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DISSOLUTION OF STAINLESS STEEL
UNDER ALTERNATING CURRENT POLARIZATION

Abstract. The present work studies the dissolution of stainless steel electrode (12X18H10T) under alternating
current polarization with frequency of 50 Hz in sulfuric acid solution. The impact of the current density (200-1200
A/m?) in a stainless steel electrode, the current density (20-120 kA/m?) in a titanium electrode, a concentration of
sulfuric acid solution (0,25-1,5 M), an electrolysis duration (0,25-1,5 hours) and an alternating current frequency
(50-250 Hz) on the electrical dissolution of an alloy based on iron-chromium were investigated. The preliminary
studies have shown that alloys do not practically dissolve under the polarization of two stainless steel electrodes by
the alternating current. And, when one of the stainless steel electrodes is replaced by a titanium wire, the alloy
dissolves intensively with the formation of Fe*', Fe’', Cr’* and Cr®" ions. This can be explained by the valve
property of the titanium electrode. Under the direct current polarization, the alloy dissolution at a very low current
efficiency was observed (12.7% for general iron ions, 3.9% for general chromium ions). As the current density in the
stainless steel electrode increased up to 400 A/m?, the dissolution rate of the alloy reached a maximum value (84%
for general iron ions and 17% for general chromium ions). The optimum current density of the titanium electrode
was detected; at a density of 60 kA/m?, 54% of the current efficiency is formed by iron ions while 15% by the total
chromium ions. At a sulfuric acid concentration of 0.5 M, the stainless steel electrode dissolution showed the
maximum value. It has been established that, as the duration of electrolysis and the frequency of alternating current
increase, the current efficiency of the stainless steel electrode dissolution decreases.

Key words: stainless steel, alternating current, sulfuric acid, iron, chromium, electrolyte.

Stainless steel (SS) has become one of the most widely used materials in the engineering industry.
This steel is used in the heavy and light industry since the beginning of the electronics industry [1]. The
difference between SS and other raw materials is its long-term use with its corrosion resistance property.
About 90% of the stainless steel is recycled in their last use. Even after ten years of their usage, stainless
steel items do not lose their properties after undergoing corrosion. However, many methods used in SS
production require complicated and special equipment and high-temperature processing [2,3]. It can be
assumed that the rational use of electrochemical methods for the production of SS wastes can be the
solution of these problems. The application of electrochemical method allows to process the alloy in a
simple mode and to obtain its compounds.

Due to the structure, stainless steel is divided into martensite, martensite-ferrite and austenitic -ferrite.
Martensite steel contains 12-17% chromium, 0.15% carbon and vanadium, tungsten, molybdenum and
nickel in small quantities. Martenite steel has high viscosity, but it is quickly transferred from a viscous
state to a fragile state at some temperatures. Martensite ferritic steel contains 13-18% chromium, 0.15%
carbon and additional elements as titanium, nickel and silicon. Such steels do not corrode in the
atmosphere and have a mechanical property in a weak acidic media. Austenitic ferrite steels are
characterized by a high content of chromium (18-22%) and nickel (4-6%) and by their durability and
corrosion resistance properties [4].

— 46 ——
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SS consists of other elements than carbon and iron that produce different strength properties. Such
elements are called impurity elements. Steel containing chromium the mass fraction of which varies from
12% to 30% is specially designed for special aggressive environments. In various acidic media, the
chromium shows passive properties and is also resistant to pitting corrosion. The main disadvantage of the
steel containing chromium is its fragility. Nickel is added to stainless steel to eliminate such defects [5].

Although details on the physical and chemical properties of stainless steel are provided in literatures,
its electrochemical properties have not been fully studied. Many studies are aimed at investigating the
corrosion properties of SS [6-10]. .M. Zamametdinov, a Russian scientist, studied the corrosion
resistance of powder-like SS in the presence of sodium chloride and nitric acid electrolyte. Investigating
the corrosion rate of powder-like alloy of various grades in nitric oxide, he defined the low corrosion
quality of steel H17H2 [6]. In work [7], the electrochemical behaviour of type 321 SS was studied in
sulfide ions containing chlorinated aqueous media with by drawing cyclic potentiodynamic curves. It was
established, that the main factors influencing on the pitting corrosion of SS 321 are the concentrations of
CI ions, the pH solution and temperature. In the studies of K.V. Rybalka and others, electrochemical
behaviour of SS was investigated by Electrochemical Impedance and Rotating Disc electrode method [8].
The corrosion current was estimated and the steel passivation mechanism in the given electrolyte was
presented. In next study [9], the natural and induced passivation properties of duplex SS in alkaline media
were considered. In work [10], the electrochemical equilibrium of type SS 12X18H10T was studied and
indirect influence of titanium, chromium, magnesium and silicon on the chemical and electrochemical
equilibrium of stainless steel was determined. Though the corrosion properties of stainless steel in
aggressive environments have been described in detail, its dissolving processes by the electrochemical
method have not been studied. However, electrochemical properties of iron and chromium as a separate
element have been investigated [11-16]. In this regard, the investigation the electrochemical properties of
stainless steel in an acidic media and development a rational method for its processing are of great
importance.

In the present work, the electrochemical dissolution of the stainless steel electrode polarized by
alternating current in sulfuric acidic media was studied. A 100 ml thermostatic glass electrolysis device
was used to study the electrochemical dissolution of stainless steel electrodes. Our preliminary study
results showed that by polarization of two SS electrodes with alternating current in the acidic media the
alloy dissolved at a very low current efficiency (CE). The results of previous studies have shown the
dissolution of two iron and two chromium electrodes with high current efficiency by their polarization
with alternating current in sulfuric acidic solution [11-13]. When one of the stainless steel electrodes is
replaced with a titanium wire, an intense dissolution of the alloy by forming Fe**, Fe’™ Cr’*, Cr®" ions was
observed.

Stainless steel of austenite 12X18H10T was used as a working electrode for the study. Its elemental
composition is shown in Table 1 below. This alloy mainly consists of iron (63,83%) and contains a large
amount of chromium (18,79%) and a small amount of nickel (9,2%).

Table 1 - Elemental composition of stainless steel electrode

C 0 Al Si S Ti Cr Mn Fe Ni Cu
445 | 0,94 0,04 0,51 0,05 0,24 18,79 1,72 63,83 921 | 022

After the electrolysis, Fe*" ions in the electrolyte composition was detected by the permanganometric
titration, while Fe*" ion by the complex ionometric titration [17]. A photometric method was used for the
analysis of chromium (VI) and its total ions. To determine the chromium (III) ions, the total amount of
chromium ions was determined by adding ammonium sulfate and silver nitrate to Cr’” ions contained in
the electrolyte and oxidizing it till Cr® ions. The mass of chromium (III) ions was calculated by removing
the mass of chromium (VI) ions from the total mass of chromium ions [18]. Since the mass of nickel was
very low in the alloy, its detection in the electrolyte composition was impossible. This is due to the
positive value of its standard potentials relatively to iron and chromium.

The following reactions may take place in the anodic half-period by polarization stainless steel
electrode by alternative current with a titanium electrode [19]:
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Fe —2¢ — Fe*'E’=-0,440 B

Fe’' —e¢ & Fe* ' E’=-0,771 B

Cr-3¢ < Cr'E’=-0,744 B

2Cr" + 7TH,0 - 6¢ > Cr,0,~ + 14H E’= 1,36 B
Ni-2¢ - Ni*' E’=-0,27 B

In the electrochemical dissolving process of the alloy on the basis of Fe-Cr in the acidic media, the
effect of the current density in the steel electrode was investigated from 200 A/m”to 1200 A/m’ (Figure
1). During the experimental work, when the value of the current density in the SS electrode was increased
from 200 A/m” to 400 A/m’, the CE of the alloy dissolution increased from 65.2% to 84% for iron ions
and 15% for total chromium ions. As the current density value was increased further, a decrease in the
current efficiency was observed. This is due to the increase in the rate of additional reactions by
increasing the current density.
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Figure 1 - Effect of the current density in the stainless steel electrode on the current efficiency of the alloy dissolution: (a) is
the iron ions, (b) is the chromium ions
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Figure 2. Effect of the current density in the titanium electrode on the current efficiency of the stainless steel electrode
dissolution: (a) is iron ions, (b) is chromium ions

The impact of the current density in the titanium electrode on the dissolution process of the stainless
steel electrode is illustrated in Figure 2. An increase of the current density when increasing the current
density value from 40 kA/m” to 60 kA/m’ can be explained by the appearance of an oxide layer with
"valve" properties on the titanium electrode surface in the anodic half-period [20]. A further increase of
the current density in the titanium electrode has led to a reduction in the current efficiency of the steel
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electrode dissolution since the surface structure of the oxide layer in the titanium electrode changes and
becomes loose due to the increase in current density and its current correction properties reduce.
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Figure 3 - Effect of the sulfuric acid concentration on the current efficiency
of stainless steel electrode dissolution: (a) is iron ions, (b) is chromium ions

The effect of sulfuric acid concentration on the CE of the SS electrode dissolution polarized by the
alternating current was studied from 0.5 to 1.5 M (Figure 3). According to the research results, the current
efficiency of the stainless steel electrode dissolution increased to 0.5 M. Further, a decrease in the CE was
observed when the acid concentration was increased. This can be explained by the fact that as electrolyte
concentration increases, the ionic motion slow down, as the sulfate ions increase, the anode partial release
of oxygen increases, and the SS electrode passivate.
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Figure 4 - Effect of the electrolysis duration on the current efficiency of stainless steel electrode dissolution:
(a) is the iron ions, (b) is the chromium ions

The impact of electrolysis duration on the current efficiency of the stainless steel electrode
dissolution is shown in Figure 4. The more the electrolysis duration increases, the more the current off of
the steel electrode dissolution decreases. As the electrolysis duration increased, a gradual passivation of
electrodes with iron and chromium products with poorly soluble electrolysis products was observed.
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Figure 5 - Effect of alternating current frequencies on the current flow of the stainless steel electrode dissolution:
(a) is the iron ions, (b) is the chromium ions.

A decrease in the chromium ions formation and in the CE of stainless steel electrode dissolution due
to the increase in the alternating current frequency can be seen in Figure 5. This can be explained by the
incapability of alloy to provide the time required for direct oxidation of iron and chromium ions since the
periods rapidly change in high current frequencies.

Thus, the effects of the basic electrochemical parameters on the stainless steel electrode dissolution
polarized by the alternating current with the frequency of 50 Hz in the sulfuric acidic media were studied
and the iron and chromium ions dissolution with high CE was detected. As a result, the effective
conditions of the alloy dissolution were established: ir; = 60 kA/mz, is= 400 A/mz, [HSO4]= 0,5 M,
t=20°C, v=50 Hz. The fact that the CE of the formation of iron (II), iron (III) and chromium (III),
chromium (IV) ions in the sulfuric acid solution was 10%, 74% and 5.4%, 12% respectively under these
effective conditions was shown for the first time.
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AVHBIMAJIBI TOKIIEH NOJIAPUSALIASAJIAHFAH TOT BACIIAUTBIH BOJIATTHIH EPYI

AHHOTanMsi. ¥YCHIHBUIFAH JKYMbICTAa KYKIPT KBIIIKBUIBI epitiHmiciHme xwuimiri 50 'l alfHBIManbl TOKIEH
noJjsipu3anysulanran  ToT Oacmaiitein  Oosmat  (12X18H10T) snmexTponsiHbH  epyl 3eprreninai. Temip-xpom
Heri3iHzeri KyHMaHBIH JJIEKTPOXMMUSUIBIK €pyiHIH TOK OOWBIHIIA UIIBIFBIMBIHA TOT OacmaiThiH OoJyat
3JEKTPOJBIHAAFBl TOK THIFBI3IBIFBHBIH (200-1200 A/M%), TuTan ANEKTPOIBIHAAFE TOK THIFBI3IBIFBIHBIH (20-120
KA/M%), KYKIPT KBILIKBLIBI epiTinjici koHnenTpamuscenby (0,25-1,5 M), anextponus y3akrhiFsHbH (0,25-1,5 car)
JKOHE alHbIMaibl TOK Jkuiniriig (50-250 I'm) ocepnepi 3eprrenai. AJJIbIH-ana 3epTTEy JKYMBICTaphl aiHBIMAJIbI
TOKIIEH NOJSIPU3ALMsUIaHFaH €Ki TOT OacmailThiH 00JaT 3JIEKTPOATAPHIHBIH HAIIAp €PUTIHIITIH KepceTTi. All, TOT
GacmaiiThIH GONAT SNEKTPONBIHBIH OipiH THTAaH CHIMBIMEH alIMacThIpFaHza, Kyiimamei Fe’', Fe’', Cr', Cr*
MOH/APbIH TY3€ KapKbIHAbI €PUTIHMIT aHBIKTANAbl. MYHBI THTaH 3JICKTPOJBIHBIH BEHTHWIIBAIK KACHET KOPCETYIMEH
TyciHaipyre Ooxanpl. TypakTel TOKIEH NOJNSpU3alMsUIaHFaHAa KyWMaHblH aHarypisiM TemeH TII epurinairi
Oaiikanapl (Kaimel TeMmip WoHmapbl ymiH 12,7%, xanmbl XpoM HOHIapsl YiniH 3,9%). AWHbIManbsl TOKIEH
TOJISPU3ALMSIAHFAH TOT OACTIAMTBIH GOJIAT HMEKTPOIBIHAAFEI TOK THIFBI3ABIELIH 400 A/M* [eifiH jKOFapbUIATKAHIA
KyMMaHBIH epyiHiH TOK OOMBIHIIA MIBIFBIMBI MAaKCUMAJIIBI MOHI KOPCETTI (KajIbl TeMip MOHIaps! yuriH 84%, ai
JKaJITIBl XpOM HOHJaps! YiiH 17%). Tutan aneKTpOAbIHAaFE! TOK THIFBI3ABIFBIHBIH OHTAMIIBI JKaFAaibl aHBIKTAJIBII,
60 KA/M® TOK THIFBI3IBIFBIHA TEMip HOHIAPBIHBIH Ty3inyinin TIL 54%, an salnmsl XpoM HOHIAphl GoiibiHIIa 15%
Kypaznel. Tor OacmalThiH OoJIaT 3JEKTPOABIHBIH €pyiHIH TOK OOWBIHINA IIBIFBIMBI KYKIPT KBIIKBIIBIHBIH
KoHUeHTpauusicel 0,5 M Ke3iHne MakCHMaJIAbl MOHI KOPCeTTi. DJIEKTPOJIN3 Y3aKTHIFBIHBIH JKOHE aliHBIMAajbl TOK
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KIWIITIHIH oCepiHeH TOT OacmaiThlH OONAT ANEKTPOJBIHBIH €PYIHIH TOK OOMBIHIIA IIBIFBIMbI TOMEHIEHTIHIIT
AHBIKTAJIJIBL.
Tyiiin ce3aep: ToT 6acmaiiTeiH 60JIaT, AHBIMAJIBI TOK, KYKIPT KBIIKBLIBI, TEMIP, XPOM, JJIEKTPOJIHT.
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PACTBOPEHME HEPKABEIOIIEN CTAJIYA ITPA MOJAPU3ALIMA NEPEMEHHBIM TOKOM

AnHoTauus. B manHOW paboTe wHcclaemoBaHO pacTBOpeHHE HepikaBetomero craasHoro (12X18HI0T)
AJIEKTPOAA TP MOJIAPU3AIMU TIEPEMEHHBIM TOKOM ¢ dacToToi 50 I'm B pacTBope cepHOM KUCIOTHL. McciaemoBaHo
BIHSIHHE TUIOTHOCTH TOKA HA HEPXKABEIOLIEM CTATBHOM 371ekTpoze (200-1200 A/M?), IIIOTHOCTH TOKA HA THTAHOBOM
anextpoze (20-120 kA/M%), KoHIEHTpaLHH cepHOil KuciaoTsl (0,25-1,5 M), IpoXomKHTeIbHOCTH dIeKTpou3a (0,25-
1,5 waca) m gactoTel mepemeHHOro Toka (50-250 I') Ha AIEKTPOPACTBOPEHHE CIIaBa Ha OCHOBE KEJIE30-XPOM.
[IpenBapuTensHble WCCIIEAOBAHHS TOKA3ajM, YTO NPH TOJSPU3AINH [IBYX SJIEKTPOIOB M3 HEP)KaBEIOLIEH CTaid
MEPEeMEHHBIM TOKOM CIUIaBbl TPAKTHYECKH HE pACTBOPSIOTCS. A TIpM 3aMEeHEe OIHOTO W3 JJIEKTPOAOB U3
HEpIKABEIOMIEH CTATM HA THTAHOBYIO MPOBOJIOKY CIUIAB MHTEGHCHBHO PACTBOPSIETCS C 0OpasoBaHmeM HoHOB Fe’',
Fe', Cr*, Cr". D10 MOXHO OGBSCHHTH BEHTHIBHBIM CBOICTBOM THTAHOBOTO SIEKTpoja. IIpW momspHsarmu
MOCTOSIHHBIM TOKOM HaOuofanack 6osiee Huskasi BT pactBopenus cruiasa (12,7% 1uis moHOB o01iero xenesa, 3,9%
JUIE HIOHOB ob1iero xpoma). Ilpu yBenndeHnn MIOTHOCTH TOKA Ha 3JIEKTPOJE U3 HepkaBeromei ctamu g0 400 AN,
CKOpOCTb PacTBOPEHUsI CILIaBa JIOCTHINIA MakcHMalibHOe 3HaueHue (84% Juis noHOB obmiero skene3a u 17% s
HOHOB o0mero xpoma). OnTumanpHas IUIOTHOCTh TOKAa THTAHOBOTO 3JIEKTPOJAa YCTaHOBJIEHA MPH IIOTHOCTH 60
KA/M* ¢ BT 54% 06pa3oBaHust HOHOB 00IIero xenesa u 15% moHOB 06mero xpoma. IIpy KOHIEHTPALNH CEPHOH
kucnotel 0,5 M BT pacTBopeHHs] HEpXKABEIOMIETO CTAJBLHOTO 3JIEKTPOJa MOKa3al MaKCHMalbHOE 3Ha4YeHHE.
YCTaHOBIEHO, YTO TPH YBEIHUYEHHH MPOTODKUTEIBHOCTH JJIEKTPOJIM3a M YacTOTHI IepeMeHHoro Toka BT
PacTBOPEHUS IEKTPOA U3 HEPIKABEIOMIEH CTaIN YMEHBIIACTCS.

Ki1roueBble cjioBa: Hep)KaBEIOIIas CTajb, IEPEMEHHBIN TOK, CepHAasi KHCIIOTa, KeJe30, XPOM, SJIEKTPOIIHT.
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