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Mathematical models based on regression trees have been developed to establish the
relationship between the repassivation potentials Erp and free corrosion Ecor of
06KhN28MDT alloy in a gap with a chloride-containing medium and its chemical
composition and structure. It was found that the E.ep potential shifts to the positive side by
192.4 mV with an increase in the Cr content from 23.12 up to 23.68 wt.%, and Ecor reaches
the most negative value (-0.4557 V) with a decrease in the Cr and Mn content. Reducing
the mean austenite grain diameter to 11 pm reduces Erep to 0.287 V. Mathematical models
allow us to select optimal melts to increase the resistance of heat exchangers to crevice
corrosion.

Keywords: crevice corrosion of 06KhN28MDT alloy, prediction of crevice corrosion resistance
of 06KhN28MDT alloy, repassivation and free corrosion potentials and their calculation

Introduction. The design features of plate heat exchangers can contribute
to crevice corrosion during their operation in the circulating systems of enterprises.
In particular, local corrosion damage has been recorded at the tops of corrugations
between adjacent heat transfer plates, on their surfaces under the recycled water
sediment, and at the ends of the groove for the rubber gasket [1, 2]. This paper
establishes the dependence between the limit potentials of the 06KhN28MDT
alloy and its indicators in a gap with a chloride-containing medium.

Results. Based on the results of the analysis of the mathematical model
(Fig. 1), it has been found that the free corrosion potential Ec of the alloy has the
most negative value (-0.455714V) when the chromium content is less than
22.215 wt.% and the manganese content is less than 0.455 wt.%. Under such
conditions, the resistance of this alloy to crevice corrosion increases, as its AE
criterion increases [3]. This is due to the fact that the lower the alloy's Ecor
potential, the easier it is to give up electrons, contributing the ionization of metals
at the anode sites. The density of anode currents decreases due to their
redistribution among a larger number of anode sites, which "slows down" the
transformation of metastable local corrosion damage into stable damage [4, 5].

144



CORROSION PROTECTION OF MATERIALS

Cr<23.055 A_Cr>=23055

Mn >=0.455 Ni <27.575 A _Ni>=27575

Cr<22.515 A Cr>=22.515 C<0.053 &>=145 Ni<27.675A Ni>=27.675

045571 -043375 " 0.3975

-0.41

-0.42625 042

037125 0385
Fig. 1. Regression tree showing the relationship between the free corrosion
potential Ecor of 06KhN28MDT alloy in a gap with a chloride-containing solution and its
chemical composition and structural components.

Reducing the content of manganese, as a surface-active chemical element,
most likely contributes to the depletion of the oxide film on the alloy surface by
chromium, which leads to a shift in its potential Ec.rin the negative direction [6].

It was found that the potential Ecor of the alloy shifts to -0.4126 V if the
chromium content is greater than or equal to 23.055 wt.%. If the nickel content is
less than 27.57 wt% and the mean austenite grain diameter is less than 14.5 um,
the Ecor potential is -0.4 V. These dependencies show that the smaller the austenite
grain and the lower the nickel content, the more positive the corrosion potential.
Under such conditions, the ionization of metals in contact with the media is more
difficult.

The E.. potential shifts to the negative side to -0.434615V with an increase
in manganese content from 0.455 up to 0.57 wt%. When the carbon content is less
than 0.053 wt.%, the Ecor potential is -0.41 V. Thus, the Ec, potential of the alloy
shifts to the positive side by 0.0246 V, which reduces the rate of general corrosion
but increases the probability of crevice corrosion.

The analysis of the model showed that the repassivation potential Ere, of
the 06HN28MDT alloy depends on the content of chromium, copper, and the mean
austenite grain diameter (Fig. 2). If the chromium content is less than 23.43 wt.%,
as well as less than 22.315 wt.% and the mean austenite grain diameter is less than
22 pm, then the potential Er, is 0.07875 V. If the chromium content is greater than
or equal to 23.43 wt.%, then the potential shifts intensively towards the positive
side to 0.5538 V. This contributes to an increase in the AE criterion of the alloy
and its resistance to crevice corrosion [7-9].
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Fig. 2. Regression tree showing the relationship between the repassivation potential Erep of
06KhN28MDT alloy in a gap with a chloride-containing solution and its chemical
composition and structure components

It has been established that defects in the alloy structure at the austenite
grain boundaries have a stronger effect on its E, potential in a chloride-containing
medium than the ability of chromium to form passive films on the surface of local
damage [10, 11]. When the mean austenite grain diameter is greater than or equal
to 22.5 pum, the E, potential is 1.075V.

It was found that the potential E,, of the alloy rapidly shifts to the positive
side by 192.4 mV with an increase in chromium content from 23.125 up to 23.68
wt.%. This leads to an increase in the alloy's resistance to crevice corrosion in a
chloride-containing media.

Conclusions. Analysis of regression tree-based mathematical models
reveals that the repassivation potential (Erp) of 060KhN28MDT alloy in chloride-
containing media shifts positively by 192.4 mV with chromium content increase
from 23.12 up to 23.68 wt%, significantly enhancing crevice corrosion resistance
through formation of dense oxide films. Minimum E., values (0.287V) are
observed at austenite grain diameters below 16.5um, with progressive positive
shifts to 0.5V when Cu<2.73% and Cr<23.125%, and further up to 0.765V and
0.73V respectively at higher concentrations, where copper demonstrates greater
influence on electrochemical behavior. The corrosion potential (Ecor) reaches
maximum negative values (-0.4557V) at reduced chromium (<22.215%) and
manganese (<0.455%) concentrations, which decreases crevice corrosion
susceptibility while accelerating general corrosion. Carbide precipitation
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occurring at carbon contents exceeding 0.053 wt% induces slight negative Ecor
shifts, while larger grain diameters (>15.5um) produce more positive values
(-0.38V). Increased nickel content (>27.675%) shifts Ec.r negatively by 0.17V,
enhancing the alloy's resistance to local corrosion.

1.

2.

10.

11.

Narivs'kyi O.E. Micromechanism of corrosion fracture of the plates of heat exchangers
// Mater. Sci. —2007. — 43 — P. 124—132. https://doi.org/10.1007/s11003-007-0014-3

Narivs'kyi O.E. Corrosion fracture of plate-like heat exchanger // Mater. Sci. — 20035.
—41. P. 122-128. https.//doi.org/10.1007/s11003-005-0140-8

RTM-26-01-88 Guiding technical material. Methods of corrosion testing of metal
materials. Basic requirements. Evaluation of results. Moscow: VNIlkhimmash. - 1989.
- 22 p. [in Russian]

Narivskyi O.E. Influence of the heterogeneity of AISI-321 steel on its pitting in
chloride-containing media // Mater. Sci. — 2007. — 43. — P. 256-264.
https://doi.org/10.1007/511003-007-0029-9

Mishchenko V.G., Snizhnoi G.V., Narivs'kyy O.Eh. Magnetometric investigations of
corrosion behavior of AISI 304 steel in chloride-containing environment // Metallofiz.
Noveish. Tekhnol. —2011. — 33. — P. 769-774.

Bolfrouh A., Masson C., Vouagner D. and et al. The cumulative effect of alloying
elements N, W, Mo and Cu on the corrosion behavior of 17Cr-13Ni stainless steel in
2 N H:SOs // Corrosion science. — 1996. — 38 (10). — P. 1639-1648.
https://doi.org/10.1016/S0010-938X(96)00033-9

Dzhus A.V., Narivskyi O.E., Subbotin S.A., Pulina T.V., Snizhnoi G.V., Leoshchenko
S.D. The Influence of the Components of the 06KhN28MDT Alloy (Analogue of
AISI904L Steel) and the Parameters of the Model Chloride-Containing Recycled
Water of Enterprises on Its Pitting Resistance // Metallofiz. Noveish. Tekhnol. — 2024.

— 46— P. 371-383. https.//doi.org/10.15407/mfint.46.04.037

Gerasimov, V.V. Prediction of metal corrosion / V.V. Gerasimov // Metallurgy: 1989.
- 151 p. [in Russian]

Perren R.A., Ugowitzer P.J., Speidel M.O. Microstructure and corrosion resistance of
super duplex stainless steels. Duplex Stainless Steels 97/ Proseedings, 5th World
Conference, 21-23 Jct. — Maastricht, Netherlands. — 1997. — 1. — P. 897.

Manning P.E., Duquette D., Savage W.F. Technical note: The effect of retained ferrite
on localized corrosion in duplex 304L stainless steel // Mater. Sci. — 1980. — 59. —
P. 260-262.

Wang J-H., Su C.C., Szklarska-Smialowska Z. Effects of Cl— Concentration and
temperature on pitting of AISI 304 stainless steel // Corrosion. — 1988. — 44 (10). — P.

732-737. https.//doi.org/10.5006/1.3584938

147


https://doi.org/10.1007/s11003-007-0014-3
https://doi.org/10.1007/s11003-005-0140-8
https://doi.org/10.1007/s11003-007-0029-9
https://doi.org/10.1016/S0010-938X(96)00033-9
https://doi.org/10.15407/mfint.46.04.037
https://doi.org/10.5006/1.3584938

	1. Title_P 1-2
	COVER
	TITLE
	CONTENT
	SECTION 1
	Chapter1
	Chornenkyi
	Kaniuk
	Rumiantseva
	Shtoyko
	Войтко
	Долінська
	Дубик
	Ліснічук
	Сапужак
	Чернобай

	SECTION 2
	Chapter2
	Halaichak
	Khaburskyi
	Vasyliev
	Vorobyova
	Дацко
	Сачанова
	Стаднік
	Ущаповський
	Шляхетка
	Штефан

	SECTION 3
	Chapter3
	Ivanov
	Kukhar
	Lavrys
	Lemishka
	Maksymiv
	Oshchapovsky
	Paientko
	Podhurska
	Serhiienko
	Tkachuk
	Zuber
	Ворон
	Галак
	Даниляк
	Каракуркчі
	Кононюк
	Лужний
	Проскурняк
	Райтер
	Скромна
	Стасишин
	Шиян

	SECTION 4
	Chapter4
	Ivantyshyn
	Lysechko
	Альохіна
	Коцюба
	Курапов
	Лозован
	Мельник
	Мінайлова
	Слєпко
	Сурядова
	Шарабура

	SPONSORS-title
	SPONSORS
	INDEX
	REAR COVER

