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Abstract – Some properties of the arc-vapour de-
posited TiAlN films, obtained both by condensation 
of the different and combined titanium and alu-
minium plasma flows, have been investigated. The 
different flows was provided by two arc evapora-
tors with titanium and aluminium cathodes, at 
that, the aluminium plasma was passed through 
the curvilinear plasma filter. The combined tita-
nium-aluminium plasma was generated by single 
evaporator with the alloyed TiAl cathodes, which 
have a volumetric content of aluminium 50%. The 
growth rates, surface morphology and the Vickers 
hardness of the TiAlN films, obtained under the 
various conditions, have been analyzed. The com-
parative cutting tool trials with the cemented car-
bide drills, covered by TiN, TiCN and TiAlN were 
conducted. It is shown, that the TiAlN film compo-
sitions, condensed from different plasma flows with 
the filtering aluminium plasma, are more profit-
able and has much higher characteristics, than 
films, obtained from alloyed TiAl cathodes.  

1. Introduction 

Among the much variety of coatings, used for the 
tools hardening, TiAlN composites attract the special 
attention due to their valuable properties [1]. By such 
parameters, us resistance to temperature oxidation, 
“hot” hardness, friction coefficient and flexibility, 
they exceed the widely used TiN, TiC, CrN and Mo2N 
coatings [2]. These properties were attributed to a sta-
ble aluminum oxide layer formed at the working sur-
face [3]. TiAlN-composites keep his characteristics up 
to 925 °C [4], what makes its irreplaceable during 
high-speed cutting of difficult-to-machine materials. 
The Al2O3 acts also as the dry lubrication, providing 
low friction in a contacting area. As a result, the im-
pact and thermal loads tend to decrease, improving the 
wear resistance. The life-time of tool with the TiAlN 
coating increases by 2–4 times in comparison with 
TiC and TiCN ones. The rate of metal removing in-
creases also by 2–4 times in comparison with TiN 
coating, and relatively to the coatless tool it runs up to 
10 times [5].  

However, the synthesis of such coatings by vacuum-
arc methods has some difficulties. Aluminum is an 
easily melted metal and its plasma contains a great 
quantity of vapor phase and droplets. Its dimension 

may reach several tens of micrometers. Such droplets 
reduce the hardness and smoothness of the films. The 
alloyed TiAl-cathodes with 20–60 vol. % of Al are 
commonly used for the synthesis of such coatings. 
The melting point of this alloy is higher then of pure 
aluminum, and, respectively, the amount of droplets 
and vapors contained in plasma are decreased. At the 
same time, the alloyed cathodes are much more ex-
pensive then pure Al or Ti ones. This, in turn, ad-
versely affects the profitability of the resulting prod-
uct. In addition, the amount of droplets in coatings 
continues to be high. Therefore, the advantage of the 
TiAlN-composites does not exhibited completely.  

The performance of such coatings may be improved 
by eliminating of the macro-particles from a plasma 
flow. In present work we have compared some proper-
ties of TiAlN-composites, obtained by two methods in 
a framework of vacuum-arc deposition technology.  

2. Experiment 

The experiments were carried out on a “Bulat-9” 
plant, equipped with a plasma filter (Fig. 1). The 
source of Al-plasma, containing a cathode unit (1) 
with an Al-cathode, stabilizing coil (2) and a focusing 
coil (3), is fixed on a cubic plasma guide (4). The  
deflecting coil (6) with the coils (3) and (7) form the 
curvilinear magnetic field with the strength up to 150 
Gauss. In this field the Al plasma deviates on 90o and  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Experimental plant: 1 – cathodic unit with Al-
cathode; 2 – stabilizing coil; 3 – focusing coil; 4 – plasma 
guide; 5 – cathodic unit with a Ti-cathode; 6 – deflecting 
coil; 7 – output coil; 8 – chamber; 9 – Al-plasma; 10 –  
 Ti-plasma 
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condenses onto a tool surface free from macro-
particles and vapor phase. The similar plasma source 
(5) with a titanium cathode is placed on the plasma 
guide (4) opposite to the entrance to the chamber. 
Such configuration allows obtaining just composite 
coatings, but no multi-layer ones, as in a case, when 
the plasma flows reach the surface of condensation 
from various directions. By changing the arc current 
in titanium evaporator from 40 to 160A as well as the 
magnetic field of solenoids (3) from 0 to 40 Gauss, 
one can change the deposition rate of Ti-layer in a 
range 2–14 µm/h. The same procedure allowed vary-
ing the grows of Al-condensate from 1.5 to 10 µm/h. 
It makes possible to obtain TiAl-composition with a 
wide range of relative percentage Ti and Al in the 
coating during the simultaneous working of two 
evaporators.  

This films was compared with the coatings, ob-
tained from a direct (none filtered) and filtered plasma 

flows, generated by alloyed TiAl cathodes with 50 
vol. % Al.  

The coatings were deposited onto the polished 
stainless steel plates 20 × 20 × 2 mm3 and on the sur-
face of cemented carbide drills, made by Mitsubishi 
Carbide. The surface topography was analyzed by 
scanning electron microscopy. The hardness was 
measured by PMT-3 hardness-analyzer. The compara-
tive cutting toll tests have been carried out with use 
the industrial equipment in Drogobych chisel plant.  

3. Results 
Fig. 2 shows the SEM micrographs of surfaces of 
TiAlN coatings deposited: a – from a direct (non-
filtered) TiAl-plasma flow (alloyed TiAl-cathode);  
b – from a filtered TiAl-plasma flow (alloyed TiAl-
cathode); c – from two: direct titanium and filtered 
aluminum plasma flows (Fig. 1). The thickness of 
coatings was 10 µm.  

 
 
 
 
 
 
 
 
 
 

 a  b c 
Fig. 2. SEM micrographs showing the topography of TiAlN surfaces condensed from non-filtered TiAl-plasma flow  
(alloyed TiAl-cathode) (а); from a filtered TiAl-plasma flow (alloyed TiAl-cathode) (b); from two: non-filtered titanium and  
 filtered aluminum plasma flows (c). The thickness is 10 µm 
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Fig. 3. The quantity of holes, perforated in tempered steel  
 (HRC 52) with a drills of Mitsubishi Carbide 

The comparison of Figs. 2, a and b shows the effi-
ciency of the plasma filter, and the Figs. 2, a and c 
demonstrate the difference in a content of droplets in a 
plasmas generated by TiAl- and Ti-cathodes. The 
hardness of TiAlN-coating on Fig. 2, a does not ex-
ceed 2700 HV, whereas the films, obtained by con-
densation of fully (Fig. 2, b) or partially (Fig. 2, c) 
filtered plasma, has the hardness up to 4300 HV. 

The performance of TiAlN coatings (Figs. 2, а and 
c) and TiN and TiCN, condensed from non-filtered 
titanium plasma, were estimated during comparative 
tests of cemented carbide drills, made by Mitsubishi 
Carbide. The drills were coated after its re-sharpening. 
The maximum quantity of holes, perforated in tem-
pered steel with a RHC of 52, was served as a crite-
rion for wear resistance of drills with a various coat-
ings. As shown in Fig. 3, the uncoated drills make 4–5 
holes until failure. The TiN coated drills perform 6–7 
holes. The TiAlN obtained from the alloyed cathode 
allowed to drill 12–14 holes, and drills, coated by 
TiAlN, deposited from separated flows with the filter-
ing Al-plasma perform up to 20 holes. 

The last result, evidently, was obtained due to a 
much more perfect structure of the coatings, which not 
contain the Al-droplets. Besides, the high smoothness 

 – uncoated; 

 – TiN coated; 

 – TiCN coated; 

 – TiAlN coated without filtering; 

– TiAlN coated with Al-plasma filtering. 
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of the surface reduces in the friction coefficient and, 
respectively, in dynamics and thermal load, applied to 
the cutting edge.  

Notwithstanding the fact that hardness of TiAlN-
coatings, obtained from alloyed cathodes, and TiN 
ones is almost identical, the wear-resistance of TiN 
coated drills were noticeably lower. Evidently, in this 
case the much higher flexibility and thermo-stability 
of TiAlN coatings have exhibited as compared to the 
TiN.  

At the same time, the alloyed TiAl-cathodes are 
almost in order expensive of the Ti- or Al-ones. This 
fact, and high performance of TiAlN-composites, ob-
tained by condensation of Ti- and filtering Al-
plasmas, point out to advisability of the usage of 
plasma-filters in this technology. 

4. Conclusions 

The variant of the synthesis of TiAlN coatings from 
different Ti- and Al-plasma flows with the aluminium 
plasma filtering has been examined. This method al-

lows to obtain such composites with a widely range of 
its Al content without reducing the growth rate.  

These coatings are remarkable by its high hardness 
(4300 HV) and wear resistance (1.5 times higher as to 
coatings obtained from alloyed TiAl cathodes). 

The application of plasma filter in this case not 
only improves the coatings performance but is also 
more profitable as compared to usege of the alloyed 
cathodes.  
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