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a b s t r a c t

Dissolution of second phase particles (CuAl2) present in AA 2219 aluminium improves the corrosion
resistance of the alloy. Two surface treatment techniques, viz., solid state friction stir processing and
fusion based laser melting lead to the reduction in CuAl2 content and the effect of these processes on
the corrosion behaviour of the alloy is compared in this study. Potentiodynamic polarization and electro-
chemical impedance spectroscopy tests were carried out to compare corrosion behaviour. The corrosion
resistance achieved by friction stir processing is comparable to that obtained by the laser melting
technique.

� 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Good weldability and high strength-to weight ratio of AA 2219
aluminium alloy makes it an ideal candidate for strategic applica-
tions. However, its corrosion resistance is poor owing to the forma-
tion of galvanic cells between the CuAl2 intermetallic and the Al
matrix. Surface treatments can improve the corrosion resistance
of the alloy by homogenization/refinement of microstructure, dis-
solution/redistribution of precipitates. In the present study, the
samples of AA 2219 were subjected to fusion based approach, laser
melting (LM), and a relatively new solid state approach, friction stir
processing (FSP), to improve the corrosion resistance.

Surface treatments are generally carried out to tailor the surface
properties without affecting the bulk properties to improve
strength, toughness, corrosion and wear resistance. In LM, an intense
laser beam locally heats the surface and produces a rapidly solidified
surface layer to a depth of a few hundred microns and the remainder
of the material acts as an effective heat sink and hence the surface
material solidifies under a relatively high rate of cooling. This alters
the microstructure and the distribution of second phase particles
and hence affects the surface properties. In FSP, a non-consumable
tool rotating at a constant speed is inserted into the plates to be
processed and the tool is responsible for heating of work piece and
deformation of the material [1]. FSP being a solid state process is free
from many solidification defects like cracks, porosity, etc.

Li et al. [2] studied the localized corrosion behaviour of LM AA
2024-T351 alloy and found that the pits were uniformly distrib-
uted, while in the base metal the pits were more in the rolling

direction. This difference in corrosion behaviour was attributed to
changes in the distribution and composition of the second phase
particles present in the alloy. Liu et al. [3] studied the corrosion
mechanisms of LM AA 2014 and AA 2024 alloys and noticed an
improvement in pitting corrosion resistance of AA 2014 due to
the cathodic nature of CuAl2 phase relative to the a-Al matrix and
the corrosion resistance of AA 2024 alloy decreased due to the
anodic nature of Al2CuMg phase relative to the a-Al solution. Liu
et al. [4] found that corrosion behaviour after laser treatment
depends on the electrochemical nature of various intermetallics
with respect to the solid solution matrix. Watkins et al. [5] reviewed
the literature on the corrosion properties of various aluminium
alloys after laser surface melting and laser surface alloying and
found promising improvement in the critical pitting potential
compared to the conventional alloys.

Surekha et al. [6,7] studied the effect of FSP parameters namely,
rotation speed and number of passes on the corrosion behaviour of
AA 2219 alloy and found an improvement in the corrosion resistance
that was attributed to the fracture and dissolution of the second
phase particles. Jariyaboon et al. [8] reported the effect of welding
parameters during friction stir welding (FSW), especially rotation
speed and traverse speed, on corrosion behaviour and reported that
rotation speed has a significant influence on the rate of corrosion.
Fonda et al. [9] studied the microstructure, mechanical properties,
and corrosion behaviour of friction stir welded AA 5456 and found
that the anodic reactivity was highest in the weld nugget, particu-
larly towards the lower advancing side, since nanoscale b precipi-
tates were dispersed throughout the matrix of the susceptible
regions. Hatemleh et al. [10] studied the effect of laser and shot
peening on stress corrosion cracking susceptibility of friction stir
welded AA 7075 aluminium found that surface treatment decreased
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