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__________________________________________________________________

ABSTRACT: 

The demand for lightweight, high performance and high temperature materials for advanced structural applications 

is increasing in many industrial sectors. The low density of alloys of aluminium, magnesium, titanium, and 

intermetallic compounds such as the titanium aluminides make them particularly attractive for applications where 

weight is important. Various methods of synthesizing and processing these light weight metals with enhanced 

physical and mechanical properties are presented. Cost-effective discontinuously reinforced titanium matrix 

composites (TMCs) exhibit high strength, high stiffness, excellent wear resistance and high temperature durability. 

In this review, state-of-the-art developments on processing, mechanical properties This review provides useful 

guidance to those working on the development of novel Ti-based composites for advanced structural applications. 

__________________________________________________________________

 

1. Introduction: 
Over Recent years, the conventional ingot metallurgy approach has provided a wide range of light weight 

aluminium, titanium and magnesium based alloys with attractive performance characteristics. However, further 

property improvements by the traditional route of microstructural development via alloying, mechanical processing 

and heat treatment. Rather, creative synthesis techniques are needed to further improve mechanical property 

combinations [1,2]. 

The present paper discusses processing of the light metals and the titanium MMC for enhanced performance. 

2. Die casting technology 
Die casting is one of the most economical casting processes for manufacturing precision shaped parts in mass 

production. Die-cast components are being used increasingly in the automobile, aerospace, electronic and other 

industries because of their premium quality, low cost, and low weight.[14] 

The casting stage of the die casting process is the critical stage in the production of good quality castings. Die 

casting parameters include injection speed, injection pressure, die temperature and melt temperature. Neural 

networks are developed using the current understanding of the biological nervous system.[15] 

Conventionally manufactured high-pressure die castings cannot be applied for welded structures or age hardening 

alloys. The reason is, under high pressure, the presence of entrapped gas, either in pores or in the metal matrix. 

Melting of the metal during welding leads to blisters, causing poor-quality, porous welding seams after 

solidification. Annealing prior to age-hardening isn’t possible either, since the expanding entrapped gas would lead 

to surface blistering.[3] 
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2.1Aluminium Die casting [3] 
Today, high-quality aluminium castings are usually produced using permanent metallic moulds in gravity or 

pressure die-casting. Compared with sand casting, permanent moulds permit the high-volume production of more 

uniform castings, with closer dimensional tolerances, superior surface finish and improved mechanical properties [1] 

at relatively low cost — for example for automotive parts such as engine blocks, carburetor bodies, transmission 

cases, and valve bodies. [16] 

 

By varying the heat treatment of such castings, the mechanical properties can be tailored to a special application, 

such as 

 High strength, medium elongation for high static loads 

 Medium strength, high elongation for medium and dynamic loads. 

 

2.2Magnesium Die casting [3] 
In contrast to aluminium, the magnesium die-casting 

process has the following features: 

 Lower wall thicknesses possible, as magnesium has better die-filling behavior 

 Longer die lifespan, as magnesium has no tendency to alloy with the steel of the die 

 Shorter cycle times due to lower heat content 

 However: closed furnace system for melting and casting with inert gas protection is necessary. 

 

2.3Titanium Die casting  [4] 
For many years the manufacture of precision castings in titanium has relied on the vacuum arc remelting (VAR) 

process. This slow and costly technique severely limits development of the advanced casting capabilities that 

modern end users demand. In particular the aerospace industry has been extremely aggressive in its technical design 

requirements for components both large and small, some in flight critical applications on programmes such as the 

Eurofighter, the Airbus A340 and A3XX, and the US's Joint Strike Fighter. 

To date, success on these programmes has been impressive in terms of increased size capability but there has been a 

lack of metallurgical integrity and improvements in dimensional tolerances. Consequently, there is a vital need for a 

step improvement in the moulding, melting and pouring of titanium precision castings, work towards which has 

typically employed an induction melting process usually referred to as inductive skull remelting (ISR). 

 

In Europe, the need is being met by a small company called Taramm (Tirane et Alliages Rares MicroMoules) which 

is providing a viable production capability using a unique combination of cold crucible induction melting and 

centrifugally assisted pouring. At the heart of the process is a special vacuum melting and pouring furnace designed 

by Taramm. The furnace structure accommodates the melting and pouring equipment and uses conventional vacuum 

pumping systems. 

In a conventional one piece copper crucible the magnetic field generated by the field current in the heating coil is 

cancelled out by the magnetic field associated with the induced current in the crucible. The magnetic flux that would 

be necessary to heat and melt a conductive metal charge thus does not exist. In contrast the Taramm copper crucible, 

is segmented, each segment being water cooled and insulated from each adjacent segment. Under power, this design 

causes the induced current to loop around each segment as shown by the arrows A, B, C, and D, and allows the 

generation of an induced current, creating the required magnetic field in the metallic charge. 

The metal is heated quickly, begins to melt and initially fills the base of the crucible, where a small volume 

resolidifies and forms a local, thin `skull' of metal.  

Once melting is complete the charge is partially levitated and, due to the minimal heat exchange between the metal 

and the crucible, the metal becomes superheated. This can be controlled for charge weights up to 5kg. The Taramm 

technique therefore provides significant advantages in terms of the `filling' of thin sections in the mould, and the 

overall length of flow of the molten metal, compared with the VAR process, which is incapable of New Spin on 
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Titanium Casting Technology superheating. The constant and vigorous stirring of the titanium by the induced 

electromagnetic forces also gives the benefit of optimum chemical and thermal homogeneity in the metal. 

When the requisite molten metal temperature is achieved, the crucible is tilted and the titanium poured into a 

ceramic mould rotating at high speed. In order to maintain the temperature of the melt the electrical power is applied 

throughout the pouring operation. 

 

Advantages: 

On entering the mould the molten titanium is immediately subjected to centrifugal forces. The filling of the mould 

cavities is accelerated by the continually increasing pressure exerted on the molten metal and directed towards the 

outer diameter of the mould. This centrifuge effect, combined with the superheated nature of the titanium, promotes 

the filling of section cavities as thin as 0.5mm, with attendant fine detail and form. Centrifugation is maintained until 

the titanium solidifies. Satisfactory centrifugal casting demands a symmetrical mould which is balanced radially 

within a prescribed annulus. 

An additional advantage of centrifugation is a more efficient use of metal due to the parabolic free surface of the 

liquid metal in the mould. The metal charge weight is carefully adjusted for each mould configuration to ensure the 

filling of each casting cavity and its `feeder', while leaving a significant portion of the central downsprue devoid of 

metal. 

 

 

 

 

 

 

 

 

 

3. Mechanical Alloying 

Mechanical alloying offers an alternative to RS for the production of ultrafine microstructures, and alloys not 

possible by conventional IM. [5]. In this process heavy working of powder particles results in intimate alloying by 

repeated welding and fracturing. This process had been mainly applied to production of oxide dispersion 

strengthened (ODS) nickel based superalloys. However, recently the attributes of solubility extension, novel phase 

production and microstructural refinement have also been explored. 

3.1 Aluminum  

The adherent surface oxide film on the aluminium powder particles is incorporated into the interior of the processed 

powder and increases the strength of the MA alloys much above that obtained in SAP [6]; this strength increase is 

maintained even at elevated temperatures. High temperature alloys with Ti additions, low density alloys with Mg 

additions and extra low density alloys with Li additions have been developed through MA. The MA AILi alloys 

exhibit minimal degradation of properties when stressed in the transverse direction and are characterized by 

excellent general corrosion resistance that is 100 times better than that exhibited by the IM-7075-T73 alloy. 

Application Component or Advantage 

Airframe structural parts Junction plates, fans and compressor wheels, door 

slides, 

stiffeners. 

Aero engine components Air intake housings, pump bodies, supports. 

Medical implants Knee, hip, vertebrae, shoulder. 

Missile industry Nozzle plates. 

Leisure industry Bicycle parts, jet ski propellers, climbing equipment, 

automotive. 

Jewellery Rings, earrings. 

Chemical and marine industry Valves, housings, fittings. 

Optical components Low co-efficient of expansion 

Textile industry Shuttles with reduced inertia 

Space exploration High performance at cryogenic temperatures 
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3.2 Magnesium 

MA has been employed in the development of "supercorroding" alloys for submarine applications, such as a heat 

source in diver suits and as a hydrogen gas generator. By tailoring composition, reaction rates can be precisely 

controlled in the device [4]. MA Mg- Ni, Ce and La alloys have been exploited for hydrogen storage with 

dispersoids acting as nucleation sites [4]. 

3.3 Titanium 

Application of MA to titanium alloys has only occurred recently. Supersaturated solid solutions, metastable 

crystalline and glassy phases as well as nanometer-sized grain structures have been produced in several titanium 

alloys [5]. 

Recent work on the MA of titanium based alloys has shown the potential to produce virtually contamination free 

material [7]. The use of organic 'process control agents' can be avoided, and contamination is further reduced by 

careful atmospheric control. This represents a crucial advance, and will enable sizable quantities of titanium based 

materials to be produced by MA, with ultra-fine or amorphous microstructures. 

Generally, homogeneous mixing of raw powders cannot be achieved readily in preparing PM TMCs. In contrast, 

MA provides a unique means to synthesize TMCs with better homogeneity, particularly a significant size 

discrepancy exists between the ceramic reinforcement and titanium powders [8,9]. The disadvantages of MA 

process include low productivity of high energy ball mills, powder contaminations from the milling media, and from 

the PCA due to decomposition of the agent. Recently, Feng et al. synthesized 10 vol.% TiB/Ti–4Fe–3.7Mo 

composite via MA process using either B or TiB2 powder as the boron source [10]. The effects of milling time, 

powder mixture, PCA, ball size and rotation speed on the formation of TiB whiskers in Ti alloy matrix were 

investigated. The as-milled B–Ti powder mixture was subsequently subjected to hot press sintering at 1000 °C under 

a pressure of 20 MPa to induce the formation of TiB whiskers. 

3.4 Titanium Aluminide Intermetallics 

MA of the titanium aluminides indicates that this may be an interesting fabrication method for both the ~2 and y 

families of alloys, resulting in the formation of fine grain sizes and dispersoids. In comparison to RS alloys, MA 

alloys exhibit finer grain structures, absence of dispersoid-free zones near grain boundaries, and dispersoids that do 

not coarsen significantly up to 1100°C [5]. 

Considerable work still needs to be done to optimize the processing parameters to produce these MA alloys 

consistently. 

MA has been used with thermochemical processing to synthesize the Ti3AI and TiAI compositions from a mixture 

of AI3Ti and Till 2 [5]. Again, further work is required to fully evaluate the viability of this fabrication technique. 

4. Metal Matrix Composites 

The success exhibited by organic matrix composites in which an organic matrix is combined with an elemental (e.g. 

graphite) or ceramic (e.g. SiC) fiber has led to parallel efforts to develop engineered metals, including metal matrix 

composites (MMC's), incorporating both fiber and particulate reinforcement. 
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4.1 Aluminium 

Particulate reinforced aluminium alloy MMC's have been produced by various techniques, including PM, stir casting 

and co-spraying. A PM 6061/20% SiC particulate MMC showed a 47% increase in stiffness and a 35% increase in 

UTS compared with an unreinforced alloy [1,2]. In the XD (XD is a trademark of Martin Marietta Corporation) 

approach, an in-situ precipitation technique is used for the formation of the reinforcement directly in the matrix [11]. 

This process features good thermal stability, uniform dispersions, compatibility with conventional IM techniques, 

and effective grain refinement. 

A range of unidirectional fibers have been incorporated into aluminium alloy MMC's, including monofilament SiC 

and B and multistranded SiC, C, and AI203 [1,2]. Typically stiffness is greatly increased in the fiber direction, but 

transverse strength can be low. 

4.2 Titanium 

The blended elemental powder technique has been used for fabrication of titanium MMCs using particulate 

reinforcement and a combined cold and hot isostatic pressing (CHIP) operation, followed by forging, extrusion and 

rolling of the CHIP preform [5]. 

The so-called CermeTi family of titanium alloy matrix composites incorporate particulate ceramic (TiC or Tin 2) or 

intermetallic (TiAI) as a reinforcement. 

Reinforcement with continuous ceramic fiber enhances the strength and modulus of titanium alloys particularly in 

the longitudinal direction. Table 3 compares tensile properties of Ti-6AI- 4V with a SiC fiber/Ti-6AI-4V composite 

produced by hot pressing layers of fiber and alloy foil [1,2]. Control of the reaction zone between the fiber and the 

matrix, inferior transverse properties, and cost remain major concerns. 

In a development of the vapor deposition technique described earlier, a new fabrication process is being used for 

titanium based MMC's [12,13]. Electron beam evaporation and vapor deposition is used to precoat SiC fibers with a 

thick layer of matrix alloy, before consolidation into a finished MMC. The matrix material is provided entirely by 

the coating, thus avoiding the use of expensive foils or powder. Fiber distribution is exceptionally uniform, with no 

fibers touching. 

5. Conclusion: 

The application of advanced processing methods to light weight metallic based materials holds the promise of 

substantial improvements in mechanical properties compared with ingot metallurgy products. This paper has 

reviewed the application of casting, mechanical alloying and metal matrix composition to the synthesis of materials 

with new and unique microstructures and enhanced properties. The potential of metal matrix composites has also 

been explored, and new advanced fabrication routes for MMC's have been reviewed. 
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