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Abstract: Currently, to increase the hardness, strength and wear resistance of thermally non-hardenable austenitic 

chromium-nickel steels, such methods as frictional treatment with a sliding indenter and liquid carburizing have been used. 

However, along with an effective increase in mechanical characteristics, the application of these types of treatment may be 

accompanied by a decrease in the corrosion resistance of austenitic steels. Therefore, it is reasonable to study the influence 

of frictional treatment and liquid carburizing on the general corrosion resistance of Cr–Ni austenitic steels. In this work, 

the surface microhardness of the 12Cr18Ni10Ti and AISI 321 steels was determined using the recovered indentation 

method after electropolishing, mechanical grinding, frictional treatment, and liquid carburizing at a temperature of 780 °C. 

Using scanning electron microscopy and optical profilometry, the authors studied steel surfaces subjected to the specified 

types of treatment and determined their roughness. The corrosion resistance of steel was studied by testing for general cor-

rosion using the gravimetric method. When testing for general corrosion, it was found that hardening (up to 710 HV 0.025) 

frictional treatment leads to an increase in the corrosion rate of the 12Cr18Ni10Ti austenitic steel compared to  

the electropolished state (from km=0.35 g/(m
2
·h) to km=0.53–0.54 g/(m

2
·h)). The corrosion rate of the ground steel is 

km=0.58 g/(m
2
∙h), while mechanical grinding does not provide a significant increase in the microhardness of the steel 

under study (from 220 to 240 HV 0.025). It is shown that the corrosion behavior of 12Cr18Ni10Ti steel subjected to 

various types of treatment is determined by the following factors: the presence/absence of strain -induced  

α'-martensite in the structure, the quality of the formed surface and, apparently, the dispersion of the f ormed struc-

ture. Liquid carburizing of the AISI 321 austenitic steel leads simultaneously to an increase in its microhardness to 

890 HV 0.025 and a certain increase in corrosion resistance compared to fine mechanical grinding. This is related to 

the fact that carbon embedding atoms stabilize the electronic structure of iron (austenite and martensite), thereby 

increasing its corrosion resistance.  

Keywords: austenitic chromium-nickel steel; frictional treatment; liquid carburizing; microhardness; phase composi-

tion; roughness; corrosion resistance. 
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INTRODUCTION 

Chromium-nickel austenitic steels of the 18Cr–10Ni 

type are widely used among corrosion-resistant materials. 

In particular, metastable austenitic 12Cr18Ni10Ti steel and 

its foreign analogues – AISI steels of the 300 series 

(AISI 304, AISI 321) are used in the food, medical, chemi-

cal, and oil refining industries. This is conditioned by  

a combination of their advantages, such as high workabi-

lity, plasticity, heat resistance [1] and resistance to corro-

sion in various liquid and gas environments, as well as in 

solutions of salts and acids [2–4]. However, with all  

the listed advantages, austenitic steels are characterized by low 

levels of strength characteristics and wear resistance [5; 6]. 

Currently, to eliminate the above-mentioned disad-

vantages of austenitic Cr–Ni steels, various methods based 
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on plastic deformation [7–9] and chemical-thermal (nitrid-

ing [10, 11], carburizing [12, 13]) surface modification are 

used. Among the known methods of strain hardening, fric-

tional treatment with a sliding indenter can be distinguished 

[10; 14; 15]. When applied to austenitic steels that are 

prone to adhesion during contact interaction, such treat-

ment, along with effective strengthening of the surface lay-

er up to 500 μm deep, allows obtaining a surface with low 

roughness in the absence of material continuity defects. 

Among the processes of chemical-thermal treatment of aus-

tenitic Cr–Ni steel, carburizing is of particular interest, 

which, compared to nitriding, allows forming deeper hard-

ened layers that remain weakly magnetic [16]. 

It should be taken into account that the application of 

these types of strengthening treatment, can lead to a de-

crease in the corrosion resistance of metastable austenitic 

Cr–Ni steels due to the formation of strain-induced mar-

tensite, and carbide phases during intense deformation, 

and when the surface layer is saturated with carbon [1; 7]. 

However, the appearance of a new phase component is not 

always accompanied by a decrease in the corrosion pro-

perties of austenitic steels [12; 17]. Thus, in the work [17] 

it is shown that the pitting corrosion rate of the 12Cr18Ni10Ti 

steel decreases with an increase in the degree of tensile 

strain, and accordingly, with an increase in the α′-phase 

amount, which is formed in the material, and leads to an 

increase in its ability to passivate. Moreover, it is worth 

considering that the factors determining the corrosion be-

haviour of austenitic stainless steels may also include  

the topography of the surface formed during hardening 

treatment [7; 17; 18]. It was noted in [18] that mechanical 

grinding, compared to frictional treatment, leads to a two-

fold increase in the corrosion rate of the 03Cr16Ni14M3Ti 

steel due to the occurrence of microcracks and metal pits 

on the surface. 

Thus, in the literature there is ambiguous information 

about the influence of the phase composition, and sur-

face topography on the corrosion behaviour of steels of  

the 18Cr–10Ni type, subjected to various types of de-

formation and chemical-thermal surface modification. It 

should be noted, as well, that there are no works cover-

ing the influence of frictional treatment on the corrosion 

properties of metastable austenitic steels. Therefore, it is 

reasonable to conduct a comprehensive study that would 

take into account the influence of the phase composition, 

and topography of the surface of austenitic Cr–Ni steels 

formed during frictional treatment and liquid carburizing 

on the general corrosion resistance. 

The purpose of this work is to study the influence of 

frictional treatment, and liquid carburizing on the corro-

sion properties of metastable austenitic 12Cr18Ni10Ti and 

AISI 321 steels. 

 

METHODS 

The authors studied the industrial austenitic metastable 

steels of two grades: 12Cr18Ni10Ti (GOST 5632-2014) 

and AISI 321. The chemical composition of the steels, 

which was determined using a SPECTROMAXx optical 

emission spectrometer, is given in Table 1. The samples for 

research were cut from rolled sheets. Before subsequent 

treatment, the samples were subjected to hardening from 

1100 °C in water, mechanical grinding using M63, M50, 

M20 (GOST 3647-80) abrasive cloths and ASM 14/10 

NOMG, ASM 7/5 NOMG (GOST 25593-83) diamond 

pastes with a successive abrasive grid reduction, and then 

electrolytic polishing in a solution of 100 g H2SO4 + 400 g 

H3PO4 + 50 g CrO3 at a temperature of 60–70 °C. 

12Cr18Ni10Ti steel samples with dimensions of 

98×38×8.6 mm were subjected to frictional treatment with  

a sliding indenter made of hemispherical synthetic diamond 

with a hemisphere radius of R=3 mm. The treatment was 

carried out in a non-oxidizing argon environment with  

a load on the indenter of P=392 N, with an indenter dis-

placement of d=0.1 mm for each double stroke and with  

a number of indenter scans over the sample surface of n=1 

and n=11. 

Liquid carburizing of AISI 321 steel samples with di-

mensions of 40×52×10 mm was carried out in molten salts 

with the addition of silicon carbide of the 80 % Na2CO3 +  

+ 10 % NaCl + 10 % SiC composition (in wt. %) at  

a temperature of 780 °C for 15 h with subsequent cool-

ing in water. For carburizing, a laboratory furnace and  

a crucible with a diameter of d=100 mm and a height of 

h=300 mm were used. To remove the oxide film,  

the samples after carburizing were subjected to electro-

lytic etching in a solution of 90 wt. % CH3COOH +  

+ 10 wt. % H2ClO4 for 30 s. 

All samples were cut using electrical discharge cutting 

on a FANUC Robocut α-0iE machine. Microhardness was 

determined on a SHIMADZU HMV-G21DT device using 

the recovered indentation method at the load on a Vickers 

indenter of 0.245 N. The phase composition was deter-

mined on a SHIMADZU XRD-7000 X-ray diffractometer 

in CrKα radiation (with a tube voltage of 30 kV and a tube 

current of 30 mA). Continuous shooting was carried out, 

 

 

 
Table 1. Chemical composition of steels under study, wt. %  

Таблица 1. Химический состав исследуемых сталей, мас. %  

 

 

Steel С Cr Ni Ti Mn Si Mo Co Nb Cu 

12Cr18Ni10Ti 0.10 17.72 10.04 0.63 1.33 0.57 0.23 0.064 0.014 0.057 

AISI 321 0.05 16.80 8.44 0.33 1.15 0.67 0.26 0.13 0.03 0.31 

Note. S and P content does not exceed 0.036 %, the rest is Fe. 

Примечание. Содержание S и P не превышает 0,036 %, остальное Fe. 
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with a scanning rate of 1 °/min, a step of 0.05° and an ex-

posure time of 3 s. The phase composition was determined 

by the method of homologous pairs. The amount of α-phase 

Vα was calculated using the formula 

 

 
 






110

111
1,451

100

I

I
V , vol. %, 

 

where I(111)γ and I(110)α are the integral intensities of  

γ-lines and α-phases [19]. 

The depth of the analyzed layer when determining  

the phase composition was ~7 μm. The surface of the samples 

was studied by scanning electron microscopy using  

a Tescan VEGA II XMU microscope. To determine the sur-

face roughness parameters of the samples, a Wyko NT-1100 

optical profilometer was used. Measurements were carried 

out on the 211×278 μm sections, and the arithmetic average 

deviation of the Ra profile was determined. The phase 

composition, and surface roughness were determined di-

rectly on samples prepared for corrosion tests. 

Tests for general corrosion were carried out by the gra-

vimetric method according to GOST R 9.905-2007 in  

a solution of 20 wt. % NaCl + 30 wt. % HCl (1:1) at room 

temperature. Due to its ability to destroy a passivation lay-

er, this environment has a strong corrosive effect on  

the materials under study, thus ensuring the continuous 

occurrence of the corrosion process. 

Samples for testing were prepared from 12Cr18Ni10Ti 

steel with dimensions of 10×10×2 mm in the following 

conditions: after electropolishing, grinding on M20 abrasive 

cloth (GOST 3647-80) with a grain size of 20/14 μm, and 

after frictional treatment at n=1 and n=11. Samples of 

AISI 321 steel with dimensions of 7×7×2 mm were tested 

in the following conditions: after grinding with ASM 14/10 

NOMG diamond paste with a grain size of 14/10 μm 

(GOST 25593-83) and after liquid carburizing. For each 

condition, two samples were subjected to corrosion tests. 

The prepared samples were immersed in a corrosive en-

vironment for 18 h until the corrosion rate stabilised, while 

the environment pH was not controlled. During testing, 

samples were weighed periodically. Before weighing, to 

remove corrosion products, the samples were washed in 

water, dried with filter paper, and degreased with acetone. 

This allowed determining accurately the weight loss of  

the sample after soaking in a corrosive environment. 

Weight loss was determined on a Demcom DA-65C labora-

tory scale with an accuracy of up to 0.01 mg. The corrosion 

rate km was calculated using the formula 

 





S

m
km , g/(m

2
·h), 

 

where Δm is weight loss, g;  

S is surface area of test samples, m
2
;  

τ is testing time, h.  

For a comparative assessment of the corrosion beha-

viour of test samples, the average corrosion rate in steady 

state was calculated. 

 

RESULTS 

According to the data in Table 2 and Fig. 1 a, the struc-

ture of quenched (after electrolytic polishing) 12Cr18Ni10Ti 

steel contains 100 vol. % -phase (austenite), and α′-phase 

(strain-induced martensite) is absent. 

After mechanical grinding, except for the -phase,  

the structure of steel under study also contains the α'-phase,  

the volume fraction of which is 7 vol. % (Table 2, Fig. 1 b). 

During frictional treatment in the surface layer of the steel un-

der study, the deformation γ→α'-transformation develops more 

intensively (Fig. 1 c, 1 d). The amount of α'-martensite formed 

in the surface layer of steel reaches 55–70 vol. % (Table 2). 

The microhardness of steel in the initial electropolished 

state is 220 HV 0.025 (Table 2). Mechanical grinding practi-

cally, does not lead to an increase in the microhardness of 

the surface of the steel under study (only up to 240 HV 0.025). 

Frictional treatment ensures an increase in the microhard-

ness of the steel under study by 2.5 times (up to 

560 HV 0.025) already with one-fold (n=1) scanning of  

the indenter over the sample surface. Increasing the fric-

tional loading multiplicity to n=11 leads to an additional 

increase in the microhardness of steel to 710 HV 0.025 

(Table 2). This is consistent with an increase in the α′-phase 

amount from 55 to 70 vol. % as the number of indenter 

scans along the sample surface increases from n=1 to n=11. 

According to the data in Table 2, the surfaces of 

12Cr18Ni10Ti steel after electropolishing and mechanical 

grinding using fine-grained (20/14 µm) cloth are characteri-

zed by similar levels of the arithmetic average deviation 

 

 

 
Table 2. Microhardness HV 0.025, phase composition (amount of α′-martensite) and roughness parameter Ra of the surface of 

12Cr18Ni10Ti steel samples after different types of treatment 

Таблица 2. Микротвердость HV 0,025, фазовый состав (количество α′-мартенсита) и параметр шероховатости Ra 

поверхности образцов из стали 12Х18Н10Т после различных обработок 

 

 

Types of treatment HV 0.025 α′, vol. % Ra, µm 

Electropolishing 220±20 0 0.06±0.01 

Grinding (abrasive 20/14 µm) 240±5 7±2 0.11±0.01 

Frictional treatment at n=1 560±27 55±3 0.17±0.01 

Frictional treatment at n=11 710±43 70±3 0.33±0.03 
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 a b 

   

 c d 

Fig. 1. X-ray diffraction patterns of the surface of 12Cr18Ni10Ti steel in quenched condition (a),  

after grinding with an abrasive grit of 20/14 µm (b), and frictional treatment at n=1 (c) and n=11 (d) 

Рис. 1. Рентгеновские дифрактограммы поверхности стали 12Х18Н10Т в закаленном состоянии (a),  

после шлифования абразивом зернистостью 20/14 мкм (b) и фрикционной обработки при n=1 (c) и n=11 (d) 

 

 

 

of the profile Ra (0.06 and 0.11 µm). The steel surface after 

frictional treatment demonstrates higher values of this pa-

rameter: Ra=0.17–0.33 μm. 

Electrolytic polishing leads to the formation of a smooth 

12Cr18Ni10Ti steel surface characterized by the presence 

of a small amount of shallow etching pitting (Fig. 2 a). This 

determines the recorded minimum values of the parameter 

Ra=0.06 μm. The steel surface after grinding is characteri-

zed by the presence of micro damages, and shallow grooves 

(dimples) oriented in the grinding direction (Fig. 2 b). This 

causes slightly higher values of the parameter Ra=0.11 μm 

than for the electropolished surface. 

The recorded slightly larger values of the arithmetic 

average profile deviation Ra after frictional treatment are 

associated with the fact that the steel surface is characteri- 

zed by the presence of plastic displacement stripes, alternat-

ing longitudinal protrusions and dimples (Fig. 2 c, 2 d). At 

the same time, on the surfaces under consideration after 

exposure to a synthetic diamond indenter, there are no con-

tinuity defects in the form of pits and cracks characteristic 

of a polished surface (Fig. 2 b). 

From the data shown in Fig. 3, it follows that austenitic 

12Cr18Ni10Ti steel with an electropolished surface is charac-

terized by the lowest corrosion rate: km=0.35±0.05 g/(m
2
·h). 

The corrosion rate of steel in the polished state is 1.6 times 

higher: km=0.58±0.12 g/(m
2
·h). Steel after frictional treatment 

has a slightly lower corrosion rate. At the same time, for steel 

processed in two modes with different numbers of indenter 

scans (n=1 and n=11), similar levels of corrosion rate are re-

corded: km=0.53±0.09 g/(m
2
·h) and km=0.54±0.07 g/(m

2
·h). 

X-ray phase analysis showed (Table 3, Fig. 4 a) that 

AISI 321 steel in the quenched state (after electropolishing) 

contains 100 vol. % γ-phase (α′-phase is absent). As a result 

of mechanical grinding, 9 vol. % α′-martensite is formed in 

the surface layer of the steel under study (Table 3, Fig. 4 b). 

After liquid carburizing at a temperature of 780 °C, the struc-

ture of the steel surface layer consists of carbon-rich auste-

nite γC, α′-martensite, Cr23C6 chromium carbides and Fe3C 

cementite (Fig. 4 c). In this case, the amount of α′-phase is 

20 vol. % (Table 3). 

The microhardness of AISI 321 steel in the initial state 

is 200 HV 0.025. Mechanical grinding leads to a slight 
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 a b 

      

 c d 

Fig. 2. Images of the surface of 12Cr18Ni10Ti steel samples after electropolishing (a),  

grinding with an abrasive grit of 20/14 µm (b), frictional treatment at n=1 (c) and n=11 (d) 

Рис. 2. Изображения поверхности образцов из стали 12Х18Н10Т после электролитического полирования (a),  

шлифования абразивом зернистостью 20/14 мкм (b), фрикционной обработки при n=1 (c) и n=11 (d) 

 

 

 

 

 

 
 

Fig. 3. The dependence of corrosion rate km of 12Cr18Ni10Ti steel samples on the type of surface treatment 

Рис. 3. Зависимость скорости коррозии km образцов из стали 12Х18Н10Т от вида обработки поверхности 

 

 

0,00 

0,10 

0,20 

0,30 

0,40 

0,50 

0,60 

0,70 

0,80 

Electropolishing Grinding  
(abrasive 20/14 µm) 

Frictional treatment 
 at n=1 

Frictional treatment  
at n=11 

k m
, g

/m
2
∙h

 

Frontier Materials & Technologies. 2023. № 4 113



Skorynina P.A., Makarov A.V., Savrai R.A.   “The influence of frictional treatment and liquid carburizing on general corrosion…” 

 

Table 3. Microhardness HV 0.025, phase composition (quantity of α′-martensite) and roughness parameter Ra  

of the surface of AISI 321 steel samples after different types of treatment 

Таблица 3. Микротвердость HV 0,025, фазовый состав (количество α′-мартенсита деформации)  

и параметр шероховатости Ra поверхности образцов из стали AISI 321 после различных обработок  

 

 

Types of treatment HV 0.025 α′, vol. % Ra, µm 

Electropolishing 200±7 0 – 

Grinding (abrasive 14/10 µm) 260±8 9±2 0.08±0.02 

Liquid carburizing 890±110 20±2 0.52±0.13 

 

 

 

      

 a b 

 

c 

Fig. 4. X-ray diffraction patterns of the surface of AISI 321 steel in quenched condition (a),  

after grinding with an abrasive grit of 14/10 µm (b), and liquid carburizing (с) 

Рис. 4. Рентгеновские дифрактограммы поверхности стали AISI 321 в закаленном состоянии (a),  

после шлифования абразивом зернистостью 14/10 мкм (b) и жидкостной цементации (с) 

 

 

 

increase in the microhardness of the surface of the steel 

under study (up to 260 HV 0.025). After liquid carburiz-

ing, the microhardness of austenitic steel increases by 

4.5 times – up to 890 HV 0.025. 

After mechanical grinding with diamond paste, the 

AISI 321 steel surface is characterized by the presence 

of shallow grooves oriented in the grinding direction and 

low values of the arithmetic average profile deviation 

Ra=0.08 μm (Fig. 5 a, Table 3). The steel surface after 

carburizing has a higher roughness (Ra=0.52 μm). This 

may be caused by the fact that a clear relief is visible on 

the surface of the carburized steel along the grain boun-

daries, which is associated with their etching during 

electrolytic removal after oxide film carburizing (Ta-

ble 3, Fig. 5 b). 

Histograms shown in Fig. 6 indicate that austenitic 

AISI 321 steel after grinding and after carburizing is chara-

cterized by similar corrosion rates: km=0.40±0.04 g/(m
2
·h) 

and km=0.32±0.02 g/(m
2
·h) respectively. At the same time,  

the corrosion rate of carburized steel is even lower. 
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 a b 

Fig. 5. Images of the surface of AISI 321 steel samples  

after grinding with an abrasive grit of 14/10 µm (a) and liquid carburizing (b) 

Рис. 5. Изображения поверхности образцов из стали AISI 321  

после шлифования абразивом зернистостью 14/10 мкм (a) и жидкостной цементации (b) 

 

 

 

 

 

Fig. 6. The dependence of corrosion rate km of AISI 321 steel samples on the type of surface treatment 

Рис. 6. Зависимость скорости коррозии km образцов из стали AISI 321 от вида обработки поверхности 

 

 

 

DISCUSSION  

The registered more than three-fold strengthening  

(up to 710 HV 0.025) of 12Cr18Ni10Ti steel during frictional 

treatment, is caused by the formation of a highly dispersed 

(up to nano- and submicrocrystalline state) martensitic-

austenitic structure [5], and the formation of 70 vol. % strain-

induced α'-martensite as a result of the implementation of the 

deformation phase transformation. In [15], in the surface 

layer  of austenitic AISI 321 steel during fric-tional treat-

ment, a complete deformation γ→α'-transformation was ob-

served, which was facilitated by a lower content of the strong 

nickel austenite stabilizer in the steel (8.44 wt. % Ni) than in 

12Cr18Ni10Ti steel (10.04 wt. % Ni, Table 1). However,  

the revealed relatively low level of microhardness on  

the AISI 321 steel surface (480 HV 0.025), indicates lower 

degrees of plastic deformation and structure dispersion 

achieved in the work [15]. Consequently, it is not the strain-

induced martensitic transformation of low-carbon austenite, 

but the activation of the grain-boundary strengthening 

mechanism during grain refinement during frictional treat-

ment, that contributes decisively to the strengthening of  

the 12Cr18Ni10Ti steel studied in this work. 

The austenitic 12Cr18Ni10Ti steel surface, which is 

prone to setting during friction, formed during frictional 

treatment, is characterized by rather low values of  

the roughness parameter Ra=0.17–0.33 µm during profile-

metry of areas with dimensions of 211×278 µm. In  

the work [20], during frictional treatment of high-nitrogen 

austenitic steel, a surface with a roughness parameter 

Ra=0.39 μm was formed. At the same time, during shot 

peening, the surface of AISI 304 steel was characterized by 

significantly higher roughness: Ra=2.8–3.8 μm [21].  

Thus, frictional treatment provides both effective strengthening 

of 12Cr18Ni10Ti steel, and high quality of its surface. 

The registered increased corrosion rate of 12Cr18Ni10Ti 

steel in a deformed state (after mechanical grinding and fric-

tional treatment) (Fig. 3), may be caused by the presence of 

strain-induced martensite in the surface layers. In the work 

[22], the occurrence of pitting corrosion on the surface of 

304 L steel was associated with the presence of electro-
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chemical heterogeneity, which is caused by the appear-

ance of α′-martensite. However, the volume fraction of 

the α′-phase formed during grinding of 12Cr18Ni10Тi 

steel is significantly less (7 vol. %), than during frictional 

treatment (55–70 vol. %), and the corrosion rate of steel in 

the ground state is slightly higher (Table 2, Fig. 3).  

The registered positive effect of frictional treatment on cor-

rosion resistance, despite the intensive development of mar-

tensitic transformation during loading with an indenter, can 

be explained by the strong structure fragmentation during 

frictional treatment [5], which contributes to the accelerated 

formation of passive films on the stainless steel surface [23]. 

Thus, in terms of the corrosion resistance of 12Cr18Ni10Тi 

steel, frictional treatment has a certain advantage over me-

chanical grinding. 

Previously, it was noted, as well, that grinding, and fric-

tional treatment cause an increase in the surface roughness 

of 12Cr18Ni10Тi steel compared to electropolishing: 

Ra=0.11–0.33 μm and Ra=0.06 μm, respectively. In this 

case, the presence of defects in the material continuity 

(small pits and cracks, Fig. 2 b) are registered on the po-

lished surface, and as a result of frictional treatment, pro-

nounced traces of deformation appear on the surface in  

the form of longitudinal ridges, dimples and smoothed 

stripes (Fig. 2 c, 2 d). It has been shown that an increase in 

the steel surface roughness, is accompanied by a growth in 

the corrosion rate [18; 24], and defects can act as additional 

sources of corrosion destruction, and prevent material pas-

sivation [25]. Thus, apparently, the corrosion behaviour of 

austenitic steel is influenced significantly by the quality of 

its surface (roughness, presence or absence of defects). 

The effective increase in the microhardness of austenitic 

AISI 321 steel (from 200 to 890 HV 0.025) achieved during 

liquid carburizing, is associated with solid solution 

strengthening due to austenite saturation with carbon, dis-

persion strengthening during the precipitation of carbide 

phases, the formation of α′-martensite and an increase in  

the density of structure defects during plastic deformation [13]. 

Despite the formation of 20 vol. % strain-induced α′-mar-

tensite, carbides, and a small amount of -martensite [13], 

as well as a higher surface roughness, there is a slightly 

lower level of corrosion rate of AISI 321 steel after liquid 

carburizing than after grinding (Fig. 6). This is associated 

with the fact that interstitial atoms, in particular carbon, 

stabilize the electronic state of iron, thereby increasing its 

corrosion resistance [26]. This is true for both austenite and 

martensite [27]. Along with this, oxyanions such as HCO3
−
 

and CO3
2−

 are effective inhibitors for suppressing anodic 

corrosion [26]. 

 

CONCLUSIONS 

General corrosion tests in a solution of 20 wt. % NaCl + 

+ 30 wt. % HCl (1:1) showed that, compared to electro-

polishing, effective hardening of the surface of austenitic 

metastable 12Cr18Ni10Тi steel by frictional treatment 

(from 220 to 710 HV 0.025), is accompanied by an increase 

in the corrosion rate from km=0.35 g/(m
2
·h) to km=0.53–

0.54 g/(m
2
·h). However, even despite the formation on  

the surface of steel of 55–70 vol. % strain-induced marten-

site, under the influence of a sliding indenter, frictional 

treatment does not lead to a corrosion resistance deteriora-

tion, compared to another mechanical post-processing of 

austenitic steel – grinding with fine-grained (20/14 μm) 

cloth, which does not provide a significant increase in sur-

face microhardness (only up to 240 HV 0.025), and the de-

velopment of strain-induced martensitic austenite transfor-

mation. In this case, the corrosion rate of polished steel 

reaches km=0.58 g/(m
2
·h). 

The corrosion behaviour of 12Cr18Ni10Ti steel subject-

ed to electrolytic polishing, grinding, and frictional treat-

ment is determined by the following factors: the pre-

sence/absence of strain-induced α′-martensite in the struc-

ture, the formed surface quality (roughness, presence or 

absence of continuity defects), and apparently, the formed 

structure dispersion. 

It has been found that liquid carburizing at a tempera-

ture of 780 °C simultaneously leads to effective hardening 

(from 200 to 890 HV 0.025) of electropolished austenitic 

AISI 321 steel, and a slight increase in corrosion resistance 

compared to fine mechanical grinding with diamond paste. 

The corrosion rate of ground steel is km=0.40 g/(m
2
·h), and 

of carburized one is km=0.32 g/(m
2
·h). This is related to  

the fact that interstitial carbon atoms stabilize the electronic 

state of iron (both of austenite and martensite), thereby in-

creasing its corrosion resistance. 
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Аннотация: В настоящее время для повышения твердости, прочности и износостойкости термически неупроч-

няемых аустенитных хромоникелевых сталей применение нашли такие методы, как фрикционная обработка сколь-

зящим индентором и жидкостная цементация. Однако наряду с эффективным повышением механических характери-

стик применение указанных обработок может сопровождаться снижением коррозионной стойкости аустенитных 

сталей. Поэтому целесообразно исследовать влияние фрикционной обработки и жидкостной цементации на сопро-

тивление общей коррозии Cr–Ni аустенитных сталей. В данной работе по методу восстановленного отпечатка опре-

деляли поверхностную микротвердость сталей 12Х18Н10Т и AISI 321 после электролитического полирования, меха-

нического шлифования, фрикционной обработки и жидкостной цементации при температуре 780 °C. С применением 

сканирующей электронной микроскопии и оптической профилометрии изучали подвергнутые указанным обработ-

кам поверхности сталей и определяли их шероховатость. Коррозионную стойкость стали исследовали при испыта-

ниях на общую коррозию гравиметрическим методом. При испытаниях на общую коррозию установлено, что уп-

рочняющая (до 710 HV 0,025) фрикционная обработка приводит к повышению скорости коррозии аустенитной стали 

12Х18Н10Т в сравнении с электрополированным состоянием (от km=0,35 г/(м
2
·ч) до km=0,53–0,54 г/(м

2
·ч)). Скорость 

коррозии шлифованной стали составляет km=0,58 г/(м
2
·ч), при этом механическое шлифование не обеспечивает зна-

чительного повышения микротвердости исследуемой стали (от 220 до 240 HV 0,025). Показано, что коррозионное 

поведение подвергнутой различным обработкам стали 12Х18Н10Т определяется следующими факторами: наличи-

ем/отсутствием α′-мартенсита деформации в структуре, качеством сформированной поверхности и, по-видимому, 

дисперсностью сформированной структуры. Жидкостная цементация аустенитной стали AISI 321 приводит одно-

временно к повышению ее микротвердости до 890 HV 0,025 и некоторому росту коррозионной стойкости по сравне-

нию с тонкой механической шлифовкой. Это связано с тем, что атомы внедрения углерода стабилизируют электрон-

ное строение железа (аустенита и мартенсита), тем самым повышая его коррозионную стойкость.  

Ключевые слова: аустенитная хромоникелевая сталь; фрикционная обработка; жидкостная цементация; мик-

ротвердость; фазовый состав; шероховатость; коррозионная стойкость. 
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