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ABSTRACT 
The paper attempts to study the mechanical properties of heat-treated Al- SiCp PMMCs. Powder 

metallurgy method is used for the development of SiCp reinforced aluminum metal matrix 

composites. Aluminium-Silicon metal matrix composites( Al- SiCp MMCs) containing silicon 

carbide particle (SiCp) of size (400 meshes) and of contents ranging from 0%,5%,10%,15% & 

20% by weight are produced by using PM method. The effect of process conditions on the 

consolidation is investigated in terms of the relative density changes concurrent with 

microstructural evolutions. The mechanical properties like hardness and forgeability of the 

different composites are also investigated mechanical properties or dimensional stability, or both, 

are substantially improved by precipitation heat treatment. In the present work the problem of 

low strength of the aluminum silicon carbide produced by powder metallurgy (PM) is solved by 

heat treatment of the composite. 
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INTRODUCTION  
Metal Matrix Composites (MMCs) are combinations of a tough metallic matrix with a hard 

ceramic reinforcement to produce composite materials with superior properties to conventional 

metallic alloys. Although the addition of ceramic reinforcing phases such as silicon carbide 

(SiCp) has been shown to produce materials with improved specific properties, it also results in a 

marked increased in their hardness   but reduction in forgeability and machinability. This high 

wear rate has been attributed to the hard ceramic particles present in the work piece material [1–

11]. Ceramic materials have excellent mechanical properties; namely high-hardness, high-

temperature strength and chemical stability. However, they are not yet used widely as tribo-
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materials in industrial fields. It is well known that friction and wear properties of ceramics 

strongly depend on sliding conditions. The process lubrication system, such as grease-free 

bearing system for the chemical pumps, is expected to expand the use of ceramics in industrial 

applications [12–15]. In particular, uses of aluminum alloys in automotive applications have 

been limited due to their inferior strength, rigidity and wear resistance, as compared to those of 

ferrous alloys. Particle reinforced aluminum composites; nevertheless, offers reduced mass, high 

stiffness and strength and improved wear resistance. MMCs have slowly replaced some of the 

conventional light-weight metallic alloys such as the various grades of aluminum alloys in 

applications where low weight and energy saving are important considerations and yet without 

sacrificing the strength of the components. In these MMCs, the good ductility of the metallic 

alloy as the matrix material is retained while the modulus and strength of the composites are 

increased as a result of the reinforcement phases. Specifically, the possibility of substituting iron-

base materials for Al metal matrix composites (MMCs) in automotive components provides the 

potential for considerable weight reduction. Significant developments have been achieved in the 

Al-SiCp MMCs system. The strength of Al-SiCp composites increases with an increase in the 

weight percentage of ceramic phase [16-20]. The important characteristics of SiCp Al-MMC are 

low specific gravity, high thermal conductance, and low corrosiveness. Moreover, these 

advanced materials have the potential performance to perform better under severe service 

conditions such as, higher speed and load which are increasingly being encountered in modern 

tribocomponents. Researchers are working to increase the wear resistance properties of Al-

MMC. P/M techniques are extensively used in the manufacture of particle MMC. Using these 

techniques, the matrix as well as reinforcement is used in the form of powder. Of all metals, 

aluminum is most commonly used as a matrix for MMC. The light weight of aluminum allows 

the production of high strength to weight ratio materials. Heat treatment plays an important role 

in controlling the wear, hardness; forgeability and machinability properties of a SiCp reinforced 

composite material. No information is available in the literature on the comparative property 

study of Al-SiCp MMCs with and without heat treatment [21-23].  

The main objective of this paper is to develop the SiCp reinforced Al-MMC with and without 

heat treatment and study the effect of weight percentage of SiCp on the hardness, forgeability 

behavior, in order to improve the properties in HT composite. 
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FABRICATION OF AL-SICp METAL MATRIX COMPOSITES 
 

Air atomized aluminum powder having an average particle of 400 mesh and SiC particulates 

with an average size of 400mesh are mixed corresponding to Al–5% SiCp, Al–10% SiCp, Al–

15%SiCp and Al–20% SiCp were blended on a pot mill (diameter 40 mm, height 35 mm), at a 

constant speed of 1500 rpm for 1h to obtain a homogeneous powder blend. Blending is one of 

the crucial processes in P/M where the metallic powders have mixed with the ceramic reinforced 

particles and the binder (Zinc Stearate). Several parameters such as particle size, blending speed 

and duration should be taken into consideration to ensure the SiCp particles distributing 

homogeneously in the matrix powders. The powder blending parameters are listed in Table 1. A 

mixture of the particles) has poured into a cylindrical die with 110 mm. high 25 mm. inner 

diameter and 75 mm outer diameter. After pouring, the Green compacts of the powder blend 

were prepared on a hydraulic press (Manual Type, Capacity 8.0 KN. Ram stroke 300 mm.).The 

compacting pressure applied was 2.1 KN, which has maintained for 5min to achieve green 

compacts for all composition of SiCp composites. The various steps involved in this experiment 

for manufacturing of P/M components have shown in Fig.1. An induction type floor stand 

tubular vacuum furnace was utilised to sinter the green compacts .In which the green compacts 

are then subsequently baked and sintered. The metallic die-and punch, green compact 

component, induction type floor stand vacuum furnace are shown in Fig.2, 3, 4 and 5. To avoid 

the oxidation of Al alloy powders at high temperature and to abbreviate the preparation 

procedures, the degassing and sintering procedures of the green compacts were incorporated 

together. The stepped heating procedures of the degassing and sintering have introduced into the 

experiment. The sintering parameters have given in the Table2. 

 

(a) 
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(b) 

 Fig.1 (a) & (b): Various steps involved in synthesis of Al-SiCp composites in P/M technique.                                                                                                                                                                                                                                                 

                                   

                 Fig.2: Metallic Die with Punch.                               Fig.3: Compacted green 

component. 

                       

 

Fig .4: Induction type floor stand tube vacuum furnace.        Fig.5: Sample after sintering. 
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Table 1: Powder blending parameters                                  Table 2. Sintering   parameters 

 

 

MICRO STRUCTURAL EXAMINATION AND PHASE ANALYSES 

The samples (Figures 3 and 5) have been polished and etched with the etchant (2.5 ml Nitric 

acid, 15.0 ml Hcl, 1.0 ml HF and 95.0 ml Water). The etched samples were dried and the 

microstructure observed by using microscope (Olympus, CK40M) at different magnification. 

Figures 7-10(A) and (B) shows the fractograph and metallograph of the cold isopressed green 

compacts and followed by sintered Al-SiCp composites. So far, it indicates that the plastic 

deformation is beneficial to improve the homogeneity of the reinforcement. 

 

                                                        

Fig.7: A&B Optical micrographs of the metal matrix composites Al&5 wt% SiCp. 

                                                        

Fig.8: A&B Optical micrographs of the metal matrix composites Al&10-wt% SiCp. 
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Fig.9: A&B Optical micrographs of the metal matrix composites Al &15wt% SiCp. 

 

                                                          
 

Fig.10: A&B Optical micrographs of the metal matrix composites Al&20wt% SiCp. 

 

 
HEAT TREATMENT 

The heat treatments of the composites were designed to investigate effects on the hardness of the 

matrix material. The phase of SiCp remained unaffected by heat treatment although the interface 

between the SiCp and the matrix can be degraded in certain instances. In order to determine the 

influence of heat treatment on machinability, three heat treatment conditions were investigated.  

(1)Without heat treated. 

(2) Heated at 530°C and homogenization for 2 h and cool at air to room temperature (Figure 11). 

(3) Heated at 530°C and homogenization for 2 h and water quenched to room temperature 

(Figure 12). 

The temperature was chosen because beyond 610°C, melting and subsequent distortion made the 

use of higher sintering temperatures unsuitable while temperatures below 590°C produced little 

shrinkage similar to the observations made by Ramasamy and Ramakrishnan [24-25] during the 

sintering Al-SiCp. The hardness values are shown in the Table 3. 
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Fig.11:  Cool at air to room temperature after heating and homogenization. 

 
 
 

 
Fig.12: water quenched to room temperature and homogenization. 

 
 

RESULTS AND DISCUSSION 

HARDNESS TEST 

The hardness of the composites and matrix alloy has measured after polishing to a 6-μm finish. 

In composites, hardness increases proportionally by increasing the weight percentage of 

reinforcement particle. Hardness also increased after heat treatment Table 3. The Figure 14 

shows that, hardness value changed due to variation of reinforcement ratio and the effect of heat 

treatment. Hardness of composites increases proportionally with the increase of the weight 

percentage of reinforcement particle.    
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Table 3: Effect of heat treatment on hardness of Al-SiCp MMC 

 

 

 

 
Figure 14: Effect of heat treatment on hardness of Al-SiCp. 

 

FORGEABILITY AND FRACTURE CHARACTERISTICS 

The limit of forgeability is expressed as the critical reduction in height % crit, by the following 

equation [26]. 

                                                               
Where, (HO) is the initial height of the sample and Initial diameter is (DO) in mm. After each 

interval of loading dimensional changes in the specimen such as (HF) is the final height of the 

sample in mm after deformation top contact diameter (DTC), bottom contact diameter (DBC), 

bulged diameter (DB). Critical reductions under unlubricated conditions only have compared to 

assess the forgeability of the experimental materials. The impact load was applied at room 

temperature on sample MMCs reinforced with 5wt%, 10wt%, 15wt% and 20 wt% SiCp. At 

different load, the percentage of deformation investigated. These results have presented in Figure 
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15. Thus, it is particle cracking that has a major influence on the ultimate compressive strength 

of Al-SiCp composite materials. The Figure 15 shows that on increasing the weight percentage 

of silicon carbide particles in composites the percentage of deformation decreases that means the 

forgeability of the composites decreases on increasing the reinforcement ratios. The forgeability 

of Al-SiCp composite also changes due to heat treatment. 
 

 
 

Figure 15. The wt% of SiCp in composites Vs the percentage of deformation. 
 

CONCLUSIONS 

 

In this study,  hardness, forgeability characteristics of Al- SiCp  MMCs manufactured by P/M 

technique and reinforced with 5, 10, 15 and 20 wt.% of SiCp was examined before heat 

treatment and after heat treatment .The effect of SiCp reinforcement ratio on the hardness and the 

forgeability of Al-SiCp MMCs has been evaluated . 

 

 The microstructural study indicates that there is uniform distribution of SiCp in the metal 

matrix composite. 

 About 5–10 wt% of SiCp and 10–15 wt.% of SiCp, leading to a decrease in the density 

despite the increase in the SiCp content in the composite. 

 Hardness increases with the increase of weight % of SiCp in the metal matrix composite 

and after heat treatment. 

 Forgeability of metal matrix composite is remarkably decreases with increase of weight 

% of SiCp in metal matrix composite as well as  when it is water quenched after heat 

treatment but incase of air cooling after heat treatment  forgeability little bit increased 

than that of with out heat treatment i.e. when Al- SiCp MMCs are only sintered . 
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