
ISSN: 0975 -8542 

    Journal of Global Pharma Technology 
       

  Available Online at: www.jgpt.co.in  
     

RESEARCH ARTICLE 
 

©2009-2019, JGPT. All Rights Reserved                                                                                                                                           22 

Development of Biocompatible Coatings for Dental Implants Based 

on Transition Metal Nitrides 

Alexei Yumashev1*, Irina Semenycheva1, Bauyrzhan Rakhadilov2, Alexandr 

Tsymbal1 

1. Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russian Federation. 

2. Sarsen Amanzholov East Kazakhstan State University, Ust-Kamenogorsk, Kazakhstan. 

*Corresponding Author: Alexei Yumashev 

Abstract 

Nitrides are nitrogen (N) compounds with other chemical elements, in particular with transition metals. 

For transition metal nitrides, the main ones are properties such as homogeneity of the material of nitride 

products, high electrical conductivity, and high melting points, with hardness exceeding most other 

known materials. As experimental samples we used ready transition metals alloys from cylinders, 10 mm 

in diameter, and 20 mm in height. 10 cylinders for each alloy were used. Heating to the required 

temperatures was carried out using an induction heating furnace. Temperatures were measured with a 

DT model pyrometer, the measuring range of which ranges from -50 to + 110 °C, with an error of one 

tenth of a °C. Alloys were studied using electron microscopy, and the hardness of the resulting alloy was 

also measured. In addition to the samples of implants with a nitride coating, samples of cast products 

(implants) were produced. 10 samples of each type were made. The nitride film present almost doubled 

the hardness indices of metals and their alloys. The smallest wear out was observed for gold and 

platinum samples, the largest - for zirconium, titanium and nickel, 2-3 times more (p≤0.05). The presence 

of even the thinnest titanium nitride film changed these indicators, as a result of which the wear out 

level became even lower than that of gold (p≤0.05). The present nitride film prevents the formation of an 

adsorption layer. Such implants wear out will be slowed down in comparison with metal ones, but 

without a nitride film, on which an adsorption layer is formed. Along with the preference of titanium 

physical and chemical properties over other metals and their alloys, the deposition of a titanium nitride 

film is a necessary property to improve. Titanium has several advantages over other metals, including 

lower thermal conductivity and resistance to corrosion changes. Titanium nitride gives maximum 

hardness and maximum wear resistance. Nitride film implants acquire no damage; moreover, nitride 

spraying can also be used with other types of implants, for example, ceramics. The nitride film gives the 

metal base additional stability properties, creating a protective layer. The combined use of a titanium 

implant with titanium nitride spraying (layer thickness no more than 0.1 mm) increases the properties of 

hardness and wear resistance of implants. 

Keywords: Nitrogen (N) compounds; Transition metals alloys; Electrical conductivity; Dentistry; Dental 

implants. 

Introduction 

Nitrides are compounds of nitrogen (N) with 

other chemical elements, in particular 

transition metals. The latter, having 

stability, include titanium (Ti4+), iron (Fe3+), 

zinc (Zn2+). Other transition metals - like 

chromium (Cr2+), manganese (Mn3+), are 

unstable. The main properties for transition 

metal nitrides are properties such as 

homogeneity of the material of nitride 

products, high electrical conductivity, and 

high melting points, with hardness exceeding 

most other known materials [1, 5]. Obtaining 

nitrides is quite energy intensive, since it is 

associated with reactions of the 

corresponding metals in the presence of free 

nitrogen (N2) or ammonia (NH3) at high 

temperatures [6].There are the following 

modes under which such synthesis is carried 

out - combustion, production as a result of 

reactions in a plasmatron, and others-

reduction of metal oxides, precipitation from 

gases, or by decomposition of salts (ammonia 
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metal halides). All costs are more than offset 

by the benefits of using nitrides in various 

fields of human activity [7]. These include 

fire resistance, which is given to various 

parts and products, covering them with a 

nitride layer. In metallurgy, nitrides make 

components of hard alloys, as well as 

containers for melting and evaporating 

metals with a lower melting point (Al), or 

cutting edges for tools. One of the perspective 

applications for transition metal nitrides lies 

in an area that is not related to the main 

areas of application - in dentistry [8, 9]. From 

transition metal nitrides, it is possible to 

create coatings for dental implants [10]. This 

area is in development and the data and 

studies available are not enough to 

generalize the already known facts and 

develop new application technologies. All of 

the above has determined the relevance of 

this work. Implants must strictly correspond 

to a number of properties, due to which 

rejection reactions and active ion migration 

from the implant to the oral cavity will not be 

observed in connection with reactions with an 

aggressive environment (saliva).  

For the successful functioning of the implant, 

porosity, a high degree of adhesion, as well as 

the presence of bioactivity, or, on the 

contrary, inertness and the absence of a 

pronounced immune response of the body to 

the implant are mandatory [11, 12]. On the 

surface of the implant, it is necessary to form 

a coating that meets such requirements as 

the necessary structure of the surface layer 

and its heterogeneity with respect to the 

internal ones. All this implies a complex set 

of interactions between specialists in the field 

of medicine, immunology, engineers and 

chemists. The properties of certain types of 

dental implants can have a negative impact 

on human health, including pathologies in 

the field of oncology, as well as disorders 

associated with galvanic pathology. The goal 

of our work is to develop biocompatible 

coatings based on transition metal nitrides 

for implants in dentistry. In addition, we 

have compared the chemical, physical and 

biological properties of transition metal 

nitrides with those of other materials used in 

the manufacture of implants in dentistry. 

Material and Methods 

The work was carried out in 2017 at the 

laboratories of the Sechenov First Moscow 

State Medical University (Sechenov 

University).As experimental samples used 

finished alloys of transition metals from 

cylinders, 10 mm in diameter, and 20 mm in 

height. Such cylinders are necessary for 

microscopic tests. 10 cylinders were used for 

each alloy. The composition of the alloy was 

recognized using a fluorescence X-ray method 

(X-ray spectral analysis) using a 

spectrometer. Heating to the required 

temperatures was carried out using an 

induction heating furnace.  

Temperatures were measured with a 

pyrometer of the DT model, whose range 

varies from -50 to +1100°C, with an error of 

one tenth of a degree. The studied coatings 

were applied to the polished and cleaned 

surface of the studied alloys by plasma-

chemical deposition methods. Additionally, 

the resulting coatings were studied using 

electron microscopy, and the hardness of the 

resulting alloy was also measured. The 

second part of our work included the 

manufacture of dental implant samples. In 

addition to samples of implants with a 

nitride coating, those were produced that 

have been used for a long time in dentistry, 

in particular, products from precious metals 

(gold). Quantitative indicators of dental cast 

products are given in Table 1 out of 10 

samples of each type. 

 

Table 1: The composition and quantitative characteristics of the materials the implants are made from 

Alloy composition Quantitative characteristics of the 

coating, % of each of the elements 

The presence (+) or absence (-) 

of a nitride coating 

Nickel-titanium 50+50 + 

Nickel (Chrome + Molybdenum) 59 (25+15) - 

Titanium 100 + 

Zirconium 100 - 

Titanium (aluminum) 92 (4-6) + 

Titanium (Aluminum + Molybdenum) 85 (6+4) - 

Gold (Platinum) 87 (11) - 

Nickel (Chrome + Molybdenum) 61 (23+6) - 

 

We used titanium nitride as a nitride coating, 

which was applied to 3 types of dental 

implants out of 8 (Table 1). Titanium is 

selected as a transition metal, which has a 

high melting point and is chemically inactive. 

In addition, titanium has a combination of 
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properties such as strength and lightness. 

According to some reports, the presence of 

titanium and alloys with its base, as well as 

niobium and platinum in the body can be 

unlimited for a long time, comparable to the 

life expectancy of an individual. For other 

metals, such as nickel, tungsten, copper and 

cobalt, being in the body can cause toxic 

processes. Finally, for iron, molybdenum, 

aluminum, silver and gold, a short stay in the 

body is possible without visible consequences. 

Anticorrosion properties, resistance to 

aggressive media (immersion in a solution 

simulating saliva at 36 °C in composition, 

holding for 30 minutes), as well as changes in 

the stationary potentials of metals and their 

alloys for implants with and without coating 

were tested. In this case, two electrodes were 

used; each of the electrodes was alternately 

passed through a model solution until it came 

into contact with the studied metal or its 

alloy.  

Next, one of the electrodes was removed and 

dried. After that, a furrow was applied to this 

electrode, which should be similar to a 

mechanical effect. The width and length of 

the furrow in all samples did not differ and 

amounted to 2.5 by 0.5 mm, respectively. To 

assess the effect of slag in each of the 20 

samples consisting of ceramics, a hole with a 

diameter of 5 mm was drilled. The surface of 

the hole was covered with a layer of titanium 

nitride. The thickness of the titanium nitride 

layer is 0.01 mm. The hole imitated carious 

changes that violate the integrity of the tooth 

and lead to its destruction. Slag consisting of 

oxides (silicon, aluminum, iron, manganese, 

calcium, magnesium, sodium, potassium, 

titanium, chromium and phosphorus) was fed 

into the hole. The ratio of oxides in the slag 

ranged from 0.05 to 30%. Thus, obtained 

experimental sample was placed in a furnace, 

where for half an hour it was kept at 

maximum heating of 1000°C. Next, an 

incision was made of the sample and its 

microscopic examination. We selected slag 

due to the fact that it is the most chemically 

aggressive medium. The above differences 

are significant at p≤0.05. For data processing 

used the program Past v. 3.0 the significance 

of differences between the characters was 

checked by applying the Fisher two-sample t-

test for independent samples. In the tables, 

the average values are given together with 

the average error. 

Results 

Tests for Hardness and Wear Resistance 

The tests for hardness and wear resistance 

performed on the prototypes showed differing 

results (Table 2). The bulk of the alloys have 

the same hardness as tooth enamel. 

According to the data, tooth enamel has 

hardness indices in the range of 3.3-4.3 GPa. 

Titanium and its alloys have close values to 

tooth enamel. Softer than enamel, indicators 

have an alloy of gold and platinum, 

zirconium. Nickel has the maximum 

hardness. 

 

Table 2: Indicators of hardness and wear resistance of metals and their alloys, taking into account and without 

taking into account the presence of a nitride film 

Alloy composition Hardness values 

(GPa) 

Hardness 

values taking 

into account 

titanium 

nitride film 

(GPa) 

Sample Wear 

(mm3) 

Wear based on 

titanium nitride 

film (mm3) 

Nickel-titanium* 4.9±0.3 8.3±0.5 5.010*10-4 1.100*10-4 

Nickel (Chrome+Molybdenum) 4.8±0.2 - 6.636*10-6 - 

Titanium* 4.1±0.2 7.9±0.4 8.309*10-4 1.010*10-4 

Zirconium 2.6±0.6 - 8.390*10-4 - 

Titanium (Aluminum)* 5.0±0.4 8.1±0.3 3.367*10-4 1.150*10-4 

Titanium (Aluminum+Molybdenum) 5.1±0.3 - 3.590*10-4 - 

Gold (Platinum) 2.7±0.3 - 2.497*10-7 - 

Nickel (Chrome+Molybdenum) 7.9±0.7 - 7.390*10-6 - 

* - titanium nitride film coated alloys 

 

On the other hand, the presence of a nitride 

film almost doubled the hardness indices of 

metals and their alloys (Table 2, at p≤0.05). 

The use of a nitride film, thus, increases the 

hardness of the implants. Wear resistance is 

the other side of the parameters important 

for implants. Depreciation leads to 

irreversible changes in the surface structure 

of implants and a possible pathology of 

galvanic origin. The smallest wear, as shown 

by our studies, was observed for samples of 

gold and platinum, the largest -for zirconium, 

titanium and nickel, 2-3 times more (p≤0.05).  
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The presence of even the thinnest film of 

titanium nitride changed these indicators, as 

a result of which the level of wear became 

even lower than that of gold (p≤0.05). Thus, 

titanium nitride films give implants 

maximum hardness and minimum wear, 

which gives durability to implants. 

Corrosion and Abrasive Tests of Various 

Types of Dental Implants 

Being in the oral cavity, dental implants are 

subjected to two types of effects - corrosion 

and abrasion. Table 3 shows the potentials of 

metals and their alloys after a current 

measurement in a system with an updated 

surface of one of the two electrodes. 
Table 3: The potential values of metals and their alloys 

Alloy composition Potential values (given on a standard 

hydrogen scale) 

Values excluding titanium nitride 

film 

Nickel-titanium* +0.015 +0.130 

Nickel (Chrome+Molybdenum) +0.139 - 

Titanium* +0.014 +0.052 

Zirconium -0.043 - 

Titanium (Aluminum)* +0.015 +0.047 

Titanium (Aluminum+Molybdenum) +0.061 - 

Gold (Platinum) +0.301 - 

Nickel (Chrome+Molybdenum) +0.143 - 

* - titanium nitride film coated alloys 

 

As can be seen from the data presented, the 

presence of the thinnest layer of a titanium 

nitride film completely changes the 

properties of conductivity, despite the fact 

that some of the metals or their alloys have 

high indices. For example, the performance of 

a nickel-titanium alloy can differ by 9 times 

between an alloy and an alloy with a nitride 

film, and by 3 times for a titanium-aluminum 

alloy (at p≤0.05). With an increase in the 

exposure time to 2 hours, in metals without 

nitride coatings, the conductivity changes in 

the direction of shear to positive values.  

The differences are significant and the 

indicators shift relative to those given in 

Table 3 to 25%. For zirconium and metals 

with a nitride film, no significant differences 

were recorded. The changes that have 

occurred in metals are associated with the 

formation of a thin adsorption layer on them. 

This layer prevents further dissolution 

(electrochemical nature) of metals and their 

alloys. From this we can conclude that the 

presence of a nitride film prevents the 

formation of an adsorption layer. The wear of 

such implants will be slowed down compared 

to those on which the adsorption layer has 

formed. 

The Consequences of the Introduction of 

Slag into Ceramics 

Visible damage to the samples was not noted. 

At the boundary between the slag melt, 

titanium nitride and ceramics, a layer is 

formed that varies in thickness, from 40 to 90 

microns. The zone of direct contact between 

the slag and ceramics was absent.  

In this case, titanium nitride played the role 

of a protective layer that protects the ceramic 

part of the implant from destructive effects. 

The studies using optical and electron 

microscopes showed the absence of grains 

(globules) in this zone. In addition, it was 

found that the nitride film reduced the slag 

to metal, thereby creating additional (in 

addition to nitride) protection. Such 

protection is doubly able to resist corrosion of 

the ceramic part of the implant. 

Discussion 

The use of titanium in dental prosthetics and 

implants. Various metals and their alloys are 

known to have varying degrees of application 

in dental products. For example, gold is best 

used for inlays and on lays, crowns and 

bridges, silver are suitable for use in crowns 

and bridges [13, 14]. Cobalt-chromium alloy 

is most often used for crowns, bridges, 

implants and partial dentures, while nickel-

chromium is suitable only for crowns and 

bridges. Iron is used to create orthodontic 

appliances. Finally, titanium is suitable for 

crowns, bridges, and implants [15]. 

Therefore, no universal metals or their alloys 

exist [16]. At the same time, some of them 

are toxic to the body, as mentioned above.  

Therefore, titanium and its alloys are almost 

ideally suited for the creation and implants 

implementation [17, 18]. The introduction of 

implants from metals and their alloys, as 

shown in a number of works, can cause 

pathological changes of galvanic nature in 

10-30% of patients. In these studies, the 

results were obtained for patients with fixed 

dentures, which include implants [19, 20]. 
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The more implants in the patient’s oral 

cavity, the greater the amount of metal 

cations contained in saliva. All this leads to 

the development of the galvanic syndrome. 

Out of the metals and their alloys that we 

examined and tested, the lowest indicators 

for the possibility of the development of the 

galvanic syndrome are titanium and its 

alloys [21, 22]. Along with the preference for 

the physical and chemical properties of 

titanium over other metals and their alloys, 

the necessary property to improve is the 

deposition of a titanium nitride film. 

Titanium has several advantages compared 

with other metals - lower thermal 

conductivity and resistance to corrosion 

changes [23]. Titanium is known to be 

resistant to dissolution in acids, alkalis, and 

various aggressive media of biological origin 

[24].  

Today, in some EU countries, for example in 

Germany, all implants are made of titanium. 

Most prosthetic joints and other orthopedic 

products are also made on the basis of 

titanium or its alloys [25, 26]. The most 

important property that should be considered 

for implants is the adhesion of bone cells, 

osteoblasts. Titanium and its alloys are 

proved to have high adhesion, i.e., are most 

densely held by osteoblasts [27, 28]. A 

titanium implant will quickly become 

overgrown with bone tissue. In addition, 

there is evidence of bactericidal properties of 

titanium, similar in effect to silver ions [29]. 

Studies on titanium nitride with the addition 

of various alloying metals to the melt showed 

that its hardness increases by 10-15% [30, 

31]. This is due to changes at the microscopic 

level. The size of grains (globules) is reduced 

by a factor of 2, from 10 nm to 5 nm [32]. 

These properties are stored up to 1000°C. 

Starting at a temperature of 1100°C, the 

nitride hardness begins to decline [33]. 

Titanium nitride gives maximum hardness 

and maximum wear resistance. Nitride film 

implants have no damage; moreover, nitride 

spraying can also be used with other types of 

implants, for example, ceramics. The nitride 

film gives the metal base additional stability 

properties, creating a protective layer. 

Conclusions 

The combined use of a titanium implant with 

titanium nitride spraying (layer thickness 

not more than 0.1 mm) increases the 

properties of hardness and wear resistance of 

implants. 
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