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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 12Cr18Nil0Ti 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 12Cr18NilOTi austenitic steel compared to
the electropolished state (from £,=0.35 g/(m2~h) to k,=0.53-0.54 g/(mz'h)). The corrosion rate of the ground steel is
k,=0.58 g/(m*-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 12Cr18Nil10Ti steel subjected to
various types of treatment is determined by the following factors: the presence/absence of strain-induced
a'-martensite in the structure, the quality of the formed surface and, apparently, the dispersion of the formed 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.
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a combination of their advantages, such as high workabi-

INTRODUCTION

Chromium-nickel austenitic steels of the 18Cr—10Ni
type are widely used among corrosion-resistant materials.
In particular, metastable austenitic 12Cr18Nil0Ti steel and
its foreign analogues — AISI steels of the 300 series
(AIST 304, AISI 321) are used in the food, medical, chemi-
cal, and oil refining industries. This is conditioned by

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 um 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 12Cr18Nil0Ti
steel decreases with an increase in the degree of tensile
strain, and accordingly, with an increase in the a'-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: 12Cr18Nil0Ti (GOST 5632-2014)
and AISI321. 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 H,SO, + 400 g
H;PO, + 50 g CrO; at a temperature of 60—70 °C.

12Cr18Nil0Ti steel samples with dimensions of
98x38x8.6 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 40x52x10 mm was carried out in molten salts
with the addition of silicon carbide of the 80 % Na,CO; +
+ 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 4=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. % CH;COOH +
+ 10 wt. % H,Cl10O, for 30 s.

All samples were cut using electrical discharge cutting
on a FANUC Robocut a-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 CrK, 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. %
Taonuya 1. Xumuueckuii cocmag ucciedyemvix cmane, mac. %

Steel C Cr Ni Ti Mn Si Mo Co Nb Cu
12Cr18Nil0Ti 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.

Ipumeuanue. Cooeporcanue S u P ne npegviwwaem 0,036 %, ocmanvnoe 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 a-phase
Va was calculated using the formula

Va = 100 , vol. %,
111ty
141,45 8
1(110 o

where /(111)y and /(110)a are the integral intensities of
v-lines and a-phases [19].

The depth of the analyzed layer when determining
the phase composition was ~7 um. 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 211x278 um 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. % HCI (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 12Cr18Nil0Ti
steel with dimensions of 10x10x2 mm in the following
conditions: after electropolishing, grinding on M20 abrasive
cloth (GOST 3647-80) with a grain size of 20/14 um, and
after frictional treatment at n=1 and »n=11. Samples of
AISI 321 steel with dimensions of 7x7%2 mm were tested
in the following conditions: after grinding with ASM 14/10
NOMG diamond paste with a grain size of 14/10 pm
(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 k,, was calculated using the formula

A
k,, == g/(m>h),
St

where Am is weight loss, g;
S is surface area of test samples, m’;
T 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) 12Cr18Nil0Ti
steel contains 100 vol. % y-phase (austenite), and o’-phase
(strain-induced martensite) is absent.

After mechanical grinding, except for the y-phase,
the structure of steel under study also contains the o'-phase,
the volume fraction of which is 7 vol. % (Table 2, Fig. 1b).
During frictional treatment in the surface layer of the steel un-
der study, the deformation y—o'-transformation develops more
intensively (Fig. 1 ¢, 1 d). The amount of o'-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 2.5times (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 o'-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 Table2, the surfaces of
12Cr18Nil0Ti steel after electropolishing and mechanical
grinding using fine-grained (20/14 um) cloth are characteri-
zed by similar levels of the arithmetic average deviation

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

12Cri18Nil0Ti steel samples after different types of treatment

Taonuya 2. Muxpomeepoocmo HV 0,025, ¢pazoswiii cocmas (koauuecmeo o.'-mapmencuma) u napamemp uiepoxosamocmu Ra
nosepxsocmu oopasyos uz cmaau 12X18HI10T nocne paznuynvix 06pabomox

Types of treatment HV 0.025 o', vol. % Ra, pm
Electropolishing 220420 0 0.06+0.01
Grinding (abrasive 20/14 pm) 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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Fig. 1. X-ray diffraction patterns of the surface of 12Cr18Nil0Ti steel in quenched condition (a),
after grinding with an abrasive grit of 20/14 um (b), and frictional treatment at n=1 (¢) and n=11 (d)
Puc. 1. Penmeenosckue oughpaxmozpammor nogepxnocmu cmaau 12X18HI10T 6 3akanennom cocmosnuu (a),
nocne waughosanus abpasueom seprucmocmoto 20/14 mxm (b) u ppuxyuonnoii oopabomxu npu n=1 (c) u n=11 (d)

of the profile Ra (0.06 and 0.11 pm). The steel surface after
frictional treatment demonstrates higher values of this pa-
rameter: Ra=0.17-0.33 pm.

Electrolytic polishing leads to the formation of a smooth
12Cr18Nil0Ti 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 um. 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 um
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: £,=0.35+0.05 g/(m*h).
The corrosion rate of steel in the polished state is 1.6 times
higher: £,=0.58+0.12 g/(m*-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: k,=0.53+0.09 g/(m*h) and k,=0.54+0.07 g/(m>h).

X-ray phase analysis showed (Table 3, Fig. 4 a) that
AISI 321 steel in the quenched state (after electropolishing)
contains 100 vol. % y-phase (a'-phase is absent). As a result
of mechanical grinding, 9 vol. % a’-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 y¢, o’-martensite, Cry3Cq chromium carbides and Fe;C
cementite (Fig. 4 c). In this case, the amount of o’-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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Fig. 2. Images of the surface of 12Cr18Nil 0Ti steel samples after electropolishing (a),
grinding with an abrasive grit of 20/14 um (b), frictional treatment at n=1 (c¢) and n=11 (d)
Puc. 2. H3o6padicenus nogepxnocmu 06pasyoe uz cmanu 12X18HI10T nocre anexkmpoaumuyeckoeo noaupoganus (a),
winugposanus abpaszueom seprucmocmoio 20/14 mxm (b), ppuxyuonnoii o6pabomxu npu n=1 (c) u n=11 (d)
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Fig. 3. The dependence of corrosion rate k,, of 12Cr18Nil0Ti steel samples on the type of surface treatment
Puc. 3. 3asucumocms ckopocmu xopposuu k,, oopasyos uz cmanu 12X18HI10T om éuda obpabomku nogepxHocmu

Frontier Materials & Technologies. 2023. Ne 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 o'-martensite) and roughness parameter Ra
of the surface of AISI 321 steel samples after different types of treatment

Taonuya 3. Muxpomeepoocme HV 0,025, ¢azoewiii cocmas (konuvecmeo a'-mapmencuma oegpopmayuu)

u napamemp wiepoxogamocmu Ra nogepxnocmu 0opa3syos us cmanu AISI 321 nocne pasnuunvix 06pabomox

Types of treatment HV 0.025 o', vol. % Ra, pm
Electropolishing 200+7 0 -
Grinding (abrasive 14/10 pm) 260+8 9+2 0.08+0.02
Liquid carburizing 890+110 20+2 0.52+0.13
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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 um (b), and liquid carburizing (c)
Puc. 4. Penmeenosckue ouppaxmozpammol nosepxrnocmu cmanu AISI 321 6 sakanennom cocmosnuu (a),
nocne winughosanus abpazueom zeprucmocmoto 14/10 mxm (b) u scudkocmuoii yemenmayuu (c)

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 um (Fig. 5 a, Table 3). The steel surface after
carburizing has a higher roughness (Ra=0.52 pm). 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: k,=0.40+0.04 g/(m’-h)
and k,=0.32+0.02 g/(m”-h) respectively. At the same time,
the corrosion rate of carburized steel is even lower.
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Frontier Materials & Technologies. 2023. Ne 4



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

Fig. 5. Images of the surface of AISI 321 steel samples
after grinding with an abrasive grit of 14/10 um (a) and liquid carburizing (b)
Puc. 5. Hzobpascenus nosepxrnocmu obpasyos uz cmanu AISI 321
nocne uugosanus abpazueom seprucmocmoio 14/10 mrxm (@) u scuokocmuoii yemenmayuu (b)
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Fig. 6. The dependence of corrosion rate k,, of AISI 321 steel samples on the type of surface treatment
Puc. 6. 3asucumocms ckopocmu kopposuu k,, obpasyos uz cmanu AISI 321 om suoa obpabomku nosepxnocmu

DISCUSSION

The registered more than three-fold strengthening
(up to 710 HV 0.025) of 12Cr18Nil0Ti 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 o'-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 y—a'-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
12Cr18Nil10Ti 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 12Cr18Nil0Ti steel studied in this work.

The austenitic 12Cr18NilO0Ti 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 um during profile-
metry of areas with dimensions of 211x278 um. In
the work [20], during frictional treatment of high-nitrogen
austenitic steel, a surface with a roughness parameter
Ra=0.39 ym 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 pm [21].
Thus, frictional treatment provides both effective strengthening
of 12Cr18Nil0Ti steel, and high quality of its surface.

The registered increased corrosion rate of 12Cr18Nil10Ti
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 o’-martensite. However, the volume fraction of
the o'-phase formed during grinding of 12Cr18Nil0Ti
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 12Cr18Nil0Ti
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 12Cr18NilOTi steel compared to electropolishing:
Ra=0.11-0.33 um and Ra=0.06 um, 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 ¢, 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 o'-martensite and an increase in
the density of structure defects during plastic deformation [13].

Despite the formation of 20 vol. % strain-induced o’-mar-
tensite, carbides, and a small amount of e-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 HCO;~
and CO5> are effective inhibitors for suppressing anodic
corrosion [26].

CONCLUSIONS

General corrosion tests in a solution of 20 wt. % NaCl +
+30 wt. % HCI (1:1) showed that, compared to electro-
polishing, effective hardening of the surface of austenitic
metastable 12Cr18Nil0Ti steel by frictional treatment
(from 220 to 710 HV 0.025), is accompanied by an increase
in the corrosion rate from £,=0.35 g/(m**h) to k,=0.53—
0.54 g/(m*-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 pm)
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 k,,=0.58 g/(m2~h).

The corrosion behaviour of 12Cr18Nil0Ti steel subject-
ed to electrolytic polishing, grinding, and frictional treat-
ment is determined by the following factors: the pre-
sence/absence of strain-induced o'-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 k,=0.40 g/(m*h), and
of carburized one is k,=0.32 g/(m*-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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Annomayus: B HacTosee BpeMs Ul HOBBILCHUS TBEPAOCTH, TPOYHOCTH ¥ M3HOCOCTOWKOCTH TEPMUYECKH HEYIPOU-
HSEMBIX ayCTCHUTHBIX XPOMOHHKEIEBBIX CTAJICH IPUMEHCHNE HAIUIN TaKHe METOJpI, KaK ()pPUKIHMOHHAS 00pabOTKa CKOJIb-
3SIIMM UHIEHTOPOM U JKHJKOCTHas lieMeHTanus. OHako Hapsny ¢ 3G (eKTHBHBIM OBBIIICHHEM MEXaHUUECKUX XapaKTepH-
CTHK TIPUIMEHEHHE YKa3aHHBIX 00pabOTOK MOYKET COMPOBOXKAATHCS CHWKEHHEM KOPPO3MOHHOW CTOWKOCTH ayCTEHHTHBIX
craneii. [loaToMy 11e11€Cc000pa3HO HCCIEeNOBaTh BIMsHUE (DPUKIMOHHOW 0OpabOTKU U JKHIKOCTHOM LIEMEHTALMH Ha COIPO-
TuBJeHHe o01el koppo3un Cr—Ni aycTeHUTHBIX cTayieid. B naHHON paboTe Mo MeToqy BOCCTaHOBJIEHHOI'O OTIIEYATKAa OIpe-
JIEJISIITA TIOBEPXHOCTHYIO MUKpOTBepAOCTh cTanieit 12X18H10T u AISI 321 nociie 3meKTpoIMTHYECKOTO MOTUPOBAHMS, MeXa-
HUYECKOro HIu(oBaHus, GPPUKIMOHHON 00pabOTKHU 1 KUIKOCTHON HeMeHTauuu npu temneparype 780 °C. C npumeHeHneM
CKaHUPYIOIIEH 3JIEKTPOHHOM MHKPOCKOIINH 1 ONTHYECKOH MPOQHUIOMETPHN M3ydalH HOJIBEPTHYTHIE YKa3aHHBIM 00paboT-
KaM MOBEPXHOCTH CTaJIed W ONpENessUIM UX IIepOX0BaTOCTh. KOPPO3MOHHYIO CTOMKOCTh CTaIM WCCIIEAOBANHN IIPU HCIIBITA-
HHUAX Ha OOIIYI0 KOPPO3HIO I'PaBUMETPHUUECKUM METOZOM. IIpH MCIIBITAHHAX Ha OOIIYI0 KOPPO3HIO YCTAHOBIICHO, YTO YII-
pousstroras (no 710 HV 0,025) ¢ppukmmonHast 00paboTka IPUBOAXT K IMOBBIIICHAIO CKOPOCTH KOPPO3UH AyCTCHUTHOW CTaIN
12X18H10T B cpaBHEHHH C AIIEKTPOIIOIUPOBAHHBIM cOCTOsTHIEM (OT £;,=0,35 /(M* 1) 10 k,=0,53-0,54 r/(M*-q)). CkopocTb
KOPPO3HH MUTH(OBAHHOM CTAIN cocTaBisieT k,=0,58 r/(M-4), IpH 3TOM MeXaHHYecKoe HUTH(OBAHHE He 00eCIeUnBACT 3HA-
YUTEIHHOTO TOBBINMIEHHUS] MUKPOTBEPAOCTU uccieayemoi ctanu (ot 220 no 240 HV 0,025). IlokazaHo, 9YTO KOPPO3UOHHOE
MOBEICHUE MOJBEPTrHYTON pa3inndyHbIM oOpadoTkam cramu 12X18H10T ompenensiercst cienyromumMu (GakTopaMu: HaId9H-
eM/OTCYTCTBHEM 0'-MapTeHCHTa JeOpMallK B CTPYKTYpE, KaueCTBOM C(HOPMHUPOBAHHON MOBEPXHOCTH H, MO-BHAMMOMY,
JIUCTIEPCHOCTBIO C(HOPMUPOBAHHON CTPYKTYpHI. JKuIkocTHas meMeHTanus aycteHuTHou cramu AISI 321 mpuBoaut ojHO-
BPEMEHHO K TOBBIIIEHUIO €€ MUKpOoTBepocTH 10 890 HV 0,025 1 HeKoTopoMy pOCTy KOPPO3HMOHHOHN CTOMKOCTH 1O CpaBHE-
HHIO C TOHKOM MEXaHHUYeCKOW IUTM(OBKOI. DTO CBSI3aHO C TEM, YTO aTOMbI BHEJJPEHUSI yriiepoja CTaOMIM3UPYIOT JIEKTPOH-
HOE CTPOEHHE jKelle3a (ayCTeHNTa U MApTEHCHTA), TEM CaMBbIM MOBBIIIAs €T0 KOPPO3HOHHYIO CTOMKOCTB.

Knrouegvie cnosa: aycTeHNTHAs XPOMOHHMKENEBas CTallb; (PPUKIMOHHAS 00pabOTKa; KUIKOCTHAS LIEMEHTAIN; MHUK-
POTBEpAOCTh; (ha30BbIH COCTAB; IIEPOXOBATOCTh; KOPPO3UOHHASI CTOWKOCTb.

Bnazooapnocmu: ABTOpHI BBHIpAXAIOT IIIyOOKYIO OJlaroJjapHOCTh 3a ydacThue B padOTe JOKTOPY TEXHHUYECKHX HAyK
B.B. bepe3oBckoii.
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