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Abstract – The structural-phase state, chemical 

composition, nanohardness and wear resistance of 

TiAlN coatings modified by a high-energy (Cr + B) 

ions beams are investigated. Increase of a wear 

resistance of coatings in 4.6 times is revealed. The 

observable change of properties of the coatings 

modified by a ion beams are linked with the segre-

gation of the fine disperse phases of borides and 

nitrides, with change of the average size and pre-

dominant orientation of grains of the basic phase 

and of chemical composition along a thickness of 

the coatings, that is established by means of X-ray 

diffraction analysis and secondary ions mass spec-

trometry. 

1. Introduction 

Today the huge quantity of researches is devoted to 
multi-component, polyphase and multilayer nanocrys-
talline gradient coatings [1–4]. It is connected with 
their remarkable properties. Despite of advancement 
in the designing of nanocrystalline coatings, there are 
considerable problems as in the fundamental compre-
hension of behavior of systems in nanoscale, and in 
the investigation of their properties. This fact restrains 
the application of the nanotechnologies in practice. 
  The formation of nanocrystalline structures are 

connected with a segregation of one phase along the 
grain boundaries of another phase, as a result a grains 
growth stops. 

This result is attained by introduction in composi-
tion of a growing condensate of the alloying elements 
which are carried out by means of: 

– use of compositional magnetron targets; 
– use of bombardment of a growing condensate  

by ion beams, differing in chemical composition from 
a coating. 

The purpose of the present work is to obtain gradi-
ent nanocomposite coatings using a deposition of 
TiAlN coatings by magnetron sputtering with follow-
ing treatment by a high-energy of (Cr + B) ion beams. 
 

2. Experiment 

A deposition of coatings was made using the DC-
magnetron with a target from alloy Ti (~70 at %) and 
Al (~30 at %). The target diameter was 120 mm. The 
magnetron discharge power was equal 1.3 kW. Before 
deposition of coatings, the vacuum chamber was 
pumped out up to pressure of residual gases –  

3 ⋅ 10–3 Pa. These coatings were deposited in a mix-

ture of argon and nitrogen gases under the total operat-
ing pressure of 0.3 Pa and partial pressure of nitrogen 

– 0.1 Pa. The coating thickness was about 10 μm. 

Coatings were formed at constant temperature 573 K. 
These coatings were deposited over 38HN3MFA steel 
substrates. After deposition, the surface of coatings 
was handled by a high-energy of ion beams. The ac-
celerating voltage was about 60 kV. The operating 
pressure in the vacuum chamber during implantation – 

1 ⋅ 10
–3 Pa. The results of influence of (Cr + B) ion 

beams on coatings were investigated. The irradiation 
was carried out at doses from 32 up to 128 mC/cm2. 
Composite cathodes of the ion beam source had  
a chemical composition: Cr ~60 at % and B ~40 at %, 
and, phase composition: CrB ~32 vol. %, Cr2B 
~32 vol. % and Cr5B3 ~32 vol. %. Phase composition 
and texture were obtained from X-ray diffraction 
analysis data using diffractometer DRON-7. Variation 
in elemental composition of coatings over depth was 
obtained from SIMS data using mass spectrometer of 
secondary ions MS-7201М. Wear-resistance was in-
vestigated using the 2070SMT-1 friction machine with 
a counter-body made of bearing steel with hardness 

HRC62 polished to roughness of R
a
 = 0.08 μm in con-

dition dry friction slip under a constant load of 49N, 
the rotation rate is 100 s–1. The total thickness of the 
coating and wear was determined by the weight 
method. Hardness was measured by nanoindentor 
“NanoHardnessTester, CSM”. 

3. Results and discussion 

By means of SIMS it is established, that initial TiAlN 
coatings consist from ~35 at % Ti, ~15 at % Al and 

~50 at % N. The chemical composition of the surface 

layer of coatings varies after implantation of Cr and B 

ions in TiAlN coatings. Variations in elemental com-

position of TiAlN coatings over depth, after treatment 
of (Cr + B) ion beams obtained from SIMS data for 

different irradiation doses are shown (Fig. 1). 

It is visible, that implantation of Cr and B ions in 

TiAlN coatings occurs approximately on identical depth 

~160–180 nm. The increase in an irradiation dose leads 

to redistribution of elemental composition in the surface 
layer of coatings. Thus average concentration of tita-

nium, aluminum and nitrogen decrease, and Cr and B 

increase so, that at the maximal irradiation dose of 

128 mC/cm2 СCr and СB reach, accordingly, 26 and 

36 at %, and СTi, СAl, and СN – 10, 5, and 23 at %. 
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By means of X-ray diffractometry it is established, 

that the main phase of initial TiAlN coatings is the 
TiAlN phase with the predominant (111) textured 

grains. Implantation of Cr and B ions in TiAlN coat-

ings leads to increase TiAlN content has the (111) 

textured grains up to 73 and 75 vol. %, accordingly, at 

irradiation doses of 32 and 128 mC/cm2. Also, the 

phase composition of the surface layer of coatings 
changes. At the irradiation dose of 32 mC/cm2 new 

phases – Cr2Ti и AlN with a volume fraction 9 and 

5 vol. % are formed, accordingly, and also in a small 

amount (1–3 vol. %) AlB12 and CrB4. The volume 

fraction of phases AlB12 and CrB4 increases up to 10 

and 7 vol. %, accordingly, while AlN and Cr2Ti de-
creases up to 2.5 and 0 vol. % as the irradiation dose is 

increased up to 128 mC/cm2. 

The hardness and wear-resistance of the surface 

layer of deposited coatings changes no monotonously 

after implantation of Cr and B ions in TiAlN coatings 

(Table 1). 
At the irradiation doses of 32 and 64 mC/cm2 

wear-resistance decreases in ~9 and ~3 times, hard-

ness in ~1.1 and ~1.2 times, accordingly. Increase of 

the irradiation dose up to 128 mC/cm2 results, on the 

contrary, in significant increase of wear-resistance in 
~4.5 times. Thus, hardness remains equal to a value of 

initial TiAlN coatings.  

Table 1. Mechanical properties of coatings  in dependence of 

irradiation dose 
 

 

Irradiation dose 

D, mC/cm2 

Nanohardness H, 

GPa 

Wear-resistance 

∆t/∆m, ×106 ⋅ s/g 

Initial 39.3 ± 0.8 2.09 

32 37.9 ± 0.6 0.23 

64 33.1 ± 0.5 0.75 

128 40.1 ± 0.7 9.60 

 

The low value of wear-resistance of deposited 

coatings after treatment of (Cr + B) ion beams with a 

small and average irradiation doses can be caused by 

allocation of phase Cr2Ti in the surface layer leading 

during wear process fragile destruction of a coatings 
and the further transition of the mechanism of wear 

process from oxidizing to abrasive. Also [5], phase 

AlN possesses low hardness and wear-resistance.  

It can cause observable decrease mechanical proper-

ties of coatings at ion beam bombardment in a range 
of small and average irradiation doses. Increase me-

chanical characteristics of deposited coatings at a high 

irradiation dose can be connected with the mechanism 

of dispersion hardening the surface layer at allocation 

wear-resistant phases AlB12 and CrB4. 

Fig. 1. Variations in elemental composition of TiAlN 

coatings С over depth h, after treatment of (Cr + B) 

ion beams obtain from SIMS data: a – irradiation dose 

D = 32 mC/cm2; b – irradiation dose D = 64 mC/cm2;

          c – irradiation dose D = 128 mC/cm2
 



Poster Session 
 

665 

4. Conclusions 

Treatment by a high-energy of (Cr + B) ion beams of 
the surface layer of TiAlN coatings leads to change  

of wear-resistance and hardness of the surface layer of 

coatings. 

At the irradiation doses of 32 and 64 mC/cm2 

wear-resistance decreases in ~9 and ~3 times, hard-

ness in ~1.1 and ~1.2 times, accordingly. Increase of 
the irradiation dose up to 128 mC/cm2 results, on the 

contrary, in significant increase of wear-resistance  

in ~4.5 times. Thus, hardness remains equal to a value 

of initial TiAlN coatings. 

Using mass spectrometry of secondary ions and  

X-ray diffractometry it is shown, that observable 
change of mechanical properties can be caused with 

treatment by a high-energy of (Cr + B) ion beams  

of the surface layer of TiAlN coatings and connected 

with it allocation of phases Cr2Ti, AlN, AlB12, CrB4. 
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