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Abstract - The present investigation describes the tribological 
behavior of commercial automotive brake pad. As one of the 
most important components of an automotive vehicle is the 
brake pad. In this study focused on the tribological behavior of 
carbon-semi metallic brake pad material, with the help of pin-
on-disc tribometer wear analysis was investigated. The 
experiment was conducted at room temperature at constant 
load with three different rotating speeds. The effect of some 
elemental composition material of pad, in particular of carbon 
and iron, the devlopment of tribological layer and wear 
particles. The microstructure properties of brake pads were 
investigated with a scanning electron microscope (SEM) and 
energy dispersive X-ray spectroscopy (EDS) is used to find the 
material elemental composition. Investigating the morphology 
of the pads surface. 

Key Words:  Brake pad material, Pin-on-disc tribometer, 
Scanning Electron Microscope (SEM), Energy Dispersive X-
ray spectroscopy (EDS). 

1. INTRODUCTION 

A brake is a mechanical component that prevents a motion 
by absorbing energy from a moving system. To prevent or to 
stop the motion of a vehicle the brakes are used. Brake pads 
are the major components of disc brakes used in automotive 
applications. The brake pads are the steel backing plates 
with friction material, which bound to the surface that faces 
the disc brake rotor. The pads, which converts kinetic energy 
into thermal energy with, help of friction. 

The brakes performance based on mixture of various 
percentage of materials and microstructure of the brake pad 
material. In order to achieve good frictional properties more 
number of ingredients were used, such as fibers, friction 
modifiers, binder, fillers, solid lubricants, etc. which all 
bound by phenolic resin [3-7,11]. Actually, the brake pad 
material should maintain a high coefficient of friction, low 
temperature and humidity [11,28]. Metals, such as copper, 
aluminum, steel, brass, and iron are utilized so as to 
influence the wear behavior and frictional properties [8]. 
Composite material like banana peel powder, palm kernel 
shell, [9,10] egg shells[13] eco-friendly materials like 
bagasse, rice husk, sawdust, lemon peel powder[31-33,35] 
can be used as asbestos-free brake pads. The copper metal 
matrix plays a major role in excellent braking [21]. Addition 
of aluminum clay particles acts as load bearing and solid 
lubricants [18], the presence of carbon improves in wear 
resistance [24,25]. 

These days, brake pad material manufacturers are taking 
measures to check the quality of the materials regularly to 
meet the end user needs steady coefficient of friction [3], low 
wear rates [2], long life of contact plateau [1], minimum 
temperature at high sliding velocity[7], particle size 
[4,30,33] noise affecting the COF  and particulate matter 
affecting the environment[10,12-14]. Many investigations 
carried out so far and friction layers shown by the wear. 
Typically, smaller size particles composites give better 
results than the larger. Due to the tiny particle size, there will 
not be any gap between the various materials in a composite 
[15]. The contact of disc and pad, the primary and secondary 
plateaus are formed. Due to tangential forces, plastic 
deformation seen in primary plateau corresponds to copper, 
brass fiber metals, which are worn resistant ingredients. The 
secondary plateau was found with good elastic properties 
[16, 17].The microstructural transformation takes place in 
the friction layer while sliding against the cast iron disc. 
Addition of aramid fibers shows improvement in tribological 
performance but the drawback is the disc temperature 
increases with increase in aramid fiber [18, 19]. Potassium 
titanate was added with the different crystalline structure 
for pad material, an increase in crystallinity which shows the 
moderate and stable coefficient of friction and increase in 
wear rate [20]. 

In the present work, Tribological properties and wear rate of 
carbon semi-metallic investigated on pin-on-disc equipment, 
the pads frictional material dry sliding against the cast iron 
disc, under at a constant load and different speeds, the 
braking gets quick and shorter under dry condition [34]. The 
main intention of the work is to the comprehension of wear 
components that lead to producing wear debris. The specific 
equipment like dyno-test and bench test are available, so no 
experimental setup has been designed to reproduce real 
braking [11]. The microstructural and elemental 
compositions of the worn out pads material investigated 
with help of scanning electron microscope (SEM), energy 
dispersive X-ray spectroscopy (EDS) analysis. 

2. EXPERIMENTAL PROCESS 
 
2.1 MATERIALS 
 
In the present work, a commercial carbon semi-metallic pad 
material and a cast iron disc were used for the wear test 
[11]. Carbon replaced with copper and addition of aramid 
fibers in NAO pads improves in tribological properties 
[12,19]. The coefficient of friction and fraction plateaus 
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between SM and NAO revealed by L.Y Barros et al [17] 
compared with LM by P.D Neis et al [17]. Table 1 shows the 
elemental composition of the brake pad, as measured by 
energy dispersive X-ray spectroscopy (EDS). Figure. 1 
demonstrates a case of the complex microstructure of the 
brake pad material. With the assistance of EDS investigation, 
few parts were recognized and comparing outcomes with 
literature data [11]. The presence of a large amount of 
carbon and iron oxides can be clearly noticed. The 
temperature measured with a digital infrared thermometer 
while testing on pin-on-disc. 

2.2 Experimental and wear test analysis 

At room temperature, the dry sliding test carried out on a 
pin-on-disc testing device. Cylindrical specimens were 
machined from brake pad (Figure. 2). They had a pin 
diameter of 12 mm and a height of 22 mm as per ASTM 
standards G099. The pins were abraded on the base of the 
pin with silicon carbide 600,800 grit paper it offers minimal 
surface damage and stable contact with pin and disc. The 
wear test carried out at a sliding velocity, v of 3.14 m/s and 
for 60 minutes, for a distance of 1000 m. The pins were 
investigated at three different speeds 300,600,900 rpm and 
at a constant load of 30N. During each test, the wear rate, the 
coefficient of friction was recorded [11]. The temperature 
was recorded with a time interval. For this purpose, a digital 
infrared thermometer is used. The surface morphologies of 
the worn out pads were investigated in a scanning electron 
microscope. SEM-EDS is utilized to examine the 
microstructure and to know the elemental composition 

Table -1: Elemental compositional details of the brake pad 
material measured by EDS. 

 
 
 
 
 
 
 
 
 

 

Fig -1: The microstructure of brake pad material. A 
portion of the material parts are shown. 

 

 
 

Fig-1 : Samples of brake pad material in cylindrical shape 

 

Element Weight% 

C 37.01 

O 14.38 

Mg 2.11 

Al 0.81 

Si 0.59 

S 2.45 

K 0.28 

Ca 0.45 

Fe 31.68 

Ba 10.24 
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3. RESULTS AND DISCUSSION 
 
 3.1 FRICTION AND WEAR ANALYSIS 
 
Figure. 3. Shows evolution of curves of pin temperature, 
wear rate and friction coefficient for different speed, i.e., at 
300, 600, 900 rpm at a constant load 30N with respect to 
time. After running a short time, the friction coefficient 
accomplishes a consistent state value in the 5.02-5.07 N 
range. On the other hand, the temperature is increasing with 
sliding distance and time. Due to continuous contact 
between pin and disc, there is a rise in temperature. The 
temperature is of the pin unable to cool down to room 
temperature because of the repeated contact with the disc. 
The temperature recorded with time interval using a digital 
infrared thermometer, at the end of each test for three 
different speeds 300,600,900 was recorded 40.3°c, 45.7°c, 
54.4 °c, respectively. Steep temperature rise is seen on the 
pin contact with a disc with respect to time [26,27,29]. The 
recorded values of friction coefficient, temperature, and 
wear rate are listed in Table 2. 

The wear rate acquired at the end of each test were 
47.69µm, 53.29 µm, 67.31 µm, for the test at 300,600,900 
rpm, respectively.  

 
(a) 

 
 

 
 

(b) 

 
(c) 

Fig -3: The variation of (a) wear rate, (b) friction 
coefficient and (c) temperature for the pin-on-disc test 

conducted at 300,600,900 rpm, respectively 

 
Table -2: 

 
Samples Speed Max. 

Friction 
coefficient 

Max. 
Wear 
rate 

Max. 
Temperature 

Sample 1 300 7.53 47.69 40.3 

Sample 2 600 6.24 53.29 45.7 

Sample 3 900 5.24 67.31 54.4 

 
3.2 Analysis of wear tracks 
 
Figure.4 shows SEM viewing of the wear traces on the pin at 
(a)300,(b)600,(c)900 rpm. The worn out surface is shown. In 
figure 4, the primary plateaus are made of iron (Fe) with 
carbon particles. The copper plays a major role in friction are 
known [5] but, polluting the environment with copper 
materials. Therefore, copper replaced with steel fibers, semi-
metallic, barite gives better results and balanced primary 
and secondary plateaus were formed [6, 26,29]. EDS 
investigation featured the presence, majority phases are (C) 
carbon and (Fe) iron mixed oxides. 
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The main difference was detected in the test at different 
speeds are, the frictional force at lower speed shows high 
friction coefficient with less wear. At a speed of 600 rpm, the 
formation of cracks found which is shown in Figure. 5(a) 
[29]. Potassium acts as a reinforcing material which is 
primary plateau [27]. At a speed of 900 rpm the formation of 
crack found in the compacted debris shown in Figure. 5(b). 
Carbon is hard material and Ba is used as filler material, it is 
a noise absorber and low reactive to binders like Mg, Ca. 

 

(a) 

 
(b) 

 

 
 

(c) 
Fig-4: SEM micrographs showing the wear traces at 

300(a), 600(b),900(c) rpm. 

 
 
   (a) 

 

Fig-5: SEM images of morphological change cracks found 
wear tested at (a) 600,(b) 900 rpm. 

Small cracks were spread to a worn surface when pits are 
found [21].The secondary plateaus are actually detected 
with loose particles visible at high rpm, which shows a rough 
grain size of wear particles. This can be seen in SEM images 
at higher rpm tested on a pin-on-disc, which is shown in 
Figure 6(a), 6(b) 

 
   (a) 

   (b) 
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                (b) 

Fig-6: SEM images of the morphological attributes of the 
secondary plateaus samples tested at (a)600, (b)900 rpm, 

loose particles found in the image. 
 
A particular comment is required for carbon and iron. 
Various EDS analysis confirmed the finding shown in 
Figure.7, the fact the carbon content Figure. 7(a) and iron 
content Figure. 7(b) is higher in the more compacted 
plateaus and lower in the less compacted plateau [11]. 

 
(a) 

Fig-7: EDS analysis of spectrum 2 showing carbon content. 
Shown in Figure 7 (a). 

The (C) peak shows worn surface was covered by a certain 
amount of graphite which gives rise to a generation of 
subsurface layers [21,23]. 

 

Fig-8: EDS analysis of spectrum 1showing iron content. 

 

4. CONCLUSIONS 
 
Pin on disc has investigated to study the wear analysis of 
brake pad material while continuous contact with the disc. 

 At different speed and at a constant load wear 
analysis is investigated. 

 Wear debris found between pin and disc surface. 
 Carbon plays a major role in frictional properties 

tribological behavior in terms of brake pads. 
 The material shows a higher coefficient of friction at 

lower rpm than higher rpm  
 The temperature of the pin increases with increase 

in speed. 
 Wear rate of the pin increases with increase in 

speed. 
 At a speed of 600 and 900 rpm, cracks were found 

in SEM images, i.e., secondary plateaus were not 
stable. 

 EDS analysis revealed the elemental composition of 
the material. 

REFERENCES 
 
[1] Mikael Eriksson, Filip Bergman, Staffan Jacobson, On the 

nature of tribological contact in automotive brakes, 
Wear 252 (2002) 26–36.M. Young, The Technical 
Writer’s Handbook. Mill Valley, CA: University Science, 
1989. 

[2] H. Jang, K. Ko, S.J. Kim, R.H. Basch, J.W. Fash , The effect 
of metal fibers on the friction performance of 
automotive brake friction materials, Wear 256 (2004) 
406–414. 

[3] Jayashree Bijwe, Mukesh Kumar, P.V. Gurunath, Yannick 
Desplanques , Gerard Degallaix, Optimization of brass 
contents for best combination of tribo-performance and 
thermal conductivity of non-asbestos organic (NAO) 
friction composites, Wear 265 (2008) 699–712. 

[4] Mukesh Kumar, Jayashree Bijwe, Role of different 
metallic fillers in non-asbestos organic (NAO) friction 
composites for controlling sensitivity of coefficient of 
friction to load and speed, Tribology International 43 
(2010) 965–974. 

[5] Mukesh Kumar, Jayashree Bijwe, Non-asbestos organic 
(NAO) friction composites: Role of copper; its shape and 
amount, Wear 270 (2011) 269–280. 

[6] Jana Kukutschova, Vaclav Roubiceka, Miroslav Masla, 
Dalibor Jancik, Vaclav Slovak, Katerina Malachova, 
Zuzana Pavlickova, Peter Filip, Wear performance and 
wear debris of semimetallic automotive brake materials, 
Wear 268 (2010) 86–93 

[7] A. Saffar, A. Shojaei, M. Arjmand, Theoretical and 
experimental analysis of the thermal, fade and wear 
characteristics of rubber-based composite friction 
materials, Wear 269 (2010) 145–151. 

[8] Faiz Ahmad, S.H. Jason Lo, Muhammad Aslam, Ahmad 
Haziq, Tribology Behaviour of Alumina Particles 
Reinforced Aluminium Matrix Composites and Brake 
Disc Materials, Procedia Engineering 68 ( 2013 ) 674 – 
680 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 07 Issue: 07 | July 2020                 www.irjet.net                                                                     p-ISSN: 2395-0072 

 

© 2020, IRJET       |       Impact Factor value: 7.529       |       ISO 9001:2008 Certified Journal       |     Page 1852 
 

[9] U.D. Idris, V.S. Aigbodion, I.J. Abubakar, C.I. Nwoye, Eco-
friendly asbestos free brake-pad: Using banana peels, 
Engineering Sciences (2013). 

[10] K.Deepika,  C.Bhaskar Reddy, D.Ramana Reddy, 
Fabrication and Performance Evaluation of a Composite 
Material for Wear Resistance Application, ISSN: 2319-
5967, International Journal of Engineering Science and 
Innovative Technology (IJESIT) Volume 2, Issue 6, 
November 2013 

[11] Piyush Chandra Verma, Luca Menapace, Andrea 
Bonfanti, Rodica Ciudin, Stefano Gialanella, Giovanni 
Straffelini, Braking pad-disc system: Wear mechanisms 
and formation of wear fragments, Wear 322-323 (2015) 
251–258 

[12] Aranganathan N., Jayashree Bijwe, Special grade of 
graphite in NAO friction materials for possible 
replacement of copper, Wear (2015), 
http://dx.doi.org/10.1016/j.wear.2014.12.037 

[13] R.O. Edokpia, V.S. Aigbodion, O.B. Obiorah, C.U. Atuanya, 
Evaluation of the properties of ecofriendly brake pad 
using egg shell particles–Gum Arabic. Results Phys 
(2014), http://dx.doi.org/10.1016/j.rinp.2014.06.003 

[14] Masrat Bashir, Sheikh Shahid Saleem, Owais Bashir, 
Friction and wear behavior of disc brake pad material 
using banana peel powder, IJRET: International Journal 
of Research in Engineering and Technology eISSN: 2319-
1163 | ISSN: 2321-7308. 

[15] K.Vignesh, K.Anbazhagan, E.Ashokkumar, R.Manikandan, 
A.Jayanth, Experimental Analysis of Mechanical 
Properties of Sea Shell Particles- Polymer Matrix 
Composite, International Journal of Mechanical and 
Industrial Technology ISSN 2348-7593 (Online) Vol. 3, 
Issue 1, pp: (13-21) 

[16] L.Y. Barros, P.D. Neis, N.F. Ferreira, R.P. Pavlak, D. 
Masotti, L.T. Matozo, J. Sukumaran, P. De Baets, M. Ando, 
Morphological analysis of pad–disc system during 
braking operations, Wear 352-353 (2016) 112–121. 

[17] P.D. Neis, N.F. Ferreira, G. Fekete, L.T. Matozo, D. Masotti, 
Towards a better understanding of the structures 
existing on the surface of brake pads, International, 
http://dx.doi.org/10.1016/j.triboint.2016.09.033. 

[18] Nico Langhof, Michael Rabenstein, Jens Rosenlöcher, 
Reinhard Hackenschmidt, Walter Krenkel, Frank Rieg, 
Full-ceramic brake systems for high performance 
friction applications, J Eur Ceram Soc (2016), 
http://dx.doi.org/10.1016/j.jeurceramsoc.2016.04.040. 

[19] N. Aranganathan, Vishal Mahale, Jayashree Bijwe, Effects 
of aramid fiber concentration on the friction and wear 
characteristics of non-asbestos organic friction 
composites using standardized braking tests, Wear, 
http://dx.doi.org/10.1016/j.wear.2016.03.002 

[20] Zhengjia Ji, Hongyun Jin, Wanyue Luo, Feiran Cheng, 
Yong Chen, Yazhou Ren, Yaoqing Wu, Shuen Hou, The 
effect of crystallinity of potassium titanate whisker on 
the tribological behavior of NAO friction materials, 
Tribiology International, 
http://dx.doi.org/10.1016/j.triboint.2016.11.022 

[21] Yelong Xiao, Zhongyi Zhang, Pingping Yao, Kunyang Fan, 
Haibin Zhou, Taimin Gong, Lin Zhao, Minwen Deng, 
Mechanical and tribological behaviors of copper metal 
matrix composites for brake pads used in high-speed 
trains, Tribology International 119 (2018) 585–592 

 

[22] Bushra Rashid, Zulkiflle Leman, Mohammad Jawaid, and 
Mohamad R Ishak, Faris M Al-Oqla, Eco-Friendly 
Composites for Brake Pads From Agro Waste: A Review- 
doi:10.1016/B978-0-12-803581-8.10159-6. 

[23] M. Polajnar, M. Kalin, I. Thorbjornsson, J.T. 
Thorgrimsson, N. Valle, A. Botor-Probierz, Friction and 
wear performance of functionally graded ductile iron for 
brake pads, Wear, 
http://dx.doi.org/10.1016/j.wear.2017.04.015. 

 

[24] Sanjeet Kumar, Deepak Kumar, Jayant Jain, A Study on 
Mechanical and Tribological Behavior of Brake Pad 
Materials, ISSN: 1662-9795, Vol. 737, pp 162-167. 
doi:10.4028/www.scientific.net/KEM.737.162,  

[25] A.A. Agbeleye, D.E. Esezobor, S.A. Balogun, J.O. Agunsoye, 
J. Solis, A. Neville, Tribological Properties of Aluminium-
Clay composites for brake disc rotor applications, 
Journal of King Saud University - Science (2017), doi: 
http://dx.doi.org/10.1016/j.jksus.2017.09.002. 

[26] Cinzia Menapace, Mara Leonardi, Vlastimil, Matejka, 
Stefano Gialanella, Giovanni Straffelini, Wear, 
https://doi.org/10.1016/j.wear.2017.12.008. 

[27] Jung-Ju Lee, Jung-A. Lee, Sungwook Kwon, Jeong-Joo 
Kim, Effect of different reinforcement materials on the 
formation of secondary plateaus and friction properties 
in friction materials for automobiles, Tribology 
International (2018), doi: 
10.1016/j.triboint.2017.12.020. 

[28] Saereh Mirzababaei, Peter Filip, Impact of humidity on 
wear of automotive friction materials, Wear 376-377 
(2017) 717–726,  
http://dx.doi.org/10.1016/j.wear.2017.02.020. 

[29] Mara Leonardi, Cinzia Menapace, Vlastimil Matejka, 
Stefano Gialanella, Giovanni Straffelin, Pin-on-disc 
investigation on copper-free friction materials dry 
sliding against cast iron, Tribology International (2017), 
doi: 10.1016/j.triboint.2017.10.037. 

[30] Yeon Ha Chang, Byung Soo Joo, Sang Mok Lee, Ho Jang, 
Size effect of tire rubber particles on tribological 
properties of brake friction materials, Wear, 
https://doi.org/10.1016/j.wear.2017.10.004. 

[31] Sadiq Sius LAWAL, Katsina Christopher BALA, and 
Abdulkareem Tunde ALEGBEDE, Development and 
production of brake pad from sawdust composite, ISSN 
1583-0233 (2017), Issue 30 p. 47-56. 

[32] K Ramanathan, P Saravanakumar, S Ramkumar, P Pravin 
kumar, S.R Surender, Development of Asbestos-Free 
Brake Pads: 

[33] Using Lemon Peel Powder, ISSN (Online) : 2319-8753, 
Vol. 6, Issue 3, March 2017, 
DOI:10.15680/IJIRSET.2017.0603249. 

[34] J.C. Poletto, L.Y. Barros, P.D. Neis, N.F. Ferreira, Analysis 
of the error in the estimation of the morphology of 
contact plateaus existing on the surface of brake pads, 
Tribology International (2018), doi: 
10.1016/j.triboint.2018.05.026. 

[35] L.B. Shi, F. Wang, L. Ma, Q.Y. Liu, J. Guo, W.J. Wang, Study 
of the friction and vibration characteristics of the 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 07 Issue: 07 | July 2020                 www.irjet.net                                                                     p-ISSN: 2395-0072 

 

© 2020, IRJET       |       Impact Factor value: 7.529       |       ISO 9001:2008 Certified Journal       |     Page 1853 
 

braking disc/pad interface under dry and wet 
conditions, Tribology International (2018), doi: 
10.1016/j.triboint.2018.07.012. 

 
AUTHORS 

 

 
Anudeep Kumar Kankanala 
M.Tech-B.Tech(Intg.) 
Dept. of Mechanical Engineering, 
Lovely Professional University 
 
 
 

 

 
Kankanala Sai Krishna 
B.Tech Final year, 
Dept. of Mechanical Engineering, 
Kakatiya Institute of 
Technology& Science, Telangana 

 

 

 

 

 

 

 


