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Abstract: This article is dedicated to investigating the impact of different electrolyte compositions on 

the development of titanium coatings endowed with superior mechanical, tribological, and corrosion 

properties. An experimental analysis was conducted on three distinct electrolyte formulations, each 

contributing unique attributes to the coating’s structural formation. Advanced analytical techniques, 

including scanning electron microscopy, hardness testing, wear resistance evaluation, and corrosion 

trials in harsh environments, were employed to gauge the mechanical, tribological, and anti-corrosive 

performance of the coatings. The utilization of scanning electron microscopy, X-ray structural analysis, 

and additional methodologies enabled an in-depth characterization of the microstructure and elucidated 

the relationship between the physico-mechanical properties and the electrolyte’s chemical makeup. 

Among the electrolytes examined, the composition containing potassium hydroxide emerged as 

superior, fostering coatings with a distinctively porous structure that augment mechanical attributes. 

A considerable degree of porosity coupled with relatively small pore dimensions suggests the potential 

to engineer structures that exhibit optimal mechanical robustness. Furthermore, research findings 

related to this specific electrolyte composition revealed enhancements in the friction coefficient and 

wear resistance, indicating its promising prospects for tribological applications. The study also 

meticulously addressed the corrosion aspects, revealing that the microarc oxidation-derived coatings 

substantially improve corrosion resistance by offering more favorable potentials and currents than the 

bare titanium substrate. The efficacy of microarc oxidation as an avant-garde technique to advance the  
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properties of titanium alloys underscores its prospective utility and practical relevance in contemporary 

industrial applications. 
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1. Introduction 

Titanium and its alloys are utilized in aerospace, marine, and biomedical fields due to their low 

density, good electrical and thermal conductivity, and ease of mechanical processing [1,2]. While they 

generally offer satisfactory wear resistance, they can undergo accelerated wear under extreme 

operating conditions [3–6]. Wear resistance is particularly crucial for titanium-based medical implants 

and prostheses, which must endure persistent mechanical stresses. Moreover, although biocompatible, 

these materials sometimes show suboptimal osseointegration, necessitating surface modifications to 

enhance bone tissue interaction [2,7]. Surface treatments such as plasma chemical deposition, thermal 

oxidation, anodizing, and chemical vapor deposition create thin films on titanium surfaces. However, 

these methods fall short in producing coatings with the desired porosity and thickness control that are 

essential for improved corrosion resistance and durability against intense wear [8–11]. 

Microarc oxidation (MAO), also referred to as plasma electrolytic oxidation (PEO), is an 

efficacious surface treatment technique that enhances the hardness and wear resistance of titanium and 

its alloys through the formation of ceramic coatings [12,13]. MAO significantly improves the wear 

resistance of coatings, rendering titanium alloys more suitable for biomedical applications such as 

implants and prostheses. This enhancement is achieved by forming oxide coatings on the titanium 

surface, which not only improve the tribological properties but also offer augmented protection against 

corrosion. MAO generates a thin yet robust oxide layer and can yield structurally complex coatings, 

which play a critical role in enhancing biocompatibility and promoting osseointegration [14–19].  

To further enhance the properties of titanium alloys, selecting the appropriate electrolytes is 

crucial. A variety of acidic, saline, and alkaline electrolytes can be employed for MAO treatments on 

titanium and titanium alloys, such as silicates, potassium fluoride, sodium hydroxide, sodium 

tetraborate, and sodium phosphate, among others. For instance, sodium hydrogen phosphate (Na2HPO4), 

as utilized in reference [20], was shown to produce coatings that not only reduce corrosion rates but 

also exhibit biological activity. Moreover, the inclusion of phosphoric acid and powders of 

hydroxyapatite and wollastonite in the electrolyte solution has been found to increase the osteogenic 

potential of fibroblast-like cells adhering to a Ti40Nb alloy, attributable to alkaline phosphatase 

activity [21]. An electrolyte solution containing calcium carbonate (CaCO3) has been demonstrated to 

yield coatings on magnesium substrates with favorable anticorrosive and self-healing properties [22]. 

Research in [23] revealed that adding sodium orthophosphate (Na3PO4) to the baseline electrolyte was 

sufficient to augment the chemical and mechanical resistance of the MAO coatings without affecting 

their surface roughness and thickness. The most commonly employed electrolyte for MAO is a mixed 

phosphate-alkaline solution, specifically KOH-Na3PO4. Studies [24,25] have explored how the 

electrolyte composition influences the intensity and size of microdischarges, as well as the volume of 

gas evolution. In the KOH-Na3PO4 mixture, potassium hydroxide (KOH) serves as an activator that 

facilitates enrichment, leading to the formation of a reinforcing layer on the oxidized surface. The 

enhanced corrosion resistance of samples processed with equal proportions of silicate and KOH is 
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likely due to increased coating thickness, less porous surface morphology, and higher resistance of the 

internal barrier layer [26]. Coatings containing aluminates display a volcanic morphology 

characterized by a mix of nodular particles and craters across the surface. Phosphate-based coatings 

exhibit a sintered structure replete with craters, alongside an uneven distribution of micropores and 

microcracks, which are linked to porosity. Silicate-containing coatings are distinguished by their 

highly porous framework, constituted by a network of micropores and oxide granules [27].  

Phosphate-based electrolytes are considered the most promising, given their superior efficiency in 

forming coatings and the lowest breakdown voltage [28]. While most substances within the coating 

are not directly involved in plasma reactions, chemical, electrochemical, and thermally induced 

reactions are predominant in coating formation [29]. The type of electrolyte significantly influences 

the Ca/P ratio in MAO coatings because different electrolytes affect the incorporation and distribution 

of calcium and phosphorus within the coatings. Study [30] examines a PEO process in which various 

metal oxides are incorporated into the coating, affecting not only corrosion resistance but also, 

potentially, the chemistry, including the Ca/P ratio. Double introduction of molybdenum oxide (MoO2) 

and silicon oxide (SiO2) affects the protective properties of coatings, which can indirectly affect the 

Ca/P ratio due to changes in the electrolyte composition and interaction dynamics during the PEO 

process [31]. Although this study primarily focuses on mechanical properties, it shows how changes 

in electrolyte components (e.g., titanium oxide (TiO2) nanoparticles) can alter surface characteristics 

and underlying chemical structures, possibly affecting the Ca/P ratio [32]. Combining the data from 

these studies, it becomes clear that the type of electrolyte and the additives used (such as TiO2, MoO2, 

and SiO2 nanoparticles) significantly influence the elemental composition and distribution within PEO 

coatings. This effect extends to the Ca/P ratio, which can vary depending on how these elements are 

incorporated into coatings during the PEO process. Changes in the Ca/P ratio are critical as they can 

affect the mechanical properties and biocompatibility of coatings, which are especially important in 

biomedical applications [30–33]. 

Previous research has demonstrated that MAO treatment enhances the performance of various 

alloy coatings. This suggests that the electrolyte composition is a critical factor in improving the 

properties of these coatings. Despite these advances, there remains a notable lack of detailed studies 

on the mechanical and tribological properties of MAO coatings applied to VT1-0 titanium substrates. 

Furthermore, comprehensive investigations into how the electrolyte composition correlates with 

coating properties—knowledge crucial for practical applications—are sparse [34–36]. In the present 

study, phosphates and calcium carbonates were employed as the primary components in the MAO 

electrolytes for modifying VT1-0 alloys. This research is focused on assessing the impact of the 

resulting coatings on the microstructure and corrosion resistance when applied to VT1-0 alloys via 

MAO. Given the direct influence of coating properties on the performance of the materials in service, 

the insights gained from this study are of substantial practical significance [37–40]. The aim of this 

article is to explore the influence of different electrolyte compositions on the mechanical, tribological, 

and corrosion properties of titanium coatings fabricated through the MAO technique. 

2. Materials and methods 

The coating using the MAO method was applied with a pulsed power supply, specifically a   

KP-HI-F-40A 600V rectifier. The MAO apparatus comprises a programmable switching power supply, 

an electrochemical bath with cooling capabilities, and a set of electrodes (Figure 1). Overall, the 
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operational setup for the MAO process includes: power equipment—namely, the power supply; baths 

for surface preparation, treatment, and rinsing; and auxiliary equipment such as cooling systems. 

 

Figure 1. Schematic diagram of the microarc oxidation setup: 1-power supply, 2-sample, 

3-condensed water, 4-thermometer, 5-stirrer. 

The parameters of the MAO process for this work are presented in Table 1. According to the 

literature, 300 V was chosen as the optimal voltage parameter for MAO [41,42]. When performing MAO, 

the current is in the range of 0.50–0.70 A. Samples of titanium alloy VT1-0 with dimensions 2  2  2 cm, 

pre-polished and prepared for the experiment, were used as the substrate material. The current density 

was calculated using the Eq 1: 

𝐽 =
𝐼

𝐴
                                    (1) 

where I is the current in amperes, and A is the surface area in square meters through which the   

current passes. 

Table 1. Technological parameters of the MAO. 

Frequency, Hz Voltage, V Current density, A/cm2 Time, sec Pulse duration, mks 

100 300 0.13–0.17 600 100 

In accordance with the object of study, three different electrolyte compositions were selected, as 

shown in Table 2. The samples were immersed in an aqueous solution (500 mL of distilled water) of 

the electrolyte and microarc oxidation was carried out. 

Table 2. Electrolyte composition for the MAO process. 

Regimes Electrolyte 

No. 1 Na2HPO4 (5 g), hydroxyapatite (HA) (2 g), KOH (2 g) 

No. 2 Н3PO4 (15%), HA (2 g), СаСО3 (5 g) 

No. 3 Na3PO4 (5 g), HA (3 g), СаСО3 (5 g) 
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The surface morphology of the coatings was examined using a fourth generation TESCAN VEGA 

scanning electron microscope with a thermionic tungsten cathode. To calculate porosity, the ImageJ 

software package, designed for image processing and analysis, was used. The phase composition of 

the coatings was studied by X-ray diffraction (XRD) analysis using an X-pertPRO X-ray 

diffractometer using CuKα radiation (1.5406 Å) in standard Bragg–Brentano geometry. The following 

parameters were used for X-ray diffraction measurements: X-ray tube voltage—40 kV, X-ray tube 

current—30 mA, scan angle range—20–60°, scan step size—0.0200, and signal acquisition time—1 s. 

The roughness of the coatings was measured using a HY2300 Anytester profilometer. The sample is 

installed on the profilometer table. It is important to properly align the sample so that the surface is 

parallel to the direction of the probe movement. The profilometer probe, which is usually a 

microscopically thin needle, contacts the surface of the sample and moves along a specified area. In 

this case, the probe records the vertical movement necessary to maintain contact with the surface, 

which allows the generation of a roughness profile. Hardness determination was carried out using the 

FISCHERSCOPE HM2000 S measuring system in accordance with the requirements of the DIN EN 

ISO 14577-1 standard. A load of 300 mN was chosen for testing. Primary processing of the test results 

was carried out using the software of the WIN-HCU device. A tetrahedral Vickers diamond pyramid 

with a plane angle of 136° was used as an indenter. Tribological tests were carried out under the 

following conditions: load up to 3 N, speed—2.5 cm/s, radius—2 mm, ball radius (silicon      

nitride (Si3N4) counterbody) —3 mm. Corrosion tests were carried out by the potentiodynamic method 

using a single-channel potentiostat-galvanostat model CS300M in a 3.5% sodium chloride (NaCl) 

solution at a temperature of ±25 ℃. To obtain the area under study, materials such as tape and varnish 

were used; a protective coating of varnish was used to isolate the area of the sample not being studied. 

To enable comparison of the results when conducting potentiodynamic studies, it is extremely 

important that the analyzed areas on the tested samples are identical. This is necessary so that the 

values obtained during testing of the samples under the same conditions are comparable. In one glass 

cell, there is a reference electrode (R) with a known constant potential—a silver chloride electrode 

filled with a NaCl solution with a pH value of 6, and in the second cell, there is an auxiliary   

electrode (C)—a platinum electrode and a working electrode (W)—the test titanium samples with and 

without coatings with a surface area of 0.25 cm2. The cells are connected by a salt bridge containing 

sodium chloride and both sides are covered with filter paper, designed to prevent the mixing of 

solutions in the cells. This is necessary to ensure accurate potential measurements as mixing may affect 

the results. Before installing the test sample into the circuit, it is prepared by cleaning and removing 

greasy contaminants using ethyl alcohol. The CS Studio6 program allows you to determine the values 

of the potential, current density, corrosion rate, as well as Tafel slopes (ba, bc). The graphs are 

presented in logarithmic form (the current density scale is presented in logarithmic form). In addition, 

it provides the ability to visually monitor the construction of curves of value changes on a computer. 

3. Results and discussion 

3.1. Investigation of porosity and morphology of the surface of MAO coatings 

The surface morphology of the coatings is shown in Figure 2. During the investigation of the 

surface morphology of the coatings, a noticeable difference in structure and porosity was observed 

between the used electrolyte compositions. For further examination of the surface and to achieve 
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additional functional properties of titanium, MAO was performed in various electrolytes. As a result 

of these processes, as presented in Figure 2 (a, b, and c), noticeable changes in surface morphology 

and the formation of oxide layers with unique properties were observed. 

 

Figure 2. The microstructure of the surface of MAO coatings in various electrolytes with 

an increase of 1500: (a) electrolyte No. 1, (b) electrolyte No. 2, (c) electrolyte No. 3, and 

micropore images obtained using the ImageJ software package: (d) electrolyte No. 1,    

(e) electrolyte No. 2, (f) electrolyte No. 3. 

The resulting coating using electrolyte No. 1 showed a more pronounced porous structure. This 

porosity may be due to a combination of electrolyte components, including KOH, which contributes 

to the formation of pores in the oxide layer. The process involving KOH can lead to the formation of 

a porous structure in oxide coatings [43,44]. Gases released as a result of reactions on the surface create 

micropores in the resulting oxide films. This effect was further enhanced by the choice of certain 

electrolyte formulations, such as Na2HPO4 [45], which contain components that promote the formation 
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of gases. The coating obtained using electrolyte No. 2 has a less pronounced porous structure. The 

presence of H3PO₄ in the electrolyte contributes to the formation of a denser and more compact oxide 

layer [46]. It is also worth noting that with this electrolyte composition, the oxidation process was 

actively proceeding, resulting in pronounced macro-irregularities with holes. Unlike coatings with 

electrolytes No. 1 and No. 2, the coating using electrolyte No. 3 does not exhibit noticeable porosity. 

This can be explained by the balance between Na3PO4, HA, and CaCO3, which ensures the formation 

of a denser oxide layer. The absence of pores indicates a more structurally compact nature for this 

coating. Large sparks lead to the formation of large and small micropores, while smaller sparks form 

smaller micropores and, as a result, form a more homogeneous structure [47]. 

The average size of micropores and the percentage of porosity are shown in Table 3. Porosity was 

measured using ImageJ, a versatile and powerful image analysis software widely used in the scientific 

community and particularly useful for analyzing the porosity of materials using microscopic images. 

This process provides a quantitative measurement of porosity, which is important in materials science 

for applications such as assessing the structural integrity and characteristics of materials, and for other 

purposes [48–50]. According to Figure 2, the pores are evenly distributed and have the same size. 

Electrolyte No. 2 (Figure 2e) is characterized by visible large pores shaped as large spheres, which 

were formed as a result of an active oxidation process due to the concentration of orthophosphoric acid 

in the electrolyte. 

Table 3. Porosity values of the obtained coatings. 

Electrolyte Average pore size, µm Percentage of porosity, % 

No. 1: Na2HPO4 (5 g), HA (2 g), KOH (2 g) 2.21 9.5 

No. 2: Н3PO4 (15%), HA (2 g), СаСО3 (5 g) 4.78 4.9 

No. 3: Na3PO4 (5 g), HA (3 g), СаСО3 (5 g) 0.003 0.2 

3.2. Elemental and X-ray diffraction analysis 

An important point is the elemental analysis (Figure 3), which revealed the presence of elements 

such as calcium, phosphorus, oxygen, and sodium, which make up the electrolyte and the substrate 

material, titanium. The absence of pronounced phases of these elements can be explained by their low 

mass content, as well as the amorphousness of the thin coatings obtained during MAO [51–55].  

The mechanism of formation of MAO coatings on Ti substrates was revealed using energy 

dispersive X-ray spectroscopy (EDS) analysis. The MAO coating contained Ti, O, Ca, P, and Na. Na 

was obtained from the electrolyte. The Ti content was 56.92 wt.%, showing that the electrolyte affects 

the color and properties of the coating. In our study, two forms of sodium phosphate were used across 

different electrolytes: Na2HPO4, a dibasic sodium phosphate in No. 1, and Na3PO4, a tribasic sodium 

phosphate in No. 3. Tribasic sodium phosphate generally exhibits higher solubility and a greater rate 

of dissociation in aqueous solutions compared to its dibasic counterpart [56]. This leads to a 

significantly enhanced availability of sodium ions during electrolysis with No. 3, thereby increasing 

their likelihood of being incorporated into the coating. Conversely, the presence of KOH in No. 1 

increases the pH, which may induce precipitation of some sodium ions as less soluble compounds, 

reducing the availability of free sodium ions for incorporation into the coating. In No. 3, CaCO3 reacts 
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with phosphate ions to form calcium phosphate, thereby maintaining a higher concentration of free 

sodium ions in the solution, which facilitates their deposition onto the substrate. 

 

Figure 3. EDS spectra with indication of the place where the spectrum was taken on MAO 

coatings: (a) electrolyte No. 1, (b) electrolyte No. 2, (c) electrolyte No. 3. 

The X-ray image obtained from the surface of the coatings and the initial titanium is shown in 

Figure 4. 
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Figure 4. Diffractogram of samples before and after applying MAO coatings in various 

electrolytes. 

Analysis of the diffraction patterns of coatings formed by electrolytes No. 1, No. 2, and No. 3 

confirms the presence of rutile and anatase phases of titanium dioxide (TiO2). These phases are formed 

as a result of the interaction of the titanium substrate with oxygen coming from electrolyte solutions 

during the MAO process. The detection of titanium crystal phases also highlights the efficiency of the 

processing and the formation of stable oxide layers. 

3.3. Investigation of the mechanical and tribological properties of MAO coatings 

The roughness value is shown in Table 4. The presence of irregularities is due to sandblasting 

before sample preparation. Consequently, no significant changes in surface roughness were detected. 

Electrolyte No. 2 has a higher roughness due to the formation of micro-irregularities on the surface. 

Table 4. The roughness of the MAO coatings. 

Regimes Roughness (Ra), µm 

Initial 3.13 ± 0.5 

No. 1: Na2HPO4 (5 g), HA (2 g), KOH (2 g) 3.24 ± 0.9 

No. 2: Н3PO4 (15%), HA (2 g), СаСО3 (5 g) 3.96 ± 0.8 

No. 3: Na3PO4 (5 g), HA (3 g), СаСО3 (5 g) 3.03 ± 0.2 

Differences in the compositions of electrolytes lead to the formation of oxide coatings with 

different structures and properties. High values of microhardness indicate the effectiveness of the 
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MAO method in improving the mechanical properties of the surface of the material. The microhardness 

results are presented in Table 5. 

Table 5. Microhardness of MAO coatings. 

Regimes HV0.1 H, MPа E, MPа 

Initial 151.3 ± 1.0 15.4 ± 1.5 120.5 ± 1.5 

No. 1: Na2HPO4 (5 g), HA (2 g), KOH (2 g) 327.8 ± 2.8 33.4 ± 1.2 153 ± 2.2 

No. 2: Н3PO4 (15%), HA (2 g), СаСО3 (5 g) 267.1 ± 3.4 27.2 ± 2.1 115.2 ± 2.8 

No. 3: Na3PO4 (5 g), HA (3 g), СаСО3 (5 g) 291 ± 1.3 26.7 ± 1.1 132 ± 1.9 

A significant increase in the microhardness of MAO coatings compared to the initial titanium 

indicates the formation of a solid oxide layer due to the formation of rutile and anatase phases. Rutile 

has a high hardness, and its preparation in coatings improves their mechanical properties, such as 

hardness and scratch resistance. The microhardness of electrolyte No. 1 is two times greater than the 

initial sample. 

The coefficient of friction of the coatings obtained in the MAO process can vary depending on 

several factors, including the composition of the coating, surface roughness, environmental conditions, 

and the analog material with which the coating interacts. The coefficient of friction is an indicator of 

the slip resistance between two contacting surfaces and depends on both the internal properties of the 

coating and external factors [57,58]. Rutile, as a rule, has a higher hardness compared to anatase, which 

reduces wear and, thereby, the coefficient of friction in tribological systems. The measurement of the 

coefficient of friction for the first electrolyte was 0.109 µ, for the second was 0.133 µ, and for the third 

was 0.532 µ, compared to the initial uncoated titanium, which was 0.773 µ. The images show signs of 

wear resulting from the tribological testing of the surfaces of the original and coated samples. The 

initial sample (Figure 5a) shows significant wear, characterized by a long, deep scratch. This indicates 

significant material removal and path deformation, indicating aggressive wear conditions. The 

smoother surface with little wear on No. 1 (Figure 5b) indicates less wear and a more durable finish 

than the original. No. 2 (Figure 5c) shows signs of wear in the form of a blurred, spotted pattern. This 

suggests more distributed wear due to abrasive particles. No. 3 (Figure 5d) shows a wear pattern with 

a jagged edge. This morphology may indicate delamination or cracking of the material. It is worth 

noting that the surface of the third coating has fewer pores, which may not retain lubricant as 

effectively. These wear marks help evaluate the durability and resistance of surface treatments or 

coatings under simulated or actual operating conditions. 

Figure 5 shows micrographs and surface profiles of the wear marks of the substrate before and 

after the MAO. It can be seen that the wear trace of the substrate of the initial titanium is wide and 

deep, which indicates a high degree of wear during tribological application. However, the wear mark 

of the MAO coating No. 1 becomes shallow and narrow. This clearly demonstrates the MAO coating’s 

improvement in the titanium alloy’s anti-wear properties and its very low coefficient of friction during 

slip tests. The increase in wear resistance is due to the compact microstructure and high hardness of 

the oxide ceramic coating. 

 



557 

AIMS Materials Science  Volume 11, Issue 3, 547–564. 

 

Figure 5. Tribological test results: (a) initial, (b) No. 1, (c) No. 2, (d) No. 3. 

3.4. Investigation of the corrosion properties of MAO coatings 

According to the results of the corrosion test, the values were obtained (Table 6), which show 

increases in the corrosion resistance of the samples after the MAO. During corrosion resistance studies, 

polarization curves were obtained (Figure 6). Titanium and its alloys have a strong tendency to form a 

protective oxide layer when exposed to an electrolyte, which can alter the electrochemical behavior, 

especially under anodic conditions. The change in linearity of the curves may reflect differences in the 

stability between samples. This passive film may be very thin, but is highly protective, causing the 

observed current density to decrease as the potential moves away from the corrosion potential. 

Moreover, the observed nonlinearity may also be influenced by the microstructure of the titanium alloy 

itself, including variations in alloying elements, grain size, and the presence of intermetallic phases, 

which can influence how uniformly the passive layer forms and behaves under anodic polarization [59]. 

Table 6. Electrochemical data of samples before and after MAO. 

Samples −Ecorr, mВ Icorr, А/сm² rcorr, mm/a Tafel slopes, mV 

ba bc 

Initial 218.87 6.0461E−06 0.12294 834.37 −361.68 

No. 1 132.17 3.5191E−07 0.0041284 379.43 −86.935 

No. 2 52.177 4.2888E−07 0.0050313 220.49 −359.68 

No. 3 44.49 8.663E−07 0.010163 966.84 −170.35 

The initial sample has the highest corrosion potential (least negative), indicating a relatively more 

noble behavior, but with a significant current density once it begins to corrode, suggesting that it may 

not be very resistant to corrosion in this environment. The curve of the initial titanium is the most 

negative, indicating that untreated titanium has the greatest tendency to corrosion under these test 

conditions. The anode slope is quite steep—834.37 mV, which indicates a strong dependence of the 

anode reaction on the potential. Electrolyte No. 1 is the most positive and flat of the curves, which 
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indicates better corrosion resistance, thanks to effective MAO treatment that has changed the 

properties of the surface. The anode and cathode slopes are lower, indicating more stable reactions on 

the electrode surface. Electrolyte No. 2 has a moderate improvement in corrosion resistance compared 

to the initial sample, but less effective than sample No. 1. Electrolyte No. 3 has improved corrosion 

resistance compared to the initial titanium, but worse than samples No. 1 and No. 2, which may indicate 

less effective microarc oxidation treatment in terms of corrosion resistance fortitude. The interaction 

of Na2HPO4 and KOH leads to the formation of more stable phosphate compounds on the titanium 

surface, which improves the quality of the MAO coating. High concentrations of H3PO4 can lead to a 

more aggressive MAO process, resulting in a less uniform coating. However, the presence of HA and 

CaCO3 stabilizes the coating to some extent due to the formation of phosphate, which is known to have 

good bioactivity and corrosion resistance. 

Overall, the treatment improved the corrosion resistance of the titanium samples, with sample  

No. 1 showing the most significant improvement. The exact nature of electrolyte compositions and 

their effect on surface characteristics will be important for understanding the causes of differences in 

electrochemical behavior. The corrosion resistance of titanium alloys is significantly influenced by the 

composition of the electrolyte used in the MAO process. Although all of the treated samples showed 

improvements over untreated titanium, differences in electrolyte components, such as phosphate 

sources, alkaline additives, and the presence of calcium compounds, play a critical role in determining 

the effectiveness of the corrosion resistance provided by MAO coatings. This expanded section 

provides greater insight into the corrosion behavior of titanium samples processed under various 

conditions, clearly relating electrolyte composition to observed electrochemical characteristics and 

offering a detailed explanation of the underlying mechanisms influencing the corrosion resistance of 

each sample. Installation using a reference electrode in one cell, a counter (platinum) and a working 

electrode (samples) in another, with a salt bridge connecting them, is standard for such measurements 

and allows for clear comparison of the samples. 

 

Figure 6. Diagram of electrochemical corrosion measurement results on the samples. 
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4. Conclusions 

The study demonstrated the significant influence of the electrolyte composition on the quality and 

characteristics of coatings formed on titanium substrates using microarc oxidation. It was found that 

the variety of electrolytic compositions directly affects the microstructure, porosity, and mechanical 

properties of coatings, including microhardness and corrosion resistance. Particularly noteworthy was 

the role of the electrolyte with the addition of KOH, which contributed to the formation of highly 

porous coatings with improved mechanical properties. These coatings demonstrated not only improved 

mechanical properties, but also increased wear resistance and corrosion resistance compared to the 

original titanium. 

This study confirms that microarc oxidation is an effective technology for improving the 

performance of titanium alloys, making it promising for use in industrial and biomedical applications. 

The results of this work expand the understanding of the relationship between electrolyte chemistry 

and coating properties, which may facilitate the development of new electrolyte compositions for 

targeted control of coating properties. 

This study also highlights the need for further detailed studies of the mechanical and tribological 

properties of coatings created by microarc oxidation to ensure their practical application in various 

operating conditions. 
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