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Abstract: The composite metastable (Ti0.5Al0.5)N, (Ti0.45Al0.45Cr0.1)N and (Ti0.35Al0.35Cr0.3)N coatings were respectively deposited on 
a wrought martensite steel 1Cr11Ni2W2MoV for aero-engine compressor blades by arc ion plating technique with pulse substrate 
bias. All the coatings have B1NaCl phase with a (200) preferred orientation and dense structures. The results show that the 
introduction of Cr into (Ti,Al)N gives rise to a minute shrinkage of crystal lattice. The incorporation of chromium into the coatings 
dramastically improves the oxidation-resistance of the coatings. For (Ti0.5Al0.5)N, a layered oxide scale forms after 100 h oxidation 
and the outer layer is the blend oxide of TiO2 and Al2O3, and the middle layer is rich in Al and the inner layer is rich in Ti. For 
(Ti0.45Al0.45Cr0.1)N, the oxide scale possesses a double-layered structure and the outer layer is rich in Ti. For (Ti0.35Al0.35Cr0.3)N, a 
Cr-rich compound oxide scale of Ti, Al and Cr forms, and a out-diffusion of Fe from steel to the nitride coating and oxide film during 
the oxidation takes place. 
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1 Introduction 
 

Titanium nitride (TiN) coating is extensively used to 
increase the lifetime of cutting and forming tools due to 
its high mechanical hardness and low friction 
coefficient[1-3]. But TiN can be oxidized rapidly in air at 
temperatures above 550 ℃ [4]. Titanium aluminum 
nitride ternary solid solution coating of B1NaCl structure 
has been successfully developed as an alternative coating 
material for more than 10 years due to its superior 
oxidation-resistance and mechanical properties[5−7]. At 
800 ℃, the (Ti0.5Al0.5)N coating can provide protection 
for the substrate for up to 100 h[8]. Since the (Ti,Al)N 
coating possesses higher hardness and more excellent 
oxidation-resistance than TiN, it can be used not only as 
hard coating for cutting and forming tools, but also as 
protective coating for stainless steel and titanium alloy. 
In order to improve the mechanical property and 
oxidation-resistance of the (Ti,Al)N coating, some 

researchers have attempted to add the third metal 
element such as yttrium[8−9], chromium[10] and 
niobium[11] into the coating, and some significant 
results have been presented. But systematical research is 
still inadequate up to now. In this study, the composite 
metastable (Ti0.5Al0.5)N, (Ti0.45Al0.45Cr0.1)N and 
(Ti0.35Al0.35Cr0.3)N coatings were respectively deposited 
on a wrought martensite steel 1Cr11Ni2W2MoV for 
aero-engine compressor blades by arc ion plating with a 
pulse bias. The structure and oxidation-resistance of the 
coatings at 800 ℃ was investigated. 
 
2 Experimental 
 

The nitride compound coatings were respectively 
deposited on 1Cr11Ni2W2MoV stainless steel sheets (15 
mm×10 mm×2 mm) by AIP−1000−10 Coating System. 
The steel sheets were prepared by mirror-polishing, 
followed by ultrasonic cleaning in alcohol and acetone 
solution, and were sputter-cleaned using Ar ion under 
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−1 000 V (DC) bias voltage to remove contaminant layer. 
(Ti0.5Al0.5)N coatings were deposited by using a single 
Ti0.5Al0.5 evaporator. (Ti0.45Al04.5Cr0.1)N and 
(Ti0.35Al0.35Cr0.3)N were prepared by a two-source mode, 
in which one evaporator was fitted with a chromium 
cathode and the other with an (Ti0.5Al0.5) alloy cathode. 
By controlling the currents of two evaporators and 
adjusting the position of the substrates, (Ti,Al,Cr)N of 
different metal composition was acquired. The process 
parameters were listed as follows: deposition 
temperature of 400 ℃, total pressure of 1.2 Pa, N2 
partial pressure of 0.8 Pa, arc voltage of 20 V, arc current 
of 40−100 A, pulse bias voltage of −600 V, duty cycle of 
20% and frequency of 20 kH. 

The structural phases of the coatings were 
characterized by XRD with Cu Kα radiation. The 
oxidation was carried out in a chamber-type electric 
furnace at 800 ℃ for 100 h in air. The oxide scale was 
examined using a field emission SEM with EDS. 
 
3 Results and discussion 
 

The chemical composition of metal elements in the 
as-deposited coatings was measured by EPMA and the 
chemical formula of the coatings can be approximatively 
described as (Ti0.5Al0.5)N, (Ti0.45Al04.5Cr0.1)N and 
(Ti0.35Al0.35Cr0.3)N. The SEM micrographs of the 
coatings surfaces are shown in Fig.1. All coatings 
possess a dense structure and are free of pinholes. The 
droplets of dimension smaller than 1 µm exist in all 
coatings. The big droplets adhere on the surface of the 
coatings, only small ones are imbedded in the coatings. 
During the deposition of the coatings, most of the 
droplets are resputtered off from the coating. The XRD 
patterns of the as-deposited coatings are shown in Fig.2. 
All the coatings have B1NaCl phase structure and (220) 
is the preferred orientation. The position of the peaks 
shifts to higher angles and the FWHM increases from 1˚ 
to 1.6˚ with increasing Cr content. Thus the introduction 
of chromium into (Ti,Al)N gives rise to a minor 
shrinkage of crystal lattice and decreases of the grain 
size. 
 

 
Fig.1 Surface morphologies of as-deposited coatings:       
(a) (Ti0.5Al0.5)N; (b) (Ti0.45Al0.45Cr0.1)N; (c) (Ti0.35Al0.35Cr0.3)N 

Fig.3 shows the surface morphologies of 
(Ti0.5Al0.5)N, (Ti0.45Al04.5Cr0.1)N and (Ti0.35Al0.35Cr0.3)N 
coatings oxidized at 800 ℃ for 100 h. On the surface of 
 

 

Fig.2 XRD patterns of as-deposited coatings: (a) (Ti0.5Al0.5)N; 
(b) (Ti0.45Al0.45Cr0.1)N; (c) (Ti0.35Al0.35Cr0.3)N 

 

 
Fig.3 Surface morphologies of (Ti0.5Al0.5)N(a), (Ti0.45Al0.45- 
Cr0.1)N (b) and (Ti0.35Al0.35Cr0.3)N(c) coatings oxidized at   
800 ℃ for 100 h 
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(Ti0.5Al0.5)N and (Ti0.45Al04.5Cr0.1)N, two types of oxides 
can be identified, one is made up of fine crystals and the 
other is protruded bulky crystals. And the Al content in 
the fine oxide crystals is higher than that in the coarse 
crystals. While for (Ti0.45Al04.5Cr0.1)N coating, the 
uniform oxide crystal forms. 

The cross sectional microstructures of the oxidized 
specimens are shown in Fig.4 and the elemental contents 
of different spots marked in Fig.4 are shown in Fig.5. For 
(Ti0.5Al0.5)N, a layered oxide scale forms after 100 h 
oxidation and the outer layer is the blend of Al2O3 and 
TiO2, and the middle layer is rich in Al and the inner 
layer is rich in Ti. The thickness of the oxide scale is 
approximately 7 µm. The oxide scale of 
(Ti0.45Al04.5Cr0.1)N possesses a double-layered structure. 
Both layers are made of blend of Al2O3, Cr2O3 and TiO2. 
But the content of Ti in outer layer is higher than that in 
inner one. The thickness of the oxide scale is about 2 µm. 
No layered structure appears in oxide film for 
(Ti0.35Al0.35Cr0.3)N coating and Cr-riched blend oxide of  
 

 

Fig.4 Cross-sectional microstructures of (Ti0.5Al0.5)N(a), 
(Ti0.45Al04.5Cr0.1)N(b) and (Ti0.35Al0.35Cr0.3)N(c) coatings 
oxidized at 800 ℃ for 100 h 

 

 
Fig.5 EDS patterns of different areas of cross-sectional 
morphologies shown in Fig.4 for stainless steel coated with 
(Ti0.5Al0.5)N(a), (Ti0.45Al0.45Cr0.1)N(b) or (Ti0.35Al0.35Cr0.3)N(c) 
after oxidation at 800 ℃ for 100 h 
 
Al2O3, Cr2O3 and TiO2 form. The thickness of the oxide 
film is less than 1um. It is revealed by the EDS analysis 
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that a out-diffusion of Fe from steel to the nitride coating 
and oxide film takes place during the oxidation of the 
specimens coated with (Ti0.35Al0.35Cr0.3)N. And this 
phenomenon does not occur during the oxidation of the 
specimens coated with (Ti0.5Al0.5)N or (Ti0.45Al04.5Cr0.1)N. 
The incorporation of Cr into the coatings prevents the 
formation of the layered structure of oxide scale and 
dramatically decreases the oxidation rate of the nitride 
coatings. 

It is revealed by the XRD patterns that (Fig.6) with 
the increase of Cr content in the coatings, the intensity of 
the peaks of the nitrides has a smaller change while the 
intensity of the diffraction peaks of oxides decreases 
obviously after 100 h oxidation at 800 ℃ . For 
(Ti0.5Al0.5)N, rutile TiO2 and α-Al2O3 form. For 
(Ti0.45Al0.45Cr0.1)N and (Ti0.35Al0.35Cr0.3)N, rutile TiO2, 
α-Al2O3 and α-Cr2O3 form. Since α-Al2O3 and α-Cr2O3 
have the same phase structure and close crystal 
parameter, they can not be distinguished in the XRD 
patterns. 
 

 

Fig.6 XRD patterns of (Ti0.5Al0.5)N(a), (Ti0.45Al04.5Cr0.1)N(b) 
and (Ti0.35Al0.35Cr0.3)N(c) coatings oxidized at 800 ℃  for   
100 h 
 
4 Conclusions 
 

1) Metastable (Ti0.5Al0.5)N, (Ti0.45Al0.45Cr0.1)N and 
(Ti0.35Al0.35Cr0.3)N coatings were respectively deposited 
on steel 1Cr11Ni2W2MoV by arc ion plating technique. 
All as-deposited nitride coatings have B1NaCl phase and 

dense structures.  
2) The incorporation of Cr into the coatings 

prevents the formation of the layered structure of oxide 
scale and dramatically improves the oxidation-resistance 
of the nitride coatings.  
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