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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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DISSOLUTION OF STAINLESS STEEL POLARIZED BY
ALTERNATING CURRENT IN HYDROCHLORIC ACID SOLUTION

Abstract. The stainless steel dissolution was shown under polarization of "steel-titanium" electrodes pair by
alternating current for the first time. The effects of the main parameters of the electrolysis (current density of steel
and titanium electrodes, electrolyte concentration and temperature) on the electrochemical dissolution of stainless
steel in hydrochloric acidic medium were investigated. Quantitative and qualitative analyses were made on the
solutions after the electrolysis had been performed. The dissolution of stainless steel in hydrochloric acidic medium
by forming Fe?" and Cr** ions were detected. When the current density of the steel electrode polarized by alternating
current was increased up to 400 A/m’, the current efficiency of the alloy dissolution was 45% for iron (II) ions,
12,7%, for chromium (III) ions, while the current efficiency of total steel dissolution reached 57.7%. The optimum
density of the titanium electrode was determined and the current efficiency of the formation of iron (II) and
chromium (III) ions in the current density of 40 kA/m* were 39% and 10.5% respectively, and the current efficiency
of the total steel dissolution was 49.5%. The current efficiency of stainless steel electrode dissolution was shown to
achieve the maximum value at 0.5 M hydrochloric acid concentration. When the temperature changed between 20-
80°C, a decrease in current efficiency was observed.

Key words: stainless steel, alternating current, hydrochloric acid, iron (II) ions, chromium (III) ions, electro-
lyte.

Nowadays, due to the extensive use of ferrous metallurgy products, processing their wastes, impro-
ving the waste technology, developing rational methods for their processing and making valuable
inorganic compounds from these metals have gained increasing importance.

It is known that steel with a high proportion of chromium is highly resistant to corrosion in acidic
medium. When the corrosion-resistant metal is added to a metal that is not resistant to corrosion,
protection properties of alloy will increase. The main alloying element of the stainless steel is chromium.
The pitting stability will improve while the mass fraction of chromium is 12%, the second pitting stability
will increase by 17% [1]. If the mass fraction of chromium is about 40%, steel does not corrode as pure
chromium [2].

The main disadvantage of chrome steel is its fragility. A small amount of nickel is added to stainless
steel to eliminate this defect. Due to its high durability and corrosion resistance, nickel is used to produce
resistant materials.

Nickel forms solid solutions with iron. When the temperature is decreased, the mixture of solid vy is
changed to a + v. a - nickel concentration in the solid mixture is 7.5%. Nickel reduces the diffusion
separation of carbon crystal lattice in iron-based alloy and prevents the carbide phase separation [3].

According to the literature data, the physical and mechanical properties of stainless steel are studied
sufficiently, but its electrochemical properties are poorly studied [4-5]. In the works of G.Tatatarchenko,
L.N.Shapovalova, A.L.Brodsky, studies on the corrosion properties of 12X18H10T steel in the azole-
carboxylic acid were conducted in the presence of ozone [6]. It was found that oxidation of azole-
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carboxylic acids is an additional oxidizer of the steel and alloy dissolution. The corrosion resistance of
stainless steel in the benzyl penicillin sulfoxide solution was considered in the studies of Russian scientists
S.R. Tarantseva and V.S. Pakhomov [7]. According to the study, pitting corrosion resistance of stainless
steel in the benzylpenicillin sulphoxide solution was detected. [8] The effect of the temperature on the
current density of the alloys based on Fe-Cr-Mo, Fe-Cr-Ni, Fe-Cr-Mn-Ni was considered in the study.
Corrosion resistance of stainless steel of brand 12X18H10T and 4X13 in carboxylic acid peroxide was
investigated by the electrochemical and gravimetric methods. According to the study results, corrosion
activity of formic acid and acetic acid is higher than that of other acids [9]. The effect of chitosan inhibitor
on corrosion properties of 2205 stainless steel is considered in work [10]. The studies found that the
chitosan inhibitor increased the corrosion resistance of stainless steel to a certain amount, while the
corrosion properties of the stainless steel electrode in hydrochloric acidic medium in the presence of sulfur
inhibitors were investigated in study [11] and its corrosion properties in the hydrochloric acidic medium
were stabilized by sulfur inhibitor to a certain amount. In work [12], acidic corrosion of soft steel in the
presence of Clerodendron colebrookianum walp leaves inhibitor was studied by the electrochemical
impedance and the spectroscopic methods.

The physicochemical, mechanical and corrosive properties of 12X18HI10T stainless steel were
studied comprehensively in works [13-16].

In our previous study [17], the current efficiency of the formation of iron (II), iron (III) and chro-
mium (III), chromium (VI) ions of stainless steel in the sulfuric acidic medium was detected to be 10%,
74% and 5,4 %, and 12% respectively.

In this work, the electrochemical dissolution of austenitic 12X18H10T stainless steel (63,83% Fe,
18,79% Cr and 9,21% Ni) was investigated in the hydrochloric acid medium. After the electrolysis, Fe**
ions in the electrolyte were detected by permanganometric titration [18]. Chromium (III) ions were
determined by qualitative analysis with sodium hydrophosphate and diphenylcarbazide reagents, while the
quantitative amount of chromium (III) ions were found by adding ammonium sulphate and silver nitrate to
Cr’" ions in the electrolyte and oxidizing to Cr®" ions [19]. By the qualitative and quantitative analysis, it
was found that Fe** ions were not formed during the electrolysis. Due to the low nickel amount in the
alloy, it was impossible to detect it in the electrolyte.

In the hydrochloric acidic solution, the dissolution of the alloy with the lowest current efficiency (CE)
was defined when two steel electrodes had been polarized by alternating current (AC). Active dissolution
of the alloy was observed when the stainless steel electrode was paired with the titanium electrode and
polarized by the AC. In this case, the following reactions may occur on the electrode surface [20]:

Fe — 2¢ < Fe?* E’=-0.440 V
Cr- 3¢ & Cr' E’=-0.744V

The effect of the current density in the titanium electrode on the electrochemical dissolution of the
stainless steel polarized by the AC in the hydrochloric acidic medium was investigated (figure 1). When
the current density in the titanium electrode was increased from 20 kA/m’ to 40 kA/m’ the current
efficiency of the steel electrode grows, and a further increase in the current density leads to a decrease in
the current efficiency. In this case, the alloy dissolution is explained by the formation of an oxide layer
with "valve" properties on the surface of the titanium electrode at the anode partial period, the failure of
current flow through the circuit and the discharge of hydrogen ions in the titanium electrode at the cathode
partial period of the alternating current. At this time, the steel electrode exists in the anode partial period
and dissolves by forming its ions. At high current density, the surface structure of the oxide shell in the
titanium electrode varies, becomes loose and can be presumed to be due to the decrease of its current
correction properties.

During the dissolution of the stainless steel, the effect of the current density on the steel electrode was
considered (figure 2). When the current density in the stainless steel electrode increased up to 400 A/m’,
the current efficiency of its dissolution increased from 31% to 45% for iron (II) ions and 12,7% for
chromium (III) ions. Further increase of the current density leads to the decrease of the current efficiency.
This can be due to the increase in the rate of additional reactions by increasing the current density.
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Figure 2 — The effect of the current density in the stainless steel electrode on the current efficiency of the alloy dissolution

The effect of electrolyte concentration on the current efficiency of the stainless steel electrode
dissolution was studied (figure 3). The current efficiency of the steel electrode increased when the
concentration of the hydrochloric acidic solution increased to 0,5 M. When the acid concentration was
increased up to 1,5 M, a decrease in the current efficiency of the alloy dissolution was observed. This is
explained by the slower ionic motion of the electrolyte concentration and the passivation of the stainless
steel electrode with chloride coating. It is also possible to assume that the adsorption is due to the
formation of chlorine atoms. Low adsorbed chlorine atoms are oxidized to chloride ions in the cathode

partial period.
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In the hydrochloric acid solution, the effect of the solution temperature on the current efficiency of
the stainless steel electrode polarized by alternating efficiency was studied (figure 4). The electrolysis was
performed between 20-80°C. As the solution temperature increases, it is possible to observe that the
current efficiency has decreased. This anomalous phenomenon is difficult to explain.
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Figure 4 — Temperature effects on the current efficiency of the stainless steel electrodes dissolution

Thus, the effect of the current density, electrolyte concentration and dissolution temperature in the
steel electrode and titanium electrode on the dissolution of the stainless steel electrode polarized by
alternating current with the frequency of 50 Hz in the hydrochloric acid medium was studied for the first
time and the effective conditions of the alloy dissolution were determined: i=40kA/M?, 155=400 kKA/M?,
[HCI]=0,5M, t=20°C. In these favourable conditions, the current efficiency of iron (II) and chromium (IIT)
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ions in the hydrochloric acid solution was 45% and 18%, respectively, while the current efficiency of the
alloy dissolution was 63%. Based on these studies, it is possible to process stainless steel and develop a
technology separating necessary elements from them.
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9. Bb. baemos', P. H. Hypainnaesa®, H. %K. Tamken6aepa’

II[. B. Coxonbckuii ateinaars! JKanapMaii, KaTanns *KoHE JIEKTPOXUMUS HHCTUTYTHI, AnMatsl, KazakcTan,
’K. A. Slccayn aTeinaarsl XanbIKapaisIk Ka3ak-Typik yausepcuteti, Typkicran, Kasakcran

AMHBIMAJIBI TOKITEH MOJAPU3AIASATIAHFAH TOT BACHAMTBIH BOJATTHIH
TY3 KbIIIKbIJIbI EPITIHAICIHAE EPYI

Annoranusi. «bonar-tutan» 37eKTpoATapbl KYObIH aiHBIMaJIbl TOKIEH IOJISIpU3AlMsIIaHFaH Ke3iHIe TOT
OacnalThlH OOJIATTBIH epUTIHAIrT anram per kepceringi. Tor GacmailThiH GONATTHIH TY3 KBIIIKBUIALI OpTaaarbl
SIIEKTPOXUMIBUIBIK €pyiHE AJICKTPOJM3JiH HEri3ri nmapamerpiepiHiy (0oiar XoHE THTaH SJIEKTPOJBIHIAFHI TOK
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TBIFBI3/IBIKTAPBIHBIH, 3JIEKTPOJIUT KOHIEHTPALMSICHIHBIH JKOHE TEMIIEPATyPAChIHbIH) dCepIIepi 3epTTe . DISKTPOIU3
JKYPTi3T€HHEH KeWiHT1 epiTiHAUIepre CaHIBIK JKOHE CalajblK aHadu3Iep jKacanisl. Ty3 KBIIIKBUIABI OpTaga TOT
Gacmaittein Gonar Fe' xome Cr’' HOHJAPBIH TY3€ CPUTIHIITI aHBIKTAJIIBl. AWHBIMAIBI TOKIICH ITOJSAPH3alHsIIaHFaH
0oJaT 3MEKTPOABIHIAAFEI TOK THIFBI3ALIFBIH 400 A/MP-Te JIeiiiH JKOFapbulaTKaHAa, KYHMaHbIH epyiHiH TOK OOWbIHINIA
wbiFbiMbl TeMip (11) nonmapsr yuria 45%, xpowm (I11I) nongaps! yurin 12,7%, ai sxanmnsl 6onat epyiHiH TOK OOWbIHIIA
HIBIFBIMBI 57,7%-Ke keTeTinairi kepceriaai. TUuTaH 3JeKTPOABIHAAFEl TOK THIFBI3IBIFBIHBIH OHTAMIBI MOHI aHBIKTA-
i, 40 KA/M*-re TeH TOK ThIFbI3AbIFEIHAA Temip (I1) xone xpom (III) moHmapsiHbH Ty3inyinin TILI, coiikecinme,
39% xone 10,5%, an >xannsl 6ojaT epyiHiH TOK OOWbIHIIA MIBIFBIMBI 49,5% KypaHThIHBI aHBIKTIIBL. TOT Oacnaii-
TBIH OOJIAT AJIEKTPOABIHBIH €PYIHIH TOK OOMBIHIIA IIBIFBIMBI TY3 KBIIIKBUIBIHBIH KOHLEHTpauusicel 0,5 M ke3inje
MaKCUMaJIZIBl MOHIHE JKeTeTIHJIr kepcerimi. Temmeparypa 20-80°C apaJbIFbIHIA ©3repreHjie, TOK OOWBIHIIA
IIBIFEIMHBIH TOMEH/ICY1 OaifKai bl

Tyiiin ce3mep: ToT OacmaiiTeiH GosiaT, alfHBIMANBI TOK, TY3 KbIIKbEUIBI, TeMip (II) nonmapsl, xpom (I1I) mon-
JIapbl, HIEKTPOJIHT.

A. B. Baemos', P. H. Hypaninaesa®, H. %K. Tamken6aena’

'AO “MHCTUTYT TOIUIMBA, KaTtann3a u 3iekrpoxumud UM J1. B. Coxonsckoro”, Anmatsr, Kazaxcran,
*Mesx1yHapoaHbIi Ka3aXxCKO-TyperKuii yausepeutet um. Xomkn Axmena Scasu, Typkecran, Kazaxcran

PACTBOPEHUE HEPKABEIOIIEN CTAJIU B PACTBOPE COJISTHOM KUCJIOThI
ITPA NMOJIAPU3ALIIMN TIEPEMEHHBIM TOKOM

AnHoTanus. BriepBrie moka3zaHo, 94TO MPH HOJSIPU3AINH TEPEMEHHBIM TOKOM Maphl AIEKTPOIOB “CTalb-TUTAH
IIPOMCXOUT PAaCTBOPEHUE HEprKaBerolel cTainn. M3ydeHo BIMsIHHE OCHOBHBIX MAapaMeTPOB JIEKTPosn3a (TIIOTHOC-
TH TOKa Ha CTAIBHOM W THTAHOBOM JJIEKTPOJax, KOHIEHTPAIMU M TEMIEPaTyphl MIEKTPOINTA) HA HIICKTPOXUMH-
YECKOE pPACTBOPEHHE HEPIKABEIOLIEH CTald B PAcTBOPE COJITHOM KUCIOTHL. PacTBOpHI IOCHIE 3JIEKTPOSIH3a IOA-
BEPrajich Ka4eCTBEHHOMY M KOJIMYECTBEHHOMY aHajIM3aM. YCTaHOBJCHO, YTO IPU PACTBOPEHHM 3JIEKTPOJA U3
HEpIKABEIOIIEH CTaal B COJISTHOKHUCION cpeie o0pa3yroTcs HOHBI Fe*" u Cr’'. Tokasano, 4o IIpU  yBEJINYEHUH
IUIOTHOCTH TOKA Ha CTAJIBHOM 3J1eKkTpoze 10 400 A/M” BBIXOZ 10 TOKY 06pasoBaHms HOHOB skene3a (II) cocraBiser
45%, nonos xpoma (III) - 12,7%, a oOuuii BEIXOA MO TOKY PACTBOPEHHUs CTayiu JocTuraet 57,7%. YCTaHOBICHO
OINNTUMAJIBHOC 3HAYCHUC IIJIOTHOCTH TOKAa HAa TUTAHOBOM JJICKTPOJC U MMOKAa3aHO, YTO MPH IJIOTHOCTH TOKA, paBHOﬁ 40
KA/M%, BBEIXOJ] IO TOKY 0Opa3oBanus uoHoB sxkemnesa (II) u xpoma (III), cootBercTBenHO, nocturaet 39% u 10,5%, a
o01muii BEIXOJ IO TOKY pacTBOpeHus cranu coctaBisieT 49,5%. [lokazaHo, 4T0 MaKCHMaIbHOE 3HAYCHHE BBIXOJA II0
TOKY PAaCTBOPEHHS HEP>KaBEIOLIEH CTaIM JOCTUraeT IpU KOHUEHTpauuu coyssHo kucnotsl 0,5 M. IIpu uzmenenuu
TemmepaTypsl B naTepBaie 20-80°C Ha6II01aeTC YMEHbIICHHE 3HAYCHNS BBIX0/A 10 TOKY.

KiroueBble ci10Ba: HEpKaBErOMIas CTajb, IEPEMEHHBIN TOK, COIsIHAsE KUCIOTa, HOHKI xkene3a (I1), moHsr xpoma
(IIT), smexTpomuT.
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