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Abstract
Titanium is a low density metal that can be strengthened tremendously by alloying
and deformation processing technologies. It is nonmagnetic and has good heat transfer
properties. Commercially pure titanium is an unalloyed one in which the purity ranges from
99.5% to 99% titanium. The main elements in unalloyed titanium are iron and other
additional elements like carbon, oxygen, nitrogen, and hydrogen. Titanium alloys have very
high tensile strength and toughness. They are light in weight; possess extraordinary
corrosion resistance, and ability to withstand extreme temperatures. Titanium can be
produced in a wide variety of product forms. They are formable and readily machinable.
Titanium has the ability to passivity and thereby exhibits a high degree of immunity against
attack by most mineral acids and chlorides. The combination of high strength, stiffness,
good toughness, low density, and good corrosion resistance provided by various titanium
alloys at very low to elevated temperatures allows weight savings in aerospace structures
and high performance applications. In this paper, the history, categories, facts, properties,
and applications of titanium and titanium alloys are discussed precisely.
Keywords: Titanium, Titanium alloys, properties, applications

Introduction
Even though titanium is in abundance in nature, it was not found until the
18th century when it was discovered. This can be explained because titanium does
not exist by itself but it is found in conjunction with other elements. It is found in the
minerals ilmenite and rutile in quantities that it has proven economically profitable
to produce them in large quantities while it is also extracted from minerals such as
leucoxene, perovskite, brookite, sphene, and anatase. Automotive industries use
titanium alloys in engine components due to its durable properties in these high
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stress engine environments. Commercially pure titanium has acceptable mechanical
properties and has been used for orthopedic and dental implants. Titanium is alloyed
with small amounts of aluminium and vanadium, typically 6% and 4% respectively,
by weight and this mixture has a solid solubility, which varies dramatically with
temperature, allowing it to undergo precipitation strengthening. This heat treatment
process carried out after the alloy has been worked into its final shape but before it
put to use.
Review on the History of Titanium and Titanium Alloys
William Gregor in England first discovered titanium in an impure form in the
year 1791. It was later given the name titanium after the titans, in Greek Mythology,
the sons of the sky and earth gods by a German chemist, Martin Kloproth, when he
found a dioxide of the titanium metal in rutile, and in many other widely dispersed
ores. In 1910, pure titanium was manufactured by M. A. Hunter, an American
Chemist. Hunter was able to extract the metal from the ores and developed the
process of mixing rutile ore, Titanium oxide with chlorine and coke, then applying
extreme heat, producing titanium tetrachloride, which was further reduced with
sodium to form titanium. The hunter process successfully produced high quality
titanium. Dr Wilhelm Kroll, in 1946, developed the process currently used for
producing titanium commercially. The Kroll process reduces titanium tetrachloride
with magnesium [1, 2]. This multi-batch, high temperature process proves to be
inefficient. It drives the price of titanium to the point where its applications are
restricted to the high priced, niche markets. The Armstrong process, developed by
International Titanium Powder, LLC is a method of making high purity, and fine
titanium powder in a continuous process. This process operates at low temperature,
in low pressure, and in small volume equipment [5, 6]. Therefore, capital cost and
labor cost is greatly reduced. The product does not require the additional purification
needed by sponge produced from the hunter or kroll process. The powder is suitable
for various applications such as powder metallurgy, spray forming, and for other
near net shape processes. Small diameter, and high purity powder is produced
directly now. In several engineering applications, titanium takes over heavier, less
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serviceable or less cost-effective materials. Designs created with the properties
provided by titanium often produce dependable, economic and more durable
engineering parts. These titanium components often surpass the performance and
service life expectations at a lower cost [3, 4].
General Categories of Titanium Alloys
Titanium alloys are metallic materials, which contain a mixture of titanium
and other chemical elements. Such alloys have very high tensile strength and
toughness. They are light in weight; possess extraordinary corrosion resistance, and
ability to withstand extreme temperatures. Generally, alpha-phase Titanium is
stronger and less ductile, but beta phase Titanium is more ductile. Alpha beta-phase
Titanium has a mechanical property, which is in between both. Titanium dioxide
dissolves in the metal at high temperatures, and its formation is very energetic.
Automotive industries use titanium alloys in engine components due to its durable
properties in these high stress engine environments. Commercially pure titanium has
acceptable mechanical properties and been used for orthopedic and dental implants.
Titanium is alloyed with small amounts of aluminium and vanadium, typically 6%
and 4% respectively, by weight and this mixture has a solid solubility which varies
dramatically with temperature, allowing it to undergo precipitation strengthening.
This heat treatment process is carried out after the alloy has been worked into its
final shape but before it is put to use, allowing much easier fabrication of a highstrength product [7, 8].
Important Properties of Titanium and Titanium Alloys
Generally, alpha-phase Titanium is stronger and less ductile, but beta phase
Titanium is more ductile. Alpha beta-phase Titanium has a mechanical property,
which is in between both. Titanium dioxide dissolves in the metal at high
temperatures, and its formation is very energetic. These two factors mean that all
titanium except the most carefully purified has a significant amount of dissolved
oxygen, and so may be considered a Ti-O alloy. Oxide precipitates offer some
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strength, but are not very responsive to heat treatment and can substantially decrease
the alloy's toughness. Nitinol, a shape memory alloy, is a mixture of titanium and
nickel, while niobium-titanium alloys are used as wires for superconducting
magnets. Many alloys also contain titanium as a minor additive, but since alloys are
usually categorized according to which element forms the majority of the material,
these are not usually considered “titanium alloys" as such. Titanium is a strong, light
metal [6, 7]. It is as strong as steel but 45% lighter. It is also twice as strong as
aluminium but only 60% heavier. Titanium is a lightweight metal having a density of
4.54 gm/cc, which is intermediate between that of aluminium and iron density. It has
a melting point of 1668 degree C, which is higher than that of iron, and a modulus of
elasticity of 16800000 lb/square-inch, which is intermediate between the values for
aluminium and iron. The crystal structure of titanium is HCP at room temperature.
Pure titanium can be cold rolled at room temperature to above 90 % reduction in
thickness without serious cracking. Such extensive deformability is unusual for HCP
metals like titanium and it is mostly related to the low c/a ratio of titanium. The
relatively high ductility of HCP titanium is attributed to the many operative slip
systems and available twinning planes in the titanium crystal lattice.
Table 1 General Fact Of Titanium And Titanium Alloys

Plastic deformation in titanium HCP is dominated by twinning planes. The
type of slip in titanium is also very dependent on the concentration of interstitial
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impurity atoms such as oxygen and nitrogen. Most of the titanium alloys are ternary
and quaternary and are not binary alloys. Titanium alloys are classified according to
the phases present in their microstructure. Alloys that consist mainly of the alpha
phase are called alpha titanium alloys, whereas those that contain principally the
alpha phase along with small amounts of beta stabilizing elements like aluminium,
gallium, and germanium. Alloys that consist of mixtures of alpha and beta phases are
classified as alpha-beta alloys. Finally, a titanium alloy in which the beta phase is
stabilized at room temperature after cooling from a solution heat treatment classified
as beta alloys. Alpha titanium alloys are non-heat treatable and weldable. They have
medium strength, good notch toughness, and good creep resistance at elevated
temperatures. Alpha-beta titanium alloys are heat treatable to attain a moderate
increase in creep strength. They also have good forming properties, but do not have
good creep resistance at elevated temperatures as the alpha titanium alloys or nearly
alpha titanium alloys. Beta alloys are heat treatable to achieve very high strengths
and are readily formable. These alloys have relatively high density and in the high
strength condition have low ductility [6, 7, 8]. The facts of titanium and titanium
alloys in general, physical, mechanical, thermal properties and applications are
presented below in Table-1 and Table-2.
Table 2 Physical, Mechanical And Thermal Properties Of Titanium
And Titanium Alloys
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Identification and Selection of Titanium Alloys for Service
Titanium and its alloys are used primarily in two areas of application where
the unique characteristics of these metals justify their selection: corrosion resistant
service and strength efficient structures. Corrosion applications normally use lower
strength unalloyed titanium mill products fabricated into tanks, heat exchangers,
reactor vessels for chemical processing, desalination and power generation plants. In
contrast, high performance applications such as gas turbines, aircraft structures,
drilling equipment, submersibles, biomedical implants, and bicycle frames.
However, this use is in a very selective manner that depends on factors such as
thermal environment, loading parameters, corrosion environment, available product
forms, fabrication characteristics, and inspection or reliability requirements. Alloys
for high performance applications in strength efficient structures are normally
processed to more stringent and costly requirements than unalloyed titanium for
corrosion service [6, 8]. For lightly loaded structures, where titanium normally is
selected because it offers greater resistance to the effects of temperature than
aluminium. Commercially pure titanium satisfies the basic requirements for
corrosion service. Due to its unique corrosion behavior, titanium is used extensively
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in prosthetic devices such as heart valve parts, load bearing hip and other bone
replacements. Titanium and titanium alloy castings are used in surveillance and
guidance systems for aircraft and missiles to support the optics where wide
temperature variations are encountered in service.
Application of Titanium and Titanium Alloys
Pure titanium is considered as an alpha phase alloy in which the oxygen
content determines the grade and strength. It is lower in strength but more corrosionresistant and less expensive than titanium alloys. It is used primarily when strength is
not the main requirement. It has an excellent to many chemical environments. It is
finding increasing use in the petroleum processing industry, especially for heat
exchangers. It is used in refineries, since it is resistant to sulphides, chlorides, and
many other chemicals encountered in petroleum refining. The addition of 0.2%
palladium to commercially pure titanium improves its corrosion resistance in
reducing media. Unalloyed titanium are used to design and process air frames,
desalination equipments, marine chemical parts, plate type heat exchangers, cold
spun or pressed parts, platinised anodes, aircraft engines, condenser and evaporator
tubes, surgical implants, high speed fans, and gas compressors [1,2.8].
One important and commercial alpha titanium alloy, which we use today ha
the nominal composition of Ti-5Al-2.5Sn.It is an all-alpha alloy because aluminium
and tin both stabilize the alpha phase in titanium. This alloy is weldable and has
good stability and oxidation resistance at elevated temperatures, and its strength is
moderate. All alpha titanium alloys have the HCP crystal structure of titanium.
Alpha titanium alloy is a weldable alloy for forgings and sheet metal parts such as
aircraft engine compressor blades and ducting, and used to produce steam turbine
blades. Besides, it is applied as a special grade material for high-pressure cryogenic
vessels operating down to -423 degree F. Hence, for applications requiring good
ductility at low temperatures, a low oxygen type Ti-5Al-2.5Sn alloy is produced. It
has desirable properties such as good weldability, good creep resistance, and
toughness, high strength, low ductility, and high modulus. This alloy is normally
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used in the annealed condition, after performing mill annealing and duplex
annealing. Near alpha titanium alloys are applied to produce airframe and jet engine
parts requiring high strength up to 455 degree C, parts and cases for jet engine
compressors, airframe skin components, and jet engine parts. Ti-6Al-4V is the most
important and widely used titanium alloy, accounting for 60% of the titanium market
in 1989. It can be readily welded, forged, and machined, and it is available in a wide
variety of mill product forms such as sheets, extrusions, wire, and rod. It is also used
extensively for ordnance forgings. For special applications, requiring strengths at
elevated temperatures, such as components for advanced jet engines, the Ti- 6Al2Sn-4Zr-6Mo and Ti-6Al-2Sn-2Zr-2Mo-2Cr-0.25Si alloys have been developed.
They are more hardenable and cab be used in heavier sections and as well as at
higher temperatures [3, 9].
Alpha-beta titanium alloys are used to manufacture rocket motor cases,
blades, and disks for aircraft turbines and compressors, structural forgings and
fasteners, pressure vessels, gas, and chemical pumps, cryogenic parts, ordnance
equipments, marine components, steam turbine blades, structural aircraft parts, and
landing gears, airframes and jet engines, missile forgings, aircraft sheet components,
aircraft hydraulic tubing, foils, and components for advanced jet engines. If
sufficient amounts of beta stabilizing alloying elements are added to titanium, a
structure consisting of all metastable beta phase can be obtained at room temperature
by quenching or even in some cases by air cooling. These alloys are usually used in
the solution treated and aged condition in order to obtain their high strengths and
they have the highest strengths of all titanium alloys, reaching up to 210 ksi. More
than 100 titanium alloys have been offered commercially since the titanium industry
first formed. Titanium and titanium alloys are used in airplanes, missiles and rockets
where strength, low weight and resistance to high temperatures are important. Since
titanium does not react within the human body, it is used to create artificial hips, pins
for setting bones and for other biological implants. Unfortunately, the high cost of
titanium has limited its widespread use. Titanium and its alloys are attractive
engineering materials for structural applications in the aerospace industries. They
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have a high strength to weight ratio, high-elevated temperature properties up to 550
degree centigrade, and excellent corrosion resistance, particularly in most natural
environments [1, 9].
These alloys are more expensive than the common metals. These alloys do
compete effectively in many areas, where their special properties can be used to
advantage. For example, high strength to weight ratio and high elevated temperature
properties of titanium alloys are of prime importance in the aerospace industry. The
new Beta-21S titanium alloy has the nominal composition as Ti- 15Mo-2.7Nb-3Al0.2Si and has excellent oxidation resistance and elevated tensile properties for a
metastable beta alloy. In addition, Beta-21S has excellent corrosion and
hydrogen resistance. Proposed use of this alloy is for applications involving
extended exposure at elevated temperatures. The high molybdenum content of this
alloy provides excellent high temperature stability and the niobium content is
responsible for its excellent oxidation resistance. Beta-21S has superior oxidat ion
resistance compared to commercially pure titanium and has roughly 20 times better
oxidation resistance than the Ti-15-3 alloy (Ti-15V-3Cr-3Sn-3Al) after exposure at
650 degree C for 24 hours. Titanium has been one of the key materials used in all
space launchers, spacecrafts, and the space station [7]. Table- 3 shown below
provides a list of some titanium applications.
TABLE 3 APPLICATIONS OF TITANIUM ALLOYS IN ENGINEERING INDUSTRIES
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Rotating components such as jet engine blades and gas turbine parts require
titanium alloys that maximize strength efficiency and metallurgical stability at
elevated temperatures. These alloys also must exhibit low creep rates along with
predictable behavior with respect to stress rupture and low cycle fatigue. To
reproducibly provide these properties, stringent user requirements are specified to
ensure controlled, homogeneous microstructures and total freedom from melting
imperfections such as alpha segregat ion, high density or low density tramp
applications, and unhealed ingot porosity or pipe. The greater the control is,
however, the greater the cost will be. Aerospace pressure vessels similarly require
optimized strength efficiency, although at lower temperatures. Required auxiliary
properties include weldability and predictable fracture toughness at cryogenic to
moderately elevated temperatures. To provide this combination of properties,
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stringent user specifications require controlled microstructures and freedom from
melting imperfections. For cryogenic applications, the interstitial elements like
oxygen, nitrogen, and carbon are carefully controlled to improve ductility and
fracture toughness. Aircraft structural applications, along with high performance
automotive and marine applications also require high strength efficiency, which is
achieved by judicious alloy selection combined with close control of mill processing
[7, 8].
Conclusions
It is concluded that titanium and titanium alloys have very high tensile
strength and toughness. They are light in weight; possess extraordinary corrosion
resistance, and ability to withstand extreme temperatures. It is stronger and less
ductile, but beta phase Titanium is more ductile. Alpha beta- phase Titanium has a
mechanical property, which is in between both. Titanium and titanium alloys are
used in airplanes, missiles and rockets where strength, low weight and resistance to
high temperatures are important. Titanium does not react within the human body. So,
it is used to create artificial hips, pins for setting bones and for other biological
implants
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