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Abstract

In this study, the usability of waste banana peel and banana tree bark with a
fibrous structure as binders was investigated experimentally. Accordingly, the
amount of fiber, friction regulator, filler, abrasive and solid lubricant is fixed, and
three different brake pad samples were produced by adding 10% banana peel and
10% banana tree bark powders by reducing the amount of phenolic resin. Produc-
tion was carried out by conventional dry mixing method and powder metallurgy
method. For this, firstly a homogeneous mixture of all ingredients is provided.
The mixture transferred to the mold was pressed at room temperature firstly. Sam-
ples obtained as the first form were subjected to hot pressing in the mold again.
Thus, the ability of the resin to hold all the materials together has become active.
Finally, the samples were cleaned and prepared for the tests. To examine the brak-
ing performance of the produced pads, a specially designed brake tester with
brake disc was used. Friction, wear, density and hardness tests of the pads were
made. SEM images of friction surfaces of pads were taken and microstructures
were examined. The effect of using banana waste as a binder in the brake pad on
braking performance was evaluated. As a result, it was observed that banana
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wastes are alternative materials that can be used in brake pads.
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1. Introduction

The most important equipment in the braking systems of
vehicles is the disc and pad pair. Brake pads are used to con-
trol speed by converting kinetic energy into heat energy ra-
diating to the atmosphere in brake systems of vehicles and
speed-controlled machines. The vehicles have two brake sys-
tems, disc brake and drum brake. Disc brake systems are
widely used in recent years because of they have better brak-
ing performance. The pads used in brake systems provide
braking by rubbing against the disc or drum surface.

Automotive brake pads are polymer matrix composite ma-
terials formed by combining many materials with different
tasks [1]. These materials are generally classified as binders
(matrix), reinforcements (fibers), friction modifiers, fillers,
abrasives and solid lubricants [2]. The materials used in the
pads have negative effects on the environment and human
health during the slowing or stopping of the vehicle. During
the braking of vehicles, wear particles of different chemicals,
which can be toxic or mutagenic to the environment, are re-
leased [3]. After determining the negative effect of ashestos
used as pad material for aquatic life and the environment, it

is prohibited to use it in pad [4]. With the banning of asbestos,
the search for alternative materials to asbestos has increased.
Many researchers have worked on the development of asbes-
tos-free brake pads [5-12]. The use of cocoa bean shells,
palm powder, palm kernel for asbestos-free brake pads has
been investigated and has been reported to be effective in
braking [13-15]. Namessan et al. [16] developed a brake pad
from the kenaf plant. Vlastimil et al. [17] developed an auto-
motive brake pad using a nut shell. Aigbodion et al. [18] de-
veloped brake pads from sugar cane. Ibhadode and Dagwa
[19] produced a brake pad with a palm kernel shell and made
it commercially available. Yawas et al. [20] produced a brake
pad with sea snail shell and stated that it could be an alterna-
tive for composite brake pads. Today, researches all over the
world focus on ways to use industrial or agricultural wastes
as a raw material source in pads. The use of these wastes can
result in both economic and environmental control.
Phenolic resin is generally used as binder material in auto-
motive brake pads. However, the temperature caused by fric-
tion between the disc and the pad can adversely affect the
phenolic resin and the ability to hold the materials together
may be partially lost. Some researchers define this situation

258


mailto:ilkersugozu@mersin.edu.tr

I. Sugozii / International Journal of Automotive Science and Technology 4 (4): 258-263, 2020

e

n. ‘ n TURKISH SOCIETY OF
v' " y AUTOMOTIVE ENGINEERS

as ablative wear. Therefore, ashestos-free automotive brake
pad was produced by using waste banana peel and banana
tree bark instead of phenolic resin, and its effect on braking
performance was evaluated. Accordingly, the friction coeffi-
cient, wear, density and hardness tests of the brake pad were
performed. The microstructure was examined by taking im-
ages from the wearing surface of the brake pad by scanning
electron microscope (SEM).

2. Material and Method
2.1 Sample Preparation

Brake pad samples were produced using banana tree bark
(MK) and banana peel (MA) in different combinations with
the resin. The contents of the samples containing resin as
binder, cashew, alumina, steel wool, brass swarf, copper
swarf as friction modifier, graphite as lubricant and barite as
filler are given in Table 1.

Table 1. Material proportions in sample content (wt. %)

Material M-0 MK-10 MA-10
Phenolic resin 20 10 10
Steel wool 5 5 5
Alumina 8 8 8
Brass swarf 5 5 5
Graphite 5 5 5
Copper swarf 8 8 8
Cashew 8 8 8
Banana peel 0 10 0
Banana tree bark 0 0 10
Barite 41 41 41

Pads are produced by powder metallurgy method. Banana
peels were dried and then powdered in a ball grinder at 200
rpm. Powdered banana peels were sieved for 15 minutes by
vibrating sieve and size analysis was performed. Banana peel
powders (MK) with a size of 250 pm were used in the pad.

Banana tree waste was cut into pieces and dried. The dried
banana tree was powdered in a ball grinder at a speed of 200
rpm. It was sieved for 15 minutes by vibrating screen and
250 um banana tree powder (MA) was obtained.

Mixtures in the ratios given in Table 1 were prepared and
mixed in a mixer for 10 minutes to form a homogeneous mix-
ture. After the mixing process, the mixture obtained was
pressed in a cold press mold with a diameter of 25.4 mm and
a height of 30 mm for 2 minutes at a pressure of 80 bar. In
order to increase the breaking and abrasion resistance of the
pad, hot pressing process was carried out in hot process mold
at 150 °C with 100 bar pressure and in 10 minutes. The gases
formed during the hot-pressing process were ventilated at
certain intervals in order not to create pores and micro gaps
in the pad.

2.2 Experiments

The friction coefficient and wear tests of the pads were
done on a pin-on disc type test device. Detailed information
about the computer-controlled test device with the disc and
caliper system of a vehicle shown in Fig. 1 has been de-
scribed in other studies of the authors [21, 22]. By turning the
disc on the test device with the port and the insert before the
test, the negative effects that will affect the braking perfor-

mance due to the adhesions from the previous test were elim-
inated.

Fig. 1. Friction test device

The performance tests of the pads were carried out at 7 bar
braking pressure, 600 rpm speed and 10.8 km road. In order
for the pads to completely overlap with the disc surface, be-
fore the performance tests, pre-tests were performed at 3 bar
braking pressure, 300 rpm speed and for 300 s time.

In the pin-on-disc test device, the friction coefficient and
wear tests of the pads were done and tribological properties
were determined. The specific wear rate was calculated using
the equation specified in TSE 555 standards [23]. Infor-
mation on Equation 1 has been described in detail in other
authors' work [21, 22].
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Since the pads are porous, there are micro and macro gaps
in the inner structure and they do not have a smooth geomet-
ric shape, their density is determined by Archimedes princi-
ple. Information about the Archimedes principle equation 2
has been described in detail in other studies of the authors
[21, 22].

_ _Gk
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The hardness measurements of the pads were done at am-
bient temperature using Rockwell tester. Hardness values
were determined from five different points of the wearing
surfaces of the pad with a ball diameter of 6.35 mm and 100
N preload and 600 N full load.

3. Results and Discussion

In this study where banana peel powder and banana tree
powder are used as an alternative to phenolic resin in brake
pads, the curves of friction coefficient performance are
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shown in Fig. 2-4. During braking, the pads press on the disc
surface, allowing the vehicle to stop and slow down. As a
result of pressing on the disc surface, high temperatures are
reached. During braking, high temperatures cause the pad to
slide (fade). Conductive materials such as copper, brass
swarf, and steel wool are added to content to transfer the heat
generated during braking [24-26]. Air-cooled discs are
widely used in vehicles to quickly eliminate the temperature
on the disc. When Fig. 2-4 that the friction coefficient tem-
perature time graphs of the produced pads are examined, the
friction coefficient showed a more stability after 400 seconds
due to the effect of the temperature. It showed a better brak-
ing performance due to the low temperature before the 400th
second and the friction coefficient showed a higher trend. It
is an important feature that the structure of the brake pads
does not deteriorate due to the increase of the temperature
and that the friction coefficient continues stably [27]. When
the friction coefficient temperature time graphs are examined,
it is seen that the MK-10 coded pad sample has a slower de-
crease in friction coefficient and shows a higher friction co-
efficient average compared to the MO and MA-10 coded pad
samples. It can be said that the MK-10 coded pad sample,
which has a high coefficient of friction, increases the disc
surface temperature value. It is desirable that the resin does
not lose its binding properties at high temperatures in the
pads [28].
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Fig. 2. Graphic of M-0 coded pad
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Fig. 3. Graphic of MK-10 coded pad
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Fig. 4. Graphic of MA-10 coded pad

When Fig. 2-4 and Table 2 are examined, the highest co-
efficient of friction was 0.39 in the MK-10 coded pad sample
containing 10 % phenolic resin and 10 % banana peel. The
maximum temperature generated by the MK-10 coded pad
on the disc surface is determined as 202 °C. The friction co-
efficient 0.31 in the MA-10 coded pad sample with 10 %
phenolic resin and 10 % banana tree waste content and the
maximum temperature formed on the disc surface as a result
of friction was 182 °C. The average friction coefficient of the
MO coded pad sample containing only 20 % phenolic resin
as binder was determined as 0.33 and the temperature it
formed on the maximum disc surface was determined as
178°C. The pad containing phenolic resin as binder has been
shown to perform better than banana tree powder, but lower
than banana peel powder. It was determined that the banana
peel used in the MK-10 coded pad positively affects the bind-
ing in the mixture and preserves the binding feature with the
increase in temperature, but does not affect the friction coef-
ficient despite the high temperature.

It is desired that the pads have a high coefficient of friction
in order to have good braking performance during slowing
or stopping the vehicle. High coefficient of friction occurs as
a result of friction of the pads on the disc surface, but this
affects the lifetime of the pad. Pads are required to exhibit
high friction coefficient performance and, accordingly, low
wear rate [29]. Low wear rate in pads or high resistance
against wear provides longer use of the pad.

The specific wear, hardness, density and friction coeffi-
cient of the pads produced are shown in Table 2. When Table
2 is examined, it is seen that the sample with code MA-10
has the lowest wear rate. However, the low coefficient of
friction, another important feature in the pad, affects the us-
ability of the pad coded MA-10. The wear rate obtained as a
result of the tests performed on the MK-10 coded pad, which
has the highest friction coefficient average, was determined
as 1.69x10-7 cm3/Nm. Due to the high coefficient of friction,
it is seen that it is in an acceptable value range compared to
the wear rate [23].

Table 2. The results of the tests

Sample code | M-0 | MK-10 | MA-10
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=The average friction co- 033 0.39 031
efficient (pavg)
Specific wear rate x10°7
(cm¥/Nm) 141 1.69 1.39
Hardness (HRL) 90 87 82
Density (g/cm?) 1.46 1.50 1.42
Friction stability (%) 68 75 70

The pad production stages are the parameters that affect
the hardness and density values of the pad. The pressing pres-
sure applied during the cold and hot-pressing process in-
creases the density and hardness of the pad [30]. In the sam-
ples with M-0, MK-10 and MA-10 codes produced under the
same production conditions, the density of the MK-10 pad
was determined as 1.50 g/cm?®, the density of the MA-10 pad
was 1.42 g/cm® and the density of the M-0 pad was 1.46
g/cm3. The use of waste banana peel powder in combination
with phenolic resin increases the density of the pad, while the
use of banana tree waste powder has reduced the pad density.
The hardness of the pad using phenolic resin was higher than
the hardness of the pads using banana peel and banana tree
powder. The best friction stability was obtained from the
MK-10 coded pad sample with banana peel powder content.

The undesirable changes resulting from the separation of
small particles from the surface of the material as a result of
mechanical factors are reported as abrasion [31]. The micro-
structure reviews of the wearing surfaces of the pads are
shown in Fig. 5-7.

When Fig. 5-7 showing the structures of the wear surfaces of
the pads examined by scanning electron microscopy with 10
pm and 500 magnification, it is seen that micro and macro
adhesion areas are formed as a result of high mechanical
stresses on the wear surfaces of the pads during braking. The
abundance of adhesion areas on the wear surfaces shows that
the pad shows an effective braking performance [32]. In ad-
dition, abrasions due to small pieces broken from friction
materials are observed. It is seen in the figures that micro
gaps are formed on the wear surface of the pad as a result of

dynamic force during braking. It is seen that the adhesion ar-
eas are higher in the MK-10 pad sample where the friction
coefficient is high and the adhesion regions are lower in the
pad sample with MK-10 code. This shows that braking is
more effective in the brake pad sample MK-10.

Fig. 6. SEM image of wear surface of MK-10 coded pad

H Mag X d
Fig. 7. SEM image of wear surface of MA-10 coded pad

3. Conclusions

In this study, two different pads containing banana peel
powder and banana tree powder, which are alternative to the
phenolic resin material used as a binder to keep the materials
in the pad together, were evaluated by comparing the brake
performance. As a result of the experiments;

* The use of banana peel powder together with the phe-
nolic resin in the pad has a positive effect on the friction co-
efficient of the pad.

* The use of banana waste in combination with the phe-
nolic resin in the pad has increased the friction stability by
exhibiting a more stable friction coefficient.

* The use of banana tree bark powder and banana tree pow-
der in combination with the phenolic resin has reduced the
hardness of the pads.

» While the use of banana tree powder in the pad content
decreases the density, the use of banana bark powder in the
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pad content increased the density.

* The use of banana peel powder and banana tree powder
in the brake pad content will create a new field in the evalu-
ation of waste products.
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