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Abstract: Brake is a component which plays an important role in automobile with respect to safety and 

performance. The function of the braking system in an automobile is to slow down or completely stop the vehicle 

by converting its kinetic energy into heat energy by means of friction. Due to friction heat is generated at the 

pad and rotor interface; therefore the brake pad should quickly absorb heat to withstand at the higher 

temperatures and not to wear out. Hence the objective of this paper is to discuss different environment friendly 

and healthy alternative materials to asbestos. In order to meet different requirements of brake performance, 

friction  materials  for brake pads is made up of various constituents like binders, filler material, additives 

,modifiers, reinforcing elements and by changing them or altering their percentage will affect the triboligical 

properties. Generally the brake pads are made up of asbestos material which has ample mechanical, physical 

and tribological properties but it has found to be carcinogenic in nature, thus its use is obsoleted. Formulations 

are made by varying the compositions of fillers, binders, fiber and its effect on tribological properties such as 

friction and wear of brake pad are studied. 
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I. Introduction 
Brake is a vital component of the automobile system. The braking operation starts with the application 

of pedal force by the driver which squeezes the brake pads against the rotor which slows down or stop the 

vehicle. Due to squeezing, pads transfer the friction force to the rotor causing the deceleration in the speed of 

rotor[2]. Friction between pad and rotor causes tremendous release of heat. To withstand such a high 

temperature the brake pad material should quickly absorb the heat and also sufficiently high coefficient of 

friction with brake disc and it should not break down at high temperatures. The friction at the interface on 

sliding between pad and disc contact causes wear of pad material surface. Wear makes the brake pad thinner and 

increase clearance between pad and disc surfaces which causes decrease in a brake performance.Brake pads 

systems in automobiles should possess good wear resistance, stable coefficient of friction for its service life, 

high thermal conductivity, and low thermal expansion properties. 

 

I.1 Characterization of Materials: 

Friction lining has a direct contact with rotor converting kinetic energy into thermal energy. Therefore 

it is the most critical from high performance point of view. In the past years asbestos is used for brake pads 

because of its ample physical, mechanical and tribological properties, but because of its carcinogenic behavior 

which leads to cancer, its use is obsoleted. This generates the need for alternative to asbestos which can 

compensate for all the required mechanical, physical and tribological properties.A composite of brake pads 

consist of structural materials, matrix, filler, abrasives and lubricants, with each component plays different role 

for enhancing braking performance. In braking application there is a release of wear particles in the form of 

elements with organic and inorganic compounds. In order to achieve certain properties, the formulation of brake 

pads are continuously changed for improvements[4]. A commercial brake pad consists of more than 10 

ingredients. These are like reinforcing fibers, fillers, binders, frictional additives (abrasives and lubricants). The 

reinforcing elements are added to provide mechanical strength. Generally glass fiber or aramid are added as a 

reinforcing elements. Fillers are used in excess quantity to balance the composition and also to reduce the cost. 

It increases the manufacturability. Functional fillers are added to the composition to enhance particular 

characteristic like resistance to fade. Binders are induced to hold all the constituents together [5]. The heat 

generated during braking operation increases the temperature at the interface resulting in the degradation of 

frictional force, therefore a binder resin such as phenolic resign should be heat resistant. Frictional additives like 

lubricants and abrasives are used to increase the friction coefficient and to remove the undesirable film form 

during braking and to stabilized the developed friction coefficient respectively. 

In this review paper some environment friendly alternatives to asbestos material are suggested with 

their characteristics. Also the materials with different percentage of ingredients are studied for their wear and 

friction characteristics. 
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I.2 Characteristics of Brake lining Material [5]: 

The brake lining material should have following characteristics: 

1. It should have high coefficient of friction. 

2. The material should resist wear effect. 

3. The material should have good thermal conductivity and high heat capacity. 

4. The material should not decompose or break down at high temperature so that the coefficient of friction 

should compromised. 

5. The material should be light in weight i.e have a low specific weight. 

6. The material should be cost effective and available easily. 

 

I.2.1 Semi metallic Pads: 

These type of pads constitutes about 30 to 40% of metallic fibers and fillers like steel, copper, iron with others 

elements like binders and lubricants. These pads have excellent heat resistance[8]. Semi-metallic pads are more 

susiptible to cause noise and vibrations and also produces dust. They provide medium coefficient of friction 

ranges from 0.28- 0.38 with a good fade resistance[11]. Generally these are inferior to noise, vibration and 

harshness compared to NAO’s. Also they have comparatively of low cost. In this composition elements like 

zircosil, copper fibers, barrites, nitride butadiene rubber are used which gives good tribological properties. 

I.2.2 Non- Asbestos Organic Pads: 

These pads are also referred as ceramic pads. They typically contain non- ferrous metals and organic fibers, 

lubricants, abrasives and property modifiers such as glass, rubber, Kevlar and carbon. They constitutes for about 

15% of metal fibers with remaining other constituents. An advantage of this material is that they do not pollute 

as they wear of and their disposal is also easier[11]. Ceramics have better heat transfer capacity because of metal 

fiber and they are also light in weight. Ceramic pads work with the coefficient of friction ranges from 0.33-0.40. 

They provide relatively poor wear under heavy duty conditions and at higher friction levels. Because of various 

fillers and lubricants which dampen vibrations and noise, these are quite in operation. 

I.2.3 Metallic Pads: 

These type of pads are made up of iron, copper, steel and graphite all mixed together and bonded to form the 

brake pad material. These pads are good at transferring heat generated by friction with brake rotors[11]. As they 

are made up with more content of metal these are hard and can cause more wear on brake rotors. Generally they 

do not work well in cold condition and also they are noisy in operation 

 

II. Literature Review 

Sr. No.        Author Observations 

1. K.K Ikpambese[27] Investigations are done on pad material made up from natural fibers like palm kernel 

because it is environment friendly with CaCO3, graphite and Aluminum oxide which gives 
better properties and are well suited as a substitute for asbestos. 

2. A. O. A. Ibhadode[27] Agro waste like palm kernel shells used as a friction lining material can be a good 

alternative for asbestos material with good physical and mechanical properties. 
3. C. M. Ruzaidi[27] Material containing palm slag, calcium carbonate and dolomite increases performance to 

cost ratio. 

1. Palm slag shows better thermal stability within a range of 500- 10000 c 
compared to other two. 

2. Phenolic resin cannot be used at higher temperature since curing of binder 

starts at 1500 temperature. 
4. Arnab Ganguly[27] New composite consisting phenolic resin with epoxy resin as toughener, graphite and 

silica for wear resisters and silicon as a fire retardant are used the results were analyzed 

using scanning Electron Microscopy technique. 
5. P. Thiyagarajan[28] Materials with carbon as reinforcement and graphite powder as friction modifiers will 

gives modifications in coefficient of thermal expansion and thermal conductivity. 

6. A. Saffar[28] Investigations are done for different amount of rubber content to explore mechanical, 
physical, frictional, wear and fade characteristics. 

1. The COF is higher for rubber based material as compared to resin base at high 

velocities. 
2. Wear resistance is high for resin based than rubber based. 

7. R. B. Mathur[28] Materials formulated with the reinforcement like glass, carbon, Kevlar pulp, phenolic 
resin for  binder, graphite dust used as friction modifier and for filler barium sulphate 

which maintains the hardness of the pad material as substitute for asbestos. 

8. T. Singh[28] Investigations has been carried out with on phenolic composites based on lapinus aramid 
fiber for mechanical, physical and tribo-performances. 

1. Physical properties such as compressibility, void, ash contents, water 

absorption are directly influenced by content of lapinus fiber. 
2. Mechanical properties like tensile strength, hardness and thermo-mechanical 

properties are increased with aramid fiber. 

9. K.W. Liew[30] Tribological analysis for non-commercial asbestos based, asbestos free and commercial 
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III. Results And Discussion 

 
Fig 1: Thermal Conductivity v/s time 

 

 
Fig 2: Wear rate v/s Load 

 

From Fig 1, it has been seen that asbestos is a poor conductor of heat with respect to other braking 

materials. Metallic brake pads are having good thermal conductivity as they contain more amount of metal than 

semi metallic one. From Fig 2, it is seen that asbestos gives less amount of wear rate as compared to metallic, 

semi metallic and ceramic materials [32]. 

 

IV. Conclusion  
In this paper the different alternatives to asbestos as braking material (e.g Semi metallic, Non asbestos 

organic, metallic) are studied. From the suggested alternatives it has been seen that their performance is same as 

that of asbestos one. The constituents used such as binders, fillers, friction materials, abrasives enhances the 

performance of the brake pad material with increase in a coefficient of friction, wear resistance, thermal 

conductivity etc. 

Conflict of interest   The authors declare that there is no conflict of interests regarding the publication of this 

paper. 

brake pad were studied and experimentation is done with pin-on-disc tribo test rig. 

10. Bijwe and Mukesh[30] With the addition of steel and brass density of composite increases also the void content 

increases as the larger size of particle compared to barite. 

11. Suresha[31] Studied the effect of inorganic fillers like silicon carbide and graphite. 
1.Wear volume loss is directly proportional to the sliding velocity 

2. COF showed an increase in load and sliding velocity 

12. Hee and Filip[31] Materials containing potassium titanate enhances the stability of coefficient of friction and 
resistance to fade and wear. 
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