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Abstract - Aluminum matrix composites (AMCs) is the mostly used matrix material in the metal matrix composites 

because of its low melting temperature and low density, light weight material so that matrix material is used in the various 

applications. These materials are fabricated by liquid-infiltration techniques, such as high pressure infiltration casting, 

squeeze casting, vacuum infiltration casting, compo casting, and pressure less metal infiltration. Other methods of 

fabrication include powder metallurgical techniques, plasma spraying of matrix material over properly laid fibers, 

physical-vapor deposition, hot pressing, and self-propagating high-temperature synthesis or reactive synthesis. This paper 

presents the overview of the effect of stir casting techniques and compositional behavior of different AMCs is also 

highlighted in this work. 

 

Index Terms - stir casting, composition, behaviors. 
________________________________________________________________________________________________________ 

I.INTRODUCTION 

Composites materials have been utilized to solve technological problems for a long time but only in the 1960 did these materials 

start capturing the attention of industries with the introduction of Polymeric based, metal matrix based composites. A composite 

material is made by combining two or more materials to give a unique combination of properties. (1) Compositions are 

distinguishable and not fully blended. This type of material takes advantage of the different strengths and abilities of its different 

elements. The majority of composite materials use two constituents: a binder or matrix and reinforcement. The reinforcement is 

stronger and stiffer, forming a sort of backbone, while the matrix keeps the reinforcement in a set place. The binder also protects 

the reinforcement, which may be brittle or breakable (2).Aluminium alloy matrix composites attract much attention due to their 

lightness, high thermal conductivity, moderate casting temperature, etc. Various kinds of ceramic materials, e.g. SiC, Al2O3, 

MgO and B4C, are extensively used to reinforce aluminium alloy matrices. Superior properties of these materials such as high 

hardness, high compressive strength, wear resistance, etc. make them Suitable for use as reinforcement in matrix of composites. 

Nevertheless, low wet ability with molten metal’s and density differences increases their tendency toward agglomeration, which 

Deteriorate mechanical properties. Numerous attempts have been made to overcome the mentioned weakness. These composites, 

sometimes, are subjected to subsequent age hardening for improving mechanical properties. A variety of processing ways have 

been established for the production of particle, whisker, and short fiber reinforced composites. Stir casting is one of the most 

universally used approaches to manufacture particle reinforced composites. There are different types of metal matrix composites 

on the basis of reinforcement in MMC. such as (a) particle reinforcement; (b) short fiber reinforcement; (c) continuous fiber 

reinforcement; (d) laminate [3] Reinforcement as shown in figure1. 

 

 
Fig. 1: Types of Metal Matrix Composites [8] 

II.TYPES OF AMCS MANUFACTURING TECHNIQUES 

These metal matrix composites have many advantages as compared to monolithic metals as discussed above so their 

applications are increasing day by day in various fields. Various processes are used to manufacture MMCs which are described 

here. These processes are classified on the basis of temperature of the metallic matrix during processing [4] accordingly; the 

processes can be classified into five categories: (1) liquid-phase processes, (2) solid–liquid processes, (3) deposition techniques and 

(4) in situ processes. (5) two- phase (solid–liquid) processes. In this paper we have discussed only on stir casting and Powder 

metallurgy technique  
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Stir casting: 

This involves incorporation of ceramic particulate into liquid aluminium melt and allowing the mixture to solidify. Here, the 

crucial thing is to create good wetting between the particulate reinforcement and the liquid aluminium alloy melt. The simplest and 

most commercially used technique is known as vortex technique or stir-casting technique. The vortex technique involves the 

introduction of pre-treated ceramic particles into the vortex of molten alloy created by the rotating impeller.[13] 

 

 
Fig. 2: stir casting machine set up     Fig. 3: stir casting machine schematic 

1. Motor 

2. Shaft 

3. Molten Aluminium  

4. Thermocouple  

5. Particle Injection Chamber  

6. Insulation Hard Board  

7. Furnace  

8. Graphite Crucible  

III.COMPOSITIONAL BEHAVIOURS 

Marlon Jones Louis [4] carried his research based on aluminum alloy (Al 2024) reinforced with 10% volume fraction of Silicon 

Carbide Particulates (SiC) and 5 % volume fraction of Graphite particles produced by stir casting method. The experimental results 

were compared with the conventional Aluminium 2024 where one can see that the composite material plays a dominant role than 

the Aluminium 2024 with respect to its strength, ductility and hardness. Dynamic analysis is a very important investigation when it 

comes to the composite materials, where these can exhibit diversity in material properties as well as shapes. The main idea of this 

work is to perform analysis which gives the information about cracks and the locations of the damages on composite 

materials.H.Liang et al,[5] in their work The 4.5µm SiC/Al-7Si composite has the best fatigue crack growth resistance, the 

unreinforced alloy, crack propagating around Si particles was observed in the near-threshold regime. the 4.5µm SiC reinforcement 

composite, crack deflections around SiC and micro cracking inside SiC particles are the principle mechanisms of interaction 

between SiC particles and crack tip.Ravindra Singh Ranaa et al, [6] The aluminium alloy was reinforced with 10 wt.% SiC to 

synthesise the composite through Ultrasonic assisted stir casting  AA 5083 Aluminum alloy was used as the matrix material in the 

present investigation . The Influence of control process parameters such as load, sliding speed and sliding distance on wear has 

been analyzed. The ranking of process parameter using signal to noise ratios obtained for different parameter levels for 

wear.C.S.Ramesh et al, [7] S-N curves for base alloy Al6061 & Al6061-TiB2 in-situ composites in cast, hot extruded un heat 

treated and hot extruded T6 heat treated form are generated (predicted) for a stress ratio of ‘-1.0’ and at a speed of 2000 cycles per 

minute. The hot extruded heat treated samples have a longer life when compared with their un-heat treated counterparts. The 

extruded samples have a longer life when compared with their cast counterparts.V. Auradia et al, [8]The present work on 

processing of 6061Al reinforced 11wt% B4C particulate composite by two step addition via melt stirring method has contributed to 

the following conclusions. 1. 6061Al alloy reinforced with 11wt% B4C particulate composites were successfully produced at 

temperature of 7500C via melt stirring involving two step addition method.2. Two step addition method combined with preheating 

of the mixture (K2TiF6 + B4Cp) during melt stirring has resulted in improved wettability and better dispersion of B4C particulates 

in 6061Al matrix when compared to the single step addition. S. Rajesh et al,[9] Dry sliding experiments are conducted on 

aluminum MMCs with combined reinforcement of graphite particulates up to 5% reinforcement with an increment of 1.25% using 

pin on disc experimental set up. The reduction in amount of wear volume loss of graphite MMC may be caused due to fact that 

graphite is used as a solid lubricant. The graphite lubrication film becomes denser and thicker due to increased content which 

covers the most of the worn surface uniformly. This layer might effectively reduce the amount of wear volume loss. Bhargavi 

Rebbaaet al,[10] The 2024 Al- MoS2 composites of combinations 1%, 2%, 3%, 4% & 5% were produced through stir casting 

method.The mechanical properties of the samples were evaluated and compared with base metal properties. The following 

conclusions are made from the study.1. Al- MoS2 composites were successfully fabricated by stir casting method.2. The tensile 

Strength of 2024 Al with 4% MoS2 showed highest value.3. The Hardness was found to be the maximum for 4% MoS2 

composite.4. Optical micrographs revealed that the MoS2 particles were well distributed in the aluminum matrix. 5. XRD analysis 

revealed the presence of MoS2 particles in the composite with homogeneous dispersion. J.Jebeen mosses et al.[11] AA6061/sic 
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AMCs were fabricated  by stir casting by various wt% Sic particles enhanced the micro hardness and UTS of the composite ,the Sic 

increases the fracture mode from ductile to brittle. M.R. Rahimipour et al,[12] The Al2O3 particulates increase the bulk hardness of 

the base Al alloy a commercial casting-grade aluminum alloy (A356) {(wt. %): 7 Si, 0.3 Mg, 0.02 Zn, 0.001 Cu, 0.3 Fe, and Al 

(balance)} was employed as the matrix material while the Al2O3 nano particles with average particle sizes of 100 nm were used as 

the reinforcements.S. Arivukkarasan et al.[13]The fatigue strength of the Aluminum alloy (LM4) Alumina silicate (Al2O3 SiO2) 

particulate composite The composite gives longer fatigue life than unreinforced alloy in lower stress state. The fatigue life for 5% 

volume fraction of composite is also higher than the unreinforced alloy. Moreover, the volume fraction of above 5% particle 

reinforcement has no appreciable effect on fatigue properties.Basavaraju.et al.[14] Graphite and Silicon Carbide can be used for the 

production of composites and can provide good results for many applications. Flyash can be used for preparing MMC’s which can 

turn industrial waste into industrial wealth. This can also solve the problem of storage and disposal of fly ash. Graphite and Fly ash 

mixed with SiC makes the material harder up to a certain limit. Prepared MMC’s provide excellent wear characteristics up to a 

limit load. The tensile strength improves for 2% addition of SiC and 4% of SiC in Al+Graphite. Apasi et al.[15] investigated the 

dry sliding wear behavior of Al-Si-Fe alloy matrix composite reinforced with different weight fractions of coconut shell ash 

particles. The author observed that the wear rate of the composite decreased with increase in wt. percentage of coconut shell ash 

and decrease in applied load. Venkat Prasad et al, [16] studied the dry sliding wear behavior of Al/fly ash/graphite hybrid 

composite and has revealed that the hybrid composite showed a improved tribological characteristic and reduced wear losses. 

Ramakrina.A et al. [17] developed Al 356.2 alloy composite reinforced with rice husk ash (RHA) and investigated its tribological 

properties. The author has revealed that the wear rate and friction coefficient of the composite decreases with the increase in weight 

percentage of the RHA particles in the alloy matrix. Rajeev.V.R et al. [18] statistically studied the dry reciprocating wear behavior 

of Al-Si-SiCp composite and observed that composite with high silicon content shoed lower wear looses compared to that of low 

silicon content composite. Sliding distance is the main factor which affects the wear behaviour of the composite followed by load, 

reciprocating velocity and weight percentage of silicon. The interaction between load and sliding distance also had a pronounced 

effect on wear behavior. In case of friction behavior load is the controlling factor followed by weight percentage of silicon. S. 

Rama Rao et al, liquid metallurgy techniques with different particulate weight fraction (2.5, 5 and 7.5%). Phase identification was 

carried out on boron carbide by X-ray diffraction studies in scanning microscope boron carbide particles are uniformly distributed. 

IV.TYPES OF TESTING METHODS AND FORMULAE 

A. HARDNESS TEST 

Mohd. Suhail et al,[26] The corresponding values of hardness (BHN) were calculated from the standard formula.  

Where,  

2P 

                BHN =    ------------------------------ - Eq.1 

                      2D (D -√𝐷2−𝑑2
 ) 

P = Applied force (kgf),  

D = Diameter of indenter (mm)  

d = Diameter of indentation (mm)  

B. IMPACT STRENTH 

In the Izod impact test, the test piece is a cantilever, clamped upright in an anvil, with a V-notch at the level of the top of the 

clamp. The test piece is hit by a striker carried on a pendulum which is allowed to fall freely from a fixed height. After 

fracturing the test piece, the height to which the pendulum rises is recorded by a slave friction pointer mounted on the dial, 

from which the absorbed energy amount is read.  

Energy required breaking the specimen  

(E) = [W × R (Cos β ─ Cos α) × g] Joule - Eq.2 

Where,  

W= Weight of hammer in K α =Angle fall in degree. R=Distances of C.G hammer in β =Angle rise in degree  

C. TENSILE STRENTH 

Tensile strength is defined as a stress, which is measured as force per unit area. The ultimate tensile test is the most widely 

used test to determine the mechanical properties of materials. In this test, a piece of material is pulled until it fractures.  

D. LOAD TRANSFER EFFECT 

The load transfer from the soft and compliant matrix to the stiff and hard particles under an applied external load contributes 

to the strengthening of the base material. A modified Shear Lag model proposed by Nardone et al,[19] is commonly used to 

predict the contribution in strengthening due to load transfer in particulate-reinforced composites [21-24]: 

𝜎𝐿𝑇=𝜗𝑃  𝑋
𝜎𝑚 [

(𝑙+𝑡)𝐴

4𝑙
] – Eq.3 

      Where 𝜗𝑝the volume fraction of the particles is,𝜎𝑚 is the yield strength of the unreinforced matrix, l and t are the size of the     

particulate parallel and perpendicular to the loading direction, respectively. For the case of equiaxed particles Equation (21) 

reduces to [23]: 

∆𝜎𝐿𝑇 =  
1

2
 𝑋 𝑉𝑝 𝑋 𝜎𝑚   - Eq.4 
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E. HALL PETCH STRENGTHENING 

The grain size has a strong influence on metal strength since the grain boundaries can hinder the dislocation movement. This is 

due to the different orientation of adjacent grains and to the high lattice disorder characteristic of these regions, which prevent 

the dislocations from moving in a continuous slip plane [24]. The Hall-Petch equation relates the strength with the average grain 

size (d) [24]: 

𝜎𝐻−𝑃 =  
𝐾𝑦

√𝑑
  - Eq.5 

Where𝐾𝑦is the strengthening coefficient (characteristic constant of each material).The particles play a fundamental role in final 

grain size found in metal matrices of composites since they can interact with grain boundaries acting as pinning points, retarding 

or stopping their growth. The increase of 𝑉𝑝 (volume fraction) and the decrease of 𝑑𝑝(particle diameter) lead to a finer structure,as 

theoretically modeled by the Zener equation [23]: 

𝑑𝑚 = 4𝛼
𝑑𝑝  

3𝜗𝑝
   - Eq.6 

Where,𝛼 is a proportional constant. 

F. OROWAN STRENTHENING 

The so-called Orowan mechanism consists in the interaction of nano-particles with dislocations.The non-shearable ceramic 

reinforcement particles pin the crossing dislocations and promote dislocations bowing around the particles (Orowan loops) under 

external load [24]. The Orowan effect can be expressed by the following expression: 

∆𝜎𝑂𝑅 =  
0.13 𝑏𝐺

𝑑𝑝
𝑋

1

√
1(𝑣𝑝−1)

2 

3
  ln(𝑑𝑝   /2𝑏)  - Eq.7 

Where, b is the Burger’s vector and G is the matrix shear modulus. These approaches are simply reported and not compared and 

deeply discussed. 

G. WEAR AND FATIGUE TEST  

C.S.Ramesh et al,[28]In their paper focuses on prediction of high cycle fatigue life of Al6061 TiB2 in-situ composites by using 

commercial FEA software (MSC-Patran, MSCNastran and MSC-Fatigue). The predicted result of high cycle fatigue life of matrix 

alloy Al-6061 is compared with standard data available in military data handbook. The test specimen as per ASTM standard for 

fatigue tests was modeled and FEA mesh was created. Fatigue analysis was preceded by static analysis run. Deepak Singla et al, 

states that wear and friction properties of Al 7075-Fly Ash Composites with different proportions through using Pin on Disc wear 

testing machine As they increase the load and speed, the wear rate of composites increases and coefficient of friction decreases. 

 
Fig. 4: pin on disc wear testing machine [27] 

Scanning Electron Microscope(SEM) was used to analyze the wear surface profile to decide the wear mechanism of all 

compositions. First of all, for proper testing on SEM these specimens were manually polished by an etchant.[27]  

 

 
Fig. 5: wear rate vs. fly ash at 70N [27] 
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Viney Kumar et al,In their research work on AL6061, 4%MG chosen as a base metal and varying composition of Fly ash i.e. 

10%, 15% and20% was taken as reinforcement in second case AL6061, 4%MG, 4%Graphite was taken as base material and 

varying composition of Fly ash i.e. 10%, 15% and20% as reinforcement. It was found that tensile strength increase with addition 

of fly ash. Similarly when graphite was added then a decrease in tensile and hardness was observed. The composite with 4%Mg, 

15%Fly ash found to be maximum tensile whereas composite of 4%Mg, 20%Fly ash was found to be of maximum hardness. 

They used The specific wear rate was calculated as  

Specific wear rate = 
∆𝑉

(𝐿𝑋𝑉)
 

Where ΔV is volume loss, L is load and D is distance. 

V.FUTURE SCOPE 

The recycling technologies need to develop for aluminium matrix composites. Least expensive for machining AMCs need to 

develop. 

VI.CONCLUSIONS 

The mentioned review about stir casting Aluminium based matrix composites leads to the following conclusions. 

 Stir casting method is the successful manufacturing method to get the desired properties 

 The reinforcement and aluminium alloys with ceramic particles provide the desired mechanical properties the 

tribological character tics appreciable increase in its matrix composites.  

 Selected research is underway to improve existing MMC materials and processes and architectures are available to 

establish a second generation of materials and process research and development. 

 Increase in weight percentage of fly ash composites caused to increase porosity even in squeeze casting but lesser than 

gravity cast matrix alloy.  
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