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Abstrakt 
 Príspevok sa zaoberá hodnotením vlastností vzoriek s povlakom TiAlN, ktorý bol 
deponovaný na dva typy oceľového substrátu. Oceľ STN 419 436 bola vyrobená tavnou 
technológiou, oceľ Böhler K190 Microclean práškovou metalurgiou. Tenká vrstva (povlak) bola 
na povrch ocelí aplikovaná technológiou reaktívneho katódového naparovania, ktorá patrí k 
PVD (Physical Vapour Deposition) postupom. Tenké PVD povlaky, deponované na povrch 
nástrojov a strojných súčastí, našli široké uplatnenie v celom rade odvetví, napr. v strojárenstve, 
elektrotechnickom priemysle a medicíne. Tieto materiály sa používajú v procesoch, kde sú 
kladené vysoké požiadavky na ich tvrdosť, odolnosť voči opotrebeniu, a tiež tepelnú a chemickú 
stabilitu povrchu. Štruktúra, chemické zloženie a vlastnosti tenkých vrstiev sú dané 
technologickými parametrami PVD procesu a prípravou substrátu pred depozíciou. Vysoké 
požiadavky na kvalitu tenkých PVD povlakov rozvíjajú metódy hodnotenia ich vlastností. 
Mikrotvrdosť je jednou z dôležitých charakteristík mechanických vlastností povlakovaných 
častí. Táto charakteristika bola stanovená pomocou statickej indentačnej metódy podľa Vickersa. 
Morfológia povrchu vzoriek bola stanovená meraním mikrogeometrických charakteristík. 
Štúdium štruktúrnej stavby povlakovaného systému bolo realizované pomocou elektrónovej 
mikroskópie. Bola realizovaná tiež EDX analýza povlaku TiAlN. Scratch test je jednou zo 
základných a najčastejšie používaných metód na stanovenie adhézie tenkého povlaku k povrchu 
substrátu. Táto metóda definuje kvalitu tenkého povlaku počas jeho aplikácie v praxi. Povrch 
materiálu po scratch teste bol vyhodnotený metalografickou analýzou v mieste, kde došlo k 
odtrhnutiu povlaku od substrátu. 
 
 

Abstract 
 The paper deals with evaluation of properties of samples with TiAlN coating, which 
was deposited on two types of steel substrate. Steel STN 419 436 was made by melt technology, 
steel Böhler K 190 Microclean by powder metallurgy. Thin layer (coating) was applied onto the 
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steel surface by cathode arc technology. This method belongs to PVD (Physical Vapour 
deposition) process. Thin PVD coatings deposited onto surface of tools and machine parts are 
widely used in a range of sectors, for example in machine, electrical engineering and medicine. 
These materials are used in operations which place high demands on hardness, wear resistance 
and thermal and chemical stability of the surface. Structure, chemical composition a properties 
of thin layers depend on technological parameters of the PVD process and preparation of steel 
substrate. High requirements on the quality of thin PVD coatings resulted in development of 
methods used to evaluate of their properties. Microhardness is one of the important 
characteristics of mechanical properties of the coated parts. This characteristic was measured by 
static indentation method according to Vickers. Morphology of the surface was determined by 
measurement of micro-geometry parameters. The structure of the coated system was observed 
by scanning electron microscopy. EDX analysis of TiAlN coating was also carried out. The 
scratch test is one of the basic and most frequent tests for determination of adhesion of thin 
coating to the substrate surface. This method defines quality of thin layer during its application 
under practical conditions. Surface of the material after the scratch test was assessed by 
metallographic analysis in the location where the coating had detached from the substrate. 
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1. Introduction 
 At the present there are available many technological procedures of surface treatment 
that enable to resolve to a bigger or smaller extent the problems of short service life and 
reliability of tools and mechanically stressed parts. Approximately every third patent registered 
in the field of machining involves technology of depositing of thin abrasion-resistant surface 
coats. Because of that production of thin hard layers is the most important driving force in 
machine engineering related to tool machining. The thin surface layer affects the properties of 
tools, particularly their service life, durability and performance and thus increases work 
productivity and decreases costs of machining [1]. Important properties of thin PVD, CVD and 
PE CVD layers include the following: adhesion, hardness, thickness and surface roughness. 
Abrasion-resistant layers are produced also from materials based on C, for example W-WC 
deposed by PE CVD method [2,3]. 
 Currently we recognise many individual types of thin coats used in the process of 
machining. The following three basic types of standard layers have been used most frequently in 
commercial applications: TiN, TiAlN, TiCN and their multilayer and gradient modifications [4]. 
The proportion of TiAlN on the market has been increasing steadily, particularly due to high 
resistance of this material to high temperature (approx. 30 % decrease in hardness at 800 °C) and 
high resistance to oxidation at high temperatures. TiAlN layers are deposited to high-speed 
cutting tools because Al2O3 layer produced on the surface during cutting contributes to decreased 
friction and improves the cutting properties [4]. At elevated temperature the hardness of TiAlN 
is higher than the hardness of TiN which results from the fact that hardness depends on the 
content of Al and the maximal hardness of 3200 HV is reached at the level of Al ∼ 60 % [5]. 
Besides quality of preparation of the thin layer preparation we should mention additional 
important considerations: properties of the substrate and correct final preparation of its surface 
before deposition of the layer. All this can guarantee good service properties of coated tools and 
parts from the point of view of their mechanical stressing under operational conditions. 
 Due to increasing requirements of the quality of thin PVD layers it is important to 
ensure further development of methods for testing their mechanical properties. Adhesion of thin 
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layer to the substrate is one of the basic criteria that decide about suitability of the system for 
further use. The scratch test is the method most frequently used in common practice to measure 
adhesion, i.e. the strength of connection between the deposited coat and the respective substrate. 
 
 

2. Experimental material and experimental procedure 
2.1  Experimental material 
 The experiment was carried out on specimens prepared from tool steel STN 419 436 
(DIN X210Cr12, produced by conventional melt metallurgy, and material Böhler K190 
Microclean (DIN X 220 CrVMo 13 4) produced by powder metallurgy technology [6]. The 
structure of steels 19 436, resp. K190 after the heat treatment was martensitic-carbidic and the 
hardness reached 59 HRC and 65 HRC, resp. (Fig.1). The high-alloyed tool steel 19 436 is 
intended for cutting tools, such as screw taps, turning tools and for cold work tools known for 
their high wear resistance. The steel K190 is ledeburitic steel with homogeneous fine-grained 
structure and uniform size of carbides approx. 2 µm; it shows high resistance to abrasive and 
adhesive wear. It is intended for tools used for pressing and accurate cutting, for drawing and 
deep-drawing tools and tools for cutting operations. 
 

  
a)      b) 

Fig.1 Martensitic – carbidic structure after heat treatment a) steel STN 419 436, b) steel Böhler K190 Microclean 
 
 

2.2  PVD method based on reactive cathode arc technology 
 The surface of specimens was prepared by the conventional metallographic method 
up to the polishing which requires high-quality deposition process. Before deposition of thin 
layer the specimens were degreased in acetone. The second phase of cleaning of specimen 
surface was carried out directly in the coating apparatus by stream of ions of neutral gas (argon). 
This process was also responsible for heating up the specimen surface to working temperature 
and for its activation. The thin layer of TiAlN was deposited to the substrate surface using the 
reactive cathode arc method. This method of producing thin PVD coats is based on evaporation 
of cathode material in controlled atmosphere. It is based on the fact that at low pressure the arc 
discharge is formed to the cathode-spot zone (0.1 mm in diameter) where the vaporisation and 
ionisation of cathode material occurs. The evaporated particles, mostly positive ions, are 
accelerated by negative voltage toward the substrate prepared for coating. The particles are 
captured on the substrate surface by sorption processes (chemical or physical). As these particles 
move about the surface, part of them is released back to the working space and the remaining 
ones, which imparted their energy to the surface, are captured there by stabile bonds. In this way 
isolated nuclei and islets of the developing coat are gradually formed. As the process continues, 
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the islets merge and produce a continuous layer which continues to grow and increase its 
thickness. The energy of ionised particles produced in the process of reactive arc coating may 
reach 10 to 100 eV, 50 – 80 % of the mass evaporated from the cathode; this eventually 
increases the coat-substrate adhesion. However, microscopic droplets of evaporated metal are 
also integrated into the coat and form protuberant protrusions on its surface. This phenomenon 
affects negatively some properties of the final coat, e.g. surface roughness, coefficient of friction 
and corrosion resistance [7]. The structure and properties of thin coats are determined 
particularly by the character and technological parameters of the deposition process, namely the 
pressure of working gas, substrate temperature, magnitude of bias on the substrate and duration 
of deposition [7,8]. 
 
 

2.3  Surface micro-geometry 
 An error is often introduced into correlation of laboratory test results if the 
requirement of identical surface characteristics is not complied with. It is necessary to monitor 
the particular roughness parameters of the surface in terms of appearance of various 
incompatibilities, including cracks. The defects on functional surfaces can act as stress 
concentration places at mechanical and thermal loading [9]. 
 The micro-geometry of substrate surface after polishing and of the deposited coat, 
determined according to STN EN ISO 4287, was represented by the mean arithmetic deviation 
of profile Ra and maximum height of profile Rz at the measured length L = 15 mm. 
 
 

2.4  Coat microhardness 
 Microhardness is one of the basic characteristics of mechanical properties of the coat 
– substrate system. Microhardness of thin and hard layers is measured mostly by static 
indentation methods according to Vickers. It is performed using the lowest possible load, i.e. the 
possible visual evaluation of an indentation produced by a load ranging from 0.01 g up to max. 
200 g. In case of higher loading the values of coat hardness are affected by the substrate. The 
measurements were carried out using a LECO microhardness meter LM 700 AT and a load of 50 
g, vertical to the specimen surface, and the mean value of microhardness HV was determined 
from 10 measurements. 
 

      
                           Fig.2 Principle of scratch test [10]     Fig.3 Grapfical record of the scratch test 11] 
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2.5  Determination of coat – surface adhesion using scratch-test 
 The coat – substrate adhesion was determined by the notch test with a diamond 
indenter employing a scratch tester CSEM REVETEST [10]. The instrument recorded the course 
of increasing normal Fn and tangential Ft forces acting on the indenter, value of the friction 
coefficient µ = Ft /Fn and signal of acoustic emission AE, Fig. 2. Adhesion–cohesion properties 
of the coated system were evaluated on the basis of morphology of failure following the notch 
test and graphical record of acoustic emission signal AE and the coefficient of friction µ in 
dependence on load, Fig. 3. This test determined the value of critical load FC which resulted in 
substrate exposure. 
 
             
 
 

3. Results of the experiment and discussion 
 Method of cathode arc technology was used to deposit the thin TiAlN coat to the 
surface of steel substrate [11,12]. Results of surface micro-geometry represented by mean 
arithmetic deviation Ra and maximum height of profile of the coat surface Rz, together with 
values measured on the substrate surface before coating according to STN EN ISO 4287, are 
presented in Table 1. 
 
 Table 1  Micro-geometry characteristics Ra and Rz before and after deposition 

 
 Ra – mean arithmentic deviation of profile, Rz –maximum height of profile 
 
 

 After deposition by the cathode arc technology we observed an increase in micro-
geometric characteristics of individual specimens. This increase results from the essence of the 
deposition process as the presence of microparticles and roughness contribute to changes in 
surface microgeometry [7]. 
 

   
a)      b) 

Fig.4 Structure of TiAlN coat deposited on a) steel STN 419 436, b) steel Böhler K190 Microclean, SEM 
 
 

 The structure of the TiAlN coat was observed on fracture surface obtained by brittle 
failure of the specimen at the temperature of liquid nitrogen. The micrograph obtained by 
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scanning electron microscopy, presented in Fig. 4 a,b, shows visible columnar-type structure of 
the thin TiAlN coat deposited to both types of steel substrates. Figure 5 allows one to observe 
microparticles which, after the deposition, were integrated in the thin coat. EDX analysis, Fig. 6, 
revealed that the respective particles consisted of Ti, Al and N [7,11,12]. Existence of these 
microdroplets increases the roughness of coat surface after deposition (respective values are 
presented in Table 1. According to [4,13] the presence of microdroplets affected the respective 
coefficient of friction. 
 

   
Fig.5 Particles in-built in the coat, SEM Fig.6 EDX spektrum of a particle, SEM 

 
 

 The measured values of microhardness are presented in Table 2. Using the load of 50 
g, the hardness value measured on the TiAlN coat, deposited on steel 19 436, reached 2200 
HV0.05 and that on the TiAlN coat, deposited on steel K190, reached 2490 HV 0.05. 
 

  Table 2 Values of microhardness HV0.05 before and after deposition 

 
 
 

 Figure 7a,b shows the notch morphology after the scratch test in the location where 
the coat had detached from the substrate. The values of critical force Fc, which resulted in 
substrate exposure, were obtained from graphical relationship and metallographic evaluation of 
failure of coated specimens after the scratch test from the location where the coat started to 
detach from the substrate at the edge of the notch. 
 

   
a)      b) 

Fig.7 The morphology after scratch test on coat TiAlN a) steel STN 419 436, b) steel Böhler K190 Microclean 
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 Figure 8 shows the graphic recording of acoustic emission AE and coefficient of 
friction µ in dependence on the normal force. The specimens with TiAlN coat deposited on steel 
substrate STN 419 436, Fig.8a, showed evident amplitude of AE at the normal force 
corresponding to an increase in the friction coefficient at approx. 50 N. Figure 8b presents the 
recording of acoustic emission and coefficient of friction for TiAlN coat deposited to the 
material K190. In this case a marked increase in AE values and coefficient µ was recorded at 
approx. 68 N. According to [14,15], coats with adhesion force Fc values of 50 N and more 
provide sufficient protection to parts exposed to mechanical stress. 

   
a)      b) 

Fig.8 Grafical recording of acoustic emission and coefficient of friction for TiAlN coat a) steel STN 419 436, b) steel 
Böhler K190 Microclean 

 
 

4. Conclusion 
• Technological parameters of the deposition process exerted significant influence on 

micro-geometry of thin layer surface. The presence of microparticles on surface of 
specimens coated by TiAlN caused an increase in micro-geometric parameters: mean 
arithmetic deviation of the profile Ra and maximum height of the profile Rz;  

• The hardness of specimens increased significantly by deposition of the PVD thin coat. 
The values for TiAlN coat deposited on K 190 steel substrate were slightly higher, 
namely 2490 HV0.05, in comparison with coat deposited on steel STN 419 436, with 
hardness reaching 2200 HV0.05; 

• The structure of TiAlN coat observed under scanning electron microscope was of 
columnar type; 

• Scratch test showed good adhesion of the coat to both types of steel substrate. The 
magnitude of adhesion of TiAlN coat to steel K 190 was higher, namely 68 N, in 
comparison with adhesion to steel 19 436, for which the level of critical load Fc reached 
approx. 50 N. 
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