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Abstract Jatropha seed cake particulate (JSCP)-reinforced epoxy composites were prepared by open mold resin
casting method. The influence of JSCP on mechanical and
dry sliding wear properties of epoxy was experimentally
investigated as per the ASTM standards. Dry sliding wear
test was conducted for these composites at a constant
sliding distance of 500 m with different sliding velocities
and applied loads by a pin-on-disc wear test machine. The
results revealed that incorporation of JSCP decreased the
specific wear rate and coefficient of friction while
improving the mechanical properties. The composite reinforced with 40 wt% of JSCP exhibited better mechanical
properties and wear behavior compared to the neat epoxy
and other compositions of JSCP/epoxy composites. The
results of this study indicate that jatropha seed cake powder
can be used as biosolid lubricant filler for epoxy.
Keywords Epoxy  Composite  Mechanical property 
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Introduction
Polymers are attractive engineering materials due to their
unique properties, such as high specific strength and
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corrosion resistance besides their varieties and design
flexibility. By addition of suitable fillers/fibers to polymers,
it is possible to make them more efficient [1]. A large
number of materials are used as fillers to improve properties of polymers and also to reduce cost of a component [1].
Many researchers used abrasive and solid lubricants as
fillers to make wear-resistant polymer components. These
fillers increase mechanical properties in addition to
enhancing tribological properties of polymers. Solid
lubricant-filled polymer composites are very attractive due
to their self-lubricating nature combined with superior
mechanical properties [2].
Pieter et al. [2] modified the mechanical and tribological
properties of a polyester resin using poly(tetrafluoroethylene)
(PTFE) as filler. Basavarajappa et al. [3, 4] used graphite as
filler for an epoxy resin to enhance its wear resistance and to
reduce its coefficient of friction. Duxin et al. [5] studied tribological and mechanical behaviors of polyamide-6/glass
fiber composite filled with PTFE, graphite and ultrahigh
molecular weight polyethylene (UHMWPE). They found that
PTFE was more effective in improving friction property and
graphite enhanced the tensile strength of the matrix polymer.
Zhang et al. [6] investigated the friction and wear behavior of
basalt fabric-reinforced/phenolic composites filled with solid
lubricants, such as graphite and molybdenum disulfide
(MoS2) and found that MoS2 significantly reduced the friction
coefficient and graphite improved the wear resistance of the
composite. But, only some attempts have so far been made to
utilize cheap materials like energy–industry waste in preparing particle-reinforced wear-resistant polymer matrix composites (PMCs). Srivastava et al. [7] reported that tensile
strength of epoxy polymer decreased and modulus increased
upon addition of fly ash. Atzeni et al. [8] conducted a comparative study of fly ash and quartz as fillers in an epoxy
matrix and reported that the specimens containing fly ash
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Fig. 1 Applications of jatropha
seeds and cake

exhibited superior mechanical properties compared to their
quartz-filled counterparts. Jatropha seed cake is one of the
biodiesel production industry wastes that is presently used in
small quantities for a number of applications as shown in
Fig. 1. In addition to this, to enhance the utilization of
jatropha seed cake, some researchers used jatropha seed cake
powder (JSCP) as filler material in PMCs. Elshaarani et al. [9]
used JSCP as filler for medium-density polyethylene (MDPE)
and found that incorporation of JSCP into the MDPE matrix
reduced tensile, flexural and impact strengths of the latter;
but, the tensile and flexural moduli of MDPE were enhanced
compared with that of the control. Mohan et al. [10] observed
that JSCP could be used as filler in a bidirectional fabricreinforced matrix polymer composite. But, JSCP/epoxy
composite has not yet been reported in literature. In particlereinforced composites, a large volume of waste JSCP could
be used as compared to the fabric-reinforced ones. Hence, it
is necessary to investigate the effect of addition of JSCP to
epoxy matrix for obtaining optimum mechanical and wear
properties. In this study, we used crushed jatropha seed cake
in the form of a fine powder as filler in a bisphenol A (BPA)based epoxy polymer and investigated sliding wear and
mechanical properties of the resultant composites.

Table 1 Properties of epoxy resin and hardener
Description

Unit

Value

Epoxy resin (LAPOX L-12)
Color

GS

0.8

Epoxy value

Eq./kg

5.35

Viscosity at 25 C

MPa

11850

Volatile content at 105 C/h

%

0.4

Hydrolysable chlorine

wt%

0.08

Marten’s value

C

150

Color

GS

0.8

Viscosity at 25 C

MPa

10

Pot life at 80 C
Gel time at 80 C

Min
Min

69
118

Hardener (LAPOX K-6)

Experimental

prepared by mixing BPA-based epoxy resin (LAPOX
L-12) and hardener (LAPOX K-6), which were obtained
from Atul Ltd., Valsad, Gujarat, India. The jatropha seed
cake (with a moisture content of &3 wt%, determined by
ASTM: D4442-07 [11]) supplied by Karnataka State Biodiesel Board, Karnataka, Bangalore, India, was used as
filler. The properties of the epoxy resin and hardener used
in this study are shown in Table 1. High-magnification
images of JSCP were taken under a scanning electron
microscope (JEOL-JSM-6380LA, Japan).

Materials

Specimen preparation

The JSCP/epoxy composites were prepared by open resin
molding method. The matrix of the composites was

JSCP/epoxy composites were prepared using 20, 30 and
40 wt% JSCP as reinforcement along with a control.
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Calculated quantity of JSCP was accurately weighed by an
electronic balance and it was added to the required quantity
of epoxy. While mixing the JSCP with the epoxy resin, the
latter was heated to 80 C to reduce the viscosity to
achieve uniform mixing. The mixing was carried out for
2 h using a magnetic stirrer at a speed of 1200 rpm to
ensure uniform distribution and dispersion of jatropha
particles in epoxy. After 2 h of mixing, hardener was added
and mixing was continued further for about 10 min to
facilitate uniform mixing of hardener and improve the
crosslinking process. The mixture was poured into a Teflon-coated mold. The air bubbles formed in the epoxy rose
to the top surface in the mold cavity and were skimmed off
and excess material was also removed. After 48 h of room
temperature curing, the specimens were ejected from the
mold. The neat epoxy samples were produced by the same
method. The molded samples were smoothened by an
emery paper to remove their rough edges and flashes.

Table 2 Levels of control
parameters used in the sliding
wear experiment

Control
parameters

Levels
I

II

III

Speed (m s-1)

0.5

1.0

1.5

Load (N)

5

10

–

Content of
JSCP (wt%)

20

30

40

Physical and mechanical characterization of composites
The neat and JSCP/epoxy composites were tested as per
ASTM standards to estimate their physical and mechanical
properties. Densities of the composites were measured
according to ASTM: D792-08 [12] using an electronic
balance (Mettler Toledo, USA) with an accuracy of
±0.1 kg m-3. Vickers hardness of the composite specimens was measured using a Matsuzawa microhardness
testing machine (MMT-X7A, Japan). Tensile behavior of
the samples was investigated as per ASTM: D638-10 [13]
using a universal testing machine (Lloyd LR 100 K, UK).
Three-point bending technique was adopted for the flexural
testing as per ASTM: D790-10 [14]. Moisture absorption
test was conducted for the neat epoxy and the JSCP-reinforced epoxy composites as per ASTM: D5229 [15].
25 mm 9 25 mm 9 3 mm samples were prepared from
all the samples and their initial weights were measured
accurately. The samples were immersed in demineralized
water for a total period of 96 h and the weights of the
specimens were determined at different intervals of time.
The percentage moisture absorption of all the samples was
calculated by difference in weights of the samples. In each
case, to evaluate the properties, five samples were tested
and the average values were reported.

Fig. 2 Sliding wear test samples and schematic diagram of wear test
rig

cleaned, precisely weighed and fixed to the holder such that
the flat face of the specimen comes in contact with the
rotating-hardened steel disc. The pivoted lever loaded with
dead weight was applied in the normal direction to the
specimen. By selecting a suitable speed of the disc and
suitable track radius, experiment was conducted at sliding
velocities of 0.5, 1 and 1.5 m s-1 under a constant applied
load of 5 N for a constant sliding distance of 0.5 km. The
experiment was repeated for the load of 10 N for all the
specimens at sliding velocities of 0.5, 1 and 1.5 m s-1. In
each case, final weight of the specimen was measured and
the wear loss (w) was estimated by the difference of initial
weight (w1) and final weight (w2). The specific wear rate KS
(g N-1m-1) was calculated by Eq. 1.
w
ð1Þ
Ks ¼
Fn  d
Where, w is the weight loss (g), Fn is the normal load
(N), d is the sliding distance (m). The coefficient of friction
was calculated by Eq. 2.
Ff
Fn

Tribological characterization of composites

l¼

The sliding wear test was conducted based on a full factorial design matrix as per design of experiments (DOE)
plan (Table 2) for all the composite samples using a pinon-disc machine (DUCOM, India) according to ASTM:
G99 [16]. Specimens in the form of pins of 5 mm diameter
and 15 mm length as shown in Fig. 2 were prepared and

Where, Ff is the frictional force (N) and l is the coefficient of friction.
To identify the interaction and the significance of control parameters, statistical analysis by analysis of variance
(ANOVA) was performed. The sliding speed (A), normal
load applied to the specimen (B) and JSCP loading in the

ð2Þ
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Results and discussion

individual particles of the JSCP possess a rough surface
and an irregular shape, which could help in their good
interaction with the epoxy matrix due to mechanical
interlocking. The particle size distribution of JSCP was
obtained by feeding the SEM images to Image-J software
[17]. The average particle size was 36.5 lm and the particle size distribution is shown in Fig. 4.

Particle size analysis

Density and void content of the composites

The digital photographs of the Jatropha seed cake and
particles are shown respectively in Fig. 3a and b; the SEM
micrographs of the JSCP are shown in Fig. 3c and d. The

The theoretical densities (qt) of the JSCP/epoxy composites
were calculated by the rule of mixtures. The actual densities
(qa) were measured and from (qt - qa), the corresponding

composites (C) at three levels were considered as control
parameters (Table 2). Also, a model was developed using
regression analysis and the thus obtained results were
compared with the experimental ones.

Fig. 3 a, b Digital photographs
and (c, d) scanning electron
micrographs of jatropha seed
cake and particles

Fig. 4 Particle size distribution
of jatropha seed cake powder
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Table 3 Physical and mechanical properties of neat epoxy and JSCP/
epoxy composites
Mechanical property
Theoretical density (kg m-3)
-3

E-0J

E-20J

E-30J

E-40J

1160

1210

1230

1260
1230

Actual density (kg m )

1110

1180

1200

Void content (%)

4

2.4

2.7

2.4

Vickers hardness number

9

18

22

24

Tensile strength (MPa)

15.5

18

20.6

24.6

Young’s modulus (GPa)

1.8

2.3

3.1

3.2

Elongation at break (%)

1

0.5

0.8

0.9

volume fractions of voids were calculated and the values are
shown in Table 3. It may be noted that the theoretical densities
of composites were not in agreement with the experimentally
determined ones. The difference is a measure of voids and pores
present in the composites. Void content in a composite depends
on the manufacturing method. It is not possible to produce a
composite with zero void content by the conventional resin
casting methods. The highest void content was observed for the
neat epoxy. Presence of voids can affect the mechanical
properties and moisture absorption of these composites.
Tensile properties
The tensile properties of the composites with different filler
content are shown in Table 3. The tensile test results of the
composites revealed that the filler content had a significant
effect on the tensile strength, Young’s modulus and ultimate elongation. The tensile strength values of the composites increased with an increase in their filler content.
This was due to the reinforcing effect of JSCP, which took
the load up from the epoxy matrix. Consequently, the
matrix effectively transferred the load to the JSCP. Hence,
the JSCP/epoxy composites possessed more load carrying

capability than the neat epoxy. Also, it was presumed that
the smaller JSCP particulates entered in between epoxy
molecular chains before cross linking and restricted the
movement of the polymer chains. There was a marginal
increase in the Young’s modulus values upon increasing
the JSCP content and this was due to the reinforcing effect
of JSCP. It was observed that certain samples with lower
percentage of filler content subjected to tensile loading
were damaged due to their brittleness. It was found that the
toughness of the JSCP/epoxy composites was higher than
that of the neat matrix and increased as a function of JSCP
loading. The toughening of the epoxy could be due to the
plasticization effect of the residual oil that was present in
JSCP. The influence of filler content on tensile strength
values and moduli is shown in Fig. 5.
Vickers hardness
The Vickers hardness values of all the composites are
shown in Table 3. The hardness values of the JSCP/epoxy
composites increased as a function of JSCP loading. The
maximum hardness value was observed for 40 wt% JSCPloaded composite, which was three times higher than that
of the neat epoxy. This was due to the strong reinforcement
effect of JSCP in the epoxy matrix.
Moisture absorption
The plots of percentage weight increase of neat epoxy and
the JSCP/epoxy composites as a function of time are shown
in Fig. 6. Amount of moisture absorbed was marginally
higher in JSCP/epoxy composite filled with 20 wt% of
JSCP than the neat epoxy. But, the composites filled with
30 and 40 wt% of JSCP absorbed lower amounts of
moisture when compared with the neat epoxy matrix and

Fig. 5 Stress versus strain plots
of neat epoxy and JSCP/epoxy
composites
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Fig. 6 Percentage moisture absorption of neat epoxy and JSCP/
epoxy composites

the JSCP/epoxy composite filled with 20 wt% of JSCP.
The lower amount of water absorption could be ascribed to
the hydrophobic nature of the JSCP as a result of presence
of oil residue in it. In the mean time, a higher void content
in the neat epoxy sample could be a plausible reason for its
higher water absorption. The amount of water absorbed by
the neat epoxy was more compared to the JSCP/epoxy
composites. The amount of water absorbed increased
steadily as a function of time for all the composites and the
control. In general, composites based on natural fibers
absorb and/or adsorb moisture due to the structural –OH
groups present on their surfaces. Moreover, the percentage
of water absorbed by them is directly proportional to their
fiber content. It should be noted that there are two factors,
which control the water absorption of the JSCP/epoxy
composites. These are namely, the hydrophilic –OH groups
present in the cellulosic portion of the JSCP, and the oily
residue which imparts hydrophobic character to the JSCP.
We anticipate that at a lower content of JSCP, the hydrophilic character dominates over the hydrophobicity in
controlling the water/moisture absorption of the composites, while at higher loadings it is the other way around. It
should also be noted that when the immersion time of the
composites in water was increased, a portion of the oily
residue could migrate out of the surfaces of the composite
specimens thereby increasing their water uptake.

Fig. 7 Specific wear rates of JSCP/epoxy composites and neat epoxy
at sliding velocities of 0.5, 1.0 and 1.5 m s-1 under an applied
constant load of 5 N

Fig. 8 Specific wear rates of JSCP/epoxy composites and neat epoxy
at sliding velocities of 0.5, 1.0 and 1.5 m s-1 under an applied
constant load of 10 N

Specific wear rate
Specific wear rates of the neat epoxy and JSCP/epoxy
composites were determined at different velocities and different loads. Figure 7 represents the specific wear rate of
JSCP/epoxy composites and the neat epoxy at sliding
velocities of 0.5, 1.0 and 1.5 m s-1 under an applied load of
5 N. The specific wear rates of JSCP/epoxy composites were
lower compared to that of the neat epoxy and their specific
wear rates were independent of speed. The composites filled
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Fig. 9 Average coefficients of friction (l) of JSCP/epoxy composites
and neat epoxy at sliding velocities of V1 = 0.5, V2 = 1.0 and
V3 = 1.5 m s-1 under applied loads of 5 and 10 N

with 30 and 40 wt% of JSCP exhibited the lowest specific
wear rates. This was due to the establishment of a solid
lubricant film, which consisted of wear debris from the dislodged JSCP trapped between the sliding surfaces, resulting
in a lower and consistent coefficient of friction.

J Mater Cycles Waste Manag
Fig. 10 Optical microscope
images of neat epoxy and JSCP/
epoxy worn out specimen
surfaces at a lower load (5 N)
and a low sliding velocity
(0.5 m s-1)

Fig. 11 Optical microscope
images of neat epoxy and JSCP/
epoxy worn out specimen
surfaces at a higher load (10 N)
and a low sliding velocity
(0.5 m s-1)

Figure 8 displays the specific wear rates of JSCP/epoxy
composites and the neat epoxy at sliding velocities of 0.5,
1.0 and 1.5 m s-1 under a constant load of 10 N. The
specific wear rate was dependent on the sliding speed in
case of the neat epoxy and 20 wt% JSCP loaded composite.
For the composites containing 30 and 40 wt% of JSCP,
specific wear rates were independent of the sliding speeds.
The composites loaded with 30 and 40 wt% of JSCP

exhibited the highest wear resistance. This was also due to
their lower coefficients of friction due to the formation of a
lubricant film between the sliding surfaces. Comparing the
specific wear rates at the loads of 5 and 10 N, it was
observed that at a higher load the specific wear rate was
lower in all the JSCP/epoxy composites. At a higher load,
the lubricant film formed between the abrading surfaces at
a much earlier stage than at smaller loads. This attributed to
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Fig. 12 Optical microscope
images of neat epoxy and JSCP/
epoxy worn out specimen
surfaces at a lower load (5 N)
and a higher sliding velocity
(1.5 m s-1)

Fig. 13 Optical microscope
images of neat epoxy and JSCP/
epoxy worn out specimen
surfaces at a higher load (10 N)
and a higher sliding velocity
(1.5 m s-1)

the lower specific wear rates in the JSCP/epoxy composites
under higher applied loads used in this study.
Coefficient of friction
While conducting the wear tests, the coefficients of friction
were measured throughout the test duration for all the
composite samples. The average coefficients of friction of
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the neat epoxy and JSCP/epoxy composites at different
sliding conditions (sliding speed and load) are shown in
Fig. 9. The results revealed that the 40 wt% JSCP-reinforced epoxy composite exhibited a lower range of average
coefficient of friction with respect to variation in load and
speed (0.253–0.356) than the neat epoxy sample
(0.22–0.516). The marginal variation of coefficient of
friction of JSCP/epoxy composites was due to the self-

J Mater Cycles Waste Manag

Fig. 14 a Main effects plot and (b) interaction plot for specific wear rate of JSCP/epoxy composites

lubricating nature of the JSCP in the composites. Because
of the low and uniform coefficient of friction, the heat
generation during sliding action would be less. This avoided localization of heat and subsequent thermal degradation of these composites. Hence, it reduced the material
removal rate upon sliding.

Morphology of worn surfaces
Figures 10, 11, 12, 13 show the optical micrographs of the
worn surfaces of neat epoxy and JSCP/epoxy composite
samples under different loads (5 and 10 N) and at different
sliding velocities (0.5, and 1.5 m s-1) for a constant sliding
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Fig. 15 a Main effects plot and (b) interaction plot for coefficient of friction of JSCP/epoxy composites

distance (0.5 km). The worn out surfaces of the JSCP/
epoxy composites were smoother than that of the neat
epoxy. Also, the worn out surface of the 40 wt% JSCPfilled composite exhibited the highest smoothness compared to that of the rest. This was due to a consistent
coefficient of friction, which led to uniform wear.
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The effect of control parameters on specific wear rate
and coefficient of friction
The influence of each control parameter on specific wear
rate and coefficient of friction was analyzed by the main
effect plots (Figs. 14a, 15a) and interaction plots
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Table 4 Analysis of variance for specific wear rate of JSCP/epoxy composites
Source

DOE

Seq. SS

Adj. SS

Adj. MS

F test

p value

p (%)

Load (A)

1

43.556

43.556

43.556

39.2

0.000

55.05

Sliding speed (B)

2

0.444

0.444

0.222

0.20

0.821

0.57

JSCP loading (C)

2

21.778

21.778

10.889

9.8

0.003

27.53

Error

12

13.333

13.333

1.111

Total

17

79.111

16.85
100

S = 1.05409, R2 = 83.15 %, R2(adj) = 76.12 %
DOF degrees of freedom, Seq. SS sequential sum of squares, Adj. SS adjusted sum of squares, Adj. MS adjusted mean squares, p percentage
contribution

Table 5 Analysis of variance for coefficient of friction of JSCP/epoxy composites
Source

DOE

Seq. SS

Adj. SS

Adj. MS

F test

p value

p (%)

Load (A)

1

0.000123

0.000123

0.000123

0.02

0.888

0.15 %

Sliding speed (B)

2

0.007836

0.007836

0.003918

0.67

0.531

9.67 %

0.21

0.811

3.08 %

2

0.002499

0.002499

0.001249

Error

JSCP loading (C)

12

0.070533

0.070533

0.005878

Total

17

0.080991

S = 0.0766667, R2 = 12.91 %, R2(adj) = 0
DOF degrees of freedom, Seq. SS sequential sum of squares, Adj. SS adjusted sum of squares, Adj. MS adjusted mean squares, p percentage
contribution

Fig. 16 Correlation of
mechanical properties with
specific wear rate of JSCP/
epoxy composites

(Figs. 14b, 15b). It was found from Fig. 14a that for
specific wear rate, the load was the most significant
parameter followed by the JSCP loading of the composites; whereas, the JSCP loading was the most significant
control parameter on coefficient of friction of the composites followed by speed and load. The percentage
contribution of load, speed and JSCP concentration on
specific wear rate of JSCP/epoxy composites was

analyzed using a statistical analysis of variance method.
Tables 4 and 5 show the ANOVA results for specific
wear rate and coefficient of friction. The percentage
contribution of control parameters on specific wear rate is
mentioned in the last column of Table 4. It was observed
that for the specific wear rate of JSCP/epoxy composites
the most significant parameter was the load
(p = 55.05 %) followed by the JSCP loading
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(p = 27.53 %). It was observed from Table 5 that the
sliding speed (p = 9.67 %) had a higher significance than
JSCP loading (p = 3.08 %) on the coefficient of friction
of JSCP/epoxy composites.

Conclusions
•

Multiple regression models
The relationship between the sliding speed (A), normal load
(B) and JSCP loading (C) on specific wear rate and friction
coefficient of the JSCP/epoxy composites was obtained by
multiple regression analysis. The following were the
regression models for specific wear rate (Ks) and coefficient of friction (l).
Ks ¼ 10:4  3:11B þ 0:167A  1:17C

ð3Þ

l ¼ 0:375 þ 0:0062A  0:00229C þ 0:00104B

ð4Þ

From the above regression equations, it is evident that
the JSCP loading and load have negative coefficients for
specific wear rate. But, load is the dominating parameter on
specific wear rate followed by JSCP loading. A similar
trend was also noticed in the experimental results.

•

•

•

•

Correlation of mechanical properties with specific wear
rate
The correlation between specific wear rate, weight loss due
to wear and mechanical properties was reported in literature
[10, 18–20]. In general, incorporation of filler increases the
tensile strength (r) and reduces the elongation (e). Hence,
the product (re)-1 factor may become smaller in the case of
a filled composite compared to the neat matrix. Mohan et al.
[10] reported that Jatropha oil cake-filled glass/epoxy hybrid
composite, which had the lowest specific rate also, had the
lowest value for the (re)-1 factor. But, in the present work
the lowest specific wear rate was observed for the composite
having the highest value of the (re)-1 factor. This was due
to the reinforcing effect of jatropha particles in epoxy. In this
study, the increase in elongation was less than that of the
tensile strength. Incorporation of JSCP to epoxy made it
tougher and more rigid. Also, the content of JSCP was more
in the present study than in the laminated composites
reported elsewhere [10]. Hence, the material removal
mechanism was also different.
Figure 16 shows the correlation between (re)-1 and
specific wear rate of the JSCP/epoxy composites. It can be
observed that the specific wear rate increased with
increased (re)-1 factor in both the loads at a higher sliding
velocity. On the other hand, at a lower sliding velocity and
a higher load, it was observed that the wear rate did not
increase along with the (re)-1 factor. This could be due to
the formation of a stable solid lubricant film between the
sliding surfaces under these conditions.

123

•

Mechanical properties of the JSCP/epoxy composites,
such as tensile strength, Young’s modulus and Vickers
hardness were significantly influenced by the filler
content. The strength and stiffness values also increased
with the addition of JSCP to the epoxy matrix.
Due to the hydrophobic nature of the jatropha particles,
JSCP/epoxy composites became more water resistant
than the neat epoxy matrix at filler loadings of 30 and
40 wt%.
In the JSCP/epoxy composites, a uniform lubricating
film developed on the sliding counter body thereby
reducing the friction. Due to a lower coefficient of
friction, JSCP/epoxy composites became more wear
resistant as compared to the neat epoxy matrix.
Both the load and speed had a significant impact on the
specific wear rate of the neat epoxy, but load had a
more significant effect than speed in the JSCP/epoxy
composites.
ANOVA results indicated that for the specific wear rate
of JSCP/epoxy composites the most significant parameter was the load followed by the JSCP loading; the
sliding speed had a slightly higher significance than
JSCP loading on the coefficient of friction of JSCP/
epoxy composites.
The JSCP/epoxy composites are potential candidates
for high-speed and high-load applications.
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