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Abstract 
 

Copper have always been an important material and incorporation of elements into copper for property enhancement. Bronze is a relevant 

cuprous alloy which is important for many industrial and automotive applications like bearings and machineries. The present research is 

directed towards the fabrication and tribological analysis of regular bronze (Cu-6Sn) and metal matrix composites reinforced with varying 

particle sized SiC ceramic reinforcement (30, 35 and 40 µm). The developed specimens were subjected to wear analysis according to 

ASTM standards, to identify the tribological properties utilisng a pin on disk tribometer. It was noted that the wear rates of developed 

MMC’s phenomenally decremented with an increase in size of SiC particle reinforcement. Also, the test parameters were influential in 

altering the wear rates to notable margins. The standard scanning electron microscopy techniques aided in identifying the influence of 

adhesive wear on the specimen surface.  
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1. Introduction 
 

In the modern era, selection of materials plays a vital role in 

increasing the efficiency of parts and quality improvisation of the 

product. Alloys were preferred for all major terrestrial and 

extraterrestrial applications earlier. The conventional materials 

have always had its drawback considering the mechanical, 

tribological, thermal and electrical properties which made them 

unsuitable for several complex and important applications. This 

led the researchers to think about new modified materials having 

exceptional properties that satisfies the customer demands. 

Recently, the interest is being shifted towards Metal Matrix 

Composites (MMC). MMC’s are consolidation of specific 

materials which results in the enhancement of base material 

properties. More systematic development methods are being 

structured by researchers which allows to design the composites 

according to the relevant engineering properties. Such enhanced 

composites can be utilised to develop automotive products like 

wear plates, bearings and bushings which are subjected to 

immense mechanical and thermal loads. In accordance with the 

literature, the tribological  and mechanical properties of metal 

matrix composites is extensively depended on the ceramic particle 

size and particle volume fraction of reinforcement [1], [2] . 

Certain MMC’s have numerous applications including linings of 

cylinders, automotive parts, spacecraft and aircraft applications 

are also having increased thermal stability and strength which 

makes them suitable for various critical aerospace and defense 

applications [3].  
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Copper and cuprous alloys have always been existing as the most 

preferred material due to its extensive material properties which 

makes it exploitable for various critical applications. However, 

the incrementing necessity of materials with enhanced material 

strength to weight ratio and stiffness resulted in development of 

alloys and composites of copper. From the literature survey 

carried out, it has been found out that, various reinforcements 

effect the material property in different ways. Copper when 

alloyed with Sn was found to show an intensive increase in 

properties like hardness which also improves the wear resistance 

of the material [4]. However, addition of reinforcements like 

Al2O3, SiC and B4C resulted in marginal surge in material density 

values as a result of increased sinterability with the addition of 

reinforcement [5]. An approach from M. Asnavandi et al.  [6],  

investigated on the effect of reinforcements like graphite and SiC 

which results in some alluring conclusions. The hardness value of 

the manufactured composites were found to escalate with a surge 

in the wt-% percentage of SiC particle and decremented with the 

graphite content due to lowering of the composite density [7]. 

Various investigations were also carried out on  the influence of 

SiC addition in Cu-Cr matrix and was found to increase the wear 

resistance due to successful reduction in coefficient of friction 

with incrementation in percentage of reinforcement [8].  

The reinforcement type also influences the properties of 

composites accordingly. Many complex and mechanically stable 

structures can be created with different types of reinforcing 

material. Nevertheless, the studies on aluminium MMC with 

different types of reinforcements revealed that the wear resistance 

was not generally influenced by the type of reinforcements [9], 

[10].  The reinforcement percentage had positive and adverse 

effects on the MMC developed but the effect of reinforcement 

ceramic particle size was still uncertain. 

In the present investigation, the experiments were carried out with 

SiC reinforcement having different particle size (30, 35and 40 

µm) in Cu-Sn matrix to develop bronze specimens suitable for 

bearing applications. From the literature, it was evident that 

bronze is a suitable material for developing wear resistant 

components [9].  

There are numerous manufacturing techniques for composites like 

friction stirring, powder metallurgy, centrifugal casting etc. 

Centrifugal casting techniques and the effect of SiC particles size 

in wear resistance of developed Cu MMC is least studied. This 

present investigation includes the development of Cu MMC with 

SiC reinforcement having varying particle sizes (30, 35 and 40 

μm) using metal die stir casting method. The developed composite 

material was subjected to numerous mechanical tests based on 

ASTM standards. 

 

 

2. Experimental Procedure  
 

 

2.1. Materials and methodology 
 

The experiments were conducted by choosing Cu-Sn as the 

matrix due to its improved wear resistance compared to pure Cu 

and cuprous alloys. Also, the percentage of Sn added effects the 

tribo-mechanical properties of the matrix. The composite was 

fabricated by reinforcing 10 wt-% SiC particles of varying 

particle sizes (30, 35 and 40 µm) having enhanced wettability 

with copper alloys [9]. 

 

 

2.2. Fabrication of composites  
 

The MMC was fabricated using stir casting method as shown 

Figure 1. The manufacturing of the composite rods was done by 

reinforcing SiC particles of varying particle size. As per the 

literatures, this method is found to be useful in ensuring uniform 

distribution of particles throughout the base matrix and enhancing 

the particle-matrix interfacial bonding [11] .  

The melting was conducted in an inert Argon atmosphere to 

prevent oxidization of the cast specimen. A graphite crucible was 

loaded with pure copper and was heated till the melting point of 

copper was attained (approx. 1100 °C). This was followed by the 

addition of tin (6wt-%) and preheated 10 wt-% of SiC particles 

having a particle size of 30 µm.  The preheating of the 

reinforcement particle will assist in drastic reduction of thermal 

unevenness between the matrix and reinforcement [9]. The 

parameters for the stir casting process as shown in Table 1 were 

chosen accordingly to ensure uniform distribution of particulate 

reinforcement in the matrix.  

 

 
Fig. 1. Schematic sketch of electric arc furnace 

 

 

The developed melt was transferred into a die made of Oil 

Hardened Non-Shrinkage Steel (OHNS Steel) which was 

preheated to a temperature of 300 – 350 °C to obtain cast rods of 

150 mm long × 16 mm dia.  The developed as- cast specimens 

were demolded from the metal die after solidification process. 

The procedure mentioned above was conducted for 35 µm and 40 

µm SiC particle size to develop the required cast rods. 
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Table 1. 

Parameters for stir casting [9] 

Stirrer speed 150 rpm 

Time 20 – 25 min 

 

Tests were carried out to analyze the tribological aspects of the 

developed MMC, which are detailed in the trailing content. The 

presence of SiC particle in the Cu-Sn was validated using 

standard energy dispersion spectroscopy techniques which is 

generally used for the purpose. From the analysis reports shown 

in Fig 2-4, it can be concluded from the figure that the particles 

were present in the matrix in all the specimens of varying SiC 

particle sizes. 

 

 
Fig. 2. EDS spectrum of Cu-Sn-SiC MMC with a SiC ceramic 

particle size of 30 µm 

 

 
Fig. 3. EDS spectrum of Cu-Sn-SiC MMC with a SiC ceramic 

particle size of 35 µm 

 

 
Fig. 4. EDS spectrum of Cu-Sn-SiC MMC with a SiC ceramic 

particle size of 40 µm. 

 

2.3. Wear Test 
 

The wear specimens were prepared asper ASTM G99 

standards and the test was performed using a pin on disk 

Tribometer as shown in Fig.5  [12]. The prepared pin shaped dry 

sliding wear test specimens were of dimensions 20 mm x 10 mm 

and was tested on a counter face disk made of EN - 31 steel. 

Initial and final weight difference of the test specimens were 

noted down prior and after each experiment to determine the 

sample mass loss. Each experiment was conducted at varying 

loads (10, 20 and 30 N), varying sliding velocities (1, 2 and 3 m/s) 

and a constant sliding distance of 1000 m.  

 

 
Fig. 5. Schematic sketch of pin on disc tribometer 

 

 

3. Results and Discussions 
 

In this investigation, the wear rates were analysed by utilising 

the pin on disc tribometer and the observed results were tabulated 

and calculated in order to find the enhanced effects of 

reinforcement addition.   

 

 

3.1. Effect of load on wear behaviour of 

developed MMC 
 

The material wear rates of the developed Cu-Sn and SiC 

reinforced Cu-Sn metal matrix composite samples were 

determined at a constant sliding velocity of 3 m/s, constant sliding 

distance (1000 m) and varying loads of 10, 20 and 30 N were 

determined and depicted in the trailing figure (Figure 6). It is 

evident from the figure (Figure 6) that the wear rates show 

phenomenal incrementation with increase in loads. This influence 

of load on the material removal rate of the specimens can be 

attributed to the increase in clustering of frictional forces, which 

are generated as a result of interaction between the EN 31 steel 

counter disk and test specimens [13]. The decrease in wear 

resistance properties after subjecting to loads above 20 N might 

be due to the generation of Mechanical Mixed Layer (MML) 

which acts as a protective shield against material removal [9], 

[14]. 

From the figures (Figure 6), it can be identified that the wear rate 

of regular bronze is higher compared SiC reinforced MMC’s. This 
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enhancement in wear resistance can be due to the presence of hard 

phase SiC particles which imparts a resistance to material removal 

[9]. Also, as a result of this enhancement in wear resistance, the 

hardness values of the developed specimens were found to be 

satisfactory according to previous investigations [15]. 

Nevertheless, a notable increase in wear rate is identified in MMC 

specimens reinforced with SiC ceramic particles of size 40 μm. 

From the conducted literature survey, it is evident that this 

reduction in wear resistance can be a result of agglomeration of 

SiC ceramic particles in the bronze matrix. From the analysis, it 

was inferred that the MMC’s reinforced with SiC particles of size 

35 μm shows enhanced properties compared to other specimens. 

This can be attributed to the enhanced bonding properties 

improved wettability and uniform distribution  of SiC particulate 

phases in the Cu-Sn matrix [9], [15].   

 

 
Fig. 6. Plot depicting the influence of varying mechanical load on 

wear rate  

 

 

3.2. Effect of sliding velocity on wear 

behaviour of developed MMC 
 

Material wear rates of developed Cu-6Sn and MMC 

reinforced with ceramic particles of varying size (30, 35 and 40 

μm) SiC reinforced Cu-Sn subjected to a consistent mechanical 

load of 30 N and sliding distance of 1000 m and varying sliding 

velocities (1, 2 and 3 m/s) were determined and plotted for further 

analysis (Figure 7). From Figure 7, it is evident that the material 

wear rates of regular bronze (Cu-6Sn) shows a surge in values 

with an incrementation in sliding velocity up to 2 m/s. 

Nevertheless, the developed MMC’s showed a satisfactory 

contradiction in wear rates at sliding velocities 1 and 2 m/s. This 

characteristic shown by the developed MMC might be due to the 

increase in hardness as a result ceramic particle reinforcement 

[16] . An optimum material removal rate is observed in the case 

of MMC reinforced with SiC particles of size 35 μm. This can be 

associated with the improvement in material hardness of MMC 

due to hindering of dislocation motion by reinforced SiC ceramic 

particles. An undesirable surge in the wear rate values of 40 μm 

SiC particle reinforced MMC can be associated to the clustering 

of SiC ceramic particles in the metallic matrix [9], [17].  

 

 
Fig. 7. Plot depicting the effect of varying sliding velocities on 

wear rate 

 

 

3.3. Effect of particle reinforcement size on 

wear behaviour of developed MMC 
 

The Figure 8 depicts the calculated material wear rate values 

of developed Cu-6Sn alloy along with MMC’s strengthened with 

SiC ceramic particulate phases of different sizes (30, 35 and 40 

μm), subjected to varying load of 10, 20 and 30 N at a consistent 

sliding velocity of 3 m/s and sliding distance of 1000 m.  The 

figure clearly portrays the decreasing trend of wear rate values of 

MMC’s with increase in size of reinforced ceramic particles up to 

35 μm. However, a marginal surge in wear rate values is noted in 

developed MMC with 40 μm SiC ceramic particle reinforcement. 

From, the literatures, this can be related to the wettability of SiC 

reinforcement particles in the bronze matrix and agglomeration of 

reinforced hard phase ceramic particles [1], [13].  

 

 

 
Figure 8: Plot depicting the influence of varying SiC ceramic 

particle size on wear rate.  

 

 

3.4. Wear surface Analysis 
 

The wear analysis of surface subjected to wear test 

experiment was conducted out using standard electron 

microscopy (SEM) techniques. Figures 9 – 12 depicts the worn-

out surface morphology of developed Cu-6Sn and SiC reinforced 
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MMC’s subjected to wear analysis. Figures 9 - 12 clearly portrays 

the presence of deep and shallow pores. The size and number of 

pores are larger in the wear surface of normal bronze (Cu-6Sn) as 

a result of coarse adhesive wear which can be related to the 

improvised hardness of SiC reinforced MMC’s compared to 

regular bronze [13]. The wear surface images of SiC reinforced 

MMC’s depicted mild debris formation and trivial grooves which 

indicates the occurrence of reduced wear with increase in SiC 

ceramic particle size [9].  

 

 
Fig. 9. Wear surface micrograph of regular bronze (Cu-6Sn) 

 

 
 

Fig. 10. Wear surface micrograph of Cu-Sn-SiC MMC with SiC 

ceramic particle size of 30 μm 

 

 
Fig. 11. Wear surface micrograph of Cu-Sn-SiC MMC with SiC 

ceramic particle size of 35 μm 

 

 
Fig. 12. Wear surface micrograph of Cu-Sn-SiC MMC with SiC 

ceramic particle size of 40 μm 

 

 

4. Conclusion 
 

The present investigation was carried out in order to evaluate 

tribological characteristics exhibited by MMC’s reinforced with 

SiC ceramic particles of varying sized particulate phases. The 

trailing denouement can be formulated from the analysis of 

quantified results.  

It is evident from the results that the wear rates of the developed 

regular bronze and SiC reinforced MMC’s showed a notable 

depletion in values with increase in particle size of reinforced SiC 

ceramic particles up to 35 μm. A contradicting observation noted 

in the case of 40 μm SiC reinforced MMC was found out to be 

due to the agglomeration of dispersed ceramic particles. The test 

parameters were found to be effective in controlling the wear rates 

of developed MMC both beneficially and adversely. The variation 

in load was found to be affecting the increase in wear rates due to 

cumulative frictional forces. The sliding velocity of the counter 

disk was found to alter the wear rates adversely.   Nevertheless, a 

decrementation in wear rate noted at a sliding velocity of 3 m/s 

indicates the generation of MML on the specimen surface. The 

wear analysis of the developed specimens pointed out the 

formation of shallow and deep groves, debris and wear tracks due 

to adhesive wear between MMC test specimen surface and 

counter disk manufactured using EN 31 steel.   
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