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Abstract: Since 1925, asbestos brake pads have been widely used due to their variety of benefits 

over the other materials. Use of Copper was also considered as crucial in the production of friction 

material. Due to adverse effects on the human health and environment, use of Asbestos has been 

banned and in near future, the use of copper will be restricted as well. India is an agricultural country 

and being the 2nd largest producer of rice and sugarcane, abundant agricultural waste of rice husk 

and sugarcane bagasse is available. Majority of the crop residue are burned to manage such huge 

amount of waste, causing environmental pollution. The objective of this study was to utilize this 

huge amount of agricultural waste to develop novel Asbestos-free, copper-free brake pad friction 

material (BFM). The samples have been made by hot compression method by varying the 

percentage of rice husk (RH) and sugarcane bagasse ash (SCBA) with Phenolic resin as binder. RH 

has been employed as friction modifier and SCBA as filler. Brass chips were added as one of the 

substitutes for copper. Two formulations developed have been characterized by physical test, 

Mechanical tests, experiments on friction test rig, investigation using pin on disc and 

Thermogravimetric analysis (TGA). It has been observed that both density and hardness were higher 

for sample 1. The average Coefficient of Friction (COF) for both samples were 0.36 and 0.4 

respectively, found to be suitable for automotive brakes. The cumulative wear has been found to be 

higher for sample 1, in spite of higher hardness. Both samples showed similar behavior and good 

temperature resistance by retaining 80% of their mass at 600OC in TGA, was the most promising 

thing.  
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1. Introduction 

The brake system designs, that are used in vehicles, are 

of two types: Drum brakes and Disc brakes. Nowadays, 

most of the vehicles use disc brakes as they dissipate heat 

in a better manner. Compared to drum brakes, disc brakes 

have superior fade resistance, self-adjustment capabilities, 

better cooling, are more resistant to water and dirt, require 

less maintenance, and have a bigger surface area per unit 

weight of brake1). 

The effectiveness of the brake is influenced majorly by 

the type of friction materials used. The friction material 

comprises of variety of distinct basic ingredients. The 

components range from metallic particles or fibers, to 

mineral, carbon, and lubricating fibers, as well as various 

abrasives and fillers. All of them are bound together by a 

polymeric binder, typically a thermosetting polymer2). 

Nowadays nearly 80% of brake pads used in automobiles 

are asbestos-free organic type. These pads consist of 

binder, fibers, abrasive, lubricant, fire-resistant materials, 

and other reinforcements3). The composition of the 

ingredients may vary as per application. However, some 

ingredients are common while making friction material. 

There are friction materials that can be defined with 

particular characteristics and used for particular 

applications.  

British Belting and Asbestos Limited (BBA) 

introduced asbestos-based brake pad material in 1925 

because of its capacity to remove excessive heat. Since 

they had excellent mechanical and tribological qualities, 

asbestos fibres incorporated in polymeric matrix and other 

components for brake pads have been utilized for a long 

time4). Since it was found to be carcinogenic, health 

organizations banned use of asbestos in brake pad 

manufacturing5). The use of heavy materials such as 

copper has been restricted, as it causes aquatic toxicity6) 

(refer Fig. 1).   

Replacing copper has been one of the biggest 

challenges as its effect on brake pad performance is 

dominant. It is a well-known fact that replacement of 
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copper by a single ingredient is difficult7). However, some 

material like steel and Aluminum fibers, Jute fiber, 

Natural fiber, Barite, Thermo graphite, Hexagonal boron 

nitride etc. can be used, in combination, as a replacement 

for copper8). As a substitute, brass can be added in brake 

pad formulations due to its ability to enhance thermal 

conductivity, tribo-load bearing capacity, fade resistance, 

and wear resistance9). Some Researches showed that brass 

fillers in brake pads, act as reinforcing elements, 

providing primary contact sites and solid lubrication for 

smooth sliding behaviour10). Studies have demonstrated 

that the composition of brass, particularly the copper-zinc 

ratio, significantly impacts the tribological and physico-

mechanical performance of brake friction materials, with 

brass containing 80% copper and 20% zinc showing 

superior performance11). Furthermore, the addition of 

brass particles increases thermal properties and 

contributes to friction and wear mechanisms, with an 

optimal quantity of 4.5 wt. % of brass enhancing the 

stability of the friction coefficient12). It has been also 

noticed that Tribo-performance were best when the brass 

was at the optimal value of 8%,but drops 

thereafter13).Overall, brass plays a vital role in improving 

the overall performance and effectiveness of brake pads 

in automotive applications6). 

 

 
Fig. 1: Change in US regulation of chemical substances for 

brake pads7). 

 

India is a farming nation. Approximately 70% of 

Indians rely on agriculture as their primary source of 

income. With 1.3 billion people living, India needs a huge 

quantity of food to meet their nutritional needs14). India is 

the world's second-largest producer of a wide range of 

commodities, including rice, wheat, sugarcane, and more. 

Therefore, a significant amount of agricultural waste, 

including crop residues, is also produced as a result of this 

enormous production15,16). To get rid of this enormous 

amount of garbage, farmers generally burn agricultural 

leftovers in an open field. Human health is severely 

impacted by atmospheric pollution brought on by this 

residue burning17). The exposure to air pollution is the 

second most significant cause of poor health in South 

Asia18). Exposure to air pollution can cause respiratory, 

neurological, cardiovascular, and skin and eye discomfort, 

among other negative effects. Asthma, bronchitis, 

Chronic Obstructive Pulmonary Disease [COPD], lung 

capacity loss, emphysema, cancer, and other chronic 

ailments can be brought on by high air pollution levels19).  

As the globe becomes more environmentally conscious, 

many industries have started using industrial or 

agricultural waste for a variety of purposes, such as 

binding and structural reinforcement, instead of 

dangerous compounds. Reuse of this waste doesn't 

damage the environment, when certain materials are 

added and blended. The high coefficient of friction, low 

wear at room temperature, and resistance to temperatures 

as high as 250°C make phenolic composites a popular 

choice for car brake pads. Organic components can be 

used in place of hazardous ones when creating 

ecologically friendly brake pads20–22). 

Manufacturers historically believed that complying 

with environmental standards will be costly and 

detrimental to their profit line. Nonetheless, research 

indicated that successful manufacturers are those who are 

thought to be more ecologically conscious23). There have 

been various attempts made by researchers to develop 

non-asbestos friction material using organic and 

agricultural waste. The materials like Kenaf, Pineapple, 

Palm kernel shell, Abaca, Hemp, Flax, Bamboo, Coconut 

(coir), Jute, Ramie, Sisal24) corn husk25), Rice husk26,27) 

and their derivatives28) Sugarcane Bagasse29) etc. were 

used as an ingredient for making friction material.  

Previous studies showed the effects of different natural 

fibre weight percentages on the mechanical and 

tribological characteristics of braking pad materials30,31). 

The studies also highlighted the environmental benefits 

and life-cycle advantages of employing natural fibers in 

brake pad application32–34). Hot compression moulding 

was dominantly used in many studies. In some cases, 

BFM was made by hand layup techniques to carry out 

wear studies using Pin on disc and Taguchi method35–37). 

Studies have also been carried out to improve the wear 

and frictional properties of asbestos-free friction materials 

and to comprehend the wear mechanisms of these 

materials. The brake pad surfaces before and after the 

actual service was examined to understand the wear 

modes. To understand more about the physical and 

chemical alterations on the damaged surface, SEM and 

EDXS studies has been conducted on the real-service 

pad38). 

Rice husk is a residual waste product generated when 

the outer layer of rice grains aggregates during the milling 

process. The fibrous by-product of crushing sugarcane to 

release its juice is called bagasse. Bagasse has sufficient 

potential to be used as boiler fuel in cogeneration facilities 

and sugar mills, even though its benefits have not yet been 

fully realized. These leftovers cannot be regarded as waste 

because they were historically utilized as raw materials 

for numerous manufacturing processes, fuel sources, and 

animal feed39).  

Rice husk had been explored as an effective alternative 

in the manufacturing of brake pads due to environmental 

concerns associated with traditional materials like 

asbestos40). Research had been looked into adding rice 

husk ash and teak wood powder to brake pad composites. 
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The results suggested that these materials have promising 

mechanical qualities, including hardness, density, wear 

resistance, and braking distance, and their heat resistance 

satisfies industry requirements41). Additionally, The 

possible use of silica extracted from rice husk ash as a 

filler in rubber blends has been investigated, with the aim 

of improving physico-mechanical characteristics and oil 

resistance in applications such as fluid sealing42). 

Furthermore, the combination of rice husk with 

biodegradable polymers had been explored to develop 

eco-friendly brake pad composites, aiming to achieve 

wear properties comparable to commercial asbestos-based 

brake pads43). These findings highlighted the potential of 

utilizing rice husk in brake pad formulations to create an 

effective alternatives for automotive applications. 

The particle size of rice husk plays a critical role in 

defining the properties of brake pads. Researches had 

been shown that different particle sizes of rice husk dust 

(RHD) impact the hardness and impact resistance of 

automotive brake pads differently. For instance, smaller 

particle sizes like 80-mesh RHD in a 10% composition 

can significantly enhance hardness resistance, while 

larger sizes like 100-mesh RHD in a 30% composition can 

improve impact resistance by distributing energy over a 

wider area44). The significance of particle size in 

composite materials had been further demonstrated by the 

research on rice husk particle sizes in PPVC composites, 

which shows that different sizes affect density, tensile 

strength, Young's modulus, and elongation at break45). 

Additionally, the incorporation of rice husk dust in brake 

pad materials had been found to enhance friction 

coefficient due to the silica content in rice husk, providing 

a ceramic-like behavior46). 

Sugarcane bagasse ash (SCBA) has been explored for 

various applications, including its potential use in brake 

pads. SCBA, an industrial by-product rich in silica, had 

shown potential as cost-effective filler in polymer 

matrices47). Typically, brake pads utilize alumina and 

silica as primary abrasives48). By incorporating SCBA into 

phenolic-based composites for brake pads, researchers 

aimed to enhance the performance of these essential 

automotive components. The interaction between SCBA 

and natural rubber, facilitated by a silane coupling agent, 

has demonstrated improved mechanical properties in 

polymer composites. This has been indicating the 

potential of SCBA to be a valuable reinforcement material 

in brake pad formulations49). This innovative approach not 

only repurposes a significant industrial waste product but 

also contributes to environmental protection by reducing 

landfill disposal of SCBA50). 

Agricultural residues are composed of organic 

constituents such as cellulose, lignin, fibre, and trace 

amounts of crude protein and fat. They also comprise a 

variety of minerals, such as iron oxide, alumina, and silica. 

Certain plants take in different minerals and silicates from 

the soil during growth and build those up into structures. 

Compared to long-lived trees, yearly growing plants have 

higher quantities of inorganic elements, particularly 

silicates. Thus, rice, wheat, sunflower, tobacco, and 

sugarcane are among the plants with a high content of 

silica. The ash produced by carefully processing the 

agricultural leftover is interesting because the residue 

itself cannot be utilized as it is39,51–53). Table 1 shows that 

Rice husk and Sugarcane Bagasse has significant amount 

of yield (Ash) and silica content in ash, primarily in an 

amorphous form39).  

In many of the previous studies carried out on organic 

materials, the particulate matter (PM) emission was not 

assessed, leads to misleading evaluation of their approach. 

As stated before, the silica content of natural ingredients 

such as Rice husk and Sugarcane Bagasse contributes to 

their unique characteristics. According to the IARC54), 

crystalline silica belongs to group 1 of carcinogenic 

agents and is considered harmful when inhaled repeatedly 

and on a regular basis. Since amorphous silica is classified 

in IARC group 3, it cannot be classified as carcinogenic 

to humans, unlike crystalline silica. Amorphous silica 

may nevertheless have some negative health impacts, 

according to certain research55), however they may not be 

as severe as those of crystalline silica28). 

 

Table 1. Ash and silica content of plants39). 

Plant 
Parts of the 

plant 
Ash (%) Silica (%) 

Sorghum 
Leaf sheath 

epidermis 
12.55 88.7 

Wheat Leaf sheath 10.48 90.56 

Corn Leaf blade 12.15 64.32 

Bamboo 
Nodes (inner 

portion) 
1.49 57.4 

Bagasse -- 14.71 73 

Lantana Leaf and stem 11.24 23.28 

Sunflower Leaf and stem 11.53 25.32 

Rice husk --- 22.15 93 

Rice Straw  ---- 14.65 82 

Bread fruit 

tree 
Stem 8.64 81.8 

 

Considering all the issues stated in above literature, The 

main goal of this work was to create eco-friendly non-

asbestos friction material utilizing rice husk (RH) and 

sugarcane bagasse ash (SCBA), taking into account the 

benefits of both materials on tribological performance. 

The rice husk was employed as a friction modifier and 

sugarcane bagasse ash as a filler material in addition to 

other frequently used materials. Copper is replaced with 

brass chips and other materials. The binder used in the 

production of friction materials was phenolic resin. The 

samples were made by the most popular method of 

manufacturing i.e., hot compression moulding. The 

samples were tested for physical, mechanical, tribological 

characteristics. The thermal degradation of the 

compositions was tested using TGA. 
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As mentioned in literature, the burning of residue crops 

became a threat to environment and humans. The thought 

has to be given to reuse these agricultural wastes in 

domestic or industrial applications. This was an attempt to 

utilise huge waste of rice husk and sugarcane bagasse 

available in brake pad development. The creation of brake 

pad friction compound was made possible due to the 

amorphous silica found in these waste sources.  

 

2. Material Composition 

The unground rice husk was obtained from rice mill as 

a raw material with size of 2-4 mm and sugarcane bagasse 

ash from vendor. The formulations were made by varying 

the weight percentage of Rice husk and Sugarcane 

bagasse ash in the mixture. The sample 1 contain 6% RH 

and 5% SCBA, whereas sample 2 include 5% RH and 6% 

SCBA. The remaining constituents has been kept constant. 

The details of the formulation are as mentioned in Table 

2 and 3.  

 

3. Sample preparation 

All the ingredients have been weighted on a weighing 

scale as specified in the composition (refer Table 2). They 

were mixed in a ball type mixer for 30 min, at a mixer 

speed of 100 rpm. The samples have been manufactured 

using standard practices of hot compression moulding. 

The samples were then cured in furnace. The moulding 

and curing parameters are given in Table 4.  

 

Table 2. Details of the ingredients of friction material by % 

weight. 

Ingredient 
Sample 1 

(S1) 

Sample 2 

(S2) 

Alumina 2.00 2.00 

Barium Sulfate 22.00 22.00 

Brass 2.00 2.00 

Calcium Carbonate 9.00 9.00 

Carbon powder 1.00 1.00 

Coke Powder Grit-40# 3.00 3.00 

Friction Dust 9.00 9.00 

Glass Fiber (4 mm) 2.00 2.00 

Glass Fiber (6mm) 8.00 8.00 

Graphite fine (95% purity 

synthetic) 
2.00 2.00 

Kaolin or China Clay 2.00 2.00 

Magnesium Oxide 2.00 2.00 

NBR Powder 1.00 1.00 

Phenolic Resins 20.00 20.00 

Red oxide 0.20 0.20 

Rice Husk 6.00 5.00 

Sugarcane bagasse ash 5.00 6.00 

Wollastonite 4.00 4.00 

Yellow Oxide 0.10 0.10 

 
Table 3. Details of composition in % weight. 

Components  Sample 1 (S1) Sample 2 (S2) 

Binders 20.00 20.00 

Fillers 58.00 59.00 

Friction modifier 12.00 11.00 

Fibers 10.00 10.00 

 
Table 4. Manufacturing parameters. 

Parameter 

Values 

Sample 1 

(S1) 

Sample 2 

(S2) 

Moulding time (min.) 15 15 

Moulding Temperature, 

Average (deg C) 
120 120 

Moulding Pressure (bar) 350 300 

Curing time (min.) 12 12 

Curing Temperature  

(deg C) 
100-110 100-110 

Curing Pressure (bar) 300 280 

 

As per the studies carried out, it has been found that the 

density of RH was lesser than SCBA56,57). Since sample 1 

contain more % of RH, the moulding pressure was more 

as compared to sample 2. The samples were made into 

square sheets of 500 x 500 x 10 mm thickness and finished 

to 7 mm thick using finishing process. Brake pad samples 

as per the geometry required and pins of diameter 9.5 mm 

were also cut from the sheet. The specimens thus made 

are shown in Fig. 2. 

Brake pads made with different compositions cannot be 

utilized until performance tests has been carried out. 

Various evaluations methods that can be used have been 

studied in the past48). Some of the experimental methods 

that has been used are discussed in next section. 

 

4. Experimental investigation 

4.1 Mechanical and Physical test  

The density and hardness of sample 1 and 2 were 

calculated using the standard procedure as per 

IS2742/2014 part 3. Maximum force and Compression 

strength has been calculated by conducting tests as per 

ASTM D 6641-2023. The rate of grip separation / 

crosshead speed was 0.05 in/min. The average sample size 

used was 26.53 mm wide and 5.31mm thick. Tension test 

were carried out as per ASTM D3039-2014. Ultimate 

tensile strength and stress at breaking were found out. The 

rate of grip separation / crosshead speed was 2 mm/min. 

The preload was 0.1 MPa. The average sample size used 

was 25.97 mm wide and 5.40 mm thick. Lateral shear 

strength has been calculated as per ASTM D3518-2018. 

The force at failure and In-plane shear strength has been 

found out. The rate of grip separation / crosshead speed 
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was 0.02 in/min. The preload was 0.5 MPa. The average 

sample size used was 26.72 mm wide and 5.40 mm thick. 

Flexural test with 3-point bending were carried out as per 

ASTM D790-2017. Flexural strength and Flexural 

modulus were found out. The rate of grip separation / 

crosshead speed was 1% /min. The preload was 0.2 MPa. 

The average sample size used was 26.01 mm wide and 

5.31 mm thick. The span used for the test was 84.8 mm. 

The results are discussed in following section. 

  

4.2 Experiments on Friction test rig 

A friction test rig for disc brake is shown in following 

Fig. 3(a). It was used for measuring the parameters like 

coefficient of friction (COF) and temperature at various 

speeds and loads. The brake pad samples are cut as per the 

required shape (shown in Fig. 2(a) and (b)) as per the setup 

specifications. The cut samples were then glued to the 

back-plate of brake pad using epoxy adhesive (Fig. 3 (b)). 

The pad has been kept under pressure for 15 min so that 

the joint attains the full strength. Once the samples were 

ready, they were placed on the set up for experimentation. 

The speed was set by variable frequency drive (VFD) 

and the oil pressure was developed manually using the 

lever shown in Fig. 3(a). The applied load on cast iron 

rotor disc (Fig 3(c)) was shown by the display of load cell. 

The coefficient of friction was calculated from the 

following equation -  

 

T = µ F R    or   μ =  
T

F∗R
   ……………... (1) 

 

4.3 Investigation on Pin on Disc  

To evaluate the tribological behaviour of the samples, 

DUCOM Pin on disc tribometer was used. The setup is 

shown in following Fig. 4. The pins of diameter 9.5 mm 

were cut from a 10 mm thick sheet of each sample 1 and 

2. The pins were glued to metal pins as shown in Fig. 2(c). 

 

 
(a) 

 
(b) 

 
(c) 

Fig. 2: (a) Sample with 6% RH & 5% SCBA, (b) Sample 

with 6% SCBA & 5% RH, (c) Pin type samples glued to pin 

holder. 

 

 
(a) 

1. Load indicator, 2. Oil pumping device, 3. Lever for operating pump, 4. Brake Calliper, 5. Brake pads, 6. Rotor or disc, 7. 

Bearing, 8. 3.7kW AC Motor, 9. LED, 10. Control Unit (Pressure indicator, speed indicator, VFD control), 11. Load cell, 12. Frame. 
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(b) 

 
(c) 

Fig. 3: (a) Schematic of friction test rig for disc brake, (b) 

Brake pad, (c) Rotor disc used in setup. 

 

  
Fig. 4: Pin on disc set up with specimen. 

 

4.4 Thermogravimetric Analysis (TGA)  

One of the main causes of poor fading performance in 

friction materials is frequently the thermal breakdown of 

the organic constituents. The Constituent materials 

decompose due to molecular disintegration and chemical 

reactions at high temperatures. Although 500OC is the 

more frequent temperature of friction materials in braking 

systems, it can exceed up to temperatures as high as 

800OC58,59). The measuring of weight changes that occur 

when a specimen is heated to a predetermined heating 

program is known as Thermogravimetry (TG). TG often 

entails calculating weight loss in relation to temperature. 

In order to forecast the performance and reaction of the 

braking system over time, it is therefore essential to 

identify and gather the temperature-weight-loss profile of 

the constituent materials and formulations in any attempt 

to create innovative friction material.  

A Universal V4.5A TA Instruments: SDT Q600 V20.9 

Build 20 was the analytical tool utilized in this 

investigation. At a scan rate of 10°C/min, the temperature 

was ranging from 30OC to 890°C. In a nitrogen 

atmosphere, a powdered sample weighing at least 10 mg 

was employed. The weight loss was calculated in 4 

different steps of temperature. 

 

5. Results and discussion 

The friction materials’ characterisation was done using 

physical, Mechanical, tribological tests and TGA, as 

discussed below.  

 

5.1 Mechanical and Physical tests 

The density and hardness of sample 1 and 2 were 

calculated as per IS2742/2014 part 3. The results are as 

shown in Table 5.  

The density of commercial brake pad friction material 

ranges between 1.01 to 2.06 gm/cc60). The result showed 

that both the compositions satisfy the minimum density 

requirement. Generally, the brake pad material with lower 

density is preferred as it has less mass and lightweight. 

The rise in density was due to greater % of filler content. 

The major cause was increase in filler particle packing, 

which improve the homogeneity of the composite brake 

pads. The voids in the mixture between other particles are 

filled with amorphous silica particles available in SCBA. 

In addition, other organic contents in RH, viz. 

hemicellulose, lignin etc. also contribute to rise in 

density61).     

 
Table 5. Physical and mechanical test results. 

Property Sample 1 Sample 2 

Density (gm/cc) 2.00 1.98 

Hardness (HRL) 100 95 

Compression strength (MPa) 74.42 58.21 

Tensile strength (MPa) at failure 9.18 14.61 

In-plane shear strength (MPa) at 

failure 
3.85 6.41 

Flexural strength (MPa)  27.91 30.25 

 

The hardness of sample 1 and 2 were calculated as per 

IS2742/2014 part 3. The results are as shown in Table 5. 

The hardness range of 70–100 is expected for an ideal 

mixture of a brake pad friction material2),62). The 

commercially used asbestos based brake pad material has 

hardness of about 101HRB. The recorded hardness values 

were well within the range of hardness values required for 

brake pad material. Although the percentage of phenolic 

resin was same in both the samples, the hardness of 

sample 1 is greater than sample 2. This shows the bonding 

of particles in sample 1 is better.    

Other Mechanical tests such a compression test, tension 

test, In-plane shear test and flexural test were carried out 

using ASTM standards as mention in earlier section. The 

results are tabulated in Table 5.  

Based on the particular formulation and kind of brake 

pad, the compressive strength of brake pads reported in 

literature are usually ranges from 70 to 125 MPa63,64). The 

compressive strength of both samples has been less than 

the commercial brake pad, but within the range. This is 

due to larger particle size of rice husk. Compressive 

strength improves with smaller particle size45,65). Out of 

the two samples, sample 1 has more compressive strength 

as it was more dense than sample 2. The shear strength of 

commercial brake pad (asbestos based) material is 5.46 

MPa66). The shear strength of sample 1 is less than 

commercial brake pad due to presence of larger weight % 
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of rice husk. Whereas, in sample 2 the SCBA was larger 

in weight %, causing a better bond of particles with binder 

during moulding process. The tensile strength of 

commercial brake pad is 7.0 MPa67). Both samples 

showed tensile strength at par with commercial brake pad 

material. The typical range of brake pads' flexural strength 

as mentioned by various authors is between 10-40 MPa68). 

The precise amount is determined by the manufacturing 

process, bonding, reinforcements, and material 

composition. Both samples developed showed the 

strength within the limits. 

 

5.2 Experiments on Friction test rig 

The tests were carried out on friction test rig with disc 

brake (Fig. 5). The braking loads applied were 2 to 8 kg, 

at different rotor speeds: 250, 500 and 750 rpm.  The 

speed was restricted to 750 rpm due to vibrations of setup 

at higher speeds. The maximum friction radius of cast iron 

rotor was 110 mm. The maximum load recorded by load 

cell was 10 kg. The coefficient of friction and maximum 

temperature for each speed and load combination was 

recorded. Each test has been carried out for a sliding 

distance of 2000 m.  

 

 
Fig. 5: Friction test rig for friction test. 

 

The brake pad was cooled using fan cooling after every 

test. Generally, the nominal contact pressure for disc 

braking is 0.2 - 1.5 MPa69). The maximum contact 

pressure observed during the test was 0.22 MPa. The 

observations were taken for both the samples, as given in 

following Table 6.  

 
Table 6. Observations of friction test. 

Sample 

No. 

Rotor 

Speed  

(RPM) 

Brake 

Load  

(kg) 

COF 

Tempera

ture 

(deg. C) 

S1 

250 2 0.35 67.6 

250 4 0.47 111.0 

250 6 0.55 121.0 

250 8 0.58 115.0 

500 2 0.30 68.0 

500 4 0.42 147.0 

500 6 0.55 165.0 

500 8 0.68 166.0 

750 2 0.33 75.0 

750 4 0.42 183.0 

750 6 0.61 183.0 

750 8 0.64 159.0 

 

S2 

250 2 0.33 55.0 

250 4 0.46 89.0 

250 6 0.52 152.0 

250 8 0.66 145.0 

500 2 0.34 66.3 

500 4 0.43 109.1 

500 6 0.50 165.0 

500 8 0.59 175.1 

750 2 0.47 76.0 

750 4 0.60 128.0 

750 6 0.71 197.0 

750 8 0.69 249.0 

 

As per the data collected from friction test, variations 

in coefficient of friction for different combinations of 

rotor speeds and braking loads for both the samples are 

shown in Fig. 6. The COF was calculated as per equation 

1 mentioned in earlier section. 

The coefficient of friction was found to be varying 

between 0.3 and 0.68 for different loads and speeds. The 

average COF for sample 1 and 2 was found to be 0.49 and 

0.52 respectively. The variations in COF for sample 1 was 

minimum at a given load and speed. In all the cases, it has 

been noted that the COF of sample 2 was higher than 

sample 1 at higher speeds for all the braking loads applied. 

Since the moulding pressure of sample 1 was more, the 

particles of sample 1 have been closely spaced than 

sample 2 and have greater contact during braking. 

Generally, as the moulding pressure increases, average 

COF also increases70). But it is not true for all the materials. 

In this study, COF of sample 1 was observed to be smaller 

than sample 2. It has been also noted that COF increases 

with temperature of pad. This was due to enlarging the 

contact. area of pad as a result of thermal deformation. 
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Fig. 6: COF vs. rotor speed at different braking loads for 

sample 1 and 2. 

 

The variations in pad temperature for sample 1 and 2 

with respect to different speeds and braking loads has 

been shown in following Fig. 7. 

 

 
Fig. 7: Pad temperature vs. rotor speed for sample 1 and 2 at 

different braking loads. 

 

It has been observed that the temperature varies 

between 50OC to 260OC. The Temperature of sample 2 

increased drastically with the braking load. The graph 

shows that the temperature gradient of sample 1 is flatter 

than sample 2. It has been observed that the temperature 

varies almost linearly with speed for all the braking loads 

applied. Since the maximum braking load that can be 

measured on test rig is 10 kg, the variation in temperature 

for higher loads could not be estimated.  

 

5.3 Pin on disc experiment 

Pin on disc experiment conducted on Ducom make pin 

on disc machine as per ASTM G99-201771). The machine 

was equipped with a data acquisition system and 

Winducom 2010 software. Brake discs are generally made 

up of grey cast iron72). So, cast iron disc of 8 mm thickness 

and 162 mm diameter was is used for the experiments. 

The hardness value of the disc was 103HB (57 HRC). 

The experiment was carried out at normal atmospheric 

conditions. The test parameters are given in Table 

729),71),73). The variations in COF for both samples at a 

given load and speed are shown in following Fig. 8(a) and 

(b). 

 

Table 7. Test parameters for pin on disc experiment. 

Parameter Values 

Applied Load, N 25, 35 

Sliding Speed, rpm 500, 750, 1000 

Track diameter, mm 60 

Sliding Time, minutes 20 

 

 
(a) 

 

 
(b) 

Fig. 8: (a) and (b) COF for sample 1 and 2 at applied load of 

25 N and 35 N at sliding speed of 500rpm, 750rpm and 1000 

rpm. 

 

Generally, COF value ranges between 0.3 - 0.6 for 

different Automobile and railway applications24). It has 

been observed that the average COF for sample 1 is less 

than sample 2 for same operating conditions as shown in 

Table 7. Similar results were obtained during experiments 

on friction test rig. The scatter of COF for sample 1 is 

smaller and the values are lying within the range of 0.3-

0.4 for all load and speed combinations. In contrast, COF 

of sample 2 is more scattered from 0.25-0.5. It can be 

ascertained that COF of sample 1 is more stable compared 

to sample 2.  The results of Pin on disc are tabulated in 

following Table 8. 

The wear values are recorded from pin on disc 

experiments and the plots of both samples tested against 

different load and sliding speeds shown in following Fig 

9 (a) and (b). The maximum wear values are recorded 
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after running the experiment for 20 min and shown in 

following Table 9. 

 

Table 8. COF values for both samples at different loads and 

speeds. 

For Sample 1  For Sample 2 

Load 

(N) 

Speed 

(rpm) 

Avg. 

COF 
 

Load 

(N) 

Speed 

(rpm) 

Avg.  

COF 

25 500 0.37  25 500 0.44 

25 750 0.34  25 750 0.42 

25 1000 0.36  25 1000 0.44 

35 500 0.35  35 500 0.30 

35 750 0.35  35 750 0.38 

35 1000 0.37  35 1000 0.42 

Overall Average 0.36  Overall Average 0.40 

 

 
(a) 

 
(b) 

Fig. 9: (a) and (b) Wear of sample 1 and 2 at applied load of 

25 N and 35 N at sliding speed of 500rpm, 750rpm and 1000 

rpm. 

 

The wear values after 20 min of each test are shown in 

following Table 9. The results shows that wear is greater 

for sample 1.  As Fig. 9 illustrates, the wear values rise 

with speed and load. As the sliding speed increases, so 

does the rate of repetitive impact loading cause by the 

harsh asperities on the counter-face. This increases the 

frictional thrust, which causes chattering and localized 

vibration at the sliding surface, which in turn accelerates 

the de-bonding and fracture of the reinforcing fibers. Due 

to their damage to the counter-face film, these fibers may 

enhance the specimen's wear rate69). 

 

Table 9. Wear values in microns for both samples at different 

loads and speeds. 

Sample 1  Sample 2 

Load 

(N) 

Speed 

(rpm) 

Wear 

(micron)  

Load 

(N) 

Speed 

(rpm) 

Wear 

(micron) 

25 500 66.13  25 500 18.15 

25 750 43.51  25 750 68.71 

25 1000 231.90  25 1000 217.21 

35 500 -61.83  35 500 48.79 

35 750 269.58  35 750 56.39 

35 1000 163.22  35 1000 169.22 

Average 118.75  Average 96.41 

 

5.4 Thermogravimetric analysis 

The TGA indicates the weight decomposition at 

different temperature. The test was carried out and results 

of tests for both samples are shown in graphical form as 

shown in following Fig. 10 and 11.  

 

 
Fig. 10: TGA results of sample 1. 
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Fig. 11: TGA results of sample 2. 

 

A mass loss of approximately 2% was noticed upto 

300OC for S1 and the same was observed to be slightly 

higher for S2. It is evident that both samples begin to lose 

mass beyond 300OC, a phenomenon that is related to the 

thermal degradation of organic components such as RH, 

rubber and resin74). Up to 890OC carbonaceous matter 

continues to oxidize and decompose. Between 300OC and 

600OC, the TGA showed a higher % loss in mass of S1 

than S2. The rate of degradation is almost same for S1 and 

S2 after 600OC.  

The formulation S1 showed slightly higher weight loss 

in this range of temperature 300OC – 600OC. The greater 

the amount of rice husk in the formulation, the greater was 

the observed thermal degradation. In contrast, S2 has 

more % of SCBA and hence it can sustain more 

temperature with lower % loss of mass. Some significant 

mass loss occurred from 600OC onwards. This 

corresponds to the range of thermal degradation of 

calcium carbonate, present in both formulations75). 

Overall, both formulations showed similar behavior and 

good temperature resistance, as they retain approximately 

80% of their mass at 600OC, which is higher than the 

range of temperature reached in the adopted brake test 

procedure (SAE J2522).  

 

6. Conclusions 

The investigation of agricultural waste, such as rice 

husk and sugarcane bagasse ash, in the brake friction 

material has been done in the present study. Also attempt 

has been made to eliminate use of copper in friction 

material.  By determining the mechanical, Tribological 

and Thermal characteristics, the material characterization 

was done. Following conclusions were drawn - 
• To eliminate the adverse effects of copper, the results 

of this study showed that the copper can be 

eliminated by using various alternatives like brass, 

Alumina, graphite.  

• The mechanical tests revealed that the results of 

compression test, tension test, shear test and flexure 

test are comparable with commercial brake pads and 

the previous studies. 
• The value of COF cited in reference literature for 

automobile application ranges between 0.3-0.6. The 

COF values obtained for both the samples has been 

in the range 0.36 - 0.4 and suits for automobile 

braking applications. Stability of COF is additional 

requirement of BFM.   The results also showed that 

COF for sample 1 was found to be more stable over 

all the loads and speeds used in the test. 
• The wear investigation reported that the wear of 

sample 1 was more, even though the hardness was 

higher. The amount of RH is more in sample 1 and 

the wear value increased due to debonding of fibres 

from base material during the test. 
• The amount of brass used was 2% by weight. Since 

brass stabilize friction, improves thermal 

conductivity and tribological properties, more % of 

brass can be added, but it leads to increase in density 

of friction material [13] 
• Regarding thermogravimetric analysis, the thermal 

degradation was higher for larger % of rice husk in 

sample 1 within the temperature range of 300–600OC. 

The most promising thing was that both formulations 

retained about 80% of their initial mass up to 600 ◦C. 
• It has been shown by the results that rice husk and 

sugarcane bagasse ash can be used in eco-friendly 

brake pad development. It also can prove to be a 

promising idea to reuse agricultural wastes in 

industrial applications. 
 

Nomenclature 

T Braking torque (N-m) 

F Normal force applied for braking on 

disc (N) 

R Mean friction rotor radius (m) 

µ, COF Coefficient of Friction (--) 

gm/cc Grams per cubic centimeter 

HRL Rockwell hardness scale ‘L’ 
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