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Abstract 

he discovering of asbestos as friction 

material for brake was a breakthrough in 

the manufacturing of modern friction 

material for brake pads and linings. In early 70’s 

it was discovered that asbestos is carcinogenic, 

and this post a great danger to human health, 

hence a legislative ban on the use of asbestos in 

materials especially the brake pad and lining. The 

banned spark intensive research on alternative 

materials for brake pad, in the area of agro-

waste, materials like palm kernel shell, cocoa 

beans shell, coconut shell, cow bones, cow hoof, 

periwinkle shell, banana peel, maize husk and 

rice husk have been researched as materials for 

brake. Other materials investigated are metals of 

different types like cast iron, copper, titanium, 

bronze, aluminium, and ceramics were 

developed as alternative materials for brake pad. 

Among these materials ceramics seems to have 

better properties but one of its drawbacks is the 

cost of production because of high specialized 

equipment required in 

the production of 

ceramic fibre. This 

review looked at an 

alternative for 

ceramics that is rocks 

especially basalt rock. 

This rock has similar 

chemical 

compositions with 

ceramics, and it is 

available in abundant 

quantity hence there 

is need to research in 

the area. 
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INTRODUCTION  

rake system play a significant role in the safety of automobile, it 

function is to reduce the speed of an automotive (Car) until it 

comes to rest. This is achieved by converting the kinetic energy 

of the car to heat energy at the wheel this heat is dissipated to the 

atmosphere. Two brake pads are contained in the brake calliper with 

their friction surfaces facing the brake disc, when the brake is applied, 

the calliper clamps or squeezes the two pads together against the 

rotating disc to slow down the car until it come to rest. Brake materials 

have additional requirements, like resistance to corrosion, light weight, 

long life, low noise, stable friction, low wear rate, and acceptable cost 

versus performance. There are two common types of friction brakes - 

drum/shoe brakes and disk/pad brakes. The design of the brakes affects 

heat flow, reliability, noise characteristics, and ease of maintenance. 

 

Function of brake pad 

Brake pad is a heterogeneous component that composed of different 

elements. Each constituent element has its own functions which include 

improvement of frictional properties at low and high temperature, 

reduce noise, prolong life, increase strength and rigidity as well as reduce 

porosity. Changes in the weight percentage or types of elements in the 

formulation may result to the alteration of the chemical, mechanical and 

physical properties of the brake pad materials developed ( Cho et al., 

2005 and Mutlu et al., 2005; Zaharudin et al., 2012). Early researchers have 

concluded that no simple correlation exist between wear and friction 

properties of frictional materials with the mechanical and physical 

properties (Talib et. 1al., 2006; Todorovic, 1987 and Tanaka et al., 1973).  

Brake pads convert the kinetic energy of the vehicle to thermal energy 

through friction. Two brake pads are contained in the brake caliper, with 

their friction surfaces facing the rotor. When the brakes are hydraulically 

applied, the caliper clamps or squeezes the two pads together onto the 

spinning rotor to slow and stop the vehicle. When a brake pad heats up 

due to contact with the rotor, it transfers small amounts of its friction 

material onto the disc, leaving a dull grey coating on it. The brake pad 

and disc (both now having the friction material), then "stick" to each 

other, providing the friction that stops the vehicle.  

B 

https://en.wikipedia.org/wiki/Kinetic_energy
https://en.wikipedia.org/wiki/Thermal_energy
https://en.wikipedia.org/wiki/Friction
https://en.wikipedia.org/wiki/Disc_brake#Calipers
https://en.wikipedia.org/wiki/Hydraulically
https://en.wikipedia.org/wiki/Disc_brake
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In disc brakes, there are usually two brake pads per disc rotor. These are 

held in place and actuated by a caliper affixed to the wheel hub or 

suspension upright. Racing calipers, however, can utilize up to six pads, 

with varying frictional properties in a staggered pattern for optimum 

performance. Depending on the properties of the material, the weight 

of the vehicle and the speeds it is driven at, disc wear rates may vary. The 

brake pads must usually be replaced regularly (depending on pad 

material) to prevent brake fade. Most brake pads are equipped with a 

method of alerting the driver when this needs to be done. A common 

technique is manufacturing a small central groove whose eventual 

disappearance by wear indicates the end of a pad's service life. Other 

methods include placing a thin strip of soft metal in a groove, such that 

when exposed (due to wear) the brakes squeal audibly. A soft metal 

wear tab can also be embedded in the pad material that closes an electric 

circuit when the brake pad wears thin, lighting a dashboard warning 

light.  

 

REVIEW OF NON-ASBESTOS FRICTION MATERIALS 

History records the use of many kinds of materials for brakes (‘friction 

materials’). For example, wagon brakes used wood and leather. In fact, 

many current brake materials still contain organic-based materials, like 

polymers and plant fibers. Emerging railroad technology in the1800’s 

required brake materials to perform under high loads and speeds. 

Friction experiments were conducted with iron brake shoes in the 1870’s 

(Blau, 2001). 

Brake pad and shoe additives serve a variety of functions. Even a 

difference of a percent or two of additive concentration can affect 

performance, so composition control is important (Blau, 2001). 

The gradual phasing-out of asbestos in automotive brake friction 

materials in many parts of the world because of its health challenge has 

sparked the onset of extensive research and development into safer 

alternatives materials. As a result, the brake friction industry has seen the 

birth of different brake pads and shoes in the past decade, each with 

their own unique composition, yet performing the very same task. 

Ibhahode and Dagwa (2008), developed an asbestos-free brake pad 

material using Palm Kernel shell (PKS) as base materials, other materials 

https://en.wikipedia.org/wiki/Suspension_(vehicle)
https://en.wikipedia.org/wiki/Electric_circuit
https://en.wikipedia.org/wiki/Electric_circuit
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used in the profdcution of the composite material are Cashew nut shell 

liquid, carbon black, iron ore, brass chips, ceramics, Sulphur, quartz and 

calcium carbonate. 

Taguchi design of experiment was used to obtained the manufacturing 

parameters and standard test conducted. 

The result shows that the coefficient of friction is 0.43, compressive 

strength 103MPa, shear strength 2.45MPa, tensile strength 6.8MPa, the 

thermal conductivity 1.46W/mK, porosity 22.45%, water absorption 5.03% 

and oil absorption of 0.4%. the result also shows that the specific gravity 

of the material is 1.65 and an average wear of 4.4mg/brake application 

against the standard wear 3.0mg/brake application.  

Ikpambese et al (2014), evalusted the performance of palm kernel fibre 

as a friction material for brake pad, other materials used in the composite 

of the brake pad are epoxy resin, aluminium oxide, graphite and calcium 

carbonate. The composition of the materials is shown in table 1 

 

Table 1: Evaluation of palm Kernel Fibre for Production of Asbestos-Free 

Automotive Brake Pads. 

S/N Material S1  S2 S3  S4  S5 S6 

1 Epoxy resin (wt%) 15 19 23 25 30 40 

2 Palm Kernel Fibre (wt%) 35 6 27 30 40 10 

3 Aluminium Oxide (wt%) 5 0 10 5 5 6 

4 Graphite (wt%) 5 5 10 5 5 29 

5 Calcium Carbonate (wt%) 40 70 30 35 20 15 

6  Total 100 100 100 100 100 100 

 

The Palm Kernel shell was ground to a sieve size of 100𝜇𝑚 and mixed 

with other materials and compressed in a mould. The six samples were 

produced based on the weight percentages as shown in table1. 

The result shows that the wear rate increased with increased in speed 

for all the samples, this is attributed to the fact that as the speed 

increased the surface contact also increased resulting to high 

temperature and subsequently high wear rate. The rate ranges between 

3.62-9.29mg/m. Samples S1 and S3has a wear rate of 3.62mg/m and 

3.64mg/m respectively which are less than that of commercial brake pad 
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with 3.8mg/m. it is also better than of Palm Kernel shell as reported by 

Aigbodion et al. (2010). 

The coefficient of friction of the material decreased with increased, the 

values obtained for S1 and S3 are 0.3 and 0.4 respectively. The porosity 

of the brake pad material is between 10-32% and the acceptable value 

varied from 13-23% as reported by Chand et al (2004). 

Ibrahim et al (2017) also produced a brake pad from Palm Kernel Shell, 

phenolic resin, Aluminium oxides, Graphite and Calcium carbonate in a 

ratio of 40%, 50%, 3%, 3%, 4% respectively. The result shows the brake pad 

has friction coefficient of 0.39, water absorption of 4%, abrasive 

resistance of 97%, swelling thickness of 1%.  

Onyeneke et al (2014) similarly produced brake pad using periwinkle, 

coconut shell, araldite and epoxy,arbon, aluminum, copper and zinc. Test 

result show the brake pad has a bonding strength of 2.5MPa – 2.7MPa, 

friction coefficient of 0.4-0.6 and Vickers hardness of 80-85. Other 

parameters were not determined. 

Lawal et al 2017 produced an asbestos free brake pad using saw dust of 

difference sieve size of 100µm, 355µm, 710µm as base material of 55%, 

steel dust 15%, graphite 5%, silicon carbide 10% and epoxy resin 15% using 

compression moulding method. Hardness, compressive strength, 

density, ash content, wears rate and water absorption were examined 

the result obtained reveal the finer sieve size has better properties. 

Mutlu et al (2015) studied the effect of porosity in friction performance 

of brake pad using waste tire dust (WTD), other materials used in the 

production of the brake pad are phenolic resin, copper particles, Al2O3 

graphite, brass particles, cashew and barite. The volume fraction of the 

waste tire dust was varied from 5%-15% while the volumes fraction of 

other materials was maintained constant.  

The composition of the constituent materials is shown in table 2. 

 

Table 2: The Effect of Porosity in Friction Performance of Brake Pad 

Using Waste Tire Dust. 

S/N Material WTD1  WTD2 WTD3  WTD4  WTD5 

1 Phenolic resin (wt%) 20 20 20 20 20 

2 Cu particle (wt%) 15 15 15 15 15 



 

 

 
193 

MEDITERRANEAN PUBLICATION 
AND RESEARCH INTERNATIONAL 

INTERNATIONAL JOURNAL – PAS  
VOL. 17 NO.9 SEP-2021 ISSN: 1660-5332 

EDITOR-IN-CHIEF 
Prof. E McLenna [Australia] 

3 Al2So3  (wt%) 5 5 5 5 5 

4 Graphite (wt%) 5 5 5 5 5 

5 Brass particle (wt%) 2.5 2.5 2.5 2.5 2.5 

6 Barite (wt%) 37.5 35 32.5 30 17.5 

7 WTD (wt%) 5 7.5 10 12.5 15 

8 Total  100 100 100 100 100 

 

The test result shows that WTD2 and WTD3 have fluctuation in 

coefficient of friction from 100th second to 400th second which shows 

rapid increase and decrease in coefficient of friction at temperatures of 

2500C and 3500C.  

The study also revealed the importance of porosity in decreasing the 

noise when brake is applied at high speed, it helps venting the 

decomposed gasses in brake pad. 

Amaren et al (2013), investigated the the effect of particle size on the 

wear behaviour brake pad produced from periwinkle as a base material. 

Pin on disc was used to perform the wear test under different test 

conditions such as periwinkle particle size, sliding speed, applied load 

and temperature. The results of the study showed that wear rate 

increase with increasing particle size of the periwinkle, sliding speed and 

temperature. 

Balaji and Kalaichelvan (2012), deployed the use of Golden ratio 

optimization tool to investigate the wear characteristics of non-asbestos 

semi-metallic brake pad material. Materials selected are shown in table 

3. The golden ratio optimization tool generated 18 sets of composition. 

Therefore, 18 samples were produced. 

The result shows that the sample with better wear rate of 6.16% and 

coefficient of 0.475 has a material composition as shown in table 3. 

 

Table 3: Optimization of Non -Asbestos Semi-Metallic Disc Brake Pad 

Formulation with Respect to Wear and Friction. 

S/N Material Composition (wt%) 

1 Steel wool 13.3 

2 Copper chips 21.5 

3 Graphite 6.4 
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4 Zircosil 10.3 

5 Barytes 3.9 

6 NBR 6.4 

7 Phenolic resin 38.2 

 

Nwigbo and Asogwa (2016) Evaluate the performance rice husk and palm 

kernel shell powder as a material for brake pad, other materials are silica, 

calcium carbonate, powder graphite and epoxy resin were used to 

formed the composite material for the brake pad. 

The result shows that the hardness of the brake pad specimens range 

from 238BH and 205.3BH, the highest hardness has a composition of 23g 

of palm kernel shell, 40g of rice husk, 5g of silica, 5g of calcium carbonate 

and 22g of graphite.  

The water absorption decreased as weight ratio of rice husk, epoxy and 

palm kernel increase. The TGA shows the material has a thermal stability 

of up to 6000C before degradation of the material commenced. 

The coefficient of friction of the material ranges between 0.3 to 0.39, the 

percentage wear loss is between 0.4% to 4.5% at a speed range of 

60km/hr to 250km/hr. the % wear increased as the speed increased. 

Adeyemi et al (2016), investigated the use of ternary Agro-waste as filler 

in brake pad material. The ternary Agro-waste was an intermixed of 

(Cocoa Beans Shell CBS, Maize Husk MH and Palm Kernel Shell PKS). 

These materials were combined with other materials as shown in table 4 

to form the composite of the brake pad materials. 

 

 Table 4: Development of Asbestos-Free Automotive Brake Pad Using 

Ternary Agro-Waste Filler. 

S/N Material S1  S2 S3  

1 Epoxy resin (wt%) 50 55 60 

2 CaCo3 (wt%) 4 4 4 

3 PKS powder (wt%) 6 6 6 

4 MH powder (wt%) 15 12 9 

5 CBS powder (wt%) 10 8 6 

6 Silica (wt%) 7 7 7 

7 Iron oxide (wt%) 3 3 3 
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8 Graphite powder (wt%) 5 5 5 

9 Total 100 100 100 

 

The result shows that the coefficient of friction in increased with 

increased in filler (Palm Kernel Shell, Maize husk and Cocoa beans shell). 

The wear rate decreased as epoxy resin content increased in the 

formulation this is attributed to increase in the interfacial bonding 

between the materials particles. 

It is noted that the water absorption of the composite material 

decreased as the filler (PKS, MK and CBS) content decreased. The result 

shows that the tensile strength decreased as the filler content with 

increased in filler content. 

The result also revealed that the compressive strength increased with 

increase in epoxy content. 

Adeyemi et al (2016), developed a brake pad material using Cocoa Beans 

Shell (CBS) and other materials such as epoxy resin, calcium carbonate, 

iron oxide, silica and graphite powder. The composition of the 

constituent materials is shown in table 5. 

 

Table 5: Development and Assessment of Composite Brake Pad Using 

Pulverized Cocoa Beans Shell Filler. 

S/N Material S1  S2 S3  

1 Epoxy resin (wt%) 50 55 60 

2 CaCo3 (wt%) 4 4 4 

3 Cocoa beans shell (wt%) 31 26 21 

4 Silica (wt%) 7 7 7 

5 Iron oxide (wt%) 3 3 3 

6 Graphite(wt%) 5 5 5 

7 Total 100 100 100 

 

The result shows that the density of the material increased with increase 

in filler (CBS). The wear rate result shows that the wear increased with 

increase in epoxy resin and decreased with increase in filler (CBS). 

The coefficient of friction of the material increased with increase in the 

cocoa beans shell and vice-versa. 
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The thermal conductivity is optimum at 26% of the cocoa beans shell 

content and decreases as the cocoa beans shell content increase. 

The hardness result shows that the hardness is lower at the 26% cocoa 

beans shell and higher when the cocoa beans shell was increased to 31%, 

it is also higher t 21% (CBS) content. 

Idris et al (2013), explored the use of banana peel as friction material for 

brake pad, phenolic resin was used as a binder and varied from 5-30% of 

weight at an interval of 5. 

The banana peel was dried and pulverized to a fine powder the 

experiment was conducted with carbonized and uncarbonized banana 

peel powder. 

The result shows that the compressive strength, hardness and specific 

gravity increased with increase in binder while water soak, oil soak, wear 

rate and percentage charred decrease with increase in wt% of binder. 

Coefficient of friction of the material also increased with increase in 

weight percentage of the resin, in all the result shows that 25% of 

uncarbonized and 30% of carbonized of the banana peel has the best 

result. 

Anand et al. (2020), investigated the use of waste tire rubber a micro 

filler in automotive brake lining material. Other constituent materials 

used in the production of the brake lining material and their 

compositions are shown in table 6. 

 

Table 6: Development and Assessment of Composite Brake Pad Using 

Pulverized Cocoa Beans Shell Filler. 

S/N Material Role  WTR1 WTR2  WTR3  

1 Waste Tire rubber 

(wt%) 

Filler 20 20 20 

2 Phenolic resin 

(wt%) 

Binder 15 15 15 

3 Coconut coir 

whisker (wt%) 

Reinforcement 5 5 5 

4 P-toluene Sulfonic 

acid (wt%) 

Hardener 5 5 5 

5 Graphite (wt%) Friction modifier dry 

lubricant 

2.5 2.5 2.5 
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The samples were produced in a metal mould of dimensions 

15cmx15cmx2cm, the interior was cleaned and the mixture was 

compressed inside the mould at a pressure of 14MPa. 

The result shows that as the waste tire particles increased the porosity, 

mass density and hardness decreased. The reduction in mass density was 

not due to porosity or interstitial gaps at the constituents but rather due 

to the lower density of the waste tire rubber filler. 

The coefficient of friction was found to decreased with increase in speed 

whereas friction was found to increased with load. The maxima of the 

coefficient of friction for all the compositions were observed at 50RPM 

and 9kg of normal load. As the waste tire rubber particle weight content 

increased the coefficient of friction increased, the highest value of 0.38 

recorded for the WTR3 composition. This slightly less than that of 

commercial brake pad of 0.42. 

Taiwo et al. (2019), study the effect of moulding pressure on brake lining 

produced from saw dust waste material, other materials used in the 

composite material are shown in table 7. 

 

Table 7:  Effect of Moulding Pressure on Brake Lining Produced from 

Industrial waste Material. 

S/N Material A B C  D  E 

1 Saw dust (wt%) 40 45 50 55 60 

2 Phenolic resin (wt%) 13 13 13 13 13 

3 Carbon black (wt%) 5 5 5 5 5 

4 Silicon carbide (wt%) 27 22 17 12 7 

5 Steel dust (wt%) 15 15 15 15 15 

 

The result shows that the density increased with increased in moulding 

pressure because the higher the moulding pressure the material become 

more compact and denser. Subsequently the increase in density causes 

the decreased in height of the compressed composite sample. 

The hardness of the material apparently increases with increase in 

moulding pressure. Increasing the moulding pressure will further 

compact the material thereby reducing the voids in the material. 
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It was observed that the compressive strength exhibited the same 

characteristic with the hardness, as the moulding pressure increases the 

compressive strength increases. 

Elahame et al (2014), produced an asbestos-free friction material from 

palm kernel shell (PKS), grahite, steel dust and sic using compression 

moulding. The constituent materials were ground to a sieve size of 

(1mm,710𝜇𝑚, 355 𝜇𝑚, and 100 𝜇𝑚) using a set of BS 410 standard sieve. 

The percentage composition of the selected materials is shown in table 

8. 

 

Table 8: 

S/N Material WTD1  WTD2 WTD3  WTD4  WTD5 

1 PKS (wt%) 35 40 45 50 55 

2  resin (wt%) 20 20 20 20 20 

3 Steel dust  (wt%) 15 15 15 15 15 

4 Graphite (wt%) 10 10 10 10 10 

5 Silicon carbide (wt%) 20 20 20 20 20 

8 Total  100 100 100 100 100 

 

The test result shows that the harness of the brake pad material 

decreased with increase in particle size, because the smaller the particle 

size the higher the bonding between the materials particles. Likewise, 

the compressive strength increased when using smaller size particle of 

100 𝜇𝑚  of the materials. 

The density of the brake pad material decreased with increase in particle 

size of the constituent materials because the larger the particle size the 

higher the porosity of the material. 

The wear rate of the material decreased with decreased in particle size 

due to close pack of the material. 

The result shows that the porosity deceased with decreased in particle 

size, also the water absorption decreased with decreased in particle size 

of the constituent materials. 

Adegbola., et al (2017) produced a composite material for brake pad 

from cow bone, the cow bones were washed, cleaned and sun dried for 

21 days, followed by oven drying at 105°C for 5 hours until the moisture 
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and oil content was almost completely eliminated. The dried bones were 

then charged into a hammer mill that reduces the size of the bones into 

smaller particle sizes. The product was transferred into a set of sieves of; 

+850 µm, +500 µm, +250 µm. While the oversize of +850µm was returned 

or recycled for regrinding until it passes through the sieves.  

Grinded bones with particle sizes of 250 µm, 500µm and 850 µm, were 

mixed with the 35%wt phenolic resin. Digital weighing balance was used 

for precision weight measurements. Twenty-five (25) test samples from 

each of the sieve size were then produced. Each composition was 

blended homogeneously. The mixed samples were then transferred to 

the designed mould kept at a temperature of 150o C. Mixtures were 

compacted at a pressure of 15MPa for 2 minutes using a 1560KN unaxial, 

hydraulic compression machine. Mould surface was polished with 

mould-releasing agent prior to loading to ease removal of produced 

composite from the mould. At the end of the hotpressing process, the 

composite brake pad samples were taken out of the moulds, allowed to 

cool at room temperature, and cured in an oven at a temperature of 120o 

C for 8 hours. 

The friction brake pads developed were subjected to various tests; these 

are hardness, water and oil absorption, wear characteristics, flame 

resistance, density and microstructural examination. The results of tests 

carried out were analyzed to determine the potential of the asbestos 

free brake pad for application as a brake pad material. The test results 

were compared with corresponding properties of conventional 

asbestos-based brake pads and from previous studies. The results made 

clear the effect of the physical and mechanical. 

The results of the average coefficients of friction for each of the sieve 

size cow bone-based brake pad compositions with the parameters used. 

The coefficient of friction decreased as sieve sizes of the cow bones 

increased in each composition. The coefficient of friction of each 

produced sieve sizes compares favourably with that of conventional 

brake pad obtained by standard method. The value for brake pad with 

250µm cow bones sieve sizes was the highest with friction coefficient of 

0.42 while 500µm and 850µm sieve sizes had 0.39 and 0.36 respectively. 

The coefficient of friction of conventional brake pad is usually in the 

range 0.3 - 0.4. It can be concluded that the developed brake pad satisfies 
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the requirement with 250µm excelling above the range for conventional 

brake pads. By comparison, friction coefficient of the developed brake 

pad 250µm, 500µm and 850µm varied above the mean values of that of 

commercial brake pad (0.35.) by 20%, 11.43% and 2.86% respectively. 

The test performed; flame resistance test after 10 minutes showed that 

the produced brake pad of sieve size 250µm is charred with only 12% ash. 

This makes it of better heat and temperature resistance than PKS-based 

and bagasse-based brake pad with 46% and 34% ash content respectively. 

The test results obtained from the experiment after 24 hours. The water 

and oil adsorbent property of the developed brake pad tends to increase 

as the sieve sizes increase from 250µm to 850µm in the formulation. This 

increased water and oil absorption rate was due to the decreased 

interfacial bonding between binder and filler particle which results in 

increased porosity. 

The variation of density with bone particle sizes. The density decreased 

as the bone particle sizes of the developed brake pad increased. The 

increase in density can be attributed to the decrease in particle sizes, that 

is, increased packing of cow bone particle. The 250µm has the highest 

density which is because of closer packing of cow bone particles creating 

more homogeneity in the entire phase of the composite body. 

Aigbodion et al. (2010), with the conducted a study using bagasse to 

produce brake pads in the ratio of 30% resin and 70% bagasse using 

compression moulding machine. The bagasses used in the study were 

sieve into grades of 100, 150, 250, 350 and 710µm. The binder used during 

the study was phenolic resin (phenol formaldehyde). During the 

experiment, the compression moulding machine was set to a moulding 

temperature of 140oC, moulding pressure of 100 KN/cm2 pressure and a 

curing time of 2 minutes and the final product was cured in an oven for 8 

hours. The optimal values of the properties examined during the study 

include hardness (92 at 3000 kgf), density (1.65 g/cm3), microstructure 

analysis, compressive strength (103.5 MPa), flame resistance (charred 

with 46% ash), water and oil absorption (5.04 and 0.44 %). From the result 

obtained, it was reported that the compressive strengths of the 

produced samples followed similar trend with that of the values of the 

hardness as each of the properties increases with decreasing sieve sizes. 

The microstructure of each sample was reported and the results showed 
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that as the particles size of the bagasse decreases, there was more 

uniform distribution of the resin with the bagasse which was attributed 

to the proper bonding between the resin and the bagasse as the sieve 

grade decreases. It was therefore concluded in the study that better 

properties of friction pad can be achieved using a lower sieve grade of 

100µm of bagasse with a composition 70% and 30% of resin.  

Ruzaidi et al. (2011) carried out a study to produce a non– asbestos brake 

pad at varying composition of palm ash and polychlorinated biphenyls 

(PCB) waste along with thermoset resin as a binder and metal filler as 

abrasive. In their study five samples were produced using compressive, 

the moulding pressure, moulding temperature and curing time of 122 

MPa, 150̊C and 5 minutes respectively and were tested to examine its 

water absorption rate, morphological properties, wear rate and 

compression strength.  The test results showed that the brake pads with 

higher percentage of palm ash gave the best mechanical and wears 

properties. This indicates that the wear properties of the produced brake 

pads are comparable with conventional brake pad. The study also 

concluded that brake pads can be developed by replacing asbestos with 

other reinforcement materials such as palm ash and PCB waste which 

could lower the cost of producing brake pad.  It was also opined that 

compressive strength of the product can be increased if the percentage 

of palm ash in the composition is also increased while the samples with 

higher palm ash content may give optimum wear properties and water 

absorption rate which will lead to better properties of brake pad 

application (Ruzaidi et al., 2011).  

There is significant research on Agro-waste as a friction material for 

brake pad because of the health implication of asbestos, other materials 

researched on are metal and ceramics.  

Among the three categories of brake pad materials that is organic, semi-

metallic and ceramics. Ceramics is adjudged to be the best material for 

brake pad, but it is expensive because of highly specialized equipment 

require in processing (Krenkel and Langhaf 2014). 

There is need to explore the area of igneous rock, some of these rocks 

are promising materials for brake pad. 

The igneous rocks like basalt rock, this rock is available and abundant in 

Bachit Riyom LGA of Plateau State. The rock was gotten from the source 
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and manually broken into smaller size before milling to powder an XRF 

was conducted at Nigeria Institute of Mining and Geoscience Tudun 

Wada Jos Plateau State. The chemical composition was compared with 

that of ceramics and there is significant similarity in the compositions of 

the two materials as shown in table 9. Hence it can be inferred that basalt 

rock powder can be a potential substitute for ceramics. 

 

Table 9: Chemical Composition of Basalt and Ceramics 

Chemical Composition of Basalt  Basalt%  Ceramics% 

  SiO2  52.8  67.35 

Al2O3  17.5  19.79 

Fe2O3  10.3  2.52 

TiO2  1.38  0.92 

CaO  8.59  2.32 

MgO  4.63  2.0 

Na2O  3.34  0.15 

K2O  1.46  4.13 

LOI 8.52  

 
Inconclusion the future development of friction materials for brake pad 
should be explored in the areas of basalt and other rocks that have the 
potentials to serve as substitute materials for brake pad. 
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