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Abstract

:

A promising ion-beam-assisted deposition (IBAD) method was developed to improve the salt-water corrosion resistance of NiCoCrAlY-AlSiY coating. During hot salt-water exposure, hydrochloric acid (HCl) was produced when chloride salt, water, and metal oxide reacted with each other, while HCl was also produced when chlorine reacted with water. The as-deposited AlSiY layer exhibited a loose texture accompanied by numerous pore defects, which triggered the multi-scale diffusion of HCl, resulting in the large-area corrosion degradation of the coating texture and the rapid diffusion of the NiCoCrAlY bonding layer. By contrast, the ion-beam-assisted AlSiY layer showed a dense texture that effectively inhibited the inner diffusion of HCl and suppressed the corrosion reactions as well as the diffusion of the NiCoCrAlY bonding layer. The current results confirmed the significant potential of IBAD in inhibiting corrosion damage and diffusion of thermal protective coatings.
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1. Introduction


Given the continuous development of advanced aero-engines in recent years, thrust–weight ratio is one of the key performance factors of aero-engines. Replacing nickel-based superalloys with lightweight and high-strength materials has proven to be effective for achieving high thrust and low mass requirements [1]. Titanium alloy, as a light metal material, is widely used in aero-engines because of its advantages of low density and good corrosion resistance [2,3,4]. Although titanium alloys exhibit certain thermal stability and corrosion resistance, when aero-engines are used in marine environments, they are affected by oxidation erosion as well as corrosion induced by hot salt mixtures and water vapor [5,6]. This process causes severe corrosion damage and degradation to the titanium alloy. From the perspective of marine corrosion prevention and aero-engine control, surface functional coating is currently one of the most economical and effective protection strategies.



MCrAlY (M = Ni and-or Co) coatings and aluminate coatings exhibit high resistance to oxidation and hot corrosion. Aluminum in the coating forms an oxide layer that protects the underlying components [7,8,9]. When the amount of aluminum in the coating depletes gradually as the aluminum oxide layer further develops and peels off, the coating becomes degraded and fails. However, directly increasing the Al content reduces the plasticity of the coating. This above issue is resolved by designing composite coatings with multiple layers or gradient structures [10,11]. Jiang et al. [12] synthesized MCrAlY+AlSiY composite coatings using arc ion plating (AIP). These gradient structure coatings exhibited good anti-oxidation and anti-corrosion properties. In the temperature range of 700–1050 °C, they could adequately protect the superalloy matrix under various working conditions and effectively increase their service time [13,14,15]. Due to the excellent performance of this coating system, researchers have conducted a lot of research into this aspect. They discovered that an aluminide coating co-modified with Si and Y greatly ameliorated the resistance of the matrix to hot corrosion. The doped Si enhanced the resistance to hot corrosion of aluminide coating due to the formation of a SiO2 scale. By adding a small amount of Y to the aluminide coating, it can promote the selective oxidation of Al and improve the adhesion of the Al2O3 layer [16,17,18]. However, these AIP coatings exhibited a loose texture with numerous pores. These defects provided pathways for the diffusion of oxygen and aggressive media, therefore significantly degrading their corrosion resistance [19].



Ion-beam-assisted deposition (IBAD) has been discovered to be an effective method for improving the compactness of coatings. Jung et al. [20] reported that IBAD induced an enhanced packing of sputtering atoms, resulting in a dense and more adhesive interlayer. Mao et al. [21] reported that IBAD effectively decreased the film cavity, therefore resulting in a dense growth texture. The principle of IBAD for improving the coating density is similar to that of the deposition process, in which high-energy bombardment ions collide with the deposited atoms; consequently, a significant amount of energy is transferred to the deposited atoms, and the atoms are simulated to move horizontally and longitudinally. The movement of the atoms fills the cavity of the coating and generates a dense coating [22,23].



In this investigation, as-deposited and ion-beam-assisted NiCoCrAlY-AlSiY coatings were synthesized on Ti6Al4V alloys. The hot salt-water corrosion behaviors of these coatings were characterized to clarify the effects of IBAD on structure and properties of these coatings, and the hot salt-water synergistic corrosion mechanisms are discussed comprehensively.




2. Materials and Methods


Ti6Al4V alloy was used as the substrate. The sample size was 10 × 10 × 5 mm3. All samples were sandblasted using corundum grits and further cleaned in alcohol. The coatings were synthesized using AIP and arc-enhanced glow discharge (AEGD). Ni39.5Co26Cr22Al12Y0.5 and Al89Si10Y1 (wt.%) were used as the arc targets. All the samples were cleaned using AEGD. The parameters involved were 0.3 Pa Ar pressure, 100 A current, −160 V bias voltage, and 30 min time. Table 1 presented the parameters of the NiCoCrAlY-AlSiY coatings. To enhance the anti-corrosion performance of the top AlSiY layer, AEGD was employed to produce high-density electrons, which triggered the Ar atom ionization. The enhanced Ar ion-beam-assisted deposition (IBAD) greatly improved the density of the AlSiY layer. In this work, sample E1 corresponded to the NiCoCrAlY-AlSiY coating without the IBAD, while sample E2 was the NiCoCrAlY-AlSiY coating with the IBAD. AEGD current was 100 A.



A muffle furnace was used for the salt-water corrosion experiment. The water vapor was transferred to the muffle furnace (Shenyang ElectricFurnace Factory, Shenyang, China) through a water-vapor generator (Anhui Kangxin Electric Appliance Company, Anhui, China). The volume percentage of water vapor was approximately 47% during the entire experiment. The experiment was carried out by coating mixed salt on the surface. Before starting the test, all samples were preheated to about 100 °C in an electric furnace (Huxing Electric Heating Appliance Factory, Jiangsu, China); subsequently, the samples were uniformly sprayed with a salt-mixture aqueous solution containing 75 wt.% Na2SO4 + 25 wt.% NaCl. To prevent the salt film from being unevenly covered, the salt coating process was carried out several times to ensure that the salt content of the samples was 2–3 mg/cm2. The temperature of this experiment was 650 °C and the duration was 200 h. The heating rate of this experiment was controlled at 8–10 °C/min. To plot the corrosion kinetics curves, all samples were weighed at 20-h intervals during the first 100 h of the test and at 50-h intervals between 100–200 h using a balance (Shanghai Sunny Hengping Scientific Instrument Company, Shanghai, China) with an accuracy of 0.0001 g. Before weighing, the samples were washed more than three times in boiling deionized water until the water was clear and almost free of impurities. To eliminate the error of mass measurement, samples E1 and E2 were measured with three sets of parallel specimens, and the average value was taken as the measurement result.



The surface-phase compositions of samples E1 and E2 after the corrosion experiments were detected via X-ray diffraction (XRD, X’ Pert Powder, PANalytical B.V., Almelo, The Netherlands ). The radiation source was Cu-Kα, the scanning range was 10°–90°, and the scanning time was 2 min. The surface and cross-sectional images of as-deposited and corroded samples were characterized via scanning electron microscopy (SEM, Zeiss ∑IGMA HD, Carl Zeiss, Jena, Germany). To avoid the spalling of the corrosion layer of the sample during the preparation of the cross-sectional sample for SEM, a nickel layer was fabricated on the AlSiY layer via electroplating. The nickel-plated samples were embedded in epoxy resin, and the sections were abraded with 180-, 320-, 600-, 1200-, and 2000-mesh SiC sandpaper and polished with diamond polishing paste. The samples were then cleaned with anhydrous ethanol and dried. The compositions of the corroded samples were determined using an energy-dispersive spectrometer equipped on the SEM.




3. Results


Figure 1 presents the XRD patterns of the as-deposited coatings. Since the two samples used the same matrix and target during the deposition of the coating, IBAD technology mainly changed the texture of the coating and had little effect on the composition of the coating, so samples E1 and E2 exhibited similar phase structures. For these two composite coatings, the diffraction peaks detected by XRD were primarily located at the outermost side of the AlSiY layer, and the content of silicon and yttrium was less in the AlSiY layer, these strong diffraction peaks were assigned to the Al phases and the number of Si-phase diffraction peaks that could be detected is small and the intensity is low, while the Y diffraction peak could hardly be detected [11,18]. The XRD results clearly indicated that the phase composition of the two samples was consistent with the target material used for deposition, and there are no other impurities.



Figure 2 presents the surface and cross-sectional SEM images of all coatings. Sample E1 exhibited a rough surface, as shown in Figure 2a, where numerous particles and pores were observed, as well as deeper holes (see high-magnification images). Additionally, numerous pores and loose textures were observed in the cross-sectional images of Figure 2b. The aggregation of holes, cracks, and large particles in the coating was observed in the high-magnification cross-section image inserted in Figure 2b. These structures were widely distributed in the AlSiY layer, which resulted in the low density of this layer. By contrast, sample E2 exhibited a relatively smooth and dense texture topography, as shown in Figure 2c. Additionally, the size and number of such particles and pores decreased significantly, whereas a local dense texture and smaller pores were observed in the cross-sectional image presented in Figure 2d, including in the high-magnification cross-sectional images. Only a few small pores and particles were observed in the AlSiY layer, which is consistent with the flat and dense surface morphology revealed. Meanwhile, compared with the AlSiY layer deposited by traditional arc ion plating, the structure density and the number of large particles of the AlSiY layer of sample E2 were significantly improved, indicating that the IBAD significantly enhanced the compactness of the top AlSiY layer [15,19,24].



Figure 3 presents the corrosion kinetics curves of samples E1 and E2 during the experiments. During the first 40 h of corrosion, two samples underwent a stage of rapid quality growth. Subsequently, the mass growth rate of sample E1 decelerated, but it maintained a weight-gain trend until the end of the test. The weight-gain rate of sample E2 decreased significantly from 40–60 h and the kinetic curve exhibited a downward trend after 60 h, indicating that the sample experienced continuous weightlessness and the mass loss ceased until 100 h. Subsequently, the kinetic curve was relatively flat until the end of the test. After 200 h of testing, the mass gains of samples E1 and E2 were 1.95 mg/cm2 and 20.25 mg/cm2, respectively. During the whole test process, sample E2 showed a higher corrosion mass gain, but both samples showed a mass gain after the test. Compared with our previous study, destructive spalling occurred on the surface of Ti6Al4V after 200 h under the same test conditions, and the corrosion dynamics curve showed serious mass loss [6]. This indicated that there was no devastating corrosion degradation in the coating system of the two samples in this test and they could still protect the substrate, so the higher corrosion weight cannot indicate poor corrosion resistance of the sample. The differences in the corrosion dynamics curves of the two samples are described in detail in the following section.



Figure 4 presents the XRD patterns of samples E1 (a) and E2 (b) after hot salt-water corrosion experiments. During 200 h of corrosion, the phase composition of the two samples, which was primarily composed of Al2O3 and β-(Ni, Co)Al phases, did not change significantly; this indicates that oxide film grown on the coating surface of all samples was single Al2O3 during the entire hot salt-water corrosion tests. The appearance of the β-(Ni, Co)Al phase indicates that interdiffusion occurred in the AlSiY and NiCoCrAlY layers during the test [12,13,14]. After 200 h of hot salt-water corrosion testing, the diffraction peak of the β-(Ni, Co)Al phase was strong, and the γ-γ′ phase was not detected. It can be inferred that at the end of the test, the content of aluminum in the AlSiY layer of the composite coating remained high, and that it can continue to provide protection to the substrate by generating Al2O3.



Figure 5 shows the cross-sectional images of hot salt-water-corroded coatings. An oxide layer was grown on the coating surface of the E1 sample, and the thickness of the oxide layer was approximately 20 μm, as shown in Figure 5a; the oxide layer, which was loose and porous, indicated poor interfacial adhesion with the AlSiY layer. Under the oxide layer, a large area containing corrosion holes was formed in the AlSiY layer, and some internal corrosion products appeared in the holes. As shown in Figure 5b, after 100 h of corrosion, the area containing corrosion holes in the AlSiY layer of sample E1 expanded, and the number of holes increased. The maximum depth of the corrosion-hole damage zone was 48 μm, which almost penetrated the entire AlSiY layer. When the 200 h of corrosion was complete, some adjacent corrosion holes in sample E1 aggregated to form a larger corrosion area, as shown in Figure 5c. Numerous small internal corrosion pores appeared near the corrosion holes as well as at the AlSiY–oxide layer interface in the AlSiY layer, and the corrosion holes were filled with a significant amount of corrosion products. The crack generated from the bottom of the corrosion hole extended into the NiCoCrAlY layer. Compared with sample E1, sample E2 indicated only slight corrosion damage, as presented in Figure 5d,e. Small corrosion holes were observed in the damage regions, and their size and quantity did not increase significantly during corrosion. After 200 h of corrosion, the oxide layer of sample E2 was slightly peeled off, as presented in Figure 5f; however, compared with sample E1, the internal corrosion holes in sample E2 were less dense, and the distribution depth was shallow. Additionally, the NiCoCrAlY layer of sample E1 was thinner, indicating significant diffusion. By contrast, sample E2 indicated a relatively low diffusion rate, as reflected by the barely changing thickness of the NiCoCrAlY layer. In the previous studies, we found that when water vapor participated in the hot corrosion test, it would have a synergistic effect with salt at high temperature, leading to more severe corrosion degradation. Under the same test conditions, almost no complete oxide layers could be formed on the surface of Ti6Al4V substrate after 200 h of testing. The substrate was corroded seriously, resulting in the formation of a large area of corrosion holes [6]. In this test, the substrates of the two samples were not obviously corroded, indicating that the coatings of the two samples had a good protective effect on the substrates.



Figure 6 shows the cross-sectional SEM images and the element mappings of the hot salt-water corroded sample E1. Based on the XRD results with element mappings of Al and O, the main composition of the oxide layer was alumina. Furthermore, the amounts of Al and O in the corrosion holes and internal corrosion pores increased, indicating that the corrosion products were primarily composed of Al2O3. In addition, it was observed that the Ni, Co, and Cr in the NiCoCrAlY layer diffused into the AlSiY layer, which contributed to the β-(Ni, Co)Al phase in the XRD pattern. It is noteworthy that there is a Cr-rich layer at the interface between the NiCoCrAlY layer and the substrate. It is reported that the Cr-rich layer can serve as a diffusion barrier to prevent the mutual diffusion of the beneficial elements in the coating and the refractory elements in the matrix [24]. Based on element mapping, it was discovered that the Ti in the substrate almost did not diffuse into the coating, while the diffusion of elements in the NiCoCrAlY layer to the substrate was relatively slight, indicating that the Cr-rich layer effectively inhibited the mutual diffusion of elements between the coating and substrate.



Figure 7 shows the cross-sectional SEM images and the element mappings of hot salt-water-corroded sample E2. Compared with sample E1, some areas of sample E2 exhibited a thicker oxide layer, and regions where the amounts of Cr and Si increased were discovered to be underneath the oxide layer. Only a very small amount of Cr and Si can be dissolved in the β-(Ni, Co)Al phase. Therefore, the formation of the element enrichment region reflects the AlSiY layer of the E2 sample containing more β-(Ni, Co)Al content, which in fact resulted in the segregation of Cr and Si to form a Cr–Si phase. It has been reported that the Cr–Si phase can inhibit corrosion [12,19]. Based on element mapping, the distribution depth of the Al-rich region in sample E2 was deeper than that in sample E1, indicating a significantly lower consumption of Al in sample E2. Meanwhile, the Cr-rich layer formed at the NiCoCrAlY layer–TC4 interface of sample E2 was thicker, which indicates that its element diffusion rate was lower during the corrosion.



Samples E1 and E2 have the same coating system and chemical composition; however, their corrosion degrees differed significantly in the whole test, which indicates the importance of the effect of the IBAD technique on the texture of the AlSiY layer in improving hot corrosion resistance. The feasible explanation for the hot salt-water corrosion mechanisms of the two samples is illustrated in Figure 8. Compared with the traditional hot salt corrosion test, the synergistic action of oxygen-mixed salt-water vapor at high temperature resulted in a more severe corrosion damage to the coating system. The damage process could be divided into two stages, which primarily included the initial degradation of the oxide layer and the accelerated destruction of the metal coating. As shown in Figure 8a,c, at the beginning of the test, the amount of Al in the AlSiY layer was high, which promoted the selective oxidation of Al (as expressed by Equation (1)), and an Al2O3 layer grown rapidly on the surface of this coating. Additionally, the synergistic effect of water vapor and the deposited salt mixture resulted in the degradation reaction of the Al2O3 layer (as expressed by Equation (2)), which resulted in the degradation of a portion of Al2O3 into NaAlO2 and HCl [25,26].


4Al + 3O2 = 2Al2O3



(1)






2NaCl + Al2O3 + H2O = 2NaAlO2 + 2HCl



(2)







Therefore, the oxide layer exhibited a loose and porous structure at the initial stage of corrosion, which resulted in its insufficient protective effect. HCl can diffuse rapidly into the coating through the oxide layer and react with Al in the coating to generate gaseous AlCl3 and H2 based on Equation (3), resulting in further degradation of the coating.


2Al + 6HCl = 2AlCl3 + 3H2



(3)







During corrosion, the coating enters the accelerated degradation stage, as shown in Figure 8b,d. The mixed salt comprising Na2SO4 and NaCl diffuses into the coating through the pores of the oxide layer, and a eutectic reaction occurs based on Equations (4) and (5), followed by a decomposition process [19].


2NaCl + SO2 + O2 = Na2SO4 + 1/2Cl2



(4)






Na2SO4 = SO3 + Na2O = Na2O + 1/2O2 + SO2



(5)







When the mixed salt composition is NaCl and Na2SO4, NaCl will react with O2 and SO2 generated by the decomposition of Na2SO4 to release chlorine; subsequently, chlorine will react with water vapor to produce HCl and HClO. Unstable HClO will decompose at high temperatures, leading to the formation of HCl and O2 based on Equations (6) and (7). O2 and HCl react with Al in the coating to form Al2O3 and AlCl3 (see Equations (1) and (3)), resulting in significant internal oxidation and internal corrosion in the coating.


Cl2 + H2O = HCl + HClO



(6)






2HClO = 2HCl + O2



(7)







Based on the above discussion of the corrosion mechanism, the differences in the morphology of the two samples during the test were analyzed, and the findings obtained were as follows: holes, cracks, and large particles were widely distributed in the AlSiY layer of the as-deposited sample E1. At the beginning of the test, the oxide layer was not fully formed, and the defects became the diffusion path for oxygen to diffuse into the AlSiY layer, and promote the internal oxidation of the AlSiY layer to generate Al2O3, which primarily accumulated in the holes and cracks inside the coating. Al2O3 decomposed by reacting with NaCl and H2O; therefore, the oxide layer on the AlSiY layer first decomposed and produced numerous holes to provide a pathway for the diffusion of NaCl and H2O into the interior of the coating, therefore resulting in the decomposition of Al2O3 inside the coating. The HCl generated by the decomposition of Al2O3 reacted with Al in the coating, which caused a significant reaction degradation in the AlSiY layer. By contrast, as IBAD technology improves the structural density of the AlSiY layer in the as-deposited sample E2, most of the holes and cracks in the coating were eliminated, which significantly reduced the size of the internal defects in the coating. Therefore, in the initial stage of hot corrosion, the oxidation reaction on the coating surface of sample E2 was the main cause of corrosion. The smaller internal hole size inhibited the internal oxidation of the AlSiY layer, the formation and diffusion of HCl in the coating were further restrained, and the coating was only slightly corroded and degraded.



In the middle and late stages of corrosion, the eutectic reaction and decomposition of the mixed salt resulted in the formation of numerous corrosive media. Owing to the severe corrosion damage of sample E1 after the initial stage of corrosion, the oxide layer and the interior of the AlSiY layer exhibited a loose and porous structure, which resulted in the high diffusion rate of corrosive media. Severe internal corrosion and internal oxidation occurred in the AlSiY layer, which enlarged the corrosion holes in the coating and resulted in the generation of numerous small internal corrosion pores. The gaseous corrosion products generated by the internal corrosion of the AlSiY layer diffused outward through the oxide layer, and more cracks and pores appeared in the coating and oxide layer during this process. By contrast, the AlSiY layer of sample E2 exhibited only slight corrosion damage after the initial stage of corrosion, and the smaller corrosion holes significantly decelerated the diffusion of the corrosive media into the coating. Furthermore, the dense AlSiY layer can reduce the space for aggregation and reaction of the corrosive media in the coating. Therefore, during the entire corrosion process of sample E2, no significant internal corrosion occurred, and the corrosion area was primarily concentrated in the Al2O3 layer and the interface of the Al2O3 layer-AlSiY layer.



Based on the above analysis, the reasons for the differences in corrosion dynamics curves of the two samples were explained as follows: The change in corrosion mass is a comprehensive reflection of the growth, dissolution, and peeling of corrosion products in the coating system. At the beginning of the test, selective oxidation of Al mainly occurred, and an oxidation layer was rapidly generated on the surface of the AlSiY layer. Consequently, the corrosion kinetics curves of the two samples showed a rapid rising trend. Moreover, because of the many defects inside the AlSiY layer of sample E1, serious internal oxidation occurred at the same time; the mass gain of sample E1 in the first 20 h of corrosion was slightly higher than that of sample E2. As the test progressed, salt and water gradually participated in the corrosion. They reacted with the oxide layer on the surface of the coating and the internal oxide in the coating, resulting in the degradation of Al2O3, and the acidic corrosion products produced by the reaction react directly with Al in the coating to generate gaseous corrosion products, which directly dissolves the coating. This process causes serious mass loss in the sample. Since sample E1 experienced serious internal oxidation at the beginning of the test, and there were many internal defects in the AlSiY layer, the above reaction was more violent in sample E1, resulting in relatively large corrosion mass loss. Therefore, after the first 20 h of corrosion, the mass gain trend of the corrosion kinetic curve of sample E1 decreased and gradually became flat. When the corrosion gradually entered the middle stage, the eutectic reaction and decomposition of the mixed salt led to the formation of a large amount of corrosive media. As mentioned above, the corrosive medium had a high diffusion rate in the AlSiY layer of sample E1, which led to serious internal corrosion, and the reaction mainly generated gaseous corrosion products. The massive volatilization of gaseous corrosion products led to extremely high mass loss of the sample E1. Thus, during the 60–100 h corrosion process, the corrosion kinetic curve of sample E1 showed a downward trend. During the 100–200 h corrosion process, the corrosion kinetics curve of sample E1 showed a flat state. When observing the SEM cross-sectional images, it can be found that the internal corrosion holes in the AlSiY layer were almost filled with oxide at 200 h. It can be inferred that as the corrosion-hole area inside the AlSiY layer expands in the middle and late stages of the corrosion, the contact area between the coating and oxygen gradually increases. At this stage, the mass gain caused by the formation of an oxide layer on the surface of the AlSiY layer and the generation of the internal oxide of the coating was in dynamic balance with the mass loss caused by the corrosion degradation of oxide and the corrosion dissolution of the coating. By contrast, the AlSiY layer of sample E2 had good compactness and few defects, and no serious internal corrosion occurred during the entire corrosion process. The corrosion kinetics curve was mainly controlled by the formation and corrosion degradation of the oxide layer on the surface of the AlSiY layer, and low corrosion mass loss resulted in a continuous upward trend of the corrosion kinetics curve.




4. Conclusions


This study investigated the hot salt-water corrosion behaviors of as-deposited and ion-beam-assisted NiCoCrAlY-AlSiY coatings. Results showed that the as-deposited coating exhibited unsatisfactory corrosion resistance after a hot salt-water experiment. The numerous pores and the loose texture in the AlSiY layer provided multi-scale diffusion channels for the corrosive medium, therefore triggering large-area corrosion degradation on the coating texture and rapid elemental diffusion on the NiCoCrAlY layer. The ion-beam-assisted coating showed a significant enhancement in hot corrosion resistance after a hot salt-water experiment. The IBAD technique induced the formation of a dense growth texture in the AlSiY layer, which not only effectively prevented multi-scale diffusion of the corrosive medium, but also significantly inhibited the corrosion reaction and elemental diffusion of the NiCoCrAlY layer. The IBAD technique shows huge potential to enhance anti-corrosion performance of thermal protective coatings during hot salt-water environmental exposure.
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Figure 1. XRD results of the as-deposited coatings. 
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Figure 2. Surface and cross-sectional images of samples E1 (a,b) and E2 (c,d). 
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Figure 3. Corrosion kinetics curves of samples E1 and E2 during the corrosion experiments. 
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Figure 4. XRD patterns of samples E1 (a) and E2 (b) after hot salt-water corrosion experiments. 
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Figure 5. SEM cross-sectional images of the corroded samples E1 (a–c) and E2 (d–f). 
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Figure 6. Cross-sectional images and element mappings of hot salt-water-corroded sample E1. 
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Figure 7. Cross-sectional images and element mappings of hot salt-water-corroded sample E2. 
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Figure 8. Schematic of hot corrosion mechanism of samples E1 (a,b) and E2 (c,d). 
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Table 1. Experimental details of all coatings.
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	Parameters
	NiCoCrAlY Layer
	AlSiY Layer





	Arc current (A)
	105
	75



	Bias voltage (V)
	−150
	−110



	Time (min)
	200
	105
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