
INTERNATIONAL JOURNAL OF ADVANCED SCIENTIFIC RESEARCH AND TECHNOLOGY                                          

ISSUE 2, VOLUME 3 (JUNE- 2012)                                                                                                                ISSN: 2249-9954 
 

 Page 205 
 

High Temperature Oxidation Behavior of  Nanostructured 

AlCrN and TiAlN coated Inconel 718 Substrate 

R. K. Bhagchandani
#1

, R. S. Bangari
#2

, Deepak Mehra
#3

, V.N. Shukla
#4

, 

V.K.Tewari
#5 

 

Department of Metallurgical and Materials Engineering, Indian Institute of Technology, 

Roorkee-247667 Uttrakhand, India 

 

#1, Phone no:7417767540, #2, Phone no: 9411539185, #3, Phone no: 7417743442, 

#4, Phone no: 9458121041,  #5, Phone no: 9897277180,  

 

 

ABSTRACT 

Nickel based superalloys are used for high temperature application. They exhibit good creep and 

oxidation resistance, owing to which they are used in high temperature application in aerospace 

and power generation. In present work Nanostructured TiAlN and AlCrN coating is applied on 

Inconel 718 by Physical Vapour Deposition (PVD) technique. High temperature cyclic oxidation 

carried out at 700
o
C in air for 100 cycles. Each cycle consist of 1 hr heating and 20 min cooling. 

Heating is done in silicon carbide tube furnace and cooling in open air. Thermogravimetric 

technique is used to establish the kinetics of oxidation by measuring mass gain after each cycle. 

Surface morphology of oxidized samples was studied by Field emission scanning electron 

microscopy/ Energy dispersive spectroscopic (FESEM/EDAX) and XRD analysis. The results 

show that both coating have good oxidation resistance as compared to uncoated Inconel 718 

substrate. 
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1. INTRODUCTION 

Superalloys are mainly used for high temperature applications like used in turbine blades of gas 

turbines and jet engines [1]. In thermal power plant and aero space application the components 

have to operate under severe conditions, such as high operating temperature, high speed and 

fatigue loading [2]. Inconel 718 is a niobium-modified nickel-base superalloy that is widely used 

for high temperature parts of aircraft turbines and steam turbines. The oxidation resistance of 

nickel-base superalloys is dependent on the selective oxidation of chromium in the alloys 

through the formation of a protective Cr2O3 scale. Al2O3 scales are most likely to provide 

adequate resistance to oxidation for nickel-base superalloys at higher temperature [3,4]. 
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During operation, blades and vanes of gas turbines are subjected to severe thermal cyclic and 

mechanical loads. It is impossible to import both high temperature strength and high temperature 

oxidation resistance to the superalloys simultaneously along with ease of manufacturing. It is 

only possible with the composite material to meet such requirements, where the base material 

provides the necessary mechanical strength and coating provides the protection against the wear, 

erosion- corrosion, and oxidation. Therefore protective coatings are used on super alloys in 

energy conversion and gas turbines to protect their surfaces from oxidation and hot corrosion. 

 

In general, coating systems can be classified as either diffusion or overlay type, which are 

distinguished principally by the method of deposition and the structure of the resulting coating-

substrate bond [5]. Three methods are in current use to deposit coatings, these being chemical 

vapour deposition (CVD), physical vapour deposition (PVD) and Plasma spraying. The CVD 

process comes under the category of Diffusion coatings. Whereas the PVD and Thermal spraying 

processes comes under the category of Overlay coatings, in which the desired material is placed 

over the substrate material [6]. 

 

The Nanostructured AlCrN and TiAlN coatings exhibit high hardness at elevated temperature, 

thermal and chemical stability, and low thermal conductivity, etc.[7]. The most important 

advantage of both AlCrN and TiAlN coatings are that they posses high thermal stability due to 

the formation of dense, highly adhesive, protective scale of Al2O3 and Cr2O3 over the surface. 

The TiAlN coating containing about 60 at % Al exhibits enhanced oxidation resistance in air up 

to 800
o
C[8,9]. In present work cyclic oxidation study of uncoated, Nanostructured TiAlN and 

AlCrN coated Inconel 718 substrate has been studied at 700
o
C.      

 

2. EXPERIMENTAL DETAILS 

2.1 Selection of Substrate Material  

Inconel 718 is a nickel-chromium-molybdenum alloy designed to resist a wide range of severely 

corrosive environments, pitting and crevice corrosion. This nickel steel alloy also displays 

exceptionally high yield, tensile, and creep-rupture properties at high temperatures. This alloy 

has been procured from Mishra Dhatu Nigam Limited(Hyderabad), India in the form of hot 

rolled sheets with thickness 3mm. Composition of Inconel 718 is given in table 1. 

Table 1. Inconel 718 composition  

Element Ni Cr Fe Ti Mo Al Nb Co Cu Mn Si C B S P 

Wt % 54 Bal. 16 0.30 3 0.09 5 1.0 0.6 0.35 0.35 0.08 0.006 0.015 0.015 

2.2 Development of coatings 

Rectangular specimens were cut to dimensions of 20×15×3 mm by a water-cooled cutting 

machine. The samples were polished by using emery papers of 220, 400, 600, 800 grit sizes and 

http://www.google.co.in/url?sa=t&rct=j&q=mishra%20dhatu%20nigam%20limited&source=web&cd=1&sqi=2&ved=0CF4QFjAA&url=http%3A%2F%2Fwww.midhani.com%2F&ei=_lq-T8XmG8qrrAe0-OCmDQ&usg=AFQjCNGygG-sKeNC4QPuFB9q4wergTrT7g&cad=rja
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then mirror polished using cloth polishing wheel machine with 1 µm lavigated alumina powder 

suspension. 

In this work, two nanostructured coatings selected were AlCrN and TiAlN. The deposition of the 

coatings was done by front loading Balzer’s rapid coating system (RCS) machine (Figure 1). 

This machine has 6 cathodic arc sources. The four sources were used to deposit the main layer of 

the coating and the remaining two sources were used to deposit a thin layer to improve adhesion 

of the coating.  

 

Fig. 1 Schematic illustration of the coating device used for the film deposition [10] 

 

2.3 Characterization of the coatings 

To find out surface roughness and particle size AFM (Model: NTEGRA NTMDT, Ireland) 

analysis is done. For optical microscopy A Zeiss Axiovert 200 MAT inverted optical microscope 

is used. To analyze the phase presents XRD analysis is done by using Bruker AXS D-8 advance 

diffractometer (Germany) with Cu Kα radiation. The scan rate was 2o/min and the scan 

range is 20o to 80o. Scherrer formula as given in eq. (1) is used to find out the grain size of the 

thin film. 

                                                  D=0.9λ / B cosθ………………….. (1) 

 

Where B is the corrected full- width at half maxima (FWHM) of a Bragg peak,  is the X-ray 

wavelength, and  is the Bragg angle. Jayaganthan et al.[11] have also reported the particle size 

measurement by Scherrer formula. 
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 Table2. Summary of coating deposition parameters      

Machine used                             Standard balzer rapid coating system (RCS) machine 

Make                                          Oerlikon Balzers, Swiss 

Targets composition                   For AlCrN coating:     Al70Cr30 

                                                   TiAlN coating:      Ti, Ti50Al50 

Number of targets                      Ti(02), Ti50Al50(04) and Al70Cr30(06) 

Target power                             3.5 kW 

Reactive gas                              Nitrogen 

Nitrogen deposition pressure    3.5Pa 

Substrate bias voltage               -40V to -170V 

Substrate temperature               450
o
C ±10

o
C 

Coating thickness                      6µm±1µm                                

*Data provided by Oerlikon Balzers’ Coating, Gurgaon, India  

 

2.4 High Temperature Oxidation Study in Air 

High temperature cyclic oxidation studies were done in silicon carbide tube furnace at 700
o
C for 

100 cycles. To accelerate the corrosion rate each cycle consists of 1 hr heating in tube furnace 

and 20 min cooling in open air environment.  Both coated and uncoated specimen along with 

alumina boat was subjected for tube furnace for cyclic oxidation studies. After each cycle weight 

of the boat along with the specimen is measured by electronic balance Model CB-120(Contech, 

Mumbai, India) with a sensitivity of 1 mg. Thermogravimetric analysis was done to determine 

the kinetics of cyclic oxidation of coated and uncoated specimens. Exposed specimens after 

cyclic oxidation were analyzed by XRD and FESEM/EDAX analysis. 

3. RESULT & DISCUSSION 

3.1 Microstructural Properties 

The nanostructured AlCrN and TiAN coating were deposited by Physical Vapour Deposition 

(PVD) technique on Inconel 718 substrate. The optical micrographs of TiAlN and AlCrN coated 
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substrate are depicted in figure 2. The TiAlN coating appears violet gray color and AlCrN 

coating appears light gray color.      

 

 

Fig. 2 Optical micrograph (500X) of the surface of (a) AlCrN (b) TiAlN coating. 
 

Table 3. Micro structural amd mechanical properties of the coating 

Coating Surface 

Roughness 
(nm) 

Hardness  

(HV 0.05) 

Particle 

Size (nm) 
Scherrer 

Formula 

Particle 

Size (nm) 
AFM 

Analysis 

Porosity 

(%) 

Friction 

coefficient 
against 

steel (dry) 

Coating 

color 

TiAlN 02.62 3300 09 10 0.41 0.30-0.35 Violet 

gray 

CrAlN 05.99 3200 22 25 0.48 0.35 Light gray  

 

*Data provided  by Oerlikon Balzers’ Coating, Gurgaon, India  

XRD analysis was done for both types of coating to find out the phases present. In case of TiAlN 

coated substrate TiN, Ti2N and AlN phases were present in it and in case of AlCrN coated 

substrate CrN, Cr2N and AlN phases were present(Figure 3). 
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Fig. 3 X-ray diffraction pattern for TiAlN and AlCrN coating on Inconel 718 substrate 

 

Figure 4 (a, b, c and d) shows the AFM surface morphology of TiAlN and AlCrN coated Inconel 

718 substrate. By comparing both 2D and 3D images in figure 4 (a, b, c and d) difference in the 

morphology of both the coating can be explained. The 3D images conforms that the overall 

roughness of TiAlN coating is less than that of AlCrN coating.   

 

 

(a)                                                                    (b) 
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(c)                 (d) 

Fig. 4 3D (a, c) and 2D (b, d) AFM images of AlCrN (a, b) & TiAlN(c, d) coated Inconel 718 Substrate 

 

3.2 Thermogravimetric analysis 

Thermogravimetric analysis was done to know the kinetics of high temperature oxidation. After 

each cycle weight gain is measured and graph is plotted between (weight gain/surface area) 

versus number of cycles. To find out the parabolic rate constant (kp) one more graph is plotted 

between (weight gain / surface area)
2 

versus number of cycles. The kp value is calculated by 

formula as given in eq. (2). 

kp  = (Δw)
2
/A

2
t…………………….(2) 

Where, kp represents the parabolic rate constant and ΔW/A is the weight gain per unit surface 

area (mg/cm
2
). Higher the value of kp, higher will be the oxidation rate. The kp values for 

uncoated and coated samples are shown in the table 3.  

Table 3. values of parabolic rate constant 

Substrate Parabolic rate constsnts(kp)(10
-10

g
2
cm

-4
s

-1
) 

Uncoated Inconel 718 0.083 

TiAlN coated Incoenl 718 0.038 

AlCrN coated Inconel 718 0.030 

 

The kp value is maximum for uncoated Inconel 718 substrate. It implies that the oxidation 

resistance of uncoated Inconel 718 substrate is minimum. The kp values are less for both AlCrN 

and TiAlN coated Inconel 718 substrate as compare to uncoated substarte. If  kp values of both 

coatings are compared it is found that kp value for AlCrN coating is slightly less than that of 

TiAlN coating.  
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(a)                                                                      (b) 

Fig. 5 (a) Weight gain/surface area (mg/cm
2
) versus Number of cycles (b) (Weight gain/surface area)

2 
(mg/cm

2
)

2
 

versus Number of cycles plot for uncoated , TiAlN and AlCrN coated Inconel 718 substrate to cyclic oxidation for 

100 cycles in air at 700oC. 

The weight gain per unit surface area is maximum for uncoated Inconel 718 substrate that is 1.56 

mg/cm
2
. Weight gain per unit surface area for AlCrN and TiAlN coated Inconel 718 substrate are 

0.96 and 1.10 (mg/cm
2
) respectively. 

 

3.3 FESEM/EDAX Analysis 

FESEM/EDAX micrographs with EDS spectrum of the uncoated , TiAlN and AlCrN coated 

Inconel 718 substrate showing surface scale morphology after cyclic oxidation in air at 700
o
C for 

100 cycles shows in figure 6. Micrograph as shown in figure 6(a) for uncoated Inconel 718 

substrate. The EDAX analysis shows that the major elements present over the surface are 

Nb(28.58), Cr(24.48%), Ni(13.02%) and Fe(8.73%). The presence of these elements on the 

surface indicates that these elements diffused from the substrate to the top of the surface and 

forms oxides scales over there. The XRD analysis assured the phases presents are Cr2O3, Fe2O3, 

NiO, Ni3Nb and NiCr2O4 over the surface. 

 Micrograph as shown in figure 6(b) is for TiAlN coated Inconel 718 substrate. The EDAX 

analysis shows the major elements present over the surface are Ti(50.21), Al(26.78), and 

N(9.83). The XRD analysis shows that the phases present over the surface are Al2O3, Fe2O3, 

NiCr2O4, CrN, TiN and Ni3Nb.  Micrograph as shown in figure 6(c) is for AlCrN coated Inconel 

718 substrate. The gray portion in the micrograph shows the presence of N(10.51%), Al(49.16) 

and Cr(40.13).  The gray portion shows the presence of nitrides only because oxygen is not 

present in the gray portion. The white spots show the presence of oxygen. The XRD analysis 

shows that the phases present are Cr2O3, Al2O3, NbCrN, CrN, Fe3O4, Fe3Al and NiCr2O4.  
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Fig. 6 FESEM/EDAX analysis along with EDS spectrum for uncoated(a), TiAlN(b) and AlCrN(c)  coated 
Inconel 718 subjected to cyclic oxidation in air at 700°C for 100 cycles (X 5000) 

 

 

Element    Wt% 

Nb-          28.58 

Cr-           24.48 

O-            22.30 

Ni-          13.02 

Fe-           08.73 

Ti-           1.18 

 

Element    Wt% 

Nb-           49.28 

Ni-           22.27 

Cr-           09.16 

Fe-          08.90 

O-           08.06 

Ti-           0.95 

 

Element    Wt% 

Ti-           50.21 

Al-          26.78 

N -           09.83 

O –         13.18 

  

 

Element    Wt% 

Ti-            51.04 

Al-            27.58 

N-             08.60 

O-             12.79 

Element    Wt% 

Al-            46.67 

Cr-           37.87 

N-            10.51 

O-            4.96 

  

Element    Wt% 

Al-            49.16 

Cr-            40.13 

N-             10.41 

  

(a) 

(b) 

(c) 
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3.4 X-ray Diffraction Analysis: 

XRD pattern of the corroded surfaces of the uncoated, TiAlN and AlCrN coated Inconel 718 

substrate exposed to cyclic oxidation in air at 700
o
C for 100 cycles are shown in figure 7. The 

main phases identified for corroded uncoated Inconel 718 substrates are NiO, Fe2O3, Cr2O3, 

NI3Nb, Cr2Nb and NiCr2O4; where as in the scale of TiAlN coated Inconel 718 the phases 

presents are Al2O3, CrN, TiN, Ni3Nb and NiCr2O4. In cases of AlCrN coated Inconal 718 the 

phases identified are Cr2O3, CrN, Al2O3, NbCrN, Fe3O4, Fe3Al and NiCr2O4.  

 

 

Fig. 7 X-ray diffraction pattern for uncoated, TiAlN and AlCrN coated Inconel 718 subjected to cyclic 
oxidation in air at 700°C for 100 cycles 

 

4. CONCLUSION 

 The TiAlN and AlCrN coatings were deposited successfully on Inconel 718 by using 

Balzer’s rapid coating system (RCS) machine. The XRD analysis confirmed the 

formation of requisite phases of the coatings. The AFM analysis revealed that the overall 

surface roughness and particle size of AlCrN coating is more than that of TiAlN coating. 

 The particle size calculated by Scherrer formula for TiAlN and AlCrN coated Inconel 

718 substrate are 9 and 22 respectively.  

 Parabolic rate constant calculated from the Thermogravimetric analysis has maximum kp 

value for uncoated Inconel 718 is 0.083 x 10
-10

 gm
2
 cm

-4 
s

-1
. The uncoated substrate 

shows minimum corrosion resistance as compare to coated Inconel 718 substrate. 
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 The kp values for TiAlN and AlCrN coated Inconel 718 are 0.038 x 10
-10

 gm
2
 cm

-4
 s

-1
 

and 0.030 x 10
-10

 gm
2
 cm

-4
 s

-1
 respectively. Both the coating shows good corrosion 

resistance as compared to uncoated Inconel 718. 

 The major phases present over the surface to protect the oxidation are Cr2O3, Al2O3, NiO, 

NiCr2O4 and Fe2O3. 
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