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1. Introduction 

One of the important parts of the vehicles is the brake sys-

tem. The brake system controls the speed of the vehicle. It 

provides the vehicle to slow down or stop. This is ensured by 

the pads used in the brake system. The pad controls the speed 

of the vehicle by rubbing against the disc surface. Pads are 

formed by combining different powder materials [1]. Mate-

rials used in pads are classified as friction modifiers, solid 

lubricants, abrasives, fillers, reinforcement and binder [2, 3]. 

These materials are classified by examining their properties 

such as tribological behavior, vibration and fade resistance at 

high temperatures [4]. 

Friction coefficient and wear resistance are the important 

factors for pads [5-8]. During braking, pads are expected to 

have high friction coefficient and wear resistance [9]. Due to 

braking, a decrease in friction coefficient occurs due to the 

increase in temperature [10]. This reduction is desired to be 

at the minimum level. Although the increase in temperature, 

the friction coefficient is expected to take a stable state. 

The use of waste products in pads has increased in recent 

years. Thus, the cost of pad is reduced and waste products 

are evaluated. In the literature, studies researching the usage 

of waste products such as banana peel, banana tree, palm 

beans, walnut shell, nut shell are existing [11-18]. 

In this study, pine cones were used as waste products. The 

effect of pine cones on braking performance was investigated. 

 

2. Material and Method 

2.1 Sample Preparation  

In this study, the effects of pinus brutia and pinus nigra 

cone powder on braking pads were investigated. Pine cones 

were dried at ambient temperature and powdered in the 

grinder. Then, it was subjected to sieving and its dimensions 

were determined. Material size used in pads was 300 µm. 
Table 1. Ingredients of the samples (wt. %) 

 

Sample Code PC0 PBC PNC 

Phenolic resin 20 20 20 

Al2O3 6 6 6 

Steel fibers 6 6 6 

Brass particles 6 6 6 

Graphite 8 8 8 

Cu particles 5 5 5 

Cashew 9 9 9 

Barite 40 30 30 

Pinus brutia cone 0 10 0 

Pinus nigra cone 0 0 10 

 

The contents of three pad samples with the same materials 

except milled pinus brutia and pinus nigra cone are shown in 

Table 1. 
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The pad samples were produced by dry mixing method. 

The nine different ingredients were mixed for 10 minutes in 

the powder mixing device. After mixing, it was pressed in 

cold mold at 80 bar pressure for 2 minutes. After cold press-

ing, pads were pressed at 150 bar pressure and at 180°C tem-

perature for 10 minutes. During the hot-pressing process, 

pressure was released several times to remove the gases 

caused by the reaction of the phenolic resin. 

 

2.2 Experiments    

Performance tests of the produced pads were performed 

on the test device given in Fig. 1. Detailed information with 

the test device can be found in other works of the author [19-

21]. 

 
Fig. 1. Schematic view of the brake pad tester 

 

The pads were tested by braking for 5 minutes under 5 bar 

pressure. The change in friction coefficient was determined 

depending on the temperature during braking. The pretest 

was performed to contact the entire surface of the pad with 

the disc and then performance tests were carried out. Perfor-

mance tests were repeated 3 times for each pad and the re-

sults were evaluated. 

The pads are desired to have high wear resistance. The 

specific wear rate (V), which is the important features of the 

pads, was calculated by the formula given in Equation 1 ac-

cording to Turkish Standards (TSE 555) and British Stand-

ards (BS AU142) [22, 23]. 

 

𝑉 =
𝑚1−𝑚2

2∙𝜋∙𝑅𝑑∙𝑛∙𝑓𝑚∙𝜌
 

 (1) 

 

where, V is the specific wear rate (cm3/Nm), Rd is the dis-

tance between centers of the sample and the rotating disc (m), 

m1 and m2 are the average specimen weights before and af-

ter the test (g), respectively, n is the rotating number of disk, 

ρ is the density of the brake lining (g/cm3) and fm is the av-

erage frictional force (N). The density of the produced pads 

was determined by the formula given in Equation 2 accord-

ing to the Archimedes principle [24]. In the equation; ρ is 

density (g/cm3), mh is mass of the sample in air (g) and ms 

is mass of the sample in water (g). 

 

𝜌 =
𝑚ℎ

𝑚ℎ−𝑚𝑠
  (2) 

 

The pads are requested not to wear the disc surface [25]. 

For this reason, the hardness of the pads is important for pad 

and disc usage duration. The hardness of the pads was deter-

mined by Brinell test method with 62.5 kg of load and 2.5 

mm diameter of indenter steel ball. Hardness measurements 

were made from the wear surface of the pad and six different 

points.  

The microstructures formed on the wear surface of the 

pads were examined. Scanning Electron Microscope (SEM) 

images were taken for microstructure examination of pads.  

 

3. Results and Discussion 

The friction coefficient-temperature graphs of brake pads 

produced with pinus brutia cone (PBC), pinus nigra cone 

(PNC) powders and non-pine cone (PC0) are given in Fig. 2, 

Fig. 3 and Fig. 4. When the graphs are examined, it is seen 

that the friction coefficient is shaped after 300 seconds de-

pending on the increase in temperature. 

 

Fig. 2. Friction coefficient-temperature change graph of PC0 pad 

 

When the graphs are examined, it is seen that the friction 

coefficient of the pad containing PBC shows a more stable 

performance. The lowest temperature occurred in the pad 

with PBC content. The pad containing PBC caused an 

increase in temperature. As the temperature increased, a 

decrease in friction coefficient was observed. In friction 

coefficient with increasing temperature to be a slight decline 

is expected [26]. This situation may be thought to be caused 

by the high temperature affecting the binding property of the 

resin. Materials that provide heat conduction such as copper, 

steel wool and brass shavings in the content of the pad 

prevent an excessive decrease in friction coefficient. Cashew 

used in content of the pad causes to remain stable of the 

friction coefficient during the experiment. When the figures 

are examined, the friction coefficient continues stably 

depending on the temperature increase. 

 



 

B. Sugözü / International Journal of Automotive Science and Technology  4 (4): 253-257, 2020 

 

255 

 

 
 

Fig. 3. Friction coefficient-temperature change graph of PBC pad 

 

 

 

Fig. 4. Friction coefficient-temperature change graph of PNC pad 

 

The average friction coefficient of the pad with PCB con-

tent is the highest with 0.36. Using PCB in the pad slowed 

down the rate of temperature increase. This resulted in the 

lowest test temperature in the pad samples. The perfor-

mances of the pad containing PNC and non-pine cone pad 

have given similar results. Average friction coefficient of 

PNC and PCD coded pad samples was determined as 0.30. 

The use of PBC in the pad increased the friction coefficient. 

The use of PNC in the pad showed any change in the friction 

coefficient. 

The wear, density, hardness and average friction coeffi-

cient values of the produced pads are given in Table 2. 

 
Table 2. Typical characteristics of the PBC, PNC and PC0 brake 

pads 

 

Sample code PBC PNC PC0 

Friction coefficient (µ) 0.36 0.30 0.30 

Specific wear (cm3/Nm) 0.39 0.42 0.46 

Hardness (HB) 34 30 28 

Density (g/cm3) 2.25 2.12 2.10 

 

 

When the pad samples were examined, PC0 pad without 

pine cone powder showed the highest wear value. The high-

est wear resistance showed PBC pad sample using pinus bru-

tia cone powder. While the wearing value of PNC coded pad 

sample with pinus brutia cone content was 0.42, it was deter-

mined as 0.39 in PBC coded pad sample and 0.46 in PC0 

coded pad sample. PBC pad sample exhibiting low wear rate; 

It can be interpreted that the rate of pinus brutia cone powder 

slows the increase of temperature and does not allow the part 

breaks by preserving the binder characteristic.  

Archimedes principle was used in density measurement 

because of the pad surfaces not being smooth. Thus, density 

values gave more accurate results. The use of pine cone in 

the pad increased the density. It is stated in the literature that 

the increase in density is proportional to the decrease in po-

rosity [27, 28]. Pine cone used in pads reduced the porosity 

increased binding among the materials. 

When Table 2 is examined, it is seen that the hardness of 

the pad increases with the use of pine cone powder. The pads 

are not desired to have an excessively hard structure [29, 30]. 

When the pad is hard, its brittleness increases as pressure is 

applied during braking. Micro-sized parts that break off the 

pad during braking will increase the amount of wear. The 

hardness of the pads affects the pressure applied during pro-

duction [31]. Applying high pressure during the production 

phase will increase the hardness of the pad and cause it to 

become brittle. Therefore, the pad production stage is a very 

important parameter. Pine cone powder increased the pad 

hardness. The pad with PBC content had a harder structure 

than the pad with PNC content. The hardness of the pad with-

out a pine cone was lower. The use of pine cone in pad in-

creased the binding properties of the materials and porosity 

decreased. The decrease in porosity caused an increase in 

hardness. 

SEM pictures of the test samples are shown in Fig. 5-7. 

When the figures are examined, it is seen that there are some 

adhering parts on the friction surfaces of the PBC containing 

pad with high friction coefficient. It is stated as abrasive wear 

in the literature [32-34]. This situation caused an increase in 

friction coefficient. 
 
 

 
Fig. 5. SEM micrograph of PC0 pad 

 

The traces seen as rupture and adhesion due to friction on 

the wearing surfaces of the pads showed positive results in 

the friction coefficient. Micro and macro gaps can be seen on 
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the pad surfaces. These gaps affect the hardness and density 

values of the pad. The SEM images of the pad containing 

PBC which showed the highest friction coefficient average 

were found to have more adhesion due to rupture. 

 

Fig. 6. SEM micrograph of PBC pad 

 

Fig. 7. SEM micrograph of PNC pad 

 

According to TSE 555 standard, pads are classified ac-

cording to the friction coefficient. The friction coefficient is 

0.25-0.34 (E), 0.35-0.44 (F), 0.45-0.54 (G), 0.55 and above 

(H). The test results obtained in this study showed that the 

PBC coded pad is F class and the others are E class pads.   

 

4. Conclusions 

As a result of the tests with the pads containing pinus bru-

tia cone (PBC) and pinus nigra cone (PNC) powder; 

 

• Pinus nigra cone powder slowed the temperature rise ve-

locity of the pad. 

• The low temperature in the pad containing pinus nigra 

cone increased the friction coefficient. 

• Since the temperature increase rate of the pinus brutia 

cone (PBC) containing pad is slow, the resin has not lost its 

binding feature. 

• Pine cone powder increased the wear resistance of the 

pad. 

• Pine cone powder increased the density of the pad.  

• Pine cone powder increased the hardness of the pad. 

• The results obtained from friction-wear tests showed that 

the pads with pine cones have the standard values.  

 

References 

[1] Cho, M. H., Kim, S. J., Kim, D. and Jang, H. (2005). Effects 

of ingredients on tribological characteristics of a brake lining: 

an experimental case study. Wear, 258, 1682-1687. 

[2] Jadhav, S. P. and Sawant, S. H. (2019). A review paper: De-

velopment of novel friction material for vehicle brake pad ap-

plication to minimize environmental and health issues. Mate-

rials Today, 19, 209-212. 

[3] Manoharan, S., Vijay, R., Singaravelu, D. L., Kchaou, M. 

(2019). Experimental investigation on the tribo-thermal prop-

erties of brake friction materials containing various forms of 

graphite: a comparative study. Arabian Journal for Science 

and Engineering, 44(2), 1459-1473. 

[4] Wei, D., Song, J., Nan, Y. and Zhu, W. (2019). Analysis of the 

stick-slip vibration of a new brake pad with double-layer struc-

ture in automobile brake system. Mechanical Systems and Sig-

nal Processing, 1181, 305-316. 

[5] Filip, P. (2002). Friction and wear of polymer matrix compo-

site materials for automotive braking industry. in ‘Braking 

2002’ (eds.: Barton D., Shilton B.) Professional Engineering 

Publication. Vol 1, 341-354. United Kingdom 

[6] Kurt, A. and Boz, M. (2005). Wear behavior of organic asbes-

tos based and bronze based powder metal brake linings. Mate-

rials & Design. 26, 717-721. 

[7] Stadler, Z., Krnel, K. and Kosmac, T. (2008). Friction and 

wear of sintered metallic brake linings on a C/C-SiC composite 

brake disc. Wear, 265, 278-285. 

[8] Cho, K. H., Jang, H., Hong, Y. S., Kim, S. J., Basch, R. H. and 

Fash, J. W. (2008). The size effect of zircon particles on the 

friction characteristics of brake lining materials. Applied Sur-

face Science. 258, 1862-1868. 

[9] Polajnar, M., Kalin, M., Thorbjornsson, I., Thorgrimsson, J. T., 

Valle, N. and Botor-Probierz, A. (2017). Friction and wear per-

formance of functionally graded ductile iron for brake pads. 

Wear, 382–383, 85-94. 

[10] Kchaou, M., Sellami, A., Elleuch, R. and Singh, H. (2013). 

Friction characteristics of a brake friction material under dif-

ferent braking conditions. Materials & Design, 52, 533-540. 

[11] Rashid, B., Leman, Z., Jawaid, M., Ishak, M. R. and Al-Oqla, 

F. M. (2017). Eco-Friendly composites for brake pads from 

agro waste: a review. Reference Module in Materials Science 

and Materials Engineering. 

[12] Bashir, M., Qayoum, A. and Saleem, S. S. (2019). Influence of 

lignocellulosic banana fiber on the thermal stability of brake 

pad material. Materials Research Express, 6. 

[13] Pujari, S. and Srikiran, S. (2019). Experimental investigations 

on wear properties of Palm kernel reinforced composites for 

brake pad applications. Defence Technology, 15, 295-299. 

[14] Qi, S., Fu, Z., Yun, R., Jiang, S., Zheng, X., Lu, Y., Matejka, 



 

B. Sugözü / International Journal of Automotive Science and Technology  4 (4): 253-257, 2020 

 

257 

 

V., Kukutschova, J., Peknikova, V. and Prikasky, M. (2014). 

Effects of walnut shells on friction and wear performance of 

eco-friendly brake friction composites. Journal of Engineering 

Tribology, 228, 511-520. 

[15] Kumar, M., Ahlawat, V., Sharma, V., Kumar, M. and Singh, 

M. (2019). Effect of sliding velocity on wear behaviour and 

coefficient of friction of walnut shell powder/polyester com-

posites. Journal of Composition Theory, 12, 730-739. 

[16] Yawas, D.S., Aku, S.Y., Amaren, S.G. (2016). Morphology 

and properties of periwinkle shell asbestos-free brake pad. 

Journal of King Saud University-Engineering Sciences, 28(1), 

103-109. 

[17] Kuş, H., Altiparmak, D., Başar, G. (2016). The Effect of Cole-

manite Content on Friction-Wear Properties of the Bronze 

Based Brake Lining Material Reinforced with Fly Ash Fabri-

cated by the Hot Pressing Method. Journal of Polytechnic, 

19(4), 537-546. 

[18] Öztürk, B. Mutlu, T. (2016). Effects of zinc borate and fly ash 

on the mechanical and tribological characteristics of brake fric-

tion materials. Tribology Transactions, 59(4), 622-631. 

[19] Sugözü, B. (2019). Tribological properties of automotive 

brake pads containing peanut shell powder. International Jour-

nal of Research in Engineering, 1, 20-24. 

[20] Sugozu, B. (2018). Tribological properties of brake friction 

materials containing fly ash. Industrial Lubrication and Tri-

bology, 70, 902-906. 

[21] Sugözü, İ. (2015). Investigation of using rice husk dust and 

ulexite in automotive brake pads. Materials Testing, 57, 877–

882. 

[22] TSE 555, (1992). Highway Vehicles-Brake System-Brake 

Pads for Friction Brake, Ankara, Turkey. 

[23] BS AU 142–1968, (1968). Methods of test for brake linings 

materials. 

[24] Sugözü, B., Dağhan, B. and Akdemir, A. (2018). Effect of the 

size on the friction characteristics of brake friction materials: a 

case study with Al2O3. Industrial Lubrication and Tribology, 

70, 1020-1024. 

[25] Hatam, A. and Khalkhali, A. (2018). Simulation and sensitiv-

ity analysis of wear on the automotive brake pad. Simulation 

Modelling Practice and Theory, 84, 106-123. 

[26] Verma, P. C., Menapace, L., Bonfanti, A., Ciudin, R., Gi-

alanella, S. and Straffelini, G. (2015). Braking pad-disc system: 

Wear mechanisms and formation of wear fragments. Wear, 

322–323, 251-258. 

[27] Sugozu, K. B., Daghan, B., Akdemir, A. and Ataberk, N. 

(2016). Friction and wear properties of friction materials con-

taining nano/micro-sized SiO2 particles. Industrial Lubrica-

tion and Tribology, 68, 259–266. 

[28] Manoharan, S., Krishnan, G. S., Babu, L. G., Vijay, R., Singa-

ravelu, D. L. (2019). Synergistic effect of red mud-iron sulfide 

particles on fade-recovery characteristics of non-asbestos or-

ganic brake friction composites. Materials Research Express, 

6(10), 105311. 

[29] Venkatesh, S. and Murugapoopathiraja, K. (2019). Scoping re-

view of brake friction material for automotive. Materials To-

day, 16, 927-933. 

[30] Jeganmohan, S., Sugozu, B., Kumar, M., Selvam, D. R. (2020). 

Experimental investigation on the friction and wear character-

istics of palm seed powder reinforced brake pad friction com-

posites. Journal of the Institution of Engineers Series D, 101(1), 

61-69. India 

[31] Ertan, R. and Yavuz, N. (2010). An experimental study on the 

effects of manufacturing parameters on the tribological prop-

erties of brake lining materials. Wear, 268, 1524-1532. 

[32] Lazzari, A., Tonazzi, D. and Massi, F. (2019). Squeal propen-

sity characterization of brake lining materials through friction 

noise measurements. Mechanical Systems and Signal Pro-

cessing, 128, 216-228. 

[33] Singaravelu, D. L., Vijay, R., Rahul, M. (2015). Influence of 

crab shell on tribological characterization of eco-friendly prod-

ucts based non asbestos brake friction materials (No. 2015-01-

2676). SAE Technical Paper. 

[34] Singaravelu, D. L., Vijay, R., Manoharan, S., Kchaou, M. 

(2019). Development and performance evaluation of eco-

friendly crab shell powder based brake pads for automotive ap-

plications. International Journal of Automotive and Mechani-

cal Engineering, 16(2), 6502-6523. 


