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Abstract 

Titanium (Ti) is used for various application due to its light, durable and polished silver-white 

element. Titanium has two forms of allotropy called rutile and anatase, due to white color, slow-

melting point and high power and high power in uniform distribution and diffusion in other 

compounds, is the main raw material of white color in the dyeing industry. It is known for making 

paper, plastics, rubber and various other materials. Therefore, regarding its use and high application in 

this paper we reviewed the conventional and advance application of Ti. The presence of small amounts 

of impurities such as oxygen, nitrogen, carbon and hydrogen in which are soluble in the metal, causes 

the mineral fragility of the metal and prevents its commercial exploitation. At the same time, it is very 

light and does not cause skin allergies and have scratch-resistant properties. The purpose of this study 

is to introduce and application of titanium in various industries. The main use of titanium in the 

industry is in the form of metal and titanium dioxide, the use of metal is not used much due to 

problems in its preparation and purification, but instead, the use of oxide in the form of TiO2 is widely 

used in industry; So that 90% of the primary industries are consuming titanium oxide. The human 

body easily accepts titanium because it has been proven to be more biocompatible than stainless steel 

or cobalt chromium (CoCr). In addition, titanium has a higher fatigue strength than many other metals 

which helps to transform it as a desired material in dental and orthopedic applications. 

Keywords: Titanium, Alloys, Production technology, Biomedical application, Dentistry 

1- Introduction 

The purpose of this study is to introduce 

the application of titanium in various 

industries such as dentistry as dental 

implant or filler. The main use of titanium 

in the industry is in the form of metal and 

titanium dioxide (titanium nanoparticles), 

the use of metal is not used much due to 

problems in its preparation and 

purification, but the use of oxide in the 

form of TiO2 is widely used in industry 

application. Therefore, 90% of the primary 

http://jsme.iaukhsh.ac.ir/


48 

S. Heydari et al. / Journal of Simulation and Analysis of Novel Technologies in Mechanical Engineering 13 (2021) 0047~0058 
 

 

 

industries are consuming titanium oxide in 

different form [1-7]. Recently, many 

researchers work on titanium nanoparticles 

for bone and orthopedic applications [8-

14]. The titanium is a strategic metal in 

aircraft engines and in-house construction, 

transportation equipment, chemical 

industries, power generation units, alloy 

industries, submarine construction, 

chemical plants, nuclear and thermal 

power plant cooling devices [15-18]. The 

main use of titanium dioxide in the paint 

industry is as a pigment, and it is also used 

in the ceramic, plastic, paper, and 

electronics industries. Consumption of this 

substance in developed countries is almost 

ten times that of developing countries. 

Titanium metal is very resistant to 

corrosion environments and the pure 

titanium or its low-impurity alloys are used 

in petroleum desulfurization plants, in oil 

well equipment, and in required joints, as 

well as in medical applications [19-21]. On 

the other hand, titanium-coated steel sheets 

are now produced in the world, which due 

to their anti-erosion properties are widely 

used in the oil industry. These products 

used in the desulfurization stages of oil 

derivatives in refineries [4]. Principles of 

extraction of titanium such as aluminum 

and other similar metals are done by 

electrolytic methods. In the last 50 years, a 

lot of investment has been made to make 

soluble titanium compounds in a molten 

electrolyte and settle on the cathode of the 

electrolyte solution [5]. Titanium is 

produced in this way in the form of a 

sponge, porous materials or powder form. 

In various cases, their microscopic 

structure consists of spherical particles that 

are between 1 and 100 micrometers [6-11]. 

The titanium sponge processed is 

structurally similar to the Kroll sponge. 

FFC processing is more economical than 

Kroll. 

2- Physical properties of titanium 

Titanium is a relatively light metal with a 

density of 4.54 gr/cm3, which is located 

between the density of aluminum (2.71 

gr/cm3) and iron (7.87 gr/cm3). The 

melting point of titanium is 1668°C, which 

is higher than the melting point of iron, and 

its elastic modulus is between the values of 

iron and aluminum. It has a high melting 

point due to the formation of TiO2 

nanoparticles which is used for corrosion 

resistance. These forms are alpha which 

has a compact hexagonal structure, and B, 

which has a centered cubic crystal 

structure. In pure titanium, phase alpha is 

stable up to 883°C and at more than 883°C 

in which this phase becomes phase b [15-

32]. 

3-Applications of titanium nanoparticles 

3-1 Titanium in the industry 

The main advantages of titanium 

nanoparticles in various engineering 

applications such as high specific strength, 

high temperature strength over a wide 

temperature range, and corrosion resistance 

in most corrosive environments. Titanium 

nanoparticles used in various industry 

typically as an alloy that has greater 

mechanical strength, higher temperature 

strength, and other beneficial properties 

than pure titanium. Titanium alloys are 

most used at very low temperatures up to a 

temperature range of 500-600°C. One of 

the things that are considered in the 

development of new titanium alloys is the 

percentage of alloying. Alloying the 

titanium increases the strength of alloys, 

but it causes a decrease in ductility. Ti-

6Al-4V alloy is limited in terms of 

temperature, which limits its application to 
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a temperature of about 400°C, and for high 

temperatures, another alloy such as Ti-6Al-

2Sn-4Zr-2Mo+Si must be used. Ti-6Al-4V 

climbing alloy is widely used in turbine 

engines and aircraft structures [33-39].  

3-2Titanium in mechanical application 

Easy machining properties of titanium and 

its alloying properties facilitate the 

combination of high-quality alloys with 

aluminum, vanadium, and other elements. 

Titanium alloys in aircraft, ships, missiles, 

and spacecraft appear in high performance 

components such as firewalls, helicopter 

exhaust ducts, and sensitive structural 

components. The surface of the material 

contains non-chemical oxides that increase 

the corrosion resistance to mineral acids 

and chlorides. In the many industrial, 

biomedical and biomaterials challenges, 

titanium sheet tensile and fatigue strength 

also contribute to fatigue and fracture 

resistance. Its tensile strength changes 

from 20,000 to 200,000 psi and heat 

resistance above 600°C enable it to play a 

role in any environment. The high alloying 

properties of titanium ensure that the 

demand for metal industrial application.  

3-3Titanium in cosmetics 

Titanium nanoparticles is also used in the 

production of synthetic fibers in which the 

pure titanium dioxide powder is used as a 

pigment in food products. Titanium 

dioxide is used in sunscreens (lotions) due 

to its ability to protect the skin and it is a 

superior white pigment. Rutile is 

composed of a denser crystal lattice than 

anatase and is denser and has a higher 

refractive index. The pigment should be 

usable in the sulfated pathway (rutile or 

synthetic rutile should not be used) and has 

a higher FeO/Fe2O3 ratio (ferric acid and 

sulfur) [6, 10-17].  

3-4Titanium in orthopedics field 

Titanium was first used in orthopedic 

applications in the 1950s. Orthopedic 

branches of surgery are related to the 

musculoskeletal system. Orthopedic 

surgeons use both surgical and non-

surgical methods to treat musculoskeletal 

injuries, spinal diseases, and sports 

injuries. Currently, titanium alloys are a 

top priority for orthopedic equipment such 

as hip joints, skeletal joints, knee joints, 

spinal fluid shelf, shoulder and elbow 

joints, and bone plates and scaffold. 

Titanium is a popular metal for orthopedic 

specialists because of its overall resistance 

to iron corrosion. In addition, it has been 

shown to be compatible with bone density, 

strength, and has a small elastic modulus. 

Hence, it is an excellent material for the 

orthopedic field. 

 
Fig. 1 The screw and spine produced by Titanium 

with mechanical process 

3-5 Titanium in dentistry field 

Most dental implant bases are made of 

titanium with a non-allergic metal that is 

biocompatible which means that the 

immune system does not consider it as an 

external attacker and therefore may not 

attack it [40-44]. Titanium nanoparticles 

has been used successfully for many years, 

not only for dental implants however also 

for bone, arm, back, and bone replacement. 
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The titanium fuses well with the jawbone 

during a process called implantation in 

which during this process, titanium 

becomes part of the bone and attached to 

the host bone as shown in Fig. 2 [38-44]. 

 
Fig. 2 The screw and titanium implant for dental 

application 

Titanium is extremely strong but much 

lighter than gold alloys, therefore: it is 

ideal for patients who need strong and 

comfortable dental implants. This 

mechanical feature reduces the risk of pain 

or discomfort during changes in ambient 

temperature.  The success rate of titanium 

as a dental implant is more than 95% for 

tooth implants remain in place and in case 

that the patient can use them for the rest of 

his life. One or more implants can be used 

to support a denture crown or overdenture 

[31-45]. Titanium-based dental implants 

have both cosmetic and therapeutic 

applications with none toxic properties in 

the human body which can tolerate high 

doses of titanium. However, some studies 

have shown that titanium and titanium 

dioxide is slightly toxic in animal 

laboratories, especially in mice exposed to 

titanium dioxide [45-52]. A small black 

spot has been observed in the lungs. 

Titanium is generally recognized as one of 

the safest metals for dental implant use. 

But some studies have shown that titanium 

has caused many problems in the area 

implanted in the mouth [52-53]. Of course, 

these reported problems account for less 

than one percent of implanted cases. One 

of the reasons for the failure of dental 

implants can be related to the allergic 

reactions of the human body to the metal 

titanium. Some reports of severe allergic 

reactions such as arrhythmia or eczema, 

swelling, inflammation, necrosis, and bone 

resorption due to titanium tooth implant 

base implantation have been reported. 

Titanium is a metal that has a very long 

lifespan in the human body [36-47]. 

Titanium is implanted in various types in 

the form of rods or dental implant screws 

inside the human body, which lasts for 

more than 20 years in the human body. 

Even if the patient takes good care of the 

dental implants, especially the titanium 

implant bases, even for more than 20 years. 

One of the reasons for dental implant 

failure may be the occurrence of allergies 

and allergic reactions to the titanium base 

of the dental implant, so it is better to 

inform your implantologist in case of side 

effects such as swelling, pain, burning, and 

itching of the implanted area [38-44]. The 

bases of titanium implants, which are used 

as the roots of dentures, are chemically and 

physically welded to the jawbone tissue. 

The lower part of the titanium root is 

implanted in a small hole in the bone so 

that it can fuse well with the jawbone. It 

can also be used as a heart patch booster 

[45-49]. 

4- Other aspects of Titanium 

4-1 Titanium alloy systems 

To explain the different microstructures 

observed in titanium alloys, it is necessary 

to be aware of the different stabilization 

systems and fuzzy diagrams of titanium 

binary alloys [26-33]. However, it should 

be noted that binary fuzzy diagrams are 

considered for near-equilibrium conditions.  

In a stable binary system, a, the alloying 

elements are mostly soluble in phase a and 

the metamorphic line B moves upwards. 
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Some of the substituents that stabilize the 

titanium phase are aluminum, gallium, and 

germanium. Of these three elements, 

aluminum is the most important. In fact, 

almost all titanium alloys contain 

aluminum because aluminum is added to 

titanium for formability and lightness. 

Some interstitial alloying elements also 

stabilize phase alpha. Oxygen, nitrogen, 

and carbon are all stabilizing elements [8]. 

Because oxygen is an impurity found in all 

commercial titanium alloys, it is an 

important stabilizing element. Sometimes 

the strength can be determined using the 

amount of oxygen. In titanium, the fast 

constituents of eutectoids are the elements 

silicon and copper. These elements cause 

phase B to decompose very quickly into a 

compound and phase. The mild 

constituents of eutectoid are elements such 

as chromium, manganese, iron, nickel, and 

cobalt. These elements are very slow in the 

rate of eutectoid decay. These elements 

have high solubility in both solid phases 

alpha and beta but do not have much effect 

on phase stabilization. These elements are 

useful because they participate in the 

solidification of the solid solution and slow 

down the formation of a harmful phase in 

titanium such as the phase [10]. 

4-2 Classification of titanium alloys 

Titanium alloys are classified according to 

the phases in their structure. Finally, 

thiamine alloys, which are stabilized at 

room temperature after phase B after 

leaving the temperature of the dissolution 

operation, are classified as alloy B. 

Titanium alloys can generally not be 

heated and welded on and near alloys. 

These alloys have medium strength, good 

toughness and good creep resistance at 

high temperatures [11]. 

4-3 Titanium alloys 

Chemical composition and specific 

applications due to Ti-%5 Al-%2.5Sn. 

Today, there is only one major alloy that 

has a commercial application, and its 

nominal composition is aluminum and tin 

are both stabilizers in titanium. Oxygen, 

which is present in almost all titanium 

alloys, is as strong a stabilizer as aluminum 

and increases the strength of titanium. The 

alloy is weldable and has good stability 

and oxidation resistance at high 

temperatures. Nevertheless, its mechanical 

strength and chemical stability is moderate 

[12]. 

4-4 Microstructure 

Titanium alloys have a complete crystal 

structure. Aluminum is the most important 

substituent alloy in titanium because it 

stabilizes phase to a large extent while 

increasing the strength and decreasing the 

density of titanium. However, the amount 

of aluminum used for titanium is limited to 

5 wt% to 6 wt% because it makes the alloy 

brittle [13]. According to Rosenberg's 

theory, the maximum equivalent of these 

alloying elements that must be added to 

titanium to prevent the formation of too 

much of phase 2 is 

 10 %9
3 6

Sn Zr
Al O     

 

(1) 

4-5 Chemical composition   

This alloy is also used in the many industry 

applications. This alloy is capable of heat 

treatment to achieve maximum strength 

and is stable from a metallurgical point of 

view up to 2482. One of the disadvantages 

of this alloy is its low hardness, and only 

sections up to an inch thick can be 

completely hardened [14-21]. 

4-6 Titanium alloys B: Chemical 

composition and specific applications 
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Titanium B alloys, due to their centered 

cubic crystal structure, are easily cooled 

under dissolved and hydrated conditions 

and can be aged immediately to provide 

greater strength. However, their density is 

relatively high because the percentage of 

heavy metals such as vanadium and 

molybdenum are high. These alloys have 

low ductility when high strength [15]. In 

thick sections, large grain size and 

chemical separation occur, which leads to 

low ductility in ductility and short life in 

fatigue. As a result, semi-stable B-titanium 

alloys are not widely used at present. Heat 

treatment of titanium alloys includes stress 

relief, annealing, annealing and ageing. 

Stress relief operations are performed to 

reduce stresses created during the 

manufacturing process, annealing 

operations are performed to optimize 

flexibility, machinability, dimensional and 

structural stability, dissolution annealing 

and ageing operations increase its strength 

and optimize fracture toughness, fatigue 

strength and creep strength increase at high 

temperatures.  

Heating titanium and its alloys in 

conventional furnaces can contaminate the 

surface and absorb oxygen and hydrogen, 

resulting in brittleness in the alloy [16-21]. 

Due to the rapid cooling and relatively 

narrow hot working range, the cooling 

effect of the tool should be reduced as 

much as possible by reducing the contact 

time, in which the preheating of the tool is 

also effective. In addition, performing 

multiple preheats with minor deformations 

at each stage is also harmful because it 

causes the grain structure to become larger, 

microstructure to become rougher, and 

mechanical properties to decrease. 

Removal of appendages should be done in 

conditions where the temperature of the 

part is high. Therefore, in order to reduce 

preheating and prevent waste of time and 

heat, hammering and removal of 

appendages should be done with the 

shortest time interval from each other, and 

then stress relief operations are 

recommended [16-24]. The sheet that has 

been dissolved annealed can be subjected 

to stretching, pressing, etc., but the 

maximum amount of deformation depends 

on the amount of load applied. The use of 

hydraulic presses has good results. To 

produce parts with complex designs from 

titanium sheets, the falling hammer 

forming method is mainly used, in which 

the sheets are preheated before forming. 

The bites used in cold forming can be 

prepared by cutting or sawing at low 

cutting speeds [24-36]. All sharp 

protrusions should be removed and the 

edges of the cut should be scraped or 

polished for complex forming processes. 

Simple shapes can be formed at room 

temperature. The change in form depends 

on the strength and elasticity of the 

material. Solid lubricants such as soap, 

molybdenum disulfide or graphite are 

preferable to mineral oils and greases. 

Informing parts with complex designs, the 

part and the mold must be preheated in 

order to facilitate the forming process [26-

41]. 

4-7 Welding of titanium alloys 

Commercial pure titanium and most 

titanium alloys can be welded using a 

variety of welding methods. The most 

common welding methods used for 

titanium alloys are gas tungsten arc 

welding (GTAW) and gas metal arc 

welding (GMAW). Other methods used 

include electron beam, laser welding, 

friction welding and resistance welding. In 

order to obtain a healthy weld, it is 

essential to clean the surface of the 
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workpiece and to properly use the 

shielding neutral gas. Titanium melt reacts 

easily with oxygen and hydrogen, these 

elements can be absorbed by the titanium 

melt through contact with air or 

contaminated surfaces and have adverse 

effects on the properties of the weld metal.   

Also, mainly titanium cannot be welded to 

other metals because it is possible to form 

brittle intermetallic compounds in the weld 

zone, which can cause cracks in the weld 

zone [19]. Titanium and its alloys can be 

machined using conventional machining 

tools. 

Using the following recommendations may 

result in good machining and long machine 

life such as use of sharp cutting blades to 

reduce heat and wear and using a large 

volume of cooling fluid to maximize the 

amount of heat removed. Major uses of 

titanium: Titanium metal is very resistant 

to erosion environments. Pure titanium or 

its low-impurity alloys are used in 

petroleum desulfurization plants, in oil 

well equipment and in required fittings, as 

well as in medical applications. On the 

other hand, steel sheets or titanium 

coatings have been produced, which due to 

their anti-erosion properties, have been 

widely used in the oil industry and in the 

desulfurization stages of oil derivatives in 

refineries [32-39]. Other major uses of 

titanium can be summarized as follows. 

Manufacture of titanium carbide, ceramic, 

in chemical and electrochemical processes, 

fabrication of metal sheets and 

construction of special warehouses for 

storage of materials such as nuclear waste 

reinforcing fibers for use in metal 

compounds, industrial ligaments, jewelry, 

making alloys, energy storage, increasing 

thermal conductivity alloys, fillers for 

synthetic gemstones [42-53].  

5- Conclusion 

 Titanium is often alloyed with aluminum, 

iron, manganese, molybdenum and other 

metals. Medicinal and cosmetic uses of 

titanium is used to heal skin burns and 

reflects the sun's ultraviolet rays, and is 

therefore used in the manufacture of 

sunscreens and lotions. Titanium oxide 

powder is also used in the manufacture of 

drug capsules and tablets. Titanium is a 

non-toxic substance and is not considered 

toxic even in large quantities. Also, this 

substance does not play any role in the 

natural system of the human body. The 

annual consumption of titanium and its 

compounds is 105 to 106 tons. 

Approximately 95% of titanium is 

consumed in the form of titanium oxide 

TiO4 and is a permanent, highly white 

pigment with good coating strength in 

paper and plastic. Paints with titanium 

oxide make an excellent infrared reflector 

and are therefore widely used by 

astronomers. Since, this metal has high 

strength and lightweight with abnormal 

resistance to corrosion and has the ability 

to withstand high temperatures.  
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