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Abstract: Aluminum (A356)-SiC metal matrix composites were fabricated by using liquid 

metallurgy route. To improve the interfacial bonding between the Al and SiC, an attempt has been 

made to coat the SiC particles with Ni and Cu. Electroless process was used for coating the 

reinforced particle. This surface modification due to electroless coating on SiC particles was 

confirmed with SEM/ EDS analysis. Processing parameters such as melt temperature, stirring 

speed, stirring time, and preheating temperature were optimized. SiC content in Al-SiC MMC were 

taken from 5 to 15% and effect of Ni and Cu coating was studied using hardness measurements. 

Influence of coated SiC particles in Al-SiC showed significant improvement in hardness values. 

Moreover, micro structural examination clearly demonstrated that Cu coating on SiC particles 

resulted in good metallurgical boding as compared to SiC particles with Ni coating. As a result, the 

hardness values of Al-SiC (Cu) exhibited better hardness values as compared to Al-SiC (Ni) 

MMCs. As expected, high SiC content in types of Al-SiC MMCs showed high hardness values as 

compared to low SiC content and base alloy. The present investigation suggests that Cu coating on 

SiC particles are more suitable as compared to Ni coating on SiC particles to synthesis Al-SiC 

MMCs. 

Introduction 

Metal matrix composites are the engineered materials produced by mixture of two or more 

unlike materials, at least one of which is basically a metal. Different manufacturing processes for 

producing Metal matrix composites have been developed. In the present study liquid metallurgy 

process is adopted. Liquid metallurgy [1,2] process is the most economical method among spray 

deposition [3], powder metallurgy [4], liquid metal infiltration [5] and squeeze casting [6]. 

Wettability is the major problem in fabricating these materials and this is due to the presence of a 

film oxide at the surface of the aluminium [7]. But literature suggests, this problem can be resolved 

by either addition of the wetting agents like magnesium, calcium, titanium or zirconia [8], or by 

surface modification of the reinforcement particles [7]. An extensive research work has been carried 

on improving wettability. Particles try to float on the surface of the melt, though   larger specific 

density of the SiC particles than the A356 alloy due to high surface tension and poor wetting 

between the particles and the melt. Zhou et al. suggested a mechanical force by stirring process 

cannot solve this wetting process [9]. This may be due to gas layers formed on the surface of the 

particle. 

Hongwei Zhang et al. carried a study improving wettability by adding Mg as the wetting agent. 

They suggested the Wettability between molten Al-Mg matrix and SiC particles is improved and the 

surface tension of molten Al-Mg alloy with SiC particle is reduced, and results in homogeneous 

particles distribution and high interfacial bond strength [10, 11].  
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Ramesh et al. claims Ni coated SiC reinforced composites exhibits not only good interfacial 

bond between matrix and reinforcement but also improved mechanical properties compared to 

uncoated [11]. Many researchers used addition of wetting agents and few used surface modification 

by electroless deposition of metal elements for improving the wettability of the reinforcement [13]. 

In the present study an attempt is made to modify the surface of the reinforment by coating them 

with Nickel and copper separately which increases the overall surface energy of the solid, and 

studied their effects on mechanical properties. 

Surface Modification  

By Nickel coating 

The steps involved in surface modification are as follows. 

i. Cleaning the SiC particles with acetone for 15 min, then washing with water 

ii. Sensitization in an aqueous solution containing SnCl2 and concentrated HCl for 15 min, then 

washing with water, 

iii. Activation in an aqueous solution of PdCl2 and concentrated HCl for 15 min.  

iv. The dried powders were gently dispersed in an electro less bath containing   nickel chloride,   

sodium hypophosphite, sodium citrate and ammonium chloride dissolved in distilled water 

at pH 9. Nickel deposition was carried out at 800C.  

By Copper 

i.  Sensitized and activated dried powders as mentioned in above step were gently dispersed in 

an electro less bath containing   Cupric sulfate, formaldehyde, sodium-potassium tartrate 

(Rochelle’s salt), EDTA and Sodium hydroxide pellets   

Material Preparations   

Composites were prepared by stir casting process. A356 is taken as starting material. The chemical 

composition of A356 alloy is given in Table 1.  Nickel and Copper coated SiC particles were 

selected as the reinforcing material. A356 is melted in a resistance PLC furnace in a graphite 

crucible. Temperature of the furnace was raised above the liquidus to melt the cut pieces of A356 

alloy. Then cooled down just below the liquidus temperature, to keep the melt in a semi-solid state. 

The Ni and Cu coated and SiC particles were preheated ~800 °C for 2h and these preheated 

particles were added at this stage separately and mixed manually for about 3 minutes. At this state 

the viscosity of the melt is high and high degree of shearing is produced which also improves 

wetting of the particle. After manual mixing, the composite slurry was re-heated above its melting 

point followed by mechanical mixing ~7 minutes at an average stirring speed of 350 rpm. In the 

final mixing processes, the furnace temperature was controlled to be within 710±10 °C.A preheated 

~350 °C permanent graphite mould with diameters in the range of 10 mm to 25 mm was used to 

prepare cast bars. Finally the super heated melt was poured into the graphite mould. The preheating 

temperature for graphite moulds was maintained for slower cooling. 

Table1. Chemical Composition of A356 

Element Cu Mg Mn Si Fe Zn Al 

Wt% 0.20 0.35 0.10 7.0 0.20 0.10 rest 

Characterization of A356-SiC Composites 

The samples were sectioned with abrasive cutting machine without causing any damage to the 

surface from the as cast bars and were prepared. A 0.5% HF solution was used to etch the samples. 

The particle distribution and presence of SiC in the cast composites were identified by micrographs, 

SEM and EDS analysis. The microstructure of the composites was examined using a Trinocular 

inverted metallurgical microscope DMI-victory. SEM analysis was carried using CARLZEISS, 
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EVO-18. Mechanical properties were evaluated by hardness measurement and tensile tests. The 

Vickers micro hardness of the as cast composites were measured by Vickers hardness tester 

ESSWAY, UK, with a load of 300g and dwell time 10s.  

Results and Discussion 

Microstructure 

Figures 1 (a-d) reveals the microstructure of the composites containing 5% and 10% SiC content 

coated with Ni and Cu. Microstructure reveals a reasonably homogeneous distribution of SiC 

particles in the cast composite in which particles are coated with both  Cu. But the composite 

containing the SiC particles coated with Ni are segregated in the grain boundaries which might be 

the reason for poor mechanical properties compared to the composite containing Cu coated 

particles. It was found that the particles showed a strong tendency to accumulate in the colonies 

which froze in the last stage of solidification as shown in fig c and d.   

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig1.a) A356-5SiC (Ni)   b) A356-5SiC (Cu)   c) A356-10SiC (Cu)   d) A356-10SiC (Ni) 

SEM and EDS Analysis 

Fig.2 and 3 shows the SEM and EDS analysis of Ni and Cu coated SiC reinforcements in A356-

SiC(Ni) MMC’s. In fig.2 it is observed that Ni is coated on SiC particles. And some clusters of SiC 

particles are observed in SEM micrographs. But when it comes to particle arrangements in both Ni 

and Cu coated SiC powder there were no visible differences. But Cu coated particles show closer 

contact to A356 particles than Ni coated. 

Fig.3 shows SEM image and EDS pattern A356-SiC(Cu) composite.  It shows the qualitative 

analysis, indicating the presence of Cu, Sn, Si and C. Sn was used as catalyst in coating process 

(Sncl2). On the other hand, a high amount of Cu can be seen due to the surface modification of SiC. 
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Fig.2.SEM and EDS analysis of the Ni coated SiC reinforcements in A356 composites. 

   
 

Fig.3. SEM and EDS analysis of the Cu coated SiC reinforcements in A356 composites. 

Mechanical Properties 

The averages hardness values of Al-SiC composites are presented in Table 2. 

Table 2. Mechanical properties of Al 356-SiC MMC 

Sl.No Composition Hardness  (VHN) 

01 A356 65 

02 A356-5SiC(Cu)* 78 

03 A356-10SiC(Cu) 87 

04 A356-15SiC(Cu) 95 

05 A356-5SiC(Ni)* 75 

06 A356-10SiC(Ni) 82 

07 A356-15SiC(Ni) 90 
 

From the Table.2 it is clear that hardness is found to increase with increasing silicon carbide 

content in the both A356-SiC (Ni) and A356-SiC (Cu) composites. When compared, the composite 

containing Cu coated particles shows a higher hardness in all the compositions. Hardness difference 

of 4- 6% is observed in both the composites for all compositions. It may be due to better interfacial 

bonding and the homogeneous distribution of the SiC particles. Literature also suggested coating Cu 

on ceramics is more effective than Ni. This is due to the interfacial reaction between coating and the 

matrix [6].   

When compared A356-SiC(Ni) with base A356 alloy, an increase of 15% in Hardness in 

composite containing 5% SiC. While the composite with 10 % SiC shows an increase of 26% in 

hardness and ~38% increase in the composite containing15% SiC. Similar observations were made 

by Manoj Singla [2], Mares [13].  This increase in hardness is expected since SiC particles being 

very hard dispersoids, contribute positively to the hardness of the composite. The increase in 

hardiness is also attributed to the hard SiC particles which act as barriers to the movement of 

dislocations within the matrix.    

Conclusions 

A356 alloy reveals reasonable increase in hardness value with increasing silicon carbide content in 

both Ni coated SiC and Cu coated SiC MMC. This can be credited with raise in volume fraction of 

silicon carbide in the A356 alloy with increasing silicon carbide content. Cu coating on SiC 
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particles resulted in good metallurgical boding compared to SiC particles with Ni coating. Hardness 

values of Al-SiC (Cu) exhibit better hardness values as compared to Al-SiC (Ni) MMCs.Higher SiC 

content in both types of Al-SiC MMCs showed high hardness values as compared to low SiC 

content and base alloy. Cu coating on SiC particles is more suitable as compared to Ni coating on 

SiC particles to synthesis Al-SiC MMCs. 
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