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Synthesized cathode CrCrOx and anodic FeOx metal oxide coatings on AISI 304 stainless steel. Their morphology 
and elemental composition have been studied. It was found that chromium-based oxide coatings increase the heat 
resistance of steel by 2-8 times and are resistant to temperatures of 1000 °C. 
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I. Introduction 

Modern development of various industries leads to increased demands on widely used construction materials, 
such as stainless steel. One of these is stainless steel type AISI 304. The main reason for their use is high 
corrosion resistance in many aggressive environments. Stainless steel is not a heat-resistant material, as the 
corrosion rate at high temperatures is quite high. One of the common methods of surface treatment of stainless 
steels for coating is electrochemical oxidation [1-2]. To increase the heat resistance of steel on its surface is 
applied chrome-containing coatings. Their stability at high temperatures is due to the formation of chromium oxides 
on the surface. 
 
II. Experimental  

AISI 304 steel plates (0,08% C, 17–19% Cr, 69% Fe, 9–11% Ni, ≤0,8 Si%, ≤0,2% Mn) with an area of 
4 cm2 were used as samples. . 

Cathodic coatings were obtained from the electrolyte no. 1, which contains (g / l): CrO3 – 250, H3BO3 – 20, 
Ba(OH)2 – 2, NaNO3 – 5. The process was performed at current density 40-50 А/dm2, temperature 18-25 °С for 
40-60 minutes. 

Anode coatings were obtained from the electrolyte no.2, which contains (g / l): H2SO4 – 300, NaCl – 50, at 
a current density of 8-10 A / dm2, a temperature of 50-60 °C for 25-60 minutes [3]. 

Surface morphology and elemental composition of the obtained coatings were examined using a 
scanning electron microscope (СЕМ) ZEISS EVO 40XVP) with INCA Energy 350 microanalysis system 
manufactured by Carl Zeiss (Germany) and Oxford Instruments (England)  [4]. 

High-temperature corrosion tests were carried out in water steam at temperatures of 600, 800, and 
1000 °C to determine the weight change (Δm/S) of the samples during oxidation. The temperature measurement 
accuracy was ± 1 ° C. Weighing was carried out on an analytical balance RADWAG XA110/X with an accuracy of 
0.01 mg [5]. 

 
III. Results and discussions 

As a result of work from the presented electrolytes oxide coverings of black color with high adhesion were 
received. The presented micrographs of the surface (Fig. 1) show that the structure is fine-grained. Also on the 
surface of the CrCrOx coating there is a grid of cracks and irregularities of the relief, which are protrusions in the 
form of pyramids. 
 

   
1 2 

Fig. 1: Micrographs of the surface of coatings 1 - CrCrOx, 2 - FeOx with magnification х500. 
 

SEM confirmed that the formed cathode coatings contain elements such as oxygen, chromium, sodium, manganese, 
iron, titanium and aluminum (Table 1). The presence of oxygen and chromium in sufficient quantities allows us to assume that 
the obtained coatings contain a sufficient amount of oxygen-containing compounds with chromium, which leads to a fairly high 
heat resistance. 

The SEM data of the obtained anode coatings indicate that they include not only elements such as iron, chromium, 
nickel and silicon, but also sulfur, chlorine (Table 1). 
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Table 1: Elemental composition of metal oxide coatings 

Elements, 
mas. % 

Electrolyte number, g / l 
№1 №2 

О 61,43 38,44 
Cr 37,93 11,30 
Mn 0,16 0,86 
Fe 0,20 34,07 
Na 0,28  
Si  1,34 
S  6,54 
Cl  0,69 
Ni  6,76 

  
During high-temperature tests of coatings (Table 2), it was found that at a temperature of 600 ° C steel 

samples with coatings are not as susceptible to corrosion, compared with non-oxidized sample - the corrosion rate 
of non-oxidized sample is 2 times higher than CrCrOx. 
 At a temperature of 800 °C AISI 304 stainless steel is intensively corroded from the first minutes. FeOx 
coatings have a degradation rate 2.5 times lower and CrCrOx coatings 8 times lower. An increase in temperature 
to 1000 °С leads to corrosion destruction of FeOx from the first minutes, CrCrOx during the first 15 minutes have a 
destruction rate 3 times lower, then the corrosion rate increases. 
 

Table 2: Specific weight (mg / dm2) of tested samples without and with coatings CrCrOx and FeOx 

Time, 
min 

Temperature, °С 
600 800 1000 

without 
coating CrCrOx FeOx without 

coating CrCrOx FeOx without 
coating CrCrOx FeOx 

5 1,00 0,17 1,28 60,20 4,33 33,59 122,40 8,67 117,95 
15 2,00 0,67 0,77 125,40 5,33 53,08 215,40 72,50 208,24 
30 2,40 0,83 2,56 163,00 7,17 61,26 222,20 176,67 267,95 
60 3,20 1,33 4,10 220,40 8,83 71,54 202,20 262,50 313,85 

 
V. Conclusions 
 As a result of oxidation of AISI 304 stainless steel  cathode and anode coatings of black color 
were obtained. Electron microscopy data confirmed their fine-crystalline structure, and the presence of 
oxygen and chromium in the cathode coatings in large enough quantities, which indicates their high heat 
resistance. 

Tests for high-temperature corrosion at a temperature of 600-1000 ° C showed that the corrosion rate of 
chromium oxide coatings is several times lower than the corrosion rate of anode oxide coatings and uncoated 
steel. 
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