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The brake discs of the new generation vehicles operate with very high speed 

and tough braking conditions. Therefore, high performance in braking is 

essential in terms of human and vehicle safety. In vehicles, the braking 

performance criterion is to control the speed of the vehicle safely without 

causing a mechanical failure. During a braking process in a moving vehicle, 

an excessive abrasion occurs. The aim of this study was to investigate the 

performance of the brake disc coated with Cr2O3-2%TiO2 (Metco106F) 

composite powder by using the plasma coating method to increase the 

abrasion resistance of automobile brake disc. The braking test was 

performed according to the SAEJ2430 braking test standard. The 

microstructure, hardness, wear and braking performance characteristics of 

the coating were investigated. Our results showed that the coated disc 

exhibited better wear resistance than the uncoated disc under the different 

wear mechanisms at high temperatures. The obtained coefficient of friction 

revealed that the coated disc showed better braking performance. 

Keywords: Ceramic Composite, Plasma Spray, Wear, Braking Performance 

 

1. Introduction 

The main components of the brake system 

consist of the brake disc and brake linings. 

Vehicles are designed to convert kinetic energy 

to friction energy by applying braking force. In 

particular, most of the braking are performed by 

the disc. Because of the heat energy generated 

during this process, the brake disc operates in a 

high temperature environment. Therefore, the 

frictional heat associated with braking increases 

the temperature in the disc and the lining, which 

greatly affects the life and performance of the 

brake disc [1, 2]. The brake disc is connected to 

the axle and rotates with the wheel. The brake 

system is required to press the lining on both 

sides of the disc in terms of occurring friction. 

A larger disc surface area exposed to air 

provides better heat dissipation. However, it is 

susceptible to frequent locking and braking 

weakening. 

In high-speed vehicles, the brake disc subjected 

to braking force is subject to wear by the effect 

of the friction force between the disc and the 

lining. The abrasion and tear of the disc and 
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lining increases at high speeds compared to low 

speeds. In addition, braking efficiency is 

reduced due to increased temperature during 

braking [3,4]. Also, the life of the discs is 

reduced due to increased heat and braking. This 

may result in accidents due to disc breakage. 

Therefore, maintenance and use costs may 

increase [3-6]. 

Brake discs are usually made of gray cast iron 

due to their high damping capacity, good 

thermal conductivity and high strength [7]. The 

performance of the brake system in a vehicle is 

determined by the tribological characteristics of 

the friction pair consisting of a gray iron disc 

and lining [8]. The coefficient of friction must 

be relatively high and stable under all operating 

conditions such as temperature, humidity, 

speed, load and road condition. In addition, 

vibration absorption, long life, high comfort are 

other preferred features. 

The surface properties of the brake disc exposed 

to high temperatures need to be improved. The 

most commonly used method for solving such 

problems arising from friction and wear 

mechanisms is coating the surfaces [9.] 

Thermal spraying coatings method, which is one 

of the surface coating methods, can be applied 

quickly and practically, and have been widely 

used in a wide variety of applications to improve 

wear and corrosion properties. Plasma spraying 

technique, one of the most widely used thermal 

spraying methods, has been widely used 

technique for coating ceramic composite 

materials such as Cr2O3, Al2O3 or TiO2 to metal 

components [10-14]. Ceramic coatings using 

atmospheric plasma spraying (APS) on the 

surfaces of metallic materials significantly 

improve the hardness, durability, abrasion and 

corrosion resistance of metal components 

through eliminating surface defects [15-17]. 

Without the use of plasma spray coating 

method, the most commonly used composites 

for perfect surface quality to host material are 

cermets such as Ni-SiC, Zn-ZrO2, Cr2O3, Ni-

Al2O3, TiO2, MgO, NiCrBSi, W2C, WC-Co, 

WCCoCr, WC-Ni, WC-Cr3C2-Ni and Cr3C2-

NiCr. Cr2O3 and TiO2 ceramic composites show 

better wear, corrosion, oxidation, hardness, high 

temperature resistance and chemical stability 

properties [10-24]. Therefore, ceramic coatings 

are widely used in automotive, marine, 

industrial, aerospace and biomedical sectors 

which are more exposed to wear and corrosion 

[17]. 

In our previous study [10], we investigated the 

temperature-dependent properties of wear, 

friction and braking performances by coating 

the brake disc with Cr2O3-40%TiO2 by plasma 

spray method. This work focuses on braking 

properties of a Cr2O3-2%TiO2coated discs by 

plasma-spraying method and uncoated disc. 

2. Materials and Methods 

2.1. Materials preparation 

The coated and uncoated discs are shown in 

Figure 1. The geometric properties of these discs 

used in the experiments are given in Table 1. 

The results of the spectral analysis of the gray 

cast iron sample (GG25) are given in Table 2. 

 
Figure 1. View of the brake discs used in this study 

a) Uncoated disc, b) Coated disc 

Table 1. Geometric properties of the disc used in this 

study 

Table 2. The chemical composition of the uncoated disc 

sample 

Elements Wt.-% Elements Wt.-% 

Fe 93.56 Mo 0.021 

C 3.61 Ni 0.033 

Si 1.81 Cu 0.005 

Mn 0.586 Nb 0.000 

P 0.025 Ti 0.015 

S 0.023 Mg 0.003 

Cr 0.116   

Two samples of brake linings used in this 

experimental study are shown in Figure 2. These 

Disc specifications Definition/Value 

Disc diameter (mm) 280.00 

Disc thickness (mm) 24.0 

Minimum thickness (mm) 21.8 

Disc type 
Air ventilation brake 

disc 

Disc surface Standard 

Number of bore 4 

Hub diameter (mm) 100 

Hub height (mm) 44.0 

Central diameter (mm) 61.0 

Inner diameter (mm) 140.0 

Wheel bolt hole diameter 

(mm) 
13.6 
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are commercial brake linings widely used in 

automobiles. They have a surface area of one 

inch2, available on the after-market in 

accordance with SAE J661 under “Brake Lining 

Quality Control Test Procedure” [25]. 

 
Figure 2. The images of the brake lining used in this 

study after the testing for a) Uncoated disc and b) Coated 

disc 

2.2. Coating material properties 

When chromium Cr2O3-2TiO2 (Metco 106F) 

with grain size between 39 and 88 µm use as 

surface coating material, it provides a 

remarkable wear resistance, thermal 

deformation resistance under high temperatures, 

and corrosion resistance. In addition, it 

possesses high fracture toughness and maintains 

these characteristics up to 540 °C [26]. 

Cr2O3 is an important refractory material due to 

its high melting temperature (~ 2300 °C) and 

high temperature oxidation resistance [27]. 

These coatings are generally preferred in the 

fields where corrosion resistance, abrasive wear 

resistance, toughness, and ductility are of 

necessity [28]. Since it adheres well to the 

surface, it has high adhesion strength and high 

hardness value (2300 HV0.5). As Cr2O3-2%TiO2 

coating produces such a high friction coefficient 

like 0.8, using it as a filling coating is possible 

[29]. 

In ceramic coatings made by plasma spraying, 

corrosion resistance increases with decreasing 

porosity, coating thickness and surface 

roughness [30]. 

2.3. Coating procedure 

Sample surface was prepared by spraying SiC 

abrasive powder (35 grit). In order to obtain 

surface roughness in the best possible way, 

surface roughening procedure was conducted 

with 90° angle, under a pressure of 9 bar and at 

an average roughness value of Ra=8-9 µm with 

dry and clean air and sanding material. 

Chemical oil solvent materials were used to 

clean the surface from lubricants. 

Atomized, metallic bonding coating Ni20Cr 

(Metco 43F-NS) powder with grain size 

between 11 and 53 μm was applied on the cast 

iron sample with the thickness of 30μm. During 

the Ni20Cr bonding coating application with 

plasma spray method with Ar+H2 gasses, 

cooling with compressed air at a pressure of 3-

5atm was conducted on the back of the sample 

in order to prevent overheating. Lamellar 

graphite cast iron sample was coated with the 

following plasma parameters in Table 3. 

Table 3. Plasma spray parameters 

Coating parameters Specification/Value 

Powder coater Cr2O3-2%TiO2 

Substrate GGL 

Primary plasma gas (Ar) 

(l/min.) 
44 

Secondary plasma gas 

(H2)(l/min) 
15 

Plasma current (A) 500 

Plasma voltage (V) 60-70 

Plasma gun type METCO 3MB 

Nozzle and electrode 
W cathode-Cu 

anode 

Nozzle diameter (mm) 8 

Spraying distance (mm) 100 

Injector angle 90° 

Powder feed rate (g/min) 42 

Powder carrier gas 

(Ar)(l/min) 
6 

2.4. Test configuration 

The schematic configuration of the brake test 

device is shown in Figure 3. The brake test 

device was produced to provide the essentials of 

Dynamometer Effectiveness Characterization 

Test for Passenger Car and Light Truck Brake 

Friction Products/Brake Effectiveness 

Evaluation Procedure (SAE J2430/BEEP) 

developed by the Brake Manufacturers Council 

of North America (BMC). This device which 

was utilized to test the braking performance 

simulated the desired technical specifications 

from a single-disc dynamometer. The test 

results are shown in Figure 4. To carry out 

performance tests, a Windows based Delphi 

program was developed. 

2.5. Experimental procedure 

On the brake test device, the dry friction 

performance of the disc-brake lining couple was 

determined by factors such as instrument 

checks, burnish, effectiveness, fade, thermal 

performance, cooling down, recovery ramp, re-
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burnish, second effectiveness and friction 

stability. The SAE J2430 test standard was 

chosen in order to fully examine the dry friction 

behavior [31-34].

 
Figure 3. Schematic diagram of a brake dynamometer 

A single-disc full-scale car inertia dynamometer 

was used in assessments of the braking 

performance. It was enclosed by a cabin in order 

not to affect the experimental setup by external 

air flow and to control the noise. An electric 

motor was used to run the setup. The test steps 

were listed in Table 4. 

Table 4. Test procedure 

1- Measurements 

before the 

experiment 

surface roughness 

hardness 

weight 

2- Main test steps of 

the experimental 

procedure  

(SAE J 2430) 

Instrument check stop (23 

cycles) 

Burnish (200 cycles) 

Effectiveness (16 cycles) 

Fade (15 cycles) 

Hot performance (2 cycles) 

Cooling (4 cycles) 

Recovery ramp (2 cycles) 

Reburnish (35 cycles) 

Final effectiveness (15 

cycles) 

3- Measurements 

after the experiment 

surface roughness 

hardness 

weight 

The test procedure steps were controlled with 

the computer program. Each type of brake lining 

and cast iron discs can be tested by the setup 

[35]. There were nine steps, the test duration 

was 14 hours, and the total number of cycles was 

312. Full details of the test steps are obtained 

from SAE J 2430, and measurements obtained 

from the experiment were plotted in Figure 4. 

3. Results and Discussion 

3.1. Braking performance: coefficient of 

friction 

Performance criteria of the uncoated disc and 

the coated disc with Cr2O3-2%TiO2 powder 

were obtained from the brake testing device. 

Figures 4a and 4b show the results of instrument 

checks, burnish, effectiveness, fade, hot 

performance, cooling, recovery ramp, re-

burnish, second effectiveness and friction 

stability. The general characteristic of coated 

disc was determined as an increase in 

temperature and the friction coefficient 

progressing approximately the same as the 

original disc. 

The life of the brake discs depends on many 

different variables, such as the number of 

braking forces, the amount of braking force and 

the braking conditions. However, it is 

theoretically guaranteed to provide an average 

wear rate of 80.000-100.000 km or 10% in 

thickness reduction provided that it is 

continuously controlled by the manufacturers. 

The low wear of the discs and pads in the 

braking system not only ensures their long 

service life, but also contributes to the reduction 

of wear-related emissions. In this way, 

economic losses are prevented. 

The coefficients of friction and temperatures 

depending on the normal force, contact pressure 

and velocities are also shown in Figures 4a and 
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4b. The structural integrity of the braking discs 

was tested with 312 braking cycles in total for 

14 hours [31]. During the test, the highest 

temperatures in the uncoated disc and the coated 

disc measured by a non-contact thermometer 

were 294 °C and 365 °C, respectively. 

 
(a) 

 
(b) 

Figure 4. a) Characteristic data of uncoated brake disc, b) Characteristic data of Cr2O3-2%TiO2 coated brake disc
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It was seen that the coefficient of friction of the 

coated disc decreased while braking force 

gradually increased [36]. When velocity and 

contact pressure increased at speed between 50-

160 km/h, the coefficient of friction decreased 

[37]. As seen in Fig. 4a and 4b, when 

temperature increased, there was a decrease in 

the coefficient of friction of both discs in all 

effectiveness (such as fade, burnish, hot 

performance, and so on). This was due to 

physical and chemical changes in the friction 

surfaces of substrates [38]. 

As it is discussed previously [39], the 

microstructures of the disc–brake lining 

materials and their tribological properties are 

changed because of the effect of raising 

temperature at the disc-brake interface [40]. 

Moreover, a thin oxide layer or thermal film 

forms on the disc-brake lining friction interface. 

The coefficient of friction decreased at high 

temperatures due to oxide or thermal films 

protecting the disc against mechanic wear. 

However, this situation is not desired as it leads 

to less braking performance. The bigger is the 

difference in coefficient of friction of the cold 

and hot surfaced discs while in contact with the 

brake lining, the lower is the friction stability of 

contacting surfaces between brake lining and 

disc. For safe driving, it is desirable for this 

coefficient to be stable as well as high. 

It can be seen from the Fig. 4a and 4b that the 

average coefficient of friction of the uncoated 

disc under high braking force with the effect of 

temperature was 0.59 at contact pressure of 18 

bar and it was 0.53 for the coated disc. The 

average coefficient of friction of the uncoated 

disc with the cooling effect was 0.55, and it was 

0.48 for the coated disc. The average coefficient 

of friction of the uncoated disc with the final 

effectiveness was 0.50, and it was 0.44 for the 

coated disc. All tests are agreement with SAE J 

2430 [34]. When it is considered that the brake 

linings used were of GG class, Cr2O3-TiO2 

coating produced a high friction coefficient of 

0.8 [29]. At the final effectiveness part, the 

friction coefficient receded from 0.63 to 0.44 

due to a phenomenon defined as fade [8]. 

At different temperatures and contact pressures, 

the surface roughness affected the coefficient of 

friction, and therefore the wear rate decreased. 

The surface roughness of the coated disc was 

lower than that of the uncoated disc. According 

to SAE J2430/BEEP, criteria such as instrument 

checks, effectiveness, fade, thermal 

performance and final effectiveness are taken 

into account for a similar braking distance while 

evaluating braking performance.  

In this study, uncoated disc and coated disc 

samples exhibited the coefficient of friction 

within the limits determined in standards under 

different conditions such as shear rate, pressure 

and temperature. The discs exhibited the ability 

to stop into limitations in the event that the 

maximum contact pressure of 18 bar was 

exerted on the pedal which led to about the 

normal load of 667 N, and that the surface 

temperature reached at the highest level. After 

the instrument check stop and in the final 

effectiveness tests, the coefficient of friction 

decreased linearly. These results satisfied BMC 

criteria, and it could be observed at 50, 100, and 

160 km/h with a deceleration of 0.8 g. 

3.2. Microstructures of rubbing surfaces 

Microstructures of the uncoated disc and coated 

disc were examined by means of a light 

microscope (LM) and scanning electron 

microscopy (SEM), with energy dispersive 

spectrometry (EDS). By the thermal coating 

process, a surface microstructure was obtained 

with high abrasion resistance and better 

environmental performance (i.e. dust, humidity) 

[41]. Figure 5. shows images of typical gray iron 

microstructures containing graphite flakes, 

pearlite (ferrite and cementite layers), and free 

ferrite of the polished and etched (5%HNO3 

95%CH3OH) cast iron brake disc. 

 
Figure 5. An example of image taken by a LM 

micrograph from the GGL sample surface at 30x 

magnification, showing porosity and lamella graphite 

Ni20Cr bonding was used in order to eliminate  
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Figure 6. An example of image taken by LM micrograph 

from the cross-section of the coated sample at 50x 

magnification, showing coating layer, undercoat material 

and cast iron substrate 
the incompatibility between metallic lamellar 

graphite cast iron sample and brittle, hard, and 

fragile coating material containing oxide 

structures. That the Ni element provided the 

formation of a tough and ductile structure is 

observed from the light microscope micrograph 

obtained from the coating cross-section in 

Figure 6. 

Unmelted, partially melted, and completely 

melted areas are observed in the LM image in 

Figure 6. For the region near the coating 

boundary, the average porosity measured using 

the image analysis technique with ImageJ at 50x 

magnification is 2.41% compared to 4.91% at 

the upper region of the coating.  
SEM image of the coated lamellar graphite cast 

iron sample is shown in Fig. 7. It is observed that 

a remarkable physical bond is created due to the 

fact that Ni element adapts itself to lamellar 

graphite cast iron material thanks to strong 

diffusion and that mechanical interaction is at 

the desired level. Similar to previous studies 

[10, 42-51], oxide composites within the coating 

layer, inclusion (Figure 7.) and the presence of a 

low amount of porosity were established with 

imaging analyses. 

 
Figure 7. SEM micrograph (x100) taken from cross section of the disc coated with plasma spraying Cr2O3-2%TiO2 and 

analysis of the points taken from SEM micrograph of cross section the disc coated 

In addition, the amount of porosity changes 

depending on the surface porosity of lamellar 

graphite cast iron material, spray distance, 

temperature, and thickness of coating [11]. 

As noted in previous studies [42-44], a lamellar 

microstructure formed by molten metal droplets 
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hitting the substrate and constantly wetting it in 

thermal spray technique was observed in the 

micrograph shown in Figure 7, lamellar 

structure was formed by molten particles hitting 

substrate, being deformed, and solidifying [45]. 

These lamellar were composed parallel to 

substrate, and the midsections of lamellae were 

thick, and decrease the thickness in lamellae 

towards the ends [46]. 

Point 1 in Fig. 7 (a). was taken from the light 

gray region of the micrograph with 1000x 

magnification characterized by the section of 

coating named as Cr2O3-2%TiO2 ceramic 

coating, and EDS analysis number 1 in Figure 7 

demonstrates a microstructure rich in 

chromium. Spot 2 overlaps to a great extent with 

typical bonding NiCr elemental analyses in 

number 2 EDS analyses of the white region in 

Figure 7. Spot number 3 taken from the same 

micrograph demonstrates a microstructure rich 

in Si and Fe found as a result of EDS analysis 

number 3 in Figure 7.  

In general, it is noted from the light microscope 

and SEM images that there was an excellent 

bonding resistance between coating layer, 

binding material, and lamellar graphite cast iron. 

Through the coating treatment, surface 

structures with high wear resistance and 

resistance to external factors were obtained. 

3.3. Tribological performance 

The hardness, wear, surface roughness, and the 

average values of the coefficient of friction were 

measured before and after braking tests of the 

uncoated disc and coated disc and brake linings. 

The results are given in Table 5. 

Temperature increases due to the conversion of 

kinetic energy to heat during friction [8,53]. In 

addition, a very high temperature rise occurs on 

the friction surfaces, with increased load and 

braking time in braking process. The 

mechanical properties of the friction material 

are adversely affected by the effect of the 

temperature and the developing wear 

mechanisms. Contact configurations also 

change. A sudden increase in wear occurs at 

high temperatures [38]. The increase in 

temperature during brake application and the 

decrease in friction coefficient are called as 

friction attenuation, and friction attenuation at 

high temperatures is a critical feature for the 

materials used for friction [8]. 

Nowadays, basic information about the micro-

sized contact on the interface of the disc, brake 

lining and the friction mechanisms is very 

limited. One of the most important factors 

affecting the coefficient of friction is the surface 

roughness. It has an effect on the amount of 

surface contact. The increase in real contact area 

means an increase in the numbers of junctions 

or micro-welds in the roughness plateaus 

depending on the sliding movement. The real 

contact areas in brakes in contact with disc 

surface have a great positive impact on the 

coefficient of friction [52]. 

The surface roughness values of the discs were 

measured by marking the disc surface with 10 

equal parts from 10 sections before and after 

braking test. The average surface roughness 

(Ra) of the brake lining samples is measured by 

a profilometer (Table 5). The contacting surface 

layers due to dry friction became micro and 

macro pairs by smoothing. Although the surface 

roughness of the uncoated disc, which initially 

had a very high surface roughness, decreased 

from 1.515 µm to 0.354 µm during dry friction, 

the surface roughness of the coated disc 

increased from 0.302 µm to 0.694 µm due to the 

scratching of the coated disc surface caused by 

the brake lining. The uncoated disc with a lower 

roughness displays better braking performance 

by producing a higher coefficient of friction. As 

a result, the wear rate between the disc and brake 

lining reduced. Furthermore, the friction 

interface temperatures of the coated disc were 

lower than that of the interface of the uncoated 

disc. The coated disc displayed stability through 

delayed surface temperature. 

The surface hardness of the uncoated disc and 

coated disc was measured with a micro-hardness 

tester. While the hardness of uncoated sample 

was measured as 258 HV, hardness of Cr2O3-

2%TiO2 coated sample was measured as 328 

HV.  

The hardness value of the coated disc is higher 

than the original disc due to the presence of 

oxidized hard phases in the coating structure. 

This high hardness also means that the coating 

has better wear resistance. 

The wear depth and measurements of the mass 

loss of disc due to wear are given in Table 5. The 

mass loss was measured by a weighing machine 

with an accuracy of 0.1g. It can be seen that the 

variety of coefficient of friction exhibited by the 
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disc-brake lining materials in a braking system 

is not a sufficient result to evaluate the braking 

performance. Even if the coefficient of friction 

is high enough, change-over time of a short-

lived disc-brake lining pairs create a significant 

disadvantage. In this situation, the wear rate 

which determines the disc and brake lining 

existence is as important as the coefficient of 

friction. In general, when the coefficient of 

friction increases, the wear rate also increases 

[53]. However, when both of the tribological 

and mechanical properties are evaluated 

together, the Cr2O3-2%TiO2 coated disc exhibits 

a better tribological performance in terms of low 

wear rate and almost the same coefficient of 

friction. 

Table 5. Tribological values of the uncoated disc and coated discs 

Tribological properties of used discs 
Uncoated 

disc 
Coated disc 

The roughness of the beginning surface of the disc (µm) 1.515 0.302 

The roughness of the finishing surface of the disc (µm) 0.354 0.694 

The roughness of the beginning surface of the brake lining 

(µm) 
2.771 2.267 

The roughness of the finishing surface of the brake lining 

(µm) 
1.564 1.346 

Hardness of the disc (HV0.5) 258 328 

Mass loss of the discs (g) 1.5 0.7 

Mass loss of the brake lining (g) 9.557 7.931 

Thickness reduction of the discs (mm) 0.031 0.008 

Thickness reduction of the brake lining (mm) 6.294 5.231 

The highest temperature of the disc (°C) 294 365 

Coefficient of friction of the instrument checks (µ) 0.62 0.37 

Coefficient of friction of the burnish (µ) 0.66 0.47 

Coefficient of friction of the effectiveness (µ) 0.57 0.45 

Coefficient of friction of the fade (µ) 0,60 0.55 

Coefficient of friction of the hot performance (µ) 0,59 0.53 

Coefficient of friction of the cooling (µ) 0.65 0.62 

Coefficient of friction of the instrument recovery ramp (µ) 0.63 0.53 

Coefficient of friction of the re-burnish (µ) 0.65 0.45 

Coefficient of friction of the final effectiveness (µ) 0.50 0.44 

 

Wear formation between two or more different 

materials is inevitable when in contact with 

different loads and speeds [55,56]. Both friction 

and wear are the result of tribological contact 

between two sliding surfaces at the same time 

[57,58]. In general, a wear mechanism 

ultimately leads to another wear and at the same 

time the combination of different wear 

mechanisms has a certain effect on the friction 

and wear properties of the material [55,56]. In 

ceramic coatings sprayed with plasma, porosity, 

imperfections, the interface between the 

particles serve as potential zones for a stress 

concentration at which the cracks can be 

nucleated [59-61]. Grain breakage is supported 

by the accumulation of plastic tension, 

displacement accumulation and thermal stresses 

at the grain boundaries [62]. This interaction 

damages the surface and substrates between the 

friction material and the counter material, 

resulting in shorter service life and even a 

degradation of the material [55,56]. In addition, 

as reported by Suzdal’tsev, the coated sample 

surface produced a relatively low coefficient of 

friction, causing low wear [63]. The way the 

material detaches from the surface depends on 

several wear mechanisms. In real contact, it is 

possible that more than one wear mechanism is 

effective at the same time. Therefore, the wear 

mechanism affects the worn surface 

morphology considerably. Moreover, 

comparative evaluation of the abrasion 

performance of this coating compared to plasma 

sprayed Cr2O3 coatings, as previously reported, 

yielded very similar results for wear resistance 

and friction coefficient. The change in wear 

results is also attributed to the hardness 

difference [57, 58].  

4. Conclusions 

Taking all into consideration, our main 

conclusions are: 

1. The coated sample and the uncoated 

sample were subjected to braking performance 
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testing under the same conditions. Differences 

in tribological performance of coating 

parameters and coating microstructure due to 

hard oxide ceramic structure were observed. 

2. A high bonding resistance obtained by 

coating lamellar graphite cast iron brake disc 

with Cr2O3-2%TiO2 ceramic composite powder 

by plasma spray technique were found. 

3. The hardness of the coated disc was 

greatest than that of the uncoated disc and the 

wear rate was lower due to Cr2O3-2%TiO2 

powder and coating method.  

4. The interface temperature of the coated 

disc was determined higher compared to that of 

the original disc. Interface temperature 

increased quickly due to less heat conduction of 

the coated disc. It is preferable that low rate of 

wear despite increasing temperature proved. 

5. The surface roughness value was 

measured five times lower and good stability 

coefficient of friction, exhibited less wear and 

longer life than the those of uncoated disc. 

6. In spite of the uncoated disc giving 

almost the same coefficient of friction value as 

in the coated disc, the amount of wear of the 

brake lining of the coated disc was lower than 

that of the uncoated disc and brake lining.  

In this way, less emissions are left in the 

environment due to braking. As a result, it is 

thought that economic losses caused by abrasion 

would be also decreased. 
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