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Abstract Steels employed in offshore oil and gas 
production are subject to a very corrosive environ-
ment.  Especially the new oilfields located in pre-salt 
layers imply the contact of steels with high brine 
concentration, high temperature and presence of 
corrosive gas such as CO2. Besides these facts, stain-
less steels have to present higher mechanical proper-
ties obtained from an optimized heat treatment. In 
order to take into account these factors and their 
synergisms, on the present paper, we have chosen a 
factorial experimental design to study the corrosion 
behavior of superduplex steel UNS S32750 by elec-
trochemical tests. The results of open circuit poten-
tial, polarization curves and electrochemical imped-
ance were analyzed with statistical methods consi-
dering a confidence level of 95%. The factors that 
significantly affect the corrosion potential are the 
carbon dioxide and heat treatment; the corrosion 
current is sensitive to carbon dioxide, and the resis-
tance of polarization is strongly affected by the CO2 
content. 
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I. INTRODUCTION 
The use of design of experiments in corrosion field is 
relatively limited, albeit the inherent advantages such as 
the improvement of process yield, reduction of devel-
opment time and also can reveal the key-parameters that 
impact the final performance of material properties. In 
this sense, we can cite the following works where corro-
sion was investigated by factorial design (Pariona and 
Muller, 1998; Meng et al., 2007; Hajeeh, 2003). 

The presence of CO2 promotes the so-called sweet 
corrosion that attacks the facilities made of low alloy 
steels in oil and transportation plants. In these contexts, 
a solution for these industries is the use of inhibitors for 
carbon steels (Paolinelli et al., 2008; Linter and Burs-
tein, 1999; Carvalho et al., 2005) or to choose corrosion 
resistance alloys (CRA) which are more expensive than 
carbon steels. The modern duplex, superduplex and 
hyperduplex stainless steels present high corrosion and 
mechanical resistances, but they are not immune to cor-
rosion in high aggressive chloride conditions (Deng et 
al., 2008; Bastos et al., 2007). Indeed, for the superdup-
lex, the interplay between microstructure and localiza-
tion of anodic and cathodic process is a key-factor of the 

corrosion intensity (Tsai and Chen, 2007) mainly for 
localized corrosion (Bastos and Nogueira, 2008). 

The choice of using duplex stainless steels instead of 
the wide spread 300-series for chemical and petrochem-
ical applications occurs thanks to their higher mechani-
cal properties and to less susceptibility to chloride stress 
corrosion cracking and pitting (Gunn, 2003). In addi-
tion, their prices are competitive for some offshore ap-
plications. However, the complex microstructure, chief-
ly formed of ferrite and austenite, allows diverse heat 
treatments in which phases precipitate by time-
temperature transformations. These rich microstructure 
scenarios, the peculiarities of corrosion resistance and 
the ever increasing demand for this steel grade make 
them very attractive to be studied. Thus, in the present 
paper we have shown how carbon dioxide, brine con-
centration and temperature affect the corrosion of UNS 
S32750 steel with two microstructural conditions. After 
the previous study of localized corrosion for this materi-
al (Bastos et al., 2007, Bastos and Nogueira, 2008), in 
this paper, we have focused on the uniform corrosion 
because this is the main corrosion form of carbon steel 
in oil and gas plants, and the S32750 is a candidate to 
substitute the ordinary steel and other stainless steels. 
The CRA exhibit good resistance to uniform corrosion 
in the majority of industrial environment and their 
weakness is mainly the localized corrosion. Indeed, vast 
quantity of published work is devoted to study the loca-
lized corrosion. However, the investigation of uniform 
corrosion is also necessary, chiefly in industrial condi-
tions that are challenging even for CRA, as is the case 
of pre-salt oilfields. To account for this aggressiveness, 
new alloys have been developed and consequently the 
corrosion properties must be known. We have chosen 
the chloride content, temperature and carbon dioxide 
typical of those present in actual pre-salt oilfields. In the 
present work, we focus on the study of the effect of pre-
salt environment in the general corrosion of UNS 
S32750 alloy.      

II. MATERIALS AND METHODS 

A. Materials 
Samples of UNS S32750 stainless steel were heat 
treated at 800oC for ¼ hour and 2 hours so as to yield 
two distinct microstructures. For the sake of simplicity, 
we will call these microstructures as M¼ and M2. This 
procedure allows the formation of deleterious phases 


