Corrosion Science 102 (2016) 291-300

journal homepage: www.elsevier.com/locate/corsci

Contents lists available at ScienceDirect

Corrosion Science

Identification of the metallurgical parameters explaining the
corrosion susceptibility in a 2050 aluminium alloy

@ CrossMark

Mathilde Guérin®", Joél Alexis®, Eric Andrieu?, Lydia Laffont?, Williams Lefebvre®,

Grégory Odemer?, Christine Blanc®*

3 Université de Toulouse, Institut CARNOT CIRIMAT, UPS/CNRS/INPT, ENSIACET, 4 allée Emile Monso, 31030 Toulouse, France

b Université de Toulouse, LGP, ENIT/INPT, 47 Avenue d’Azereix, 65016, Tarbes, France

¢ Université de Rouen, GPM—UFR Sciences et Techniques, Avenue de I'Université—BP12, 76801, Saint Etienne du Rouvray, France

ARTICLE INFO ABSTRACT

Article history:

Received 27 July 2015

Received in revised form 9 October 2015
Accepted 16 October 2015

Available online 24 October 2015

The corrosion behaviour of a 2050 aluminium alloy was studied in a NaCl solution. The structure of
precipitation did not fully explain the susceptibility to intergranular (in the -T34 state) and intragran-
ular corrosion for the aged state (the -T8 state). A relationship between the nature of interfaces, the
grains characteristics (size, internal misorientation and orientation according to the plane exposed to

the electrolyte) on one hand and the corrosion susceptibility of the alloy on the other hand was clearly
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established. Galvanic coupling between grains with different internal misorientations helped to explain
the intergranular corrosion susceptibility of the -T34 state.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

New generation of Al-Cu-Li-X alloys shows remarkable combi-
nation of density, mechanical properties and corrosion resistance.
Although other phases can be observed in these alloys, the pre-
cipitation of T;-Al,CuLi phase is commonly considered as a major
parameter to explain the corrosion behaviour of these alloys
[1-9]. This intermetallic phase possesses a more negative corro-
sion potential than the matrix [2,6]. When the material is exposed
to an aggressive medium, a galvanic coupling between the T; phase
and the matrix occurs in favour of the matrix. In the -T34 metallur-
gical state, because of the presence of T; particles only at the grain
boundaries, galvanic coupling leads to the dissolution of the grain
boundaries with a more negative corrosion potential than for the
grains. To desensitise the alloy to intergranular corrosion, an aging
treatment is applied to the material. This leads to the precipita-
tion of T; particles both in the grains and at the grain boundaries,
leaving the aged state (-T8). For a -T8 sample, because of this struc-
ture of precipitation, the corrosion potentials of the matrix and the
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grain boundaries are quite similar. Consequently, galvanic coupling
does not occur between the grain and the grain boundaries and the
material is susceptible to intragranular corrosion [2-4].

Our results from previous work confirmed the susceptibility of
an AA 2050 alloy to intragranular corrosion after an ageing treat-
ment at 155°C for 30 h and correlated this to the homogeneous
distribution of T; phase particles in the grains and at the grain
boundaries [9]. For the AA 2050-T34 alloy, susceptible to inter-
granular corrosion, a major part of corroded grain boundaries did
not evidence the presence of T; precipitates. This result suggested
that the presence of the T; phase was not necessary to induce a
susceptibility to intergranular corrosion in an AA 2050-T34 alloy.
Furthermore, for both -T8 and -T34 alloys, preferential dissolution
of some grains and grain boundaries was respectively observed
while, for -T8 alloy for example, homogeneous distribution of T,
precipitates was observed both in the grains and at the grain bound-
aries. These results suggested that parameters different than the
structure of precipitation should contribute to explain the corro-
sion behaviour of the AA 2050 alloy. This should be in agreement
with results found in literature. For example, Luo et al. showed that
a relationship exists between the dislocation density in a grain and
the ability of the grain boundary to be corroded [10]. Kim et al.
showed that the grain boundary character distribution (GBCD) has
agreat effect on intergranular corrosion susceptibility of aluminum
inHCI[11].Ralston et al. worked on the influence of the grain size on
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Map 1: Identification of Map 2: Identification of the
grain orientation nature of the interfaces

a) Scanning by SEM of the corroded surface after
immersion test in 0.7 M NaCl during 72 hours b)
Image analysis

Scanning by EBSD IPFZO0 of the surface exposed (1.5 x 3
mm?) to the electrolyte before corrosion tests

Maps 3: Localization of corrosion defects

Map 4: Corroded surface

Map 3b superimposed to
map 2

Fig. 1. Methodology used for studying the impact of different metallurgical parameters at the polycrystal scale on the corrosion behaviour of AA 2050.
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Fig. 2. Optical microscope observations of (a) intergranular corrosion in the -T34 sample and (c) intragranular corrosion in the -T8 sample. Bright-field TEM images of (b)

the -T34 sample and (d) the -T8 sample.

the corrosion susceptibility of a material and noticed that the ‘grain
size—corrosion resistance’ relationship is complex. They suggested
that this complexity could be increased due to the heterogeneity of
the grain size in a sample [12].

The aim of this study was to determine the origin of the suscepti-
bility to intergranular and intragranular corrosion for AA 2050-T34

and AA 2050-T8 alloys respectively. The structure of precipitation
was considered. However, attention was also paid to microstruc-
tural parameters at the polycrystal scale: this means that the nature
of the interfaces (either grain boundaries or subgrain boundaries
corresponding to the level of misorientation at the interfaces), the
internal misorientation and size of the grains, and their orientation
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