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Context 

 
Materials with grain size down to few tens of nanometers (nanocrystalline materials NC) have attracted 
a lot of attention  in the recent years. This attention  is motivated by potential applications requiring 
exceptional specific strength for fuel/structural efficiency and in a large variety of microelectronics, coatings, 
MEMS, or stretchable device applications. They present exceptional  mechanical properties  as for instance 
a higher mechanical strength compared to their coarse grained counterparts. 

 

A large scientific effort has been focused on the identification  of elementary mechanisms specifically 
triggered in such materials. Plastic deformation in metals is controlled by the motion of linear defects 
called dislocations at the atomic scale. In NC metals however, several experimental studies have shown that 
the interfaces between two grains of different crystallographic orientation (grains boundaries) contribute 
to the plastic deformation. In particular, the migration of the grain boundary under stress has been found 
especially efficient even at low temperature. 

 

Despite large scientific theoretical and experimental efforts, this mechanism is still partly  understood. 
The fine understanding of such mechanism is however of crucial importance in order to design new NC 
materials with remarkable mechanical properties. 

 
 
Description of the work 

 
From a theoretical point of view, we have recently proposed a new numerical method allowing a detailed 
study of the shear coupled grain boundary migration [1,2]. This approach allows to characterize the 
migration of an ideal grain boundary from an energetical point of view and to evidence the nucleation and 
spreading of grain boundary defects called disconnections.  The role of these disconnections during the 
grain boundary migration has been confirmed experimentally  by imaging them during in-situ transmission 
electron microscopy observations (TEM)  [3,4]. This original technique consists in observing in real time 
and at the nanoscale the deformation mechanisms during a miniaturized tensile test in the microscope. 

 

We propose in this thesis to pursue the study of the shear coupled grain boundary mechanism with a 
specific emphasis on the origin of the disconnections. 

 

Two main physical mechanisms are experimentally expected to generate disconnections : the dissociation 
of an usual lattice dislocation in the grain boundary and the nucleation at triple lines. 

 

These two mechanisms will be studied both theoretically and experimentally. 
 

Theoretically, we will study, in both cases, the conditions under which a disconnection can be generated, 
the characteristics of its formation, especially the activation  energy and the resulting mechanisms of 
disconnection motion. 

 

In the experimental work, we will deepen our understanding on the collective motion of grain boundary (NC 
polycrystals), observe and understand the relationship between shear coupled grain boundary mechanism 
and absorption of lattice dislocations and finally study the origin of disconnections at triple lines. 

 

The theoretical study will be essentially performed by using atomistic simulations (molecular dynamics, 
Nudge Elastic Band method. . . ) with a semi-empirical potential of Embedded Atom Method type.  The 
simulations will use the LAMMPS code and will be performed using lab computing facility or facilities at 
the regional or national scale. 
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The experimental part will be based on in-situ deformation experiments using different experimental setups, 
some of them already existing (high temperature tensile holder, nano-indentor), others in development, 
and different kind of imaging techniques (bright/dark field, orientation mapping, strain/stress mapping, 
high resolution).  The use of new tensile devices incorporating micro-actuators and FIB (Focused Ion 
Beam) machined samples should for instance allow high resolution TEM  experiments.  The success of 
such experiments at a scale close to the simulations will allow the identification and the monitoring of the 
deformation at atomic scale.These experiments  will benefit also from established international collaboration: 
we will study both freestanding thin films small grain metals elaborated at the Johns Hopkins university 
in Baltimore, or bicrystals containing only one grain boundary, provided by RWTH university in Aachen. 

 
 
Profile 

 
The candidate should have an overall good level in physics (mechanics, statistical physics, solid state 
physics, and crystallography) and knowledge in programming language (fortran,  C, C++, python. . . ). 
Knowledge in elasticity and plasticity will be valuable. 

 
 
Contact 

 
N. Combe (combe@cemes.fr), F. Mompiou (mompiou@cemes.fr) 
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