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Abstract  
 
Many high-performance components having complicated geometrical features nowadays are made by 3D printing 
(AM). 3D printing is also known as additive manufacturing (AM). titanium alloys. Many high-performance 
components made out of titanium alloys are used in the manufacture of simple components to complicated turbine 
components such as turbine blades. The main reason for selecting titanium alloys in the manufacture of high-
performance components because, they are very light, have good tensile strength, and excellent resistance to corrosion.  
Titanium alloys have the capability of maintaining their properties at elevated temperatures. This makes them suitable 
for the manufacture of components that operates at high temperatures. Many components in the aircraft industry are 
being made by using titanium alloys. An attempt has been made in this research work for exploring the types of 
titanium alloys, types of the additive manufacturing process, microstructure, properties, and applications of titanium 
alloys. This research paper not only attempts in presenting the current literature but also provides future directions. 
Thus, it is valuable for both academicians and practitioners who would like to pursue research in this field.  
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1.Introduction  
Earlier, many of the aircraft components were made out of aluminum and other alloys.  These alloys though were not 
too heavy, but still used to have considerable weight and consume more fuel and energy. Also, the corrosion resistance 
of these alloys was not great. Especially at very high temperatures. There was a huge need from aerospace and space 
applications for the invention of new materials, with very high specific strength as well as material with excellent 
corrosion resistance. Especially at very high temperatures. Similarly, even in many chemical industries, there was a 
requirement for a new material with very good corrosion resistance. This was required for storing or handling different 
types of chemicals. Similarly, in the health care industry, there was a huge demand for the invention of new materials 
for making surgical instruments and medical implants. Here again, the requirement was good corrosion resistance and 
lightness. There was a huge demand from space industries for the invention of very light materials. There was also a 
need for the invention of a new manufacturing process that can achieve the dual objectives- capable of handling 
complex geometry and lightweight production. Also, there were huge requirements from the manufacturers of high-
performing components for the invention of new materials with high strength, less weight as well as good corrosion 
resistance at elevated temperatures. This has made researchers started working for the invention of new materials with 
high specific strength as well as excellent corrosion resistance. In this context, titanium alloys came into being. 
 
Titanium alloys are both strong and light and that is why they are being used in the manufacture of aerospace 
components. Today many medical implants used in the health care industry are being made by using titanium alloys. 
Whenever performance is the criteria for component, titanium alloy is preferred over others (Gungor et al., 2007, 
Froes, 2013, Imam et al. 2010, Froes et al., 2000). Even the blades of turbines are manufactured by using titanium 
alloys (Boyer et al. 1994, Froes et al. 1996), as these alloys not only have good strength but they are light by weight 
as well. Additionally, these alloys have very high corrosion resistance. There is a need by many practitioners to know 
the details of AM of titanium alloys and future directions. In this scenario, the present study assumes special 
significance. 
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2. Research methodology 
Current work not only an attempt to study the existing literature on titanium alloys but an effort is also made to present 
research challenges and future directions.  The findings from the current research work about the additive 
manufacturing of titanium alloys will help not only academicians but also practicing engineers interested in further 
research. 
 
2.1 Titanium alloys classification 
Titanium exists in two forms-α-type (above 883 0C) and β-type (below 883 0C). The phase change from α-phase to β 
phase will take place at transit temperature. In these alloys, alloying elements may exist either in α-phase or in β phase. 
Table 1 shows the alloying elements of titanium (for stabilizing α-phase). 

 
 

Table 1 Elements added to form titanium alloy(α) 
 

Alloying element Symbol 

Aluminium Al 
Gallium Ga 
Nitrogen N 
Oxygen O 

 
 

Table 2 Elements added to form titanium alloy(β) 
 

Alloying element Symbol 

Molybdenum Mo 
Vanadium V 
Tungsten W 
Tantalum Ta 
Silicon Si 

 
The hexagonal closest packing crystal lattice is found in titanium alloys of alpha type. Aluminum will be added mostly 
as an alloying element for making titanium alloys of alpha type. When these alloys exist β-type, they will have a cubic 
body-centered (CBC) arrangement. Malinauskas et al. (2014) have tried to classify the titanium alloys. Table 2 shows 
the alloying elements of titanium (for stabilizing α-phase). 
 
Pure titanium with very small amounts of alloying elements consists of grains in α and β spheroids. Sometimes iron 
is also added as an alloying element. When iron is added to the titanium alloy, it will make the alloy stable. The main 
problem here is that the mechanical strength of these alloys is very less. But an important feature of these alloys is 
that they have excellent resistance to corrosion.   
 
The resistance to corrosion of these alloys may be improved by adding molybdenum. Sometimes palladium and nickel 
are also added for improving the corrosion resistance. It was observed that adding a small amount (0.18% to 0.4%) of 
oxygen strength will improve. Chemical industries largely use these alloys for the construction of containers for 
storing/or handling chemicals. These alloys are increasingly used in shipbuilding industries, as these alloys have good 
corrosion resistance. Aerospace industries also use titanium alloys for the manufacture of different aircraft 
components. Gas compressors manufacturing companies make use of titanium alloys. Desalination equipment is 
largely made of titanium alloys. 
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2.1.1 Titanium α- near α alloys. 
Titanium α -near α alloys contain entirely of the alpha phase. These alloys will have Aluminium as an alloying element. 
The important characteristic of these alloys is that they exhibit moderate strength even at elevated temperatures. These 
alloys also have very high fracture toughness. These alloys also have very good creep resistance. These alloys, because 
of the availability of the β phase, good forge ability in the hot state. These alloys are used in sub-zero temperature 
applications. Turbine blades are increasingly made by using these alloys. 
 
2.1.2 Titanium alpha and near beta alloys 
Beta stabilizers of 4-6% are added to Titanium alpha and near beta alloys. Titanium (α ) and (near α) alloys will have 
better creep resistance than these alloys. β phase elements, in these alloys, will govern the quantity of β phase particles.  
On account of aging, when β phase particles transform into α-phase particles, there will be enhanced tensile strength 
of these alloys. In the meantime, there will be a reduction in ductility as well. These alloys are being used in 
applications that require high fatigue strength. These alloys also exhibit excellent creep resistance. 
 
2.1.3 Titanium beta alloys. 
Large amounts of β phase elements are found in titanium beta alloys. These alloys exhibit very good tensile strength. 
An important feature of these alloys is that these alloys may be subjected to heat treatment. What was observed is 
that even post-heat treatment, these alloys exhibit very low ductility. These alloys cannot be deployed in functions 
that require high fatigue strength. Literature reported that titanium (β)-alloys are used for making aircraft engines, 
which operate at 5100C. It was reported that these alloys may contain 10% chromium. When these alloys are subjected 
to heat treatment, they become strong and also exhibit high formability. Fasteners are normally made by using these 
alloys. Many components in air-craft which operate at elevated temperatures are normally made by these titanium beta 
alloys. 
 
2.1.4 Titanium alloys and designations: 
Titanium alloys with 5% of Aluminium as well as 2.5% of tin become Ti-5Al-2.5Sn alloy.  Many alloy designation 
systems exist. For example, ASTM (Liu et.al. 2017) is one such alloy designation system. Different grades of titanium 
alloys are available in the market. When a particular application requires soft and ductile material, Grade 1 titanium 
alloys find applicable. One important feature of these alloys is that they have excellent corrosion resistance. These 
alloys can be formed in cold conditions. Similarly, Grade 2 alloys will have better tensile strength as well as yield 
strength than Grade 1 type alloys. So, as the grade number of these alloys increases, tensile strength increases. The 
same is true about yield strength. These alloys are used increasingly in fabrication applications. 
 
2.2 Additive Manufacturing (AM) Process 
2.2.1 -Laser Beam Melting (LBM)  
In the LBM process, heat energy required for melting, evenly spread metal powder (on a metallic platform-50 mm X 
50 mm), is obtained from laser light, having a wavelength of 1060 nm.   

 
Figure 1 Principle of Laser beam melting 
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The layer thickness of the evenly spread metal powder is about 50-100 micrometers. For evenly distributing metal 
powder, a leveling system is used. The laser beam used in this set-up uses 20 Watts to 1 KW. The size of the laser 
beam is around 50 micrometers. Evenly spread metal powder will be scanned by using a laser at a speed of 15 m/s. 
When laser light moves over the metal powder, it will melt the powder. Molten metal will fuse with the layer already 
solidified.  
 
Once the solidification is over, the build plate is brought down. The entire process is repeated till the final product is 
made. To protect the molten metal from oxidation, the entire process is performed in a closed chamber.  The chamber 
also contains an inert gas, viz. Argon or Nitrogen. Figure 1 depicts the principle of LBM. Many researchers have 
worked on LBM (Tan et al., 2016, Dai et al., 2016, Zhao et al., 2016). LBM has the advantage of no moving parts and 
hence 3D objects having intricate profiles can be made by this process.  
 
2.2.2 -Electron Beam Melting (EBM)  
In EBM, electron ray (focused by electron lenses) made faster by using 60 kV, is used as the source of energy (7000 
C) for liquifying evenly spread metal particles (on a metallic platform-50 mm X 50 mm), is obtained from an electron 
beam, having a wavelength of 1060 nm.  The layer thickness of the evenly spread metal powder is about 50-200 
micrometers. For evenly distributing metal powder, a leveling system is used. The electron beam uses about 30 mA 
of beam current. The size of the electron beam is around 50 micrometers.  
 
Evenly spread metal powder will be scanned by using an electron beam at a speed of 104 mm/s. When laser light 
moves over the metal powder, it will melt the powder. Molten metal will fuse with the layer already solidified. Once 
the solidification is over, the build plate is brought down. The entire process is repeated till the final product is made. 
To shield the molten metal from oxidation, the entire process is performed in a closed chamber.  The chamber is also 
filled with a vacuum- lower than 10-2 Pa. Figure 2 shows the principle behind the process. Many researchers have 
worked on EBM (Appolaire et al. 2005, Dai et al. 2017, Dai et al. 2016, Chen et al. 2017).  
 
For electron beam melting to be successful, certain challenges need to be addressed. During the planning stage, the 
designers will have to study the geometry of the part, overhang requirements, component inclination, the surface finish 
requirements, tolerance requirements, post-processing requirements. Similarly, once a product is made by additive 
manufacturing (Electron beam melting process) it requires proper post-processing, such as loose powder should be 
removed by sandblasting process. Additive manufactured products will have very high residual stresses, thus a 
component made by additive manufacturing requires proper heat requirement. Normally used heat treatments include 
vacuum heat treatment process, hot isostatic pressing, etc. 
 

 
Figure 2 Principle of EBM  
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2.2.3 Laser Metal Deposition (LMD)  
Figure 3 shows the principle behind the process. In the LMD process, metal powder is fed using a special type of 
nozzle. CO2 laser supplies the necessary heat for liquifying metal powder. CO2 laser enters the nozzle from the center. 
As and when it comes in contact with the metal powder, it will melt the metal powder. Also, Argon / Helium gas is 
used for protecting the molten metal from oxidation. The important characteristic of the process is that higher build 
rates are possible. Researchers have also reported that larger build volumes are possible. Many researchers have been 
working on LMD (Zhang et al. 2011, Murr et al. 2010, Grotowski et al. 2010, Bai et al. 2017). LMD process finds 
application in the repair of damaged products. The difference between LMD and LBM is the metal particles that are 
liquified by using a laser beam are directly deposited in the production of a 3D object. Thus, wastage of metal powder 
is minimum in the case of the laser metal deposition process. The similarity between the LBM and LMD is that both 
processes use a laser beam as an energy source. The main disadvantage of LMD is that the process cannot be used in 
the manufacture of intricate profiles. For manufacturing intricate profiles, LBM is preferred. Higher metal deposition 
rates are possible in the LMD process. 
 

 
Figure 3 Principle of Laser metal deposition 

 
The biggest challenges in additive manufacturing are high consumption of electric power during additive 
manufacturing, reducing the waste concerning supporting plates, manufacturing defects identification, optimizing the 
process parameters, improving mechanical properties of additive manufactured products, improving the surface finish 
of additive manufactured products, health hazards. 
 
It is reported in the literature that while manufacturing products by additive manufacturing process emit billions of 
harmful particles every minute. These are harmful to human beings, Additive manufactured products are very 
expensive, Products do not have high density when compared to machined products. 
 
3. Microstructure and properties  
3.1 Laser Beam Melting (LBM)- Microstructure and properties 
Scan speed will determine the microstructure of AM-made titanium alloys (Attar et al. 1941). Coarse grain structure 
will be formed by using machining parameters, speed: 100 mm/s; power: 90W. The coarse-grained microstructure is 
formed because of the conversion of the β phase into α phase while cooling, Researchers have observed the creation 
of the martensitic α phase when the speed of scanning exceeds 200 mm/s. Rapid cooling during additive manufacturing 
would result in large thermal gradients and hence there will be high residual stresses in additive manufactured 
products. Manufacturing defects during additive manufacturing would result in reduced strength of additive 
manufactured products. 
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3.2 Microstructure and properties of Electron Beam Melting (EBM)  
A product made by electron beam melting is made up of β grains (Zhang et al. 2016) with properly marked grain 
boundaries and α/β --microstructure. Researchers have observed microstructures obtained by the EBM process were 
different from the microstructure obtained by the SLM process.  During the SLM process, high cooling rates are 
possible and this would result in the transformation of β to α martensite. 
 
The reliable performance of EBM produced component largely depends upon the reliability of mechanical properties. 
These are largely controlled by EBM product microstructure. The EBM process is unique in that they have micro 
melting zones. These micro-melting zones will control the mechanical properties of the product. Thus, to achieve 
reliability in mechanical properties, there is a need to have complete control over the micro melting zone and the entire 
process. Researchers have observed certain properties viz. UTS and elongation properties are more stable and also 
highly reliable. 
 
Researchers have observed that β grains thickness is directly proportional to the constructing height of the part. This 
happens because of slow cooling rates. Tan et.al (2016) has done a detailed investigation into the EBM process. They 
have noticed that the microstructure of the last layer was different from the microstructure of the first layer even in 
a given sample. They have noticed that the strength of the component increases with a reduced lamellae thickness. It 
was also noticed that the increase in grain size has resulted in a reduction in lamellae thickness. Reduction lamellae 
thickness has increased the tensile strength of the component. EBM produced product when heated above β transit 
temperature produces a structure normally obtained from annealing treatment. Researchers have noticed that EBM 
made component has more tensile strength than a component produced from forging. 
 
Zhao et.al (2016) have studied EBM-made components and found that the tensile strength of the component depends 
upon the component diameter. They concluded that as the diameter of the component size increases the tensile strength 
reduces. It was also found that as the diameter increases, the tensile strength also increases. EBM produced component 
exhibits a unique microstructure containing different phases. It was found by many researchers that α-phase with HCP 
structure will have less corrosion strength. On the other hand, EBM products with a microstructure containing β-phase 
with BCC structure will have better resistance to corrosion (Chen et al. 2017, Dai et al. 2016). In EBM manufactured 
products, the alpha phase starts growing over the prevailing β grains. Appolaire et al. (2005) noticed when the cooling 
rate increases the size of β & α particles decreases.  
 
Titanium alloys have better corrosion resistance when examined against the wrought components. Bai et al. (2017) 
have reasoned that this was because not only due to the β phase but also due to refined α/ β phases. Products 
manufactured by AM are found to contain porous structures. They also have good properties. Titanium alloys are 
applied in the health care domain (Murr et al. 2010, Zhang et al. 2011, Attar et al. 1941, Grotowski et al. 2010). Thijs 
et al. (2010), as well as Zhang et al. (2016), have observed that microstructures of EBM and SLM products are 
different. Heat treatment is performed on AM manufactured products for improving the mechanical properties. 
Additive manufactured products will have defects that are explained in the following paragraphs. 
 
Improper selection of process parameters would result in the porous structure. As discussed in the last paragraph, they 
are used in medical implants. However, in certain applications, detrimental effects are observed. The ductility of AM 
manufactured products would depend on the pore shape and also its orientation (Vilaro et al.  2011). It was also noticed 
that these pores would act as starting points for crack propagation (Biswas et al. 2012). Pore size may be as big as 300 
micrometers. Even the location of these pores, size of the pores, the orientation of the pores is influenced by the 
selection of the thickness of the layer. Researchers have demonstrated that by selecting proper process variables such 
as the thickness of the lamellae and speed of scanning these defects can be minimized.  
 
Lack of fusion is a type of defect that was mainly formed due to the usage of insufficient energy during AM fabrication. 
These defects may lead to the fatigue failure of AM manufactured products. Keyhole collapse is a type of defect that 
was mainly formed due to the usage of excess energy during AM fabrication. Balling defect is mainly due to the lack 
of dampening of solid particles. Rough surface generation is mainly due to layer-by-layer formation and using metallic 
powder during AM process. 
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3.3 Microstructure -properties-of Laser Metal Deposition 
The Microstructure of typical LMD processed alpha + Beta titanium alloys may exhibit structures such as -
Widmanstatten structure: Primary alloy is made up of beta grains. Alpha grains are found in the boundaries. These 
alloys have very low ductility. They have a good fatigue strength, Duplex microstructure: In this case, alpha particles 
are distributed in the beta matrix. These alloys have high mechanical properties, Basket-weave microstructure: The 
microstructure predominantly consists of alpha particles. They exhibit very high ductility, Equiaxed structure: Here 
both alpha and beta grains are in a polygonal shape, By suitable heat treatment of AM made titanium alloys desired 
mechanical properties can be achieved.  
 
Many researchers (Zhao, 2017, Van Arkel et al. 2015, Morita et al. 2005, Mardaras et al. 2017, Leyens et al., 2003) 
have worked on improving the mechanical properties such as increased ductility by using solution heat treatment and 
aging. It was also demonstrated that the mechanical properties largely depend upon the microstructure. The 
temperature range used during solution treatment is from 400C -1000C lower than beta transus temperature. Ductility 
may be increased by subjecting the titanium alloy to stress relief annealing. This treatment will produce coarser alpha 
grains.  
 
It was reported in the literature that the type of cooling will determine the tensile properties. After proper heat 
treatment, we may expect increased tensile strength to ductility balance may be maintained. Currently in LMD 
deposition rates of the order of 0.5 kg/hr. The deposition rates require improvement for enhancing the productivity of 
the process. Much research is required in the area of local shielding while performing LMD. This can significantly 
bring down the cost of manufacturing. Researchers have observed that AM-made products are found to have 
mechanical strengths comparable to that of products made by conventional manufacturing processes. It was also found 
that the static strength, as well as fatigue strengths, entirely depends upon the microstructure of AM-produced product. 
 
4. Applications 
4.1 Medical applications 
AM-made titanium alloys are commonly used in the healthcare domain. Titanium alloys are being used for treating 
bone fractures. These alloys have less stiffness. These alloys have good corrosion resistance as well as a very good 
machinability index. Researchers have observed that titanium alloys had a higher Young’s modulus (113 GPa) than 
bone (15-20 GPa). Commercially pure titanium (CPTi, ASTM F67) is mainly used in the dental application (Zhang et 
al. 2012). Many researchers (Hakimi et al. 2010; Esparragoza-Cabrera et al. 2009) have reported successful titanium 
alloy implants. Titanium alloy implants have a lower stress protecting effect when compared with stainless steel 
implants (Roderer et al. 2014). 
 
4.2 Aerospace applications  
There is much opportunity for the invention of new materials /alloys in the aerospace industries. This is because 
materials /alloys which are light and strong can cause significant savings in energy savings, especially in the aerospace 
industry. This is because when the weight of aircraft/ spacecraft reduces, it will require less fuel and this, in turn, will 
result in significant energy savings. Earlier hydraulic tubes were made of steel. But nowadays, with the availability of 
titanium alloys, hydraulic tubes are largely made from titanium alloys. Materials with a high strength and low weight 
are also in huge demand in the space industry as well. This has made researchers work on new inventions of new 
titanium alloys for aerospace applications. Many research works have reported the use of titanium alloy material in 
several aerospace applications. Titanium alloy enjoys advantages (Peters et al. 2003) such as -weight reduction, high 
application temperature, corrosion resistance, and space limitations. Aircraft engine consists of 36% of materials made 
up of Titanium alloys (Peters et al. 2003). These alloys are also used to prevent crack propagation in aircraft bodies. 
The aircraft floor (including kitchen and toilet floor) is made up of pure titanium alloys because this area requires 
maximum corrosion resistance. 
 
Prolonged exposure of α- titanium alloys to high temperature would form α-case. This mainly due to the oxygen 
enrichment. This would result in the reduction of ductility as well as fatigue strength. One of the limitations of titanium 
alloys is that they cannot be used in the manufacture of disks and blades used in the last stage of a compressor. As 
these parts will be operating at very high temperatures. As titanium alloys tend oxidation. Because of these reasons 
these components of a compressor are made out of Nickel-based alloys. Though Nickel-based alloys are roughly twice 
as heavy as titanium alloys. 
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Cast titanium alloys (Ti- 47Al-2Cr-2Nb) are used in the manufacture of low-pressure turbine blades of jet engines. 
This would not only reduce the weight of the entire engine but also results in a reduced centrifugal force on the disk. 
Titanium matrix composites (TMC) have high stiffness and good strength at high temperatures. 
 
 

Table 1 Properties of titanium alloys 
 

α alloys Alloy-grades Tensile strength Remarks 
 Grade-I  500 MPa Good formability; 

commonly found in the 
deep drawing operation 

 Grade-II  450 MPa  
 Grade-III  Higher-strength Manufacture of pressure 

vessel fabrication  
 Grade IV Strength, as high as 740 

MPa 
Manufacture of the 
pressure vessel. Also used 
in fabrication by welding 

Near α- Alloys: 
 

 Good creep resistance 
High tensile strength 

These alloys are best 
suited for high-
temperature applications. 

α and β alloys:   
 

  Used in the aircraft 
industry.  

 
 
These alloys are also employed in the making of aircraft toilet floors, where there is a very high probability of corrosion 
is being made by using titanium alloys. Titanium alloys are also employed in the construction of cockpit windows, as 
they are highly vulnerable to bird strikes during flight. These air-craft windows are made of titanium alloys by using 
forging operation. Military aircraft normally demand higher thermal load as well as mechanical strength. This 
necessitates the employment of these alloys in the manufacture of components in military air crafts. Earlier tail 
assembly of an aircraft was made by using aluminum alloys. Nowadays, the tail assembly of an aircraft is normally 
made by using titanium alloys, as these alloys have a fairly good coefficient of thermal expansion. These alloys are 
deployed in the construction of aircraft springs. The main advantage of titanium beta alloys is that they are very light 
and there will be significant savings concerning weight. Many of the jet engine blades are being made by using 
titanium alloys. Titanium aluminide alloys have an orderly structure and high resistance to creep and again finds 
application in aerospace industries. Rotor heads of helicopters are also being made out of titanium alloys. 
 
4.3 Chemical industry  
Though titanium alloys have excellent resistance to corrosion in normal usage.  The resistance to corrosion is mainly 
because of the shielding oxide cover. Oxide cover is developed when titanium is heated to 4500C-8000C in the air 
from 2 to 10 minutes (Schutz et al. 1997). These oxide layers provide corrosion resistance to titanium as long as the 
oxide layer exists. This oxide layer may be damaged because of impact or surface wear or plastic deformation. They 
however have poor wear resistance in special conditions. Such as when they are exposed to chloride solutions and 
other chemical environments. 
 
5. Conclusion  
Additive manufacturing is helpful in manufacturing products having complicated geometry. Additive manufacturing 
consumes more energy than conventional manufacturing processes. This is one area that requires further research. 
Researchers may devise a new scheme for making it more energy-efficient and cost-effective. There is much scope 
for quality inspection of additive manufactured products. Much research is required in identifying the different types 
of defects in additive manufactured products. With the advent of Industry 4.0, machine-to-machine communication is 
possible. Thus, defect data can be shared so that timely actions are possible. Changing the process parameters in auto 
mode by looking into defect data can be one such example. Protecting the cyber-physical system from cyber-attacks 
is another active area for research.  
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Assessing and evaluating the necessary security infrastructure is the biggest challenge being faced by many companies 
operating using Industry 4.0 technologies. Researchers may address challenges such as reducing consumption of 
electric power during additive manufacturing, reducing the waste concerning supporting plates, manufacturing defects 
identification, optimizing the process parameters of AM process, improving mechanical properties of additive 
manufactured products, improving the surface finish of additive manufactured products, reducing health hazards – It 
is reported in the literature that while manufacturing products by additive manufacturing process emit billions of 
harmful particles every minute. These are harmful to human beings, additive manufactured products are very 
expensive, products do not have high density when compared to machined products. 
 
Scan speed will determine the microstructure of AM-made titanium alloys. Coarse grain structure will be formed by 
using machining parameters, speed: 100 mm/s; power: 90W. The coarse-grained microstructure is formed from the 
conversion of the β phase into the α phase while cooling, Researchers have observed the creation of the martensitic α 
phase when the speed of scanning exceeds 200 mm/s. Rapid cooling during additive manufacturing would result in 
large thermal gradients and hence there will be high residual stresses in additive manufactured products. 
Manufacturing defects during additive manufacturing would result in reduced strength of additive manufactured 
products. This clearly shows that there is a huge demand to create defect-free AM products. This is one area that 
requires further research. Though many researchers have been working on understanding the correlation between 
microstructure on one hand and properties of additively manufactured titanium alloys on the other hand. Much 
research is required especially in analyzing the microstructure so that required mechanical properties may be achieved. 
This would help in extending the scope of titanium alloys. 
 
Current research has identified the extensive application of additive manufactured titanium alloys in the area such as 
–Bio-medical applications: Literature has reported many successful dental implants using additively manufactured 
titanium alloys. The usefulness of Titanium alloys may be explored in new areas of biomedical applications. 
Researchers can also explore the fabrication of products more economically, Aerospace industries: Many research 
works have reported the use of Ti-6Al-4V material in several aerospace applications. There is significant scope for 
the reduction of the cost of manufacturing titanium products. Much research is required to be done in the area of 
manufacturing cost reduction in additive manufacturing of titanium alloys. 
 
Titanium alloy enjoys the advantages, such as weight reduction, high application temperature, corrosion resistance, 
space limitations. Chemical industries: Though titanium alloys have excellent resistance to corrosion in normal usage.  
The resistance to corrosion is mainly from the shielding oxide cover. Oxide cover is developed when titanium is heated 
to 4500C-8000C in the air from 2 to 10 minutes. These oxide layers provide corrosion resistance to titanium as long as 
the oxide layer exists. This property of titanium alloys may be explored in the manufacturing of products such as (i) 
coating in pipes carrying chemicals (ii) Design of material handling devices (iii) Pharma companies for storing tablets 
and other tablets.  
 
Titanium α can be subjected to heat treatment in the hot state. They are also easily forged in a hot state due to the 
availability of the β phase. They are also weldable very easily. Turbine blades are made by AM using titanium alloys. 
Titanium alloys are also increasingly find’s the application in products requiring high pressure and sub-zero 
temperatures. In the future, it is expected that titanium alloys may be used in the fabrication of products. Titanium 
beta alloys exhibit high tensile strength. They are also easily formable. Properties of alloys can be improved by 
subjecting to heat treatment. Fasteners are normally made of these alloys. Aircraft components are usually made of 
these alloys. Titanium alloys have very good heat resistance and they find application in air-craft engine components. 
Landing gears used in air-craft are also made from titanium alloys. This is because of their high corrosion resistance 
properties. Though many products are being made by using these alloys, still there is much scope for the use of 
titanium alloys in product manufacturing in agriculture, shipbuilding, and other fields. 

 
Presently, applications of additive manufactured titanium alloys are very limited to certain areas such as bio-medical, 
aerospace, and chemical industries. There is much scope of titanium alloys in other areas such as agriculture, 
pharmaceutical, shipbuilding, space research, transportation steel manufacturing, and others. 
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