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Universidad Politécnica de Valencia, P.O. Box 22012, E-46071 Valencia, Spain

Received 23 July 2004; accepted 10 September 2005
Available online 11 November 2005

Abstract

The influence of cavitation on the corrosion resistance of EN 1.4462, its filler metal, and the
welded metal obtained by GTAW was investigated by potentiodynamic curves in LiBr heavy brine
solution under static and dynamic conditions at 25 �C. The corrosion behaviour of the tested alloys
is modified by the presence of chromates (inhibitor) in the medium. The corrosion potential in the
solution with chromates shifted towards the active direction when cavitation was present; on the con-
trary, in the solution without inhibitor, cavitation led to a noble shift in the corrosion potential
favouring the cathodic reaction.
� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Cavitation is caused by continuous collapse of numerous bubbles due to localized pres-
sure changes during high-velocity flow [1,2]. If the pressure suddenly falls below the

0010-938X/$ - see front matter � 2005 Elsevier Ltd. All rights reserved.

doi:10.1016/j.corsci.2005.09.009

* Corresponding authors. Tel.: +34 96 3877632; fax: +34 96 3877639.
E-mail addresses: jgarciaa@iqn.upv.es (J. Garcı́a-Antón), anigmu@iqn.upv.es (A. Igual-Muñoz).
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vapour pressure, the tensile stress imposed on the liquid generates cavities, because of the
numerous small solid and gaseous cavitation nuclei generally present in a real liquid. The
cavities collapse violently when they reach a point of greater pressure. This collapse is
accompanied by the sudden flow of liquid, which originates stress pulses that can cause
plastic deformation on solid surfaces. The magnitude of the impact stress may be as
high as 1000 MPa [3–6]. The duration of the pressure pulse from a collapsing cavity is
about 2–3 ls [4–6].

Cavitation can appear in absorption refrigeration systems of lithium bromide. This phe-
nomenon takes place at bends, narrowings, valves, etc. Lithium bromide is the most widely
used absorbents because of its high hydration heat, good thermal stability, low viscosity,
and lack of crystallization problems at usual working temperatures. Besides, LiBr solu-
tions can cause serious corrosion problems on the metallic materials of these refrigeration
systems [7–10]. These two facts demonstrate the importance of the study accomplished in
this work.

This physical phenomenon leads to mechanical degradation of engineering materials,
while corrosion is a process of loss of material. The combined action of both phenomena
can produce more damage than if each acts separately [11–14]. However, in other cases,
one component may inhibit the harmful effect of the other, resulting in lowering of the
total damage [15].

Two solutions can be used to reduce cavitation damage: optimal design of hydro-
dynamic profiles or application of more cavitation–erosion–resistant materials. The selec-
tion of more resistant materials requires a better understanding of erosion mechanisms
and of material response on exposure to cavitation stresses. One class of material
which could represent cavitation–erosion–resistant materials is the duplex stainless steel
(DSS).

In general, stainless steels posses the ability to form passive films. Passivity is a crucial
factor in determining the capability of metals to resist corrosion. Investigation of the elec-
trochemistry of a passive metal can reveal not only the structure and composition, but also
the electrochemical and corrosion behaviour of the film [16–18]. The localized impact pres-
sures generated by the collapsing cavities are sufficiently large to crack the passive film of
most metals which present passive film under static conditions. Cavitation can produce
changes in the environment, such as local streaming of liquid, an increase in the diffusion
rate of dissolved gases into the cavitating liquid, and the production of reactive species.
These changes in the local environment around the corrosive metal can either increase
or decrease the corrosion rate and are dependent on the particular metal/electrolyte inter-
face [15].

The characterization of DSS behaviour under severe erosion–cavitation conditions has
been carried out by several authors in different media [19–23]. The collapse of bubbles in a
particular medium can modify the corrosion behaviour of DSS; studies of this kind were
performed by Kwok et al. in 3.5% NaCl solution [19], Al-Hashem et al. in seawater [1],
and Vyas and Hansson in chloride solutions [15].

Duplex stainless steels are iron-based alloys; these alloys consist of two phases: ferrite
phase and austenitic phase, the ratio of both phases is typically 50:50. It is essential to
maintain a ferrite–austenite ratio close to 50:50 [24]. In particular, high ferrite contents
can reduce resistance to pitting corrosion, and to stress corrosion [25]. To avoid this phase
balance, filler materials are usually overalloyed with 2–4% more Ni than in the base metal
[26].
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