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Abstract: The AlCrN and AlCrON coatings were deposited on plasma nitrided H13 steels through 

ion-source-enhanced arc ion plating, and their structures, mechanical properties, thermal stabilities, 

and tribological properties were investigated. Structural analysis showed that the monolayer AlCrN 

and AlCrON bilayered coatings were mainly composed of fcc-AlCrN and fcc-AlCrON solid solution 

phases respectively. Upon the addition of thin AlCrON layer, the hardness of AlCrN/AlCrON 

coating slightly decreased from about 30.5 GPa to 28.6 GPa, and the thermal stability was improved 

after annealing at 700 °C. Both coatings exhibited excellent wear resistance at room temperature, 

while all wear process involved a combination of wear mechanisms, including severe abrasion and 

oxidation at an evaluated temperature. The AlCrON bilayered coating showed better wear 

resistance than that of AlCrN coating due to a dense anti-oxidation layer and better adhesion at a 

high temperature, making it suitable for die tool protection coatings. 

Keywords: Microstructure; tribology; AlCrON coating; ion-source-enhanced arc ion plating 

 

1. Introduction 

High-pressure die casting (HPDC) has gained increasing attention due to its capability to allow 

mass production and short processing time. Regardless of the advancement in surface treatment and 

coating development, HPDC is still facing severe challenges, such as wear, erosion, and chemical 

corrosion at evaluated temperatures [1–3]. Traditional surface treatment methods cannot satisfy 

practical engineering requirements. The duplex physical vapor deposition (PVD) coatings combined 

with plasma nitriding (PN) significantly improve tool life and lower the cost per injection [4,5]. 

Plasma nitriding prior to deposition of a PVD coating enables improving the loading capacity of the 

substrate and provides proper stress and hardness gradients between the coating and the substrate, 

which contribute considerably to the increase in performance of the PVD coating. 

Transition metal nitride coatings, such as TiN; CrN; TiN/TiAlN; binary; multilayer; and multi-

component coatings—CrN/AlN/Al2O3, CrON, TiAlN, AlCrN, or TiAlCrN—on PN substrates were 

tested and evaluated in practical die-casting [4–10]. Comparatively, a Cr2O3 passive layer provides 

better protection against oxidation in a Cr-based coating compared to Ti2O3 in Ti-based coatings [11]. 

Due to the improved wear resistance and oxidation resistance, the AlCrN coatings are beneficial for 

tool protection at high temperatures [12,13]. Moreover, the properties of oxy-nitride coatings are 

greatly influenced by the incorporation of oxygen due to metallic-ionic bonds [14,15]. Several studies 

have discussed the incorporation of oxygen in nitride coating, and its effect on oxidation resistance 

and mechanical properties [14–16]. AlCrON coatings show potential in different applications of 
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turbine blades, plastic processing dyes, and cutting tools [17–19]. In contrast, reports also show that 

the incorporation of oxygen significantly deteriorates the mechanical behavior of hard coatings 

[20,21], making it necessary to investigate the comparative microstructural and mechanical properties 

of AlCrN and AlCrON coatings. 

At present, AlCrN and AlCrON coatings were synthesized by different PVD technologies in 

different applications [18,19,22–24]. The different coating deposition technologies have some 

advantages and disadvantages over others, depending upon the desired properties [25]. The higher 

ionization rate, higher deposition rate, and lower deposition temperature of arc ion plating 

technology favor the deposition of hard coatings for tool protection, while the ion source pre-

treatment provides comparatively lower surface roughness [26]. In this study, the AlCrN and 

AlCrN/AlCrON duplex coatings were prepared by ion-source-enhanced arc ion plating on PN-AISI 

H13 steels. This study aimed to investigate the microstructures, mechanical properties, thermal 

stabilities, and tribological properties of AlCrN and AlCrN/AlCrON coatings at high temperature. 

2. Materials and Methods  

The monolayer AlCrN and AlCrON (with AlCrN base layer) bilayered coatings were deposited 

on plasma nitrided AISI H13 steel substrates. The specimens were ground using SiC abrasive papers 

and then polished with a 2.5 μm diamond paste to the roughness of Ra lower than 0.02 µm. The 

specimens were cleaned in an ultrasonic cleaner with acetone and ethanol for 10 min respectively. 

Prior to coating deposition, all the polished specimens were plasma nitrided in a vacuum chamber at 

510 °C for eight hours in a mixture of gaseous N2 and H2 (1:3 v/v), succeeded by slow furnace cooling. 

The coatings were deposited by an industrial ion-source-enhanced arc ion plating system using two 

AlCr alloy targets with 70 at.% Al composition. The ion-source-enhanced arc ion plating was based 

on the multi-arc ion plating method combined with high energy Ar ion cleaning pretreatment. During 

the ion source cleaning procedure, Ar gas was ionized by using a rotating cathode of Ti target with a 

shield plate, which created highly efficient argon etching to enhance the adhesive strength between 

coating and substrate. The detail process about substrate cleaning using the ion source effect was 

reported elsewhere [26]. Before coating deposition, the nitrided specimens substrates were preheated 

to 450 °C and the base pressure was kept below 1 × 10−3 Pa. The substrates were firstly sputter cleaned 

in Ar plasma at 4.0 Pa pressure with a bias of −400 V for 10 min, and then the ion source cleaning was 

performed at a substrate bias of −300 V for 30 min to etch the substrate by the high density and energy 

Ar ions. The monolayer AlCrN and AlCrN/AlCrON bilayered coatings were prepared using the same 

arc current of 140 A and substrate bias voltage of −50 V. The deposition temperature was maintained 

at 450 °C for both coatings. The AlCrN coating was deposited at a constant bias pressure of 3.5 Pa in 

a pure N2 gaseous environment (99.999% purity) for 90min. The second coating consisted of two 

layers: an AlCrN adhesion layer and the AlCrON top layer. The AlCrN base layer was deposited for 

60 min using the aforementioned parameters. The AlCrON top layer was deposited under the O2/N2 

flow ratio of 1:10 in an N2 and O2 mixture gaseous environment for 30 min, keeping the same constant 

deposition pressure of 3.5 Pa. 

The surface morphology, thickness, and surface roughness of every specimen was measured 

using SEM (Phenom-XL, Nieuw-Vennep, Netherland), a ball crater, and the KLA-Tencor P7 step 

profiler (Hunnenpad, Netherland), respectively. The phase structure of duplex coatings was 

analyzed by X-ray diffractometer (XRD, Burkar D8 Advance, Karlsruhe, Germany), operated at 40 

kV and 40 mA with radiation source Cu-kα (wavelength λ = 0.15406 nm) and a 0.02° step size; a 0.05 

s dwell time was set to record a diffraction spectra in a range from 20° to 80°. The bonding states of 

chemical elements were characterized by an X-ray photoelectron spectrometer (XPS, Thermo 

ESCALAB 250, Dreieich, Germany) operated at 150 W, Al-Kα (hν = 1486.6 eV) radiation source. The 

specimen surface was sputtered clean for 10 min with Ar+ ions before obtaining the spectra. The XPS 

spectra were calibrated by the adventitious carbon C 1s peak at 284.6 eV. The microstructures of the 

coatings were determined using a transmission electron microscope (HRTEM, FEI-F20, Tecnai, 

Stanford, CA, USA). The cross-sectional microstructure of the coating was observed after preparing 
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the specimen with end milling by a focus ion beam (FIB) system operated at 4.5 Kev and an incident 

angle of 3°–8°.  

The surface hardness values and elastic moduli of duplex coatings were determined by nano-

indentation tests under a loading rate of 40 mN·min−1 and a dwell-time of 15 s. The substrate influence 

was reduced using a maximum load of 25 mN so that the penetration depth was less than 10% of the 

coating thickness. A standard Rockwell-C indentation tester with a load of 1470 N was employed to 

evaluate the adhesion strength of each duplex coating, and SEM was used to observe the indentation 

impresses. To investigate the thermal stability, the as-deposited coatings were simultaneously 

annealed in a nitrogen gas environment in a resistive furnace. The annealing was performed at 700 

°C for 6 h at the uniform heating rate of 5 °C/min. The effects of annealing on the structural evolutions 

of coatings were analyzed by XRD and Raman spectroscopy. A micro-Raman spectrometer (InVia, 

Renishaw, Alcester, UK) with a 514 nm argon-ion laser as the excitation source was used to obtain 

the Raman spectra from the as-deposited and post-annealing surfaces. 

The wear behavior of each duplex coating was evaluated using a ball-on-disk tribometer at room 

temperature (RT) and 600 °C (HT), respectively. The Al2O3 ball of 6 mm diameter was used as a 

counterpart for wear tests with the following test parameters: a 5 N load, a 0.25 m/s speed, and a 1 h 

sliding time. A computer connected to the ball-on-disk apparatus records the variations in the ratio 

between tangential force and normal force and returns the coefficient. The step profiler and SEM 

were used to analyze the worn tracks of the coatings. The results of wear rates on coatings were 

calculated based upon a modified Archad’s wear model [27]. 

3. Results and Discussion 

3.1. Coating Morphologies 

The surface morphologies of as-deposited coatings are shown in Figure 1. The SEM images in 

Figure 1a,b present several macroparticles on the coating surface, which is a common characteristic 

of the arc evaporation process due to the high ionic current density of arc sources. The density and 

sizes of macroparticles in a AlCrON coating are greater compared to an AlCrN coating. The 3D 

surface morphology of the coatings was measured by step profiler, as shown in Figure 1c,d. The 

average surface roughness of Sa = 0.108 ± 0.005 μm for an AlCrN coating is lower than for an AlCrON 

coating—Sa = 0.129 ± 0.006 μm—which is obvious in oxynitride coatings because of target poisoning 

in a conventional arc deposition process. This can be related to the presence of oxygen in the 

deposition chamber; oxygen reacts with a freshly exposed target surface and forms a passive oxide 

zone. The active region on the target surface becomes smaller and increases the arc current density, 

resulting in the ejection of larger particles and the formation of solid agglomerates on the coated 

surface [28,29]. The coating thicknesses were about 3.5 and 3.2 μm for AlCrN and AlCrON bilayered 

coatings respectively, which showed the reduction of deposition rate with the introduction of oxygen. 

The reduction in the rate of deposition can be attributed to the oxygen content, which leads to the 

preferred reaction of aluminum and oxygen, and thence the premature formation of non-conductive 

layers on the targets [22]. 
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Figure 1. The surface morphologies of as-deposited coatings: (a) SEM image of AlCrN; (b) SEM image 

of AlCrON;(c) 3D surface morphology of AlCrN; (d) 3D surface morphology of AlCrON. 

3.2. Microstructure Analysis 

Figure 2 shows the XRD pattern of as-deposited AlCrN and AlCrON coatings. The AlCrN 

coating mainly consists of a rock salt type cubic structure with peaks at 2θ = 37.5°, 43.6°, and 63.5° 

corresponding to (111), (200), and (220) fcc-CrN (JCPDS#11-0065), respectively [15]. The most 

dominant peaks with (111) preferential orientation can be assigned to CrN and c-AlN (JCPDS# 25-

1495), The relative peaks positioned in between CrN and c-AlN can be attributed to the formation of 

the fcc-(Cr, Al)N solid solution phase [30,31]. The increase in the intensity of the (200) diffraction peak 

grew with the introduction of oxygen, which indicated the growth of plans with lower surface energy 

[29]. Moreover, the apparent change in the shape of (200) peak observed in the diffraction spectra can 

be related to the compressive residual stress, and structural defects resulting from the replacement 

of N3− ions by O2− ions in the charge balancing mechanism and the disordered distribution of Al and 

Cr ions on metal sites. The structural defects such as vacancies on metal sites were due to the charge 

balance mechanism in oxynitride coatings [14,15].  
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Figure 2. XRD patterns of the AlCrN and AlCrON duplex coatings for steel. 

X-ray photoelectron spectroscopy was employed to investigate the bonding structures of AlCrN 

and AlCrON duplex coatings. Figure 3a presents the Cr 2p3/2 band, and its two de-convoluted peaks 

located at 575.3 and 577.3 eV correspond to CrN and Cr2O3 respectively [32]. Figure 3b shows the 

decomposed spectra of Al 2p. Two peaks located at 73.8 and 74.4 eV were assigned to AlN and Al2O3 

[32,33]. In Figure 3c, the N 1s spectra reveal the presence of CrN and AlN at 396.3 and 397.2eV 

respectively [32]. In Figure 3d, the O 1s spectra indicate the Cr2O3 and Al2O3 bonding states at 530.8 

and 531.5 eV respective binding energies [32]. 

 

Figure 3. The XPS spectra of the AlCrN and AlCrON coatings: (a) Cr 2p3/2; (b) Al 2p; (c) N 1s; (d) O 1s. 

The bonding fractions Cr-N, Cr-O, Al-N, and Al-O of AlCrN and AlCrON coatings were 

compared to investigate the influence of oxygen in the chemical bond evolution process. The Cr-N 

bond fraction reduced from 61.5% to 6%, and the Al-N bond fraction decreased from 63% to 7.5% in 

AlCN and AlCrON coatings respectively. Correspondingly, the Cr-O band fraction improved from 

39.5% to 94% and the Al-O bond fraction enhanced from 37% to 92.5% in AlCrN and AlCrON coatings 
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respectively. The oxygen bond fraction in AlCrN coating was present possibly due to residual surface 

impurities and an organic substance in a vacuum chamber. Based on the XPS results, it was confirmed 

that the AlCrON solid solution phase mainly formed in thin AlCrON top layer, which was consistent 

with XRD results. 

Figure 4 presents typical cross-sectional TEM images of the as-deposited AlCrN/AlCrON 

coating. The columnar growth of the AlCrN base layer and AlCrON top layer can be observed in 

Figure 4a,b. The columnar gains are indicated by arrows while the interface between the nitride base 

layer and the oxynitride top layer is indicated with a dotted line. The cross-sectional selected area 

electron diffraction (SAED) analysis of AlCrON bilayered coating is shown in Figure 5. The spotty 

ring SAED pattern of the AlCrN layer shown in Figure 5a indicates the fine crystalline structure 

which grown in the preferred orientation [14]. Meanwhile, the SAED pattern analysis confirms the 

presence of fcc-CrN (JCPDS# 11 0065) and c-AlN (JCPDS# 46-1200) [28]. The SAED pattern of AlCrN 

base layer shows that (111), (200), (220), and (311) low-intensity rings are consistent with its X-ray 

diffraction pattern shown in Figure 2. The SAED pattern of AlCrON top layer shows distinct spots 

with reflections from similar planes in Figure 5b. Khatibi et al. [28] reported that the fcc lattice in the 

AlCrON coating could withstand a large fraction of structural defects and vacancies, exhibiting the 

transformation of cubic to α-(Cr, Al)2O3 phase’s structure with increasing oxygen content [28]. Najafi 

et al. [34] suggested the formation of a substitutional AlCr(OxN1 − x) (x＜0.6) solid solution containing 

metal vacancies without any oxide segregation. Moreover, the intensity of (111) was sensitive to 

oxygen content. They found the circular sports diffused into amorphous rings of the fcc structure 

deposited by a cathodic arc deposition system. In this work, the SAED pattern of the AlCrON layer 

shows the B1 NaCl structure with (111), (200), (220), and (311) diffraction rings, confirming the 

formation of fcc-(Cr, Al)ON structure. 

 

Figure 4. The cross-sectional TEM images of the AlCrON coating: (a) AlCrN base layer; (b) AlCrON 

top layer. 

 

Figure 5. The SAED patterns of the AlCrON coating: (a) AlCrN base layer; (b) AlCrON top layer. 

3.3. Mechanical Properties 

The surface hardnessvalues and elastic moduli of duplex coatings are shown in Figure 6. It was 

found that the hardness (30.5 ± 1.5 GPa) and elastic modulus (339.8 ± 9.8 GPa) of AlCrN coating are 

higher than the hardness (28.6 ± 0.8 GPa) and elastic modulus (305.7 ± 6.3 GPa) of AlCrON bilayered 
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coating. The addition of oxygen into the AlCrN coating considerably influences the hardness and 

elastic modulus of the coating. Due to the smaller ratio of anion vacancies or solid solution 

strengthing effect, the hadness would increase by doping a small amount of oxygen, while there is a 

progressive decrease of hardness with increasing oxygent content [35]. Actually, the compositions of 

the coatings have a significant influence on the hardness, including Cr and Al contents [14,28]. The 

replacement of anion from nitrogen to oxygen in the fcc structure changed the bonding position from 

covalence to a superior ionic bond, which resulted in a decrease of both hardness and elastic modulus 

[15,36]. In this study, the reduced hardness and elastic modulus of AlCrN/ACrON coating deposited 

by Al70Cr30 targets is attributed to the decrease in nitride bonding fraction, as evident from the XPS 

results. 

 

Figure 6. Surface hardness values and elastic moduli of AlCrN and AlCrON duplex coatings. 

3.4. Thermal Stability 

Figure 7 presents the XRD spectra of the AlCrN and AlCrON coatings after annealing at 700 °C 

for six hours. The fcc-(Cr, Al)N and fcc-(Cr, Al)ON solid solution phase were present in as-deposited 

AlCrN and AlCrN/AlCrON coatings respectively, and the diffraction peaks from the base layer 

contributed to the diffraction spectra of the top layer in oxynitride coatings. The XRD pattern of heat-

treated AlCrON coating, compared with as-deposited coating, shows no obvious variation, while the 

shift of (200) diffraction peaks toward a higher angle can be related to release in the residual stress of 

coatings. The fcc-(Cr, Al)N phase of AlCrN coating slightly decomposed into bcc-Cr and h-Cr2N 

phases by spinodal mechanism, which is evident from weak peaks at 2θ ≈ 65° and 40.15° respectively. 

The phase transformation of CrN into h-Cr2N and bcc-Cr is caused by the deficiency of N resulting 

from precipitation of w-AlN at high temperatures [17]. The precipitation of w-AlN (at 2θ ≈ 36.1°) and 

formation of the hcp-Cr2N phase at 700 °C can be related to the longer annealing time (i.e., 6 h). The 

lower intensity peaks of the hcp phase indicate the AlCrN coating consists mainly of the fcc-solid 

solution phase after annealing. 
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Figure 7. XRD patterns of the AlCrN and AlCrON coatings samples after annealing at 700 °C for 6 h. 

The microstructural stabilities of AlCrN and AlCrON coatings were also compared using Raman 

spectroscopy. Figure 8 shows the Raman spectra of AlCrN and AlCrON coatings recorded 

subsequent to annealing and as-deposited samples. Raman spectra confirm the fcc-structure as 

reported elsewhere [37]. The fcc structure shows two Raman bands at 260 and 750 cm−1. The band at 

260 cm−1 corresponding to the lower frequency, indicates the fcc structure’s vibrational acoustics, and 

the higher frequency band, 750 cm−1, relates to that of vibrational optics modes [33,37]. Rather than a 

vibrational band, there are no other peaks observed, indicating that these coatings are thermally 

stable up to 700 °C. The XRD and Raman spectral analysis of the coatings after annealing verify that 

both AlCrN and AlCrON coatings are thermally stable at 700 °C. The thermal stability of AlCrON 

coating was improved with the introduction of oxygen, which can be related to the formation of the 

passive oxide layer (confirmed from XPS analysis) improving the oxidation resistance of 

AlCrN/AlCrON bilayered coating. 

 

Figure 8. Raman spectra of the AlCrN and AlCrON coatings after annealing at 700 °C for 6 h. 

The adhesion strength of the coating is essential and can affect the lifetime of the coating. A 

Rockwell indentation test was performed to determine coating’s adhesion strength. The adhesion 

strengths of coatings were measured for as-deposited and annealed samples, and the adhesion of 

both coatings for the as-deposited sample was good. Figure 9 shows the SEM image of Rockwell 

indentation of coatings deposited on plasma nitride substrate after annealing at 700 °C. It can be seen 

from Figure 9a that the AlCrN coated sample has many cracks and a spalling zone at the indentation 

impress and interface of the coating, indicating that the adhesion is relatively low. Figure 9b shows 

the AlCrON coating has no spalling zone and fewer radial cracks on the interface, which was due to 
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the compressive stress generated by the indentation. Based on these measurements, AlCrON and 

AlCrN coatings deposited on plasma nitrided steels exhibited excellent adhesion (HF1) and good 

adhesion (HF2) respectively [38]. 

 

Figure 9. The SEM images of Rockwell indentation after annealing: (a) AlCrN coating; (b) AlCrON 

coating. 

3.5. Tribological Properties 

The wear resistance of hard protective coatings is usually characterized as a function of the 

coefficient of friction(CoF), hardness, and adhesion of the coating to the specimen. Figure 10a shows 

the friction coefficient evaluated at RT (room temperature). The friction coefficient of AlCrN coating 

increased firstly before 600 s as a result of contact stress variations and roughness of the surface; after 

that, a steady-state reduced coefficient of friction was applied [39]. The decrease in friction coefficient 

before reaching a stable value is possibly related to wear out of particles or pits on the contacted 

surface. Figure 10b shows the evolution of friction coefficient curves at 600 °C during ball-on-disk 

tribological tests. It presents abrupt changes in CoF of AlCrN and AlCrON coatings at 600 °C, while 

it was stable at RT. The CoF analysis shows the significant wear damage to 600 °C for both coatings. 

 

Figure 10. The CoF (coefficient of friction) against an Al2O3 ball for AlCrN and AlCrON coatings at 

(a) room temperature; (b) 600 °C. 

The SEM examination of worn surface specimens is shown in Figure 11. The duplex coatings do 

not wear out, and the friction coefficient shows a constant value after RT wear test [24]. In Figure 

11a,b, the smooth wear surface of coatings that is a typical feature of abrasive wear is shown. 

However, the wear track on the coatings after high temperature (600 °C) wear test, shows significant 

wear damage and build-up wear as illustrated in Figure 11c,d. The tribo-oxide delamination on the 

wear track of AlCrN and AlCrON coatings is presented in a magnified image view in Figure 11c,d. 

It causes the sudden variation in CoF of both coatings during high-temperature wear test. The 

oxidative wear in high temperature and dry sliding wear conditions is prominent from the literature 

[24,40]. The thermal softening, plastic deformation, and catastrophic adhesion failure can also 

contribute to mild wear to severe wear with elevated temperature. The additional cracks can also be 

observed on the wear track of AlCrN coating, which can be related to the catastrophic adhesion 

failure. The wear debris particles are measured up to 2 μm, indicating that wear debris also comes 

from typical particle ejection from the surface [40]. The EDS analysis of the wear track indicated in 
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the Figure 11 shows the Cr content significantly reduced. This can be related to the presence of 

abrasive wear debris of the Al2O3 counterpart used for the wear test.  

 

Figure 11. Wear track of the duplex coatings. (a) AlCrN at RT; (b) AlCrON at RT; (c) AlCrN at 600 °C; 

and (d) AlCrON at 600 °C. 

Figure 12b shows the 3D wear tracks on the coating surface after the wear test at room 

temperature. Only a small wear track is visible due to polishing wear in both coatings. The small 

peaks and valleys observed on the surface indicate the abrasive wear debris on the surface. A deep 

wear track can be observed in Figure 12c,d which indicates severe wear of coating after wear test 

conducted at 600 °C in the ambient atmosphere. The shallower wear track on the AlCrON bilayered 

coating surface than that of AlCrN coating indicated an improved wear resistance of the coating at 

high temperature with the introduction of oxygen. Moreover, the low wear of AlCrN and AlCrON 

coatings at RT was followed by complete abrasion wear at 600 °C. The significant reduction in 

adhesion and hardness can be attributed to increased operating temperature [40]. Meanwhile, the 

wear rates of both coatings have been compared in Table 1. The wear rates are almost non-measurable 

at room temperature, which shows the excellent wear properties of both coatings, which is similar to 

other reports [24,41]. The increased wear volume at high temperatures is attributed to the 

delamination of thick tribo-oxide layers through the evolved friction mentioned above. The reduction 

in friction could have resulted from the presence of oxides in the tribolayer [42]. However, a direct 

relationship between wear rates and the temperature is common for CrN-based coatings [41]. Table1 

shows that both the AlCrN and AlCrON coatings exhibit maximum wear rates of 4.5 × 10−16 and 2.7 

× 10−16 m3/(N·m) under dry conditions, respectively. Several studies reported the wear resistance of 

AlCrN coating deposited with various techniques under different testing conditions regarding the 

different coating applications [43–45]. The reasonable wear resistance at 600 °C was observed in cubic 
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AlCrN and AlCrON coatings, and oxynitride coating exhibited improving wear resistance due to the 

high ability of a coating to resist oxidation and to delay substrate oxidation [24]. In this work, 

although the as-deposited AlCrON bilayered coating presents dense structure and excellent thermal 

stability, both coatings exhibited severe wear at the evaluated temperature. That could be attributed 

to the low thicknesses of the coatings. When the thin AlCrON coating failed, the coating would wear 

out rapidly. Based on the above results, the AlCrN/AlCrON bilayered coating with the fcc-AlCrON 

structure presents better tribological performance compared to the AlCrN coating, making it a 

suitable candidate for the HPDC application. The thick AlCrON coatings with optimal properties 

will be investigated systematically in future. 

 

Figure 12. The 3D wear scar step profiler images of the duplex coatings (a) AlCrN at RT; (b) AlCrON 

at RT; (c) AlCrN at 600 °C; and (d) AlCrON at 600 °C. 

Table 1. The wear rate of the AlCrN and AlCrON coated samples at room temperature and 600 °C. 

Coatings 
Wear Rate-RT 

× 10−18 (m3/ (N·m)) 

Wear Rate-600 ℃ 

× 10−16 (m3/ (N·m)) 

AlCrN 0.98 ± 0.02 4.5 ± 0.42 

AlCrN/AlCrON 0.77 ± 0.01 2.7 ± 0.36 

4. Conclusions 

AlCrN and AlCrN/AlCrON duplex coatings were prepared on plasma nitrided-AISI H13 tool 

steels by ion-source-enhanced arc ion plating. The AlCrN coating was deposited in pure N2 while 

AlCrON the top layer was deposited under the O2/N2 flow ratio of 1:10. The as-deposited AlCrN and 

AlCrON bilayered coatings consisted of solid solution fcc-AlCrN and fcc-AlCrON crystallites 

respectively. The AlCrON bilayered coating showed higher surface roughness than that of AlCrN 

coating. The hardness and elastic modulus of AlCrN coating decreased with the addition of a thin 

AlCrON layer. The AlCrON bilayered coating exhibited good thermal stability after annealing at 700 

°C. Both coatings present excellent wear resistance at room temperature, while at 600 °C the severe 

abrasive and oxidation wear mechanism against Al2O3 ball was observed. The AlCrON bilayered 

coating showed better wear resistance in comparison with AlCrN coating, which was related to its 

high adhesion strength and thermal stability resulting from the effect of dense AlCrON layer. 
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