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Nestetrabal ho o efeito do Samario sobre 0 comportamento corrosivo dediferentesagosem
soluctes de NaCl + Sm (I11) tem sido estudado por métodos eletroquimicos. Os resultados
permitem avaliar aeficiénciado Samério como uminibidor dacorrosdo atravésdos parémetros
cinéticos da reagdo de reducdo do oxigénio e do comportamento eletroquimico dos agos. O
comportamento observado depende da natureza do ago e do fendmeno de inibigo etem sido
associado & modificagdo da superficie devido & formag&o de uma camada de hidréxido de
Samério, o que foi confirmado por estudos de EDS.

Inthisresearch the effect of samarium on the corrosion behavior of different steelsin NaCl
+Sm (111) solutionsisstudied by el ectrochemical methods. Theresultsallow the eval uation of
the efficiency of samarium asacorrosioninhibitor by the kinetic parameters of the oxygen re-
duction reaction and the electrochemical behavior of the steels. The behavior observed de-
pends on the nature of the steel, and the inhibition phenomenon is associated with a surface
modification due to a hydroxy-samarium compound layer formed at the steel surface, as con-
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firmed by EDS studies.
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I ntroduction

Rare earth metal salts have shown to be very effective
corrosioninhibitorsfor aluminiumand aluminum alloys'™.
Itisassumed that thisinhibitionisproduced by aprotective
rare earth oxide film at the surface.

On this basis rare earth conversion coatings have been
developed for corrosion protection. Cerium conversion
coatings for aluminium alloys have been obtained by im-
mersion in Ce (l11) solutions and have proven to provide
significant corrosion protection against exposure to NaCl
solution®®. The degree of protection is strongly dependent
on the time of immersion in the rare earth metal salt solu-
tion and to achieve significant protection immersion times
of some hours are required, which of course is commer-
cidly unattractive. The conversion coating may aso be
formed electrolytically by cathodic polarization. This pro-
cedurewould allow the reduction of thetimeneeded for the

filmformation, but itsindustrial utilization hasnot beenre-
ported.

In previous researches we studied the inhibitory effect
of samarium on the oxygen reduction reaction on Pt in a
weakly acidic solution®, and on the anodic corrosion be-
havior of steelstreated by immersion in a samarium solu-
tion”®; samarium changes the electrochemical parameters
of the oxygen reduction reaction and shiftsthe steel corro-
sion potential towards more anodic potentials. Since the
oxygen reduction is the main reaction involved in corro-
sion processes, and as the corrosion potential is related to
the corrosion feasibility, it is possible that samarium may
act as acorrosion inhibitor of steels in aqueous solutions.
Previousresearch onthe utilization of samarium asacorro-
sion inhibitor of steelsis not known.

Here, we study the efficiency of samarium as a corro-
sion inhibitor of steels in a neutral medium. The impor-
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tance of steel corrosion in neutral media is related to its
industrial applicationsin heat exchangersand recirculating
water systems.

Experimental

The steels selected for this study were stainless steels,
types AlSI 304, 316L, 430, and 409L .

Theeffect of samarium on the corrosion behavior of the
steels was studied in 35g/L NaCl solutions, a pH = 6.4,
with samarium present in various concentrations in the
NaCl solution. Samarium was added as Smy(SOa)3 to give
thedesired Sm(l11) concentration. After the addition of sa
marium, the pH was adjusted to 6.4 by adding NaOH solu-
tion. The solutionswere prepared with dei onized water and
reagent grade chemicals without further purification.

The evaluation of the effect of samarium for corrosion
inhibition was carried out from pol arization measurements
under potentiodynamic conditions. Thecurvesobtained al-
low the measurement of the corrosion ratesby the Tafel ex-
trapolation technique. The potentiodynamic measurements
werecarried out at 25 °Cinaglasscell (900 mL) according
the ASTM G-5 specifications, with a Taccussel PJT 35-2
potentiostat.

The steel samples were mounted in epoxy resin, me-
chanically polished with emery paper, degreased in ace-
tone, and rinsed with deionized water; the exposed areawas
1.cm?. Thecounter el ectrodewas aplatinum gauze, and the
reference electrode was a saturated calomel electrode
(SCE).

Since oxygen reductionisthemajor processcontrolling
the corrosion process in neutral media, prior to the experi-
ments the NaCl solutions were saturated with oxygen by
passing pureoxygen for 3hat aflow rate of 200 mL/min, to
assure the reproducibility of the dissolved oxygen concen-
tration.

Results and Discussion

Polarization curves

The effect of samarium on the corrosion behavior of
steel swaseval uated from the modificationsobserved at the
cathodic and anodic sides of the polarization curves.

The general picture of the electrochemical behavior of
the investigated stainless steels was obtained by
potentiodynamic measurements with a slow sweep rate
(0.2 mV/sec).

Polarization started at -1.1 V/SCE in the anodic direc-
tion until the el ectrode had been activated, and wasthen re-
versed with the same sweep rate. In all cases, two
digtinctive regions were observed:

* alimiting current, on the cathodic side, and

* apitting region, on the anodic side

The relative position of those regions depends on the
type of steel, the major differences being observed in the
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pitting region. The results obtained with different stainless
steel samples are shown in Fig. 1.

Behavior in the limiting current region

Thisregionisonly observed in the presence of oxygen
in solution, which indicates that this signal is associated
with the oxygen reduction reaction. The value of the limit-
ing current is not very dependent on the nature of the steel.
Onthecontrary, thislimiting current is strongly dependent
on the samarium concentration in the NaCl solution, as
shown in Fig. 2 for 430 stainless stedl.

From Fig. 2 areduction of the limiting current is ob-
served when the samarium concentration isincreased from
samarium concentrations greater that 10* M. The reduc-
tionin thelimiting current is observed with samarium con-
centrations on the order of 102 M. For samarium
concentrations greater that 102 M, the limiting current is
not dependent on the samarium concentration. In addition,
anew signa at -0.81 V/SCE isobserved when samariumis
present in the solution. The signal is dependent on the sa
marium concentration. The nature of the electrochemical
reaction associated with this signal is not clear because
Sm(I11) should not show electrochemical activity, consid-
ering the Pourbaix diagrams for samarium®.

After the polarization measurements, the examination
of the electrodes in an optical microscope shows the pres-
ence of an adherent thin film that can be dissolved in an
acidic medium, but not in an akaine medium. This fact
shows the basic nature of this film. EDS analyses of the
film show the presence of Sm, O, and Cl, evidencing the
mixed anionic composition of the film.

The feasibility of the formation of the protective film
dependsontheinitial potential of the polarization measure-
ment, and thefilmisnot observed when the potential sweep
isstarted at more anodic potential sthan that corresponding
to the hydrogen evolution reaction.

Theseresultssuggest that the filmisformed inthe cath-
odicregion at potential swherethereduction of water to hy-
drogen occurs; we assume that the film isformed with the
OH-" ions generated from the reduction of water. Similar
processesareinvolvedin theformation of metallic hydrox-
ide films'®*?, and explain the basic nature of the film. A
model considering the possibility of a chemical reaction
between the steel and samarium ions, similar to that in-
volved in the formation of classical chromate conversion
coatings'*14, cannot be assumed because Sm(l11) ions can-
not be reduced or oxidized in agueous solution under the
conditions imposed by the chemical media studied
(complexing power, pH).

Behavior in the pitting region

In this region achange from cathodic to anodic current
without the activation-passivation transition is observed.
This behavior is due to the oxide layer formed when the
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electrodeisin contact with moist air. After thiszone, thein- anodicbehavior observed, itispossibleto determinethe pit
creasein the current starts at the breakdown potential, Ep, nucleation potentia E, (the potential below which no pit-
continuing even after the potential scan reversal. From the ting occurs, and abovewhich pit nucleation starts) fromthe
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Figure 1. Polarization curvesobtained on different steelsin NaCl 35 g/L, satured with Oz. 1) Stainlesssteel type 430; 2) Stainless steel type409L ;
3) Stainless steel type 304; 4) Stainless steel type 316L.
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Figur e2. Polarization curvesobtained on 430 stainlesssteel in NaCl 35 g/L at vari oussumariumconcentrations: 1) N2, Sm 1073 M; 2) O, saturated
solutionwithout Sm (111); 3) O saturated solutions, Sm (I11) 10 M; 4) O, saturated solution, Sm (111) 10°M; 5) O saturated solution, Sm (111)5x
10 M; 6) O, saturated solution, Sm (111) 102 M.



152 Ortegaet al.

hysteresis |oop observed. The values of the E, and E, po-
tentials appear to depend on the nature of the steel and on
the samarium pretreatment, as shown in Table 1.
Fromtheresultsin Table 1, moreanodicvaluesfor Ep
and Ej, in the presence of samarium are observed, indicat-
ing a more energetic corrosion process. Modifications of
the anodic behavior dueto the presence of samarium is not
clear, but may be explained by the surface modification
produced by the film formed at more cathodic potentials.

Corrosion rate measurements

The corrosion rates were evaluated using the Tafel ex-
trapolation technique with the data obtained from the
potentiodynamic measurements. The values obtained with
a samarium concentration of 103 M in the NaCl solution
areshownin Table 2.

These results show areduction in the corrosion rate in
the presence of samarium, indicate that samarium in solu-
tion produces a diminishment of the corrosion rate: thein-
hibitory effect of samarium is evidenced by the
modificationsin the polarization curves.

Table 1. Valuesof breakdown potentials (Eb) and pit nucleation po-
tentials (En) for different steelsin NaCl solutions (35 g/L) without and
with Sm. [Sm*"] = 10° M.

without Sm (mV/SCE)  with Sm (mV/SCE)
Steel Eb En Eb En
400 L -105 - 290 - 50 - 260
304 95 - 170 93 - 140
430 - 60 - 233 -51 - 216
316 L 130 - 55 177 - 185

Table 2. Corrosion ratesfor different steelsin NaCl solution (35g/L)
without and with Sm. [Sm*] = 10°M

Steel Corrosion rate (mm/year)
without Sm with Sm
409 L 0.0056 0.0002
304 0.0015 0.0009
430 0.001 0.001
316 L 0.009 0.006
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Conclusions

Samarium in NaCl solutionsinhibitsit steel corrosion:
shiftsthe breakdown potential's, E,, and the nucleation po-
tentials, En, towards more anodic values. In addition, the
presence of samarium reduces the limiting current value
for the oxygen reduction reaction directly involved in the
corrosion process in NaCl solutions. The behavior ob-
served appears to be dependent on the nature of the steel
and on the samarium concentration, and was associated
with the hydroxide conversion coating formed on the sur-
face.

Since samarium effects are observed at low concentra:
tions, their usein industrial applications asacorrosion in-
hibitor is conceivable.
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