Bueni sanucku THY imeni B.1. Bepnancpkoro. Cepisi: TexHiuHi Hayku

UDC 621.35

Shtefan V.V.

National Technical University “Kharkiv Polytechnic Institute”

Kanunnikova N.A.

National Technical University “Kharkiv Polytechnic Institute”

Leshchenko S.A.

National Technical University “Kharkiv Polytechnic Institute”

Balamut N.S.

National Technical University “Kharkiv Polytechnic Institute”

ANODIC DISSOLUTION OF STAINLESS STEEL IN ACID SOLUTIONS

In this work, the kinetics of anodic dissolution of stainless steel was studied using linear voltammetry. It
is shown that an increase in the concentration of molybdates leads to an increase in anodic currents and an
expansion in the region of active dissolution, which indicates that the oxoanions of the steel surface are pas-
sivated. The influence of electrolyte composition on the formation of a passive film was investigated. It has
been established that at high potential sweep rates, dense layers of stoichiometric oxide do not have time to
form and the passive film has a defective structure. Molybdenum-, zirconium-, aluminum-, titanium-containing
compounds have been shown to increase the passivity area, which is the basis for the formation of protective

oxide films on stainless steel.
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Introduction. Surface treatment of metals and
alloys (etching, polishing, oxidation), based on the
electrochemical dissolution of the material, has been
widely used in production due to a number of its
remarkable features arising from the processes: the
possibility of high-performance processing of materi-
als; obtaining on the surface of the material an oxide
coating of high quality [1-3]. However, these types of
processing are sensitive to the chemical composition
of the material, and especially when it contains ele-
ments such as chromium and nickel [4].

The study of the laws of anodic dissolution of
stainless steel in acid solutions is important because
they are of practical importance in such technologies
as surface treatment of materials and electrochemi-
cal protection against corrosion of metals and alloys
[5]. Particularly important are such studies for peri-
odic technological processes in which the compo-
sition of reactive masses changes during synthesis
and, accordingly, the corrosion activity of materials
changes. Such an activity is conveniently evaluated
using electrochemical parameters such as passiva-
tion potentials, full passivation potentials and oxy-
gen allocation potentials, which are determined from
polarization dependencies [6—7].

Analysis of recent research and publications.
Anodic processes in aqueous media with the partici-
pation of stainless steels are of great practical impor-
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tance not only in the technology of metal surface
treatment, but also in the electrochemical protection
of materials [5-8]. Thus, the difficulties in solv-
ing the problem of corrosion cracking of austenitic
stainless steels, their lack of resistance to pitting and
crevice corrosion have become the main reason that
prompted scientists to investigate the Anodic disso-
lution of this metal. The lack of reliable information
about the mechanisms of dissolution of high-alloyed
stainless steels in acidic environments containing cor-
rosive anions is a serious gap, since they should be
the basis for the development of anti-corrosion mon-
itoring and prediction. To improve the protective and
dielectric properties of oxide coatings, it is advisable
to introduce valve metal compounds, which include
titanium, aluminum, molybdenum, and zirconium.
Modifying the oxide coating in order to obtain it with
desired properties requires a preliminary study of
the effect of valve metal compounds on the Anodic
behavior of steel [9-10].

In recent years, numerous studies have also
appeared on the development of accelerated methods
for the electrochemical testing of steels for suscepti-
bility to IGC (intergranular corrosion) [11; 12]. The
proposed accelerated methods are mainly based on
distinction in the passive-active transition steel when
fixing the Anodic polarization curve. The polarization
curves are fixed in various media, but most often in
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solutions of acids: perchloric acid, with the addition
of chlorine ion, sulfuric acid, with the addition of
rodanide, etc. [13-16].

It is known that the study of Anodic dissolution of
chromium-nickel austenitic steel in alkalis showed that
active and passive areas, areas of repassivation, sec-
ondary passivity, oxygen evolution were found on the
polarization curves. The active region of nickel-chro-
mium steels has a double loop corresponding to the
dissolution and passivation of the iron and nickel com-
ponents of the alloys [17]. The maximum current in the
repassivation zone corresponds to the preferential dis-
solution of the chromium component [18-20].

The purpose of the work is to study the influ-
ence of the composition, the concentration of molyb-
denum-, zirconium-, aluminum-, titanium-contain-
ing compounds and the potential scanning speed for
Anodic dissolution of stainless steel.

Materials and methods. For experimental stud-
ies, AISI 304 stainless steel was chosen as a working
electrode from a class of stainless steels, the chemical
composition of which includes passivating elements,
such as chromium and nickel (surface area 4 cm?).
Anodic dissolution of stainless steel was investigated
by the method of linear voltammetry in the solutions
presented in table 1. All measurements were carried
out in a three-electrode cell using an IPC-pro potentio-
stat. Electrode potentials were measured and compared
with the silver chloride-saturated reference electrode.
The auxiliary electrode was platinum [8; 11].

The essence of the method lies in the fact that
before fixing the Anodic potentiodynamic curve, the
steel electrode is subjected to cathodic polarization
at a potential of -1 V for 30 min. [16]. Reproduci-
ble results are obtained only if, after cathodic polar-
ization, continuous potentiodynamic polarization is
immediately carried out with a potential scan rate
2mV-c!(5,10,25,50,75,100) [9]. All the tests were
conducted at 20+2°C.

Presentation of the main material and results. The
most effective way to create protective oxide films
(oxidation) on stainless steel is to increase the inhi-
bition of the kinetics of the Anodic process, i.c. this
is the formation of films, which greatly facilitates
the ability of the metal to pass into a passive state
or increases the stability of the passive state of the
material.

The kinetics of the Anodic process can be most
clearly represented by the ratio between the density of
the Anodic current and the potential of the electrode,
that is, the Anodic polarization curve [13-16].

Figure 1 shows the potentiodynamic curves
obtained in solution Ne 3. An increase in the potential
sweep rate does not change the shape of the potenti-
odynamic curve; however, the passivation potential
becomes somewhat more positive, and the passiva-
tion current decreases. With a rapid change in poten-
tial, the passivating layer does not have time to fully
form, and, consequently, the passivation and full pas-
sivation currents are lower than with a slow change.

At low potential scanning speeds, the anode cur-
rent drops sharply after passing through a maximum.
However, at a speed of 75 mV-c!, it is almost impos-
sible to see the area of a sharp decrease, and the cur-
rent value is several orders of magnitude higher than
in stationary conditions. This behavior of the system
indicates the dependence of the film structure on the
process time.

As the potential sweep rate increases, the value of
the passivation current decreases. This is explained by
the fact that at high speeds, the potential sweep does
not have time to go through the processes of formation,
which lead to the formation of dense layers of stoichi-
ometric oxide [9]. The film formed under these condi-
tions has a defective structure, which contributes to the
movement of hydroxide ions through it. The higher the
potential sweep frequency, the higher the passivation
current and the total passivation current.

Table 1
Electrolyte Compositions for Polarization Studies
Electrolyte composition, g-L!
Ne H,S0, NaCl | Na,MoO,-2H,0 Z1(S0,),-4H,0 AL(SO,);4H,0|  TiOSO,
1 300 50
2 300 50 5
3 300 50 10
4 300 50 15
5 300 50 20
6 300 50 10
7 300 50 10
8 300 50 10
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Fig. 1. The dependence of the rate of Anodic dissolution of stainless steel in electrolyte Ne 1

in terms of the potential scan rate, mV-¢c': 1-2,2-5,3-10,4 —-25,5-50,6 — 75,7 — 100.
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Fig. 2. Anodic polarization curves (2 mV-c') AISI 304 steel in acid electrolytes.
The numbers of the curves correspond to the serial numbers of electrolytes

Fig. 2 presents the polarization dependences of
the Anodic dissolution of AISI 304 steel obtained
from electrolytes Ne 2—5. It can be seen that at low
concentrations of sodium molybdate, stainless steel
is relatively easily passivated, but a further increase
in the concentration of molybdenum-containing com-
pounds complicates the passivation, as indicated
by a strong increase in passivation currents. When
the concentration of molybdates in the electrolyte
increases, the oxygen release potential shifts in the

negative direction, which indicates that the activation
process is facilitated [17].
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The change in the potential of the steel electrode
with time in molybdenum-containing solutions is
shown in Fig. 3. The change in the stationary poten-
tial of the electrode depends on the concentration
of molybdate ions. Thus, with the introduction of
Na2MoO4 into the solution, the stationary potential
shifts towards more positive values.

Fig. 4 presents the polarization curves obtained
from electrolytes Ne 1, 3, 6-8. Adding molybdenum,
zirconium-containing compounds to electrolyte Ne 1
shifts the stationary potential in a more positive direc-
tion by 500 mV, and aluminum-, titanium-containing
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Fig. 3. Chronopotentiogram of AISI 304 steel in acid electrolytes.
The numbers of the curves correspond to the serial numbers of electrolytes.
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Fig.4. Anodic polarization curves (2 mV-c™) AISI 304 steel in acid electrolytes.
The numbers of the curves correspond to the serial numbers of electrolytes.

compounds by 150-200 mV. This suggests that there
is a complication of the process of dissolution of
AISI 304 steel, that is, its activity decreases. The cur-
rent density of passivation in dependencies (3, 6-8)
is significantly higher than in solution Ne 1, which
is explained by the active influence of oxygen-con-
taining components in these electrolytes. The area
of complete passivation increases with the addition
of molybdenum-, zirconium-, aluminum-, and titani-
um-containing compounds to electrolyte Ne 1. When
the potential of oxygen evolution on the Anodic

polarization curves is reached, a sharp increase in the
current strength is observed, which does not corre-
spond to the resumption of the secondary dissolution
of the metal, and the onset of oxygen release occurs.
On dependencies (3, 6-8), the potential of oxygen
evolution occurs later, which proves the influence of
the electrolyte composition on the Anodic behavior
of steel.

Conclusions. It is shown that with an increase in the
potential sweep rate, the values of the total passivation
current decrease. This is explained by the fact that at
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high speeds of potential sweep dense layers of stoichi-
ometric oxide do not have time to form, and the oxide
film formed under these conditions has a defective struc-
ture. It was found that at low concentrations of sodium
molybdate, stainless steel is easily passivated; however,
an increase in concentration makes passivation difficult,
as indicated by an increase in passivating currents.
Anodic polarization dependences obtained
from molybdenum-, zirconium-, aluminum-, titani-

um-containing electrolytes showed that compounds
introduced into a solution of sulfate and sodium
chloride increase anode currents in the active
region, expand the region of the active potential and
increase the passive region. The presence of a cer-
tain dependence of the rate of Anodic dissolution of
stainless steel on the nature of anions indicates that
they are directly involved in the electrochemical act
of dissolution.
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AHOJHE PO3UMHEHHSI HEPKABIFOUOI CTAJII B KUCJINX POSUMHAX

Y oaniii pobomi eusuanacs Kinemuxa aHoOH020 PO3UUHEHHS HEPIICABIIOUOT CIAi MemoOOM NIHIIHOI 80/lb-
mamnepomempii. Ilokazano, wo 30inbuIeHHsE KOHYeHmpayii Moaio0amie npu3e00ums 00 30LIbULIEHHS AHOO-
HUX CMPYMIG T POUUPEHHS 001ACTT AKMUBHO20 POZYUHEHHS, WO 6KA3YE HA NACUBAYIIO OKCOAHIOHIE NOBEPXHI
cmadi. Jlocniosceno 6naue ckiady enekmponimis Ha npoyec opmysants nacuenoi nuieku. Bcmanoeieno, wo
npU BUCOKUX UWBUOKOCIAX PO320PMKU NOMEHYIATY He 8CMU2aromb YMEOPIoSAmMuUcs Wilbhi wapu cmexuome-
MPIYH020 OKCUOY, | NACUBHA NIIBKA Mae deghekmHy cmpykmypy. Joeedeno, wo mMonib0eH, YupKoHiil-, aiomi-
Hill-, MIMAHEMICHI CROJYKU 30I1bUYI0OMb 001ACMb NACUBHOCTI, WO € NIOCMABOI0 OJisl (POPMYEAHHS 3AXUCHUX
OKCUOHUX NIIBOK HA HepICcABIIoUill Cmaii.

Kniouoesi cnosa: nepoicasiroua cmans, nonsipuzayitiii Kpuei, 6016mamnepomempis, weUuoKicms po3eopmKu
nomenyiazy, nacueHa NiieKa.

AHOJHOE PACTBOPEHHUE HEPKABEIOIIEW CTAJIA B KUCJIBIX PACTBOPAX

B O0annoui pabome usyuanacy KuHemuka aHOOHO20 pACMBOPEHUS Hepacaserowell Cmai Memooom IuHell-
Hotl 6onemamnepomempuu. Ilokazano, yumo ysenuueHue KOHYeHMpayuu mMoiub0amos npueooum K ygeiude-
HUIO AHOOHBIX MOKO8 U PACUWUPEHUI0 001acmu aKmueHo20 pacmeopetus, 4mo YKazvleéaem Ha Naccusayuio
OKCOaGHUOHAMU nosepXHocmu cmaiu. HMccnedosano eiusHue cocmasa 1eKmpoaumos Ha npoyecc ¢opmupo-
BAHUA NACCUBHOU NIEHKU. YCMAH081eHO, YMOo Npu 8bICOKUX CKOPOCMAX PA3GEPMKU NOMEHYUALA He YCNesalom
00pazo8vl8amsvCs NIOMHbIE CILOU CIMEXUOMEempUu4eckoz0 OKCuod, U NACCUBHAS NIeHKA umeem OegheKmHyo
cmpykmypy. Hokazano, umo moauboeH-, YUpKOHUll-, AIHOMUHUL-, MUMAHCOOEPHCAUUX COCOUHEHUTL YEeaUYU-
8aiom obacmeb NACCUBHOCMU, YMO ABNIAEMCA OCHOBAHUEM 0151 (DOPMUPOBAHUSA 3AULUMHBIX OKCUOHBIX NLEHOK
Ha Hepacaseroujell CIaJu.

Knrwoueewle cnosa: nepowcaserowas cmaiv, NOIAPU3AYUOHHbIE KPUBbLE, BObINAMNEPOMEMPUsL, CKOPOCHb
paseepmKy NOMeHyuaid, NacCUBHas NieHKa.
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