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Neste trabalho o efeito do Samário sobre o comportamento corrosivo de diferentes aços em
soluções de NaCl + Sm (III) tem sido estudado por métodos eletroquímicos. Os resultados
permitem avaliar a eficiência do Samário como um inibidor da corrosão através dos parâmetros 
cinéticos da reação de redução do oxigênio e do comportamento eletroquímico dos aços. O
comportamento observado depende da natureza do aço e do fenômeno de inibição e tem sido
associado à modificação da superfície devido à formação de uma camada de hidróxido de
Samário, o que foi confirmado por estudos de EDS.

In this re search the ef fect of sa mar ium on the cor ro sion be hav ior of dif fer ent steels in NaCl
+ Sm (III) so lu tions is stud ied by elec tro chem i cal meth ods. The re sults al low the eval u a tion of
the ef fi ciency of sa mar ium as a cor ro sion in hib i tor by the ki netic pa ram e ters of the ox y gen re -
duc tion re ac tion and the elec tro chem i cal be hav ior of the steels. The be hav ior ob served de -
pends on the na ture of the steel, and the in hi bi tion phe nom e non is as so ci ated with a sur face
mod i fi ca tion due to a hydroxy-samarium com pound layer formed at the steel sur face, as con -
firmed by EDS stud ies.
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In tro duc tion
Rare earth metal salts have shown to be very ef fec tive

cor ro sion in hib i tors for alu minium and alu mi num al loys1-4. 
It is as sumed that this in hi bi tion is pro duced by  a pro tec tive 
rare earth ox ide film at the sur face.

On this ba sis rare earth con ver sion coat ings have been
de vel oped for cor ro sion pro tec tion. Ce rium con ver sion
coat ings for alu minium al loys have been ob tained by im -
mer sion in Ce (III) so lu tions and have proven to pro vide
sig nif i cant cor ro sion pro tec tion against ex po sure to NaCl
so lu tion3-5. The de gree of pro tec tion is strongly de pend ent
on the time of im mer sion in the rare earth metal salt so lu -
tion and to achieve sig nif i cant pro tec tion im mer sion times
of some hours are re quired, which of course is com mer -
cially un at trac tive. The con ver sion coat ing may also be
formed elec tro lyt i cally by cath odic po lar iza tion. This pro -
ce dure would al low the re duc tion of the time needed for the

film for ma tion, but its in dus trial uti li za tion has not been re -
ported.

In pre vi ous re searches we stud ied the in hib i tory ef fect
of sa mar ium on the ox y gen re duc tion re ac tion on Pt in a
weakly acidic so lu tion6, and on the an odic cor ro sion be -
hav ior of steels treated by im mer sion in a sa mar ium so lu -
tion7,8: sa mar ium changes the elec tro chem i cal pa ram e ters
of the ox y gen re duc tion re ac tion and shifts the steel cor ro -
sion po ten tial to wards more an odic po ten tials. Since the
ox y gen re duc tion is the main re ac tion in volved in cor ro -
sion pro cesses, and as the cor ro sion po ten tial is re lated to
the cor ro sion fea si bil ity, it is pos si ble that sa mar ium may
act as a cor ro sion in hib i tor of steels in aque ous so lu tions.
Pre vi ous re search on the uti li za tion of sa mar ium as a cor ro -
sion in hib i tor of steels is not known.

Here, we study the ef fi ciency of sa mar ium as a cor ro -
sion in hib i tor of steels in a neu tral me dium. The im por -
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tance of steel cor ro sion in neu tral me dia is re lated to its
in dus trial ap pli ca tions in heat exchangers and re cir cu lat ing 
wa ter sys tems.

Ex per i men tal
The steels se lected for this study were stain less steels,

types AISI 304, 316L, 430, and 409L.
The ef fect of sa mar ium on the cor ro sion be hav ior of the

steels was stud ied in 35g/L NaCl so lu tions, at pH = 6.4,
with sa mar ium pres ent in var i ous con cen tra tions in the
NaCl so lu tion. Sa mar ium was added as Sm2(SO4)3 to give
the de sired Sm(III) con cen tra tion. Af ter the ad di tion of sa -
mar ium, the pH was ad justed to 6.4 by add ing NaOH so lu -
tion. The so lu tions were pre pared with deionized wa ter and
re agent grade chem i cals with out fur ther pu ri fi ca tion.

The eval u a tion of the ef fect of sa mar ium for cor ro sion
in hi bi tion was car ried out from po lar iza tion mea sure ments
un der potentiodynamic con di tions. The curves ob tained al -
low the mea sure ment of the cor ro sion rates by the Tafel ex -
trap o la tion tech nique. The potentiodynamic mea sure ments 
were car ried out at 25 °C in a glass cell (900 mL) ac cord ing
the ASTM G-5 spec i fi ca tions, with a Taccussel PJT 35-2
potentiostat.

The steel sam ples were mounted in ep oxy resin, me -
chan i cally pol ished with em ery pa per, degreased in ac e -
tone, and rinsed with deionized wa ter; the ex posed area was 
1 cm2. The coun ter elec trode was a plat i num gauze, and the
ref er ence elec trode was a sat u rated cal o mel elec trode
(SCE).

Since ox y gen re duc tion is the ma jor pro cess con trol ling 
the cor ro sion pro cess in neu tral me dia, prior to the ex per i -
ments the NaCl so lu tions were sat u rated with ox y gen by
pass ing pure ox y gen for 3 h at a flow rate of 200 mL/min, to
as sure the reproducibility of the dis solved ox y gen con cen -
tra tion.

Re sults and Dis cus sion

Po lar iza tion curves

The ef fect of sa mar ium on the cor ro sion be hav ior of
steels was eval u ated from the mod i fi ca tions ob served at the 
cath odic and an odic sides of the po lar iza tion curves.

The gen eral pic ture of the elec tro chem i cal be hav ior of
the in ves ti gated stain less steels was ob tained by
potentiodynamic mea sure ments with a slow sweep rate
(0.2 mV/sec).

Po lar iza tion started at -1.1 V/SCE in the an odic di rec -
tion un til the elec trode had been ac ti vated, and was then re -
versed with the same sweep rate. In all cases, two
dis tinc tive re gions were ob served:

• a lim it ing cur rent, on the cath odic side, and
• a pit ting re gion, on the an odic side
The rel a tive po si tion of those re gions de pends on the

type of steel, the ma jor dif fer ences be ing ob served in the

pit ting re gion. The re sults ob tained with dif fer ent stain less
steel sam ples are shown in Fig. 1.

Be hav ior in the lim it ing cur rent re gion

This re gion is only ob served in the pres ence of ox y gen
in so lu tion, which in di cates that this sig nal is as so ci ated
with the ox y gen re duc tion re ac tion. The value of the lim it -
ing cur rent is not very de pend ent on the na ture of the steel.
On the con trary, this lim it ing cur rent is strongly de pend ent
on the sa mar ium con cen tra tion in the NaCl so lu tion, as
shown in Fig. 2 for 430 stain less steel.

From Fig. 2 a re duc tion of the lim it ing cur rent is ob -
served when the sa mar ium con cen tra tion is in creased from
sa mar ium con cen tra tions greater that 10-4  M. The re duc -
tion in the lim it ing cur rent is ob served with sa mar ium con -
cen tra tions on the or der of 10-2  M. For sa mar ium
con cen tra tions greater that 10-2 M, the lim it ing cur rent is
not de pend ent on the sa mar ium con cen tra tion. In ad di tion,
a new sig nal at -0.81 V/SCE is ob served when sa mar ium is
pres ent in the so lu tion. The sig nal is de pend ent on the sa -
mar ium con cen tra tion. The na ture of the elec tro chem i cal
re ac tion as so ci ated with this sig nal is not clear be cause
Sm(III) should not show elec tro chem i cal ac tiv ity, con sid -
er ing the Pourbaix di a grams for sa mar ium9.

Af ter the po lar iza tion mea sure ments, the ex am i na tion
of the elec trodes in an op ti cal mi cro scope shows the pres -
ence of an ad her ent thin film that can be dis solved in an
acidic me dium, but not in an al ka line me dium. This fact
shows the ba sic na ture of this film. EDS anal y ses of the
film show the pres ence of Sm, O, and Cl, ev i denc ing the
mixed an ionic com po si tion of the film.

The fea si bil ity of the for ma tion of the pro tec tive film
de pends on the ini tial po ten tial of the po lar iza tion mea sure -
ment, and the film is not ob served when the po ten tial sweep 
is started at more an odic po ten tials than that cor re spond ing
to the hy dro gen evo lu tion re ac tion.

These re sults sug gest that the  film is formed in the cath -
odic re gion at po ten tials where the re duc tion of wa ter to hy -
dro gen oc curs; we as sume  that the film is formed with the
OH- ions gen er ated from the re duc tion of wa ter. Sim i lar
pro cesses are in volved in the for ma tion of me tal lic hy drox -
ide films10-12, and ex plain the ba sic na ture of the film. A
model con sid er ing the pos si bil ity of a chem i cal re ac tion
be tween the steel and sa mar ium ions, sim i lar to that in -
volved in the for ma tion of clas si cal chromate con ver sion
coat ings13-14, can not be as sumed be cause Sm(III) ions can -
not be re duced or ox i dized in aque ous so lu tion un der the
con di tions im posed by the chem i cal me dia stud ied
(complexing power, pH).

Be hav ior in the pit ting re gion

In this re gion a change from cath odic to an odic cur rent
with out the ac ti va tion-passivation tran si tion is ob served.
This be hav ior is  due to the ox ide layer formed when the
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elec trode is in con tact with moist air. Af ter this zone, the in -
crease in the cur rent starts at the break down po ten tial, Eb,
con tin u ing even af ter the po ten tial scan re ver sal. From the

an odic be hav ior ob served, it is pos si ble to de ter mine the pit 
nu cle ation po ten tial En (the po ten tial be low which no pit -
ting oc curs, and above which pit nu cle ation starts) from the
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Fig ure 1. Po lar iza tion curves ob tained on dif fer ent steels in NaCl 35 g/L, satured with O2. 1) Stain less steel type 430; 2) Stain less steel type 409L;
3) Stain less steel type 304; 4) Stain less steel type 316L.

Fig ure 2. Po lar iza tion curves ob tained on 430 stain less steel in NaCl 35 g/L at var i ous sumarium con cen tra tions: 1) N2, Sm 10-3 M; 2) O2 sat u rated 
so lu tion with out Sm (III); 3) O2 sat u rated so lu tions, Sm (III) 10-4 M; 4) O2 sat u rated so lu tion, Sm (III) 10-3 M; 5) O2 sat u rated so lu tion, Sm (III)5 x
10-3 M; 6) O2 sat u rated so lu tion, Sm (III) 10-2 M.



hys ter esis loop ob served. The val ues of the Eb and En po -
ten tials ap pear to de pend on the na ture of the steel and on
the sa mar ium pre treat ment, as shown in Ta ble 1.

From the re sults in Ta ble 1, more an odic val ues for Eb

and En in the pres ence of sa mar ium are ob served, in di cat -
ing a more en er getic cor ro sion pro cess. Mod i fi ca tions of
the an odic be hav ior due to the pres ence of sa mar ium is not
clear, but may be ex plained by the sur face mod i fi ca tion
pro duced by the film formed at more cath odic po ten tials.

Cor ro sion rate mea sure ments

The cor ro sion rates were eval u ated us ing the Tafel ex -
trap o la tion tech nique with the data ob tained from the
potentiodynamic mea sure ments. The val ues ob tained with
a sa mar ium con cen tra tion of 10-3 M in the NaCl so lu tion
are shown in Ta ble 2.

These re sults show a re duc tion in the cor ro sion rate  in
the pres ence of sa mar ium, in di cate that sa mar ium in so lu -
tion pro duces a di min ish ment of the cor ro sion rate: the in -
hib i tory ef fect of sa mar ium is ev i denced by the
mod i fi ca tions in the po lar iza tion curves.

Con clu sions
Sa mar ium in NaCl so lu tions in hib its it steel cor ro sion:

shifts the break down po ten tials, Eb, and the nu cle ation po -
ten tials, En, to wards more an odic val ues. In ad di tion, the
pres ence of sa mar ium re duces the lim it ing cur rent value
for the ox y gen re duc tion re ac tion di rectly in volved in the
cor ro sion pro cess in NaCl so lu tions. The be hav ior ob -
served ap pears to be de pend ent on the na ture of the steel
and on the sa mar ium con cen tra tion, and was as so ci ated
with the hy drox ide con ver sion coat ing formed on the sur -
face.

Since sa mar ium ef fects are ob served at low con cen tra -
tions, their use in in dus trial ap pli ca tions as a cor ro sion in -
hib i tor is con ceiv able.
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Ta ble 2. Cor ro sion rates for dif fer ent steels in NaCl so lu tion (35g/L)
with out and with Sm. [Sm3+] = 10-3 M

Steel Cor ro sion rate (mm/year)

with out 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

Ta ble 1.  Values of break down po ten tials (Eb) and pit nu cle ation po -
ten tials (En) for dif fer ent steels in NaCl so lu tions (35 g/L) with out and 
with Sm. [Sm3+] = 10-3  M.

with out Sm (mV/SCE) with Sm (mV/SCE)

Steel Eb En Eb En

409 L -105 - 290 - 50 - 260

304   95 - 170   93 - 140

430 - 60 - 233 - 51 - 216

316 L  130 -  55  177 - 185


