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Materials become more and more nanostructured and nanoparticles are increasingly used in several 

applications fields.  A challenge lies in the in situ microstructural characterization of such materials 

as it can give access to valuable pieces of information regarding the microstructural changes induced 

by their use. As far as mechanical properties are concerned, the availability of dedicated TEM 

(Transmission Electron Microscopy) holders equipped with force and displacement sensors is of a 

very high interest to test, in situ, the behaviors of such nanometer-sized objects [1]. 

 

Large numbers of studies are nowadays dedicated on plastic deformation of metals at the nano-scale. 

On ceramic materials, few works have shown that these materials can exhibit significant plastic 

deformation, whereas the corresponding bulk materials are brittle [2, 3, 4]. A better comprehension 

of the mechanisms involved in the deformation of ceramics at the nanoscale could help optimizing 

their fabrication process. 

 

In a first part, we will present results obtained on initially dislocation-free MgO nanocubes of sizes 

ranging between 60 and 450 nm. The contrasts in the images (see Figure 1) will be compared with 

simulation results obtained by Molecular Dynamics. The deformation mechanism is found to involve 

the nucleation and propagation of ½ <110> {110} dislocations [4]. Moreover, a mechanical behavior 

law is identified from the images and the force-displacement curves through Digital Image 

Correlation and Finite Elements Simulations. A strong effect of the nanocube size on the yield stress 

can be observed. This effect is investigated using the method of Maximum Likelihood and the 

parameters of the scaling law are compared with literature data on other types of materials. 

 

In a second part, we will present first experiments on ceria nanocubes tested in a controlled 

environment (i.e. under gas pressure). Indeed, ceria undergoes crystallographic changes u Introducing 

oxygen inside the chamber limits or avoids the reduction of CeO2 nanocubes induced more or less 

rapidly by the electron beam. Compression cycles on the same nanocube, tested either under high 

vacuum or under oxygen, strongly suggests that ceria reduced as Ce2O3 under the effect of an intense 

electron flux has a smaller Young modulus than unreduced or 'oxidized' ceria. The formation of 

dislocations and stacking faults is discussed from atomic resolution images acquired during 

compression. 
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Figure 1.  Weak-Beam Dark Field Image of a 195 nm nanocube during compression (g = [002]). The 

straight lines correspond to screw ½ [011] (01-1) dislocations propagating in the nanocube.  

 

 
 

Figure 2.  Comparison of slopes in the pseudo-elastic region of stress-strain curves recorded 

successively on the same nanocube in high vacuum: a) un-reduced CeO2 (low electron dose), b) 

reduced Ce2O3 (high dose) and re-oxidized ceria under air at 2.6 mbar. 


