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INFLUENCE OF HYDROGEN PEROXIDE ON THE COMPOSITION AND  
POROSITY OF OXIDE-CERAMIC COATINGS ON ALLOYS OF THE  
Al–Si–Cu AND Al–Cu–Mg SYSTEMS 

V. M. Posuvailo,1,2  I. V. Kovalchuk,1  and  I. B. Ivasenko1 

We study the influence of hydrogen peroxide on the phase composition, thickness, and porosity of ox-
ide-ceramic coatings obtained by plasma electrolytic oxidation on Al–Si–Cu and Al–Cu–Mg aluminum 
alloys.  For these two systems, it is shown that the presence of H2O2 , with a concentration of 5 g/liter, 
makes it possible to get a twofold increase in the thickness of the oxide-ceramic coating as compared 
with the original electrolyte.  A subsequent increase in the concentration of hydrogen peroxide leads to 
a decrease in the thickness of oxide-ceramic coatings.  The maximum content of corundum is obtained 
for hydrogen-peroxide concentrations of  5 g/liter  for the Al–Cu–Mg system and  7 g/liter for the Al–
Si–Cu system.  The presence of silicon in the composition alloy results in the formation of sillimanite 
and quartz in oxide-ceramic coatings, which is accompanied by an increase in the volume of oxide-
ceramic coatings.  As the concentration of hydrogen peroxide in the electrolyte increases, the porosity of 
the Al–Si–Cu system decreases, whereas the porosity of the Al–Cu–Mg system does not change.  

Keywords: plasma-electrolyte oxidation, aluminum oxides, oxide ceramic coatings, X-ray diffraction 
analysis, crystal structure, porosity, sillimanite. 

Introduction 

Silumins are alloys based on aluminum and silicon.  The silicon content of silumin products varies from  4  to 
22%  of the total volume [1–3].  At present, silumin is one of the most widely used aluminum alloys.  Low cost 
of silumins in combination with their good technological characteristics makes them quite promising materials 
for the extensive application in industry, including the mechanical engineering (pistons, components of the bod-
ies, engine cylinders, etc.), aircraft construction (cylinder blocks, cooling pistons, and aircraft units), aerospace 
engineering (workpieces with low coefficients of linear thermal expansion and high level of mechanical proper-
ties), manufacturing of the gas-turbine equipment (generators, heat exchangers), etc.  The operating characteris-
tics of silumin depend on its silicon content.  The higher the silicon content, the higher the hardness and wear 
resistance of the alloy, but its strength decreases [4, 5]. 

As one of the most urgent tasks of contemporary science and technology, we can mention the development 
of new environmentally friendly technologies of application of highly efficient and reliable coatings aimed at the 
protection and hardening of metal products.  There are numerous ways of increasing the wear and corrosion re-
sistance of light alloys: anodizing, phosphatazing, ion-plasma and laser treatment, etc. [6–12].  All these meth-
ods improve the corrosion resistance but the wear resistance of the obtained coatings remains insufficiently 
high.  At present, there is a relatively new but rapidly developed procedure of surface treatment and hardening of 
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metallic materials, namely, the method of plasma-electrolytic oxidation (PEO).  Note that this method originates 
from traditional anodizing.  With the help of this method, it is possible to obtain multifunctional oxide-ceramic 
coatings on the valve metals (Al, Mg, Ti, Zr, and Ta) [13, 14].  Samples of valve metals are immersed in electro-
lytes and anode and cathode voltages are applied to them in turn.  There are four main stages of formation of 
oxide-ceramic coatings on these metals: formation of a primary oxide film in the pre-spark stage according to the 
electrochemical mechanism; breakdown of the primary oxide film and the formation of a plasmoid in the dis-
charge channel; plasma-chemical reactions of formation of the intermediate and final products, and condensation 
and polymorphic transformations of the oxide phases [15].  The coatings mostly consist of high-temperature ox-
ide phases (Al2O3, TiO2 , MgO, and ZrO2 ) [16]. 

As a disadvantage of this method, we can mention its quite high energy consumption and, hence, slow for-
mation of coatings [17].  A positive influence of hydrogen peroxide on the rate of synthesis and phase com-
position of oxide-ceramic coatings synthesized on aluminum alloys of the Al–Cu–Mg system was established  
in [18–20]. 

The aim of the present work is to study the effect of hydrogen peroxide presence in electrolytes on the phase 
composition, thickness, and porosity of oxide-ceramic coatings obtained by the method of plasma electrolytic oxida-
tion on aluminum alloys of the Al–Si–Cu and Al–Cu–Mg systems. 

Materials and Methods of Investigations 

Oxide-ceramic coatings were synthesized on the following aluminum alloys: AK7 (87.6–93.6% Al; 6–8% Si; 
1.5% Cu; 0.2–0.5% Mg, and 0.2–0.5% Mn) and D16 (94.7% Al; 3.8–4.9% Cu  ; 1.2–1.8% Mg, and 0.3–0.9% Mn).  
The dimensions of the samples were as follows: 20 × 15 × 3 mm.  Prior to synthesis, the specimens were pol-
ished and washed in distilled water and ethyl alcohol.  The coatings were formed by anodic and cathodic pulses 
applied to the samples in turn.  The cathodic and anodic current densities were as follows: jc / ja = 10/10 A/dm2  for 
D16 alloy and jc / ja = 10/10 A/dm2  or 15/15 A/dm2 for AK7 alloy.  As an electrolyte, we used an aqueous  
solution of KOH (3 g/liter) and Na2SiO3 (2 g/liter) and also the same electrolyte with various concentrations  
of H2O2 . 

The X-ray phase diffraction analysis of the coatings was carried out by using a DRON-3.0 X-ray diffrac-
tometer in the CuKα -radiation.  The content of each phase was found by analyzing the accumulated diffraction 
patterns with the help of the FullProf software package according to the multiprofile Rietveld method. 

The thickness of the coatings was determined by using a CHY TG-05 thickness gauge (with an accuracy of 
measurements equal to  0–199 µm ± 2 µm).  The porosity of the coatings was determined by analyzing the pho-
tomicrographs of the PEO coatings obtained in a scanning electron microscope with a magnification of  × 500  
by the method described in  [21–23]. 

Results and Discussion 

Plasma-electrolyte coatings were obtained on AK7 and D16 commercial alloys according to the standard 
procedure.  After 1 h of synthesis in the original electrolyte for densities of the anodic and cathodic currents 
equal to  jc / ja = 10/10 A/dm2 ,  an oxide-ceramic coating is formed on AK7 alloy.  However, its thickness con-
stitutes only 35–40 µm, which is insufficient to increase the wear resistance of the sample.  The yield of the 
products of the reaction of synthesis of oxide-ceramic coatings can be shifted toward higher amounts of aluminum 
oxide by increasing the concentrations of oxidizers in plasma discharge channels [18, 23].   
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Fig. 1. Dependences of changes in the thickness of oxide ceramic coatings on the D16 (1, 2) and AK7 (3–5) alloys on the concentration of 
H2O2  in the 3 g/liter KOH + 2 g/liter Na2SiO3  electrolyte for 1 h (2, 3, 5) and 2 h of synthesis (1, 3) and the ratios 
jc / ja = 10/10 A/dm2  (1–3) and jc / ja = 15/15 A/dm2  (4, 5). 

An addition of  H2O2  with a concentration of  3 g/liter  to the base electrolyte has almost no effect on the 
thickness of the oxide-ceramic coating.  Therefore, in order to increase the thickness, the process of synthesis was 
performed for the anodic and cathodic current densities equal to  jc / ja = 15/15 A/dm2 .  Although the thickness 
of the coating in the source electrolyte remains almost constant and equal to  42–47 µm,  the increase in the du-
ration of synthesis up to  2 h  under the same conditions leads to a twofold increase in thickness (up to 90–
100 µm) (Fig. 1).   

The addition of hydrogen peroxide to the electrolyte leads to an increase in the coating thickness on the Al–
Cu–Mg alloy.  The maximum thickness (90–100 µm) is observed at a concentration of 5 g/liter  H2O2  (Fig. 1, 
curve 5).  Further increase in the concentration of peroxide leads to a decrease in the thickness of the coating.  
This is explained by a significant increase in the pH value of the electrolyte and the predominance of the pro-
cesses of dissolution of alumina over the processes of its synthesis [20]. 

Based on the analysis of diffraction patterns of coatings (Fig. 2) obtained in electrolytes of different compo-
sition using FullProf software [25], diffraction reflexes corresponding to six phases were established.  The main 
phases in the coating are as follows: corundum – α -Al2O3; γ -Al2O3; quartz – SiO2; sillimanite – 
Al2O3⋅SiO2 , as well as traces of silicon and aluminum, which emit from the base metal and inform about the 
thickness of the oxide-ceramic coating formed on the alloy. 

It was found that the elevation of the concentration of hydrogen peroxide leads to an increase in the thick-
ness of the coating, which correlates with the results presented in [19, 20].  The intensity of the reflexes of alu-
minum and silicon decreases as the thickness of the oxide-ceramic coating on AK7 alloy increases. 

We also determined the distributions of the quantitative contents of the phases of oxide-ceramic coating  
on the alloys of the Al–Si–Cu (Fig. 3a) and the Al–Cu–Mg (Fig. 3b) systems depending on the concentration of 
hydrogen peroxide. 

Thus, the content of α -Al2O3 in the coating formed on the alloy D16 is 25–27%, while the same synthe-
sis conditions for AK7 alloy lead to the formation of a coating containing only 11–13% α -Al2O3.  Although  
for these two alloys, the thickness of coatings decreases as the hydrogen peroxide concentration increases  
to 7 g/liter, the corundum content on AK7 alloy increases to 20%.  We should also mention a continuous 
growth of the contents of both  γ -Al2O3   and sillimanite  Al2O3⋅SiO2 .  A nonuniformity of the amount of quartz  
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Fig. 2. X-ray diffraction patterns for the oxide ceramic coatings on  AK7 (а)  and  D16 (b) alloys in the 3 g/liter KOH +  
2 g/liter Na2SiO3  + 3 g/liter H2O2  electrolyte for jc / ja = 15/15 A/dm2  (а) and 10/10 A/dm2  (b), and the duration of synthesis 
equal to  1 h. 

 

Fig. 3. Phase composition of the oxide-ceramic coating synthesized on AК7 alloy for current densities equal to jc / ja = 15/15 A/dm2  

(а) and D16 alloy at jc / ja = 10/10 A/dm2  (b) in the source electrolyte and with additions of H2O2  and the durations of synthe-
sis equal to 1 h (1–3) and 2 h (4–6):  (1, 7) α -Al2O3 ;  (2, 8) γ -Al2O3 ;  (3, 9) Al;  (4) SiO2 ;  (5) Si; (6) Al2O3⋅SiO2 . 

in the samples is observed because of a non-uniform distribution of silicon in silumin.  The low content of  
corundum indicates that it is most likely that silicon contributes to the formation of the main phases  γ -Al2O3 
and Al2O3⋅SiO2 . 

An important characteristic of coatings is their porosity.  Both corrosion and wear resistance of oxide-
ceramics depend on it.  The porosity of oxide-ceramic coatings was studied by using 10 micrographs of their 
surface for each of the modes.  The images of the surface of oxide-ceramic coatings on the alloy were analyzed 
by the segmentation method and the ratio of the pore area to the surface area was calculated. 

On the AK7 alloy, the highest porosity (4.7%) was observed at a peroxide concentration of 3 g/liter.   
Increasing the peroxide content in the electrolyte reduces the porosity to 3.1%.  The surface of D16 alloy is  
covered with the largest number of pores (4.32%) in the initial electrolyte.  Changing the concentration of H2O2  
slightly reduces the overall porosity to  3.53–3.57%.   Analyzing the phase composition of alloys synthesized in  
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Fig. 4. Initial (а) and segregated (b) images of the oxide-ceramic coating synthesized on AК7 alloy in the 3 g/liter KOH + 2 g/liter 
Na2SiO3  + 5 g/liter  H2O2   electrolyte for jc / ja = 15/15 A/dm2 . 

different electrolytes, it was found that the increase in the content of sillimanite leads to an increase in the vol-
ume of the coating and reduces the relative porosity.  This can reduce the access of the corrosive medium to the 
base metal via the through pores and thus increase the corrosion resistance of the alloy. 

CONCLUSIONS  

It was discovered that, for the Al – Si – Cu and Al – Cu – Mg systems, an increase in the contents of oxidiz-
ers (in particular, hydrogen peroxide) in electrolytes leads to the acceleration of growth of oxide-ceramic coat-
ings.  The proposed concentration of H2O2  (5 g/liter) makes it possible to increase the thickness of the oxide-
ceramic coating almost twice as compared with the original electrolyte for the same energy consumption.   
The presence of  7 wt.%  silicon in the initial alloy AK7 leads to the formation of quartz and sillimanite in the 
coatings.  The maximum content of corundum in oxide-ceramic coatings synthesized on AK7 alloy is 20 wt.%, 
which is much lower than on D16 alloy (30 wt.%).  This means that silicon most likely promotes the formation 
of Al2O3⋅SiO2  and  γ -Al2O3.  The presence of hydrogen peroxide in the electrolyte (5–7 g/liter) lowers the 
porosity of the Al–Si–Cu system and does not affect it in the Al–Cu–Mg system. 
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