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Abstract: Owing to the economical loses of manufacturing and production industries because of 

inadequate wear leads to the path way of current study. Moreover, improvements in mechanical 

properties are equally responsible in order to achieve higher production ability and manufacturability. 

Current study is a critical analysis of numerous advanced material regarding their mechanical and 

wear properties. Advanced wear resistance material defines their properties with different reinforcing 

agents. Effect on the mechanical and wear properties due to different reinforcement phases are 

analysed in this paper. Improve the mechanical properties of aluminium, grapheme, VN alloy and 

different thermoplastics through various coating. Effect on the wear rate and wear resistance due to 

several factors like sliding velocity, sliding time and load factor. Wear rate has a considerable effect 

in the life of machine tools and also enhance the manufactured product quality. 

Introduction: Nowadays automobile industries are developed advanced materials due to 

increasing demand for fuel efficiency, light weight etc. along with optimized structure design. 

Metal matrix composites are usually used in industries because of better mechanical and wear 

resistance properties. The manufacturing cost and fibre cost of Particulate-reinforced 

composites as compared to fibre-reinforced composites. Particulatereinforced composites 

ought to be isotropic in nature and, therefore,their processing can be done through 

conventional methods used for metals. Automobile industries used silicon carbide reinforced 

aluminium composites for brake rotors,cylinder heads, calibres, liners and pistons [1, 2].  

Industries are facing wear challenges, which decreases the tool life and life of machine parts, 

produced low qualities materials, increases the cost of maintenance. Wear properties depends 

upon the phases of metal work and metal strength. Some methods are used to increase the 

wear resistance such as solicitation of maintaining the load, reduced speed and temperature, 

lubricant, selection of alloy. Wear also decrease the wear rate due to create coolant chamber, 

contain water and reduce the friction between the contact surfaces [3, 4]. 

Aluminium alloy 6000 series material used to manufacture the cylinder blocks, crankcase and 

pistons. Normally steel, aluminium alloy and cast-iron materials are used to manufacturing 

the cylinder block and pistons. Wear generally absorbs by these components because of 

friction, these parts work continuously with IC engine. Maximum these components 

manufactured by high strength structure and high energy absorb material. For increasing the 

life of IC engine generally used coating to developed high wear resistance and high hardness 

[5]. Combination of SiC particle and Al-Si alloy decreased wear rate and found that wear 
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resistance increases with reinforcement percentage [6]. Cold spray is a solid state method and 

variety of thermal spray method. In this method addition of spray particles using supersonic 

velocity below the spray melted temperature. Cold spray technique used in industries for 

avoid wear. Cold spray components used in aerospace, energy plant and automobile [7,8]. 

Fretting test is used for wear test with highly precision value at room temperature. Wear 

resistance improved by increasing the hardness [9]. 

Aluminium Matrix Composites 

Aluminium Matrix Composites used to manufacture bearings, brushes and contact strips in 

industries. With aluminium alloy various reinforcing particles such asAl3Ti, Al2O3and SiC 

have been utilized via friction stir processing. Due to addition of reinforcement improve the 

mechanical properties as well as reduced wear rate [10,11]. Al7075 alloy has high toughness 

value and strength value but there is limitation, has poor resistance. Metal matrix composite 

fabricated by vacuum stir casting technique. This report found that increase the reinforcement 

particle, decreases the material loss [12].  

Al6082 alloy with 5% SiC compared with 5%TiB2 reinforcement. The author has done the 

wear behaviour test at different loads and sliding speeds. The mass loss from mating parts, 

dimensions changes at mating parts and it leads to failure of parts in industries. This report 

found that TiB2 has better wear resistance properties than SiC [13]. 

 

Figure 1: Wear rate vs Time or sliding distance [12] 

 

Graphite coating on Aluminium piston 

Graphite coating by screen printing technique on aluminium material piston has been done. 

To observed the surface morphology via scanning electron microscope (SEM). After the 

graphite coating, SEM test show the asperity (crests and troughs) on surface of piston. During 

the working of piston, troughs help in storing the oil lubricant. The Oil lubricant reduced the 

wear on piston. The crests and troughs between the cylinder bore surface and graphite 

coatingdamage the surface veracity for the cylinder core. Graphite coating expands on 
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surface with constant thickness measured via ultrasonic thickness gauge. During the piston 

work graphite particle convert into lubricant and help to storage the oil lubricant and increase 

the lubrication properties. Graphite coating reduce the friction value between the piston and 

cylinder core. The wear properties of aluminium metal matrix (MMCs) coating with grey cast 

iron have been compared. Wear test applied on pin-on-disc device. Stir casting method was 

used to manufactured Al disc consider 25%SiC. MMCs materials have very high wear 

resisting properties ifmatched with grey cast iron. Friction coefficient has been reduced while 

increasing the loading in both materials. MMC’s materials have 25% morefriction coefficient 

than grey cast iron [14-17].Graphite coating region is shown in figure 2. 

   

Figure 2: Graphite coating region [15] 

 

Figure 3: SEM Morphology [15] 

Scanning electron microscope lens (SEM) is one of the basic tactics for imaging the 

microstructure and morphology of the ingredient metals. In SEM, an electron pillar with low 

vitality is emanated to the material and sweeps the outside of the example. A few unique 

connections happen as the bar reaches and enters the material, which lead to the emanation of 

photons and electrons from or close to the example surface. So as to frame a picture the 

accepting sign created from the electron–test connections are recognized with various sorts of 

identifiers relying upon the method of SEM being utilized. Various methods of SEM exist for 

portrayal of materials (counting biomaterials, for example, the X-beam mapping, optional 
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electrons imaging, backscattered electrons imaging, electron diverting, and Auger electron 

microscopy[15]. 

  

 

Table 1: Properties of different materials with their properties 

Materials Properties References 

Graphene Ultra-thin thickness 

Remarkable  mechanical properties, lubricity as well as high 

wear resistivity 

To enhance tribological properties used as reinforcing phase 

16 

Al7075 High strength and toughness 

Poor wear resistance 

17 

Al6061 Heat treatability 

Improved toughness and corrosion resistivity 
High mechanical strength and structure 

18 

TiB2 High melting point  

High oxidation resistance and hardness 
Low density 

Exceptional wear resistance 

19 

Zirconium 

Carbide ( 
ZrC 

Low fracture toughness 

Excessive porosity 
High melting temperature 

Excellent corrosion and resistance 

20 

Zirconium 

oxide 
(ZrO2) 

Excellent mechanical properties 

Excellent thermal properties 
Excellent electrical properties 

Low thermal conductivity 

21 

Titanium 
Oxide 

(TiO2) 

Absorb Ultra-violet light radiation 22 

Al-Sn 

alloy 

Excellent tribological properties 

Excellent mechanical properties 
Self-lubrications 

23 

Co based 

alloy 

Improved strength 

Improved hardness and oxidation resistivity 
Improved wear resistivity 

24-27 

MoS2 High compressive strength 

High bonding strength  

High temperature strength 
Low friction coefficient  

28-29 

Al2O3 Excellent hardness 

High thermal conductivity 

Chemical inertness 
Low thermal expansion 

30 

 

SiC Lightness 

High hardness value 
Improved thermal conductivity 

Reduced thermal expansion 

30 
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                             Table 2:Different materials with different reinforcement 

 

  

Material Component Action References 

Aluminum  Mg2Si/Al, 

phosphorus 

Wear rate increases with 

increases sliding velocity and 

load. 

Surface temperature increases 

33 

Hypereutectic 

Al-Si Alloy 

Mg2Si/Al High temperature of melting, 

High elastic modulus and 

hardness 

low thermal expansion 

coefficientLow density 

34 

Al-Si Alloy SiC Increase wear resistance with 

increased reinforcement  

Decrease wear rate 

35 

Aluminum Metal 

matrix 

Increase strength and density 

ratio 

Increase stiffness and density 

ratio 

Excellent fatigue resistance 

Very low thermal expansion 

coefficient  

Excellent wear resistance 

36 

Al7075 Al2O3 With increased the reinforced 

decreased the wear 

37 

AA6082 TiB2 More extreme wear with higher 

load 

Better wear resistance 

38 

AA6063 

aluminum 

alloy 

Tungsten 

Carbide 

Improved the hardness 

Improved the wear properties 

39 

Zirconium 

Carbide (80%) 

Titanium 

Carbide (20 

%) 

High hardness 

High fracture toughness 

40 

Ceramic Zirconium 

Oxide 

Improved hardness and toughness 41,42 

Graphene Al22O3 Increases bonding strength, 

lubricity 

Increased toughness 

Excellent wear resistance  

Decreased wear rate 

43 
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Table 3:Mechanical and Wear properties of Graphene [16] 

 

VN Alloy with Co-based alloy 

Laser cladding technique used for directly deposited the additional materials on substrate to 

increase the hardness, wear resistance and temperature resistance. Additional material 

deposited via pre-placed powder particle. Drawback of this technique is how to stop defects 

in coating or avoid cracking [44-47]. The author selected the VN alloy material with Co 

based alloy coating to investigate the wear resistance and microstructure through laser 

cladding technique. The report improved the hardness and wear resistance properties by 

adding the VN alloy [48-49]. 

Thermoplastic polymers 

Thermoplastic polymers are usually utilized for Tribal applications due to internal restraining 

capacity, self-lubricating nature and have ability to work in abrasive atmosphere.  Semi-

crystalline polymers also contain amorphous regions which encapsulate crystals as a matrix 

representing the degree of crystallization. Degree of crystallinity depends upon the thermal 

and mechanical predecessor of polymers and has effect on mechanical properties. Due to 

changes in orientation structure and properties of molecular chains, the degree of crystallinity 

effects on the behaviour and transfer layer formation. Which effect on friction and wear 

properties [50-53]. The mechanical properties of amorphous and semi-crystallinities 

thermoplastics under 4MPa pressure and 50mm/s speed shown in figure below. These 

different polymers are Shown in table 4. The wear rate and friction values different polymers 

at different temperatures values shown in table 4. 

PC Polycarbonate 

PEI Polyether-imide 

PAI Polyamide-imide 

PPSU Poly-phenylsulfone 

PET Polyethylene terephthalate 

PPS Polyphenylene Sulphide 

PA6 Polyamide 6 

UHMWPE Ultra-high molecular weight Polyethylene 

PVDF Polyvinylidene fluoride 

 

Graphene (wt%) Porosity (%) Bonding 

strength  

(MPa) 

Hardness (HV) Steady state 

friction 

coefficient (10N) 

Wear rate  

(10-3mm3N-1m-1) 

0 4.30 20.308 1132 0.58 4.4 

3 3.06 24.572 1128 0.42 4.2 

6 2.80 32.970 1189 0.40 3.28 

9 5.85 26.943 1104 0.25 4.94 

12 7.26 18.581 1060 0.34 5.3 
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Figure 4:Tensile strength in Mega Pascal of amorphous thermoplastic [54] 

Comparison represented above shown that Polyamide-imide(PAI) has maximum tensile 

strength and Polycarbonate(PC) has minimum tensile strength.[54] 

 

 

Figure 5: Tensile modulus in Mega Pascal of amorphous thermoplastic [54] 

Comparison of tensile modulus shown in Figure 5 represents the similar pattern as of tensile 

strength that Polyamide-imide (PAI) has maximum tensile modulus and Polycarbonate (PC) 

has minimum tensile modulus.[54] 
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Figure 6: Tensile strength in Mega Pascal of semi-crystalline thermoplastic [54] 

Above comparison represents that  Polyphenylene sulphide(PPS) shows maximum tensile 

strength in semi-crystalline thermoplastics, however, Polyvinylidene fluoride(PVDF) shows 

minimum tensile strength. 

 

 

Figure 7:Tensile modulus in Mega Pascal of semi-crystalline thermoplastic [54] 

Above comparison signifies that Polyphenylene sulphide (PPS) has maximum tensile 

modulus, however, Ultra-high molecular weight Polyethylene(UHMWPE) shows minimum 

tensile modulus in semi-crystalline thermoplastic. 
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Table 4:Friction and wear rate of different plastics [54] 

 

Materials 

PC PEI PAI PPSU PET PPS PA6 UHMWPE PVDF 

Wear rate 2.36E-

11 

1.79E-11 1.60E-13 2.09E-13 1.22E-13 3.20E-13 8.86E-15 2.53E-14 1.74E-14 

Friction/bulk 

temperature 

148 176 171 158 195 227 169 127 155 

Wear 

mechanism 

Abrasion Abrasion Adhesion-

abrasion 

Adhesion-

abrasion 

Adhesion-

abrasion 

Adhesion-

abrasion 

Adhesion Adhesion Adhesion 

Transfer layer 

characteristics 

No 

Layer 

No 

Layer 

Secondary 

layer 

Secondary 

layer 

Secondary 

layer 

Secondary 

layer 

Primary 

layer 

Primary 

layer 

Primary 

layer 

 

Above table show the wear rate (m
3
/mm). Wear mechanism formed into three categories : 

adhesive, abrasive and adhesive-abrasive wear. For thermoplastic material adhesive wear 

mechanism used to formed a transferred layer . Primary layer means no addition of material 

on roughness profile. Secondary layer means poor bonding between the adhesive layer. PC 

and PEI have higher wear rate with respet to other material. 

 

 

Figure 8: Degree of crystallinity before and after wear test via XRD and DSC 

PET and PPS degree of crystallinity improve by 37.5% and 29%. Because of degree of 

crystallinity hardness increases and plasticity decreased. 

Plasma spray method is used for reducing the wear rate. Plasma spray consider un-melted and 

oxide particles, porosity, different structure and powder form. In this report Al2O3 and 

ZrO25CaO coating was discussed using plasma spray on pin-on-disc test. Wear rate depends 

upon the applied load, porosity particles, slops and micro-hardness. The friction coefficient 

found more due to load effect. Author discussed the friction and wear relationships. Wear rate 

reduce while increasing the applied load for non-linear depth of hollow. Work hardening also 

depends upon types of load. At higher load, three bodies abrasion transform into adhesive 

wear. Friction coefficient found less at 10, 15N with respect to 5N load. Improve the wear 
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rate property with reduction in micro-hardness coating. Al2O3 coating has higher micro-

hardness as compared to ZrO25CaO coatings. ZrO25CaO coating has higher wear loss as 

compared to Al2O3 coating. Wear rate is inversely proportional to hardness and vice-versa. In 

plasma spray better interfacial bonding found among wear modes and worn material 

hardness. Wear rate also improved by porosity coating. It may be inter-lamellar porosity. 

Abrasion rate also depend upon porosity [55]. 

Semi-metallic material considers metal powder particles such as Cu, Zn and Fe. These metal 

powder increases the coefficient of friction. The friction coefficient as well as wear properties 

of brake drum are quite complex and characterized by high pressure,non-steady state and 

temperature method. In brake rotor cast iron wear resistance is used [56, 57]. 

Friction Force 

MMCs material is used in worldwide due to its tribological properties and mechanical 

behaviour. According to [58] wear theory, friction force determined by temperature, sliding 

velocity and power function. 

     TbTa VPTF            (1) 

  F   = Force of friction, N 

µ(T) = Coefficient of friction at temperature T 

P     =  Load Applied, N 

V    = Velocity of sliding, m/s 

a(T) = Load factor at T 

b(T) = Velocity factor at T 

At higher velocity of vehicle, frictional force value decreases due to increases in temperature. 

 

Semi-metallic wear coefficient of brake lining material 

According to Rhee [59] wear volume depend upon various factors such as sliding time, 

sliding velocity and power of load function. 

cba

f tVPKV            (2) 

V= wear volume, m
3
 

Kf= wear coefficient 

P= Applied load, N 

V= Sliding velocity, m/s 

t = Sliding time, second 

a, b and c are constant and they depends upon property of material and several condition. 
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Wear Coefficient of MMC disc and Grey Cast Iron 

Grey cast iron material is used in automobile applications like brake drum components, disc 

etc. According to author [60] wear theory, the wear volume determined by hardness, sliding 

velocity and applied load of the materials. 

H

KPL
V

3
            (3) 

V = Material volume, m
3
 

K = Coefficient of wear 

P = Applied load, N 

L = Sliding distance, m 

H = Hardness 

 

Conclusion 

Nowadays wear becomes a major problem in automobile and industries. Owing to wear 

machine life and machine element damaged after long duration work. Wear rate and wear 

resistance improved using coating method like thermal spray coating and plasma spray 

coating. In this paper mechanical and wear properties are discussed: 

 Alloy Al7075 has higher toughness and tensile strength value. There is a limitation, has 

poor resistance. 

 5%TiB2 has higher wear resistance as compared to 5% SiC with Al6082 alloy. 

 25%SiC. MMCs materials have very high wear resistive properties as matched with grey 

cast iron 

 MMC’s materials have 25% higher friction coefficient than grey cast iron. 

 Hardness and toughness increased of aluminium metal matrix by addition of material on 

surface. 

 Increased the wear resistance by VN alloy coating on Co-based alloy material. 

 The mechanical properties of amorphous and semi-crystallinities thermoplastics under 

4MPa pressure and 50mm/s speed shown in figure [4-7]. 

 PET and PPS materials degree of crystallinity improve by 37.5% and 29%. Because of 

degree of crystallinity hardness increases and plasticity decreased. 

 Al2O3 coating has higher micro-hardness as compared to ZrO25CaO coatings. ZrO25CaO 

coating has higher wear loss as compared to Al2O3 coating. 
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