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Kinetic laws of anodic processes on stainless steel have been investigated by consider-
ing dynamic and static polarization measurements. The passive state caused by presence of
a dense oxide film on steel surface has been established to be broken in hydrochloric acid
solution. The steel polarization by direct currents is characterized by transition in an
active condition and allows to obtain an active surface. The galvanostatic mode with
maintenance of constant anodic current density (up to 5-1073 A/cm?2) promotes selective
dissolution of the steel with etching chrome as the most electronegative component, thus,
formation of an active micro-rough surface is observed.

WN3syuenpl KuHeTHUYECKNE 3aKOHOMEPHOCTH AHOJHBLIX IIPOIECCOB HA HEPXKABEIOIIEeH CTaJu
AHAJIM30M AMHAMMWYECKNX M CTATHUYECKHUX IIOJAPHU3AIMOHHBIX M3MEPeHuil. ¥ CTaAHOBJIEHO, YTO
B PacTBOpe XJOPHCTOBOJLOPOAHON KMCJIOTHI HAPYIIAETCS IIACCHBHOE COCTOSHNE, 00YCJIOBJIEH-
HOe HaJW4YMeM Ha ero II0OBEPXHOCTHU IJIOTHON OKCHUAHOI IeHKH. I[losspusanus cTaayd mOCTO-
SHHBIMJ TOKAMHU XapPaKTePU3yeTCs IIePexX0J0M B AKTHUBHOE COCTOAHNE M II03BOJIAET IIOJYUYUTh
AKTHBHYIO IIOBEPXHOCTHb. ['QJIbBAHOCTATHUYECKMII PENXUM C IOAJAEPIKAHMEM IIOCTOSHHBIX
MaJIBIX IJIOTHOCTEH aHozHOro Toka (1o 51073 A/cM2) crocoGCTBYeT CeleKTUBHOMY PACTBODE-
HUIO CTaJU C BBITPABJIMBAHMEM XpoMa, KaK HamboJjee dJIEKTPOOTPUIIATEIHLHOTO KOMIIOHEHTA,
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mpu 3ToM HaboxaeTcsa (POPMUPOBaHME aKTUBHONM MUKPOIIEPOXOBATON ITOBEPXHOCTHU.

Nowadays, application of various corro-
sion-resistant alloys is noted in various sci-
entific and technical fields, in medicine,
jewelry industry, etec. Stainless steel, nickel-
chrome and cobalt-chrome alloys belong to
those alloys. The basic components of those
alloys are chrome, nickel, cobalt that define
the high anticorrosive properties. Electro-
chemical processing of those alloys is in-
tended to provide the certain abilities or
properties which are not inherent in the al-
loys: improved decorative properties, in-
creased surface electrical conductance, sol-
dering ability, biological indifference [1].
The galvanic coatings being deposited on
those metals include copper, silver, and
gold. Electrochemical coating of those alloys
by common methods do not give good re-
sults when being carried out by common
methods due to the passive external surface
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film which hinders to obtain coatings with
high adhesion. Thus, there is a necessity of
surface activation, i.e. removal oxide film.

The measurements were done using a PI
50-1.1 potentiostat, a PR-8 programmer,
and a PDA-1 recording device. A silver
chloride electrode was used as the reference.
The processes were studied in an YSE-2
electrochemical cell. The obtained values of
potentials were normalized to the normal
hydrogen scale. Platinum (P1 99.9 grade)
was used as the anode material. The anodic
behavior of stainless steel was studied in
concentrated hydrochloric acid solutions.
The plate-like electrodes with the working
surface 1 cm?2 were degreased and activated
in solutions according to GOST 9.305-84
prior to measurements.

The anodic behavior of nickel-chrome and
cobalt-chrome alloys was investigated before
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in [2, 8]. It was established that in 6.5 M
solution of hydrochloric acid, the passive
condition of alloys caused by presence of a
dense oxide film on the surface is broken.
Basing on those data, a similar character of
stainless steel dissolution in hydrochloric
acid was assumed.

In preliminary experimental studies, it
has been found that the passivity of stain-
less steel can be broken in chloride solu-
tions. Fig. 1 illustrates the anodic polariz-
ing dependences received for stainless steel
which are submitted in solutions 2.7 M,
4.1 M, and 5.4 M hydrochloric acids. It has
been determined that the stationary poten-
tials of stainless steel dissolution in said elec-
trolytes are displaced to positive potential
area as the solution pH decreases and accor-
dingly are equal to —0.170 V, —0.158 V, and
—0.145 V, respectively. It is seen that dur-
ing stainless steel dissolution in 2.7 M hy-
drochloric acid (curve I) the passive condi-
tion of steel changes to the transpassive one
at a rather high potential and the active
dissolution area is not observed. In 5.4 M
hydrochloric acid (curve 3), the dissolution
proceeds at a high rate. As the limiting
current density is attained, an intense pas-
sivation of the steel surface followed by
transition in the transpassive state is ob-
served. The limiting current density in-
creases approximately by a factor of 10.
Such high dissolution rate of steel may re-
sult in a deep etching and erosion of the
electrode surface.

The characteristic view of polarization
dependence for stainless steel in 4.1 M solu-
tion (curve 2) indicates that in the potential
area of —0.08 to 0.08 V an active dissolu-
tion of the electrode occurs. The limiting
current density in the process attains
0.009 A/cm?, and then the anode becomes
passivated again and in the potential range
of 0.2 to 0.3 V keeps the steady passive
condition. With polarization of an electrode
more than 0.3 V the anode passes in tran-
spassive state due to the running of the
following reactions:

2Cr + TH,0 — Cr,0%~ + 14H* + 12e~, (1)
Eqy=0.29V;

2Cr3* + TH,0 — Cr,03 +14H* + 6e-, (2)

Ey,=1.33V;
2H,0 — Oy + 4H* + 2¢7, 3
Ey=1.229v.
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Fig. 1. Anodic polarization potentiodynamic
dependences obtained on stainless steel with
scan velocity v = 1072 V/s in hydrochloric acid
solutions: 2.7 M (1); 4.1 M (2); 5.4 M (3).

During the steel dissolution, the electro-
lyte color changed to bluish-green typical of
aqueous chromium chlorides solutions.
Also, yellow nuance of the solution was ob-
served that corresponds to formation of
iron chlorides [4]. This suggests that in this
case, in active area at low current densities
(up to 1 A/dm?2), the selective anode disso-
lution with chromium ionization according
to reactions (1-2) takes place. Thus, it is
just the 4.1 M hydrochloric acid that is of a
practical interest because it makes it possi-
ble to conduct selective dissolution at low
current density with chrome etching.

To define more precisely the nature of
metal activity during the steel dissolution
in chloride solutions, the anodic behavior of
pure metals being main components of the
alloy has been studied. The polarization de-
pendences for nickel, chrome and iron are
shown in Fig. 2. Consideration of those de-
pendences shows that pure metals are dis-
solve intensely without passivation within
the region of active steel state, except for
chrome (graph 2). The dissolution processes
answer to reactions:

Cr— Cr?t + 2¢7, Eg=-0.913V;  (4)

Cr2t » Cr3* +e-, E,=-0.408V; (5)

Fe > Fe2+ 4+ 20 EO = —0.44:0V; (6)

Fe > Fe3 + 3¢ E,=-0.087V. (7)

Furthermore, the following chemical re-

actions can proceed in the hydrochloric acid
solution:
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Fig. 2. Anodic polarization potentiodynamic
dependences obtained in 4.1 M hydrochloric
acid at scan rate v = 1072 V/s on electrodes:

Fe (1); Cr (2); Ni (3).
Cr + 2HCIl — Cr2* + 2CI- + H,T; (¢))
2Cr2+ + 2H* — 2Cr3* + H,T; 9

CryO5 + 6H" + 6CI- — 2CrCl; + 8H,0. (10)

The anodic dissolution kinetics was also
studied by considering the potentiodynamic
dependences (Fig. 1, curve 2,) in the elec-
trochemical, diffusion and mixed kinetics
coordinates. Interpretation of the curve
part corresponding to active steel dissolu-
tion in coordinates of electrochemical kinet-
ics is linear. The graphic method provides
determination of the anodic reaction pa-
rameter (Tafel coefficient) b= 0.079 V,
that corresponds to 2 electrons. At the cur-
rent density close to limiting one, a devia-
tion from the only electrochemical control
towards mixed kineties is found, that is
caused by imposed diffusion restrictions.

To determine the optimum electrolysis
mode, the studies researches in gal-
vanostatic and potentiostatic conditions
were carried out. The "galvanostatic” mode
has been found to provide the necessary sta-
bility of steel dissolution process. The
analysis of steel dissolution chronopoten-
tiographs (Fig. 3) in the field of activation
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Fig. 3. Anodic chronopotentiographs of
08X18H10T stainless steel dissolution in
4.1 M hydrochloric acid at current density
(A/cm?): 2-1073 (1); 4-1073 (2); 6-1073 (3).

potentials has shown that steel is dissolved
under polarization starting from stationary
potential followed by subsequent decrease
by 50-100 mV during 40-50 s. After the ex-
piration of some time, the potential is stabi-
lized and remains practically at a constant
value which corresponds to the active area of
anode dissolution (j, = (2-8)-1073 A/cm?).
This is promoting to get the uniformly pick-
led surface.

In Table, the main parameters of anodic
processing for nickel chrome and cobalt-
chrome alloys investigated before [2, 8] and
for stainless steel are summarized. The
mode "potentiostat” was proposed for elec-
trochemical etching of the alloys, but for
steel, the "galvanostat”™ mode was sug-
gested. Knowing the dependence on the elec-
trolysis mode, it is possible to realize the
necessary dissolution rate and to obtain the
surface relief that influences critically the
quality of the subsequent coatings.

Thus, the anodic behavior of stainless
steel in hydrochloric acid solutions has been
investigated. It is established that dissolu-
tion of steel in an active condition is char-
acterized by ionization of chrome and iron.
The optimum condition of electrochemical
etching for steel has been determined. The
most acceptable conditions of anodic process
for steel include the electrode polarization

Table.
Stainless steel Ni—Cr Co—Cr
1 2 3 1 2 3 1 2 3
Potential E,, V -0.082|-0.036 | —0.02 | 0.15 0.18 0.21 0.18 0.19 0.2

Current density j,, A/dm?2| 0.2 0.4 0.6
Dissolution rate v, um/h | 3.2 4.8 8.7

0.05 0.4 0.9 0.2 0.3 0.5
1.2 4.6 23.5 10.3 15.4 25.7
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at a preset value of current density 0.4—
0.5 A/dm?2, that promotes anodic activation
with primary dissolution of chrome mi-
crosites without release of harmful products
into atmosphere.
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AHonHa moBeqiHKAa IIACMBHUX METAJiB
Ta iX CILJIaBiB y PO3YMHAX Ha OCHOBI XJIOpPHUIiB

B.B.Toskec, O.J1.Cmipnoea, B.1.Baiipaunuil

BuBueno KimeTwunHi 3aKOHOMipHOCTI aHOZHMX MOpOIlECciB HA Hep:KaBilouiil crai mIgsxoMm
aHaidy ITMHAMIUHMX Ta CTATUYHHUX MOJAPU3AIINHNX BUMipoBaHb. BcTaHOBIIEHO, IO Y PO3-
YMHI XJOPUCTOBOAOPOAHOI KMCJIOTU IIOPYIIYETHLCSI IACUBHUI CTAH CTaJi, 3YMOBJEHUN Ha-
SABHICTIO HA Ioro moBepxHi miinbHOI oKcuaHOI maiBku. Ilomapusarnis crani moctiliHUM cTPY-
MOM XapPaKTePU3YETHCS [IE€PEXOJO0M B AKTHBHHM CTAH Ta JO3BOJAE OTPUMATHA AKTHUBHY IIO-
BepxHO. ['asbBaHOCTATUUYHUN PEXUM 3 IIATPHUMKOIO IIOCTifHOIO MAJOr0 aAHOIHOIO CTPYMY
(zo 51073 A/cm?) cupuse CeleKTUBHOMY POSYMHEHHIO CTAJi 3 BUTPABIIOBAHHAM XPOMY, fK
Ha#OiJBIIT eJIeKTPOHEeTaTUBHOTO KOMIIOHEHTA, IPU IIbOMY CIOCTepiraeThbcs (POPMYBAHHS AaK-

TUBHOI MiKpPOIIOPCTKOI ITOBEePXHi.
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