Journal of Electrochemistry

Volume 11 | Issue 1

2005-02-28

Anodic Polarization Behaviors of Carbon Steel in Bicarbonate
Solution

Jing-mao ZHAO

Yu ZUO

Recommended Citation

Jing-mao ZHAO, Yu ZUO. Anodic Polarization Behaviors of Carbon Steel in Bicarbonate Solution[J].
Journal of Electrochemistry, 2005, 11(1): 27-31.

DOI: 10.61558/2993-074X.1609

Available at: https://jelectrochem.xmu.edu.cn/journal/vol11/iss1/6

This Article is brought to you for free and open access by Journal of Electrochemistry. It has been accepted for
inclusion in Journal of Electrochemistry by an authorized editor of Journal of Electrochemistry.


https://jelectrochem.xmu.edu.cn/journal
https://jelectrochem.xmu.edu.cn/journal/vol11
https://jelectrochem.xmu.edu.cn/journal/vol11/iss1
https://jelectrochem.xmu.edu.cn/journal/vol11/iss1/6

11 1
2005 2

Vol 11 Na 1

H ECTROCHEM ISTRY Feh 2005

Article D: 1006-3471 (2005) 01-0027-05

Anodic Polarization B ehaviors of Carbon Steel
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Abstract: The anodic polarization curvesof mild steel weremeasured in dium bicarbonate lution of various
concentrations, and the surface p roductswere analyzed by XPS Two anodic current peaks and wo passive zones
are observed in all the curves When HCO; ™ ions concentration is below 0. Imol/L, the o peaks are © close
that the first passive zone is difficult o be observed W hen HCO; ™ ions concentration is above O 1 mol/L, the
first peak appears clear, while the second becames snaller  The XPS reaults indicate that the out layer of film
fomed at a higher potential ismainly composed of F&,O; and the inner film isamixture of ferrous and ferric ox-

ide
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Introduction

Earlier work on the anodic passivation of iron
and steel in carbonate and bicarbonate lutions has
involved investigations using galvanostatic, potentio-
static and potentiodynamic measurements and different
shapes of polarization curveswere observed

Hancock andM ayné*! and Gilroy and M ayné®’
studied the passivation of iron in carbonate lutions
with galvanostatic method and observed tvo arrests in
potential The initial arrestwas ascribed o the foma-
tion of a film consisting of ferrous carbonate and hy-
droxide, and the second  the oxidation of the fomer
fim 1o ferric oxide

Potentiostatic studies by Clerbois and M assart*’
of the passivation of ifon in carbonate ®lutions have
shown o oxidization peaks o be present in the po-
larization curves

Document Code: A

Thomas et al ' found wo distinct current maxi-
ma in the polarization curve for iron in carbonate lu-
tions The initial oxidation peak was attributed to the
fomation of a film consisting mainly of an oxide of
iron, probably magnetite, and al® ferrous carbonate
The second oxidation peak was thought o be related
o the oxidation of the ferrous carbonate present in the
fim oy -ferric oxide

However, the studying, potentiodynamically, of
anodic polarization of steel in diun carbonate and
bicarbonate lutions by A mstrong® and Von Fraun-
hofel!® showed only one current peak and one passi-
vation zone which was attributed o the fomation of
film of Fe,O; or FeO,.

From the above it is goparent that there is need
for further investigation on behavior of steel electrode
in HOO, ®lutions

In this paper, polarization
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curves of carbon steel in HOO, = ®lutions of different
concentrations are measured by potentiodynamical
method and the film compositions are analyzed by
XPS

1 Exper mental

11 Test Solutions
The lution studied isx mol/L NaHCO, lution

with apH valueof 8 5, open to the air, where x is
005 01,02 05,075,1 0 repectively Ana
lytical-grade NaHQO; and distilled water are used in
preparing the lutions

1 2 Materialsand Preparation

A rod of mild steel ismounted into epoxy resin
and used asworking electrode with Q. 785 an’ gopar-
ent area The camposition of the steel has already

[l The work-

been described in previous publication
ing electrode is initially polished with silicon carbide
paper up to 800 grit, then cleaned with acetone and
repeatedly rinsed in distilled water  Finally, the elec-
trode is cathodically polarized in the test ®lution for
3min at 1 300 mV (SCE) to remove an air-fomed

oxide layer from the surface
1 3 Polarization M easurenents

Current potential curves are obtained potentiody-
namically using a potentiostat (EG & G Princeton Ap-
plied Ressarch M273A). The counter electrode is a
large area platinum sheet, and the reference electrode
isa saturated calomel electrode (SCE) © which all
potentials are referred After the working electrode is
immersed in the lution for 30min, the potential is
svept in the positive direction with a scan rate of
100mV /min, starting fran the open- circuit potential

All the experments are carried out at 25 +1

2 Realtsand D iscussion

Figl (a f) show the E
for steel in NaHCO; lutions of different concentra-
tions

i polarization curves

It can be sen that all the anodic curves are
characterized by tvo current peaks and tvo passiva
tion ones The maximum currents of wo peaks are
denoted as iy, and i, regectively W hen the concen-
tration of HCO,; ~ islower than 0. 1 mol/L, i, ismuch

larger than i, and the o peaks are © close that the
initial current peak and the initial passivation zone are
difficult o be observed When the concentration of
HCO;  isQ 2 mol/L, the wo peaks are separated
obvioudy, and i= . With the increase in HCO;
concentration, i, becomes snaller than i;

Fig 1d is a canplete polarization curve which is
meadured in Q@ 5 mol/L HCO; ™ lution The follow-
ing reactions are derived in Fig 1d :

. AB-CD is the initial active-passive transi-
tion At beginning, the current increases with in-
creasing anodic potentials until a maximun current
(i) is reached, after which the current decreases
with increasing anodic potentials, and then kegps un-
changed for a very short potential range A-B repre-
ents the active disolution of steel, the reaction oc-
curred is

Fe=F€" +2e (1)

W ith the potential change in positive direction,
more and more OH" and HCO; ~ ions are adompted
on the steel surface, reaulting in fomation of Fe
(HQO; ) « and FeQO; according o the following e
quations, which may retard the active disolution'®’.
S the initial activepassive transition and passive
one( CD ) gopear

Fe+HCQO, =Fe(HQOO;) 4 +€ (2)
Fe+HQD,  =FeQD, +H" +2e (3)
Fe+OH =Fe(OH), +e (4)

M earwhile, desorption reaction of H™ ion may
take place in this potential region
Fe(HOO;) 4 =Fe(00;) 4 +H™ +e (5)

Fe(OH) 4 =Fe(O) 4 +H" +e (6)
Fe(00,) . = FeC0, (7)
Fe(O) 4 =FeO (8)

. D-E-F-G is the s=cond active-passive transi-
tion with a broad passive one The concentration of
HCO;
crease further as the potential keeps increasing High
concentration of HGO, ™ ions can attack FeCO; film

and OH adomted on the surface will in-

form luble carbonate® , Fe (C0;),° , © an in-
creasing current is again observed But the conversion
fran FeCO; b Fe,O, can appress the disolution, ©
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the second active-passive transition occurs

FEO +OH =FeO(OH) 4 +e (9)
FeQD, +HOO,  =Fe(00,),”” +H" (10)
3FeCO; +4H,0 =Fg0O, +3HQO; "

+5H" +2e (11)

At F-G potential range, Fe O; is believed
fom:

FeO (OH) . + FED =Fg 05y +H' +e (12)

FeO; (ad) =Fe0; (13)

The maximum current (i,) of second peak may

indicate the attack of HCO;  ionson FeCO; fim as

sf a 0.05mol/L NaHCO,
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sown in Fig 2 Severe pitting corrosion is observed
after polarization in O 1 mol/L NaHQGO;, while no
pitting is found in Q. 5 mol/L NaHCO, ®lution
. GH: when the potential reaches + 1 OV
(SCE) , oxygen-ewolution reaction takesplace, © the
current increases dranatically.
2H,0 =0, +4H" +4e (14)
In order to get further understanding of the above
proceses, the campositions of fim fomed in O 5
mol/L HQO; olution are analyzed using XPS
During the potential scanning, when the potential rea

_ches just after the second peak, which corregponds o
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Fig 1 The polarization curvesof steel inQ 05 1 0 mol/L NaHOO; lutions
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Fig 2 Surface momhology of steel after polarization in Q@ 1 mol/L (@) and Q@ 5mol/L (b) NaHCO, slutions

the potential of F point in Fig 1d, the sveep is
stopped and the gecimen is analyzed mmediately by
XPS The reaults are shown in Fig 3 Before putte
ring, to peaksappearing at 710 9 &/ and 724 5 &/
of the binding energy in the pectra of Fe(2R,,) and
Fe(2P,;) indicate that the outer film consistsmainly
of Fe O;. After uttering for Imin, the peaks be-
come wider and their binding energies change © be
709 8 &/ and 722 7 &/ regectively By sgparating
the Fe (2PR,,) peak as shown in Fig 4, it is found
that this peak is composed of wo peaks, one is at
709 2eV which isassigned o F€ * in FeO, another is
at 711 2 &/, which is assigned o F€" in FEOOH or
FeO,. It isdifficult © identify which ferric oxide is
fomed on earth because the binding energy of Fe’ in
these oxides is almost the same  However it can be
drawvn that the inner film comprises ferrous and ferric
oxide Thes realts are consistent with the previous
publications“*®. While after 5min suttering, only
elanent Fe is detected

3 Conclusions

1) Anodic polarization curves (E i) of steel in
0 05 1 O0mol/L NaHQO; ®lutions show wo active-
passive transitions When the concentration of
HCO; " is lover than O 1 mol/L , the initial current
peak is very snall and © cloe © the second peak
that the first peak is difficult b be observed W hen
is higher than O 1
mol/L, wo peaks sperate obviously, and the wo
maximum currents are aimost the same in O 2 mol/L

the concentration of HCO; "

24 © 1994-2008 China Academic Journal Electronic Publishing House. All rights reserved.
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Fig 3 XPS for steel film fomed in Q 5mol/L NaHQO,; -
lution before puttering and after Pputtering
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Fig 4 Peak sparation for Fe(2P,,) of steel film fomed in
0 5 mol/L NaHQO; slution after uttering for 1

min

HCO;  olution With the increase of HOO;  oon-
centration, the current of first peak becomes larger

http: //mwww.cnki.net
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than that of the second peak

2) A =riesof reactionson the surface of iron are
repponsible for the occurrence of current peaks At
lover potential, FeCO; /FeO are fomed on the sur-
face of steel, and at higher potential, Fe O,/
FeOOH /FgO; are fomed The outer film fomed at
the second passive zone consistsmainly of FeO;, and
the inner film isamixture of ferrous and ferric oxide
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