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Abstract

Automobile Brake linings material usually is made with asbestos. It is now generally known that during
practical use, asbestos releases hazardous gases which can cause damages to human health and this is not
desirable, which led to search for more human friendly materials. Asbestos-free brake lining was developed in
this work using periwinkle shell and cow horn with epoxy resin as the based material. This was with a view to
exploiting these agro fillers which are environmental and human friendly but are largely discarded as waste
materials to replace asbestos which poses health hazard. Samples of brake pads linings were produced (Sample
A-E) using particle size of 250um by compressive moulding using different CHPS (filler) loading. The physical,
mechanical properties and tribological properties of produced brake lining samples were studied. The results
obtained showed that proper bonding was achieved as the percentage by weight of epoxy resin increased and
percentage by weight CHPS decreased. The compressive strength, hardness, abrasion resistance, coefficient of
friction, density, water and oil absorption and wear rate of the brake linings were determined and compared with
existing brake lining properties. The result obtained indicates that CHPS can be used for automobile brake pad
lining as replacement for ashestos.
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INTRODUCTION use of asbestos has been discontinued due to its
Brake pad materials usually are made with asbestos, health hazard (it’s carcinogenic) (Aigbodion et al.,
metals and ceramics. Brake linings are the 2010). As a result researchers are compelled to search
consumable surfaces in brake systems, such as drum for alternative materials to replace ashestos.

brakes and disc brakes used in automobiles. Brake

linings are composed of a relatively soft but tough In recent times, researches have carried out in the
and heat-resistant material with a high coefficient of area of development of asbestos-free brake linings
dynamic friction and ideally an identical coefficient exploring the potentials of using some agricultural
of static friction typically mounted to a solid metal wastes in brake lining development.

backing using high temperature adhesives or rivets.

The complete assembly is often called a brake pad Eco-friendly brake linings using banana peels was
(Hase and Belkar, 2015). Brake pads are the most investigated and the findings concluded that banana
important safety and performance components in peels can effectively replace asbestos (ldris et al.,
automobiles (Aigbodion et al., 2010). They convert 2015). The use of pulverised cow hooves was
the kinetic energy of a moving vehicle to thermal investigated and they reported that pulverised cow
energy by friction during braking process. hooves can be used to replace asbestos.

Asbestos fibres is the major component in the brake The use of coconut shell and palm kernel shell (PKS)
pad lining materials which is embedded in polymeric has been investigated [Dagwa, 2015; Dagwa and
matrix along with some other ingredients (Nuhu and Ibhadode, 2006;0Olumodeji and Adeyemi, 2008);
Adeyemi, 2015). The basic ingredient which is used while investigation on asbestos-free brake lining
to produce a brake lining consist of binders, using bagasse (Aigbodion et al., 2010) concluded that
reinforcing fibres, fillers, friction modifiers/additives, bagasse can be used for automotive brake linings.
and organic materials. Brake linings have be The properties of periwinkle shell was evaluated and
commercially produced from asbestos as filler due to used to develop brake lining (Aku, et al., 2012) and
its desirable engineering characteristics such as the results proved that it can be used as brake friction.
,thermal stability up to 490 - 500°C, its strong and PKS and cow bone particles was investigated as
flexible, thermal insulating properties, and its ability alternative for brake pad formulation (Mayowa et al.,
to generate friction surface during usage (Hase and 2015).

Belkar, 2015). In spite of its desirable properties, the

48



Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 10(2):48-53 (ISSN: 2141-7016)

Most recently, Pulverized cocoa bean shell based
brake lining were developed and evaluated with
epoxy as binder and powder metallurgy technique
(Adeyemi et al., 2016). In spite of this, relatively
little work has been carried out on the development
of brake pad lining composites containing cow horn
as filler and hybrid materials both of animal origin.
The research work presented in this paper focuses on
the development of brake linings using CHPS (an
animal by-product). The periwinkle shell and cow
horn were characterized in terms of its bulk density.
While the developed brake lining was evaluated in
terms of hardness, compressive strength, coefficient
of friction, oil and water absorption and wear rate.

Material and Method

(A)Periwinkle shell powder
Figure 1. Photographs of the selected materials

Production of Brake Lining Samples

Brake lining production involved this series of
operations which includes, mixing, hot pressing,
cooling, post-curing and finishing (Olumodeji and
Adeyemi, 2008). The weights of the epoxy resin and
hardener (ratio of mixture 2:1), periwinkle shell and
cow horn mixture (1:1) were varied according to the
formulation given in Table 2

Five test samples were produced by pouring the
mixtures for each of the formulation into a container

Table 2: Formulation Table

The cow horn were obtained from a local abattoir in
Samaru, Zaria while periwinkle shell were obtained
in Sabongari market Zaria, they were both washed
and properly sun-dried. The cow horns were further
dried in an electric vacuum oven for three hours for
250%:C to remove contaminating oil. They were both
crushed using pestle and mortar and further grounded
into powder in a special mill and thereafter sieved
using sieve size of250pm respectively as shown in
Figure 1. Graphite was obtained from dead dry cell
batteries which was crushed into powder and sieved
using 250pum sieve size. Aluminium oxide, zinc
oxide, copper oxide were obtained from Steve Moore
chemicals limited and epoxy resin and hardener were
bought from a trusted supplier in Lagos state.

(B) Cow horn Powder

and stirred thoroughly to obtain a homogenous matrix
mixture. The mixture was then poured into a mould
of length = 150mm x100mx 10mm(Figure 2), then
transferred to a hydraulic press (Caver model
4553.4d10B00) and subjected to a hot press at
temperature of 120°C, and pressure of 30MPa for
5minutes. The samples were then allowed to cool at a
room temperature, and they were subsequently post
cured in an oven at a temperature of 120°C for
30minutes and allowed to cool to room temperature.

Samples in weight (%)

SIN Materials Sample A Sample B Sample C Sample D Sample E
1 Epoxy + hardner 60 54 48 42 36

2 Cow horn + Periwinkle 26 32 38 44 50

shell

3 Alummium oxide 4 4 4 4 4

4 Copper oxide 3 3 3 3 3

5 Zinc oxide 2 2 2 2 2

6 Graphite 5 5 5 5 5

(E)
Figure 2: Photographs of the produced brake linings
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Several analysis (testing) were conducted on the
developed CHPS brake linings as presented below:

Water and Oil Absorption

The water and automobile engine oil (SAE 60)
absorption of the samples was determined by soaking
the samples in water and oil for 48 hours
respectively. Before the test, the samples were oven
dried and the weighed until a constant weight is
obtained. The samples were cleaned after 48 hours in
water and oil, and weighed. The percentage
absorption was calculated using equation 1. (Katsina

etal., 2015).
i W,—W,
Absorption = > #100% (1)

WhereW;= Weight_of sample before immersion (g),
W,= weight of sample after immersion (g).

Density Test

Density test was conducted on the experimental brake
lining by using Archimedes’ principle. This principle
was useful for determining the volume and therefore
the density of anirregularly shaped object by
measuring its mass in air and its effective mass when
submerged in water. Density was calculated using

equation 2.
weight in air

Density= (2

volume of water displaced

Hardness

The hardness value which measures the resistance of
the produced brake linings to indentation was carried
out using the Shore A hardness tester (Muver
Durometer). It was done according to ASTM D2240.
Each sample was placed on a hard flatten surface.
The indenter of the instrument was then pressed into
the specimen. The hardness value was read from the
durometer.

Compressive Strength
The resistance of the developed brake linings to
compression under compressive forcewas performed
using the universal material testing machine (Cat.
Nr.261 model). Each sample was cut into dimension
of 7mmx 7mm placed between the plates of the load
frame. Force was applied gradually using the handle
of the machineuntil failure occurred and the value
was displayed on a digital device. Three samples
from each formulation were tested for compressive
strength and the average calculated. Compressive
strength (oc) of the brake linings was calculated
using equation 3 below:

0. =3 3)
Where F = Applied force, A = cross sectional area of
the sample

Coefficient of Friction Test
The coefficient of friction between the brake linings
and steel ball was determined using a Tribometer

(AntoPaar 6.1.19).A circular shape specimen with
radius of 5mm was mounted on jaw chuck of the
tribometer, it was clamped and the steel ball was
placed on the disk (sample) and set to a linear speed
of 10cm/s, normal load of 10N and 700lap and
coefficient of friction was measured.

Wear Rate Test

The wear rate of the brake lining was determined
using and abrasion machine Fortuna- Wepke
Abrasion tester (158/2FBM). A known mass of a
circular sample of diameter 10mm was subjected to
an abrading surface at al000 revolution per minute
for one hour after which the sample was re-weighed
after removing any dust or abraded material adhering
to the surface of the sample. The wear rate of the
sample was calculated using equation 4.
':J'd'__J'"fz:'

InNRt “)
M;= mass of sample before wear, M, = mass of
sample after wear, R = radius of sample (m), N =
speed in rpm, t = time it takes each sample on the
machine (min).

Wear rate =

RESULTS

Figures 3 to 9 shows results for water and oil
absorption, density, hardness, compressive strength,
coefficient of friction and abrasion resistance test for
the developed brake lining samples respectively.
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Figure 3. Variation of water absorption with different
samples of developed brake lining
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Figure 4. Variation of oil absorption with different
samples of developed brake lining
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Figure 5. Variation of density with different samples
of developed brake lining
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Figure 6. Variation of Hardness with different
samples of developed brake lining
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Figure 7. Variation of compressive strength with
different samples of developed brake lining
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Figure 8. Variation of coefficient of friction with
different samples of developed brake lining
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Figure 9. Variation of Wear rate with different
samples of developed brake lining

DISCUSSION

Figure 3 and 4 show results for water and oil
absorption respectively. The behaviour of polymer-
filled composites to water absorption at a particular
environmental condition has been found to be
determined by many factors, such as processing
techniques, matrix filler characteristics, composition
of the composites, and duration of immersion in
water (Ramakrishna et al, 2006; Natarajan et al.,
2012). These properties increases as the percentage
by weight of epoxy resin decreases and CHPS (filler
loading) increases. These can be attributed to the
increased pores space due to decrease in interfacial
bonding between the resin and other additives.
Samples A and B have the best porosity property,
therefore, can be recommended for brake lining for
commercial application.

The density results are presented in Figure 5, from
the graph, it can be seen that that densities of the
samples increased from sample A to C and was
almost constant for Sample D to E as CHPS loading
increased and percentage by weight of epoxy and
hardener deceased. Increase in density was attributed
to increased packing of filler particles forming more
homogeneity in the entire phase of the brake lining
composite (Ademoh et al., 2015; Edokpia et al.,
2014).

From the result of hardness test shown in Figure 6,
the hardness (Shore A) values increases as the
percentage by weight of epoxy resin and hardener is
increased and CHPS (filler loading) decreased. The
high value hardness can be attributed to the polymer
resin used (Natarajan et al., 2012,) and good
interfacial bonding between the resin and filler.

From the compressive strength results shown in
Figure 7, the compressive strength values of the
brake lining formulation increased as the percentage
of CHPS loading decreases and percentage of epoxy
resin and hardener increased. This may be attributed
to good particles dispersion and distribution in the
polymer matrix, better adhesion which in turn gave
the better particles-resin interaction and consequently
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increases the ability of the brake lining composite to
restrain gross deformation/failure. (Idris et al., 2015).
The result of coefficient of friction is shown in Figure
8. The coefficient of friction value obtain for the
produced brake lining sample vary from 0.31 to 0.41.
The coefficients of friction of all the samples fall
within the recommended commercial standard ranges
of 0.3 to 0.45 for automotive brake linings system
(Idris et al., 2015)

The result of wear rate of the produced brake lining
samples is presented in Figure 9. From the graph, the
value of the wear rate decreases as the percentage by
CHPS loading decreases and percentage by weight of
epoxy resin and hardener increased. This may be
attributed to closer packing of the microstructure and
better interfacial bond between the filler particles and

the epoxy resin, (Aigbodion et al., 2010) reducing the
possibility of particle pull out from its component
part of the composite (Ruzaidi et al.,2011).

Comparison of CHPS brake lining with commercial
and some other experimental existing linings

A comparison of properties of the formulated
samples shows that samples A and B have properties
comparable with that of commercial brake pad lining
(ashestos based) and other experimental formulated
ones as shown in Table 3.

Table 3. Comparison of results of CHPS brake lining with existing formulations

Property Commercial | Formulatio | Formulatio | Sample (S7) Sample A | Sample B
(Asbestos n (PKS n (Bagasse | (Pulverized (CHPS (CHPS
based) based) based) cow hooves) based) based)

Water absorption (%) 0.90 5.03 3.48 1.54 1.01 111

Oil absorption (%) 0.30 0.44 111 0.83 0.71 0.79

Density (g/cm®) 1.89 1.79 1.84

Hardness (Shore A) 72.67 (Shore D) | 93 90

Compressive strength (MPa) 110 103 105.60 84.23 86.94 84.55

Wear rate (g/m) 3.8x10-4 4.4x10-4 4.2x10-4 2.08x10-4 3.56x10-4 | 3.70x10-4

Coefficient of friction 03-04 0.43 0.42 0.42 0.31 0.32

Toxicity Toxic Non-toxic Non-toxic Non-toxic Non-toxic | Non-toxic

CONCLUSION 54% epoxy resin plus hardener gave the better

CHPS contain non-toxic element was used as filler to
produce CHPS based composite brake pad lining.
The newly developed automotive brake lining was
investigated by determining its physical, mechanical
and tribological properties. Based on properties like
density, water absorption, oil absorption, density,
hardness, compressive strength and coefficient of
friction, the results obtained for the animal by-
product based brake linings compared favourably
with that of commercial brake pad (asbestos) and
other existing brake linings. Compressive strength,
hardness, density and coefficient of friction of the
produced samples were seen to be increasing with
increase in percentage epoxy resin plus hardener and
CHPS decreased. While the water and oil absorption
and wear rate decreased as epoxy resin plus hardener
increased and CHPS decreases. The sample A
containing 26% CHPS, 60% epoxy resin plus
hardener and sample B containing 32% CHPS and
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properties for brake lining formulation an indication
that, CHPS can be used to replace asbestos in brake
lining formulations for automobile applications.
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