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Summary: The new in situ 4D imaging tool developed on the ID16B beamline at the ESRF 

brought an unprecedented combination of nanometer pixel size and fast acquisition time at high 

temperature. The present performances of the technique will be described and illustrated through a few to 

examples such as the study of high temperature deformation into light alloys. Finally, new possibilities 

opened by the Extremely Brilliance Source upgrade program at the ESRF will be discussed. 

  

 
1. INTRODUCTION 

 
Nano-characterization is a key point in the study of microstructures for the understanding of material 
properties, as well as its evolution and degradation. More and more, in situ measurements are needed to further 
understand the mechanisms controlling these processes. X-ray computed tomography (CT) is a very powerful 
technique that provides nondestructively direct access to the three-dimensional morphology of a specimen, and 
for which recent improvements have enabled nano-scale measurements. As an example, the two beamlines, 
ID16A and ID16B at the European Synchrotron Radiation Facility (ESRF) take advantage of the 
holotomography technique [1] to 3D image materials from polymers to ceramics, at the nanometer scale (pixel 
size down to 10nm). In this work, we present the unique fast in situ 3D nano-imaging tool developed at ID16B 
combining high spatial resolution and time resolved measurements.  

 

2. EXPERIMENTAL METHOD 

 

The unprecedented combination of high spatial and temporal resolution (timescan:7s; pixel size 27 
nm) have been made possible thanks to the unique characteristics of the ID16B beamline: intense, 
high energy, and nano-focused X-ray beam (1012ph/s - energy from 17 keV to 30keV - 50×50 nm2). 
Moreover, the relatively large free space available for samples has allowed the development of 
various sample environments, such as a furnace to perform in situ 3D nano-imaging at high 
temperature. More recently, new beamline specific in situ devices have also been developed to extend 
the capabilities of ID16B to investigate dynamics of several important processes. Operando fuel cells 
and battery devices as well as controlled atmosphere for reduction or oxidation processes have been 
successfully tested. The development of a tensile device to be used inside the furnace allows the study 
of high temperature deformation within various materials, Fig. 1. Several experiments have been 
performed on light alloys to follow creep cavities.  
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3. RESULTS 

 
The results show the nucleation and early stage of the growth of cavities in Aluminum alloys during tensile 
tests at 400°C, Fig. 2. Changes in shape and volumetric data have been linked to theoretical models such as 
diffusion and plasticity [3].  
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Figure 1: Fast high temperature deformation set up at ID16B: beam of 50x50 nm2 focused down thanks to 
KB mirrors, fixed PCO edge  
 
 

 
 

 

Figure 2: 3D rendered view of nucleation and growth of cavity (red) alongside a second phase particle (green) 
as the Al-Cu sample strains (Ɛ) with time (t, in minutes), imaged by in situ  nano-tomography with a voxel size of 
100nm during tensile test at 400°C. 


