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Abstract 
 

The enhancement of manufacturing sector has somewhere advance to the 

increase in the use of particulate aluminium metal matrix composites 

(PAMMCs). PAMMCs are attracting considerable interest worldwide for 

automotive, architectural and aerospace sectors because of their superior 

mechanical and tribological properties. PAMMCs possess high specific 

strength, greater strength to weight ratio at elevated temperature, greater wear 

resistance as compare to matrix phase. Numerous types of reinforcements in 

particulate like SiC, Al2O3, B4C, TiC and ZrSiO4 is used to improve the 

metallurgical as well as mechanical properties as compared to its base matrix. 

Besides, authors also used industrial and agro waste like fly ash, bauxite 

residue, groundnut shell, rice husk ash and bagess ash as reinforcement in 

matrix phase.  Various fabrication processes like solid state (Powder 

Metallurgy) and liquid state processes (Stir casting, Compo-casting, Squeeze 

Casting, in situ casting routes) were adopted by authors to fabricate PAMMCs. 

Among these processes stir casting is cheapest and simple route for fabrication 

of AMMCs. This review article elaborate the latest trend in stir cast process to 

fabricate different types of PMMCs 
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INTRODUCTION 

The word composites can be classified as combination of two different materials, 

which combine to alter the properties of base matrix. One constituent act as a matrix 

and other constituent acts as reinforcement. Various matrix phases like aluminum, 
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lead and magnesium was used by authors to fabricate PMMCs [1-2]. Among these, the 

aluminum is widely used in manufacturing sector due to its superior properties. 

Second phase is reinforcement, which is deliberated added in matrix phase to alter the 

physical and chemical properties. Numerous types of reinforcement like SiC, Al2O3, 

B4C, TiC and ZrSiO4 is used to improve the performance of the material [3-7]. These 

reinforcements have the advantages over its base matrix but having the cost barrier 

also. To overcome these various authors use the industrial and agro waste like fly ash, 

groundnut shell, rice husk ash and bagess ash to fabricate the PAMMCs [8-10].  

PAMMCs are growing interest in today’s world because of factors like Cost, isotropic 

properties where extreme loading is not required, operations can be done easily. In 

Aluminium metal matrix composite (AMMCs), aluminium or its alloy tagged as 

matrix phase while other component which is enclosed in aluminium or its alloy 

marked as reinforcement, which may be non-metallic in nature and ceramic such as 

SiC, fly ash cenosphere, graphite etc. The availability of reinforcing materials and 

evolution in the fabrication techniques attract the fabrication word towards PAMMCs.  

PAMMCs can be fabricated by solid state (Powder Metallurgy) and liquid state 

processes (Stir casting, Compo-casting, Squeeze Casting, in situ) [11- 13]. Among 

these stir casting is commercially used due to its flexibility, ease and large scale of 

production applicability. This is the most economical method amongst all other 

available routes [14]. Large shape components can be fabricated through this process. 

For achieving the excellent properties of the PAMMCs, the distribution reinforcement 

phase in the matrix phase should be uniform, and the interfacial strength between 

these phases should be optimized. The porosity level needs to be minimized.  

Presently clustering and homogeneity is the major problem during fabrication of 

PAMMCs through stir cast route. Few authors develop the two-step and 

electromagnetic stir casting processes to overcome the clustering and homogeneous 

problem during fabrication process [15-18]. This paper elaborates the stir cast process 

and properties achieved by this fabrication process. 

  

Stir Casting 

Stir casting is the economical, effortless and most commercially adopted technique 

[19], and it is known as ‘vortex technique’ [20]. In this process, reinforcing phases 

(ceramic particles, short fibres) introduce by the mean of mechanical stirring into 

molten metal. PAMMC was stirred by S. Ray first time in 1968, where alumina 

(Al2O3) particles are introduced into molten aluminium by mechanical stirring. Major 

disadvantage of this process is agglomeration of particles during fabrication process 

[21-23].  
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Figure: Stir casting setup [6] 

 

Many authors suggested that reinforcement in particulate form upto 30% by weight 

can be added in molten alloy, to achieve better distribution of the reinforcement [24-

25]. Reinforcement is added forcefully in to the molten stage of aluminium and to 

obtain homogeneity during solidification of fabricated composite are depends on 

following factors. 

 Stirring speed and time 

 Stirring blade angle 

 Pouring temperature and solidification rate 

 Reinforcement’s size, percentage and its relative density 

Recently a drastically changes occurred in stir casting process. Researchers are 

introduced a two-step and electromagnetic assisted stir cast process to achieve better 

mechanical properties of fabricated composite [18 -dwivedi ]. In which matrix 

material is to be heated above its melting point, where it reaches in liquidus form after 

that molten metal is cooled to the stage where it becomes semi solid [26]. Particles 

that are preheated added and mixed through stirring mechanism. Slurry formed is 

heated again till liquid state is being achieved. Many authors fabricated PAMMCs 

with different reinforcement through stir casting route and tested the mechanical 

properties. 

Thomas & Parameshwaran fabricated the Aluminium LM6 reinforced with 15% 

SiC stirred through manual mixing, existed mechanism of stir casting and modified 

mechanism i.e  stirrer with two blade assemblies and holes in the feeder along with 

rotation of feeder at 800 rpm. The experiment result of existing mechanism were 

compared with modified mechanism. Investigations reveals that the percentage 

elongation has been increased by 34%, buckling load has increased by 5.45% and 

BHN value [27]. Prabu et al.  study the influence of  stirring process during 
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fabrication of Al/105 SiC composite. Observations reveals that the microstructure of 

composite under varying stirring speed and stirring time shows the change in structure 

along with hardness of fabricated composite. Findings also reveal that particle 

agglomerate was more when operated at low stirring speed with less stirring time. 

However, increase in stirring time and speed shows better particles distribution [28]. 

Prasad et al.  fabricated hybrid metal matrix composites with 8% rice husk ash and 

SiC particles through use of double stir casting process. Authors reported the uniform 

distribution of rice husk ash (RHA) and SiC in matrix phase. It was also observed that 

the porosity and hardness increases with increase in reinforcement percentage. 

Investigations further revealed that the yield strength and ultimate tensile strength 

increases with increase in content of RHA and SiC [15]. Kumar et al. opted the stir 

casting route to fabricate the Al6061 composites with fly ash. Different particle size 

75-100, 45-50 and 4-25 μm of fly ash were taken to introduce in molten phase. Each 

of the set covers three different types of samples reinforced with weight fractions of 

10, 15 and 20%. Investigations reveal that the size of particles of fly ash affects 

compressive strength, hardness and tensile strength of the Al6061. It was also 

observed that the increasing weight fraction of the fly ash particles decreases the 

ductility in the composite. However, increase in ultimate tensile strength, compressive 

strength and hardness values. There was no voids have been seen through SEM study 

[29]. Rajan et al. investigated three stir casting techniques on Al-Si -Mg alloy 

composite reinforced with fly ash particles was investigated. In these investigations 

the liquid metal stir casting, compo-casting, and modified compo casting followed by 

squeeze casting routes were evaluated. Modified compo casting results in a composite 

free from any type of porosity and proper distribution of particles [30]. Jayaseelan et 

al. compared the extrusion characteristics of Al-SiC produced by two methods namely 

powder metallurgy & stir casting. Stir cast specimens exhibited finer microstructure & 

high hardness as compared to specimens produced by powder metallurgy. They also 

possess higher strength [31]. Keshavamurthy et al. fabricated Al7075-TiB2 in-situ 

composite through stir casting technique. Investigations revealed that micro hardness, 

yield strength and ultimate tensile strength of Al7075-TiB2 composite, were 

considerably higher when compared with unreinforced alloy [32]. 

 

Table 1:  Authors reported work 

Author Route Matrix/reinforcement Remarks 

Balasivanandha 

prabu etal. 2006 28 
Stir casting  Al with 10% SiC. Better distribution of particles 

Rajan et al. 200730 compo casting 
Al-Si-Mg alloy with Fly 

ash. 

Uniformly distributed and 

porosity free composites 

Jayaseelan etal. 

201031 
stir casting Al-SiC  

Finer microstructure &high 

Hardness  

Kalaiselvan et. al 

(2011)33  
AA6061 12wt.% B4C 

Hardness achieve 80.8 HV 

and tensile sgrength 215 MPa  

Prasad etal. 201110 Stir casting Al/Rice hush ash Increase in Hardness 
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Sourav Kayal et.al., 

201134 
Stir casting Al LM-6/SiCp  Hardness increases 

Anil kumar et al. 

201129 

Stir casting 

 
Al6061 with FlyAsh 

Reduced compressive 

strength, tensile Strength and 

hardness. 

Verma et al., 20128 Stir casting Al6063/Fly Ash 
Increase in hardness but 

reduction in fatigue strength. 

Hai Su e tal. 201216 
3step casting 

method 
Al2024/ Al2O3 Superior  yield strength 

Atuanya etal. 

201235 
Stir casting 

Al-Si-Fe alloy/ bread fruit 

seed hull ash 
Impact strength decreases 

Sharanabasappa et 

al. 201336 
Stir casting 

Al LM25/ Fly Ash and 

Alumina  

Tensile strength & hardness 

increases 

Keshavamurthy et 

al. 201332 
Stir casting Al7075-TiB2 

Micro hardness and Yield 

strength increases 

Selvam.  et al., 

201337 
Stir casting Al6061/SiC + Fly Ash 

Macro hardness and tensile 

strength increases 

Alaneme etal. 

201331 
Double stir cast 

Rice husk ash 

(RHA)-Alumina/ Al 

Hardness, tensile strength 

increases 

Mathur etal.38 Stir casting Al/Cu/SiC Tensile strength increases 

Sekar et. al 

(2014)39 
Stir and Squeeze A356 1wt.% Al2O3 

Stirring at 400 rpm  for 10 

min. hardness 70 HRB  

 

Prasad et al. 201415 
Double stir 

casting  process 

Hybrid MMC with SiC 

particles& 8% rice husk 

ash.  

Increased Yield strength and 

ultimate tensile strength 

Thomas e tal. 

201427 
Stir casting Al LM6/SiC  Increase in buckling load 

Ardakani et. al., 

(2014)40 
Stir casting 

Commercial 

AA 2vol.% Al2O3 
Stirring at  500 rpm  

Dwivedi  et. al 

(2014)18 

Electromagneti 

c stir 
A356 15wt.%SiC 

Stirring at 210 rpm for7 min. 

Hardness achieved 104.66 

BHN and tensile strength 

309.83 

MPa 

 

Singh et al. 20159 Stir Casting Al6063/Groundnut shell 
Increase Ultimate tensile 

strength, compressive strength 

Koli et. al 

(2015 )41 

Ultrasonic stir 

casting 
AA6061 3.5wt.% Al2O3  

Akbai et. al 

(2015)42 

 

Stir casting A356 1.5vol.% TiB2 

Stirring at 450 rpm  for 

8 min. 
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CONCLUSION 

Majorly of authors fabricated the composite by stir casting process with different 

reinforcements like SiC, Al2O3, fly ash, ground nut and rice husk ash. Authors also 

suggested that stir casting process is the simplest and cheapest route to fabricate the 

particulate type metal matrix composites. However, agglomeration of particles added 

in molten matrix is the difficulty faced by most of the authors during fabrication 

process. Authors suggested the mechanism to avoid agglomeration of particles 

through coating of the reinforcement and inert gas environment during fabrication 

process. Authors also suggested that two step and electromagnetic stir casting process 

improves the homogeneity of particles during fabrication. Authors reported that 

MMCs possess high specific strength, greater strength to weight ratio at elevated 

temperature, greater wear resistance as compare to matrix phase. 
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