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This study is focused on the crystal structure of 2024 aluminum-alloy (Al-alloy) with copper (Cu) as
primary alloying element. These alloys have excellent properties for corrosion and aerospace applications.
The main drawback of this alloy is its fast corrosion rate. There is a correlation between the strain and the
hydrogen trapping mechanism that is responsible for corrosion in 2024 alloys. Therefore, an Al-alloy with
low density of defects is desirable at the vicinity of the precipitates to reduce corrosion. Many techniques
such as X-ray diffraction, nano-indentation or Raman spectroscopy are used to determine strain on bulk
material. However, information gathered using these technigues are not sufficient to understand defect
induced corrosion mechanism. In this study, we propose a methodology to correlate strain to defect
localization induced by Cu precipitates by combining different Transmission Electron Microscopy (TEM)
techniques. To develop this technique, we used an Al-alloy which belongs to the 2024 category: Al-4.35
Cu-1.5 Mg-0.64 Mn-0.5 Si-0.5 Fe (wt.%). The sample was treated at 495 <:C followed by water quenching.
The aging process was carried out but at 210 <:C for an hour to accelerate the precipitate formation.
Specimens for TEM analysis were prepared using a standard focused ion beam (FIB) lamella methodology
and the TEM characterization was performed using aberration-corrected microscope of model Titan 80-
300 ST from Thermo-Fisher Scientific. TEM characterization was performed on specimens to establish
the degree of coherency of S™ precipitates in Al matrix. This is accomplished by determining strain fields
around the precipitates. Our results suggest that the presence of strain fields due to dislocations is
indicative of incoherent or semicoherent precipitates. Whereas, no dislocation strain fields in the maps
implies a fully coherent precipitate in Al matrix. To achieve this goal, several TEM techniques were used
as follows:

e Geometric Phase Analysis (GPA) is used to determine the strain around the precipitates and to
localized possible dislocations and evaluate their impacts on strain gradient; and

¢ Nano beam diffraction (NBD) is used to determine strain at the microscale due to its higher field
of view which allows to map strains at the grain size scales.

In this study, we characterized a region with three different precipitates oriented in the plan normal to the
sample. We first acquired high-resolution scanning TEM images of these three precipitates and used
geometrical phase analysis (GPA) algorithm to obtain strain mapping close to one nanometer scale [1].
Due to the configuration of the TEM used for this experiment (absence of probe corrector), the field of
view with this technique is limited to 20 nm x 20 nm area. Figures 1(a-c) depict the strain gradients of the
three precipitates in both directions, i.e. longitudinal (exx) and vertical (gyy). GPA provided strain mapping
at the nanometer scale which made it possible to detect dislocation sites [2]. Large strain variations are
observed inside all precipitates which are due to the incoherency between the precipitates and the matrix.
Moreover, strain variations are also observed in the Al-matrix and are identified as dislocations (cf. dashed
black circles). For a better understanding of the influence of precipitates on strain at a larger scale, we
performed the NBD mapping on the same region covering the 3 precipitates. The surface area analysis
was performed for around 60 nm x 60 nm with a pixel size of 2 nm. Figure 2(a) shows the STEM image
of the region containing the precipitates. Figure 2(b) depicts the same region imaged with NBD technique
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with a lower spatial resolution. Figure 2(c) and 2(d) show the mechanical deformation maps of NBD
measurement of the red square processed using epsilon software [3, 4]. The different precipitates and
dislocations were carefully localized on the new mapping. Large strain variations were observed at the
vicinity of the precipitates. Indeed, the strain variations was found varying from tensile (positive values)
to compressive (negative values) when observing deformation from left to right. Moreover, the
dislocations observed in Figure 1 seem to be located in the regions where similar strain inversions were
observed as well. As expected, this study shows that Cu precipitates can be a source of large strain
relaxation in Al alloys. Crystal dislocations were recorded inside the precipitate itself and at its vicinity
where strain inversions can also be observed. Further investigation using the same methodology will be
carried out on similar samples with coherent precipitates.
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Figure 1. (a-c) HR-STEM images of 3 different precipitates labelled (a), (B), and (y). The associated strain
mappings are calculated using GPA. The inserted dashed white circles show the location of the
precipitates, and the dashed black circles show the location of dislocations in the Al matrix.
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Figure 2. (a) STEM image showmg the precipitate (a), (b) and (Q). (b) NBD image showing the scanned
area (red square) for strain analyzes. (c) Longitudinal and (d) vertical strain mappings. Inserts show the

locations of the precipitates and the dislocations identified with GPA.
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