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Abstract— Micro arc oxidation (MAO) coating method is the 

process of coating with hard, abrasion and corrosion resistant surface 

by immersing the substrate in an electrolytic liquid by the effect of 

electrochemical reaction through the plasma discharge. 

In the first step, the samples are coated aluminum oxide in the 

solution of potassium hydroxide, sodium aluminate and sodium 

phosphate. In the second step, coating is performed by adding 0,8 

gr/lt Ti particles in the same solution. For both solutions, the 

frequency, voltage and processing time varied as 100-350 Hz, 450-

550V, 10-30 min, respectively. After the coating process, 

measurements are carried out for analyzing the impact of 

experimental parameters (voltage, frequency and processing time) 

and Ti addition. Afterwards wear tests are applied on coated samples 

on block-on-disc abrasion test unit. The weights of the samples were 

recorded after 500, 1000 and 1500 m wear distance with 10-5 g 

sensitive scales. 

After these experiments and tests, Taguchi method, a way to 

optimize the parameters which cannot be controlled during 

experiment. Various methods are used to determine the factor levels 

in this technique. The algorithm which will be used to solve multi-

response problem by using orthogonal arrays were explained. 

Consequently in this study, coatings and wear tests described above 

were carried out and variance analysis were performed by using 

ANOVA. The relevance of the results has been checked. 
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I. INTRODUCTION 

NE of the main purposes of scientists is to decrease the 

losses caused by the corrosion, abrasion and fatigue of 

metals and metal alloys used in many different areas by 

improving corrosion, abrasion and fatigue resistance properties 

by means of using different methods. The losses due to 

corrosion and abrasion around the world constitute the %3-5 

of national income on average. Today, a significant portion of 

the studies carried out to eliminate these losses and to improve 

the properties of the materials against the corrosion and 

abrasion are mainly composed of the surface coating 

operations. Although there are many coating methods for this 
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purpose, MAO method has been getting much more used 

particularly after the 2000s [1-8].  The coating with MAO is 

mainly based on the coating of the substrate material with an 

abrasion and corrosion resistant, hard layer by immersing into 

the electrolytic liquid by means of the plasma discharges 

obtained by the influence of electrochemical reactions [9]. 

    The most important advantage of MAO coating method is to 

reduce the friction and abrasion with an investment cost lower 

than other coating methods [10]. Having this advantage, this 

coating method is used in many areas especially like the 

manufacturing, motor, hydraulics, textile, automotive and 

aerospace industries. The main objective of this widespread 

usage is the formation of high temperature, abrasion, corrosion 

resistant, hard surface oxide layer. Moreover, in the MAO 

coating method, the composition of the oxide layer can be 

modified by adding different chemicals into the electrolyte 

solution [11]. This coating modifications can be used in the 

isolated areas owing to the dielectric properties and in the 

architectural areas through the ability of being produced with 

different colors [12]. Being an environmentally friendly 

coating method, the MAO method makes it possible to coat the 

surface of the materials such as Mg, Ti and Al having different 

mechanical and physical structural properties [10-13]. 

    Considering the former carried out studies, there are so 

many coating applications with the micro-arc oxidation 

method on different substrate materials. These studies have 

generally focused on the Al2O3 and TiO2 coatings in the 

solutions at different concentrations.  After doing those in this 

study, coatings and wear tests described above were carried 

out and variance analysis were performed by using ANOVA. 

The relevance of the results has been checked. 

 
Fig. 1. Micro-arc Oxidataion Process[14] 
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Fig. 2. Experimental setup 

II.  MATERIALS AND METHODS 

In the first step, the samples were coated aluminum oxide in 

the solution of potassium hydroxide, sodium aluminate and 

sodium phosphate. In the second step, coating was performed 

by adding 0,8 gr/l Ti particles in the same solution. For both 

solutions, the frequency, voltage and processing time was 

varied. After the coating process, measurements were carried 

out for worn mass weight with 10
-5

 gr sensitive scales. Table I 

shows experiment conditions.  
 

TABLE I 

EXPERIMENTAL CONDITIONS 

Coating time (min) 10, 20, 30 

Frequency (Hz) 100, 350 

Voltage (V) 450, 500, 550 

Ti addition None (0), Added (1) 

Wear distance (m) 500, 1000, 1500 

 

Wear tests were conducted on a block-on-disc wear 

equipment with diamond abrasive, which can be seen in Fig. 1. 

Surface speed and pushing force that applied onto specimen 

was 50m/min and 19.62N (2kgf), respectively. 

Normally, the full-factorial design would require 108 

experimental runs in this study. Taguchi method, a powerful 

tool for parameter design of performance characteristics [15], 

to determine optimal coating parameters for minimum wear 

was used in this study. Taguchi method proposes to acquire the 

characteristic data by using orthogonal arrays, and to analyze 

the performance measure from the data to decide the optimal 

process parameters [16-18]. Five coating parameters were used 

as control factors (Table I). According to the Taguchi quality 

design concept, a L18 orthogonal arrays table with 18 rows 

(corresponding to the number of experiments) was chosen for 

the experiments (Table II). 

 

 

 

 

 
TABLE II 

EXPERIMENTAL DESIGN 

Exp  

No 

Ti 

Add. 

Freq. 

(Hz) 

Coating 

time 

(min) 

Voltage 

(V) 

Wear 

dist. 

(m) 

Wear 

Amount 

(gr) 

1 0 100 10 450 500 0.00120 

2 0 100 20 500 1000 0.00129 

3 0 100 30 550 1500 0.00225 

4 0 350 10 450 1000 0.00376 

5 0 350 20 500 1500 0.00333 

6 0 350 30 550 500 0.00041 

7 0 350 10 500 500 0.00112 

8 0 100 20 550 1000 0.00206 

9 0 350 30 450 1500 0.00249 

10 1 100 10 550 1500 0.00231 

11 1 100 20 450 500 0.00104 

12 1 100 30 500 1000 0.00107 

13 1 350 10 500 1500 0.00156 

14 1 350 20 550 500 0.00055 

15 1 350 30 450 1000 0.00161 

16 1 100 10 550 1000 0.00086 

17 1 350 20 450 1500 0.00216 

18 1 100 30 500 500 0.00049 

 

After the experiments, one-way ANOVA analysis was run 

for each parameter in order to see whether the results are 

statistically significant or not. IBM SPSS ver.21 was used to 

run the ANOVA analyzes with 0.05  , and Tukey HSD 

post-hoc test. 

III. RESULTS AND DISCUSSION 

Main effect plot of the wear amount has been shown in 

Fig.2, and table of main effect data has been given in Table 3. 

According to data given in Table 3, parameter set of 

A2B1C3D3E1 is selected for obtaining optimal value of the wear 

amount. It can be seen that from the Table 3, wear amount has 

been affected most by the wear distance. Following factors 

affecting the wear amount after wear distance are Ti addition, 

voltage (V), frequency (Hz) and coating time (min). 

 

 
Fig. 3. Main effect plot of wear amount 
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TABLE III 

MAIN EFFECTS TABLE OF WEAR AMOUNT (SMALLER THE BETTER) 
Level A B C D E 

1 0,529255 0,371454 0,479167 0,54344 0,213209 

2 0,344267 0,502069 0,462323 0,39273 0,472074 

3 NaN NaN 0,368794 0,374113 0,625 

Δ 0,184988 0,130615 0,110372 0,169326 0,411791 

Rank 2 4 5 3 1 
 

It can be said that Ti addition affects the wear amount 

values, because ANOVA(F=6.544, p=0.012) has been 

determined by ANOVA. Since there is only two groups for Ti 

addition (“None”, “Added”), post-hoc tests hasn’t been 

performed. 

Significance of frequencies have been calculated as 

ANOVA(F=5.773, p=0.018). Selected values for frequency as 

100 and 350 Hz resulted statistically significant difference on 

wear amount, and can be kept as this in future studies. 

There has been a statistically significant difference between 

coating times as determined by ANOVA(F=3.206, p=0.045). 

Tukey HSD revealed that there is no statistically significant 

difference between 10 and 20 minutes (p=0.932), and 20 and 

30 minutes (p=0.87). But there is a statistically significant 

difference between 10 and 30 minutes (p=0.044). This means 

making 20 minute or bigger intervals as, for example, 10, 30 

and 50 minutes, rather than 10 minute intervals would be 

resulted better in terms of variance of the wear amount. 

Calculation for Voltage has been resulted 

ANOVA(F=0.602, p=0.550). There is no statistically 

significant difference in voltage groups for wear amount. It can 

be said that the voltage would not included in the experiments, 

or intervals should be selected bigger than 50 V.  

ANOVA(F=57.346, p≈0.000) has been determined for the 

wear distance. This means there is statistically significant 

difference in groups of the wear distance. Tukey test revealed 

that there is statistically significant different wear amount as 

significance values for 500, 1000 and 1500m almost equal to 

zero.  

IV. CONCLUSION 

A conclusion section is not required. Although a conclusion 

may review the main points of the paper, do not replicate the 

abstract as the conclusion. A conclusion might elaborate on the 

importance of the work or suggest applications and extensions. 

Addition of the Ti particles into the solution has been 

resulted the wear amount to decrease. In this study 0,8 gr/l of 

particles were used. Because it changes the wear amount, 

density of the Ti particles in a solution can be added as a 

parameter for future studies. The coating time may be selected 

as 10, 30 and 50 minutes. The voltage can be kept constant or 

varied as 300, 500 and 700 V.  

Required time for experiments has been lowered, and 

optimum parameters for coating process has been obtained by 

Taguchi method. Conclusions has been made with the help of 

ANOVA. 

In future studies, this type of experimental studies can be 

divided into two stages. In first stage, design of experiments 

can be conducted with Taguchi method, then results can be 

interpreted with ANOVA. Parameters and intervals of them 

can be fine-tuned in first stage. Full factorial tests can be run in 

second stage. Thus deeper understanding can be built on 

experimental values.  
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