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1. Introduction 

Lining is used to slow down and stop the vehicle. The lining is 

one of the most important parts of the brake system that wear out 

and affect the braking performance. Linings are widely used in the 

automotive industry and other fields. Linings used in automotive 

brake linings are made of a combination of many materials. The 

brake lining are multi-component composites containing binder 

materials, fibers (reinforcement elements), solid lubricants, friction 

modifiers, abrasives and fillers [1].  

When determining friction modifier materials, high friction co-

efficient and good wear resistance are among the required proper-

ties. However, friction materials must maintain a constant coeffi-

cient of friction under difficult conditions such as high tempera-

tures. In addition, it is desired to form a good friction pair, not dam-

age the counter material, and exhibit a stable and high friction co-

efficient under difficult thermal and mechanical effects [2,3]. To-

day, friction materials that do not threaten human health are being 

produced [4-7]. 

Although the tribological properties of asbestos are very good, 

its use is prohibited due to its negative effects on human health [8]. 

Solid lubricants reduce the amount of wear of the brake lining 

by reducing the slip-adhesion effect between the brake lining and 

the disc as well as helping to remove the produced brake linings 

from the mold. In addition solid lubricants maintain wear control, 

noise reduction, and friction stabilization during braking [9]. The 

solid lubricants such as Sb2S3, SnS2, FeS2, WS2, MoS2 and graphite 

influence the abundant needs for secure and safe braking perfor-

mance [10]. Metal sulfides are used as an individual lubricant and 

also as a lubricant mix in the formulation of friction material [11-

14]. Among those solid lubricants, graphite (both natural and syn-

thetic) are gradually used in brake lining due to its high anisotropic 

property, better lubricity at the elevated temperatures [15]. One or 

more solid lubricants can be used in the lining composition.  

Graphite, which has an important place in friction materials, is 

used in appropriate amounts in the linings and ensures that the fric-

tion coefficient distribution remains at the desired level [16]. 

Graphite is a shiny, soft material composed of layers of carbon at-

oms arranged in two-dimensional rings. Graphite can be easily ma-

chined, resistant to temperature and thermal shock, good heat con-

ductor, resistant to almost all corrosive materials except strong ox-
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idizing agents. A unique feature of graphite is that its strength in-

creases as the temperature increases. It is frequently used in low 

friction applications. The coefficient of friction between graphite 

and other materials depends on the counter material, surface 

roughness, sliding speed, load and environmental conditions.  

Cho et al. [17] investigated the effect of three different solid lub-

ricants (Sb2S3, graphite, and MoS2) on friction characteristics in 

brake friction materials. For this, they produced three different fric-

tion samples containing 10% graphite by volume, 7% graphite + 

3% Sb2S3 by volume and 7% graphite + 3% MoS2 by volume pro-

vided that the other materials in the composition are constant. They 

obtained the tribological properties of friction materials by using a 

brake dynamometer. As a result, they observed that friction mate-

rials containing graphite and Sb2S3 improved friction stability and 

fade resistance. 

Kim et al. [18] examined the tribological properties of asbestos-

organic brake linings containing graphite and antimony trisulfide 

(Sb2S3) in different volume ratios. Using a dynamometer for fric-

tion tests, they observed the effects of temperature, sliding speed 

and applied pressure on the friction coefficient according to the 

amounts of both solid lubricants. As a result, they reported that the 

frictional stability of the samples in which both solid lubricants 

were used was better and the speed sensitivity was lower than the 

sample containing a solid lubricant. They also emphasized that the 

lining sample containing high density graphite exhibited better 

fade resistance during the high temperature friction test than others. 

In this study, while the other materials in the lining composition 

were fixed, two different lining containing 10% nano and micro 

graphite by mass were produced and their tribological properties 

were investigated. It has been observed that the use of nano graph-

ite in the composition has a positive effect on the performance 

properties of the lining. 

2. Materials and Methods 

Due to the negative effects of asbestos on human health, asbes-

tos-free reinforcement materials are used in the lining content. In 

determining the material rates during production, the mass ratio is 

taken as a basis. The powder contents that make up the lining sam-

ple are given in Table 1. 

 
Table 1. The composition of the brake lining material specimens. 

 

Constituent 
Weight percent (%) 

G10 NG10 

Phenolic resin 20 20 

Steel fibre 8 8 

Cashew dust 10 10 

Brass particles 5 5 

Graphite 10 10 

Copper particles 5 5 

Alumina 8 8 

Barite  34 34 

 

The graphite ratio of the samples produced was balanced with 

barite, which is the filling material, and coded as G10 and NG10 

according to the amount of nano and micro graphite they contain. 

The material proportions of the samples are fixed. 

Before starting production, the powder materials were weighed 

with a scale with a sensitivity of 0.001 g. The mixtures prepared in 

the specified ratios were mixed in the mixer at 120 rpm for 10 

minutes to ensure homogeneity. The prepared mixture was trans-

ferred to a 25.4x25.4 mm mold and kept under 8 MPa pressure for 

2 minutes and preformed. Then the samples were subjected to hot 

pressing at 10 MPa pressure and 150 ºC for 10 minutes. 

In determining the friction coefficient-time characteristics of the 

samples, a test set that can transfer the values of the friction coef-

ficient, brake force, hydraulic system pressure, lining surface tem-

perature, which are shown in Fig. 1, to the computer environment 

during the experiment was used. 

 

 
 

Fig. 1. Schematic of brake lining friction test equipment [19] 

 

Load cell was used to measure the friction force between the 

lining and the brake disc during rotation in the experimental setup. 

Thus, the rotation force was measured electronically, taking into 

account the desire of the brake lining to rotate together with the 

disc due to the friction force arising from the pressure applied to 

the brake lining during rotation of the disc. There is a speed ad-

juster in order to use the brake disc in the experimental setup at the 

desired speed and speed. In order for the experiments to be carried 

out in accordance with the standards, a non-contact (IR) thermom-

eter that can receive data every second and can operate between -

50 and 1000 °C was placed in the test setup to determine the disc 

surface temperature. A brake disc made of gray cast iron with a 

hardness of 116 HB (41.86 HRA) and a diameter of 280 mm was 

used in the experiments [19].  

The linings produced were placed in the test device with the help 

of lugs and operated at a speed of 3 m / s under 0.7 MPa pressure 

until 95% of the sample surface touches the disc surface to ensure 

that the friction surfaces coincide. The tests were carried out at 1.05 

MPa lining surface pressure and 6 m / s speed. The friction coeffi-

cient and time values taken during the tests are the arithmetic mean 

of the values obtained from three samples produced with the same 

mixture and properties. The friction coefficient for each sample 
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was recorded for 700 seconds at 1 second intervals under 1.05 MPa 

pressure at 6 m / s. 

Considering the force applied to the linings and the friction force 

obtained from the test device, the friction coefficient was calcu-

lated with the formula given in Eq. (1) according to TSE 555 [20]. 

𝜇 =
𝑓𝑠

𝑓𝑛

                                         (1) 

 
In Eq. (1), fs is the friction force and fn is the normal force applied 

to the brake lining surface and is calculated according to Eq. (2): 
 

𝑓𝑛 = 𝑃 × 𝐴                                      (2) 

 
In Eq. (2), P is the applied pressure (MPa) and A is the friction 

surface area of the brake lining (mm2). 

Before and after the friction test, the masses of each sample were 

determined and the specific wear rate was calculated using the for-

mula given in Eq. (3) according to TSE 555 [20]: 
 

𝑉 =
1

2. 𝜋. 𝑅
 

𝑚1 − 𝑚2

𝑛. 𝑓𝑠 . 𝜌
                             (3) 

 

In Eq. (3), V is the specific wear rate (cm3/Nm), R is the distance 

between the center of the brake lining and the center of the disc 

(m), m1 and m2 are the mass of the brake lining before and after the 

test, respectively (g), n is the total number of turns of the disc dur-

ing the test, ρ is the density of the brake lining (g/cm3) and fs are 

the average friction force (N). 

The friction stability (%) of the samples was calculated accord-

ing to Eq. (4) [21]. 
 

𝐹𝑆 = (µ𝑜𝑟𝑡 µ𝑚𝑎𝑥⁄ )𝑥100                           (4) 

 
In Eq. (4), FS is the friction stability (%) of the sample, µort is 

the average friction coefficient, and µmax is the maximum friction 

coefficient value obtained during the test. 

A steel ball tip with a diameter of 2.5 mm was used as the punc-

ture tip in the hardness measurement processes. The applied load 

is taken as 62.5 kgf (612.9 N). Hardness measurements were made 

on the rubbing surface of the samples. Since the dimensions of the 

samples are 25.4x25.4x9 mm, the values were calculated from the 

middle and close points of the surface. The arithmetic mean of 

three sample results with the same content for each sample was 

taken. The density measurements of the samples were determined 

in water by Archimedes principle. 
 

3. Results and Discussion 

Two different composite brake linings containing 10% by mass 

of nano and micro graphite were produced, provided that the other 

materials constituting the lining composition remained constant. 

As stated in TSE 555, a total of 10 samples were produced by tak-

ing into account that the results obtained from 5 test pieces with 

the same content will be taken into account [20]. The time depend-

ent friction coefficient plots of the samples are shown in Fig. 2 and 

Fig. 3. 

 

One of the most important features required from brake linings 

is that the change in the friction coefficient is at a minimum level 

due to the increase in the interface temperature caused by friction 

during braking [22-23]. It is preferred that the calculated frictional 

stability be high. At the same time, the fact that fluctuations are 

minimal is better in terms of friction performance. [21,24]. 

 

 
 

Fig. 2. The change of friction coefficient as a function of time for G10 

sample 

 

 
 
Fig. 3. The change of friction coefficient as a function of time for 

NG10 sample 

 

When the graphs are examined, the sample with the G10 code con-

taining 10% micro graphite by mass gave the average lowest fric-

tion coefficient value of 0.33. The NG10 coded sample containing 

0.41 and 10% by mass of nano-graphite gave the average highest 

friction coefficient value. 

Fig. 2 shows the change in the friction coefficient of the NG5 

coded sample containing 5% nano-graphite by mass with respect 

to time. The temperature at the interface between the lining and the 

disc is 25 °C minimum and 121 °C maximum. The average friction 

coefficient value is 0.33 and the friction stability is 78%. 

Fig. 3 shows the friction coefficient variation of the NG10 coded 
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sample containing 10% nano-graphite by mass depending on time. 

The temperature occurring between the lining and the disc inter-

face is 45 °C minimum and 136 °C maximum. The average friction 

coefficient value is 0.41 and the friction stability is 81%. 

Ostermeyer [25] stated in his study on the dynamics of the fric-

tion coefficient that the friction coefficient will decrease due to the 

increase in the interface temperature. 

When the graphs are examined, there is a continuous fluctuating 

change in the form of a slight decrease in the friction coefficient. 

Anderson [26] stated that this was due to the periodic continual 

variation of temperature into the contact areas on the disc surface 

during friction. Due to this effect, a continuous change occurs in 

the friction coefficient. In addition, Stachowiak and Batchelor [27] 

explain this situation by the coalescence and growth of the rough-

ness on the surface of the friction pairs. In this case, an adhesion 

and a release state are constantly repeated, causing a continuous 

increase and decrease in the friction coefficient. 

When the friction test results were examined, it was seen that 

the temperature occurring at the interface between the lining and 

the disc directly affected the friction stability. High friction stabil-

ity is required in brake lining materials. Fig. 4 shows the friction 

stabilities of the samples. The highest friction stability value was 

seen in the sample containing 10% nano graphite by mass. 

 

 
 

Fig. 4. The friction stabilities of the brake lining samples 

 

The friction and physical properties of samples are given in Ta-

ble 2. The sample containing 10 wt.% nano graphite (NG10) 

showed the highest values of µort while the sample containing 10 

wt.% micro graphite (G10) showed the lowest values of µort. Ac-

cording to the studies in the literature, the friction coefficient value 

is generally greater than 0.1 and smaller than 0.7. [28].    

 
Table 2. The properties of the brake lining samples. 

 

Sample G10 NG10 

Average coefficient of friction (µort) 0.33 0.41 

Specific wear rate (cm3/Nm) 2.742x10-6 1.937x10-6 

Brinell hardness (HB) 43 32 

Density (g/cm3) 2.069 2.037 

 

It is undesirable for the brake linings to wear very high. Using 

durable materials to prevent abrasion will cause abrasion of the 

disc surface [3]. 

 
 

 
 

Fig. 5. SEM morphologies of G10 and NG10 coded samples frictional 

surface. 

 

The microstructure (Scanning Electron Microscope) investiga-

tions made on the lining friction surface after the experiment are 

shown in Fig. 5. When the microstructure images are examined, 

macro gaps are seen in the lining using micro-sized graphite. It has 

been determined that there are no gaps in the lining images using 

nano-sized graphite. In addition, the SEM images show that the 

friction layer formation is higher in the nano-graphite-containing 

lining sample. Different materials used in the lining content affect 

the friction film formation. The friction layer formation depends 

on the thermal state of the interface during braking. Fibrous mate-

rials, organic components and lubricants used in the lining content 

play an important role in the formation of the transfer layer at the 

friction interface [29]. 
 

4. Conclusions 

In this study, graphite used as a lubricant in linings was used in 

nano and micro size. 10% nano and micro sized graphite is used in 

the lining. The effect of using nano and micro graphite in lining 

content on lining performance was evaluated. 

 

• The use of nano graphite has positively affected the friction 

coefficient of the lining. 

• The friction coefficient was stable and high in the lining with 

nano graphite content. 

• The wear rate of the lining containing micro graphite was 

higher than the lining containing nano graphite. 

• Although there was no difference in the density of the linings, 

the hardness of the lining containing micro graphite was higher. 

• It has been observed that the temperature occurring at the in-

terface between the lining and the disc directly affects the friction 

stability. 

• The results obtained from the friction-wear tests are among 

the values given in literature researches and standards. 
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