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Abstract. Among the weight—efficient materials used in ttransport industry are the
composite materials with metal matrix (Metal MatGomposites), the aluminium alloy matrix
(Aluminium Matrix Composites) being an importanttegory. From the manufacturing
process, the low cost method and uniform distrdoutiof reinforcement particulate in
aluminium is a demanding challenge in this areaoAgvarious manufacturing methods stir
casting is generally accepted as a promising réeteause of low cost, little damage to
reinforcement and stir cast components are natictest by its size and shape. It also possesses
advantages like simplicity, flexibility and appllulity to large quantity production. At the
same time, aluminium offers intelligent and praaitisolutions to recovering for recycling.
This paper presents an overview of the relatively tost stir casting technique, for use in the
production of silicon carbide/aluminium alloy metatatrix composites, using recycled
aluminium.

1. Introduction

Worldwide is manifested a great interest in prodgdightweight parts with different technologies.
Metal matrix composites have been attracting grgwiimerest too [1-2]. In the past few years,
materials has shifted from monolithic to compositaterials, adjusting to the global need for reduced
weight, low cost, quality, and high performancesiructural materials [1-5]. In this sense, amorgg th
lightweight materials used in the transport indugtoad, rail or aviation) are the composite maieri
with metal matrix (Metal Matrix Composites) whichaye good mechanical and tribological
characteristics (friction, wear resistance) impoby reinforcing of metallic alloys with particuéat
reinforcement, short or very short fibres (whiskef$—5]. The need for advanced engineering
materials in the areas of aerospace and automotivstries had led to a rapid development of metal
matrix composites [1-5].

For applications in the top industries, affordatdest is also an essential factor [1,2]. Apart from
the emerging economical processing techniques toatbine quality and ease of operations,
researchers are, at the same time, turning to cplate—reinforced aluminium—metal matrix
composites [1-5]. Therefore, aluminium alloy mati&uminium Matrix Composites) constitute an
important category of design and weight—efficienatenials and their processing has the vast
development in the various research on advancedriaiatto overtake the need of low cost, light—
weight and high—technological properties [1,2]eifhrelatively low cost and isotropic properties
especially in those applications not requiring exte loading or thermal conditions [1]. Also, the
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processing problems and commercial difficultiesoasged with continuously reinforced Aluminium
Matrix Composites are contributory to the recemeriest in their particulate composites (commonly
ceramic such as SiC) [1-5].

Like all composites, aluminium—matrix compositesp@rties can be tailored, their behaviour and
properties being be predicted and the factors sslproperties, structural arrangement and the
interaction between the constituents are of mugboimance [1-5]. Various processing techniques for
the fabrication of Aluminium matrix composites, tieg of their mechanical properties are available.
Several processing techniques like ultrasonic &@skisasting, powder metallurgy, stir casting are
being used for the production of Aluminium matrivngposites [3,5-12]. The selection of the
manufacturing methods available for Aluminium MatGomposites depends on many technological
or cost factors [1]. Solid state fabrication methaate the process, in which the Metal Matrix
Composites are formed as a result of bonding matetal and dispersed phase due to
mutual diffusion occurring between them in solidtes at elevated temperature and under pressure
[2,4]. Solid phase processes (such as powder megg)l are expensive because it needs expensive
starting materials such as powder or the matrix[5kiquid phase process (casting process) involves
a liquid state fabrication technique which requirdge incorporation of reinforcing phase
(discontinuous form) into a molten matrix metal r{tiouous form) to obtain a uniform distribution
through stirring. It is generally less expensivartisolid phase process [3,5,8,9].

The major disadvantage of metal matrix compositesally lies in the relatively high cost of
fabrication and of the reinforcement materials J4,%2. The cost—effective processing of composite
materials is, therefore, an essential element Xpaeding their applications. The increasing demand
for lightweight and high performance materialsikelly to increase the need for Aluminium matrix
composites [2,4]. The availability of a wide vayiedf reinforcing materials and the development of
new processing techniques are recently being usedthfe production of Aluminium matrix
composites are attracting interest in compositeerias. The study of metal matrix composites has
become attractive to researchers interested in g#ntific and industrial applications [1-9,123. |
this paper, the Stir Casting method used Aduminium Matrix Composites manufacturing is
presented and discussed. The method starts froepdually recycled aluminium alloy.

2. Recycled aluminium for matrix
Aluminium is the most expensive recycled produd aecycling of aluminium is economic: it uses
less energy and recycling is self—sustained duthéohigh value of the aluminium used. In other
words, it is worth recycling it from all points efew: it is easy to carry, recyclable, infinitelgusable,
it does not rust. For this reason, aluminium iglsalost.

Recycling is the reprocessing of materials in neadpcts[1]. Thus, in order to carry out the
recycling process of collected non—ferrous metabtejaaluminium waste melting facilities are

(@)

(b) (©) (d)

Figure 1. Micro station for melting of aluminium wastes frahe beverage cans: (a) preparing
for melting; (b) the melting aggregate; (c) ingodsting; (d) aluminium ingots.
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required. This enables cost efficiency and fasemycling of waste from aluminium [1]. In this
direction we propose a micro station for meltingafminium wastes from the beverage cans (Figure
1). Research refers to a process for obtainingneksey aluminium from waste, by directly melting it
into an experimental aggregate.

A lot of charcoal briquettes are placed arounddheible until they are filled. The charcoal is
ignited and when the crucible is hot, the aluminiaams are introduced. Melting takes place at a
temperature of 680—750°C. Thus, small ingots cosgary aluminium chips are obtained.

3. Manufacturing and forming methods

Aluminium Matrix Composites and their processingvéhethe vast development in the current
materials research to overtake the need of low, digtt weight and to exhibits high mechanical
properties and improved strength to weight ratiaviHg in view that the manufacturing methods
determine the microstructure and interfacial boonddition between reinforcement and matrix, the
low cost processing method and uniform distributddrreinforcement particulate in aluminium is a
demanding challenge in this area [5-9,12]. Theatdity of reinforcement — defined as the abilify o
a liquid to spread on a solid surface — is oneéhefrhajor challenge has been studied which is a key
factor for uniform property of the Aluminium Matrikomposites [3,5,9]. Recently there are several
grades of aluminium and different reinforcement eriat are in use to develop Aluminium Matrix
Composites but choosing low cost reinforcement @stdnum process is a considerable factor [1-5].
The manufacturing methods available for Aluminiunathik Composites can be classified into three
types. They are:

O solid phase processes (such as powder metallusgyy],

O liquid phase processes (such as stir casting,tratfdbn of liquid alloy matrix into the

composite’s reinforcements) 3,5,8,9], and

O in situ processes and semi—solid methods (sudheaeasting and compocasting) [5,10-12].

The selection of the processing route depends ony nfiactors including type and level of
reinforcement loading and the degree of microstmadtintegrity desired [2-5]Solid phase process
such as powder metallurgy, is expensive becauseeills expensive starting materials such as powder
or foil matrix etc. Liquid phase process (castimgoess) is generally less expensive than solidgphas
process [3,5,8]. In the casting process, high teatpee melt is used. High temperature often prosote
the chemical reaction between the melt and thdaiwiaments. The reaction leads to the degradation
or disappearance of the reinforcements. The expegteperties of the composite would not be
obtained if this reaction occurs. So in order ttagbmetal matrix composite with good characterssti
special techniques are required [2-5,8].

Among the various methods, stir casting route mp#, less expensive, and used for mass
production [2-5,8]. Stir casting is a primary pregeof composite production whereby the
reinforcement ingredient material is incorporatetd ithe molten metal by stirring. Stir casting es
was used as a production technique to produce ailumibased silicon carbide particulate metal
matrix composites [2-5,8]. Its advantages lie s1gimplicity, flexibility and applicability to laeg
quantity production. Among various manufacturingtmeels stir casting is generally accepted as a
promising route because of low cost, little damtgecinforcement and stir cast components are not
restricted by its size and shape [2-5,8]. It alesspsses advantages like simplicity, flexibilitydan
applicability to large quantity production. Stirstimg process setup is shown in Figure 2.

In a stir casting process, the reinforcing phaassdlly in powder form) are distributed into molten
aluminium by mechanical stirring [2-5,8]. The disttion of the particles in the molten matrix also
depends on the geometry of the mechanical stistgring parameters, placement of the mechanical
stirrer in the melt, melting temperature, and tharacteristics of the particles added. To creatk an
maintain a good distribution of the reinforcemeratenial in molten matrix a vortex method is used.
The resultant molten alloy, with ceramic particlean then be used for die casting, permanent mould
casting, or sand casting. Stir casting is suit&menanufacturing composites with up to 30% volume
fractions of reinforcement [2-5,8].
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Figure 2. Stir Casting: (a) the incorporation of reinforciplgase into metallic matrix; (b—c) the
stir casting setup; (d) casting of the metal matdmposites.

Stir casting is a unique and prominent techniquetiie development of reinforced aluminium
matrix composite materials. This technique is z#ili as a result of its simple process and abitity t
overcome the problem of expensive processing metiwbcch has restricted the widespread
application of metal matrix composite which are sidered potential material candidate for various
structural and non-structural applications in tlaeious industries [1-5]. The development of this
promising technique evolved as a result of modechriological advancement in material application
and the demand for lightweight materials with im@d mechanical and thermal properties. This
process involves a liquid state fabrication techaigvhich requires the incorporation of reinforcing
phase (discontinuous form) into a molten matrix ahgtontinuous form) to obtain a uniform
distribution through stirring. Literature surveydinate that various properties of stir cast reicéolr
aluminium matrix composite materials depends updmi¢ation method, volume fraction, shape, size
of particles and distribution and properties ofstdoents. [2-5,8]

Liquid state fabrication of aluminium matrix compges materials involves incorporation
of dispersed phase into a molten aluminium matakowed by its solidification [2-5,8]. In order to
provide high level of mechanical properties of tbemposite, good interfacial bonding (wetting)
between the dispersed phase and the liquid mdiduld be obtained. Manufacturing methods used
for production of aluminium matrix composites slibahsure uniform distribution of reinforcement in
matrix. The non—uniform distribution is due to dignsglifferences between the reinforcement particles
and the matrix alloy melt [2-5,8]. The distributiohreinforcement is influenced during several etag
including:

O distribution in the liquid as a result of mixing,

O distribution in the liquid after mixing, but befoselidification.

For obtaining composite materials by Stir Castingthmd, one should be aware of the following
factors which influence manufacture: [2-5,8]

O assuring the field of temperature (above lichidimgerature or under lichidus temperature);
introducing of granular particles into the metaitielts;
preparing the granular particles (by preheatingteetising);
assuring the environment (pressurized/vacuum orert environment);
preparing for mechanical mixing (using of differéotms of impellers/blades);

O establishing of rotation speed for achieving superields of embedding of granular particles.
The liquid state fabrication of aluminium matrixnaposite materials has two major problems: [2,8]

O first, the introduction and dispersion of the Si@rtles in the liquid aluminum is difficult

because the casting and solidification allows pldi to sink due to their higher density
resulting in non—uniform particle distribution;
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O second, the ceramic particles are generally pavelyed by the liquid metal matrix resulting in

a poor bonding force between the matrix and reg&iorent. The previously mentioned casting

problems appear significantly in processing of fiemforcement particles.
The final distribution of the particles in the sbldepends on material properties and process
parameters such as the wetting condition of théighes with the melt and mixing [2-5,8]. Many
factors and parameters can improve the disperdid@®i® particles in the aluminium matrix. These
factors include the mechanical stirrer used, theirgy speed and time, the melt temperature.
Manufacturing methods should also ensure propetaimty of reinforcement in matrixThe
distribution of the particles in the molten matdgpends on the geometry of the mechanical stirrer,
stirring parameters, placement of the mechanidekestin the melt, melting temperature, and the
characteristics of the particles added [2-5,8].idtaresting recent development in stir casting loan
the multi-impeller mixing—vortex process. In thisogess, the matrix material and the reinforced
particles are better mixed due to the use of ninipellers attached to the mechanical stirrer (Fégur
3). Therefore, the resulting microstructure hasldeand to be more uniform than that processed with
conventional stirring.
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Figure 3. Stir Casting in the multi-impeller mixing—vortexauess (1-4 impellers).

The AI-SIC composites are prepared mainly by powdetallurgy, squeeze casting, metal
injection moulding and stir casting [2-5]. The masportant techniques in this field are powder
metallurgy and stir casting. The powder metallumgthod has the advantage of better matrix—particle
bonding, easier control of matrix structure, andarm dispersion of the reinforcement, while stir
casting is generally accepted due to its simpliddy cost of processing, manufacturing of intrecat
components, and near—net shape component [2-9].

Obtaining in liquid state of composite materialhyew granular particles remain in contact with
melted alloy of matrix for a long time and locatlgn result in a reaction between the two. Stiri@gst
Vortex method is a suitable technology for thesenmaosite materials [2-5,8]. With Stir Casting
Vortex method, granular particles are embedded eitad matrix using different technologies
followed by mechanical mixing or pressing and castresulting a composite material. In the case of
Stir Casting Vortex method the reinforcement isadticed in the created vortex of liquid metallic
material by mechanical mixing [2-5,8]. Reinforcemén uniformly distributed in melt, then the
composite material resulted can be casted. In phigess, a strong bond between matrix and
reinforcement is achieved at high obtaining temijpees.

4. Concluding remarks

The developed aluminium metal matrix compositesoigsidered to be a promising material for the

high temperature applications. These metal matirposites are important engineering materials due
to their excellent mechanical properties such ghéri strength to weight ratio, good wear resistance
and improved hardness, low density and low coefficof thermal expansion. A key challenge in the
processing these composites is to homogeneoudiybdie the reinforcement phases to achieve a
defect—free microstructure. The relatively low mnatlecost and suitability for automatic processing
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has made the particulate—reinforced composite faelfie to the fibre—reinforced composite for
automotive applications.
Concluding, stir casting is characterized by tHe¥dng features:

O the technology is relatively simple and low cogling the easiest and cheapest processing route
to produce discontinuous, reinforced composites;

O particles, short fibers or whiskers can be useiatorcing components by introducing into the
molten alloy matrix, like aluminium. But, the conteof dispersed phase is limited (usually not
more than 30 vol.%).

O distribution of dispersed phase throughout the imarnot perfectly homogeneous, being local
clusters of the dispersed particles or may be tyad@gregation of the dispersed phase due to a
difference in the densities of the dispersed anttixnphase. But, the distribution of dispersed
phase may be improved if the matrix is in semi-esotindition (rheocasting).

O the major disadvantage of aluminium matrix commssiisually lies in the relatively high cost
of fabrication and of the reinforcement materials.

0 among various reinforcements, particles are thet mosimon and cheapest reinforcement.
While continuous fiber reinforcement Aluminium MatComposites provide the most effective
strengthening (in a given direction), particle feiced Aluminum Matrix Composites are more
attractive due to their cost—effectiveness, isatrgpoperties, and their ability to be processed
using similar technologies which are used for thenatithic materials. Among various
reinforcements silicon carbide reinforcements aexpensive.

The major advantage of the stir casting methotsiapplicability to large quantity production. Angpn

all the well-established metal matrix compositerifaiion methods, stir casting is the most
economical. For that reason, stir casting is ctlyethe most popular commercial method of
producing aluminium based composites and remaiesabrthe simplest ways of their production.
However, it suffers from poor incorporation andtiigition of the reinforcement particles in the
metallic matrix. These problems become especialyificant as there reinforcement size decreases
due to the reduced wettability of the particleshwtiie melt. Development of new technologies for
addition of reinforced particles into the metaltielts which would result in more uniform distritarti
and effective incorporation of the reinforcementtigies into the matrix alloy is therefore valuable

Therefore, the aluminium metal matrix compositegehtaken the place of the other engineering

materials and can be a real substitute for the yhematerials. Among all materials, composite
materials have the potential to replace widely usteél and aluminium, and many times with better
performance.
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