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ABSTRACT: The objectives of this research article is to
evaluate the mechanical and tribological properties of
glass-fiber-reinforced epoxy (G-E) composites with and
without graphite particulate filler. The laminates were fab-
ricated by a dry hand layup technique. The mechanical
properties, including tensile strength, tensile modulus,
elongation at break, and surface hardness, were investi-
gated in accordance with ASTM standards. From the ex-
perimental investigation, we found that the tensile strength
and dimensional stability of the G-E composite increased
with increasing graphite content. The effect of filler content
(0-7.5 wt %) and sliding distance on the friction and wear
behavior of the graphite-filed G-E composite systems
were studied. Also, conventional weighing, determination
of the coefficient of friction, and examination of the worn

surface morphological features by scanning electron mi-
croscopy (SEM) were done. A marginal increase in the
coefficient of friction with sliding distance for the unfilled
composites was noticed, but a slight reduction was noticed
for the graphite-filled composites. The 7.5% graphite-filled
G-E composite showed a lower friction coefficient for the
sliding distances used. The wear loss of the composites
decreased with increasing weight fraction of graphite filler
and increased with increasing sliding distance. Failure
mechanisms of the worn surfaces of the filled composites
were established with SEM. © 2006 Wiley Periodicals, Inc.
J Appl Polym Sci 103: 2472-2480, 2007
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INTRODUCTION

Polymers and their composites find use in many engi-
neering applications as alternative products to metal-
based ones. Wide ranges of thermoplastic and ther-
mosetting varieties of polymers are available and, in
addition, offer advantages in terms of ease of fabrica-
tion. This has contributed in a big way to the advent
of newer polymer composite materials that find wide
application in industries for the manufacture of a
wide variety of products, such as automobile compo-
nents, aircraft components, structural components,
and sporting goods. Some commonly used polymers
include polytetraflouroethylene (PTFE), poly(ether
ether ketone), vinyl ester, unsaturated polyester, ep-
oxy, and so on. Among these, epoxies posses excellent
mechanical properties and good chemical and corro-
sion resistance. Also, epoxies in molded or cast form
have excellent dimensional stability and low shrink-
age. Furthermore, easy processability by the mere
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DISCOVER SOMETHING GREAT

addition of a curing agent with or without the applica-
tion of heat places these materials above others. Fur-
thermore, it has been reported that epoxies reinforced
with fillers and fibers possess very good mechanical
and tribological properties.

Automotive and aircraft components fabricated
with fiber-reinforced polymeric composites (FRPCs)
have tight requirements in service, and they are re-
quired to withstand mechanical damage during serv-
ice. Kim et al.' reported that fiber damage could
occur during the fabrication process, transport,
storage, and maintenance. Unal and Mimaroglu®
evaluated the mechanical properties of nylon 6 by
adding one or a combination of more than one filler
and by varying the weight percentage. They observed
that the tensile strength and modulus of elasticity
of nylon 6 composites increased with increasing
filler weight percentage. Varada Rajulu et al.® inves-
tigated the tensile properties of epoxy toughened
with hydroxyl-terminated polyester at different
layers of glass roving and reported that the tensile
strength increased with increasing fiber content. It is
understood that the fracture performance of fiber
composites is mostly dominated by the following
failure mechanisms: (1) mechanisms related to the
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contribution of the matrix, such as matrix plastic de-
formation and matrix fracture; (2) mechanisms re-
lated to the interface of the matrix and fibers, mainly
matrix/fiber debonding and fiber pullout; and (3)
mechanisms related to fiber fracture.*” The service
temperature, duration, and magnitude of stress deter-
mine the failure mechanism of composite materials.
Fiber reinforcement affects the strength, durability,
thermal conductivity, and creep resistance of the
composite and also the failure mechanism.®

For tribological loaded components, the coefficient
of friction, mechanical load carrying capacity, and
wear rate of the materials determine their acceptabil-
ity for industrial applications. Polymer-based com-
posite materials are the ones used in such tribologi-
cal applications because of their ever-increasing
demand in terms of stability at higher loads, temper-
atures, and better lubrication and wear properties.””?
Various researchers have studied the tribological
behavior of FRPCs. Studies have been conducted
with various shapes, sizes, types, and compositions
of fibers in a number of matrices.”'® For glass-fiber-
reinforcing polymer composites,'>'* the process of
material removal in dry sliding wear is dominated
by matrix wear, fiber sliding wear, fiber fracture,
and interfacial debonding. The last two mechanisms,
fiber fracture and interfacial debonding, occur se-
quentially and can be considered a combined pro-
cess. Polymers reinforced with glass fibers'> have a
higher wear rate than the same polymers reinforced
with carbon fibers. This depends partly on the lubri-
cating properties of the carbon fibers and partly on
the high abrasiveness of glass fiber particles. Tanaka
et al.'® studied the wear behavior of glass-fiber-
reinforced, carbon-fiber-reinforced, and carbon-bead-
reinforced PTFE. The glass-fiber-reinforced PTFE
showed a very low wear rate with a steel counter-
surface. It was also reported that the fiber preferen-
tially supported the applied load, and a fiber rich
layer was produced during rubbing on the mating
surface. In general, these materials exhibit an im-
provement in wear and friction resistance compared
to pure unfilled polymers. An understanding of the
friction and wear mechanisms of polymers would
aid in the development of composites for the solu-
tion of technological problems. It was previously
reported'”'® that the friction and wear behavior of
FRPCs exhibits anisotropic characteristics.

The modification of the tribological behavior of
fiber-reinforced polymers by the addition of filler
material was reported'” to be quite encouraging.
Most studies on filler action in the case of polymer
composites sliding against metallic counterfaces have
focused on the reduction of wear rate and the coeffi-
cient of friction. In addition to the higher mechanical
strength obtained because of the addition of fillers in
polymeric composites, there is a direct cost reduction
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due to the lower consumption of resin material. The
critical and final selection of filler primarily depends
on the requirements of the end product, the interface
compatibility, and the dimension/shape of the par-
ticles. Various researchers®> have reported that the
wear resistance of polymers was improved by the
addition of fillers. Some of the fillers that are effec-
tive in reducing friction and wear are MoS,, CuO,
CuS, and ALQ;. Kishore et al.?® analyzed the influ-
ence of sliding speed and load on the friction and
wear behavior of glass-reinforced polymer compo-
sites filled with either rubber or oxide particles; they
reported that the wear loss increased with increasing
load/speed. The use of graphite as a filler material
is known to improve the mechanical and tribological
properties of metal matrix composites.?

Most of the previous findings were based on
either randomly oriented or unidirectionally oriented
fiber composites. Woven-fabric-reinforced compo-
sites are gaining popularity because of their balanced
properties in the fabric plane and their ease of
handling during fabrication. Mody et al.*’ showed
that the simultaneous existence of parallel and
perpendicular oriented carbon fibers in a woven con-
figuration led to a synergistic effect on the enhance-
ment of the wear resistance of the composite. Hence,
in this research study, we took up E-glass woven-
fabric-reinforced epoxy composites with powdered
graphite as a filler material for investigation with the
intention of characterizing them for their mechanical
properties, friction, and dry slide wear behavior.

EXPERIMENTAL
Materials

Woven glass fabrics (360 g/m?) containing E-glass
fibers with diameters of 5-12 pm were used. The
matrix system was a medium-viscosity (3000 MN /m?;
density = 1.16 g/cc) epoxy resin (LAPOX L-12) and
a room-temperature curing polyamine hardener (K-6);
both were supplied by ATUL India, Ltd. (Gujarat,
India). The filler material was graphite powder with
particle sizes in the range 50-60 um, which was pro-
cured from a local market.

Manufacturing of the composites
and preparation of the test samples

E-glass plain-weave woven roving fabric, which was
compatible with epoxy resin, was used as the rein-
forcement. The epoxy resin was mixed with the hard-
ener in the ratio 100:12 w/w. A dry hand layup tech-
nique was used to produce the composites. The stack-
ing procedure consisted of the placement of the fabric,
one above the other, with the resin mix well spread
between the fabrics. A porous Teflon film was placed
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TABLE I
Details of the Prepared Test Samples

Sample code Matrix Reinforcement Graphite (wt %)
A Epoxy E-glass fabric 0.0
B Epoxy E-glass fabric 2.5
C Epoxy E-glass fabric 5.0
D Epoxy E-glass fabric 7.5

on the completed stack. To ensure uniform thickness
of the sample, a 3 mm spacer was used. The mold
plates were coated with release agent to prevent dam-
age to the solidified panel on separation. The whole
assembly was kept in a hydraulic press (0.5 MPa)
and allowed to cure for a day at room temperature.
The panel so prepared had a size 250 mm x 250 mm
x 3 mm. To prepare the graphite-filled glass-fiber-
reinforced epoxy (G-E) composites, graphite powder
was mixed with a known amount of the epoxy resin.
The details of the composites are shown in Table L
The test samples were cut with the help of a diamond-
tipped cutter as per ASTM standards.

Mechanical and slide wear test methods

The mechanical properties, including tensile strength,
tensile modulus, and elongation at break, were in-
vestigated with a J. ]J. Lloyd wuniversal testing
machine (1-20 kN, London, UK) in accordance with
ASTM D 638. When the tensile strength test was
conducted, a crosshead speed of 5 mm/min was
maintained. Five samples were tested for each com-
bination of the composites. The hardness of the
unfilled and graphite-filled G-E samples were mea-
sured with a Rockwell hardness tester (Rockwell C;
Newage testing instruments, Inc., Southampton).

A pin-on-disc setup was used for slide wear
experiments. The surface (5 mm x 5 mm), glued to a
pin with a diameter of 6 mm and a length of 22 mm,
came in contact with a hardened disc with a hard-
ness of 62 HRc. It was made of En 32 steel with a
diameter of 160 mm, a thickness of 8 mm, and a sur-
face roughness of 0.84 pm. The test was conducted
on a track with a diameter of 115 mm by selection of
the test duration, load, and velocity in accordance
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with ASTM G-99. Before testing, the test samples
were polished against 600-grade SiC paper to ensure
proper contact with the countersurface. The surfaces
of both the sample and the disc were cleaned with a
soft paper soaked in acetone and were thoroughly
dried before the test. The pin assembly was initially
weighed to an accuracy of 0.0001 g in a digital elec-
tronic balance. The test was carried out by applica-
tion of a load of 40 N at a constant sliding velocity
of 4 m/s for different sliding distances (500-6000 m).
The difference between the initial and final weights
was a measure of slide wear loss. For each condition,
at least three tests were performed, and the mean
value of weight loss was reported. A 20-kg load cell
was fixed tangential to the lever arm, through which
the friction force was measured.

For selected combinations of load and sliding
velocity, the samples were sputter-coated with gold
for detailed morphological behavior with a Leica
scanning electron microscope (XL30 SEM with an
Oxford ISIS310 EDX, Cambridge, England).

RESULTS AND DISCUSSION
Mechanical properties

The measured tensile behavior and surface hardness
test results of the unfilled and graphite-filled G-E
composites are shown in Table II. If the results are
compared, one can see that the 7.5 wt % graphite-
filled G-E sample showed the highest tensile
strength value, which confirmed the effect of the
incorporation of graphite filler, which improved the
fiber-matrix interface in the composite. This was
attributed to the fact that in the absence of graphite,
the failure propagated along the loading direction.
The addition of graphite particles caused a disper-
sion of these particles in the matrix, which impeded
the propagation of failure along the loading direc-
tion. The failure, therefore, propagated in a direction
dictated by the dispersoid concentration in the ma-
trix. This means that the failure propagated easily in
the directions where the dispersoid concentration
was lower, which led to an increased tensile strength,
increased tensile modulus, lower elongation, and
increased surface hardness and, thus, better dimen-

TABLE II
Mechanical Properties of the G-E and Graphite-Filled G-E Samples

Sample code

Property A B C D
Tensile strength (MPa) 164.51 = 16 182.6 = 12 191.0 = 13 205.1 = 10
Tensile modulus (MPa) 8,558 = 70 9,857 + 54 10,006 * 49 10,501 = 45
Elongation (%) 3.85 = 0.15 349 = 0.10 3.39 = 0.10 3.30 = 0.12
Hardness (Rockwell C) 102 =5 110 = 5 112 = 4 118 = 3

Journal of Applied Polymer Science DOI 10.1002/app
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Figure 1 SEM photomicrographs of sample A after tensile testing at (a) 50x and (b) 600x magnification.

sional stability. Also, the tensile strength of the filled
G-E samples increased with increasing graphite con-
tent. In tensile strength tests, the fibers in a compos-
ite fail at different stress levels as the applied tensile
load increases. Some main failure modes in tensile
testing are cited in the literature.”®* In this study,
the unfilled composite showed the lowest tensile
strength values, and the main failure mode was
fiber-matrix debonding. In this case, cracks at differ-
ent cross-sections of the specimen joined together
to cause fiber-matrix debonding or shear failure of
the matrix. These types of matrix shear failures and
fiber—-matrix debonding occurred either independ-
ently or in combination. Master® observed similar
failure mechanisms for continuous fiber composites.
The surface hardness of filled G-E samples in-
creased with increasing graphite content (Table II).
The higher the proportion of graphite was, the
greater the Rockwell hardness of the G-E sample
was; that was in the range 102-118. The reduction in
percentage elongation at break of the composite was
noticed with increasing filler content as expected.

Fracture analysis

The scanning electron microscopy (SEM) micrographs
in Figures 1(a,b) and 2(a,b) show the fractured surfa-
ces of the unfilled and graphite-filled G-E composite
systems, respectively. The microphotographs revealed
linear elastic behavior and brittle-type fracture for
the test samples, along with instant multiple frac-
tures. The fracture was due to delamination between

the layers of the composite samples and fiber pullout
[Fig. 1(a)]. As shown in Table II, with increasing
graphite percentage, the percentage elongation
showed a clear decreasing trend. Although no chem-
ical reaction was possible, some physical interaction
had to be considered. Interestingly, the composite
characterized by a higher tensile strength showed
brittle fractures. For sample A, the fracture was brit-
tle and could be explained by the plastic deforma-
tion of the matrix after fiber-matrix debonding. The
SEM micrograph shown in Figure 1(b) supported
this failure mechanism because the fibers on the frac-
tured surfaces were clean; this showed brittle frac-
ture. Other important failure mechanisms of the com-
posites, such as fiber fracture (marked b), cohesive
resin fracture (marked c), and fiber-matrix debond-
ing (marked a) were also observed in the SEM
micrograph [Fig. 1(b)]. Generally, matrix fracture ini-
tiated at the surface of the fibers, as indicated by the
direction of river lines (marked by an arrow) and
propagated into the resin on either side, where
cracks extended from the surfaces of adjacent fibers
simultaneously.

SEM micrographs of the graphite-filled G-E frac-
tured surface samples in tension revealed very dif-
ferent fracture morphologies [Fig. 2(a)] than that of
the unfilled G-E sample; graphite-filled G-E compo-
sites revealed the simultaneous breakage of fibers
and matrix, which evidenced better interfacial adhe-
sion [marked A in Fig. 2(a)] and led to a higher
tensile strength. The granular appearance of the
matrix surface was attributed to the uniform distri-
bution of the graphite filler. These gave rise to clus-
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Figure 2 SEM photomicrographs of sample D after tensile testing at (a) 100x and (b) 1000x magnification.

tering, which tended to align in clumps in the
direction of the fracture. Because peeling was not
symmetrical, localized shear stresses may have been
introduced into the failures as a consequence of
strain difference between the fibers, which resulted
in the formation of shallow cusps [marked by arrows
in Fig. 2(b)]. Other important failure features, such
as a ridge in the matrix (marked a), a radial pattern
on the fiber (marked b), fiber fracture (marked c),
fiber-matrix debonding (marked d), and graphite
particles adhering to the surface of the fiber, and
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good fiber-matrix bonding are also evident in the
SEM micrograph [Fig. 2(b)].

Friction and wear results

The results of the coefficient of friction and wear
loss as a function of sliding distance at a load of
40 N and a sliding velocity of 4 m/s are shown in
Figures 3 and 4, respectively. As shown in these
figures, there was a strong interdependence on the
friction coefficient and wear loss with respect to

1 -
08 1
0.8
0.7 1
o 06 1
0.5 -
0.4
0.3 -
0.2 1
0.1 1
0 | T . . T n
0 4000 2000 3000 4000 5000 @000

x 103

8= €

=0m? 50 % Gt
=0=500 % Gr
=t 50 % G1

Wear loss,

Sliding distance, m

Figure 4 Wear loss verse sliding distance at a load of 40 N
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& 1000m

Figure 5 SEM photomicrographs of sample A at a sliding
distance of 1000 m.

the sliding distance. The representative SEM photo-
graphs of the composite samples after wear testing
are shown in Figures 5-10.

Coefficient of friction

The variation in the coefficient of friction with slid-
ing distance for a constant sliding velocity of 4 m/s
is shown in Figure 3, where the fluctuations in the
coefficient of friction were scattered within +=20% of
the mean; only the mean values are plotted here. As

-

-
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- A ey

~ b

Soma'4000 m

Figure 6 SEM photomicrographs of sample A at a sliding
distance of 4000 m.
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Figure 7 SEM photomicrographs of sample A at a sliding
distance of 6000 m.

shown in Figure 3, the coefficient of friction of
the filled G-E composites was lower than that of the
unfilled G-E composite, which varied between 0.22
to 0.31. Also, the coefficient of friction of sample A
increased with increasing sliding distance up to
2000 m and reached a steady-state condition after a
sliding distance of 2000 m. During this transient
period, a number of phenomena occurred, including

Figure 8 SEM photomicrographs of sample D at a sliding
distance of 1000 m.

Journal of Applied Polymer Science DOI 10.1002/app
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Figure 9 SEM photomicrographs of sample D at a sliding
distance of 4000 m.

changes in the countersurface topography and the
composite rubbing surface and an increase in inter-
face temperature. In the G-E composite, the friction
of the composite material seemed to be governed by
its shear strength, which influenced the rupture of
adhesive bonds at the interface. The likelihood of
the fiber-glass disrupting the transfer film could
have also been a reason for this increased friction.

However, for the graphite-filled G-E composites,
the coefficient of friction decreased with increasing
filler content and was almost linear. The decrease in
the coefficient of friction of the graphite-filled G-E
composite was attributed to the fragmentation of
graphite particles and/or the dispersion of agglom-
erated graphite, which gave rise to a lubrication
effect. There was no marked change in the coefficient
of friction for 2.5 and 5.0 wt % graphite-filled com-
posites, but there was a marginal reduction in the
coefficient of friction for 7.5 wt % graphite. The
effect of sliding distance on the coefficient of friction
was lower for graphite-filled composites than for the
unfilled composite. The maximum wear resistance
and minimum friction values was achieved with
7.5 wt % graphite; this was because the lower parti-
cle size (50-60 pm) filler was uniformly distributed
on the surface of the composites; this also acted as a
self-lubricating agent.

Wear loss

The plot of wear loss as a function of sliding dis-
tance for G-E composites filled with different weight
percentages of graphite is shown in Figure 4. As
shown in the plot, the wear loss increased with

Journal of Applied Polymer Science DOI 10.1002/app
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increasing sliding distance for all composites. The
order of wear resistance behavior of the composites
was as follows: 7.5 > 5 > 2.5 > 0 wt % graphite. It
was obvious from the wear data (Fig. 4) that the
wear loss of sample A was higher up to 2000 m
and increased gradually until 6000 m was reached.
However, for the graphite-filled G-E composites, the
wear loss increased almost linearly up to 4000 m,
and a higher wear loss was observed between
sliding distances of 4000 and 6000 m. Also, the wear
resistance of graphite-filled G-E was high compared
to that of the unfilled G-E composites. This behavior
was in agreement with that of the tensile strength
results listed in Table II.

A Drief discussion of atomic structure of graphite
will enhance understanding of how graphite im-
proves the tribological properties of the polymer
composites. In graphite, the carbon atoms are arranged
hexagonally in a planar condensed ring. Also,
the layers are stacked parallel to each other, with the
atoms within the rings bonded covalently, whereas
the layers are loosely bonded together by Van der
Waal's forces. The anisotropic nature of graphite
is the result of the two types of bonding acting in
different crystallographic directions. The ability of
graphite to form a solid film lubricant may be attrib-
uted to these two contrasting chemical bonds. Also,
the weak Van der Waal’s forces govern the bonding
between the individual layers, permitting the layers
to slide over one another, making it an ideal lubri-
cant, and resulting in a reduced coefficient of friction
and, hence, wear.

For the G-E composites, wear debris consists of a
shear deformed polymer matrix containing broken

Figure 10 SEM photomicrographs of sample D at a slid-
ing distance of 6000 m.
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pulverized glass particles and a wear powder of the
metallic countersurface. The particles can either be
lost from the contact zone or remain there for a fixed
time as a transfer layer. In such cases, their polymer
component can cushion the countersurface asperities
and reduce the effective toughness, but the pulver-
ized glass component in this debris can act as a third
body abrasive, which leads to an enhanced roughen-
ing of the countersurface. The friction coefficient
of the G-E composite thus depended on various
particles in the wear debris. Because of this, the coef-
ficient of friction was high and so was wear.

The wear loss was low for graphite-filled G-E com-
pared to the unfilled G-E samples. At the start of
sliding, all of the asperities of the two surfaces were
in contact with each other. As shear forces were
applied, the asperities deformed. The graphite par-
ticles protruded out from the surface of the sample.
At first, the epoxy matrix wore, and only bidirec-
tional glass fibers were in contact with the counter-
surface. As sliding distance increased, the wear rate
decreased. The glass fibers wore the steel countersur-
face. Glass fibers that were parallel to the sliding
direction wore, which resulted in the thinning of
fibers and subsequent breakage. Because of the high
hardness of the countersurface, the glass fibers ad-
hered to the matrix, and the adjacent fibers resisted
the movement of the glass fibers into the matrix.
Hence, as the sliding distance increased, the glass
fibers were crushed. The broken fibers wore the sam-
ple further. The loosened particles caused third-body
abrasion. When the epoxy came in contact, adhesive
wear occurred, and the wear rate increased. The
wear rate increased at a faster rate beyond the slid-
ing distance of 4000 m. The mechanism controlling
the wear process was delamination. Better wear re-
sistance was obtained by the addition of graphite
filler. During sliding, the graphite particles got
smeared at the interface and formed a graphite film
that reduced the coefficient of friction and, hence,
wear.

SEM

The SEM features of sample A subjected to different
sliding distances are displayed in Figures 5-7. Figure 5
shows the wear surface features corresponding to
the low sliding distance of 1000 m. The worn surface
showed less wear of the matrix, fewer cracks in the
matrix, less retention of matrix adherence to fibers,
and very few broken fibers, as shown in Figure 5.
With increased sliding distance from 1000 to 4000 m,
the matrix wear was higher, less debris was formed,
more fiber was exposed, and there was little break-
age of fibers (Fig. 6). The SEM features pertaining to
a sliding distance of 6000 m are shown in Figure 7;
this figure reveals that the matrix was well spread
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and yielded more glass fiber breakages compared to
lower sliding distance conditions. Furthermore, the
wear debris was uniformly distributed. These SEM
features corroborated the wear data shown in Figure 4.

The influence of sliding distance on wear behavior
of the graphite-filled G-E composites (7.5 wt %, sam-
ple D) was analyzed by SEM (Figs. 8-10). Figure 8
pertains to the sliding distance of the 1000-m run,
which showed the wear of matrix and debris forma-
tion. Also, the debris masked the fibers. An increased
sliding distance from 1000 to 4000 m showed (Fig. 9)
increased debris formation and fiber breakage fol-
lowed by interface separation, which thus, contrib-
uted to a higher wear loss. Furthermore, with an
increase in the sliding distance to 6000 m, there was
more debris concentrated on the top right corner of
the microphotograph, broken fibers in large num-
bers, and disorientation of fibers, as shown in the
SEM microphotograph in Figure 10.

CONCLUSIONS

The following are the key points that emerged from
this investigation:

« This study pointed to the fact that on introduc-
tion of the graphite filler in the G-E composites,
there was an improvement in the mechanical
properties; this emphasized the importance of
filler performance to the G-E composites. SEM
observations shed further light on features such
as matrix fracture, inclined fiber fracture, and
disorientation of transverse fibers. When the
tensile test results and morphological behavior
of the tensile fractured surface of the graphite-
filled G-E composites were correlated, it was
revealed that a strong interface between the fiber
and matrix and uniform distribution of graphite
filler led to improved tensile properties.

+ An increase in sliding distance led to increased
slide wear loss for the composite test specimens.
However, the change in the coefficient of friction
with sliding distance did not obey a fixed pat-
tern for the graphite-filled G-E composites.

« At a higher sliding distance, the abrasive wear
mechanisms could govern the interaction be-
tween the surfaces in contact; in this condition,
the wear resistance of the G-E composites were
increased by the filling of the matrix with graph-
ite powder. In particular, from the tests con-
ducted in this study, the friction and slide wear
behavior of 7.5 wt % graphite-filled G-E compo-
sites were better than those of the G-E compo-
sites with lower graphite filler content.

» These experimental results indicate that in the
context of application as a bearing material
(journal bearings and antifriction bearings), the

Journal of Applied Polymer Science DOI 10.1002/app
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performance of graphite-filled G-E composite is
good and possibly superior to G-E composites.
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