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1. Introduction 

The brake system is one of the most basic safety systems of a 

vehicle [1–3]. Friction occurs during braking, which causes ac-

tive wear of the friction and disc surfaces of the friction materi-

als [4]. This is where friction materials come into play. Friction 

materials are an important component of the braking system in 

vehicles. It is the friction material that attaches to the brake sys-

tem and comes into contact with the brake disc or rotor when the 

brakes are applied. This friction produces the force necessary to 

slow or stop the vehicle. Over the past 110 years, innovations in 

modern friction materials have played a significant role in im-

proving the overall performance of automotive braking systems 

[5–8]. These innovations have led to advances in friction mate-

rials, including the development of new composite materials that 

provide better braking efficiency, less wear and better thermal 

conductivity. In the past, asbestos-based friction materials were 

commonly used in friction materials due to their high coefficient 

of friction and durability. However, asbestos has been banned in 

many countries due to the health hazards it poses. The composi-

tion of friction materials consists of various components, includ-

ing binders, fibers, fillers, friction materials, lubricants and abra-

sives [9–16]. The correct selection and composition of these 

components is crucial in determining the friction behavior, wear 

resistance and thermal performance of friction materials. Fric-

tion materials are designed to withstand high temperatures and 

repeated friction forces without significant wear or degradation 

[17,18]. 

In the manufacturing sector, achieving optimum performance 

and efficiency is crucial to ensuring high quality products. One 

of the areas where optimization plays an important role is the 

production of friction materials. Optimization of manufacturing 

parameters in friction materials is of great importance as it di-

rectly affects the performance and safety of the brake system. 
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By carefully controlling and adjusting various factors such as 

molding pressure, temperature, time and heat treatment, manu-

facturers can improve the tribological properties of friction ma-

terials, ultimately contributing to the improvement of brake per-

formance, durability and overall safety. Manufacturing optimi-

zation allows the production of friction materials that meet in-

dustry standards for performance and safety. It helps reduce 

manufacturing costs by determining the most efficient and cost-

effective parameters and processes. The optimization ensures a 

consistent and stable friction level throughout the life of the fric-

tion materials, minimizing vibrations, noise and wear on both 

the rotor and friction material. Moreover, optimization of man-

ufacturing parameters is of great importance to meet increas-

ingly stringent requirements and expectations for friction mate-

rials. Optimization of manufacturing parameters in friction ma-

terials is a complex and critical process. It requires an in-depth 

understanding of the tribological properties of friction materials 

as well as the various factors that can affect their performance 

[19,20]. 

The manufacturing parameters of automotive friction materi-

als are critical to braking performance and safety. Many of these 

parameters are determined by the resin manufacturer. This is be-

cause the thermal properties, which are affected by the high tem-

peratures generated during braking, directly influence the man-

ufacturing conditions. In particular, the molecular structure of 

the resin directly affects the fading behavior observed during 

braking. Thermal degradation of the resin at high temperatures 

leads to a weakening of the friction materials. This causes the 

friction force and braking efficiency to drop to unacceptably low 

levels. This jeopardizes braking safety. Therefore, resin formu-

lation and production parameters must be optimized to improve 

friction stability at high temperatures. The resin should be mod-

ified to show minimal dependence on temperature and the man-

ufacturing parameters should be selected within optimal limits 

[21–24]. 

Ertan and Yavuz (2010) did an experiment on a friction ma-

terial composition to find out how different manufacturing pa-

rameters affect tribological properties and to find the best man-

ufacturing parameters for better tribological behavior. The re-

sults showed that the manufacturing parameters can signifi-

cantly improve the tribological behavior and production cost of 

the brake pad, as long as the optimum values are selected [24]. 

Wilairat et al. (2019) examined the effects of hot molding con-

ditions on the porosity and compressibility of friction materials. 

The results and correlation coefficients showed that molding 

pressure and molding time had the most significant effects on 

porosity and compressibility [25]. Aleksendric and Senatore 

(2012) investigated how brake friction material wear was im-

pacted by the manufacturing parameters. In their investigation, 

they employed a hybrid (neuro-genetic) optimization model. For 

common brake interface temperatures, it was discovered how 

the most significant manufacturing parameters; molding pres-

sure, molding temperature, molding time, heat treatment tem-

perature, and heat treatment time, affect the wear of various fric-

tion material types (different formulations and production con-

ditions). It has been shown that the wear of some types of fric-

tion materials is significantly affected by their manufacturing 

parameter [26]. 

In this study, the effect of manufacturing parameters on auto-

motive friction material was investigated experimentally. A 

fixed content was determined, pre-forming time and pressure; 

hot pressing time, pressure and temperature; curing time and 

temperature were optimized. 

 

2. Material Method 

A fixed content has been determined in the manufacturing of 

automotive friction material. Table 1 shows the materials and 

their ratios used in the production of friction material. Binder, 

phenolic resin; metal content, bronze powder and brass shavings; 

fiber, glass fiber and steel wool; filler material, barite; lubricant 

graphite and friction modifier Al2O3 were used. Since the aim of 

the study was to optimize the manufacturing parameters, the 

most known materials in the literature were preferred for friction 

material manufacturing. The materials used in the study were 

selected through a comprehensive literature review. It is the 

most widely used phenolic resin for friction materials. Phenolic 

resin has good mechanical properties and is inexpensive. It is 

also more resistant to solvents, acids and water than other resins. 

Barites are heavy-density, inert minerals. They are inexpensive 

because they can be mined anywhere in the world. Since it does 

not easily change its properties at temperatures exceeding 

300 °C, it is resistant to high temperatures. A naturally occurring 

type of crystalline carbon is graphite. Because it does not easily 

react with other elements, it is often used in the production of 

different lubricants. Its lubricating properties are great. mini-

mizes the noise of the brakes [27–37]. 

Table 1. Fixed content used in the production of friction material 

Classification Materials Contents (%) 

Binder Phenolic Resin 15 

Metal Content 
Bronze 5 

Brass Shaving 5 

Fiber 
Glass Fiber 15 

Steel Wool 5 

Filler Barite 40 

Lubricant Graphite 5 

Friction Modifier Al2O3 10 

Samples were produced using the powder metallurgy method, 

one of the conventional fabrication techniques. Powder materi-

als were calculated in the determined volumes and added to the 

mixing device and the mixing process was carried out. Mixing 

is the first step in friction material production. This process de-

pends on various factors such as the order of adding the ingredi-

ents, mixing time and speed. Each parameter affects the quality 
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of the mixture, which defines the microstructure and properties 

of the friction material [38,39]. Under good mixing conditions, 

mixing times of 10 to 15 min are sufficient to ensure a well-

mixed mixture [39]. The mixing phase was implemented in two 

steps in order to mix the powder materials to be used in produc-

tion homogeneously. First, it was mixed in a V-shaped mixing 

device for 30 min at a rotation speed of 15 rpm. Then, it was 

mixed in a rondo mixer at a rotation speed of 1200 rpm for 1 

min. In order to obtain the material without dispersing during 

the pre-forming stage, the prepared powder mixtures were 

sprayed with 3% alcoholic water on the mixture before being put 

into the mold. After the mixing process, samples were produced 

by applying pre-forming, hot pressing and curing steps. The de-

tailed flow chart of the manufacturing process of the samples, 

the devices used in the manufacturing process and the visuals of 

the samples are shown in Figure 1.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1. Flowchart of the manufacturing process of the samples 

In manufacturing parameter optimization; pre-forming press-

ing time and pressure, hot pressing time-pressure and tempera-

ture, curing time and temperature parameters were determined. 

The experimental parameters specified in this study were deter-

mined according to the parameters commonly used in the litera-

ture [40–45] and the capacities of the devices at the manufactur-

ing process. Manufacturing parameter values are given in Table 

2. When Table 2 is examined, 1, 3 and 5 min for pre-forming 

pressing time, 8, 10 and 12 MPa for pre-forming pressing pres-

sure; 5, 10 and 15 min for hot pressing time, 8, 10 and 12 MPa 

for hot pressing pressure, 125, 150 and 175 °C for hot pressing 

temperature; curing time values of 4, 8 and 12 h and curing tem-

perature values of 120, 150 and 180 °C were determined. In 

manufacturing optimization, one of the parameter values was 

changed and the others were kept constant, thus the effect of all 

parameters was recorded. Friction-wear tests of the produced 

samples were carried out on the friction wear test device shown 

in Figure 2.  

 

Table 2.Experimental plan for manufacturing parameters optimization 

Parameter Code Value 

Pre-Forming Time (min) PFT 1 3 5 

Pre-Forming Pressure (MPa) PFP 8 10 12 

Hot Pressing Time (min) HPT 5 10 15 

Hot Pressing Pressure (MPa) HPP 8 10 12 

Hot Pressing Temperature (°C) HPTe 125 150 175 

Curing Time (h) CT 4 8 12 

Curing Temperature (°C) CTe 120 150 180 
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Fig. 2. Schematic view of friction wear tester 

The friction coefficient-temperature change of the samples 

was determined by the FAST (Friction Assessment and Screen-

ing Test) method by measuring every second for 5400 s under 

0.551 MPa pressure and 7 m/s speed. 

Density values of friction materials were determined accord-

ing to Archimedes' principle. Density measurements were car-

ried out in an experimental setup operating according to the Ar-

chimedes principle. The formula used for density measurement 

is shown in Eq. (1). Three different density values were taken 

for each sample and the density of each sample was determined 

by taking the average of these values. 

 

                          (1) 

               

Where, ρs is the density of sample, ma is the mass of the sam-

ple in air, mw is the mass of the sample in water, ρw is the density 

of water. 

Hardness measurements of the samples were carried out with 

the Shore D durometer hardness measuring device. Measure-

ments were determined according to the ASTM D2240 standard 

by measuring from 3 different points of the material and calcu-

lating the averages. 

The specific wear rate was calculated according to the mass 

loss method as specified in TS 555. Before starting the wear tests, 

the masses of the samples were weighed and recorded using a 

precision balance with an accuracy of 0.001 g. Likewise, their 

masses were weighed and recorded after the experiment. This 

was determined as mass loss. The specific wear rate used for the 

calculation is shown in Eq. (2). 

 

 

            (2) 

 

Where V is the specific wear rate (cm3/Nm), m1 is the mass 

measured before the experiment, m2 is the mass measured after 

the experiment, ρ is the sample density, Rd is the disc radius, fm 

is the average friction force, n is the number of revolutions. 

Friction stability is determined as a function of braking pres-

sure and sliding speed. The magnitude of friction stability 

should be as high as possible and close to 100. In addition, the 

slope and fluctuations in the friction curve should be minimal. 

Friction stability is determined by the ratio of the average fric-

tion coefficient to the maximum friction coefficient and is ex-

pressed as a percentage. The calculation of friction stability is 

shown in Eq. (3). 

 

 

         (3) 

 

Where µave is the average friction coefficient obtained during 

the experiment, µmax is the maximum friction coefficient ob-

tained during the experiment. 

The surface roughness of some samples after the experiment 

was measured using a three-dimensional optical profilometer. In 

accordance with the ISO25178 standard, surface roughness val-

ues were recorded. These values include the Root Mean Square 

Height (Sq), the Maximum Peak Height (Sp), the Maximum Pit 

Height (Sv), Maximum Height (Sz) and the average surface 

roughness (Sa). Measurements were carried out on the wearing 

surface of the samples in an area of 100x100 µm2, with a scan-

ning step interval of 5 µm and a scanning frequency of 2000 Hz. 

 

3. Results and Discussions 

The experiments were carried out with pre-forming times of 

1, 3 and 5 min and the results were recorded. Figure 3,4,5 and 6 

shows the average COF, time-dependent COF-temperature 

curve, friction stability-specific wear rate, density and hardness 

results of the samples produced by varying the pre-forming time, 

respectively. 

 

Fig. 3. Results of PFT-1, PFT-3 and PTF-5 samples average COF 

When Figure 3 is examined, the highest average COF value 

was obtained in PFT-3 specimen which was pre-formed for 3 
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min with 0.476. The lowest average COF value was obtained in 

the PFT-1 specimen, which was pre-formed for 1 min with 0.431. 

It was observed that the average COF values of PFT-3 and PFT-

5 samples were very close to each other. 

 

Fig. 4. Results of PFT-1, PFT-3 and PTF-5 samples time-dependent 
COF-temperature curve 

When the time-dependent COF-temperature curve is analyzed 

in Figure 4, it is seen that the PFT-3 sample draws a more stable 

friction curve than the other samples. In parallel with this, in 

Figure 5, the friction stability was higher than the other two sam-

ples and was calculated as 79.01%. As the pre-forming time in-

creased, the specific wear value decreased and the specific wear 

values of PFT-3 and PFT-5 samples were close to each other. 

The highest specific wear rate was calculated in PFT-1 sample. 

 
Fig. 5. Results of PFT-1, PFT-3 and PTF-5 samples friction stabil-

ity-specific wear rate 

The lowest hardness value was seen in the PFT-1 sample. 

Density values were close to each other for the 3 samples. The 

average density value of PFT-1, PFT-3 and PFT-5 samples was 

calculated as 2.732 g/cm3 and the hardness value was calculated as 

89.89 Shore D. It was determined that 1 min pre-forming time 

was insufficient as it exhibited lower average COF and friction 

stability and higher specific wear value compared to PFT-3 and 

PFT-5 samples. 

 

Fig. 6. Results of PFT-1, PFT-3 and PTF-5 samples density and 
hardness 

Experiments for pre-forming pressure were carried out with 8, 

10 and 12 MPa pre-forming pressures and the results were rec-

orded. Figures 7,8,9 and 10 show the average COF, time-de-

pendent COF-temperature curve, friction stability-specific wear 

rate, density and hardness results of the samples produced by 

varying the pre-forming pressure, respectively. In figure 7 were 

examined, it was observed that the results of the PFP-8 and PFP-

10 samples were very close to each other, and the average COF 

value of the PFP-12 sample was higher than the other samples. 

The average COF value of the PFP-12 sample was determined 

to be 0.50.  

 

Fig. 7. Results of PFP-8, PFP-10 and PFP-12 samples average COF 

When Figure 8 is examined, the PFP-10 sample had a more 

stable friction curve, the other samples showed an increase in 

the general curve until the 80th min, and then there was a de-

crease in the curve. The lowest friction stability and the highest 

specific wear value were observed in the PFP-8 sample. 
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Fig. 8. Results of PFP-8, PFP-10 and PFP-12 samples time-depend-
ent COF-temperature curve 

 
Fig. 9. Results of PFP-8, PFP-10 and PFP-12 samples friction sta-

bility-specific wear rate 

In Figure 9, it is seen that the friction stabilities and specific 

wear values of the PFP-10 and PFP-12 samples are close to each 

other. It was observed that the specific wear rate decreased with 

increasing pre-forming pressure. The lowest specific wear rate 

was obtained in the PFP-12 sample.  

 
Fig. 10. Results of PFP-8, PFP-10 and PFP-12 samples density and 

hardness 

In figure 10, the lowest density value is obtained in the PFP-

8 sample, and the density values of the PFP-10 and PFP-12 sam-

ples are close to each other. The highest hardness value was seen 

in the PFP-10 sample. The average density values for PFP-8, 

PFP-10 and PFP-12 samples were calculated as 2.731 g/cm3 and 

hardness values as 90.5 Shore D. 

For hot pressing time, samples were produced by pressing for 

5, 10 and 15 min. Figures 11,12,13 and 14 show the average 

COF, time-dependent COF-temperature curve, friction stability-

specific wear rate, density and hardness values of the samples 

produced by varying the hot pressing time, respectively.  

 

Fig. 11. Results of HPT-5, HPT-10 and HPT-15 samples average COF 

In Figure 11 and 13 are examined that it was observed that the 

average COF value and friction stability increased as the hot 

pressing time increased. The highest average COF value among 

the hot pressing times was obtained in the HPT-15 sample 

pressed for 15 min with a value of 0.496. Similarly, when Figure 

13 is examined, it was determined that the friction stability in-

creased as the hot pressing time increased and the highest fric-

tion stability was observed in the HPT-15 sample with 79.42%. 

The lower average COF and stability as the hot pressing time 

decreases, the higher specific wear rate value, can be explained 

by the fact that bonding times for powder materials are insuffi-

cient, resulting in poor bonding between powders. Since insuf-

ficient bonding occurred, the highest specific wear rate and the 

lowest average COF and stability values were seen in the HPT-

5 sample pressed for 5 min. The friction stabilities of the HPT-

10 and HPT-15 samples were very close to each other. Similarly, 

the specific wear rate showed a decreasing trend as the hot press-

ing time increased, and the specific wear values of the HPT-10 

and HPT-15 samples were very close to each other. When the 

time-dependent COF-temperature curves are examined in Fig-

ure 12, it is observed that the coefficient of friction of the HPT-

15 sample has an increasing trend until the 30th min, and then a 

more stable coefficient of friction curve is observed until the end 

of the experiment compared to the other samples. When Figure 

14 is analyzed that the highest density and hardness values were 

obtained in the HPT-10 sample. The average density value of 

HPT-5, HPT-10 and HPT-15 samples was calculated as 2.713 

g/cm3 and the hardness value was 89.72 Shore D. 
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Fig. 12. Results of HPT-5, HPT-10 and HPT-15 samples time-depend-
ent COF-temperature curve 

 
Fig. 13. Results of HPT-5, HPT-10 and HPT-15 samples friction sta-

bility-specific wear rate 

 

Fig. 14. Results of HPT-5, HPT-10 and HPT-15 samples density and 
hardness 

For hot pressing pressure, experiments were carried out with 

8, 10 and 12 MPa pressing pressures and the results were rec-

orded. Figures 15,16,17 and 18 show the average COF, time-

dependent COF-temperature curve, friction stability-specific 

wear rate, density and hardness results of the samples produced 

by changing the hot pressing pressures, respectively. 

 

Fig. 15. Results of HPP-8, HPP-10 and HPP-12 samples average COF 

 

Fig. 16. Results of HPP-8, HPP-10 and HPP-12 samples time-depend-
ent COF-temperature curve 

When Figure 15 is examined The average COF values of HPP-

8, HPP-10 and HPP-12 samples increased with increasing press-

ing pressure. The highest average COF value was obtained in 

HPP-12 sample with 0.547. In Figure 17, Although the HPP-12 

sample had the highest average COF value, the HPP-10 sample 

had the highest friction stability and the lowest specific wear rate. 

Figure 16 shows that HPP-8, HPP-10 and HPP-12 samples gen-

erally follow a stable friction curve, especially HPP-12 sample 

shows a very stable curve after 60 min. 

 

Fig. 17. Results of HPP-8, HPP-10 and HPP-12 samples friction sta-
bility-specific wear rate 
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Fig. 18. Results of HPP-8, HPP-10 and HPP-12 samples density and 
hardness 

The highest density and hardness values were obtained in the 

HPP-10 sample. The average density value of HPP-8, HPP-10 

and HPP-12 samples was calculated as 2.69 g/cm3 and the hard-

ness value was calculated as 90.05 Shore D. 

Samples were produced by varying the hot pressing tempera-

ture as 125, 150 and 175 °C and the results were recorded. Fig-

ure 19,20,21 and 22 show the average COF, time-dependent 

COF-temperature curve, friction stability-specific wear rate, 

density and hard-ness results of the samples produced by chang-

ing the hot pressing pressures, respectively. 

 

Fig. 19. Results of HPTe-125, HPTe-150 and HPTe-175 samples av-
erage COF 

When Figure 19 is examined, it is seen that the average COF 

value increases as the hot pressing time increases, and the high-

est average COF value of 0.507 was obtained in the HPTe-175 

sample pressed at 175 °C.  

The time-dependent COF-temperature curve shows that the 

HPTe-175 sample has an increasing COF curve until the end of 

the experiment. HPTe-125 and HPTe-150 samples show a more 

stable COF curve. The highest frictional stability and the lowest 

wear rate were obtained in the HPTe-150 sample. The highest 

density and hardness values were obtained in the HPTe-150 

sample. The average density value of HPTe-125, HPTe-150 and 

HPTe-175 samples was calculated as 2.719 g/cm3 and the hard-

ness value was calculated as 90.72 Shore D. 

 

Fig. 20. Results of HPTe-125, HPTe-150 and HPTe-175 samples 
time-dependent COF-temperature curve 

 
Fig. 21. Results of HPTe-125, HPTe-150 and HPTe-175 samples 

friction stability-specific wear rate 

 

Fig. 22. Results of HPTe-125, HPTe-150 and HPTe-175 samples 
density and hardness 

After the hot pressing process, the samples were produced by 

keeping them in a drying oven for 4, 8 and 12 h to investigate 

the effect of curing time. Figures 23,24,25 and 26 show the av-

erage COF, time-dependent COF-temperature curve, friction 
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stability-specific wear rate, density and hardness results of the 

samples produced by changing the hot pressing pressures, re-

spectively.  

 

Fig. 23. Results of CT-4, CT-8 and CT-12 samples average COF 

As the curing time increased, the average COF values of the 

samples increased. The highest friction stability and lowest spe-

cific wear rate occurred in the CT-8 sample cured for 8 h. When 

the friction curve is examined, it is seen that the CT-12 sample 

exhibits an increase in the friction curve throughout the experi-

ment. The highest density and hardness values were seen in the 

CT-8 sample. The average density value of CT-4, CT-8 and CT-

12 samples was calculated as 2.713 g/cm3 and the hardness value 

was 91.17 Shore D. 

 
Fig. 24. Results of CT-4, CT-8 and CT-12 samples time-dependent 

COF-temperature curve 

 
Fig. 25. Results of CT-4, CT-8 and CT-12 samples friction stability-

specific wear rate 

 
Fig. 26. Results of CT-4, CT-8 and CT-12 samples density and  

hardness 

Samples were produced by varying the curing temperature as 

120, 150 and 180 °C and the results were recorded. Figure 

27,28,29 and 30 show the average COF, time-dependent COF-

temperature curve, friction stability-specific wear rate, density 

and hardness results of the samples produced by changing the 

hot pressing pressures, respectively. 

 

Fig. 27. Results of CTe-120, CTe-150 and CTe-180 samples  
average COF 

 

Fig. 28. Results of CTe-120, CTe-150 and CTe-180 samples time-
dependent COF-temperature curve 
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Fig. 29. Results of CTe-120, CTe-150 and CTe-180 samples fric-
tion stability-specific wear rate 

 

Fig. 30. Results of CTe-120, CTe-150 and CTe-180 samples density 
and hardness 

When the results are examined, the average COF value decreases 

as the curing temperature increases. The lowest friction stability and 

highest specific wear rate were obtained in the CTe-180 sample cured 

at 180 °C. It has been stated that above a certain heat treatment tem-

perature, the structure of the friction material deteriorates and the ma-

terial's resistance to fading decreases [24]. The highest density and 

hardness values were seen in the CTe-150 sample. The average den-

sity value of CTe-120, CTe-150 and CTe-180 samples was calculated 

as 2.718 g/cm3 and the hardness value was 91.44 Shore D. 

Figure 31 shows the 3D profilometer result of the PFP-12 sample. 

According to the results, Sq, Sp, Sv, Sz and Sa values were measured 

as 1.75, 6.71, 6.09, 12.08 and 1.33 respectively. Figure 32 shows the 

3D profilometer result of the HPT-15 sample. According to the 

results, Sq, Sp, Sv, Sz and Sa values were measured as 1.65, 6.49, 

6.37, 13.5 and 1.32 respectively. The density of PFP-12 and 

HPT-15 samples was measured as 2.741 and 2.71, respectively. 

It was observed that Sz and Sv values increased as the density 

decreased. Less dense friction material can be more easily frag-

mented and crumbled during wear. It is thought that this frag-

mentation and crumbling may cause the formation of pits and 

heights on the friction material surface. 

 

Fig. 31. 3D profilometer image of PFP-12 sample 

 

Fig. 32. 3D profilometer image of HPT-15 sample 

4. Conclusions 

The conclusions obtained as a result of the experimental stud-

ies are listed below. 

* As the pre-forming time increased, the average COF value 

of the samples generally increased. When the pre-forming time 

was applied for 5 min, although the average COF of the sample 

was almost the same, friction stability, density and hardness val-

ues decreased, and the specific wear rate increased. Increasing 

the pre-forming pressure increased the average COF value of the 

samples and decreased the specific wear rate value.  

* Among the pre-forming parameters, 3 min of pressing time 

and 12 MPa pressing pressure were found sufficient.  

* Increasing the hot pressing time helped to improve the tribo-

logical properties of the friction material. With increasing hot 

pressing time, the average COF value increased by 9%, friction 

stability increased by 24% and specific wear rate decreased by 

28%. However, at 10 and 15 min pressing times, friction stabil-

ity and specific wear rate values were not affected much and 

showed values close to each other. 
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* With the increase of hot pressing pressure, the average COF 

value increased by 25%. However, the lowest specific wear rate 

was calculated in the HPP-10 sample pressed at 10 MPa pressure. 

* Similar to hot pressing pressure, the average COF value in-

creased by 8% with the increase of hot pressing temperature. 

However, the lowest specific wear rate was calculated in the 

HPTe-150 sample. 

* Among the hot pressing parameters, it was found sufficient 

that the pressing time was 15 min, the pressing pressure was 12 

MPa and the pressing temperature was 150 °C.  

* The highest COF was obtained in the sample cured for 12 h. 

However, the specific wear value of this sample was much 

higher than the others.  

* With the increase in curing temperature, the average COF 

values of the samples decreased. The average COF values of the 

samples decreased with increasing curing temperature. As the 

curing temperature increased from 120 °C to 180 °C, the average 

COF value of the friction material decreased by 12% and the 

specific wear rate increased by 38%. 

* Among the curing parameters, a curing time of 8 h and a 

curing temperature of 150 °C were found sufficient. 
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