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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 (IT) ions, chromium (III) ions, electro-
Iyte.

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 1s added to a metal that 1s 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 y 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,
I.N.Shapovalova, A.L Brodsky, studies on the corrosion propertiecs of 12X18HIO0T 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 12X18HIOT stainless steel were
studied comprehensively in works [13-16].

In our previous study [17], the current efficiency of the formation of iron (II), iron (IIT) and chro-
mium (II), 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 12X18HI10T 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'=-0440V
Cr-3¢ o Cr' E'=-0744V

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 clectrode 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 1 — Influence of the current density on current efficiency of the stainless steel electrode dissolution polarized
by the alternating current in the titanium electrode
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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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Figure 3 — The effect of the electrolyte concentration on the current efficiency of stainless steel electrode dissolution

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’, iss=400 kA,
[HCI1]=0,5M, t=20"C. In these favourable conditions, the current efficiency of iron (IT) 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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1}:[. B. CoxrombCkuit aTBIHAAFH JKaHapMai, KaTamu3 jKoHE 3ICKTPOXUMHEA HHCTATYTHL, AnmMarsl, Kaszakcran,
’K. A. Slccaym aTeiHarsI XaneIKapasIk Ka3ak-Typik yHuBepcuTeti, Typkictan, Kasakctan

AVIHBIMAJIBI TOKIIEH HOJAPH3AIUATIAHFAH TOT BACHAWTBIH BOJATTHIH
T¥3 KbIIIKbLJIbI EPITIHAICIHAE EPYI

Annoramust. «boxar-tutan» 3MEKTPOATAPHI KYOBIH AWHBIMANGI TOKICH MOJLIPH3ALILUIAHFAH KE3IHAE TOT
GacmaliTeIH OONATTHIH EPHTIHAITI aixFam per Kepcerimai. Tor OacmadTeiH OONATTHIH TY3 KBIIIKBUIABI OPTAHAFhI
3NCKTPOXMMISTIBIK CPYIHE 3JICKTPOIH3AIH HETI3TI mapaMeTpicpiHiH (00IaT KOHC THTAH JJICKTPOIBIHIAFBI TOK
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THIFBI3IBIKTAPBIHBIH, 3JICKTPOJUT KOHICHTPALMSCHIHBIH >KOHE TEMIICPATYPACHIHBIH) SCEPIIEP] 3ePTTENAL. DICKTPOIN3
JKYPTI3T€HHEH KEHIHT1 epiTiHAIepre CaHABIK KOHE CANMANbIK AHAIM3ACP >kKacaiasl. Ty3 KHIIKBUIABI OPTaza TOT
Gacmaiitei Gonar Fe”' sxome Cr'” HOHIAPBIH Ty3¢ CPUTIHIIri AHBIKTATIBL. AMHBIMATE TOKICH MOMAPH3ANMATAHFAR
607IAT SIEKTPOIBIHAAFH TOK THIFBI3IBIFLIH 400 A/M-Te OeHiH KOFAPBITATKAHIA, KYHMAHBIH €PYiHiH TOK GOMBIHIIA
meEsMBL TeMIp (I1) mormapsr ymin 45%, xpowm (1) moraaps! yoms 12,7%, an skamms! 601aT epyiHiH TOK OOWBIHIIA
MIBIFBIMBL 57,7%-Ke >KeTeTiHAiri kepcerinai. THTaH 37MCKTPOIBIHAAFEl TOK THIFBI3IBIFBIHBIH OHTAWIBI MOHI AHBIKTA-
nem, 40 KA/M-Te TeH TOK ThFb3abFEbHAA Temip (1) sxome xpom (III) mommapsmsig Ty3inyinin TIII, colikecinme,
39% xone 10,5%, an ;xkammel 601aT epyiHiH TOK OofbIHIIA MIBFBIMBI 49,5% KypalTeIHBI aHBIKTANABL. TOT Oacmai-
TBIH 0O0JAT 3NMEKTPOABIHBIH CPYiHIH TOK OOMBIHINA IIBIFBIMBI TY3 KBIIKBUIBIHEIH KOHIEHTpanwsacel 0,5 M kesiHae
MAKCHMANIBI MOHIHE sKeTeTiHmiri kepcerimmi. Temmeparypa 20-80°C apamsFbIHIa e3repreHie, TOK OOMBIHIIA
IOBIFBIMHBIH TOMCHACY1 OafKaIIbL.

Tyiiin ce3aep: TOT OacmaWTHIH 007aT, AHHBIMATBEI TOK, TY3 KeIUKbLIEL, TeMip (II) mormaper, xpom (1) moH-
JApbl, 3ICKTPOIHUT.
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'AO “MHCTHTYT TOIUIHBA, Kartanam3a U 3nckrpoxuvun uM [, B. Coxomsckoro”, Anmarsr, Kazaxcraw,
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PACTBOPEHUE HEPJKABEIOIIEN CTAJIM B PACTBOPE COJITHOM KUCJIOThI
PA MOJAPHUIAIIMUA NEPEMEHHBIM TOKOM

AnHoTanms1. Briepebie MokaszaHo, YTO NMPH HMOJLIPH3ALMH IIEPESMEHHBIM TOKOM IAapbI 3JICKTPOJOB “CTANb-TUTAH
MPOMCXOIUT PACTBOPCHUE HEPKABCIOMCH CTany. M3yUueHO BIIMSIHHEC OCHOBHBIX MAPAMETPOB HICKTPOIH3a (IIOTHOC-
TH TOKA HA CTAJTbHOM W THTAHOBOM JJICKTPOJAX, KOHIICHTPAIMH M TEMIICPATYPBI MCKTPOINTA) HA HICKTPOXHMI-
YECKOC PACTBOPCHHC HEP)KABCIOIICH CTANMM B PACTBOPE COJLTHOH KHCIOTHL PacTBOpBI moOcie 3JIEKTpoJM3a MOA-
BEPrajich KAUCCTBCHHOMY M KOJIMYCCTBEHHOMY AHAIM3aM. YCTAHOBJICHO, YTO IIPH PACTBOPECHUM 3JCKTPOJA W3
HEPKABCIONICH CTAamM B COJAHOKHCION cpeae obpasyrorcsa moHel Fe*' m Cr''. TToka3aHO, UTO MPH yBCTHUCHHH
IIOTHOCTH TOKA HA CTATBHOM 31MeKTpoze 10 400 A/M° BHIXOX 1O TOKy 00pasoBaHms HOHOB sxene3a (I) cocTaBmsier
45%, nouos xpoma (III) - 12,7%, a oOmmif BRIXOA MO TOKY PACTBOPCHHUSA CTAmW AocTHract 57,7%. YCTaHOBICHO
ONTHUMATHbHOE 3HAYCHHUE TUIOTHOCTH TOKA HA THTAHOBOM 3JICKTPOAC U MOKA3aHO, YTO IPH IUIOTHOCTH TOKA, paBHOH 40
KA/MZ, BBIXOJ TI0 TOKY oOpa3osanmsa noHOB xkenesa (1) m xpoma (II1), coorBercTBeHHO, AocTHTacT 39% 1 10,5%, a
o0ImiA BEIXOJ IO TOKY PACTBOPCHHA CTaaH COCTABIACT 49,5%. ITokazaHo, YTO MAKCHMATBHOC 3HAUCHUC BBIXOAA IO
TOKY PacTBOPCHUSI HEPKABCIOLICH CTaaW JOCTUrACT MPH KOHLUEHTPAUUU COMIHOU KuCaoThl 0,5 M. Ilpu u3MeHeHUH
Temmeparypsl B uHTepBae 20-80°C HAGMOACTCA YMEHBIICHHE 3HAYCHHS BBIXOIA IO TOKY.

KmodeBnie ¢J10BA: HCPKABCIOIAS CTAIbh, ICPEMCHHBIH TOK, COITHAS KHCJI0TA, HOHBI kene3a (1), monsr xpoma
(III), 3nexTpouT.
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