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Abstract: The basic methods of nitriding of titanium and titanium alloys have been considered in the 
paper. The author found that plasma gas nitriding with indirect plazmatron is a new and promising 
method to change the properties of the surface layer. Using this method of nitriding considerably 
shortens the operation of the process and additionaiiy creates a possibility for local treatment of 
various assemblies and details. The data presented in the special literature is insufficient and often it is 
contradictory as regards structure and mechanical properties of the surface layer of titanium alloys 
after plasma nitriding. The main goal of the research is to explore new possibilities for chemical and 
thermal treatment of titanium and titanium alloys. It is in connection with the clarification of certain key 
properties of the surface layer of the titanium alloy that is formed in the process of plasma gas nitriding 
by indirect plazmatron.  
Keywords: nitriding, indirect plazmatron, titanium, titanium alloys. 

 
 
1. INTRODUCTION 
 
The rapid development of modern technologies and knowledge in the field of materials 
science is the reason the researchers to be increasingly better in use of the materials in 
almost every area of our life. One of the materials that have been the subject of intensive 
study in recent decades is titanium and its alloys. Titanium is an element that combines 
excellent mechanical properties and relatively low weight. 
Titanium is used in aerospace, shipbuilding, missile technology, nuclear energetic, sports 
and medical equipment dentistry, jewelry and more.  Figure1.  It is completely resistant to 
corrosion, does not react to salt water, sun and organic matter. When titanium is used for 
commercial purposes it is 99% pure, platinum has usually purity of 90 % and 14 carat gold 
has purity of 58%. 
Ensuring effective protection of the surface of the parts and structures from corrosion and 
abrasion is very important for solving the problems with the reliability and durability of 
mechanisms, machines , and economic use of materials, energy and labor resources. The 
properties of the electric plasma as huge concentration of energy per unit volume, the high 
temperature that determine the high speed of heat impact on the bodies found in the plasma 
range, the high speed of chemical components among plasma components allow to create 
the necessary fundamentally new and more efficient technology processes and equipment 
that characterized by economy from point of view of material consumption and protect the 
environment. 
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Figure 1. Application of titanium by branches 
      
The plasma stratification is essential for the development of gas thermal technologies in this 
area. Different methods of using a stream of ionized plasma as a source of energy for 
welding are also given in the 50-s of last century but they have been widely used only in 
recent years. The process is based on the ionization of different gases by electric arc, 
focusing of plasma jet through a developed special nozzle design of the plazmatron. Plasma 
processes include both high tonnages chemicals proceedings as well as the production of 
small quantities of specific substances or materials used in new technologies [1]. 
Titanium and its alloys are very attractive materials due to their excellent combination of 
properties enabling their use in many sectors of industry. Titanium in the role of alloying 
element has a strong influence on the mechanical properties of ferrite. Iron - titanium alloys 
have better mechanical and magnetic properties than pure iron and they are used as 
antifriction material for making permanent magnets.  
Along with this they possess certain drawbacks which reduce the possibility of application, 
especially in the sphere that required good tribological properties. These problems are 
solved by using different methods of thermal and chemical- thermal treatment and by coating 
thereon. Chemical- thermal treatment is a combination of thermal and chemical impact by 
diffusion processes occurring on the border between the work piece-surface and the external 
environment.  
As a result of the chemical effect titanium changes it’s chemical composition and hence – the 
structure and the properties through suitable thermal treatment. The greatest application in 
classical chemical-thermal processing found methods of oxidation, carburization and 
nitrification because they change the chemical composition of surface layers. Wear 
resistance and anti-friction properties of titanium and its alloys can be increased by chemical- 
thermal treatment. It is one of the most commonly used methods for the formation of diffusion 
coatings in order to improve the properties of the surface layers of parts and tools. 
 
2. METHODS AND ANALYSIS 
 
The main disadvantages of titanium alloys are their high price and poor workability. They are 
characterized by poor tribological properties in sliding contact, high and unstable coefficient of 
friction, serious adhesive wear and a strong tendency to scratch. Titanium alloys react (scratch) 
in continuous sliding contact with other materials under load and that leads to poor adhesion 
and abrasion resistance at wear. This hard restricts the tribological use of alloys based on 
titanium. 
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Increasing the hardness of the surface layer of the titanium alloy by a thermal treatment 
leads to various micro structural changes that change the properties of the material. The 
corrosion resistance of the material is changed by changing the properties of the surface 
oxide layer. The increased wear resistance of the surface layer remains while this layer is not 
removed in time in the process of wear. Then, the surface again regains its original 
properties.  
The effect of the different treatments of the surface layer varies according to the operating 
parameters (temperature, atmosphere, mounting conditions, time). Intermediate quenching is 
a widespread method for surface treatment, especially in the steel parts. First of all, they use 
elements such as carbon and nitrogen.  
Sometimes to improve the surface properties they use atoms of elements with small 
diameter such as oxygen and boron. Carbon has a low solubility in titanium. In oxygen it is 
significantly greater. You have to avoid high concentrations of oxygen because this leads to 
an increasing of brittleness and worsen the quality of the formed layer. Nitrogen also 
dissolves well but its effect on the mechanical properties of the metal are still under 
investigation [9, 21, 22, 23, 24]. 
Some surface treatments that are described in this section are widely used in industry (PVD 
and CVD processes, nitrogen ionic implantation, lazar nitrification, plasma nitrification, gas 
nitrification). PVD and CVD processes are techniques for applying a coating through which is 
laid another layer of more solid material on the surface. The ion implantation and plasma 
nitrification are examples of chemical- thermal treatment in which there is a smooth transition 
from the base material to the surface layer. Laser nitrification is a alloying technique in liquid 
phase. The changes in the surface layer of the material are in the range of micrometers 
(<10μm). This creates need to make efforts in the development of methods of qualitative 
evaluation of the formed thin layer. 
 
PVD and CVD processes. They are techniques for coating which are absolutely different in 
chemical composition, structure and properties in comparison with the model.  
PVD process consists of evaporation of the metal (material) for coating and deposition 
(coating a protective layer) on the base (the model). These coatings are applied at high 
temperatures (of about several thousand degrees Celsius) and they carry out in the high 
vacuum cameras. The coating metal is evaporated by heating by induction coils.  
The electrical resistance or emerging electron beams heated the source and create 
conditions for evaporation of the metal in the presence of a reactive gas environment (mostly 
nitrogen) then the nitrogen components are formed and deposited on the surface of the 
sample. 
CVD process takes place in the presence of a source of reactive gases and it constitutes 
precipitation of the products of the chemical reaction on the sample. The materials which 
form the coating in gas phase reach the surface of the heated sample, where the thermal 
reaction proceeds (deposition). The reactions that occur on the surface of the hot sample 
form a hard coating. More detailed interpretation of this mechanism would include chemical 
reactions that occur in the vaporized metal before absorption and surface diffusion of 
reactive absorbents. Improving the mechanism of the operation of CVD process allows time 
control of the morphology of the applied layer [1, 8, 9, 12, 31, 32]. 
In comparison to PVD processes, CVD processes show better stratifying capability which 
allows even complicated shaped parts to be coated with a uniform layer. A major 
disadvantage of classical CVD process is the high operating temperature required for the 
formation of the coating (800 to 1400 °C). Lower operating temperatures are possible during 
PACVD processes (Plasma Assisted CVD). In them the gas and sample are exposed to low 
temperature plasma, which provides the necessary activation energy for the reaction. The 
temperature in PACVD process is in the range from 450 to 650 °C. 
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Ionic implantation. The surface modification of titanium and its alloys by means of ion 
implantation of nitrogen or carbon is done in order to improve wear resistance and anti-
scratch qualities.  
During ionic implantation the accelerated ions reach the surface of the sample and the 
source of ions has being bombarded with electrons to ionize molecules by igniting an arc 
between the anode and cathode. If are there created conditions to maintain the implantation 
dose at a certain level it can be influenced positively in the direction of formation of 
stoichiometric balance between implanted elements (N, C) and primary cell (TiN or TiC) near 
the surface.  
The process of ion implantation is carried out at room temperature although the temperature 
of the surface of the sample increases considerably. High energy of the ions is transferred to 
the cell and that leads to the formation of point defects. The penetration depth is typically 
less than 500nm and it depends on the energy of implantation. The range of distribution of 
the ions follows the curve of normal distribution of Gauss. The penetration depth can be 
increased by repeated treatment under the influence of different ray energy sources [6, 7, 14, 
18, 20, 25, 26]. Surface modification form internal mixtures and they have not common 
adhesion problems that occur in coatings. A disadvantage of the coatings produced by the 
ionic implantation is the poor load bearing capacity. This might cause sudden rupture of 
relations between the boundary of the coating and the sample. This process usually occurs 
in the details operating in conditions of cyclic alternating loads. 
 
Laser nitrification. The interest in the use of lasers to modify the surface structure and 
composition of titanium alloys has increased significantly in recent years. The laser 
nitrification is a process that uses the strong affinity of titanium toward nitrogen which is 
reacted with the melted by a laser ray to the sample surface. The high power of the process 
is achieved by using of CO2 or YAG (Y3Al5O12) lasers. This provides extremely fast heating 
of the surface. The process takes place at a high temperature gradient and the main part of 
the material remains unaffected. It absorbs heat and that leads to leakage of process of self 
annealing. Thus it allows to be prepared relatively thick nitride layer on the titanium alloy and 
increasing its tribological properties. The parameters to be controlled in the process of laser 
nitrification are: moving speed of the laser ray, pressure of the process, the degree of relation 
N/ Ar and the value of the gas flow [2, 5, 13, 18, 20]. The laser surface modification of Ti-6Al-
4V is conducted in nitrogen atmosphere and during the formation of TiN on the treated alloy 
the obtained surface layer is hard. Melting the surface with a laser ray and subsequently 
subjecting the work piece to the artificial aging process helps to form a uniform hard layer in 
the area of molten zone. This kind of processing allows obtaining a laser nitrification surface 
with a very small degree of roughness without cracks as well.Although by the means of laser 
nitrification it is possible to be formed hard layer of thickness in range of hundreds of microns 
in a short time without changing the properties of the base material, the process of melting 
and crystallization completely changed superficial micro structure. Roughness of the 
resulting surface is comparatively high and very strong, which creates conditions for the 
appearance of cracks. 
 
Gas nitrification. To modify the properties of the surface layer of titanium alloys they use 
different methods but traditional gas nitrification is still considered the most hopeful method in 
the engineering field. It allows easy formation of a hard nitride layer on the surface of the 
material and it is the cheapest in comparison with the other known techniques. The technology 
of gas nitrification offers different conditions for thermodynamic control of the process. The 
passing of the process is typically associated with control of the gaseous sphere. The procedure 
includes the pumping of air from the furnace environment and the subsequent filling with the 
gaseous sphere to reach atmospheric pressure. The gaseous sphere required for operation of 
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the process consists of pure nitrogen or mixture of nitrogen and argon, nitrogen and hydrogen 
or ammonia. The thickness of the surface layer and the value of micro-hardness depend on two 
parameters - temperature and time [19, 28, 29]. A disadvantage of gas nitrification is that it is 
difficult to control the oxygen content. Titanium alloys with a high content of oxygen tends to 
form a brittle α- phase of the surface which negatively affects their mechanical properties. 
 
Plasma nitrification with indirect plasmatron. Plasma nitrification is one of the most widely 
used techniques for increasing the surface hardness of the material. The process is 
characterized by  the diffusion of nitrogen atoms into the metal surface in the presence of a 
plasma sphere. Plasma nitrification works on the principle of glow discharge. It arises in the 
case of two electrodes with different potentials placed in a gas environment with reduced 
pressure and attached high voltage. At a certain value of the voltage around the electrode with 
a lower potential is obtained glow discharge. Plasma nitrification is implemented in environment 
of an abnormal glow discharge, where the sample is completely covered with the arc and at the 
same time increase the current and voltage. The sample can be heated by transfer of energy by 
ionic bombardment. Thus to the surface reaches nitrogen that by diffuse manner enters into the 
interior [3, 4, 10, 11, 14, 25, 27, 30].  
Plasma stratification is one of the modern methods of coating. The coatings produced by 
plasma stratification are used as corrosion protection for erosive effects of high temperature gas 
flows for electrical isolation, for increasing durability, etc. Upon the passage of gas through 
plasma forming electrical arcing in special plasma generators, called Plasmatrons there is 
formed plasma stream. In plasma stratification the source material for layering in the form of 
wire or powder passes through the plasma stream, the temperature of which is from 10 000 to 
55 000 0K.  
Nitrogen in the plasma nitrification is passed in a form of NH3 or a mixture of argon and 
nitrogen. The sample on which they should make coating is a cathode or negatively linked with 
the walls of the camera (at voltage from 500 to 730 V). The resulting surface layer with titanium 
nitrification consists of an outer layer of TiN and a layer Ti2N. The thickness of the two-
component layer increases with increasing temperature and time for carrying out the process of 
nitrification. Phase transitions of the surface of the sample in the nitrification process can be 
described as follows: 
 

   α-Ti  α(N)-Ti  Ti2N TiN 
 
 
 

 
 
                  
 
 
 
 
 
 
 
 
 

 

Figure 2. Schematic representation of kinetics formation and increasing of the surface layers  
during gas nitrification of titanium [33] 
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The physical model of the formation of nitride layers described above has been developed on 
the basis of the nitrogen diffusion in the pure titanium. [34]. Under the composite layer is a 
diffusion zone consisting of a hard solutions of nitrogen in the Xho grid of α- titanium phase. 
The structure of the diffusion zone depends on the chemical composition of the titanium alloy 
and the temperature of the nitrification. After increasing the thickness of the resulting surface 
layer there is increasing of the size of the grain, the surface roughness, thickness of the 
diffusion layer and the surface micro-hardness. The process of diffusion also depends on the 
temperature. High energy transfer contributes to the formation of active centers and as a 
result – there are formed nanostructures. These processes can take place at considerably 
lower temperatures (500 °C) enabling nitrification of materials with thermo-sensitive 
microstructures. It was found that after gas plasma nitrification for various periods of time 
coloring of the surface layer of the treated titanium alloy is changed from red to golden and 
white color. [36] 
The major disadvantage of the plasma treatment of the surface layer of materials is the high 
price and the process long time. The apparatus ensuring this process requires the 
expenditure of substantial resources and powerful electric equipment. Different nitrification 
conditions affect the surface properties of titanium and titanium alloys. The main parameters 
are the temperature, time, gas mix, the speed of the passing of gas, heating and cooling 
speed, gas pressure, current, voltage and each of the parameters can vary depending on the 
method of nitrification. 
Chemical-heat treated titanium and its alloys by indirect plasmatron expand the range of 
applications of this kind of materials in industry and medicine area [15]. Gas nitrification can 
use in treatment of various parts - from enclosures and components of automotive industry, 
including fine motors and machine parts to different types of implants [17]. According to 
source [35] nitrification of high pressure in pure nitrogen can be successfully applied in fuel 
injectors nozzles made of Ti-6Al-4V alloy. Titanium treated by gas nitrification can be viewed 
as a major material for manufacture of dental implants and removable links in artificial 
compounds in the biomedical field [16]. Titanium is a metal that has more wide application 
not only in shipbuilding and aircraft constructions but also to make special equipment for the 
chemical and food industries. The reasons for this are the specific properties it has: high 
strength combined with low density, high melting point, heat resistance of up to 500 ° C, with 
high corrosion resistance. In an environment of sea water and solutions of chlorides, it 
outperforms stainless chromium - nickel steel. 

 
3. CONCLUSION 
 
Examined properties and characteristics of titanium and its alloys define them as a 
perspective material that is used in various engineering fields. Titanium alloys have high 
strength and high melting point. This makes them an ideal material for construction of various 
engineering structures and gives priority in its operation at high temperatures. Parts of 
titanium alloys demonstrate high fatigue limit, high resistance to cracking and corrosion 
resistance in a variety of operating conditions. At the same time titanium alloys have a high 
tendency to scratch and poor wear resistance, especially in parts working in conditions of 
friction and contact stress. 
Discussed methods of surface treatment greatly expand the application of titanium alloys by 
modifying the structure and properties of their surface layer. Significant efforts are being 
made in the direction of management parameters of the processes that occur at different 
methods of surface treatment and quality assessment of the resulting layer. Special interest 
in discussed methods of modifying the surface layer of titanium and its alloys is a plasma gas 
nitrification with indirect plasmatron. The method allows the use of different solutions and 
alteration of the properties of the surface layer of titanium alloys without remelting by time 
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course it can be reduced to a few minutes. In the review report were discussed the main 
methods of nitrification of titanium alloys. It was found that the plasma gas nitrification with 
indirect plasmatron is a new and perspective method to change the properties of the surface 
layer. This method of nitrification considerably shortens the operation of the process and at 
the same time creates possibilities for local treatment of various units and components. The 
data presented in the literature are insufficient and often contradictory in terms of structure 
and mechanical properties of the surface layer of titanium alloys after plasma nitrification.          
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