibits higher
tensile strength, flexural strength and
flexural modulus besides improved
hardness compared to GEC, 6AGEC and
9AGEC. 3AGEC exhibits the lowest spe-
cific wear rate compared to GEC, 6AGEC
and 9AGEC at all the three loads (i.e.,
15, 30 and 45 N) and at a constant sli-
ding velocity of 3.5m ⋅s-1 for a sliding
distance of 1.5 km. It was found that
beyond filler content of 3 wt. % is dete-
riorates the mechanical and sliding
wear properties of the composites due
to agglomeration of the filler. Also, it
was found that lowest factor signifies
lowest specific wear rate in both neat
and all the Al2O3 filled composites.

Gleitverschleiß und mechani-
sche Eigenschaften von Alumi-
num/Glasgewebe/Epoxy-
Komposite
E-Glas · Gleitverschleiß · spezifische
Abriebrate · Reibungskoeffizient · Al2O3

· Mechanische Eigenschaften

In dieser Arbeit wurden Laminate aus
reinen Glasfaser/Epoxy-Kompositen
(GEC) und in drei Stufen mit Al2O3 - ge-
füllte Glasfaser/Epoxy-Kompositen, be-
zeichnet als 3AGEC, 6AGEC und 9AGEC
(Mikro Partikel von Al2O3 - by 3, 6 und 9
Gew. % jeweils in Harz), in einer manu-
ellen Einlegemethode hergestellt. Die
mechanische Charakterisierung und
trockene Reibversuche wurden für GEC,
3AGEC, 6AGEC und 9AGEC gemäß
ASTM-Normen durchgeführt. Das
3AGEC-Material zeigt im Vergleich zu
GEC, 6AGEC und 9AGEC eine höhere
Zugfestigkeit, Biegesteifigkeit und Bie-
gemodul neben verbesserter Härte. Die
spezifische Abriebrate und die Reibko-
effizienten wurden untersucht.
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Introduction
Polymers and their composites form a
very important class among tribo-engi-
neeringmaterials. They are used in appli-
cations where wear performance in non-
lubricated conditions is a key parameter
[1]. To make polymer composites suitab-
le for tribological applications resear-
chers have used fillers/whiskers/short or
long fibres as reinforcements in polymer
matrices (thermoset or thermoplastics)
[2-4]. Also, incorporation of micro or na-
no sized fillers (abrasives or solid lubri-
cants) along with unidirectional and bi-
directional woven cloth in a polymer
matrix could enhance its mechanical as
well as tribological properties [5-8]. Ma-
ny investigations have been conducted
with fibres and fillers of various shapes,
sizes, types and compositions in a variety
of polymer matrices and it has been pro-
ven that wear resistance of polymers
improves by the addition of filler(s) and/
or fibre(s) [2-8].

Woven fabric reinforced polymer com-
posites have been widely used in many
engineering applications inmarine, aero-
space, automobile, construction and de-
fence sectors as a structural material [9].
Also, in applications, such as circuit
boards, switch gear parts, electrical insu-
lating materials in power generation and
distribution systems, machine elements
like gears, cams, wheels, brakes, clutches,
bearings, bushes, leaf springs and levers
which were made of conventional me-
tals and particulate polymer composites
have been replaced by woven fabric com-
posites. This is because of their ease of
use, improved structural performance,
reduced cost, better resistance to impact
and deformation behaviour, which is
closer to that of fully isotropic materials
compared to other types of polymer ma-
trix composites [9]. But in many applica-
tions, components made of polymer
composites come in contact with metals,
ceramics and metal composites, and are
subjected to relative motion between
them, leading to sliding wear and failure
of the components. Hence, resistance to
sliding wear and low coefficient of fric-
tion are the properties emphasized in

design of materials for components,
which are subjected to sliding action, in
addition to other mechanical and func-
tional properties [10]. Abrasives (particu-
lates of SiO2, Al2O3, SiC etc.,) and solid
lubricants [particulates of graphite, Mo-
SO2, poly(tetrafluoroethylene) and ultra-
highmolecular weight polyethylene] we-
re used as wear resistant fillers by many
researchers [2, 4, 7- 8, 11-13] in desig-
ning polymer composites for tribological
applications. Friedrich et al. [10] reported
that epoxy filled with the tungsten carbi-
de powder had higher wear resistance
than that filled with silica. Ray et al. [14]
studied friction and wear behaviour of
neat and fly ash filled vinyl ester resin.
They concluded that better wear resis-
tance is exhibited by a vinyl ester compo-
site containing 40 wt. % fly ash. Experi-
mental investigations byWang et al. [15]
proved that graphite is more beneficial
filler than nano-SiO2 in improving the
tribological properties of basalt fabric
composites.

Better chemical and thermal stability,
good strength, resistance to wear, elec-
trical insulation and bio compatibility,
combined with availability in abundance
havemade Al2O3 an attractivematerial. It
is used in engineering applications like
spark plugs, tap washers, pump seals,
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electronic substrates, grinding media,
abrasion resistant tiles, cutting tools, bo-
dy armour and refractory bricks [16], and
in medical applications, such as dental
materials, bone implants and hip-joints
[17]. Al2O3 has high hardness, electrical
insulation property, chemical inertness
and it is relatively non-toxic. These pro-
perties make it suitable as a filler materi-
al for polymers [11].

Afsharimani et al. [12] reported that
on addition of Al2O3 to poly methyl me-
thacrylate (PMMA) and polystyrene (PS)
matrices, their moduli get increased by
107 and 109%, respectively. Also, the
surface of Al2O3/PMMA composite beca-
memore hydrophobic than PMMA alone.
Rashid et al. [13] reported an increase in
flexural modulus of Al2O3/epoxy compo-
site compared to neat epoxy. Ahmed et
al. [18] reported that Al2O3 filled jute/
epoxy composites have better wear re-
sistance than SiC filled jute/epoxy com-
posites. Peng et al. [19] investigated the
effects of Al (OH)3 powder on the wear
behaviour of glass fibre reinforced epoxy
composites. They reported that addition
of Al (OH)3 particles up to 6 wt. % decre-
ases the surface temperature, friction
coefficient and wear loss of the composi-
tes due to absorption of heat by Al (OH)3
particles. The composites with 9wt. % of
Al (OH)3 particles showed increased sur-
face temperature, coefficient of friction
and wear loss due to agglomeration.

From literature, it is observed that
further scope is there to investigate wear
behaviour of Al2O3 filled bi-directional
woven glass fabric reinforced epoxy com-
posites. In the present work an attempt
is made to investigate the effect of Al2O3
content in the glass fabric reinforced ep-
oxy composite on specific wear rate, fric-
tion coefficient and mechanical proper-
ties.

Experimental

Materials
Composites were fabricated from a bi-
directional, plain-woven E-glass fabric
(with an arial density of 201-203 g.m-2

and thickness of 0.17 - 0.19 mm) obtai-
ned from Montex Glass Fibre India Pvt.
Ltd., India, as the reinforcement. Epoxy
resin (LY556), hardener (HT907) and
accelerator (DY062) were supplied by
Huntsman polymers, Germany. Approxi-
mately spherical shaped alumina of par-
ticle size range of 8-28 micrometres was
used as filler, which was obtained from
Jyothi chemicals, India.

Composite preparation
The matrix was prepared by mixing ep-
oxy resin and hardener at 60 °C at a v/v
ratio of 5:4. Al2O3 particles were dried in
a hot air oven at 130 °C for 4 hours before
mixing themwith thematrix resin. Accu-
rately weighed Al2O3, followed by 2wt. %
of accelerator, was added to the matrix
mixture under constant stirring. Epoxy/
glass fabric composites containing 3, 6
and 9 wt. % of Al2O3 were prepared by
this method. The resin mixture was coa-
ted on to each layer of E-glass fabric by a
brush and a roller. Sixteen such layers
were kept between the pressing platens
at a stacking sequence of [(0/90)].
100 µm thick polyester films were used
for mold release and to obtain smooth
surface on composite slabs. Resin imp-
regnated fabric stock was pressed in a
H-type hydraulic press (capacity 40 T) at
a pressure of 0.5 MPa for 2 hours at
140 °C. The composite slabs having a size
of 300 mm × 300 mm × 3mmwere post
cured for 8 hours at 140 °C and their
compositions are as given in Table 1.

Physical and mechanical characteriza-
tions of composites
The neat glass fabric/epoxy and that
filled with Al2O3 were tested and charac-
terized as per ASTM standards. Densities
(ρa) of the composites were measured
according to ASTM: D 792-08 [20] (dis-
placement method) using a Metler elect-
ronic weighing balance with an accuracy

of ± 0.0001 g.cm-3. The theoretical densi-
ty (ρt) was calculated based on the rule of
mixtures as per Equation 1. The void
content of the composites was estima-
ted from the difference between the
theoretical and actual densities using
Equation 2.

ρt=
1

(Wf|ρf) + (Wm|ρm) + (Wp|ρp)
(1)

Where, Wf, Wm and Wp are the weight %
fabric, matrix and alumina particle res-
pectively and ρf, ρm and ρt are the densi-
ties of fabric, matrix and particles res-
pectively.

Void content=
ρt ‒ ρa
ρt

(2)

Vickers hardness of all the composite spe-
cimens was measured by using a Matsu-
zawa micro-hardness testing machine
(model- MMT-X7A, Japan). A square base
diamond indenter was forced in to the
specimen surface by applying a load of
1 kg. After the removal of the load, the
arithmetic mean of two diagonals of the
indentation was measured. The Vickers
hardnesswas calculated by the Equation3.

HV= 0.1889
F
L2 (3)

Where, F is the applied load (N), L is the
arithmetic mean diagonal of square im-
pression (mm).

Tensile behaviour was investigated as
per ASTM: D 638-10 using a universal

Fig. 1 (a): SEM images
of Al2O3particles

Fig. 1 (b) SEM images
of E-Glass fabric and
individual fibres in the
fabric

1

1 Material combination and physical properties of neat and Al2O3 filled glass/epoxy
composites.
Material Code Constituents (Wt. %) Density (g.cm-3) Voids (%)

E-Glass Epoxy Al2O3 Theoretical Actual
GEC 50 50 0 1.636 1.630 0.36
3AGEC 50 47 3 1.675 1.660 0.90
6AGEC 50 44 6 1.709 1.670 2.3
9AGEC 50 41 9 1.742 1.686 3.2
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testing machine (Instron 3366) [21].
Three point bending technique was ad-
opted to investigate flexural properties
of the composites as per ASTM: D 790-10
[22]. The inter-laminar shear strength
(ILSS) of these composites was estimated
according to classical (Bernoulli-Euler)
beam theory using short beam shear
(SBS) test as per ASTM: D 2344 [23]. The
ILSS was calculated by Equation 4.

ILSS= 3Fmax

4bd (4)

Where, Fmax is the maximum load taken
by the specimen to fracture (N), b is the
specimen width (mm) and d is the speci-
men thickness (mm). Span to thickness
ratio (w/t) equal to 4was selected for the
ILSS test. In each case, to evaluate the
physical and mechanical properties, five
samples were tested and the average
values are reported along with their
standard deviations.

Morphology study
A scanning electron microscope (SEM)
(model-JEOL-JSM-6380LA, USA) was used
to evaluate the texture and morphology
of the glass fabric, alumina particles and
the composite specimens. The sample
surfaces were sputtered with gold in a
sputtering unit (model: JEOL JFC 1600,
USA), auto fine coater, to make them
conductive. The images were taken at
suitable accelerating voltages for the

best possible resolution, using secondary
electron imaging.

Tribological characterization
of composites
The sliding wear test was conducted for
all the composite samples by using a pin-
on-disc machine as per ASTM: G 99-05
[24] with specimens of square shape (si-
ze: 10 mm x 10 mm x 3 mm thickness).
Sliding speed and sliding distance were
fixed as 3.5m.s-1 and 1.5 km, respectively.
The normal load was varied as 15, 30 and
45 N. In each case, final weight of the
specimen was measured and the wear
loss in grams (w) was estimated as the
difference of initial weight (w1) and final
weight (w2). The specific wear rate KS
(g.N-1.m-1) was calculated by Equation 5.

Ks= w
Fn x d

(5)

Where, Fn is the normal load (N) and d is
the sliding distance (m). The coefficient of
friction (µ) was calculated by Equation 6.

µ= Ff
Fn (6)

Where, Ff is the frictional force (N).

Results and discussion

Morphology of alumina and glass fabric
Scanning electron microscopic images of
Al2O3 particles and plain-woven E-glass

fabric are shown in Figure 1(a) and 1(b),
respectively. Al2O3 particles are of appro-
ximately spherical shape with irregular
surface. The particle size distribution of
Al2O3 was estimated using IMAGE J soft-
ware based on SEM pictures and repre-
sented as shown in Figure 2. It is obser-
ved that the size of particles is approxi-
mately is in the range of 8-28 µm. Also,
from the SEM investigation of E-glass fa-
bric it is observed that fabric is plain wo-
ven type and fibres are free from defects.

Density and voids content
of the composites
The theoretical and actual densities of
neat and Al2O3 filled glass/epoxy compo-
site samples along with the correspon-
ding volume fraction of voids are presen-
ted in Table 1. It is observed that the ac-
tual density of all the composites is less
than the theoretical density. The diffe-
rence is a measure of voids and pores
present in the composites. The void con-
tent is less in the control compared to
Al2O3 filled glass/epoxy composites. This
is due to presence of Al2O3 in the compo-
site and limitation of the hand layup
process [25]. Also, it was observed that
the void content in the composites incre-
ased with the addition of increased
quantity of filler. This is due to the diffe-
rence of densities of filler and matrix
material. However, the void content of all
the composites is within the limits.

Hardness
The Vickers hardness values (VH) of neat
and Al2O3 filled glass/epoxy composites
are shown in Table 2. The hardness value
of neat glass/epoxy composite is less
than that of the Al2O3 filled glass/epoxy
composites. Hardness has increasedwith
increased filler content up to 6 wt. %.
This is due to reinforcement of the mat-
rix by Al2O3 particles. Also, at lower filler
loading (3AGEC) better filler dispersion
in the matrix contributes to improved
bonding between filler, matrix and fib-
res. This dispersion helps in transferring
load acting on the indenter to bottom
layers of the laminates effectively (com-
pressive load) and avoids surfaces defor-
mation. At higher filler loading due to
the non-homogeneity of the filler disper-
sion due to agglomeration and presence
of voids, lower and variable hardness is
observed.

Tensile properties
Tensile behaviour of the neat and Al2O3
filled glass/epoxy composites are shown

2 Mechanical properties of neat and Al2O3 filled glass/epoxy composites.
Material Code Tensile properties Flexural properties ILSS (MPa) VH

σt
(MPa)

Et
(GPa)

E
(%)

σf
(MPa)

Ef
(GPa)

GEC 322±3 6.7±0.3 4.8 365±3 16.3±0.5 13.6±0.2 25±2
3AGEC 346±3 6.3±0.3 5.0 425±3 18.8±0.5 14.0±0.2 60±2
6AGEC 285±3 5.6±0.3 5.2 224±3 16.0±0.5 9.8±0.2 62±2
9AGEC 269±3 5.2±0.3 4.5 175±3 15.2±0.5 9.2±0.2 58±2

Fig. 2: Particle size distribution of Alumina
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as load versus elongation plots in Figure
3. The Young’s moduli, tensile strength
and percentage of elongation are tabula-
ted in Table 2. At 3wt. % filler loading the
changes in elongation and Young’s mo-
dulus were marginal. But, a slight incre-
ase in tensile strength was observed.
This is attributed to the irregular surface
texture of Al2O3 particles (Figure 1(a)),
which enhance mechanical interlocking,
thereby reducing the slippage of epoxy
chains. 6AGEC and 9AGEC exhibit lower
tensile strength and moduli compared
with GEC and 3AGEC. Higher filler loa-
ding in these composites leads to non-
uniform dispersion and agglomeration
of filler. This develops points of stress
concentration in the composites and re-
duces their strength and moduli. Also,
matrix, filler and fibre interaction beco-
mes poorer due to difficulty in wetting of
the glass fibre and alumina particles by
the epoxy matrix. Hence, load transfer
from matrix to reinforcement is not so
effective in composites with higher filler
content. These two factors cause the
composites to fail at lower loads [26].

Figure 4 shows digital photographs of
samples, which failed during the tension
test. 6AGEC and 9AGEC exhibit a larger
damage zone compared to GEC and
3AGEC. Figures 5(a) and 5(b) show fine
scale features in the tensile fracture sur-
faces of 3AGEC and 9AGEC, respectively.
Figure 5(a) shows clear indication of fibre
breakage without much fibre pull out.
Fibre pull out observed in 9AGEC is attri-
buted to poor bonding between the fibre

and matrix. Macro view and fracture mi-
crographs indicate that at higher filler
loads the load transfer between fibre
and matrix is poor and this is attributed
to possible agglomeration of fillers and
associated improper wetting, stress con-
centration and voids. These defects lead
to early failure during tensile testing.

Flexural strength and flexural modulus
Flexural rigidity is an important property
for a laminated composite to resist dela-
mination during service. Flexural modu-
lus and strength were determined by
performing three-point bending test and
results that are shown in Table 2. But
flexural modulus and strength increased
on addition of 3 wt. % Al2O3. The maxi-
mum flexural strength and modulus ob-
served for 3AGEC. This is due mainly to
the surface geometry (Figure 1(a)) of the
Al2O3 particles. The rough surface on the-

se particles creates mechanical interlo-
cking with the matrix that is present
between the layers of the glass fabric
and gives additional stiffness and flexu-
ral strength to the composites. Al2O3
particles restrict the mobility of fabric
layers over the epoxy matrix and also re-
strict movement of epoxy chains. Further
increase in the filler content beyond 3
wt. % deteriorates the flexural strength
due to improper wetting and agglomera-
tion of particles and higher void content.

Inter-laminar shear strength (ILSS)
Inter-laminar shear strength is one of the
matrix dominated property in laminated
composites [27]. ILSS values of GEC and
3AGEC are almost the same. But, lower
ILSS was observed for 6AGEC and 9AGEC.
This is also attributed to poor interface
between matrix, filler and fibre at higher
content of filler.

Fig. 3: Tensile load versus elongation
curve of neat and Al2O3 filled glass/
epoxy composites
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Sliding wear behaviour
Wear loss
The effect of applied normal load on the
wear loss for all the composites under
study is represented by the plots in Figu-
re 6. The control and Al2O3 filled glass/
epoxy composites exhibited higher wear
loss at higher loads. This is due to increa-
sed heat build-up in the filler loaded
composites due to higher internal fric-
tion at higher loads. The highwear loss in
the neat glass/epoxy composites is attri-
buted to its low surface hardness. Among
Al2O3 filled composites 3AGEC exhibits
the lowest wear loss at all the three
loads. Uniform dispersion of filler in
3AGEC reinforces the hardness and me-
chanical properties of the matrix as dis-
cussed earlier, thereby reducing thewear.
At higher filler loading, the structural in-
tegrity of the composites is affected by
the presence of voids and uneven filler
distribution and dispersion. The voids
and poor wetting of fibre/fillers helps in
dislodging of abrasive particles from the
surface and those particles trapped in
between the specimen and counter body
leads to abrasive wear, in addition to the
sliding wear. These are the plausible rea-
sons for the higher wear loss in 6AGEC
and 9AGEC.

SpecificWear Rate
Figure 7 shows the specific wear rates of
the neat and Al2O3 filled glass/epoxy
composites at different loads. From this
figure, it can be observed that for all the
composites the specific wear rate decre-
ases with an increase in the load; this
trend is very well pronounced in 6AGEC
and 9AGEC than in the control and
3AGEC. This could be attributed to diffe-
rences in the geometry and texture of
glass fibres and Al2O3. In general, fibres
tend to adheremore strongly to the resin
matrix than alumina particles. When
specimens are subjected to higher loads,
high pressure develops on the wear spe-
cimen surface. Due to this, alumina par-
ticles are easily dislodged from their po-
sitions, whereas, the fibres remain in-
tact, and resist further wear.

3AGEC exhibits the lowest specific
wear rate compared to GEC, 6AGEC and
9AGEC at all the three loads. The highest
wear rate is observed for 9AGEC. 6AGEC
and 9AGEC contain more voids as dis-
cussed earlier. Also, the agglomeration of
filler reduces its interaction with the ma-
trix and fibres. This creates weaker sec-
tions (agglomerated particle zones) and
points of stress concentration (voids).
When such sections come under sliding,

they may not able to withstand surface
shear force during the wear testing. Due
to this, such specimen surfaces undergo
rapid failure in the form of pits and dela-
mination. Further, it adds up to the da-
mage caused by surface defects and the-
reby increases the wear rate.

3AGEC exhibits the highest tensile
and flexural strengths and lower void
content compared to other Al2O3 filled
composites. From the on-going discus-
sions, we can deduce that the specific
wear rates of these composites strongly
depend on their mechanical properties
and the load applied during sliding.

Coefficient of friction
The plots showing the effect of applied
load on average coefficient of friction of
the neat and Al2O3 filled glass/epoxy
composites at normal loads of 15, 30 and
45 N are shown in Figure 8. The coeffici-
ent of friction increases with an increase
in load, and is responsible for the increa-
se in wear loss. It is observed that the
coefficient of friction is slightly higher for
the Al2O3 filled glass/epoxy composites
compared to that of control. Also, the
coefficient of friction increase with an
increases in the content of filler in these
composites. This is attributable to the
higher hardness of the filler loaded com-
posites compared to the neat matrix.
However, 6AGEC and 9AGEC have lower
structural property and higher void con-
tent. This promotes development of mic-
ro cracks on the surface of these compo-
sites. Further, when the surface is sub-
jected to sliding action, the agglomera-
ted alumina particles may easily get
detached from the surface and get trap-
ped in the wear track. It can promote
both adhesive and abrasive wear, which
can lead to higher friction between the
surfaces. In turn, higher friction promo-

Fig. 6: Wear loss of neat and Al2O3 filled glass/epoxy composi-
tes at normal loads of 15N, 30N and 45N.
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tes localised heat generation, which is
not getting dissipated efficiently due to
an uneven distribution of Al2O3 in these
composites. Higher heat build-up disin-
tegrates the polymer surface furthermo-
re and increases the wear. Also, the wear
rate in 6AGEC and 9AGEC is decreased
with increased normal load. This is, be-
cause, at higher loads, the trapped par-
ticles in the wear track may get dislod-
ged or crushed, which creates pure adhe-
sive wear. In the case of 6AGEC and
9AGEC, the specific wear rates are higher
than that of 3AGEC at all the three loads
used. This makes 3AGEC suitable for any
applications that require good wear re-
sistance.

Morphology of worn surface
The morphology of the worn surfaces of
the hybrid composites is shown in Figures
9-12. Matrix wear was observed in GEC
and 3AGEC at a load of 15 N. Debris was
formed due to plastic deformation and
fracture of matrix and there is no sign of
fibre breakage, major cracks and pits (Fi-
gures 9(a) and 10(b)). But, in the case of
6AGEC at the same load, small pits were
observed, which are due to dislodged
portion of agglomerated particles and
higher void content (Figure 11(a)). In
9AGEC, multiple fracture of matrix and
fibre damage could be observed and this
is attributed to severewear (Figure 12(a)).
At a load of 30 N, severe matrix wear was
observed along with slight wear of fibre
skin in both GEC and 3AGEC (Figures 9(b)
and 10(b)). At a load of 30 N, in 6AGEC,
more particle detachment from the sur-
face was observed (Figure 11(b)). This is
due to higher friction at the spots of par-
ticle agglomeration on the resin surface.
This, in turn, increases localisation of heat
and deformation of matrix around the
particles, leading to disintegration of ag-
glomerated particles from the surface.
This is visible as patches in the SEM mi-
crographs. This was observed in composi-
tes subjected to higher load (Figure 11(c)).
Severe fracture of matrix and fibres as
well as pit formation was observed in
9AGEC specimens subjected 30 and 45 N
loads (Figure 12(b)). In the case of samp-
les subjected to a load of 45N, additional
micro cracking was observed (Figure
12(c)). This is attributed to the higher void
content in this composite.

Correlation of mechanical properties
with wear
From literature, it is found that the speci-
fic wear rates of few polymer composites

are correlated with a factor called Rat-
ner- Lancaster factor [28-30]. It is an in-
verse of product of tensile strength (σ)
and percentage elongation (e) of the po-
lymer composite. The investigation re-
ported by Bijwe et al. [28] on polyether-
sulfone/aramid composites proved that
the specific wear rate in linear relation
with Ratner- Lancaster factor (σ.e)-1.
From literature, it was observed that ten-
sile behaviour of a composite exerts a

pronounced influence on its wear rate.
As the tensile strength and elongation
increases, the fracture toughness of a
material increases, and more energy is
required to deform that material; hence,
its wear rate decreases. A similar obser-
vation was made in the present study
also. 3AGEC exhibits lowest valve of (σ.e)-1
and lowest specific ware rates (at all the
three applied loads) compared to GEC,
6AGEC and 9AGEC.

Fig. 9: SEM images of neat glass/epoxy composites at normal loads, (a) 15N, (b) 30N and (c)
45N.
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Fig. 10: SEM images of 3AGEC at normal applied loads (a) 15N, (b) 30N and (c) 45N.
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Conclusions
From this study, it can be concluded that
addition of Al2O3 particles to glass fab-
ric/ epoxy composites improves their
mechanical properties and wear resis-
tance. Lowest specific wear rate and
better mechanical property was obser-
ved for the hybrid composites contai-
ning 3 wt. % of Al2O3. The highest speci-
fic wear rate was observed for the hyb-
rid composite containing 9 wt. % of
Al2O3. In composites loaded with a high-
er amount of Al2O3, non uniform disper-
sion of filler, voids and agglomeration of
the filler particles deteriorate the wear
resistance and mechanical properties. It
is found that the specific wear rates of
the neat and Al2O3 filed composites
strongly depend on the (σ.e)-1 factor. The
parameters, σ and e, control the wear
behaviour of the neat and Al2O3 filled
glass/epoxy composites.
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