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Abstract  Wear test set-up is designed to measure the sliding temperature and wear loss of alumina filled Al-Cu metal 

matrix composite bushing in rotating steel shaft with the variation of weight percentage varying from 1%, 3%, 5%, 8% and  

10% respectively. Powder metallurgy method is used to fabricate the bushing composite samples. Each sample is sintered at 

450°C temperature for 90 min after that samples are quenched in water and oil. The results show that compressive strength, 

Vicker’s hardness decreases and wear loss increases with increases of weight percentage of alumina filler. The wear loss and 

sliding temperature also increases with increase of load and sliding time during sliding of composite bushing on the rotation 

of steel shaft. The scanning electron microscopy results show that the deformation and fragmentation of asperities occur in 

the wear surfaces. Also, fine layer is trnasformed on the composite surfaces in the form of fine debris. 
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1. Introduction 

Bearing materials are expected to have good properties 

such as high load capacity, low friction coefficient, high 

corrosion resistance, high wear resistance and high heat 

conductivity. All of these properties significantly affect the 

fatigue and wear life. The journal bearing is mostly fixing 

with the rotating shafts to support the rotor, when mechanical 

systems operate at high speed for the use of turbine, 

centrifugal pumps etc [1]. Slide bearing wide spread in crank 

mechanisms carry the dynamical loads through the oil film 

layer as thin as 1 µm. This implies the need of mutual 

conformation of cooperating surfaces. The journal bearing 

material is generally white metals (tin-based or lead-based), 

aluminum and copper based alloys. Lead is widely used to 

prevent the inherent toxicity that causes acute and chronic 

effects. The environmental effects can be minimized with the 

use of lead [2]. The hard material is used as reinforcement for 

the improvement of mechanical properties such as hardness 

and compressive strength, which are desirable properties for 

bearing application. Tin-based material is used as matrix for 

the metal-matrix composite. This material is highly 

compatible to avoid seizure and reduces operating costs 

considerably [3, 4].  

Metal-matrix composite (MMC) materials have high 

stiffness and wear resistance. This is suitable for heavier duty 

parts like leaf spring bushing, connecting rod and pistons, at  
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high load and speed etc. Normal load and sliding velocity are 

the important parameters that affect the tribological 

performance of metals and alloys. Copper and copper based 

alloys are widely used in many applications because of high 

wear resistance and self-lubrication property. Copper based 

alloys are generally used as bearing materials to achieve a 

high wear resistance [5-7]. The wear resistance is generally 

affected by various factors, which is not possible to control 

during the operation. The particulate MMCs, which have 

isotropic and homogenous properties, are easily adaptable to 

the current engineering design practice [8-10].  

In the high load regime, friction coefficient decreases with 

load for many metallic pairs. It is believed that due to a large 

amount of wear debris and increased surface roughening, 

friction force decreases. For different material combinations, 

friction may increase or decrease when sliding velocity 

increased. During friction process, because of increased 

adhesion of counterface pin material on disc, friction 

increases with the increase in sliding velocity [11]. 

The aluminum matrix composites have low density, high 

stiffness, low cost, ease of processing, low melting point, 

high work ability, corrosion resistance, and availability of 

variety of alloy systems. Aluminum alloys are used as 

bearing materials where low friction is required. Due to these 

properties, the aluminum metal matrix composites are being 

widely used in the automobile, aerospace, and electrical 

packaging industries [12-19].  

The overall wear rate of commercially available 

aluminium is more than aluminium matrix composites at 

applied loads. The wear rate increases with increase of load 

for commercially available aluminium and aluminium 

matrix composite [20]. The micro size of filler particles in 
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aluminium matrix composites increases the wear rate in dry 

sliding condition. The reason for the effect of size is that the 

smaller particles easily plough and increases wear rate [21]. 

However, when particle size varies from micro to nano range, 

wear rate decreases due to accumulation of filler on the 

sliding surface. This leads to decrease wear rate and abrasion 

of counter-surface by nanocomposites, it is less as compared 

to microcomposites [22].  

In the present paper, the main objective is to fabricate the 

Alumina filled Al-Cu metal-matrix composites by powder 

metallurgy method with the variation of weight percentage 

of alumina filler. The wear loss and sliding temperature were 

measured from the fabricated wear test rigs.  

2. Experimentation 

2.1. Materials and Specimen 

Aluminium (60 μm, 99.7% purity), copper (60 μm, 99.7% 

purity) and alumina (100 μm) particles were used for the 

fabrication of alumina filled Al-Cu metal matrix composite. 

Al and Cu powders were mixed in the ratio of 4:1 with the 

mechanical stirrer method. Powder was mixed with the help 

of stirrer (Heidolph RZR 2020) at the 160 rpm for 20 minute 

so that the particles get dispersed homogenously. The 

alumina filler was added in the mixture of Al-Cu particles. 

The alumina particle was added with the variation of weight 

percentage from 1%, 3%, 5%, 8% and 10% respectively to 

fabricate the alumina filled Al-Cu metal matrix composites. 

Circular bushing type specimens were fabricated by 

metallurgical compaction method. Special type of mold 

(punch and die, Fig. 1(a)) was prepared to obtain the bush 

type of sample. The mixed powder of specified composition 

was filled in the die and compressed by plunger at 8.0 kpsi 

pressure on compression moulding machine as shown in Fig. 

1(b).  

  

a.                   b. 

Figure 1.  Photograph of (a) Plunger and die and (b) compression 

moulding machine 

The specimens were prepared in the form of bush bearing 

having inside diameter 10mm and outside diameter 25mm as 

shown in Fig.2 (a & b). Also, circular disc (thickness 4mm 

and diameter 25 mm) specimens were fabricated for the 

hardness and copmression tests. Each type of samples was 

obtained for the further experiments.  

  

a.                               b.  

Figure 2.  (a) Complet set of die and punch for bush sample and (b) bush 

samples 

2.2. Compression and Hardness Tests 

Circular specimens were tested for compressive strength 

on universal testing machine (UTM). To carry out 

compression test BRAZALIAN disk type specimens were 

prepared. The cross head speed was fixed 2 mm/min. The 

fracture load was recorded to calculate the compressive 

strength. 

Hardness test was performed to obtain the Vicker’s 

hardness of the samples. The Vicker’s hardness testing was 

carried out on Vickers hardness testing machine 

(Mechatronic Control System, Model- 2012-13/673). All 

specimens were polished before hardness test. In order to 

eliminate the segregation effect, three hardness readings 

were measured at 5 Kg load for each specimen at different 

locations. The load was applied for 30 seconds. The 

indentation was noted from the microscope, which was 

attached with the machine and the readings were taken from 

the scale provided. 

2.3. Wear Test  

The wear test rig set-up was designed and fabricated for 

the measurements of wear loss and sliding temperature of 

alumina filled Al-Cu composite bush specimens. Each part 

of the wear test set-up was designed as per ASTM standard 

to calculate the speed of stepped pulley, shaft forces in bush 

bearing specimen. Bearing was selected according to the 

acting forces on the bearing. The focres were calculated with 

the bush bearing position 1 and 2 along horizontal, vertical 

and radial direction. The design and fabrication details are 

reported in M. Tech. thesis, Department of Mechanical 

Engineering, Indian Institute of Technology, BHU [23].  

 

Figure 3.  Schematic diagram of wear test rig 

The shaft was design to bear the horizontal, vertical and 

radial forces. Mild steel material was used for the housing of 
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the bush bearing and cast iron was used for pully. The steel 

(EN9) shaft (10 mm diameter) was selected to fix the bush of 

alumina filled Al-Cu composite specimen. The schematic 

diagramme of bush bearing test rig is shown in Fig. 3. 

The shaft speed was controlled by the transformer. A 

circular cavity of 2 mm was made in the bush to facilitate the 

pointer of thermocouple, which measured the raise in 

temperature during running under different speeds and loads. 

The schematic photograph is shown in Fig. 4. 

 

a.                                 b.  

Figure 4.  Photograph of (a) wear test rig for bush bearing test and (b) bush 

bearing holder 

The wear test set-up consists of a rotating steel shaft ( EN9 

steel, 64 HRC hardness and 10 μm roughness) with both end 

supported in a journal bearing fitted in a two piece, which 

was free to rotate. The alumina filled Al-Cu particulate 

composite bush bearing was mounted and clamped in the 

shaft. The bush bearing and the shaft was loaded vertically 

using load pan. Before commencing experiment, the shaft 

and bearing were wiped clean thoroughly. The bearing was 

allowed to run in a dry condition. During this period, the 

wear loss and temperature was measured at different load 

and time. The thermocouple pointer was touched onto the 

bush bearing surface and temperature was measured by 

temperature measurement indicator. This gives dissipated 

energy in the form of heat due to friction between the shaft 

and bush. At the end of the experimental, the bush bearing 

specimen was taken out from the specimen holder and 

reweighed to obtain the wear loss. 

Finally, scanning electron microscope was used to study 

the surface morphology of the specimens failed under 

compression and wear tests. SEM samples were prepared 

into 10x10 mm sizes via a diamond cutter and placed on a 

SEM grid for the characterization of composite features. The 

samples were observed using a Hitachi HF-2000, 200kV 

SEM. 

3. Results and Discussion 

3.1. Variation of Compressive Strength and Hardness 

Figs. 5 and 6 indicate that the Vicker’s hardness and 

compressive strength influenced with the effect of weight 

percentage of alumina filler in Al-Cu composite specimens 

under the normalized, oil and water quenched environments.  

The oil quenched specimen shows markedly higher 

compressive strength than the water quenched and 

normalized specimen, whereas water quenched specimen 

show higher Vicker’s hardness than the other envoirnment. 

Compressive strength and hardness decreases with increase 

of alumina content irrespective of the quenching media. The 

hardness gradually decreases with increase of alumina filled 

Al-Cu composite under all the sintering enviornments, as 

shown in Fig. 5, which reflectes the agreement of general 

hardness theory [12]. Although the effect of sintering 

environment on hardness is only marginal, a significant 

effect is exerted on bulk behaviour of compressive strength 

as can be seen in Fig. 6. The lower values of compressive 

strength for the compacts sintered in water and air are likely 

to be result of poor bonding, possibly as a result of oxidation 

of alumina during sintering. 

 

Figure 5.  Variation of Vicker’s hardness with weight percentage of 

alumina in different environment 

 

Figure 6.  Variation of compressive strength with weight percentage of 

alumina in different environment 

3.2. Variation of Wear Loss 

The effect of load, speed, sliding time and environment on 

wear loss of Al-Cu composite with the variation of weight 

percentage of alumina is presented in Figs. 7-15. The results 

show that the wear loss increases with sliding time of 

normalized Al-Cu composite as presented in Fig. 7. The 

wear loss is marginally affected with the variation of weight 

percentage of alumina filler at constant sliding speed of 700 

rpm and load 200 grams.  
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Figure 7.  Variation of wear loss with sliding time of normalized 

Al-Cu-alumina particulate composites 

10% alumina filled Al-Cu composite shows higher value 

of wear loss as compared to 1, 2, 5, 8 % alumina filled Al-Cu 

composite. Fig.8 indicates that the wear loss increases slowly 

upto 800 grams of applied weight and then gives higher wear 

loss.  

 

Figure 8.  Variation of wear loss with load of normalized Al-Cu-alumina 

particulate composites 

 

Figure 9.  Variation of sliding temperature with load of normalized 

Al-Cu-alumina particulate composites 

 

Figure 10.  Variation of wear with sliding time of water quenched 

Al-Cu-alumina particulate composites 

 

Figure 11.  Variation of wear with load of water quenched Al-Cu-alumina 

particulate composites 

 

Figure 12.  Variation of sliding temperature with load of water quenched 

Al-Cu-alumina particulate composites 

Again, 10% alumina filled Al-Cu composite indicates 

higher wear loss compared to lower weight percentage of 

alumina filler. It is noted that the wear loss increases with 

applied load and sliding time in all the cases, but there is 

marginal weight loss in the case of 1, 3 and 5% alumina filler, 

showing lower sliding temperature upto 38.7°C. The higher 

percentage of fillers (8 and 10%) gives more sliding 
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temperature as compared to low filler Al-Cu composites, as 

shown in Fig. 9. This shows that the large amount of alumina 

particle was sliding over the hard EN9 steel, which increases 

the sliding temperature. 

Similar trends are obtained in the case of water and oil 

quenched Al-Cu composite with the variation of weight 

percentage of alumina filler 1, 3, 5, 8 and 10% respectively.  

The wear loss is increasing in all the cases with increase of 

sliding time, applied load as shown in Figs. 10-15. 

 

Figure 13.  Variation of wear with sliding time of oil quenched 

Al-Cu-alumina particulate composites 

It is very interesting to observe that the wear loss reduces 

in oil quenched samples as compared to normalized and 

water quenched samples. This indicates that the wear 

resistance of the Al-Cu filled alumina filler is improved 

significantly due to interface bonding strength. It is further 

noted that the wear loss decreases after sliding time of 20 

min (Fig. 13) and applied load 600 gram (Fig.14).  

 

Figure 14.  Variation of wear with load of oil quenched Al-Cu-alumina 

particulate composites 

The water quenched samples showed that wear loss 

increases with increase of sliding time and load as can be 

identified from Figs. 9 & 10. The wear loss of the Al-Cu 

composites is noted to be invariant to the applied load and is 

reducing with heat treatment (quenching). The sliding 

temperature is stablized after 800 gram load as shown in Fig. 

11. It is clear indication of formation of thin layer on the 

counter face [3]. However, overall results indicate that the 

values of wear loss and sliding temperature of alumina filled 

Al-Cu composites are affected very significantly with sliding 

time and applied load, when composite bush bearing 

specimen is sliding with the mild steel. It is also noted that 

wear loss is comparable to reported work [11]. 

 

Figure 15.  Variation of sliding temperature with load of oil quenched 

Al-Cu-alumina particulate composites 

3.3. Morphological Behaviour 

It is evident from SEM micrograph Fig. 16 (a) that the 

copper particle is distributed uniformly in the aluminium 

particles. The fine crack propagated through the boundaries 

of the particle as shown in Fig. 16 (b). The crack is appeared 

in the intergranular not transgranular shape, which can be 

identify from Fig. (c & d), because in the case of 

transgranular failure there must be sharp edges at the 

fractured surface [19]. 

Fig. 17 indicates that the fracture, deformation and 

fragmentation of asperities occur in the wear surface of 5% 

alumina filled Al-Cu composite. The sliding surface of the 

specimen is worn out with the increase of sliding time and 

load. Due to the ploughing effect and surface roughening, 

wear loss and temperature increases. The pores are generally 

filled by the debris of the worn surfaces, which induced from 

micro ploughing, as shown in Fig.17. It is observed that the 

surface deformation flow along the sliding direction.  

Therefore, no tribolayer is found on the worn surfaces 

under normalized condition, as shown in Fig. 17 (a). 

Formation of craters can be observed on the worn surfaces, 

indicating the deformation of the surface materials. The 

severe wear loss, itself by a massive deformation of the 

subsurface region. Since, the Al2O3 particles protruded out of 

the matrix of the composite before wear, it is likely that much 
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less area on the matrix contacted directly with the shaft in the 

initial period. Al2O3 particles acted as micro-cutters to cause 

severe grooving on the surface of the slider.  

  

a.                     b. 

  

c.                              d.  

Figure 16.  SEM images of alumina filled Al-Cu composite shows (a) 

distribution of Cu particle (b) fine cracks propogated (d) cracks appeared in 

transgranular shape under compressive load 

Fig. 17 (b&c) indicates that the water quenched Al-Cu 

filled alumina shows two different regions on the wear 

surface i.e. cavities and smooth regions. In the smooth 

regions, micro-grooves and ploughing can be observed, 

which suggests that abrasive wear loss is predominant in 

these regions. Large part of the wear surface of the 

composite specimen is covered by thin film layers and 

cavities, as shown in Fig. 17(d).  

  

a.                             b.  

  

c.                              d. 

Figure 17.  SEM images of wear surfaces of (a) normalized, (b & c) water 

quenched and (d) oil quenched alumina loaded Al-Cu matrix 

These cavities resulted from local delamination in the 

wear surface. The rounded particles indicate fragmentation 

of the matrix, and some of them have resulted from the 

fragmentation of Al2O3, cracks running parallel to the sliding 

direction in a cross section of the worn surface, which is very 

likely to result in delamination from the subsurface [18]. 

3.4. Explanations 

Under applied load, the load is transferred from the 

weaker aluminium matrix, across the alumina-Al-Cu 

interface, to the typically higher stiffness reinforcement. In 

this manner, strengthening takes place by the reinforcement 

carrying much of the applied load, this is direct strengthening 

of particulate composite [14]. This results show that the 

compressive strength decreases with increase of weight 

percentage of alumina in Al-Cu composite, as it is evident 

from the SEM images showing the amount of porosity, and 

voids present in the specimen, which affect the transfer of 

load from matrix material to the reinforcement inefficiently. 

From the SEM images it can also be concluded that the 

interfacial strength between the reinforcement and the matrix 

particles is affected [15] and therefore weaken the interface 

bonding in between particles. 

The compressive strength is also increased in particulate 

composite due to perfect bonding and agglomeration of 

particles and strengthening effect [16]. Fig. 6 shows that oil 

quenched alumina filled Al-Cu composite have higher 

compressive strength upto 8% than the normalized and water 

quenched specimen due to indirect strengthening. It is also 

evident that there is no significant effect on increase in 

strength due to indirect strengthening of composite 

specimen.  

Vicker’s hardness of oil quenched was less than that of 

normalized and water quenched alumina loaded Al-Cu 

composite. It is fact that oil is filled the pores and voids 

within the specimen and then the interfacial strength is 

weaken, which allow to flow the particles from the pores 

much easier than the normalized and water quenched 

specimen. The vicker’s hardness reduces upto 3% alumina 

and icreases after 4% alumina filled Al-Cu composites. 

However, vicker’s hardness affected with increase of 

alumina filler, due to aggolomeration of alumina filler. After 

10% alumina filler hardness decreased because of the weak 

interface bond strength in between alumina, Al and Cu 

particles [18]. 

Wear loss increases with increase of alumina filled Al-Cu 

matrix normalized composites. 10% alumina filled Al-Cu 

composite showing higher wear loss and increases sharply as 

the load increases. For 5% alumina loaded specimen, wear 

loss increases rapidly after 800g applied load. It can also be 

noted that the wear loss in water quenched alumina filled 

Al-Cu composite is more than the normalized composite due 

to fragmentation of the particles in water quenched media. 

This led to the more wear in water quenched composite than 

the normalized specimen. The wear loss in oil quenched 
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specimen is very less because oil entrapped in the pores and 

acted as lubricant. The sliding temperature rises due to 

increase of wear and it is greatly affected by the environment 

condition. 

4. Conclusions 

Based on the experimental observation following 

conclusions can be drawn; 

i.  Compressive strength of the alumina filled Al-Cu 

composite decreases with increase of weight 

percentage of alumina. Compressive strength of oil 

quenched alumina filled Al-Cu matrix composite is 

higher than the normalized and water quenched 

composite. 

ii.  Vicker’s hardness of normalized alumina filled Al-Cu 

composite is nearly 3% higher than the oil and water 

quenched composite. Vicker’s hardness of alumina 

filled oil and water quenched composite gradually 

decreases upto 3% of alumina filled Al-Cu composite 

and then increases with increase of weight percentage 

of alumina filler. 

iii.  The wear loss of water quenched 10% alumina filled 

Al-Cu composite is more than the normalized and oil 

quenched Al-Cu composite. The wear loss of alumina 

filled oil quenched composite is lowest among the 

normalized and water quenched composite. 

iv.  The sliding temperature increases with increase of 

load in all environments, but it is stabilized after load 

0.80g due to formation of thick film on the counter 

surface.  

ACKNOWLEDGEMENTS 

The author would like to thank Mr. A.S. Pareta, M. Tech. 

Student and Department of Mechanical Engineering, Indian 

Institute of Technology (BHU), Varanasi-221005, India for 

their supports.  

 

REFERENCES 

[1] A. Tavakoli, R. Liu and X. J. Wu, Improved Mechanical and 
Tribology Properties of tin-bronze Journal Bearing Materials 
with newly Developed Triboalloy Additive, Material Science 
and Engineering-A, 489, pp. 389-402, 2008. 

[2] F. Gao, R. Liu and X. J. Wu, Tribology Behaviour of 
T-401/tin-bronze Composite Coating Deposited by HVOF on 
the Bushing of Planet Journals, Metallurgical and Materials 
Transactions, 269, pp. 724-732, 2010. 

[3] G.H. Borhani, V.K. Srivastava, J.P. Pathak and C. 
Ramachandra, Properties of Commercial Aluminium-mica 
Composites Prepared by PM Route, Powder Metallurgy, 36, 1, 
pp.67-70, 1993. 

[4] A. Ibrahim, F.A. Mohamed and E. J. Lavernia, Particulate 
Reinforced Metal Matrix Composites - a Review, Journal of 
Materials Science, 26, pp. 1137-1156, 1991. 

[5] J.P. Davim, An Experimental Study of the Tribological 
Behaviour of the Brass/Steel pair, Journal of Materials 
Processing Technology, 100, pp. 273-277, 2000. 

[6] R.F. Schmidt and D.G. Schmodt, Selection and Application 
of Copper Alloys Castings, ASM Handbook II, pp. 
3446-3557, 1993. 

[7] B.K. Prasad, Dry Sliding Wear Response of Some Bearing 
Alloys as Influenced by the Nature of Microconstitutents and 
Sliding Conditions, Metallurgical and Materials Transactions 
A, 28, pp.809-815, 1997. 

[8] S. H. Chen and T.C. Wang, Size Effects in the Particle 
Reinforced Metal - Matrix Composites, Acta Mechanica, 157, 
pp. 113-127, 2002. 

[9] J.K.M. Kwok and S.C. Lim, High-speed Tribological 
Properties of Some Al/SiCp Composites: Frictional and 
Wear-rate Characteristics, Composites Science and 
Technology, 59, pp. 55-63, 1999. 

[10] Y. Seo and C. Kang, The Effect of Applied Pressure on 
Particle - Dispersion Characteristics and Mechanical 
Properties in Melt-Stirring Squeeze-cast SiCp/A1 
Composites, Journal of Materials Processing Technology, 55, 
pp.370-379, 1995. 

[11] D.M. Nuruzzaman and M.A. Chowdhury, Friction 
Coefficient and Wear Rate of Copper and Aluminium Sliding 
Against Mild Steel, International Transaction Journal of 
Engineering, Management, & Applied Science & 
Technologies, pp. 29-40, 2013. 

[12] L.J. Yang, The Effect of Nominal Specimen Contact Area on 
the Wear Coefficient of A6061 Aluminium Matrix Composite 
Reinforced With Alumina Particles, Wear, 263, pp. 939–948, 
2007. 

[13] E. Pagounia and V.K. Lindroos, Influence of the P/M Process 
on the Microstructure and Properties of WC Reinforced 
Copper Matrix Composite, Materials Science and 
Engineering, 39, pp. 221–234, 1998. 

[14] D. Xu, W.J. Lu, Z.F. Yang, J.N. Qin and D. Zhang, In Situ 
Technique for Synthesizing Multiple Ceramic Particulates 
Reinforced Titanium Matrix Composites, Journal of Alloys 
and Compounds, 400, pp. 216–221, 2005. 

[15] J. Umeda, M. Kawakami, K. Kondoh, E. Ayman, and H. 
Imai, Microstructural and Mechanical Properties of Titanium 
Particulate Reinforced Magnesium Composite Materials, 
Materials Chemistry and Physics,123, pp. 649–657, 2010. 

[16] V.K. Lindroos and M.J. Talvitie, Recent Advances in Metal 
Matrix Composites, Journal of Materials Processing 
Technology, 53, pp. 273-284, 1995. 

[17] J.W. Kaczmar, K. Pietrzak, and W. Losinski, The Production 
and Application of Metal Matrix Composite Materials, 
Journal of Materials Processing Technology, 106, pp. 58-67, 
2000. 

[18] M. Amro, Al-Qutub, Ibrahim, M. Allam and M.A. Abdul 
Samad, Wear and Friction of Al–Al2O3 Composites at 
Various Sliding Speeds, Journal of Material Science, 43, pp. 
5797–5803, 2008. 



166 V. K. Srivastava:  Wear Behaviour of Alumina Filled Al-Cu Metal-Matrix Composite Bushing with Rotating Steel Shaft  

 

 

[19] Y. Sahin, M. Kok and H. Celik, Tool Wear and Surface 
Roughness of Al2O3 Particle-Reinforced Aluminium Alloy 
Composites, Journal of Materials Processing Technology, 
128, pp. 280–291, 2002. 

[20] D. Kumar, M. Roy and B.K. Show, Tribological Behavior of 
an Aluminum Matrix Composite with Al4SiC4 Reinforcement 
under Dry Sliding Condition, Tribology Transactions, 58, pp. 
518–526, 2015. 

[21] S.D. Saravanan, M. Senthilkumar and S. Shankar, Effect of 
Particle Size on Tribological Behavior of Rice Husk 
Ash–Reinforced Aluminum Alloy (AlSi10Mg) Matrix 
Composites, Tribology Transactions, 56, pp. 1156-1167, 
2013. 

[22] S.E. Mcelwain, T.A. Blanchet and L.S. Schadler, Effect of 
Particle Size on the Wear Resistance of Alumina-Filled PTFE 
Micro and Nanocomposites, Tribology Transactions, 51, pp. 
247-253, 2008. 

[23] A.S. Pareta, Design and Fabrication of Bush Bearing Alumina 
Loaded Al-Cu Metal Matrix Composites, M. Tech. Thesis, 
Department of Mechanical Engineering, Indian Institute of 
Technology (BHU), Varanasi, India, 2013. 

 

 

 
 


