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ABSTRACT

This article discusses the influence of filling epoxy by chopped carbon fiber and various
kinds of oil (olive, corn, sunflower, glycerin and paraffin) on the friction and wear.
Different concentrations of each oil (2, 5, 10 wt. %) were added to epoxy resin in addition
to 2 wt. % chopped carbon fiber. Experiments were conducted using pin on disc test rig.
The tests were carried out at constant speed (0.93 m/sec), constant load (6.5 N) and
constant running time (300 sec) at room temperature. The worn surfaces of tested
specimens were observed using scanning electron microscope. The results revealed that
reinforcing epoxy by chopped carbon fiber has significantly affected the friction behavior
and wear resistance. Moreover, addition of green oils (olive, corn, sunflower and glycerin)
and mineral oils (paraffin) to epoxy/carbon fiber composites enhanced the friction and
wear properties.
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INTRODUCTION

Nowadays, carbon fiber (CF) is used as reinforcement of polymer composites for the
application of aerospace, Bearings and railway transport systems, due to the fact of its
high strength, creep resistance and excellent stiffness, [1-4]. Zhang et al, [5] developed
short cut carbon/polyimide composites and studied the impact of fiber oxidation on the
tribological properties. Midan [6] developed carbon fiber/phenolic resin composites and
have an impact on strength and hardness have been observed to increase with increasing
carbon fiber content.

Composites formed via including nano-scale particles to a polymer matrix results in
enhancing the tribological properties, [7, 8]. Carbon fiber reinforced polymer composites
were investigated, [9]. The tribological and mechanical properties were improved.

Recently, the use of epoxy resin (EP) has increased due to its sturdy adhesion, good
dimensional stabilities and high mechanical properties, [10, 11]. Also, their tribological
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behavior proved higher improvement at different reinforcement fillers. Modifying of
epoxy matrix composites with lubricant is the key factor to minimize the friction and wear
in many studies detected bearing applications, [14-18].

In the current work, the effect of addition of different kinds of oils with different
concentrations to epoxy composites reinforced by chopped/random oriented carbon fiber
on the friction and wear was studied.

EXPREMENTAL

The pin-on-disc was used to conduct the experiments under ambient and dry conditions
at room temperature. It was designed and fabricated to measure the coefficient of friction
displayed by the test specimen (pin) and disc surface. A steel disc of hardness (269 HB)
and size of (170 mm diameter x10 mm thickness) was used as counterpart and driven by
an electric motor which provides rotational motion of (140 r.p.m). The Schematic
illustration of pin-on-disc wear test is shown in Fig. 1. The experimental conditions were
as follow: constant sliding velocity (0.93 m/sec), constant normal load (6.5 N), and constant
running time (300 seconds). The load cell was used and connected to digital indicator to
detect the friction force. The friction coefficient was calculated using the equation, Ft/Fn
where Fris the measured friction force and Fn is the normal load exerted on the pin by the
testing machine’s dead weight. The wear was measured via weight loss of specimen
utilizing an analytical balance of precision 0.00001 g. To ensure the accuracy and
reliability of the data, each experiment was repeated three times.

Wear track

Pin (test

Fig. 1 Schematic illustration of pin-on-disc wear test.

Six types of carbon fiber/epoxy composites were used as test specimens in the experiments.
Epoxy was reinforced by random oriented chopped carbon fibers and filled by olive, corn,
sunflower, glycerin, paraffin oils, while the last group was oil free, Fig 3. Different
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concentrations of each oil type (2, 5, and 10 wt. %) had been added to modify the
carbon/epoxy composites. The concentration of carbon fiber was (0.5, 1 and 2 wt. %). The
carbon fiber diameter was about 7.5 um , Fig. 4. Table 1 shows ingredients of the test
specimens.

Tablel, illustration of test specimen’s contents

Specimen No. Specimen ingredient, wt. %
1 Epoxy + 2 wt. % carbon fiber + 2 wt. % olive oil

2 Epoxy + 2 wt. % carbon fiber + 5 wt. % olive oil

3 Epoxy + 2 wt. % carbon fiber + 10 wt. % olive oil

4 Epoxy + 2 wt. % carbon fiber + 2 wt. % corn oil

5 Epoxy + 2 wt. % carbon fiber + 5 wt. % corn oil

6 Epoxy + 2 wt. % carbon fiber + 10 wt. % corn oil

7 Epoxy + 2 wt. % carbon fiber + 2 wt. % sunflower oil
8 Epoxy + 2 wt. % carbon fiber + 5 wt. % sunflower oil
9 Epoxy + 2 wt. % carbon fiber + 10 wt. % sunflower oil
10 Epoxy + 2 wt. % carbon fiber + 2 wt. % glycerin oil
11 Epoxy + 2 wt. % carbon fiber + 5 wt. % glycerin oil
12 Epoxy + 2 wt. % carbon fiber + 10 wt. % glycerin oil
13 Epoxy + 2 wt. % carbon fiber + 2 wt. % paraffin oil
14 Epoxy + 2 wt. % carbon fiber + 5 wt. % paraffin oil
15 Epoxy + 2 wt. % carbon fiber + 10 wt. % paraffin oil

16 Epoxy + 2 wt. % carbon fiber (free oil specimen)

Fig. 2 Test specimens.

Concerning to specimen preparation, the epoxy resin was prepared by adding the epoxy
to the hardener with mix ratio (2:1) respectively and slow stirring. The oil was added to
epoxy resin by stirring then the carbon fibers were chopped into 5 mm length and mixed
randomly with the epoxy resin in a plastic container then stirring the mixture manually
for 5 min. The molds used were commercial syringes without needle of size 9 mm diameter
and 22 mm long, [7]. The mixture was drawn and left for 24 hours at room temperature
for curing. After that, the top nozzle of syringe was cut and specimen was easy ejected
from the molds by the ejector.
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Fig. 4 Specification of carbon fiber average diameter.

RESULTS AND DISCUSSION

Effect of carbon fiber content on friction and wear

This section discusses the effect of filling epoxy with different concentrations (0.5, 1 and
2) wt. % of chopped carbon fiber on the friction and wear. Figure 5 illustrate the relation
between friction coefficient and carbon fiber content for epoxy/carbon fiber composites.
The friction coefficient increase from 0.61 (without carbon fiber) to 0.81 (at 0.5 wt. % CF).
This attributed to the high strength of carbon fiber. With increasing the carbon fiber
content, the friction coefficient decreases. The friction coefficient decreased from 0.81 at
0.5 wt. % carbon fiber to 0.61 at 2 wt. % carbon fiber. This could be ascribed to the carbon
film that formed between the sliding surfaces and serving as a self-lubricant subsequently
reducing the coefficient of friction. The effect of carbon fiber content on wear is shown in
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Fig. 6. It is clearly shown that the wear significantly deceases with increasing the carbon
content. The transferred film of carbon deformed at the sliding surface is highly

accountable for such decrease.
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Fig. 6 Wear of epoxy composites filled by chopped carbon fiber.
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Effect of modifying carbon fiber/epoxy composites with defferent oil types on friction and
wear

This section is devoted to report the tribological properties resulting from adding green
oil (olive, corn and sunflower) in addition to another different oils (glycerin and paraffin)
into random oriented carbon fiber/epoxy composites. The concentration of carbon fiber
was constant 2 wt. % during this study. Figure 7 shows the friction properties of carbon
fiber reinforced epoxy composites modified by olive oil. It is obviously shown that the
friction coefficient decrease with increasing oil concentration inside the composites. This
could be ascribed to the fact of oil's role in decreasing the coefficient of friction and due
to the increase of oil film at the sliding surface. The composites comprise 10 wt. % olive
oil demonstrated 40 % reduction in friction coefficient compared to the oil free
composites. The friction coefficient of composites filled by random chopped carbon fiber
and corn oil is shown in Fig. 8. The composites have 10 wt. % of corn oil revealed friction
coefficient value of (0.59) lower than those of free oil composites (0.72). In the other word,
the composites filled by 10 wt. % corn oil displayed friction coefficient reduction of 18%.
The effect of corn oil in reducing friction coefficient is lower than olive oil effect. This may
be attributed to the relatively high viscosity of olive oil compared to corn oil.

1.5 EP+2 wt. % CF+ Olive Oil
064 , |
0.8 48
g -y “«?”;{ - —I_
0.7 4
0.6:
0.54 0.50794

0.42857

Friction Coefficient

4 0 1 2 3 4 5 6 7 8 9 10 1
Oil Concentration (% wt.)

Fig. 7 Effect of adding olive oil as a modifier to epoxy reinforced
by 2 wt. % chopped carbon fiber on friction coefficient.
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Fig. 8 Effect of adding corn oil as a modifier to epoxy reinforced
by 2 wt. % chopped carbon fiber on friction coefficient.

A 30 % reduction in friction coefficient was exhibited by carbon fiber/ epoxy composites
include sunflower oil as result of increasing the oil concentration up to 10 wt. %, Fig. 9.
Whereas the value of friction coefficient for the composites filled by 10 wt. % sunflower
oil was 0.51. The general trend for all composites at different types of oil is decreasing the
coefficient of friction with increasing the oil concentration. This can be attributed to the
self lubrication properties acquired by adding oil to the carbon fiber/epoxy composites
Where the oil exist in multipores inside the epoxy matrix and act as oil reservoirs and spill
to the sliding surface resulting in friction coefficient reduction [17]. Figure 10 shows
frictional properties of epoxy filled by carbon fiber and glycerin oil. It can be noticed that
the friction coefficient decease as result of oil concentration increasing. With increasing
up to 10 wt. % of glycerin oil concentration, the reduction in p was 27 % from the
reference oil free. Slight decrease in coefficient of friction was acquired by epoxy filled by
carbon fiber and paraffin oil as increase of the oil concentration as shown in Fig. 11. The
reduction in friction coefficient was 12.5 % at 10 wt. % oil concentration. The maximum
ratio of friction reduction was obtained by epoxy filled by carbon fiber and olive oil.
Whilst, the minimum ratio of friction reduction was displayed by composites comprise
paraffin oil.
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Fig. 11 Effect of adding paraffin oil as a modifier to epoxy
reinforced by 2 wt. % chopped carbon fiber on friction
coefficient.

The wear resistance of epoxy filled by 2.0 wt. % chopped carbon fiber in addition to
different concentrations of olive oil is shown in Fig. 12. It is visibly shown that the wear
decreased in line with oil concentration increase. This may be due to the prospect of
increasing the oil film at sliding surface as oil concentrations increase. In addition, epoxy
has more polarity than polymers of fluorocarbon. This means that epoxy matrices have
comparatively high surface-free energy values and are therefore more receptive to
adhesive bonding [19].With increasing the olive oil concentration to 10 wt. %, the
reduction ratio of wear attained 80%. The similar trend was obtained for epoxy filled by
2% wt. chopped carbon fiber and different concentrations of corn oil as shown in Fig. 13.
Improvement of wear resistance was found as the corn oil concentration increase. The
wear reduction ratio for specimens comprise 10 wt. % corn oil was about 70% whereas
specimens contain 2 wt. % and 5 wt. % of corn oil observed reduction ratio of 30% and
52% respectively. Figure 14 exhibit the effect of modifying epoxy/carbon fiber composites
with different concentrations of sunflower oil on the wear resistance. It is clearly observed
that the wear resistance increasing as the concentrations of sunflower oil increase. This
can be assigned to increasing the adhesive bonding as result of oil concentrations increase
inside the composites. Epoxy composites filled by 2 wt. % carbon fiber and 10 wt. %
sunflower oil reported 78% wear reduction compared to epoxy composites free oil.
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Fig. 15 Effect of adding glycerin oil as a modifier to epoxy
reinforced by 2% wt. chopped carbon fiber on wear.
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Fig. 16 Effect of adding paraffin oil as a modifier to epoxy reinforced by 2% wt. chopped
carbon fiber on wear.

Adding different concentrations of glycerin oil to epoxy resin in addition to 2 wt. % carbon
fiber was investigated to report their effect on wear resistance as shown in Fig. 15. The
results showed improvement of wear resistance whenever glycerin oil concentration
increased. The wear reduction increased to 73% as the concentration of glycerin oil
increased to 10 wt. %. Also, paraffin oil was tested as a modifier to epoxy/carbon fiber
composites as shown in Fig. 16. It is highly observed that the wear decreased with
increasing the concentration of paraffin oil. The reduction ratio of wear for epoxy encloses
2 wt. % carbon fiber and 10 wt. % paraffin oil was 68 %. Composites contain olive oil
displayed maximum reduction ratio of wear at all concentrations more than those contain
corn, sunflower, glycerin or paraffin oil. This is may be due to the high viscosity of olive
oil resulted in improvement of adhesive bonding moreover increase the wear resistance.

The worn surfaces of tested specimen were examined using scanning electron microscopy
(SEM). Figure 19 shows SEM micrograph for worn surfaces of selected specimens after
wear tests. Lot of fragments of epoxy at the contact surface were observed for
epoxy/carbon fiber composites free of oil, as shown in Fig. 17a. This leads to severe
increase in weight loss as shown in Figs. 12-16 at 0 wt. % oil concentration. The SEM
micrograph of worn surface for epoxy/carbon fiber composites containing 10 wt. % olive
oil is shown in Fig. 17b. The wear debris are plastically deformed and adhered on the
matrix as the action of oil included in the composites and this help in decrease further
wear. The worn surface of epoxy/carbon fiber composites filled by 10 wt. % corn oil is
shown in Fig. 17c. The SEM micrograph displayed deep wear tracks resulting in increase
in weight loss as shown in Fig. 13 at 10 wt. % corn oil. SEM image of epoxy/CF composites
filled by 10% wt. sunflower obtained shallow wear tracks as shown in Fig. 17d. It is highly
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noticed that sunflower oil decreased the amount of fragments resulting in decrease in wear
as shown in Fig. 14 at 10 wt. % sunflower oil. Regarding to worn surface of epoxy/CF
composites filled by 10 wt. % glycerin oil; it is seemed to be covered with film-like layer
as shown in Fig. 17e. A lot of wear debris was observed from the worn surface of epoxy/CF
composites filled by 10 wt. % paraffin oil as shown in Fig. 17d. This explains the relatively
high weight loss displayed for this composite as shown in Fig. 16 at 10 wt. % paraffin oil.
Finally, the SEM micrographs were in a good agreement with wear results.

by 10 wt. % corn oil.
L Eon ¥ N

NOR e 112019 1

[e] Epoxy/CF composites filled by 10 wt. % glycerin oil. [f] Epoxy/CF composites filled by 10 wt. % paraffin oil.

Fig. 17 SEM micrographs of the worn surface of tested specimens.
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CONCLUSIONS

The tribological properties of epoxy composites filled by chopped/random oriented
carbon fiber and different kinds of oils were studied and the following conclusions were
drawn:

1. Significant improvements in friction coefficient and wear resistance were observed for
composites filled by chopped/random carbon fiber that were assigned to the high strength
and self lubrication characteristic of carbon fiber.

2. The maximum reduction ratio of wear was observed for epoxy/carbon fiber composites
contain 10 wt. % olive oil.

3. The maximum friction reduction ratio was obtained for epoxy/carbon fiber composites
filled by 10 wt. % olive oil.

4. The friction reduction ratio due to addition 10 wt. % of olive, sunflower, glycerin, corn
or paraffin oil to epoxy/carbon fiber composites were 40, 28, 27, 18 and 12.5 %
respectively.

5. The wear reduction ratio due to filling epoxy/carbon fiber composites by 10 % wt. of
olive, sunflower, glycerin, corn or paraffin oil were 80, 78, 73, 70 and 68 % respectively.
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