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Thermally activated grain boundary (GB) migration is important in grain growth and  materials processing.  Although grain boundary migration has been studied extensively by macroscopic methods during the past 50 years, atomic mechanism of grain boundary motion have only recently become amenable  to experimental investigations.  

In this talk I will report on in-situ high-resolution electron microscopy (HREM) studies of grain boundary motion at elevated temperature.  This work was done during the past few years in collaboration with Fritz Phillipp at the Max-Planck-Institut Stuttgart.  The 1.25 MeV atomic-resolution electron microscope (ARM) at the MPI was used to observe and record  GB migration in Au and Al thin films at elevated temperatures (T > 0.5 Tm).  Conventional HREM of GBs requires that low-index zone axes in the bounding crystals are parallel.  Therefore studies of GB atomic structures are typically limited to tilt GBs.  To dispose of this limitation we developed a special epitaxial  templating technique for tilt, twist and general GBs.  At elevated temperature the latter allow observation of surface-energy driven GB migration, whereas motion in tilt GBs is curvature driven.  Typically, nanograins produced by these techniques were used to examine  all of the GB facets at a given  crystal misorientation.

Considerable insights regarding  the dependence of GB migration mechanisms on interfacial geometry and structure were obtained by digital analysis of HREM video recordings.  However, since the macroscopic GB geometry involves five parameters only a very limited region of this five-dimensional phase space could be explored. I will discuss the techniques involved, their spatial and temporal limitations as well as examples of atomic-scale defect kinetics and their implications regarding  atomic-scale mechanisms of GB migration.  

The observed strong dependence of GB mobility on geometry in Al prompted N. Mott more than 50 years ago to suggest that GB migration may involve collective effects, where groups of atoms attach themselves to the growing grain.  This may be possible by an atomic shuffling mechanism, similar to a martensitic transformation. Our HREM observations have for the first time directly shown the existence of collective effects in GB migration.   Collective  effects were observed at several GB geometries  as evidenced by GB positional fluctuations at high temperature involving  hundreds of atoms.

HREM observations of high-angle  tilt, twist and general GBs at elevated temperatures have allowed identification of several migration mechanisms. Even under a strong driving force GB motion typically is not smooth, but involves sharply varying speeds and thermally activated spatial fluctuations. This can be understood based on the necessary point defect migration that is connected to the transport of the GB free volume.






