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Abstract— In Metal matrix composites, the Aluminium 

Matrix Composites are gaining increasing attention for 

applications in aerospace, defence and automobile 

industries. The purpose of the current Paper is therefore 

aimed at highlighting the focus of the current research 

scenario, in the field aluminium based hybrid composites, to 

explore the materials for automotive and aerospace 

applications; this is achieved with the help of stir casting 

technique. Stir casting is one of the novel methods to 

produce metal matrix composites with more uniform 

distribution of matrix and reinforcement constituents. This 

approach involves mechanical mixing of the reinforcement 

particulates/particles into a molten metal bath. A crucible is 

heated to malt aluminum metal, with a motor and blades is 

placed in the crucible that helps to get uniform molten 

metal. The reinforcement is poured into the crucible above 

the melt surface and at a controlled rate, to ensure a smooth 

and continuous feed. As the blades rotate at moderate 

speeds, it generates a uniform mixing of the reinforcement 

particles into the melts to produce homogenous composites. 

In this paper we discussed about construction and 

experimentation of stir casting setup for metal matrix 

composites. 
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I. INTRODUCTION 

Stir casting of metal matrix composites (MMC) was 

initiated in 1968, when S. Ray introduced alumina particles 

into aluminium melt by stirring molten aluminium alloys 

containing the ceramic powders. In a stir casting process, the 

reinforcing phases are distributed into molten matrix by 

mechanical stirrer. Mechanical stirring in the furnace is a 

key element of this process. The resultant molten alloy, with 

ceramic particles, can then be used for die casting, 

permanent mould casting, or sand casting. Stir casting is 

suitable for manufacturing composites with up to 30% 

volume fractions of reinforcement. The cast composites are 

sometimes further extruded to reduce porosity, refine the 

microstructure, and homogenize the distribution of the 

reinforcement. A major concern associated with the stir 

casting process is the segregation of reinforcing particles 

which is caused by the surfacing or settling of the 

reinforcement particles during the melting and casting 

processes [1]. The final distribution of the particles in the 

solid depends on material properties and process parameters 

such as the wet condition of the particles with the melt, 

strength of mixing, relative density, and rate of 

solidification. In Fig 1 show that diagram of stir casting and 

the distribution of the particles in the molten matrix depends 

on the geometry of the mechanical stirrer, stirring 

parameters, placement of the mechanical stirrer in the melt, 

melting temperature, and the characteristics of the particles 

added. An interesting recent development in stir casting is a 

two-step mixing process. In this process, the matrix material 

is heated to above its liquids temperature so that the metal is 

totally melted. The melt is then cooled down to a 

temperature between the liquids and solidus points and kept 

in a semi-solid state [2-4]. 

 

 
Fig 1: Schematic diagram of stir casting process 

There are different routes by which MMCs may be 

manufactured, and among all the liquid-state processes, stir 

casting technology is considered to have the most potential 

for engineering applications in terms of production capacity 

and cost efficiency Casting techniques are economical, 

easier to apply and more convenient for mass production [5-

7]. In preparing metal matrix composites by stir casting 

method some of the factors that need considerable attention 

are as follows, 

 To achieve uniform distribution of the reinforcement 

material 

 To achieve wettability between the two main substances 

 To minimize porosity in the cast metal matrix 

composite 

A. Process parameters of stir casting 

Stir design is very important parameter in stir casting 

process which is required for vortex formation. The blade 
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angle and number of blades decides the flow pattern of the 

liquid metal. The stirrer is immersed till two third depth of 

molten metal. All these are required for uniform distribution 

of reinforcement in liquid metal, perfect interface bonding 

and to avoid clustering. Stirring speed is an important 

parameter to promote binding between matrix and 

Reinforcement i.e. wettability. Stirring speed decides 

formation of vortex which is responsible for dispersion of 

particulates in liquid metal. In our project stirring speed is 

around 300 rpm. Aluminium melts around 650°C, at this 

temperature semisolid stage of melt is present. Particle 

distribution depends on change in viscosity. The viscosity of 

matrix is mainly influenced by the processing temperature 

8]. The viscosity of liquid is decreased by increasing 

processing temperature with increasing holding time for 

stirring which also promote binding between matrix and 

reinforcement. Good wettability is obtained by keeping 

temperature at 800°C. As stirring promote uniform 

distribution of reinforcement partials and interface bond 

between matrix and reinforcement, stirring time plays a vital 

role in stir casting method. Less stirring leads to non-

uniform distribution of particles and excess stirring forms 

clustering of particles at some places. Stirring time is 5 

minutes in our case [9]. Casting process of MMC’s is 

difficult due to very low wettability of alumina particles and 

agglomeration phenomenon which results in non-uniform 

distribution and poor mechanical properties. Reinforcement 

is heated to 500°C for 40 minutes. It removes moisture as 

well as gases present in reinforcement [10-12]. The flow 

rate of reinforcements should be 0.5 gram per second. 

Pouring rate and pouring temperature plays rate of slurry 

must be uniform to avoid entrapping of gases. At this stage 

the melt is 800°C. The distance between mould and crucible 

casting must be less.  

In this paper we briefly explain preparation of the 

stir casting setup for alloy and composite specimen 

preparation. Since stir casting being economical, simple, 

time saving and it is having more significance than other 

casting process. With the help of stir casting process it is 

proved to manufacture castings in large quantities which is 

not quite possible in other casting process which are used to 

produce MMCs.  

II. MATERIAL SELECTION FOR STIR CASTING SETUP 

A. Refractory bricks: 

A fire brick, firebrick, or refractory brick is a block of 

refractory ceramic material used in lining furnaces, kilns, 

fireboxes, and fireplaces. A refractory brick is built 

primarily to withstand high temperature, but will also 

usually have a low thermal conductivity for greater energy 

efficiency. Usually dense firebricks are used in applications 

with extreme mechanical, chemical, or thermal stresses, 

such as the inside of a wood-fired kiln or a furnace, which is 

subject to abrasion from wood, fluxing from ash or slag, and 

high temperatures. In other, less harsh situations, such as in 

an electric or natural gas fired kiln, more porous bricks, 

commonly known as "kiln bricks" is a better choice. They 

are weaker, but they are much lighter, easier to form, and 

insulate far better than dense bricks. In any case, firebricks 

should not spall, and their strength should hold up well 

during rapid temperature changes. Fig 2 shows refractory 

bricks. 

 
Fig. 2: Refractory bricks 

B. Crucible: 

Crucible is the container in which the metal is melted and 

then poured into a mould to perform casting. The material of 

the mould should have very high melting point, high 

strength and should be a very good conductor of heat so that 

heat loss should be less. There are several materials 

available for this purpose like silicon-carbide, cast steel and 

graphite. We have taken here a graphite crucible which 

serves to our purposes as its melting temperature is about 

2700°C which is far above our operating temperature. 

Crucible In Fig 3 is made in a shape of a cylinder with 

decreasing diameter so that the upper portion remains a 

cylinder however the bottom part takes the shape of a 

hemisphere. It can withstand very high temperatures and is 

used for metal, glass, and pigment production as well as a 

number of modern laboratory processes. 

 
Fig. 3: Crucible used in our work 

C. Blower: 

The 500W motor blows out high volume air that helps 

proper combustion of the fuel. By controlling the blower 

speed, the temperature in the furnace can be modified. The 

blower fig 4 is one of the most important part of this setup. 

 
Fig. 4: Blower for combustion process 
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D. Stirrer: 

The method used in fabrication of MMC requires the 

dispersed phase that is the ceramic particles (SiC) to be 

mixed in solid state in the liquid metal. So for uniform 

mixing of the ceramic particles in the liquid metal it is 

needed that the mixture be stirred well. So, a stirrer is 

required which can withstand the high temperature and 

doesn’t affect the purity of the composite.  

 
Fig. 5: Stirrer for uniform distribution 

The stirrer in Fig 5 is made of a stainless steel rod 

whose front end is attached with a graphite fan. The stirrer is 

inserted vertically into the crucible about one third of its 

height after adding the ceramic particles. Here we have 

provided ways for stirring through external mediums that 

can be attached to the furnace at any point through the top. 

E. Charcoal: 

Charcoal is a lightweight, black residue, consisting of 

carbon and any remaining ash, obtained by removing water 

and other volatile constituents from animal and vegetation 

substances. Charcoal figure 4.1.5 is usually produced by 

slow pyrolysis the heating of wood or other substances in 

the absence of oxygen. 

 
Fig. 6: Charcoal for burning process 

III. FABRICATION OF STIR CASTING SETUP 

In our paper based on the other literature papers survive we 

selected materials for setup construction. Some of the Steps 

involved in construction of the stir casting setup are 

discussed below. 

A. Step 1 

The first step in the construction of the stir casting setup is 

to create a CAD model. Figure was done using solid edge 

ST5. This model can be used as to check and correct any 

dimensional error made during the manufacturing of the 

machine. 

 
Fig. 7: 3D model of stir casting machine 

B. Step 2 

The first part in the construction of the furnace is the body 

of the furnace. To work with highest efficiency the furnace 

has to produce heat as well as retain it within the walls of 

the furnace, so that the heat loss in the furnace is very less. 

To achieve this, the furnace needs to be as insulated as 

possible while being able to withstand the thermal stresses 

developing within the furnace. The construction of the body 

starts with building the furnace frame. The furnace frame is 

made of mild steel bar, weld and joined, upon which mild 

steel sheet is also welded to form the body. 

 
Fig. 8:  Construction of the frame of furnace 

Mild steel sheets adds to the insulating property of 

the furnace wall which is much needed, as a result we are 

able to keep the temperature of the walls at near about 

atmospheric temperature and avoid overheating. But with an 

exception to the sides the top side of the frame is made of 

refractory bricks and making a lid we have welded hinges to 

the bricks and to the frame and the top part has an opening 

in the centre which will serve to the purpose of placing the 

crucible inside and removing it while operating the furnace 

and also to let the hot combusted gases out of the furnace. 

C. Step 3 

In order to reduce the thermal conductivity of the furnace 

after making the frame the inner sides of the frame plates are 

coated with an insulating paint. The inner sides of the frame 

is lined with insulating bricks made of refractory materials 

,which also acts as insulators and traps the heat lost from the 

charcoal due to combustion. Due to the use of refractory 

bricks which are remarkably light and overall weight of the 

https://en.wikipedia.org/wiki/Carbon
https://en.wikipedia.org/wiki/Ash
https://en.wikipedia.org/w/index.php?title=Volatile_constituents&action=edit&redlink=1
https://en.wikipedia.org/wiki/Animal
https://en.wikipedia.org/wiki/Vegetation
https://en.wikipedia.org/wiki/Pyrolysis
https://en.wikipedia.org/wiki/Wood
https://en.wikipedia.org/wiki/Oxygen
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furnace also decreases which is an advantage to the furnace 

and eases the furnace handling and moving. To avail 

complete heat trapping and avoid heat loss through any gaps 

all the gaps within the adjoining walls are filled with 

refractory cement. The refractory cement is made from 

ceramic powder, glue and water which acts as cement for 

the furnace and hence used for closing the gaps. The main 

reason for using the paste is that ceramic powder can 

withstand very high temperature and at the temperature the 

paste can still maintain its cohesive properties. After that the 

furnace is left as it is to become dry. 

 
Fig. 9: Packing Refractory bricks and applying the ceramic 

paste 

D. Step 4 

The machine is made to be easily carried or moved from one 

place to another, and to do so wheels are used to move it 

from place to place. The wheels are made of fibre material 

and they can withstand weight of whole equipment. These 

wheels are welded to the legs of the furnace body, to help 

move the equipment. 

 
Fig. 10: Fixing wheels to setup 

E. Step 5 

1) Stirrer design and speed: 

The blade angle and number of blades decides the flow 

pattern of the liquid metal. The stirrer is immersed till two 

third depth of molten metal. All these are required for 

uniform distribution of reinforcement in liquid metal, 

perfect interface bonding and to avoid clustering. Here the 

stirrer blade used is of a salvaged water pump, from the 

radiator of the vehicle. Stirring speed is an important 

parameter to promote binding between matrix and 

reinforcement i.e. wettability. Stirring speed decides 

formation of vortex which is responsible for dispersion of 

particulates in liquid metal. In our project stirring speed can 

be varied from 250 to 800rpm, but the optimal stirring speed 

required is 400rpm and it is shown in Fig 11.  

 

 
Fig. 11: Stirrer setup 

F. Step 6 

The top lid of the furnace that covers the opening at the 

upper side is made with the same refractory bricks. Partial 

heat entrapment occurs due to the refractory brick lid of 

furnace. In Fig 12 show the two face of the lid are screwed 

shut. On the top of the lid is the mechanism for the door / 

lid. The door is hinged at the other end with by welding it to 

the frame. Two handles are provided at the two sides to 

assist the operator in opening the door. 
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Fig. 12: Lid of furnace and Portable stir casting machine 

IV. EXPERIMENTAL WORK 

A. Melting and Casting of Aluminum 

In this paper we considered aluminium alloy and other 

Reinforcements like silicon Carbide powder (SiC) for 

composite preparation.  A step by step preparation of 

composite is shown below,  

1) Step 1 

The furnace is heated up to 900℃. The top cover is kept 

open until the charcoal attains stable combustion 

temperature. After attaining the condition, the cover (lid) is 

closed. When the furnace crucible is red hot, the metal 

scraps are ready to be put in it. 

 
Fig. 13: Heating the furnace 

2) Step 2 

 

Aluminium scraps were cut into small pieces and hammered 

to get small tablets of aluminium scrap. About 450gms of 

aluminium scrap were put in the graphite crucible, to melt 

the aluminium completely. 

 
Fig. 14: Weighing aluminium scraps and Aluminium scrap 

in the graphite crucible 

3) Step 3 

The molten aluminium is stirred, while reinforcements of 

silicon carbide (SiC) are added at a constant rate into the 

crucible. In Fig 15 the SiC put in crucible was 30gms. After 

5 mins the molten aluminium SiC composite in crucible was 

taken out of the furnace with the help of tongs and by taking 

other precautions like wearing insulating hand gloves. 

 
Fig. 15: Weighing Silicon carbide particles and Stirring Al-

Sic 

B. Casting of Molten Aluminium 

A mould was prepared for casting the molten aluminium, by 

pressing a mixture of sand and clay into a stainless steel 

container such that a hollow impression of the required 

shape of the cast is formed. After preparing the mould, the 

molten aluminium was poured into the mould from the 

crucible and was left to solidify. When the casting is done, it 

was separated from the mould and shown in below Fig 16. 

 

 
Fig. 16: Mould preparation and casting of Aluminium 
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V. CONCLUSION 

In our paper we mainly concentrate on fabrication of stir 

casting set for composite materials manufacturing. Form the 

experimentation we can conclude that there is satisfactory 

output from our device. By using refractory bricks proper 

heat entrapment is possible. The furnace reaches sufficient 

temperature to melt aluminium and other metals with similar 

melting points. The use of stirrer helps distribute 

reinforcement particles uniformly throughout the molten 

metal successfully fabricated a Stir-Casting Furnace set-up. 

Aluminium scrap was melted successfully using the furnace 

and casting of the molten aluminium was done. The results 

observed were satisfactory. Hence, the furnace is efficient 

and can be used for fabrication of Metal Matrix Composites 

(MMCs) in future. 
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