
 

“E+E”, 5-6/2014 352

Micro-Arc Oxidation of Aluminum Alloy  
 

E. Krivonosova, A. Gorchakov, I. Ponomarev  

 

Micro-arc oxidation (MAO) technology allows getting ceramic coatings of Al2O3 with 
composition, structure and properties controlled over a wide range and using them as wear-resistant, 
corrosion- resistant, heat- resistant and decorative coatings. This paper studies the dynamics of 
micro-arc discharges, the influence of time processes and electrolyte systems on the MAO process of 
aluminum alloy, micro-structure and properties of the formed coating. The possibilities of alloying 
through the electrolyte with the micro-arc oxidizing are investigated. 

Микро-дъгово оксидиране на алуминиеви сплави (E. Кривоносова, А. Гончаков, И. 
Пономарев). Технологията на микро-дъгово оксидиране (МДО) позволява получаване на 
керамично покритие от Al2O3 със състав, структура и свойства управляеми в широк 
диапазон и използването му като устойчиви на триене, корозия и нагряване покрития, както и 
като декоративни покрития. Тази работа изучава динамиката на микро-дъговите разряди, 
влиянието на процесите зависими от времето и на електролитните системи  върху МДО 
процесите на повърхността на алуминиева сплав, както и микро-структурата и  свойствата 
на формираните повърхностни слоеве. Възможността за сплавяне през електролита при 
микро-дъгово оксидиране се изследва също.  

 

Introduction 
Microarc oxidation ( MAO ) is currently almost the 

only possible method of surface treatment of a variety 
of parts from aluminum and its alloys to produce 
multifunctional coatings. A distinctive feature is the 
formation of MAO in the formation of the coating 
surface microarc discharges, providing thermal, 
plasma-chemical and hydrodynamic effects on the 
formation of coatings. Keramik coatings have an order 
higher microhardness, wear resistance, corrosion 
resistance, etc. However, the practical application of 
MAO requires increasing productivity and improving 
the complex physical and mechanical properties of the 
coatings. Furthermore, the main problem lies in the 
micro-arc oxidation coating delivery insufficient 
thickness of the porous coating, which leads to a 
reduction or loss of performance properties. 

The most accessible ways of increasing the 
thickness of the oxide layer, and technological factors: 
current modes, while the coating composition, density 
and temperature of the electrolyte (works of 
I.VSuminov, AV Epelfeld, A.I.Gorchakov, 
G.A.Markov, ES Atroshchanko, AI Mamaev) 
However, the increase of the current parameters leads 
to a change in the nature of the discharge, the 
transition of micro- discharge in the arc without 

forming oxidized layer. One way of solving this 
problem is to change the nature of the pulse current 
signal, which, in our opinion, may lead to an increase 
of the effective time of oxidation and, therefore, the 
thickness and properties of the oxide layer [1-4]. An 
additional object is achieved by doping the oxide layer 
through the electrolyte, similarly as in the welding 
seam takes place the doping of the electrode coating 
component [5]. To do this, the electrolyte requires the 
addition of elements that are embedded in the 
structure of the coating, providing increase in growth 
velocity coating, its thickness and the formation of 
unique properties [6]. 

Method and results.   
Recent experimental data using a computer 

information-measuring system and high-speed filming 
yielded qualitatively new information. It has been 
shown that the effective microarc discharge (Fig. 1), 
leading to the formation of a layer of corundum, exists 
within a very short time during successive short 
current pulses whose frequency is 50 Hz.  

Physically micro-arc oxidation process is a gradual 
formation of micro-arcs on the surface and smooth 
fading in proportion to the instantaneous value of the 
voltage between the sample and the bathroom. 

Micro-arc oxidation process visually within one 
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t=30 min  hm =235um 
мин.,h =235мкм 

period of the alternating current equal to 0.0168 
seconds. Frames are shot high-speed shooting. 

 

 

 

 
Fig.1. Frames of micro-arc oxidation process. 

The figure shows that the micro-arc process on the 
entire surface of the sample has a smooth start and 
end. Most micro-arc illuminations and surface 
temperature observed at the frame 2 and 3. On frames 
5-8, at the opposite polarity half-cycle of the AC glow 
observed. 

Traditional engraving allows registering images of 
the microstructure of the metal and surface. Figure 2 
show the microstructure of the oxidized coatings on 
aluminum with the release of the working layer 
indicating the mode and the average thickness of the 
coating. 

The smallest thickness (122 µm) has a coating 
obtained with the lowest oxidation time (10 min) and 
a minimum concentration of alcohol in the electrolyte. 
The maximum coating thickness (235 µm) is obtained 
at 30 min. in peroxide-alcohol electrolyte. 

The average thickness of the coating formed by 
exposure of 10 min. With amounts to 140-150 µm, 
when exposed for 20 minutes - 170 µm. 

Generally, increasing the exposure time to 30 min. 
leads to the formation of a coating layer thickness of 
not less than 180-200 um irrespective of the 
electrolyte composition. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

 
Fig.2. Microstructure of the coatings obtained under 

different oxidation time. 

Practice has shown that increasing the oxidation of 
more than 60 minutes. impractical, and the greatest 
microhardness of the oxide layer can be prepared 

1 
t = 0.0021 s 

2 
t = 0.0042 s 

3 
t = 0.0063 s 

4 
t = 0.0084 s 

5 
t = 0.0105 s 

6 
t = 0.0126 s 

7 
t = 0.0147 s 

8 
t = 0.0168 s 

Coating 

Main material 
  t=10 min., hm= 122 µm 

  t=20 min., hm= 201 µm 



 

“E+E”, 5-6/2014 354

using the composition of the electrolyte 
(КОН+Na2SiO3+NaAlO2+NaF). 

Also, analyze of influence of alloying of coating 
through the electrolyte. 

Analysis of the influence of alloying through 
showed that all compounds of electrolyte increases the 
thickness of the implanted layer. 

Alloying by corundum A12O3, 80% leads to 
increase of coating thickness, as shown in Figs 3 and 
4. Maximum coating thickness is 170 um without this. 

Results of X-ray spectral analysis and fractal 
analysis shown that concentration of TiO2 and Cr2O3 
should be maintained at 5 g/l, as with more content 
layer unit conglomerates beyond matrix breakdown 
channels formed. 

Increasing the amount of corundum, 50 g / l does 
not cause a significant increase in the thickness, 
porosity is increased, which reduces the quality of the 
coating.  

X-ray spectral analysis result showed that all 
alloying compounds of electrolyte contained in the 
composition of the oxide layer. 

Some increase of microhardness on account of 
alloying occurs due to the additional phases of 
chromium oxide and titanium, which remain in the 
electrolysis process without changing of phase 
composition. 

Reduced coefficient of friction and amount of wear 
explained by the presence of solid lubricant. Summary 
wear a pair of friction measured after 8 hours of 
testing without changing the load on the pair. 

Table 1. 
Properties of MAO coating 

Electrolyte MAO in the 
electrolyte 
without of 
alloying 

MAO in the 
alloying 

electrolyte 

Maximum 
layer 

thickness h, 
um 

170 295 

Microhardness 
midface, HV, 

N/mm2 

1 0 0 0 -
1 4 0 0 

1 6 0 0 -
2 5 0 0 

The wear of 
the friction 
pair, um 

35 21,5 

Friction 
coefficient 

after grinding 
couples 

0,3 0,12 

 
 

 
Fig.3 Dependence oxide thickness h, um, vs. concentration 

of corundum C, g/l 

 
Fig.4. Dependence oxide thickness (h) vs. oxidation time (t), 

in the electrolyte with (1) and without (2) alloying. 

Conclusion 
1. With increasing oxidation time, the oxide layer 

thickness increases. Increasing the duration of 
oxidation greater than 30 minutes only affects the 
presence of alloying elements. 

 2. Alloying through the electrolyte is an effective 
method for increasing the thickness of the oxide layer 
and its performance: The presence in the electrolyte 
elements TiO2 and Cr2O3 increases the thickness and 
microhardness of coating. Also, the presence of these 
elements reduces the coefficient of friction during the 
test. 

3. The actual burning time of micro–arc surface 
substantially less than the time of the process. This is 
due to small time of micro–arc combustion surface, 
during the flow of general AC current. 
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