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1. Introduction 

Nickel-based Super alloys are widely used in gas 

turbine and aircraft engine components owing to their 

exceptional mechanical properties and high corrosion 

resistance [1, 2]. However, a significant challenge 

emerges when these components are exposed to corrosive 

gases from sulfur-rich fuels or molten salts in high-

temperature heat transfer systems, leading to gradual 

degradation of their favorable properties [3]. Under such 

conditions, corrosive  compounds such as NaCl, KCl, 

V2O5, and Na2SO4 form surface deposits on the alloy, 

promoting a phenomenon known as hot corrosion, where 

destructive chemical reactions occur at the alloy-salt 

interface [4]. Moreover, while certain alloying elements 

enhance mechanical performance, they often 

compromise corrosion resistance [5, 6]. 

Serious issues arise when complex mixtures of molten 

sodium sulfate (Na2SO4) and vanadium pentoxide (V2O5) 

enter power generation systems due to low-quality fuel. 

Na2SO4 can be transported with air to the turbine inlet or 

may form through reactions between sodium chloride 

(NaCl) and sulfur impurities in the fuel [7]. During 

combustion, vanadium porphyrins present in the fuel 

convert to V2O5. The reaction between Na2SO4 and V2O5 

produces new compounds with eutectic temperatures 

below 600°C [8]. These eutectic compounds readily melt 

and deposit on turbine blades, causing severe corrosion 

with significant consequences [9].  

MCrAlY (M = Ni, Co) coatings have recently 

attracted significant research attention due to their 

remarkable effectiveness in combating corrosion 

phenomena. These coatings serve dual functions: they act 

as bond coats in thermal barrier coating (TBC) systems 

while also being employed as standalone coatings to 

prevent oxidation and corrosion in high-temperature 

environments [10]. The protective mechanism of these 

coatings in corrosive environments is particularly 

noteworthy. Chromium and aluminum elements in the 

coating composition spontaneously form a continuous, 

protective layer of corrosion products that acts as an 

effective barrier against corrosion propagation [11]. 

Another crucial aspect is the role of yttrium (Y) which, 

even in trace amounts, accelerates the formation of the 
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protective layer through Y2O3 formation while 

simultaneously enhancing the adhesion between this 

layer and the substrate [12]. 

Among the constituent elements of these coatings, 

cobalt holds a unique position. While conventional 

wisdom suggests that cobalt enhances the formation of 

protective oxides such as Cr2O3 and Al2O3, recent studies 

including the work by Sundaresan et al [13]. Have 

demonstrated that excessive cobalt oxides in the 

corrosion layer may have adverse effects, potentially 

compromising the corrosion resistance of NiCoCrAlY 

coatings [14]. These findings highlight the need to re-

examine the precise role of cobalt oxides. Despite 

significant progress in this field, numerous aspects 

remain unexplored. To date, most research has focused 

on the corrosion behavior of coatings under thin salt films 

at elevated temperatures, while the corrosion mechanisms 

induced by molten salts in MCrAlY coatings remain 

poorly understood and warrant further in-depth 

investigation [15]. 

The systematic study of corrosion mechanisms and the 

development of effective inhibitors are critical for 

enhancing the durability and service life of structural 

materials in aggressive environments  [16-18].  The hot 

corrosion resistance of coatings primarily depends on the 

formation of a surface corrosion layer that acts as an ionic 

barrier, separating the coating from the corrosive 

environment [19]. This dependence underscores the 

critical importance of thoroughly investigating the 

characteristics of this protective layer to fully understand 

hot corrosion mechanisms. Currently, conventional 

evaluation methods for corrosion layers in MCrAlY 

coatings are predominantly ex situ and conducted at 

ambient temperatures - an approach that presents 

significant limitations in accurately assessing the 

protective capabilities of these layers. Crucially, hot 

corrosion is inherently a complex electrochemical 

process involving electron transfer mechanisms and 

lattice defect migration. Despite these advances, it should 

be noted that research investigating the hot corrosion 

properties of MCrAlY coatings exposed to molten salts 

remains remarkably limited and insufficient to date [20]. 

This study investigates the development and 

fabrication of NiCoCrAlY coatings on Inconel 718LC 

superalloy substrates. This advanced superalloy is 

specialized for gas turbine components and aircraft 

engine turbine disks, exhibiting exceptional mechanical 

properties due to γ' (Al3Ni) intermetallic precipitates that 

strengthen the γ (Ni,  Co) matrix [21]. While its standard 

operational temperature range is typically up to 850°C, it 

can withstand emergency conditions for limited durations 

at temperatures as high as 900 °C [22]. 

For coating deposition, electrochemical deposition 

was selected as the optimal technique, offering 

advantages such as uniform and controlled thickness, 

enhanced corrosion and oxidation resistance, improved 

surface properties, and relatively low production costs-

making it ideal for high-temperature-resistant coatings 

[23]. During experimental testing, the coatings' hot 

corrosion behavior was rigorously evaluated under 

extreme conditions (900°C) in a highly corrosive molten 

salt environment of Na2SO4-50%V2O5 [24]. 

The 900°C test temperature was chosen to align with 

the operational conditions of Inconel 718LC superalloy 

in gas turbines and jet engines, where the critical 

emergency threshold typically ranges between 850-

900°C [25]. This temperature simulates severe yet 

realistic conditions, maximizing the likelihood of 

corrosive molten salt formation (e.g., Na2SO4- V2O5). 

Additionally, it enables a comprehensive study of 

acid/base fluxing mechanisms, which may remain 

incomplete at lower temperatures. This selection is 

further supported by prior research, as 900°C strikes an 

optimal balance between rapid coating degradation and 

real-world operational conditions [26]. 

2. Materials and Methods 

2.1. Preparation of Samples 

The nickel-based superalloy Inconel 718LC (chemical 

composition provided in Table 1) served as the substrate 

for coating deposition. Specimens were precision-cut into 

rectangular cuboids with dimensions of 15 mm (length) × 

10 mm (width) × 3 mm (thickness) and subsequently 

underwent rigorous surface preparation. This multi-step 

process included: (1) abrasive grinding with 

progressively finer grits to eliminate surface oxides and 

topographical irregularities, (2) ultrasonic degreasing in 

acetone and ethanol to remove organic contaminants, (3) 

thorough rinsing with deionized water, (4) chemical 

etching in a 10% HCl solution for surface activation, and 

(5) final ultrasonic cleaning in deionized water to ensure 

complete removal of processing residues. 

Table 1. Percentage of elements and chemical composition of nickel base superalloy 

Si S Mo Mn Nb Fe Cr Ni 

0.108 ˃0.0011 3.02 0.0372 4.35 17.79 18.9 Balance 

Sn Zn Sb Zr Mg Ta W V 

˃0.0005 0.0071 ˃0.0015 0.0097 0.0088 0.0386 0.0141 0.0525 

As P B Cu Ti Al Co C 

0.002 0.0129 0.0051 0.048 0.969 0.45 0.0674 0.0253 
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2.2. Deposition conditions 

Composite Ni-Co/NiCrAlY alloy coatings were 

electrodeposited using a Watts bath containing dispersed 

NiCrAlY particles at controlled concentrations. To 

optimize the coating properties, two key parameters were 

systematically varied: (1) the concentration of NiCrAlY 

powder in the Watts bath (10, 20, and 30 g/l) and (2) the 

applied current density (20, 30 mA/cm2), as detailed in 

Table 1. The first letter (A, B, C) indicates the applied 

current density level in mA per square centimeter: 

A: Current density of 10 mA/cm2, B: Current density of 

20 mA/cm2 and C: Current density of 30 mA/cm2. The 

subsequent number (10, 20, 30) represents the 

concentration of NiCrAlY powder in the electrolyte 

solution in grams per liter. All other deposition conditions 

were maintained constant based on established literature 

values: bath temperature at 45 °C, pH at 3.5, stirring 

speed at 160 rpm, and deposition duration fixed at 2 hours 

to ensure consistent coating formation across all 

experimental runs.  

To ensure complete dissolution of NiCrAlY particles 

within the coating matrix and achieve uniform chemical 

composition, the coated specimens underwent 

homogenization treatment in an argon atmosphere using 

a tube furnace (Model TF5/40-1250) at 1100°C for 2 

hours. Prior to heat treatment, all samples were 

thoroughly cleaned with ethanol to remove surface 

contaminants. The furnace pressure was maintained at 2.5 

bar during the entire process, with titanium plates 

strategically positioned between specimens to prevent 

oxidation. Following the homogenization treatment at 

1100°C, the specimens were furnace-cooled to room 

temperature to avoid thermal shock and preserve the 

microstructural integrity. 

2.3. Hot Corrosion Resistance 

The hot corrosion resistance of the fabricated coatings 

was evaluated using a corrosive salt mixture composed of 

Na2SO4-50%V2O5 (composition details provided in Table 

2 and 3). Approximately 20 mg/cm2 of the salt mixture 

was uniformly applied to the specimen surfaces using a 

circular stencil. The salt-coated specimens were then 

placed in a muffle furnace, which was heated to 900°C 

and maintained at this temperature for 4 hours (see Figure 

1). Following the isothermal exposure, the furnace was 

turned off, and the specimens were slowly cooled inside 

the furnace to prevent thermal shock. After reaching 

ambient temperature, the specimens were immersed in 

boiling water for 30 minutes to remove residual salts, 

facilitating subsequent microscopic examination, 

structural analysis, and characterization of hot corrosion 

products. 

2.4. Characterization 

The coating morphology and structure following 

homogenization treatment and hot corrosion testing were 

examined using a CAMSCAN MV2300 scanning 

electron microscope (SEM) (Czech Republic) equipped 

with an Oxford energy-dispersive X-ray spectroscopy 

(EDS) system (UK) for compositional analysis. 

Table 2. Electrochemical deposition conditions 

Current Density B (20 mA/cm2) C (30 mA/cm2) 
Concentration of NiCrAlY Powder in the Bath (g/l) 10 20 30 10 20 30 

Symbol B10 B20 B30 C10 C20 C30 

Table 3. Characteristics of salts used for hot corrosion testing 

Salt type Melting point (C°) Density (g/cm3) Purity (%) Manufacturer 

Na2SO4 888 2.70 99% < Merck 

V2O5 690 3.35 98% < Sigma 

 

Fig. 1. Hot corrosion cycle program. 
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Three distinct analytical techniques were employed: 

(1) elemental mapping to investigate the spatial 

distribution of elements within the coating matrix and 

assess salt-induced degradation patterns, (2) line-scan 

analysis to evaluate elemental distribution across coating 

cross-sections, and (3) point analysis for localized 

compositional measurements. Phase identification was 

performed using a Bruker D8 Advance X-ray 

diffractometer (XRD) to characterize the crystalline 

phases formed during both homogenization and hot 

corrosion processes. 

3. Results and Discussion  

Figure 2(a) illustrates the uniform deposition of a 20 

mg/cm2 Na2SO4-50%V2O5 corrosive salt mixture on 

homogenized coating surfaces using a circular stencil for 

hot corrosion evaluation. Figure 2(b) displays the surface 

morphology of the coated superalloy (prepared at 20 

mA/cm2 current density and 20 g/l powder concentration) 

after a 2-hour homogenization treatment. Notably, the 

coating retained its characteristic silver hue and surface 

roughness following argon-atmosphere homogenization, 

indicating effective oxidation protection during thermal 

processing. Figure 2(c) presents the post-hot-corrosion 

appearance (900°C exposure) of specimens prepared 

under identical parameters. While salt exposure induced 

surface darkening and loss of metallic luster, no 

microcracks or fractures were observed in salt-contacted 

regions after cleaning, confirming the coating’s structural 

integrity under aggressive conditions. 

Figure 3 presents macroscopic images of NiCoCrAlY 

coatings prepared at various current densities and powder 

concentrations following 4-hour hot corrosion testing at 

900°C. The coatings' appearance transitioned from their 

original silver color to black after exposure. Notably, 

coatings deposited at 10 g/l NiCrAlY powder 

concentration exhibited complete degradation, 

attributable to insufficient aluminum content (~ 4.5 wt%) 

in the cross-section. This aluminum deficiency prevents 

the formation of a protective alumina scale, resulting in 

poor hot corrosion resistance. In contrast, other 

specimens maintained coating integrity without substrate 

delamination, demonstrating effective protection under 

identical test conditions.

 

Fig. 2. (a). Placement of the corrosive salt mixture, (b). Appearance of the coated superalloy after 2 hours of homogenization, (c). 

Appearance of the coating after hot corrosion treatment at 900°C. 

 

Fig. 3. Appearance of samples after hot corrosion test. 
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Figure 4 presents scanning electron micrographs of 

the coated specimen (prepared at 20 mA/cm2 current 

density and 20 g/l powder concentration) following 

homogenization (2 h) and subsequent hot corrosion 

testing (4 h at 900°C), comparing pre- and post-washing 

conditions. Previous studies on NiCrAlY and MCrAlY 

coatings have demonstrated that optimal powder 

concentrations typically range between 10 to 40 grams 

per liter, though this value depends on the specific 

conditions and system employed. In corrosive 

environments such as molten salts (Na2SO4-50%V2O5), 

moderate concentrations of approximately 20 grams per 

liter exhibit superior performance by enabling uniform 

distribution and preventing particle aggregation.  

The unwashed surface morphology (Figure. 4a) 

reveals flake-like structures of the Na2SO4-50%V2O5 salt 

mixture, critically without inducing microcracks, 

fractures, or delamination in the coating structure. This 

structural integrity was maintained after salt removal 

(Figure. 4b), with no observable microcracks on the 

cleaned surface. Energy-dispersive X-ray spectroscopy 

(EDS) mapping (Figure. 4c) further confirms the 

presence of salt-derived elements (Na, V, S) on the 

corroded surface, verifying their interaction during hot 

corrosion exposure. Superalloys typically undergo two 

distinct stages of hot corrosion:  

(1) Initiation 

(2) Propagation 

All corrosion-resistant alloys degrade through these 

sequential stages, necessitating the implementation of 

selective oxidation strategies to enhance oxidation and 

corrosion resistance.  

During hot corrosion testing above 890°C, the 

Na2SO4-50%V2O5 salt mixture melts due to the relatively 

low melting points of its constituents (Na2SO4: 888°C; 

V2O5: 690°C), forming both acidic and basic fluxing 

agents on the specimen surface. The hot corrosion 

mechanism in the presence of this salt mixture involves 

high-temperature decomposition of molten Na2SO4, 

generating sulfur oxides (SO2/SO3) and sodium oxide 

(Na2O) flux. 
Na2SO4 (l) → Na2O (l) + SO3 (g)  (1)  

2SO3 (g) → 2SO2 (g) + O2 (g)  (2)  

 

Fig. 4. (a) and (b) show SEM images of samples before and after washing, and (c) shows the spectroscopic image of the energy 

distribution of the surface under hot corrosion. 

(a) (b) 

(c) 
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Sulfate and sulfite ions (SO4
2-/SO3

2-) can penetrate the 

alloy matrix, forming brittle metal sulfides (e.g., NiS, 

CrS, CoS). These sulfide phases significantly 

compromise oxide scale adhesion through two primary 

mechanisms: (1) creating weak interfacial boundaries at 

the oxide-alloy interface, and (2) generating volume 

mismatches due to their distinct crystallographic 

structures. The resulting loss of protective oxide cohesion 

accelerates spallation and exposes fresh metal surfaces to 

continued corrosive attack. 

3Ni (s) + SO2 (g) → NiS (l) + 2NiO (l)   (3) 

5Co (s) + 2SO2 (g) → 2CoS (l) + Co3O4 (l)   (4) 

7Cr (s) + 3SO2 (g) → 3CrS (l) + 2Cr2O3 (l)  (5) 

The newly formed sodium oxide (Na2O) rapidly reacts 

with V2O5, producing low-melting-point compounds 

(e.g., sodium metavanadate, NaVO3, melting point ~ 

630°C) that readily spread across the metal surface. More 

critically, Na2O reacts with the protective alumina 

(Al2O3) scale in the coating system to form corrosive 

sodium aluminate (NaAlO2), which: (1) disrupts the 

continuity of the protective oxide layer, and (2) creates 

ionic pathways for accelerated corrosive attack. This dual 

reaction mechanism significantly compromises the 

coating's long-term durability in high-temperature 

service environments.  

Na2O (l) + V2O5 (l) → 2NaVO3 (l)  (6)  

Na2O (l) + Al2O3 (l) → 2NaAlO2 (l)  (7) 

The acidic oxide V2O5 reacts with protective oxides 

(Cr2O3, Al2O3, and NiO) in Inconel 718LC to form 

molten vanadates that initiate a three-stage degradation 

process: first, these vanadate compounds dissolve the 

protective oxide scale through acidic fluxing; second, 

they selectively deplete chromium concentration in the 

oxide layer; and third, they accelerate corrosion rates by 

continuously exposing fresh metal surfaces to the 

corrosive environment. This self-propagating mechanism 

becomes particularly severe in high-temperature 

operating conditions (typically above 700°C) where the 

molten vanadates maintain sufficient fluidity to penetrate 

deeper into the alloy substrate, ultimately leading to 

catastrophic failure of turbine components through rapid 

section loss and microstructural degradation. 

V2O5 (l) + NiO (l) → NiV2O6 (l)  (8)  

V2O5 (l) + Cr2O3 (l) → 2CrVO4 (l)  (9)  

V2O5 (l) + Al2O3 (l) → 2AlVO4 (l)  (10)  

Figure 5 displays the X-ray diffraction patterns of 

NiCoCrAlY coatings following 4 hours of hot corrosion 

testing at 900°C using a Na2SO4-50%V2O5 salt mixture. 

The diffraction pattern reveals distinct peaks 

corresponding to spinel phases [(Ni, Co) Al2O4 and (Ni, 

Co) Cr2O4] and oxide phases [(Ni,  Co)  O, Cr2O3, and 

Al2O3]. The oxide phases serve as effective barriers 

against corrosive species penetration (particularly 

sulfates in sulfur-containing environments), while the 

spinel phases function as protective barriers due to their 

excellent thermal stability and chemical resistance. 

However, this protective mechanism is only effective 

when the formed layer is continuous, adherent, and 

stable.  

 

  

Fig. 5. XRD test results of NiCoCrAlY coatings after 4 h of hot corrosion at 900 °C. a) Current density 20 mA/cm2 at three 

powder concentrations 10 – 20 – 30 g/l, b) Current density 30 mA/cm2 at three powder concentrations 10 – 20 – 30 g/l. 

(a) (b) 
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The formation of discontinuous and porous oxides 

facilitates the penetration of corrosive agents beneath the 

oxide layer, inhibits the development of a dense alumina 

scale, and ultimately leads to coating degradation over 

time. As demonstrated in previous studies (Reaction 7), 

Al2O3 reacts with Na2SO4 to form sodium aluminate 

(NaAlO2), confirming that the hot corrosion process is 

governed by a basic fluxing mechanism. This mechanism 

involves: (1) high solubility of the oxide in the molten salt 

basic flux, and (2) subsequent anion formation. 

Furthermore, XRD analysis reveals that the coating 

deposited at 20 mA/cm2 current density with 20 g/l 

NiCrAlY powder concentration exhibits significantly 

higher peak intensities for aluminum oxide phases 

compared to other specimens. These oxides constitute the 

primary components of the thermally grown oxide (TGO) 

layer, as evidenced by their dominant diffraction peaks. 

A critical degradation mechanism influencing the 

material's corrosion rate involves the formation of 

NiCr2O4  spinel phase on sample surfaces and 

chromium/nickel oxides. The NiCr2O4  spinel forms 

through the reaction Cr2O3 + NiO → NiCr2O4, which 

subsequently: (1) inhibits oxygen diffusion through the 

coating, and (2) reduces corrosion rates. Figure. 6a 

reveals that although sample B20 contains a higher 

quantity of NiCr2O4 compared to C20, it exhibits superior 

hot corrosion resistance due to the formation of a 

continuous spinel layer. The primary mechanism 

explaining these corrosion differences relates to grain 

boundary morphology - a fine, compact microstructure 

can significantly retard corrosion by distributing the same 

quantity of corrosive salts over a larger surface area at 

grain boundaries. 

Table 4 presents the grain sizes calculated using the 

Debye-Scherrer method. The results demonstrate that 

increasing the powder concentration in the deposition 

bath leads to grain refinement in the coatings. According 

to the Hall-Petch relationship, this grain refinement 

enhances the coating's hot corrosion resistance. However, 

excessive powder concentrations (>30 g/l) promote 

particle agglomeration and induce Microvoid formation 

in NiCoCrAlY coatings, consequently degrading their hot 

corrosion performance. Furthermore, cross-sectional 

elemental analysis reveals that higher current densities 

(20 – 30 mA/cm2) increase powder incorporation into the 

coatings, which correspondingly improves their hot 

corrosion resistance through enhanced protective oxide 

formation. 

In our study, samples C20 exhibit fewer but deeper and 

more extensive grain boundaries (Figure. 6b). This 

observation can be attributed to the distinct grain 

boundary morphology in C20 samples, which contains 

higher defect densities (e.g., pores) that accelerate 

corrosion rates. This microstructural feature necessitates 

post-processing treatments for C20 specimens, such as 

depositing tailored corrosion-resistant layers designed for 

specific corrosive environments. The penetration of 

corrosive salts appears inversely correlated with the 

NiCr2O4 protective phase content. Nickel chromite 

(NiCr2O4) effectively mitigates salt corrosivity by: (1) 

reducing ionic diffusion pathways, and (2) promoting the 

formation of additional protective phases. Notably, the 

coating deposited at 20 mA/cm2 with 20 g/l NiCrAlY 

powder concentration demonstrates optimal corrosion 

resistance, as evidenced by its intact microstructure and 

minimal salt penetration.

 

 

Fig. 6. SEM images with micro-cracks formed at grain boundaries in B20 (a) and C20 (b) at 900°C/4 h. 

Table 4. Grain size values calculated by Debay Scherer method for NiCoCrAlY coatings 

Grain size (Å) Sample Grain size (Å) Sample 
768.59 C10 651.91 B10 

695.41 C20 461.92 B20 

712.73 C30 623.19 B30 

 

(a) (b) 
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Figure 7 and 8 present scanning electron micrographs 

(500× and 1000× magnification) of the NiCoCrAlY 

coating surface following 4-hour hot corrosion testing at 

900°C in the presence of Na2SO4-50%V2O5 salt mixture. 

For coatings deposited at 20 mA/cm2 current density with 

10 g/l particle concentration (Figure. 7a), the insufficient 

chromium and aluminum content (quantified at [X] wt% 

and [Y] wt%, respectively) prevents the γ' (Al3Ni) and β 

(NiAl) phases from forming a continuous, protective 

alumina scale.  

Furthermore, the formation of sodium metavanadate 

(NaVO3) and its subsequent reaction with alumina 

significantly accelerates coating degradation. This failure 

mechanism is similarly observed in coatings prepared at 

30 mA/cm2 current density with 10 g/l particle 

concentration (Figure. 8a), where the characteristic 

spallation patterns and porous corrosion products confirm 

the protective scale's breakdown. 

 

Fig. 7. Surface morphology of NiCoCrAlY coatings after 2 h homogenization treatment at 1100 °C and after 4 h hot corrosion 

test at 900 °C. a) B10, b) B20, c) B30. 

(a) 

(b) 

(c) 
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Fig. 8. Surface morphology of NiCoCrAlY coatings after 2 h homogenization treatment at 1100 °C and after 4 h hot corrosion 

test at 900 °C. a) C10, b) C20, c) C30. 

The coating deposited at 20 mA/cm2 current density 

with 20 g/l particle concentration (Figure. 7b) 

demonstrates excellent hot corrosion resistance, 

maintaining structural integrity without observable 

cracks or delamination after testing. A similar protective 

behavior is evident in coatings prepared at 30 mA/cm2 

with 20 g/l concentration (Figure. 8b), though minor 

microcracking appears on the surface. For coatings 

fabricated at 20 mA/cm2 with 30 g/l particle loading 

(Figure. 7c), while showing superior performance 

compared to the 10 g/l counterparts, the microstructure 

reveals: (1) localized pitting corrosion, and (2) deep 

surface grooves that ultimately compromise coating 

durability.  

This degradation pattern is replicated in specimens 

prepared at 30 mA/cm2 with 30 g/l concentration (Figure. 

8c), where the combined presence of pits and grooves 

leads to progressive coating failure. 

(a) 

(b) 

(c) 
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4. Conclusion 

This study provides a comprehensive investigation 

into the hot corrosion resistance of NiCoCrAlY coatings 

electrodeposited on Inconel 718LC superalloy substrates 

under extreme conditions (900°C in Na2SO4-50%V2O5 

molten salt environment). The systematic variation of 

deposition parameters, including current density (20 and 

30 mA/cm2) and NiCrAlY powder concentration (10, 20, 

and 30 g/l), revealed critical insights into the coating 

microstructure-corrosion performance relationship. The 

optimal coating composition (20 g/l powder 

concentration at 20 mA/cm2 current density) 

demonstrated exceptional resistance to hot corrosion, 

attributed to the formation of a continuous, adherent layer 

of protective Al2O3 and Cr2O3 oxides along with 

thermally stable (Ni,  Co) Cr2O4 spinel phases. These 

phases effectively inhibited the penetration of corrosive 

species, highlighting the importance of balanced Al and 

Cr content in the coating matrix. 

The degradation mechanisms were elucidated through 

detailed microstructural and phase analyses, revealing a 

complex interplay between basic fluxing (Na2O-induced 

Al2O3 dissolution) and acidic fluxing (V2O5-induced 

oxide scale degradation). Notably, coatings with 

insufficient Al content (10 g/l) failed catastrophically due 

to their inability to form a protective alumina scale, while 

higher powder concentrations (30 g/l) led to particle 

agglomeration and Microvoid formation, compromising 

coating integrity. The study also established that grain 

refinement, achieved through controlled deposition 

parameters, significantly enhanced corrosion resistance 

by reducing ionic diffusion pathways along grain 

boundaries. These findings have important implications 

for the design of next-generation protective coatings for 

gas turbine components operating in sulfur-rich 

environments. The demonstrated correlation between 

electrochemical deposition parameters and coating 

performance provides a practical framework for 

industrial applications. Future research should focus on: 

(1) optimizing post-deposition heat treatments to further 

enhance coating homogeneity, (2) investigating the 

effects of reactive element additions (e.g., Y, Hf) on 

oxide scale adhesion, and (3) evaluating long-term cyclic 

corrosion behavior under thermal gradient conditions. 

This work advances the fundamental understanding of 

molten salt-induced degradation mechanisms while 

providing actionable strategies for improving the 

durability of high-temperature coatings in energy 

conversion systems. 
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