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EffEct of Stir caSting ProcESS ParamEtErS and StirrEr BladE gEomEtry  
on mEchanical ProPErtiES of al mmcS – a rEviEw

aluminium matrix composites offer a combination of properties such as lower weight, higher strength, higher wear resistance 
and many more. The stir casting process is easy to use, involves low cost and is suitable for mass production compared to other 
manufacturing processes. an in-depth look at recently manufactured aluminium matrix composites and their impact on particle 
distribution, porosity, wettability, microstructure and mechanical properties of al matrix composites have all been studied in rela-
tion to stirring parameters. several significant concerns have been raised about the sample’s poor wettability, porosity and particle 
distribution. Mechanical, thermal, and tribological properties are frequently studied in conjunction with variations in reinforcement 
proportion but few studies on the effect of stirrer blade design and parameters such as stirrer shape, dimensions and position have 
been reported. To study the effect of stirrer blade design on particle distribution, computational fluid dynamics is used by rese-
archers. reported multiphysics models were k-ε model and the k-ω model for simulation. it is necessary to analyse these models 
to determine which one best solves the real-time problem. stirrer design selection and analysis of its effect on particle distribution 
using simulation, while taking underlying physics into account, can be well-thought-out as a future area of research in the widely 
adopted stir casting field.
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1. introduction

recent advancements in technology and constant need 
of improvement in product quality requires focus on the de-
velopment of novel materials. Materials can be considered as 
the backbone in the current era of industries. The possibility 
of mixing different materials such as metal and their alloys, 
polymers and ceramics provide the opportunity for obtaining 
varieties of functional properties (Fig. 1). a composite material 
is a combination of distinct materials having unique chemical and 
physical properties in which aim is to gain favourable properties 
of distinct materials. so, very detailed knowledge is required 
about the materials to select suitable materials for fabrication of 
composites [1,2]. natural composites are available in animals 
and plants. Examples are wood, teeth, bone and abalone shell. 
in market, composite materials are gaining attraction due to the 
advantage of obtaining combination of properties that cannot 
be attained otherwise [3]. Metal do not always have necessary 
characteristics required for all working conditions. To achieve 
required properties for specific condition, one possible way is to 

reinforce those alloys with certain amount of ceramic particles. 
Materials fabricated by reinforcing ceramic particles with base 
alloy are known as metal matrix composites (MMCs). The ma-
trix material is a soft metallic material having certain mechani-
cal and physical properties. The material that is added in the 
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Fig. 1. Family of composite materials
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matrix  material which provides good bonding and strengthens 
matrix material is known as reinforcement. selection of matrix 
material and reinforcement material depends on the required 
mechanical properties such as hardness, tensile strength, wear 
resistance, cost advantage and availability in the market. now 
a days, MMCs are used in the field of aerospace, automobile, 
defense, marine and general engineering applications due to its 
light weight, higher strength to weight ratio, corrosion resist-
ance, wear resistance, enhanced high temperature performance, 
improved creep and fatigue resistance and many more combina-
tion of properties [4]. 

selvam et al., [1] reviewed different matrix materials such as 
aluminium (al), Copper (Cu), Magnesium (Mg) and discussed 
in detail about various reinforcement particles used to obtain 
required properties. They also reviewed various methods to im-
prove wettability such as adding wettability agents and fluxes, 
preheating ceramic particle and coating the ceramic particles. 
but these processes led to the increment in manufacturing costs. 
They also concluded that better properties can only be attained if 
reinforcements are distributed uniformly and not agglomerated 
in the matrix. The provided comprehensive review of reinforce-
ment materials facilitates the selection of reinforcement materials 
that are suitable for the intended uses. There are other additional 
criteria also that must be considered during the production of 
MMCs. Muhammad & jalal [5] provided comparative study on 
the impact of stirrer design parameters on quality of fabricated 
MMCs. Major important parameters reported were number of 
blades, stirrer geometry, blade angle, impeller diameter and 
position. Flow pattern during stirring cannot be observed due 
to closed non transparent furnace, hence direct visualization is 
not possible and effective. To overcome these problems, they 
reported statistical analysis and numerical simulation besides 
experiments. They also mentioned that stirrer design and speed 
together affect flow behaviour and it is difficult to differentiate 
between two. number of stirrer stages also affects homogenous 
particle distribution. Temperature, viscosity and density of melt, 
type of stirrer, shape of impeller and state of mixed phases af-
fects mixing capability. due to complexity and large number 
of variables affecting stirrer design, researchers were not able 
to generalize their findings. This article offers a more in-depth 
examination of the factors affecting stir cast MMCs. For the se-
lection of stirrer shape and dimensions, a comprehensive analysis 
of existing stirrer blade design and its effect on the qualities of 
manufactured MMCs will be more beneficial. samal et al., [6] 
reported future work in developing the methods to reduce poros-
ity in the composites and improving wettability of the composite 
for better bonding between matrix and reinforcements. They sug-
gested to study the effect of biofiber and industrial waste in hybrid 
MMCs for the improvement in strengthening mechanism. They 
also mentioned to study formation of nano composites and sug-
gested to apply mathematical modelling techniques in prediction 
of wear and mechanical properties. in the field of stir cast MMCs, 
two additional factors, such as hybrid reinforcement and nano 
reinforcement, are addressed in this review. With nano reinforce-
ment, however, the issue of wettability requires greater attention.

Zhou et al., [7] focused on reviewing progress in hybrid 
reinforcements, fabrication methods, properties and strengthen-
ing mechanisms. The hybrid reinforcements were categorized 
into hybrid continuous and discontinuous reinforcements, 
hybrid micron discontinuous reinforcements, hybrid nano dis-
continuous reinforcements and hybrid multi scale discontinu-
ous reinforcements. hybrid reinforcements were realized to be 
useful in automobile and aerospace industries due to possibility 
of achieving tougher, lighter and stronger materials. To attain 
required properties of hybrid reinforced MMCs, the key pa-
rameters reported were homogeneous distribution of particles, 
good interfacial bonding between matrix and reinforcements 
and structural integrity of reinforcements. ramanathan et al., 
[8] provided detailed review and opportunities in the field of 
MMCs. They reviewed stir casting furnace designs in detail. 
They also suggested opportunities to study certain parameters 
such as reduction in porosity, the effect of various stirrer blade 
profiles for uniform distribution of reinforcement particles, wet-
tability improvement of reinforcement with matrix and finding 
recycling techniques for both matrix and reinforcements. This 
article includes an in-depth examination of the stir casting pro-
cess and its parameters, although one of the factors, stirrer blade 
design and dimensions, need additional attention for the develop-
ment of MMC characteristics. garg et al., [9] reported that nano 
size particles are difficult to synthesize using conventional stir 
casting because of poor distribution of particles inside the melt 
and result into high porosity. it was observed that wettability of 
particles inside matrix melt decreases with increase in weight 
percent of particle reinforcement and decrease in particle size. 
They discussed briefly about commercialization of al MMCs. 
Major concern was related to cost / performance ratio. it is ex-
pected that al MMCs may be used for large scale production in 
future to come. They focused on nanoparticle reinforcement and 
its associated drawbacks. in addition to examining the influence 
of reinforcement variation on the properties of manufacturable 
MMCs, the research in the direction of the commercialization 
of MMCs should receive more attention.

sahu & sahu [10] reviewed al MMCs fabrication and stir-
ring process parameters optimization. They considered stirring 
process parameters important for understanding distribution 
of reinforcements. some of significant parameters mentioned 
were stirring speed, blade angle, stirring time, stirrer size, stirrer 
position and feed rate of reinforcements. stirrer design needs 
to be such that it minimizes power requirement and provide 
high degree of axial flow. researcher used water based model 
and computational fluid dynamics (CFd) model to study ef-
fect of impeller blade angle on particle distribution. They also 
suggested the relation between impeller diameter (d), crucible 
diameter (d) and blade width (b). The recommended impeller 
diameter for crucibles with flat bases was 0.5 times that diam-
eter, whereas for crucibles with semi-spherical bases, it was 
0.55 times that diameter. The blade’s breadth should be between 
0.1 and 0.2 times the crucible’s diameter. optimal feeding rate 
of reinforcement reported was 0.8 to 1.5 g/s to avoid clustering 
and achieve homogeneous distribution. This review aided in the 
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selection of stirrer dimensions, however the selection of stirrer 
shape is a significant difficulty and the selection of dimensions 
will vary based on shape. detailed research on the optimal shape 
and size of stirrer blades in consideration of other parameters is 
necessary. razzaq et al., [11] reviewed in detail about wettability 
improvement between al matrix and reinforcement materials. 
Wettability improvement does not only refer to the governing 
of contact angle but strategies involved to improve dispersion, 
engulfment and distribution of particles in metal matrix are also 
called wettability. They reported different studies for improve-
ment of wettability between matrix and reinforcements such as 
addition of wetting agents, fluxes, preheating the reinforcement 
particles, coating the reinforcement particles and using compost-
ing techniques. They mentioned that reactive elements such as 
li, Mg, Ca, Ti, Zr and P promotes the wettability between metal 
and reinforcement at the interface by inducing chemical reac-
tion. They suggested two basic methods to improve wettability. 
The first is surface modification of reinforcement material and 
the second is melting treatment technique. homogeneous parti-
cle distribution is affected by stirring parameters such as stirrer 
shape, stirrer dimension, stirrer position and stirring time [12]. 
selection of stirrer material and its design is also important to 
optimize the cost. selected materials must have sufficient me-
chanical strength, chemical stability to avoid any contamination. 
it should be heat resistant and easily machinable [13].

almost all the available review papers were focused on 
matrix material, reinforcement material, MMC manufacturing 
processes and stir casting parameters. From reviewed papers, 
list of mostly used reinforcement materials and their properties 
is provided to make reinforcement selection process easy for 
focused applications. lack of discussion is observed concerning 
effect of stirrer blade design on properties and microstructure of 

MMCs. This paper presents a summary of widely used matrix 
materials, reinforcement materials, and MMC production tech-
niques. next, a comprehensive overview of recent articles on 
stir casting process and the influence of its parameters on the 
characteristics of al MMCs is presented. This review focuses pri-
marily on the influence of stirrer blade design and its parameters 
on the characteristics of MMCs. Finally, al MMCs applications 
are recommended along with potential future developments in 
the stir casting field.

2. matrix and reinforcement materials

2.1. matrix materials

Metal matrix composites are having at least two constitu-
ents, one having metallic materials such as al, Mg, Cu, Titanium 
(Ti), silver (si), nickel (ni) and intermetallics, other being metal 
or any other material such as ceramic or organic materials. ac-
cording to the needs, the properties of these matrix materials 
can be changed by adding different reinforcement elements 
[14]. if more than two reinforcement materials are present in 
MMC than it is called hybrid metal matrix composites. Mostly 
reported matrix and reinforcement materials used for production 
of MMCs are listed in Fig. 2.

Copper MMCs are useful in many engineering applications 
where better microstructural stability and high temperature is 
required. Cu MMCs are an effective choice as friction material 
for heavy-loaded, high-speed applications, such as high-speed 
trains and airplanes, as they readily dissipate the heat generated 
[15,16]. Magnesium MMCs provide suitable properties for au-
tomobile and aerospace components such as good mechanical 

Fig. 2. Matrix and reinforcement materials used for production of MMCs
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properties, low density, higher corrosion resistance and wear 
resistance. They also have low thermal coefficient of expansion 
as compared to other metal and alloys. however, their ductility 
was reduced which limits their applications. Magnesium alloys 
are also used where light weight is of main importance [17,18]. 
Titanium MMCs are mostly prepared to improve insufficient 
elastic modulus, hardness and wear resistance of Ti alloy. 
Ti MMCs offer high stiffness and specific strength compared 
to steel and nickel base materials. high temperature Ti MMCs 
also provide 50% weight reduction compared to monolithic 
alloys [19]. Tib and TiC are the suitable and effective reinforce-
ments among the several reinforcement materials due to high 
reactivity of titanium at elevated temperature. Main drawback 
is reinforcing Ti with strong ceramic phase lead to poor ductility 
which limits its application in various fields [20]. nickel alloys 
exhibit excellent mechanical and tribological properties at el-
evated temperatures which expands its applications in marine, 
aerospace and turbine engines but high density and poor creep 
resistance limits its application. nickel MMCs were prepared 
to overcome these problems by reinforcing suitable ceramic 
materials. reinforcements such as gr, sio2, al2o3 and Carbon 
nano Tube (CnT) are used to improve mechanical properties. 
development of novel and cost effective manufacturing method 
for ni MMCs is also very important [21,22]. as the matrix 
material, various steels and pure iron-based materials have also 
been used. austenitic steel 316l is the most commonly used 
stainless steel (ss) due to its advantages such as good corro-
sion resistance and high toughness. To improve wear resistance, 
reinforcement materials such as al2o3, Zro2, siC, Tin and 
TiC were used. it has also been reported that the use of WC-
Co powder improves the micro hardness of the cladding layer 
during laser cladding  [23-25]. destructive tribological testing 
is required for silver and its alloys which are used in structural 
components. in electrical parts, development of adhesive bonds 
at early temperature rise leads to tribological wear. To overcome 
this issue, silver alloys are reinforced with ceramic particles such 
as siC, glassy carbon and al2o3. addition of ceramic particles 
resulted in smaller friction coefficient values and low friction 
wear. reinforcement addition may also improve hardness and 
mechanical properties [26]. When two dissimilar metals are 
combined following rules of chemical valence, intermetallics are 
formed. They are ionic and covalent in nature. They are brittle 
having complex crystal structures and sometimes used as matrix 
material in MMCs. intermetallics are mainly used to improve 

potential operating temperature over conventional materials. 
Mosi2 is an important intermetallic commonly used as heating 
element in furnaces. it has high melting point and good stability 
at high temperatures in an oxidizing atmosphere [27]. al MMCs 
are most widely used in market owing to low cost, low density, 
high strength to weight ratio, better corrosion and wear resistance 
and toughness. They are used in the field of defense, automo-
tive, marine and aerospace. researchers in al-based MMCs are 
intended more to substitute materials such as al alloy, ferrous 
alloys, titanium alloys and polymer-based composites in many 
applications. Commonly used reinforcements for preparation of 
al MMCs are siC, al2o3, b4C, aln, bn, graphene, CnT and 
residue particles such as fly ash, rise husk ash, bamboo ash and 
coconut shell ash [2,27].

among all above listed materials, easy availability, light 
weight and low cost of al and its alloys compared to other 
materials make it widely selected material by researcher in the 
field of MMCs. Many researches are working to improve specific 
properties of al alloy by mixing it with different reinforcement 
materials to make it suitable in the field of automotive, aerospace, 
marine and defense.

2.2. reinforcement materials

reinforcement materials are mostly non-metallic materials 
having specific properties. selection of reinforcement materials 
plays a vital role in the preparation of MMCs. To achieve the 
required properties of MMCs selection of suitable reinforcement 
material is necessary. selection of reinforcement depends on 
matrix type, reinforcement shape and size, the type of process-
ing of composites and interfacial bonding between matrix and 
reinforcement. reinforcement materials are available in the 
form of continuous fibers, short fibers, whiskers or particles 
[27,28]. TablE 1 lists key characteristics of various types of 
reinforcing materials as well as potential interfacial bonding 
mechanisms with al.

3. techniques for manufacturing of mmcs

MMCs can be fabricated by varieties of methods. Most of 
the methods are divided mainly based on liquid state and solid 
state manufacturing [48]. Properties of MMCs such as strength, 

TablE 1

list of different types of reinforcement materials’ properties and possible interfacial bonding mechanisms with al

Sr. 
no.

reinfor
cement Properties mechanism of interfacial Bonding with al references

1 siC

•	 Hardness	is	high
•	 Thermal	expansion	is	low
•	 Thermal	conductivity	is	high
•	 Corrosion	resistant	and	abrasion	resi-

stant

•	 The	primary	reaction	of	Al-SiC	at	the	interface	produces	Al4C3. as 
al4C3 is insoluble and brittle in nature, it forms as a separate preci-
pitate or as a continuous layer around the siC particles. 

•	 The	Al4C3 layer at the interface increases ultimate tensile strength, 
the average yield strength ,and work hardening rate while reducing 
the material’s ductility slightly. 

[1,29] 
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2 al2o3

•	 Thermal	expansion	coefficient	is	high
•	 Better	electrical	insulation
•	 Good	bonding	with	molten	Al
•	 Hardness	is	high
•	 Better	working	capability	at	high	tem-

perature

•	 Because	Al2o3 is stable in pure molten aluminium, the presence of 
al aids in achieving good bonding with molten al and produces no 
reaction products at the interface. 

•	 However,	if	Mg	is	present	in	the	alloy,	Al2o3 will react with Mg. 
Mgo is expected to form at the interface with high levels of Mg in 
the matrix, whereas spinal (Mgal2o4) forms at low levels of Mg.

[4,27,30,31]

3 b4C

•	 Hardness	is	high
•	 Abrasion	and	corrosion	resistant
•	 Density	is	low
•	 Chemically	inert
•	 Melting	point	is	high
•	 Thermally	stable	at	elevated	tempera-

ture

•	 The	reaction	products	of	Al	and	B4C are alb2, al4bC, al4C3, and 
alb24C4 depending on the temperature.

•	 The	formation	of	Al4C3	would	significantly	reduce	composite	me-
chanical properties. al4BC	has	a	positive	effect	on	hardness	but	has	
a	negative	effect	on	material	fracture	toughness.

[1,32]

4 TiC

•	 Thermal	conductivity	is	high
•	 High	abrasion	resistance
•	 Melting	point	is	high
•	 Hardness	is	high

•	 The	reaction	products	formed	are	large	Al3Ti precipitates in the 
matrix’s bulk and al4C3 blocks at the particle-matrix interface. TiC 
dissolution in pure al is much slower than siC dissolution.

•	 MMC	stiffness	and	strength	are	increased	by	the	presence	of	Al3Ti.

[1,33]

5 WC

•	 Corrosion	resistant
•	 Electrical	conductivity	is	good
•	 Thermal	conductivity	is	good
•	 Melting	point	is	high
•	 Hardness	is	high

•	 Particle	reinforced	Al	MMCs	with	WC	forms	WAl12, Wal5, and 
al4C3 that vary with temperature at the interface between the carbi-
de and al.

•	 Formation	of	such	hard	intermetallics	at	interface	improves	hard-
ness and strength of the composites.

[1,34]

6 aln

•	 Dielectric	constant	is	low
•	 Stiffness	is	high
•	 More	chemically	stable	than	SiC
•	 Thermal	conductivity	is	high
•	 Electrical	resistivity	is	high

•	 The	presence	of	Al	aids	in	achieving	good	bonding	with	molten	Al	
and produces no reaction products at the interface. [1,4]

7 Tib2

•	 Hardness	is	high
•	 Excellent	resistance	to	wear
•	 Oxidation	and	corrosion	resistant

•	 TiB2 and al3Ti are formed at the interface the during in-situ proces-
sing of the al/Tib2 composite. 

•	 The	increased	amount	of	brittle	and	needle-like	Al3Ti compound 
reduces both the tensile and yield strengths. 

•	 The	presence	of	coarser	and	higher	volumes	of	Al3Ti compound 
may also contribute to the composite’s continuous increase in mo-
dulus.

[35,36]

8 Zro2

•	 Melting	point	is	high
•	 Fracture	toughness	is	high
•	 High	wear	resistance
•	 Excellent	mechanical	properties

•	 At	around	700	oC, there are no chemical reactions between the re-
inforcement particles of Zro2 and al. 

•	 However,	there	is	a	possibility	of	Al2o3 formation in the presence 
of oxygen and Cuo formation in the presence of Cu as an alloying 
element.

[37-39]

9 Mos2

•	 Friction	coefficient	is	low
•	 Catalytic	activity	is	good
•	 Chemical	stability	and	Thermal	stabi-

lity are better

•	 Depending	on	the	process,	the	reaction	products	of	Al	and	MoS2 
may be al12Mo, al5Mo, or al2s3. 

•	 The	Al2s3 encourages strong bonding. al12Mo has a higher elastic 
modulus than the al matrix and is very stable. al12Mo improves 
the mechanical properties of the al matrix.

[40,41]

10 Zrb2

•	 Chemically	inert
•	 Wear	resistance	is	high
•	 Melting	point	is	high
•	 Strength	is	high	at	high	temperature
•	 Thermal	and	electrical	conductivity	

are better

•	 Al3Zr and alb2 intermetallic compounds will likely form during 
the in-situ processing of al/Zrb2 composites.

•	 The	reaction	temperature	significantly	impacts	the	morphology	and	
size of al3Zr particles. The presence of hard particles can improve 
strength, but an increase in hard particles can also decrease percen-
tage elongation.

[42-44]

11 CnT
•	 Good	ductility
•	 Resistance	to	corrosion	is	good
•	 Strength	to	weight	ratio	is	high.

•	 Depending	on	the	temperature,	the	interfacial	reaction	between	the	
al and the CnTs may form al4C3 at the interface between the al 
and CnT layers. 

•	 The	carbide	formed	improves	the	interfacial	interaction	between	
the CnTs and the al layers. This also helps to improve the mecha-
nical properties of the composite.

[6,45]

12 grap- 
hene •	 Strength	to	weight	ratio	is	high.

•	 The	formation	of	Al4C3 intermetallic compound is possible as a re-
sult of the thermodynamically spontaneous reaction between gra-
phene and al. The formation of al4C3	would	significantly	reduce	
the mechanical properties of the composite.

[6,46]

13 Fly ash 
particles

•	 Low	density
•	 Good	wear	and	damping	properties	

due to presence of oxides

•	 Fly	ash	contains	a	wide	range	of	oxide	combinations.	There	is	no	
specific	interfacial	reaction	reported	in	the	literatures	between	Al	
and	fly	ash,	but	addition	increases	hardness	while	decreasing	den-
sity in some cases.

[4,47]

TablE 1. Continued
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hardness, interfacial bonding between matrix and reinforcement 
and porosity depends on usage of different methods also. Most 
widely used manufacturing processes of MMCs are listed in 
Fig. 3. Total number of papers collected from science direct 
regarding metal matrix composites are approximately 1629 from 
the year 2011 to 2021. search words are Metal Matrix Compos-
ites and MMCs. detailed publication data is shown in Fig. 4. 

Exponential growth is observed in use of stir casting process 
from year 2011 to 2021. Maximum number of papers published 
on MMC manufacturing are 804 and 504 by using stir casting 
and powder metallurgy methods respectively. Pie chart is also 
showing contribution of different methods in manufacturing of 
MMCs (Fig. 4(b)). almost 50% of contribution is observed of stir 
casting process in MMC manufacturing. hence, it is concluded 
that almost all over the globe research is progressing in the field 
of MMC by exploring stir casting process. MMC manufacturing 
methods are discussed in below section.

3.1. Powder metallurgy (Pm)

Many researchers have worked on fabrication of MMCs by 
powder metallurgy route to improve mechanical, thermal and 
electrical properties of alloys. it is the method of producing metal 

and non-metal powders and utilizing them for manufacturing 
of composites [49]. steps involved in PM are listed in Fig. 5. 
sweet et al., [50] investigated microstructure and mechanical 
properties of hot upset forged 2xxx series al alloy reinforced 
with aln using powder metallurgy route. They manufactured 
high quality, defect free component and observed nearly full 
density of components (>99.5% theoretical). sun et al., [51] also 
attempted to fabricate magnesium alloy composites using PM 
route to achieve uniform dispersion of reinforcement particles 
and refinement of matrix grains. They suggested to effectively 
maintain ball milling time as per required particle size for uni-
form mixing. Major limitation of powder metallurgy process is 
the high cost of metal powder compared to raw material used 
for other methods. it is also difficult to directly mass produce 
uniform density product.

3.2. friction Stir Processing (fSP)

Friction stir processing method was adopted from friction 
stir welding. in this process matrix material is in the form of ex-
truded or rolled plate. on this plate groove is machined to accom-
modate reinforcement particles. during FsP, non-consumable 
tool with shoulder and pin rotated and plunged into a metallic 

Fig. 3. Manufacturing processes for MMCs

Fig. 4. number of publications on manufacturing of metal matrix composites in the year 2011-2021
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plate and then traversed along the surface of workpiece. rotary 
and traverse motion between matrix and tool material result 
into rubbing action which generates heat due to friction and 
plasticizes material under the tool. here, temperature increased 
is higher than recrystallization temperature of matrix material 
but less than melting temperature. during process, material is 
subjected to a combination of forging, extrusion and friction 
[52,53]. because the entire process is completed in solid state, 
FsP is a type of solid state processing. during standard FsP there 
are chances of particle escape, to avoid this initially pin less tool 
is used. This tool plasticizes a thin layer of material and moves 
from one side to another and closes the groove opening. Further 
process is carried out using conventional tool. The stirring ac-
tion of tool mixes the reinforcement particles with plasticized 
matrix material and creates composites [54]. narimani et al., [55] 
reinforced Tib2 particles into al alloy aa6063. They reported 
increase in tensile strength by about 70% higher than that of 
base material. FsP shows good potential for grain refinement, 
fabrication of surface and bulk metal matrix composites and 
micro structural homogenization. use of FsP is limited due to 
expensive tooling involved and high frequency usage [14].

3.3. diffusion bonding

diffusion bonding involves stacking of matrix and rein-
forcement material on one another by tooling or even by hand. 
in this, reinforcements in the form of powder, wire or metal 
foil are used. after canning and evacuation, arranged matrix 
and reinforcements are hot pressed. This densification process 
is called diffusion bonding. Care to be taken to avoid their mu-
tual contact and direct metal flows around monofilaments with 
a goal to achieve controlled reinforcement distribution and no 
porosity [56]. Chen et al., [57] used vacuum diffusion bonding 

to prepare copper plated, sand blasted W and CuCrZr alloy. They 
mentioned important parameters for diffusion bonding such as 
bonding temperature, holding pressure and holding time. Major 
limitation of this process includes requirement of great care for 
surface preparation, high initial investment and limited size of 
component. This process is also difficult to use for mass produc-
tion due to more bonding time [58].

3.4. infiltration techniques

infiltration means to enter into or through by filtering or 
permeating. in this method preform of reinforcement having 
pores is made. This preform is placed inside a crucible or con-
tainer. on this preform liquid metal is poured. liquid metal 
fills the pores of preform due to application of pressure and 
capillary action producing component having relatively high 
density [59,60]. yamamoto et al., [61] fabricated aZ91/siC fiber 
composite using low pressure infiltration method and added al 
particles as infiltration promoters. similarly, bouzegzi et al., [62] 
studied microstructural and electrochemical properties of WC 
based MMC manufactured by infiltration method.

3.5. Stir casting

Casting is the primary and most commonly used method 
to fabricate MMCs. Casting involves melting and pouring of 
the material whereas stirring involves rotational movement 
of stirrer inside the melt for distributing reinforcement particles 
inside the melt. stir casting setup is shown in Fig. 6. Furnace is 
used to melt the matrix material at required temperature. Most 
widely used furnaces are muffle furnace and resistance heating 
furnace. Feeder is used to supply reinforcement particles to the 
melt. rate at which particles are fed into the crucible is impor-
tant criteria. reinforcement particles are preheated to certain 
temperature before mixing to improve wettability [63]. next, 
stirrer is used to achieve uniform distribution of particles inside 
the melt. Furnace and motor can be connected to the control 
panel from where required temperature and rPM can be adjusted. 
With this setup gas supply arrangement is also provided. inert 
gas supply is required for fabrication of reactive alloy MMCs 
such as Mg. after selecting suitable stirring time, melt is poured 
inside the die or mold. To avoid defects such as porosity, vacuum 
can also be maintained inside the mold and then pouring is 
done [6]. nageswaran et al., [64] manufactured Cu/Tio2/gr 
hybrid composite using stir casting technique. Microstructural 
investigation revealed that particle distribution was uniform and 
agglomeration-free. They mentioned fine interfacial bonding 
between matrix and reinforcement. stir casting process is most 
widely used to prepare MMCs of low melting point material 
because it is economical, simple, flexible and suitable for mass 
production. limitation of this process involves difficulty in 
achieving homogeneity, high porosity and chances of reaction 
between matrix and reinforcement [65]. 

Fig. 5. steps of powder metallurgy process
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Fig. 6. stir casting setup

in-situ fabrication of MMCs is the process in which required 
reinforcing phase is formed inside the matrix as a result of reac-
tion from the melt during its cooling and solidification. Kumar et 
al., [42] developed aa5052/Zrb2 composites by in-situ reaction 
of aa5052 alloy with two inorganic salts K2ZrF6 and KbF4 at 
a temperature of 860°C. They reported formation of nano and mi-
cro size Zrb2 with uniform dispersion, a clear interface and good 
bonding. selvam and dinaharan [44] fabricated  aa7075/Zrb2 
composites using in-situ method and same organic salts. They 
also reported good interfacial bonding between base alloy and 
reinforcements. in-situ formed Zrb2 particulates improved mi-
crohardness and tensile strength of MMC compared to base alloy.

squeeze casting can be considered as addition to stir casting 
process. in this process after pouring matrix and reinforcement 

mixture, composition is subjected to pressure in die which im-
proves mechanical properties and helps in grain refinement [66]. 
Kumar [67] fabricated al7075/agro waste composite using 
stir casting followed by squeeze casting method. Their results 
revealed that the manufactured composite is harder and possess 
high toughness and tensile strength. squeeze casting is mostly 
performed after stir casting hence can also be considered as 
secondary improvement method for manufacturing of MMCs.

Considering all available MMC fabrication methods, stir 
casting is most reliable for manufacturing of al MMCs, due to 
low melting point of al and its alloy. This method is also simple, 
flexible and suitable for mass production. as many factors are 
affecting the quality and properties of MMCs, number of attempts 
have been made by researchers to improve the process and its 
outcomes. al alloys were selected more by researchers due 
to its important properties such as light weight, high strength to 
weight ratio, wear resistance, corrosion resistance, low cost and 
sufficient viscosity of the melt. There are many parameters in 
stir casting which requires optimization for better quality MMC 
production. stir casting parameters refers to the variables which 
affect properties and quality of final product. Main two param-
eters are design parameters and process parameters. important 
parameters are listed as a cause and effect diagram in Fig. 7.

4. recent Studies on Effect of Stir casting Process 
Parameters on Properties of al mmcs

This section reviews recently used al alloys and reinforce-
ments by different researchers and various parameters considered 
with their effect on properties of al MMCs. Kumar et al., [68] 
fabricated aa7178/Zrb2 composite using stir casting process 
and reported homogeneous distribution of Zrb2 particles and 
improvement in corrosion resistance than base alloy aa7178. 
They concluded that corrosion resistance, hardness and tensile 

Fig. 7. Cause and effect diagram of stir casting parameters
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strength increased gradually with the increase in weight per-
centages (0%, 5%, 10% and 15%) of particles. also mentioned 
increment in hardness by 26% and tensile strength by 15% due to 
inclusion of 10 wt.% Zrb2 particles in aa7178 matrix. alizadeh 
et al., [69] fabricated al5083/siC composites by combining stir 
casting and squeeze casting process. Composites were having 20, 
25 and 30 wt.% siC. This combined route reduced porosities and 
improved particle distribution. also, improvement in mechanical 
properties and wear resistance was observed. akbar et al., [70] 
reinforced sea sand (2-6 wt.%) with aa6061 due to presence 
of sio2 and Fe3o4 ceramic compounds. To improve wettabil-
ity, electroless coating was applied on sea sand. They reported 
increase in hardness, tensile strength and decrease in porosity 
due to electroless coating. increase in hardness and strength was 
due to addition of non-coated sea sand but addition of coated 
sea sand greater than 2 wt.% decreased hardness and strength 
of the composite. adediran et al., [71] fabricated al6061/waste 
glass particle (WgP) composites by varying weight proportion 
of WgP from 2 to 10% in the step of 2 wt.%. They mentioned 
reduction in elongation, impact energy and density with the 
increase in WgP from 0 to 10 wt.%. increase in tensile proper-
ties observed up to 6 wt.% addition, then after tensile proper-
ties deteriorated. highest compressive properties observed at 
8 wt.% WgP addition while 10 wt.% addition reduced it. They 
further reported better wear resistance due to addition of WgP. 
Farajollahi et al., [72] studied microstructure, mechanical and 
tribological properties of aa2024/ni MMC. They reported that 
addition of 1.5 wt.% ni improved precipitation of al-Cu-Mg near 
the interdendritic regions. Their amount reduced with further 
addition of ni powder. homogenization treatment precipitated 
needle shaped al-Cu-Mg at the inner zone of dendrites and disap-
peared from the interdendritic region. homogenization treatment 
and ni powder addition resulted in al3niCu transformation from 
unreacted ni and al3ni intermetallics. aa2024/3 wt.% ni MMC 
reduced 13% coefficient of friction and 12% wear rate while 
increasing 42% of strength compared to base alloy. balachan-
dhar et al., [73] fabricated aa6061/Mg/rock dust composite 
and examined its surface roughness after turning process. They 
reported a 1% and 2% improvement in surface finish with the 
addition of aZ31 and rock dust, respectively. babaremu et al., 
[74] fabricated aa8011/cow horn and corncob composites by 
varying reinforcement weight percentages from 5 to 20% in the 
steps of 5 wt.%. They achieved improvement in yield strength 
by 57%, in ultimate tensile strength by 52.6% and in hard-
ness by 54.4% with the addition of 20 wt.% of cow horn and 
corncob. Zhu et al., [75] prepared aa6083/nano siC (1 wt.%) 
composites and reported homogeneous distribution of nano siC 
particles with grain refinement up to 30.55%. They also reported 
improvement in yield strength, ultimate tensile strength and elon-
gation by 12.16%, 8.92% and 12.60% respectively compared to 
base alloy. Further squeeze casting improved yield strength by 
43.18%, ultimate tensile strength by 29.81% and elongation by 
226.28% compared to only stir cast composites. Mohanavel et 
al., [76] fabricated aa6351/si3n4 composites by varying wt.% 
of si3n4 from 1 to 3% in the steps of 1 wt.%. They reported 

uniform dispersion of si3n4 in the matrix and improvement in 
mechanical properties of composites. addition of 3 wt.% si3n4 
improved microhardness by 40.30% and decreased wear rate. 
Further they also mentioned increase in compressive strength 
with the increase in si3n4 wt.%. They concluded that the aa6351 
having 3 wt.% si3n4 composites had the highest mechanical and 
wear properties among all the fabricated composites. sahoo et 
al., [77] fabricated aa6061/siC/hbn hybrid composites. Mi-
crostructural study revealed increase in density by 6.52% due 
to homogeneous dispersion of particles. They also studied wear 
properties of composite al/hbn (5 wt.%)/siC (4 wt.%) by using 
pin-on-disc method and reported that decrease in wear loss was 
due to hbn particles addition. gudipudi et al., [78] prepared 
aa6061/b4C composites. They achieved homogeneous b4C 
dispersion and grain refinement at 4 wt.% b4C addition. They 
also reported increase in specific ultimate tensile strength by 
36.32% and increase in compressive strength by 43.92%. Vickers 
hardness improved by 53.41% and brinell hardness increased 
by 50.89% due to 4 wt.% b4C addition compared to base alloy. 
shayan et al., [79] fabricated composite by reinforcing nano 
sio2 (0.5%) and Tio2 (1%) in aa2024 alloy. it was observed 
that addition of nano particles reduced grain size. The study of 
mechanical properties revealed increase in yield strength by 7%, 
ultimate tensile strength by 36% and hardness by 30% compared 
to base alloy. They reported evidence of agglomeration of nano 
particles on the fractured surface of composites properties with 
the addition of 1 vol.% of sio2 compared to that of 0.5 vol.% of 
sio2. subramaniam et al., [80] fabricated al7075/b4C/coconut 
shell fly ash (CsFa) composites by varying wt.% of b4C from 
3 to 12 wt.% in the steps of 3 wt.% and keeping 3 wt.% CsFa 
constant. They reported increase in hardness by 33% due 
to addition of 12 wt.% b4C and 3 wt.% CsFa. addition of 
9 wt.% b4C and 3 wt.% CsFa improved tensile strength of 
composite by 66% and impact energy up to 2.3 j compared to 
base alloy. Further increase in wt.% of reinforcements reduced 
impact energy and tensile strength. addition of b4C and CsFa 
reduced elongation of composite. selvam et al., [81] fabricated 
in-situ aa6061/al2o3/Tib2 composites using boric acid powder 
and titanium. They reported uniform distribution of al2o3 and 
Tib2 with good interfacial bonding. al2o3 particles were having 
spherical shape while Tib2 particles were having hexagonal and 
cubic shapes. in-situ formation of al2o3 and Tib2, refined the 
grains of matrix to 14 mm at 15 wt.% compared to 103 mm at 
0 wt.%. They also reported improvement in microhardness and 
tensile strength compared to that of base alloy. reported tensile 
strength and micro hardness values at 15 wt.% were 287 MPa 
and 122 hV respectively.

Turan et al., [82] added 1 wt.% fraction of 8 to 18 nm 
diameter	multiwalled	carbon	nanotube	(MWCNT)	and	1.5	μm	
diameter graphene nanoplatelets (gnP) to the alsi18CuniMg 
alloy. stir casting and semi powder metallurgy was adopted for 
composite fabrication. graphene addition showed improvement 
in tribological properties. addition of nano carbon material 
improved hardness of base alloy. They concluded that factors 
affecting wear rate were material content, sliding speed and ap-
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plied load. sharma et al., [83] prepared al-Mg-si-T6 composite 
with the reinforcement of 6 µm black siC and 28 µm muscovite. 
Muscovite is hydrated aluminium potassium silicate particu-
lates. They varied weight percentage of muscovite (2, 3 and 
4 wt.%) and kept 5 wt.% siC constant. increase in muscovite 
percentage improved wear resistance. The higher hardness was 
achieved with the use of 5 wt.% siC and 3 wt.% muscovite. 
Microstructural study revealed cluster formation. increase in 
tensile strength was observed with the addition of 2 to 3 wt.% 
composition but it was decreased after the addition of 4 wt.% 
muscovite. Kumar et al., [84] fabricated al-Mg-si-T6 /industrial 
fly ash composites. They aimed to achieve high strength and 
low density for automobile and aerospace applications. They 
varied wt.% from 5 to 20% in the step of 5 wt.%. addition of 
10 wt.% fly ash improved properties better than other compos-
ites. Further, they reinforced b4C (2.5%, 5%, 7.5%) and fly ash 
(5 wt.%) with the base alloy. They reported that 5 wt.% fly ash 
and 5 wt.% b4C reinforced composites showed improvement in 
tensile strength, hardness and compressive strength by 18.7%, 
11.3% and 38.6% respectively compared to base alloy. Mann & 
Pandey [30] investigated effect of al2o3 reinforcement on the 
wearing characteristics of lM30 aluminium alloy. They prepared 
composites with different size of particles and varying weight 
percentages from 5 to 20 wt.%. after stir casting, they observed 
uniform distribution and decrease in wear rate with the addition 
of reinforcement. rao et al., [85] reinforced al-Cu alloy with 
Mos2 using stir casting process. Mos2 was added at three dif-
ferent weight fractions 2 wt.%, 4 wt.% and 6 wt.%. addition up 
to 4 wt.% showed increase in tensile strength and micro hard-
ness. but 6 wt.% addition of reinforcement leads to decrease in 
these properties. Microstructural study revealed homogeneous 
distribution of particles and fine grain refinement. These leads to 
improvement in density. Wang et al., [86] reinforced ni coated 
nano al2o3 particles in a356 alloy using combination of stir cast-
ing and equal channel angle semi solid extrusion (ECasE). They 
reported that ni coating could break nano particle clustering and 
particle located on grain boundary distributed more uniformly 
having grain size 63 mm. use of ECasE further refined grain 
size	to	23	μm	and	improved	nano	particle	distribution.	Fabricated	
nano MMC exhibited 1.2 to 2.5 times improvement in ductil-
ity and strength compared to MMC fabricated by stir casting. 
ECasE eliminated the intergranular defects and improved the 
grain boundary bonding. Wettability improvement between ma-
trix and reinforcement during melting can be improved by using 
ni coating surface modification process. hu et al., [87] prepared 
al/b4C/Ti composite by adding 12 wt.% b4C and 3 wt.% Ti. 
They reported formation of al3bC intermetallic phase at the in-
terface of composites. They mentioned properties of al3bC such 
as brittle, high hardness, elastic anisotropy, good thermal stability 
and poor dynamic stability. al3bC had semiconductor proper-
ties and its bonding was ionic, covalent and metallic. They also 
studied density functional theory (dFT) for all the properties. 

aigbodion et al., [88] produced composites having al-
3.7%Cu-1.4%Mg with 1.5 wt.% rice husk ash nanoparticles 
using the modified stir casting and double feeding method. They 

suggested to use fabricated composite for impeller application 
based on tested tensile strength, factor of safety and corrosion 
rate. They mentioned that the yield strength of the material is 
lower than the maximum Von Misses’ stress. Corrosion rate 
reduced by 23.57% when compared with steel impeller. They 
finally suggested that proposed method and material is suitable 
for pump impeller production. The speed was found to be the 
most influential factor on surface roughness during turning. 
singh & Pal [89] fabricated aluminium MMCs by reinforcing 
siC particles, Tio2 coated siC particles and li4Ti5o12 coated 
siC particles via stir casting process under vacuum. due to 
reinforcement, significant amount of grain refinement was ob-
served. They reported highest value of damping capacity and 
storage modulus for li4Ti5o12 coated siC/al MMC compared 
to other fabricated MMCs. Velavan et al., [90] added 3, 4, 5, 
6 wt.% Mica, while maintaining 10 wt.% b4C. They reported 
improvement in mechanical properties after mixing 3 wt.% of 
mica. They also reported decrease in impact strength upon inclu-
sion of more than 3 wt.% Mica. They suggested to use fabricated 
MMC for automobile related sheet forming operations. Zhang 
et al., [91] reported that vortex free high speed electromagnetic 
mechanical stirring (VFhsC) could reduce the porosity to about 
0.036 vol.% using 2200 – 2700 rpm for al-1.5 wt.% si/al2o3 
(3	μm)	composite	fabrication.	They	also	reported	increase	in	ten-
sile strength, hardness and decrease in wear rate by 73.6%, 35% 
and 92.6%, due to addition of 5 vol.% al2o3. Zhang et al., [92] 
fabricated al-1.5 wt.% si/siC composite using VFhsC method. 
They reported uniform distribution of particles and reduction in 
porosity to less than 0.04 vol.%. They also mentioned increase 
in tensile strength, hardness and decrease in wear rate by 64.9%, 
30% and 92.4% respectively, due to addition of 8 vol.% of siC 
particles. ramadoss et al., [93] fabricated al/b4C/bn composites 
by keeping 3 wt.% of bn constant and varying wt.% of b4C from 
3 to 9% in the step of 3 wt.% to focus for marine applications. 
They reported uniform dispersion of particles in the MMC and 
formation of intermetallic phases such as al3bC, alb12 and aln. 
They also mentioned increase in tensile strength, hardness and 
decrease in corrosion rate compared to that of base alloy. Christy 
et al., [94] fabricated recycled al alloy/al2o3 composites using 
stir-squeeze casting process. They used Taguchi grey relational 
analysis method to optimize stirring speed and squeeze process 
parameters such as time, pressure and die preheating temperature. 
They reported optimized parameters such as 525 rpm stirring 
speed, 100 MPa squeeze pressure, 45 second squeeze time and 
250°C die temperature. Karthikeyan et al., [95] reinforced Zro2 
with 3 to 12 wt.% in the step of 3 wt.%. increase in tensile and 
compressive strength observed with addition of Zro2. Further, 
increase in heat transfer rate, efficiency and effectiveness was 
observed for pin fin with increase in Zro2. highest values were 
observed for lM6/12 wt.% Zro2 composite. Faisal et al., [96] 
reported improvement in hardness and tensile strength with the 
addition of b4C in lM6 alloy but 8% b4C addition showed 
reduction in tensile strength. gr was added to improve wear 
properties. lM6/7 wt.% b4C/2 wt.% gr composite improved 
tensile strength as well as wear properties. Xue et al., [97]  
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studied effect of addition of Ceo2 on microstructure and me-
chanical properties of al composites. addition of 0.5 wt.% Ceo2 
improved yield strength, ultimate tensile strength and elastic 
limit by 14.1%, 8.7% and 39.1% than those of composite 
without Ceo2. addition of Cerium improved wettability of 
Tib2 particles in al melt due to reduction in surface tension of 
aluminium. optimum dispersion, refinement and modification 
observed with addition of 0.5 wt.% Ceo2. Pramod et al., [98] 
studied effect of addition of scandium (sc) on microstructural 
and mechanical properties of a356/5 wt.% Tib2. sc addition 
reduced si particle size to 2 µm. si morphology changed to 
globular from fibrous after T6 heat treatment. They reported 
homogeneous particle dispersion and reduction in secondary 
dendrite arm spacing (sdas) by 65% due to addition of 0.4 
wt.% sc. They also reported increase in yield strength, ultimate 
tensile strength, ductility and hardness by 33%, 24%, 7% and 
30% respectively compared to base alloy. T6 heat treatment 
showed improvement in ultimate tensile strength by 44% and 
yield strength by 98% for a356/5 wt.% Tib2/0.4 wt.% sc com-
posite compared to a356 base alloy. Ma & Wang [99] studied 
the effect of T6 heat treatment and strontium (sr) addition on 
mechanical and microstructural properties of in-situ a356/5 
vol.% al3Ti composite. addition of 0.02 wt.% sr addition re-
duced particle size and aspect ratio of si particulates without af-
fecting al3Ti particulates. al3Ti particulates observed in blocky 
morphology with average size of 5 to 6 µm. addition of al3Ti 
improved yield strength but reduced elongation. Combination 
of al3Ti and sr improved strength and ductility both due to 
modification of eutectic si particulates. Microstructure based 
representative volume element (rVE) simulation revealed about 
the microscale damage evolution of the material. Krishnan et al., 
[100] fabricated the composites using scrap al alloy and al2o3. 
They reported formation of eutectic si phase of the matrix due 

to reinforcement. They concluded decrease in porosity by 7.3%, 
abrasive wear loss of 0.11 mg, higher hardness of 58.5 bhn, 
second highest ultimate tensile strength of 125 MPa and ulti-
mate compressive strength of 312 MPa among the fabricated 
composites. idrisi & Mourad [101] used ultrasonic assisted 
stir casting process to fabricate composites by varying wt.% 
of siC (3, 5, 8 and 10 wt.%). The size of particles used was 
40	μm.	Use	of	ultrasonic	probe	resulted	in	uniform	dispersion	
of siC particles. They reported improvement in mechanical 
and physical properties with the use of ultrasonic assisted stir 
casting process compared to only mechanical stirring. suthar 
& Patel [102] fabricated pure al/b4C (10 wt.%)/Ti (0.2 wt.%)/
graphite (5 wt.%) composites. They reported that high tensile 
strength and low porosity can be achieved by optimizing stir-
ring time, stirring speed, reinforcement amount and preheating 
temperature. 650 rpm stirring speed and 12 minutes stirring time 
helped to achieve low porosity. degassing and fluxing reduced 
porosity below 3%. They also suggested to use automatic stirring 
process for uniform dispersion of particles compared to manual 
stirring. Permanent mould, degassing, fluxing and automatic 
stirring improved tensile strength above 150 MPa due to uniform 
particle distribution and removal of slag and air entrapment.

5. Effect of Stirrer design Parameters on Particle 
distribution in al mmcs fabrication

stirrer design parameters involves stirrer shape, stirrer 
dimension, stirrer stages, blade design and blade angles. There 
have been very few articles that have focused on determining the 
best stirring parameters to improve mechanical characteristics 
and microstructure. TablE 2 has a list of them. Various stirrer 
designs reported in publications are redrawn in Fig. 8.

TablE 2

review ongoing research to study the effect of stirring parameters on the structure and properties of al MMCs

Sr. 
no. mmcs Parameters Effect on Microstructure Effect on Properties refe 

rences

1 lM25/ siC

stirrer design
(4 blade stirrer)
(blade angle),

stirrer Position, 
stirrer speed

•	a uniform distribution of particles in the microstructure 
was observed at a stirrer position of 40 mm from the base.

•	 The lowest particle distribution was observed at 90° blade 
angle because melt would not experience lift.

•	 in contrast, a 45° blade angle resulted in uniform particle 
distribution at the bottom, top, and middle positions. They 
discovered	that	stirrer	geometry	has	the	greatest	influence	
on cast sample properties.

•	highest strength was observed 
for 45° blade angle, 40 mm 
stirrer position from base and 
400 rpm stirrer speed due to 
uniform particle distribution 
in the poured slurry.

[103]

2 aa8011/
siC

stirrer design 
(blade angle, 

Turbine stirrer),
stirrer position, 
stirring speed

•	 streak photography was used to visualise the stirring expe-
riment using a glycerol and graphite particle combination.

•	high vortex pressure produced by a 90° blade angle caused 
void formation, clustering, and non-uniform distribution in 
samples.

•	 A	45°	blade	angle	produced	a	better	flow	pattern	and	uni-
form particle distribution, whereas a 90° blade angle produ-
ced poor particle distribution and particle agglomeration.

•	 They recommended a stirring speed of less than or equal to 
250 rpm, a blade angle of 45°, and a stirrer position of 40% 
from the base for uniform particle distribution.

•	 some samples’ hardness was 
reported to have decreased due 
to the presence of porosity. 

•	 The main reason stated for the 
decrease in hardness was the in-
creased blade angle and stirring 
speed.

[104]
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3 Waste al/
al2o3

stirrer design 
(3 blade radial 
flat,	radial	

curved, radial 
chamfered, 

4 blade 
Mixer	flat,	

3 blade axial 
chamfered)

•	uniform particle distribution was noticed in the case of the 
four	blade	Mixer	flat	stirrer,	and	simulation	supported	this.	

•	 The	four	bladed	mixed	flat	stirrer	also	showed	smaller	pore	
sizes and pores were fewer and grain size was also small.

•	Maximum hardness was achie-
ved with the use of 4 bladed 
mixed	flat	stirrer.	

•	 same stirrer provided 206 MPa 
tensile strength and 642 MPa 
compressive strength which 
were highest among all the stir-
rers used. 

[105]

4 aa6061/
MWCnT

stirrer design
(Four bladed, 

u-shaped, Four 
bladed disc 

turbine stirrer) 

•	due to controlled vortex formation, a four-bladed disc tur-
bine stirrer distributed reinforcement particles homogene-
ously and uniformly.

•	 They also reported non dendrite structure formation.

•	 The work is solely concerned 
with microstructure. [106]

5 aa6061/ 
si/Mg/Cu

stirrer design 
(Four side 

peddle blade, 
alternate paddle 

blade, helical 
blade)

•	 in the alternate paddle blade design, siC particles were 
properly mixed with matrix, and particle scattering was also 
better than in the four-sided paddle blade. 

•	 They also reported that grain boundaries were discontinu-
ous and that the gap between dendrites had grown.

•	 They also reported a porosity defect in all of the samples..

•	 Tensile strength was higher in 
samples prepared with an alter-
nate peddle blade design. The 
tensile strength and ductility 
of helical spring samples were 
lower.

•	 The hardest samples were tho-
se prepared with a four-sided 
peddle blade and an alternate 
paddle blade design.

•	 The hardness of samples pre-
pared with a helical blade was 
low.

[107]

6 aa8011/ 
siC

stirrer design 
(blade angle), 

stirrer position, 
stirring speed

•	a 10% reinforcement volume fraction, a 40% stirrer posi-
tion from the base, a 45° blade angle, and a 10 minute stir-
ring time resulted in homogeneous distribution.

•	 The optimal pressure for uni-
form particle distribution and 
an	effective	flow	pattern	was	
reported to be in the range of  
15 to 26 Pa.

•	a sample with a 10% volume 
fraction of reinforcement, 40% 
stirrer position from the base, 
45° blade angle, and 10 minute 
stirring time resulted in higher 
tensile strength, hardness, and  
a lower wear rate.

[108]

7 aa6061/
TiC

stirrer blade 
angle, stirrer 

speed, stirring 
time

•	homogeneous particle distribution was observed at a blade 
angle of 30°, a stirring speed of 300 rpm, and a stirring time 
of 15 minutes.

•	 The highest tensile strength and 
micro hardness were achieved 
by using a blade angle of 30°, 
a stirring speed of 300 rpm, and 
a stirring time of 15 minutes. 

•	 They concluded that, in decre-
asing order, blade angle, stirring 
speed,	and	stirring	time	affect	
tensile strength and microhard-
ness.

[109]

8 aa6061/
TiC

stirrer design 
(blade angle),
stirrer speed, 
stirring time

•	 They reported better particle distribution at 300 rpm stirring 
speed.

•	 Particle distribution was uniform at 30° blade angle. at 60° 
blade angle, there were very few particles on top and a uni-
form particle distribution on the bottom. 

•	 They were also concerned about porosity.

•	uTs improved with increasing 
stirring speed up to 300 rpm, 
after which it decreased.

•	reported improvement in uTs 
as stirring time was increased 
up to 15 minutes, after which 
it began to decrease. uTs was 
increased up to a blade angle  
of 30°, after which it was re-
duced.

•	 This could be due to faster 
vortex formation and more air 
entrapment for longer stirring 
time.

[110]

TablE 2. Continued
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Quality of fabricated part majorly depends on particle dis-
tribution. Particle distribution is significantly affected by flow 
behaviour of fluid. as stir casting process is performed in closed 
environment, it is difficult to visualize the process. some of the 
researchers have attempted to simulate the stirring process to 
study the effect of stirring parameters on flow behaviour and 
particle distribution. bui et al., [111] developed three dimen-
sional two phase flow, steady state model to study the volume 
fraction distribution and flow field for processing of al/siC 
composite in molten state. They first performed simulation on 
water model and reported that smaller particle size will be help-
ful for better mixing. They suggested to use al/siC composite 
simulation to study various combination of stirring speed and 
rotational direction. For modelling, important work was the 
sedimentation of particles. For sedimentation understanding, they 
removed gravity effect and particle phase was considered to be 
non-viscous having very high viscosity. hence, simulation can 
be considered as one of the ways to understand effect of blade 
design on flow behaviour and particle distribution. rohatgi et al., 
[112] used gravimetry technique for mixing of two phase slurries 
in the model of siC-water system to determine effect of stirrer 
geometry and baffles on the distribution of siC in the mixture. 
They used three blade stirrer and varied blade angle and stirring 
speed. They reported that distribution of particles was improved 
in the presence of baffles. biswas et al., [113] used sand water 
slurry system to study the effect of design parameters such as 

stirrer type, stirrer angle, blade type, rotation direction, number 
of stages of stirrer and number of blades. They did work to un-
derstand dynamics behind liquid metallurgy technique. based 
on experimental data, they suggested that propeller type stirrer 
is more suitable than hollow piped stirrer. They recommended 
a blade angle of 30° with respect to the stirrer shaft axis. The 
use of anticlockwise rotation showed better performance than 
clockwise. operating parameters influences air entrapment, pip-
ing and particle distribution. The optimal position of the stirrer 
from the base was reported to be 30 mm. naher et al., [114] 
performed visualization experiment using water glycerol system 
to study effect of stirring speed, stirrer height and stirrer type on 
the particle distribution. results revealed that stirring speed and 
blade angle majorly influenced particle distribution. naher et al., 
[115] also performed experimental and computational analysis 
to study effect of viscosity on particle distribution during al/siC 
MMC fabrication. Viscosities values used were 1 mPas and 
300 mPas. They reported suitable stirring speed 200 rpm and 
stirring time of 14 to 170 s for lower viscosity fluids. For higher 
viscous systems, a stirring speed of 300 rpm and a stirring time 
of 540 to more than 3920 seconds was recommended. suspen-
sion of particles was reported for few seconds in lower viscosity 
fluid and about an hour for higher viscosity fluid. 

su et al., [116] performed experimental and computational 
analysis to study effect of viscosity on particle distribution and 
flow patterns for different stirrer geometry, stirring speed and stir-

Fig. 8. Various stirrer designs reported in publications
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rer position using ansys Fluent simulation package. They used 
multiphase k-ε turbulence model for flow prediction. They varied 
blade dimension by using d/d ratio. here, d indicates impeller 
diameter and d indicates crucible diameter. For uniform particle 
distribution they suggested use of multistage stirrer, 100 rpm 
stirring speed, 30° blade angle and 0.55 d/d value. Kumar et al., 
[117] simulated stir casting process to study the effect of stirring 
speed on particle distribution. They kept viscosity 4.4 mPas 
and blade angle 60° constant. Two stirring speed selected was 
200 rpm and 400 rpm for stirring simulation. simulation was 
performed using multiphase model in ansys Fluent package. 
From simulation result they concluded that stirring speed greatly 
affected the particle distribution and for better particle distribu-
tion 400 rpm speed was suggested. Prasad et al., [118] simulated 
stir casting process of al MMC to compare it with experimental 
procedure. They used ansys Fluent package to simulate the 
process. The k-ε turbulence model was selected and further 
conditions were defined. They analysed that shearing rate in the 
fluid domain directly affected the mixing effectiveness. They also 
suggested relationship between shear rate and particle disper-
sion time. yamamoto et al., [13] investigated flow behaviour 
for different impeller design during stirring of molten al. They 
used impeller having twisted blade. Particle image Velocimetry 
(PiV) and numerical simulation using water model were used to 
study effect of twisting blade angle on flow pattern. For simula-
tion they used open-source software openFoaM. solver used 
was PimpledynFoam. They reported that increase in twisting 
angle reduces gap between adjacent blades which reduces the 
amount of sucked liquid. impeller with 30° twist angle created 
strong downward flow. They proposed that future research be 
directed at trailing vortices, gas bubbles and power number in 
order to optimise this process. rajendra et al., [119] simulated 
stir casting process by varying blade angle and stirring speed. 
simulation was performed using multiphase k-ω model and 
volume of fluid method in ansys Fluent package. They men-
tioned that uniform mixing was achieved using 300 rpm speed 
and 30° blade angle at viscosity of 3.2 mPa-s. after 57 seconds, 
reinforcement particles started to stabilize. They concluded that 
blade angle and stirring speed were majorly affecting particle 
distribution inside the molten metal.

5.1. anSyS fluent – Stir casting Simulation methods 

according to a review of the literature, ansys fluent is 
mostly used by researchers for stir casting process simulation as 
it has been commercially adopted by many industries. This tool is 
simple to use and has a wide range of applications. openFoaM, 
Z-Cast, MagMa and Pro-Cast software are limited in use due 
to the complexity of the multi-physics module when compared 
to ansys fluent. in ansys Fluent, for simulation, models 
selected by researchers were k-ε model and k-ω model. Mainly 
this models solves for reynolds average navier stokes (rans) 
equations. Most important step during simulation setup is the 
model selection. in stir casting, mixing process involves  rotation 

of fluid using impeller. in such situation, reynolds number will 
help to depict the nature of flow. For any flow reynolds number 
is defined as,

 
Re VD


  (1)

here, ρ is the density, V is the velocity of impeller, D is diameter 
of the container and μ is the dynamic viscosity of the fluid. if 
re < 20 then flow behaviour will be laminar and if re > 10000 
then flow behaviour will be turbulent [120]. Multiphysics mod-
ule is required when more than one phases are involved in the 
process. in most cases, phase is considered to be one of the type 
matters, such as solid, liquid or gas. Multiphase module includes 
homogeneous model and inhomogeneous model. Volume of 
fluid (VoF), Mixture and Wet steam are homogeneous models 
and Eulerian is inhomogeneous model. Turbulent flows are best 
described by fluctuating velocity fields. These variations com-
bine transportable quantities such as species concentration and 
energy and cause them to vary as well. since these variations 
might be of low magnitude and high frequency, simulating them 
directly in engineering calculations is computationally costly. 
instead, the instantaneous governing equations can be time aver-
aged or otherwise adjusted to eliminate the resolution of small 
scales, yielding a new set of equations that are computationally 
easier to solve. rans equations are used by engineers for the 
flow simulations. Equations are solved for time averaged flow 
behaviour and the magnitude of turbulent fluctuations. rans 
equation is considered as below:
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here,  ' '
i jρu u   represents the effect of turbulence. This is called 

reynolds stress. reynolds stress is modelled using boussinesq 
approach. it is used in k-ε model and k-ω model.
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here, u indicates instantaneous velocity which is also equal 
to u– + u', u– is time average velocity, u' is fluctuating velocity, 
μ is dynamic viscosity and μt indicates eddy viscosity (Turbulent 
viscosity).

standard k-ε	model	assumes	the	existence	of	isotropic	tur-
bulence and spectral equilibrium. it is primarily a high reynold 
number model. Equation for kinetic turbulent energy (k) and 
turbulent dissipation rate (ε) are mentioned below:
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here, ui indicates velocity component in corresponding direc-
tion, Gk represents the generation of turbulence kinetic energy 
due to mean velocity gradients, Gb represents the generation of 
turbulence kinetic energy due to buoyancy, YM indicates contri-
bution of the fluctuating dilatation in compressible turbulence 
to the overall dissipation rate, Cε1, Cε2 and Cε3 are constants, 
σε is the turbulent Prandtl numbers for ε, σk is the turbulent Prandtl 
numbers for k, Sε and Sk are user defined source terms which 
can represent pressure gradient, gravity or any other body forces 
imposed or removed from the phase. The turbulent viscosity or 
eddy viscosity, μt, is computed as follows:
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Values of different constants for k-ε model are Cμ = 0.09, 
Cε1 = 1.55, Cε2 = 2.0, σk = 1, σε = 1.3. 

This model has difficulty to consider streamline curvature, 
body-force effects and rotational strains. it has also problem 
at close wall flow handling, resolving vortexes, large pressure 
gradients, impinging flows and separating flows [121,122].

realizable k-ε model includes new formulation of turbulent 
viscosity. From a precise equation for the transport of the mean-
square vorticity fluctuation, a new transport equation of ‘ε’ has 
been derived. The term “realizable” refers to a model that satis-
fied specific mathematical limitations on the reynolds stresses, 
in accordance with the physics of turbulent flows. 
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here,
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in this model, equation for eddy viscosity is same as 
standard k-ε model but in this value of Cμ is not constant. it is 
computed as,
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Ω—ij = mean rate of rotation tensor viewed in a rotating refer-
ence frame with the angular velocity ωk. The model constants 
are: Cε1 = 1.44, Cε2 = 1.9, σk = 1.0, σε = 1.2. 

k-ω model is similar to k-ε model, except that it solves for ω 
(omega). ω indicates specific rate of kinetic energy dissipation. 
it is a model with low reynolds number that can also be used 
with wall functions. it is more nonlinear and, therefore, more 
difficult to converge than the k-ε model, and it is extremely sensi-
tive to the initial solution guess. The k-ω model is applicable in 
numerous situations when the k-ε model is not precise, such as 
internal flows, flows with severe curvature, separated flows, and 
jets. internal flow is exemplified by the flow through a pipe bend 
[123]. ansys’s standard k-ω model is derived from Wilcox k-ω 
model [124] with changes for low reynolds number effects, shear 
flow spreading and compressibility. The Wilcox model is relevant 
to wall-bounded flows and free shear flows because it predicts 
free shear flow spreading rates that are in close agreement with 
data for far wakes, round, radial, and plane jets and mixing layers. 
ssT (shear stress Transport) k-ω model, a variant of k-ω model, 
is also accessible in ansys Fluent. standard k-ω model is an 
empirical model based on model transport equations for the k 
and ω. ω commonly known as ratio of ε to k [124]. as the k-ω 
model has been changed throughout time, production terms have 
been added to both the k and ω equations, thereby enhancing 
the model’s ability to predict free shear flows. This modifica-
tion improves the model’s ability to handle vortices, and it can 
also be applied to the viscous sublayer. in addition, it is capable 
of handling negative pressure gradients and the wall-boundary 
flow is well resolved if the reynolds number is low. however, 
the model’s handling is inferior for the freestream [122,125].

Considering above all reviews it is observed that stirrer 
design parameters such as stirrer shape, stirrer blade angle, 
stirring speed and stirring time affects mechanical properties of 
fabricated composites. blade angles of 30° and 45° and stirring 
speeds in the range of 300 to 600 rpm is suggested suitable for 
manufacturing of MMCs by different researchers but still there 
are chances of porosity and inhomogeneous particle distribu-
tion. There is still further need of research in the area of stirrer 
and its blades design to reduce chances of porosity and improve 
homogeneous particle distribution. use of CFd simulation tool 
and physical simulation will be more suitable approach for stirrer 
design and shape selection before considering actual manufactur-
ing to reduce cost and save time.
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6. al mmcs applications

al MMCs are useful in many industrial sectors such as 
automobile, defense, marine and general engineering due to its 
suitability to provide combination of properties such as light 
weight, toughness, high strength to weight ratio, corrosion resist-
ance, wear resistance and easy fabrication. More than 50% of 
production of MMCs has application in the automotive industry. 
important applications mentioned in publications are shown in 
Fig. 9. al/siC composites are widely used in manufacturing of 
parts such as pistons, calipers, brake rotors, liners, propeller shaft, 
PCb heat sink, engine cradle and drive shaft. siC particles are 
mostly used as reinforcement material in MMCs used in race 
cars. some of the al/al2o3 composites finds their applications 
in fabrication of engine blocks, piston rings and connecting rods 
[126]. singh et al., [14] provided detailed review on application 
of MMCs in automobile sector. They reported use of al/siC 
whiskers to fabricate aircraft wing panels and use of al/graph-
ite fibers in fabrication of missile and helicopter components. 
They also reported use of matrix materials such as al6061-T6, 
 al6106-T6, al7075-T651, al7050-T7451 and various reinforce-
ment materials to fabricate gears having light weight and better 
mechanical properties to manufacture light weight vehicles. 
a359/aln composites were developed for automotive applica-
tions and showed improvement in hardness, ultimate tensile 
strength and yield strength with increase in wt.% of aln from 
5 to 15% [127]. al/graphite MMC are useful for manufacturing 
of cylinder and bearings due to advantage of reduced friction, 
weight and wear. al/TiC MMC reduced wear and weight com-
pared to base alloy and is suitable for manufacturing of piston 
and connecting rod. al-si-Zr hybrid MMCs are useful in manu-
facturing of cutting tools and impellers due to hard structure and 
high abrasion resistance [128]. 

Fig. 9. al MMCs applications

sharma et al., [83] fabricated al-Mg-si-T6/5% siC/3% 
muscovite MMC which showed decrease in wear loss and en-
hancement of traction strength. They proposed use of this MMC 
for high strength applications. Kumar et al., [84] developed 
 al-Mg-si-T6/5% fly ash/5% b4C MMC to suit needs of auto-
motive applications such as high strength and low density. They 
reported that prepared MMC can be used to fabricate drive shaft 
of a racing cars. aigbodion et al., [88] studied microstructure, 
corrosion and stress analysis of al-3.7% Cu-1.4% Mg/1.5% rise 
husk ash nano particles to replace mild steel for the production 
of impeller. al7075 reinforced with varying weight percent-
age of b4C and 3 wt.% of bn, improves strength by 22% to 
that of base alloy. With the addition of b4C corrosion rate also 
decreased. al7075/b4C/bn MMCs are supposed to be used for 
marine applications. al6061/10 wt.% b4C/3 wt.% Mica hybrid 
MMC showed best mechanical properties making them suitable 
for automotive related sheet forming operations. sahoo et al., 
[77] focused on manufacturing of self-lubricating composite of 
al-siC-hbn. They successfully fabricated hybrid MMC having 
4 wt.% siC and 5 wt.% hbn which gave max wear resistance and 
hardness. They mentioned use of this composite for components 
subjected to wear environment such as bearing. al6063/5% b4C 
composite suited for use as a steel replacement in nuclear applica-
tions. reinforcement of al 5xxx series with siC, b4C and al2o3 
are suitable for marine applications, building and construction, 
automotive and structural applications. MMC fabricated using 
al 6xxx series reinforced with siC, b4C and Tib2 are useful 
for electronic packaging, marine frames, precision instruments, 
pipeline and rail rods etc. al 7xxx series reinforced with siC, 
graphite, fly ash and short basalt fiber found their applications 
on automotive components and large structural members [129]. 
other than this, there are many field such as rail transport, build-
ing and construction, high temperature applications, electronic 
packaging, thermal management, electrical transmission and 
aerospace where needs of MMCs is higher to meet the current 
market of combination of properties [130].

some of al MMCs are utilized in manufacturing of com-
mercial components also by different companies. Ferrotec 
corporation [131] developed al/siC composites and used for 
semiconductor equipment and inspection parts, display equip-
ment parts, precision equipment parts and heat sinks. CeramTec 
[132] developed al MMC having 60 vol.% alsiMgMn and 
40 vol.% al2o3. They used composite for manufacturing of 
engine cylinder sleeves, piston recess walls, brake pad, backing 
plates, bearings, brake discs, sport goods or heat sinks in elec-
tronics. ii-Vi company [133] developed al MMCs having base 
alloy aa360. reported specific stiffness and thermal stability 
of developed MMCs are higher than that of stainless steel 303 
and al 6061-T6. They used it for manufacturing of advanced 
back-end semiconductor processing equipment. along with these 
many advantages and applications of al MMCs, researchers also 
reported certain obstacles observed such as particle clustering 
inside matrix, poor wettability, high porosity and higher cost of 
ceramic particles.
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7. conclusions

Metal matrix composites have been developed to meet cur-
rent market need. different MMC manufacturing methods, as 
well as the usage of matrix and reinforcing materials, have been 
evaluated in order to identify potential improvements in MMC 
characteristics and quality. The most common matrix materials 
were al, Cu, Mg, si, Fe, ni, Ti, and their alloys. it is observed 
that al and its alloys were mostly used as matrix material due 
to its easy availability, light weight and low cost. siC, al2o3, 
and b4C were mostly used as reinforcements because they can 
provide a variety of properties, including high strength, low 
weight, good wear resistance and corrosion resistance, depending 
on needs. selection of reinforcement depends on end application 
of fabricated MMCs. hence, selection of suitable reinforcement 
is most important. list of mostly used reinforcements with their 
properties and possible bonding mechanism with al is provided 
which will be helpful to select suitable reinforcement materials. 
Further, research can be focused on mixing rare earth materials 
with different matrix and reinforcement materials to study its 
effect on properties of fabricated MMCs.

MMCs can be manufactured by varieties of methods. after 
collecting papers from science direct, it is analyzed that most 
commonly adopted MMC manufacturing processes are stir cast-
ing, powder metallurgy and FsP. almost 50% of contribution 
is observed of stir casting process in MMC manufacturing. stir 
casting process is reported to be suitable and economical for 
mass production of MMCs due to low cost. Major limitation of 
powder metallurgy process is the high cost of metal powder and 
difficulty in producing uniform density product. use of FsP is 
limited due to expensive tooling involved and high frequency 
usage. use of stir casting process is mostly reported for manufac-
turing of al MMCs due to low melting point of al and its alloys. 
selection of al as a matrix material by different researchers is 
due to possibility of achieving combination of properties such 
as high strength, low weight, better wear resistance, corrosion 
resistance and high toughness. several stir casting process pa-
rameters that influence the quality of manufactured MMCs need 
to be optimized. a detailed cause and effect diagram is provided, 
taking into account all potential variables that could affect the 
physical characteristics, tribological properties, and porosity of 
stir cast MMCs. 

in recent publications, various wrought and cast al alloys 
were explored as matrix materials. Wrought al alloys reported 
were aa2024, aa6061, aa6083, aa6351, aa7075 and aa 
7178. Cast al alloys reported were lM6, lM7, lM12, lM30, al-
Mg-si and al-Cu. it is observed that publications on al MMCs 
are mostly focused on parameters such as effect of variation in 
proportion of different reinforcements to improve the mechani-
cal, thermal and tribological properties. however, limited number 
of publications have been reported on the effect of stirrer blade 
design and parameters such as stirrer shape, stirrer dimensions 
and stirrer position. 

The literatures on optimum stirring parameters and their 
effect on mechanical characteristics and microstructure are re-

viewed. stirrer design parameters involves stirrer shape, stirrer 
dimensions, stirrer stages, blade design and blade angles. stirrer 
design parameters affects formation of vortex during mixing 
which in turn affects distribution of reinforcement particles. 
Particle distribution governs the properties of cast composites. 
it is reported that stirrer having four blade and 30° or 45° blade 
angle showed uniform particle distribution inside the melt due 
to suitable lift forces. stirring position suggested is 40% from 
the base. different stirring speeds in the range of 300 to 600 rpm 
are recommended. The speed should be chosen so that it does not 
generate a lot of vortex because that can lead to air entrapment, 
which increases the chances of porosity formation. The use of 
an alternate paddle blade and a four blade mixed stirrer resulted 
in homogenous particle distribution as well.

it is difficult to observe how the particles are dispersed and 
how the flow behaves during mixing as stir casting process is 
performed in a closed environment. some of the methodologies 
documented in the literature are CFd simulation and physical 
simulation utilizing a water, glycerol, and graphite mixture. 
Mostly reported CFd simulation tool is ansys Fluent due to 
easy access of its resources and widespread commercial use. 
Multiphysics models used for CFd simulation were k-ε model 
and k-ω model. it is necessary to assess which of these models 
best handles the real-time situation. This can be seen as the fu-
ture scope of this field. in the case of physical simulation, the 
viscosity of the water-glycerol mixture and the utilization of 
particles in it are determined by the viscosity of the al melt 
and the density difference between the al melt and the speci-
fied reinforcements, respectively. Further research on stirrer 
design parameters is required to limit the likelihood of porosity 
formation and achieve homogenous particle distribution. CFd 
simulation and/or physical simulation will be a better way for 
stirrer design parameter optimization in order to reduce costs 
and time.

al MMCs have made its way into applications in the au-
tomotive, defense, aerospace, marine, and general engineering 
fields thanks to their versatility for providing combinations 
of properties dependent on needs. almost half of all MMCs 
manufactured to date have found use in the automotive industry. 
still, commercialization of al MMCs is challenge. some of the 
companies such as Ferrotec, CeramTec and ii-Vi developed  
al/siC, al/al2o3 composites for manufacturing of semiconduc-
tor equipment, engine blocks, brake pad and many more. 

Major problems reported with the use of stir casting process 
are lack of homogeneous distribution of particles inside melt, 
poor wettability and porosity. Wettability improvement methods 
reported are preheating of reinforcements, addition wetting 
agents, optimum stirrer design and semi solid stirring. Particle 
distribution is majorly affected by stirrer geometry. Published 
stirrer designs are also combined here under one roof which will 
be helpful for further selection of stirrer geometry and make suit-
able changes in it. stirrer design selection considering physics 
behind it can be well-thought-out as the future area of research 
in widely adopted stir casting field.
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