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Towards the automation of dislocation density measurement in
aluminum alloys using transmission electron microscopy and deep
learning

Keywords : deep learning, transmission electron microscopy, aluminium alloys, dislo-
cations

SCIENTIFIC DESCRIPTION :

Context:

Aluminum alloys are a class of materials widely used in industry due to their low density and
excellent mechanical properties. Since the beginning of the 20th century, they have contrib-
uted significantly to the development of the aerospace industry. Structure-hardened alu-
minum alloys of the 2xxx family, of the AlI-Cu-Mg type (or Duralumins), continue to be stud-
ied by physicists and metallurgists because subtle variations in their composition or the ad-
dition of small amounts of other elements (microalloying) [1,2] combined with new thermo-
mechanical treatments [3,4] can result in improved macroscopic mechanical properties.
Everything depends on the nanostructure: on the one hand, in the fine precipitation se-
quences and, on the other hand, at the heart of the dislocations, nanometric linear defects
and vectors of plastic deformation. In fact, in certain sheets that have undergone solution
treatment and quenching, a significant increase in dislocations will influence hardening. For
several years, our team has been studying materials from World War Il aircraft wrecks in or-
der to gain a better understanding of the aluminum alloys used by different nations and to
understand the link between chemical composition, precipitation, forming processes, and
resulting mechanical properties. The aim is to gain a better understanding of the links be-
tween elemental composition, thermomechanical treatments, and macroscopic mechanical
properties in these complex alloys. This involves identifying nanoprecipitates and evaluating
the quantity of dislocations introduced during manufacturing in thermomechanical pro-
cesses. This last point is the subject of the proposed internship.

Techniques/methods in use :

Several experimental methods can be used to quantify dislocation density (dislocation
length per unit volume), including X-ray diffraction (XRD) and transmission electron mi-
croscopy (TEM). While XRD provides an average value at the macroscopic scale, TEM obser-
vations allow for a more accurate local assessment at the grain scale. However, a statistically
representative assessment by TEM ideally requires the acquisition and processing of a large
number of images, acquired over a large field of view (several micron squares). Measuring
density by image analysis is mainly a segmentation problem where dislocations must be de-
lineated on an image, usually manually, which requires time and expertise in understanding
dislocation contrasts. The idea of automating this work has recently emerged as a possibility
through the use of deep learning methods [6], but has not yet been used in this context. The
aim of the internship will be to establish a relevant and effective methodology for evaluating
the density of dislocations in alloys using transmission electron microscopy. The alloys will be
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observed and studied in several states: remelted, quenched with or without pre-strain. In this
internship, the student will first establish a protocol for acquiring TEM images and thickness
measurements. Then, he/she will use a state-of-the-art neural network to segment the im-
ages. Finally, they will automatically calculate the dislocation densities. A critical analysis of
the method's performance with respect to the images collected will enable its limits of ap-
plication to be established. The results will be compared with macroscopic measurements
obtained by XRD.
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Applicant skills : The student must have a background in physics/materials science. Knowl-
edge of transmission electron microscopy and skills in Python programming and image anal-
ysis would be highly appreciated.

Internship supervisor(s) : Frédéric Mompiou, Magali Brunet, frederic. mompiou@cemes.fr, ma-
gali.brunet@cemes.fr

Internship location: CEMES-CNRS, 29 rue Marvig, 31055 Toulouse cedex 5
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