IN SITU NANOCOMPRESSION TESTS IN AN ENVIRONMENTAL TEM TO STUDY PLASTICITY OF CERIUM

OXIDES

Rongrong Zhang, Univ Lyon, INSA-Lyon, MATEIS CNRS UMR5510, F-69621 Villeurbanne, France
rongrong.zhang@insa-lyon.fr
Lucile Joly-Pottuz, Univ Lyon, INSA-Lyon, MATEIS CNRS UMR5510, F-69621 Villeurbanne, France
Thierry Epicier, Univ Lyon, INSA-Lyon, MATEIS CNRS UMR5510, F-69621 Villeurbanne, France
Manuel Cobian, Univ Lyon, ECL, LTDS UMR 5513, 36 av. Guy de Collongue, 69134 Ecully, France
Tristan Albaret, Univ Lyon, UCB Lyon 1, ILM UMR 5306, 69621 Villeurbanne, France
Douglas D. Stauffer, Bruker/Hysitron Inc, 9625W 76th St., Minneapolis, MN 55344, USA
Karine Masenelli-Varlot, Univ Lyon, INSA-Lyon, MATEIS CNRS UMR5510, F-69621 Villeurbanne, France

Key Words: Cerium oxide; in situ; environmental transmission electron microscope; plasticity

Cerium oxide plays an important role in several fields, among which catalysis, gas detection or fuel cells [1].
Cerium oxide nanoparticles are also used as superior abrasive particles in chemical mechanical planarization
(CMP), which is a key process in semiconductor device fabrication [2]. Most of the current research focus on the
synthesis of cerium oxide to optimize CMP, but analysing its deformation mechanisms is also a promising

research direction [3].
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Figure 1 — Strain-stress curve: (a)
Dislocation dominated plastic deformation
and (b) grain boundary-dislocation

dominated plastic deformation.

In this study, we will investigate the plastic behavior of cerium
oxide nanocubes of different oxygen contents, using an in situ
nanocompression Hysitron sample holder in a TITAN
environmental transmission electron microscope (ETEM)
operating either under vacuum or with a partial pressure of air.
The stress-strain curves obtained during the test exhibit small
bursts when dislocations dominate the deformation (fig. 1a),
but the curves are continuous when grain boundaries exist in
the particle (fig. 1b). We will study in detail structural evolutions
during deformation. Moreover, we will discuss the observed
behavior and the yield stress values in light of published
predictions provided by simulations [4]. These findings are
helpful for a better understanding of the mechanical properties
of cerium oxide.

[1] Sun, C., Li, H. and Chen, L. (2012) Energy and
Environmental Science, 5(9), pp. 8475-8505. doi:
10.1039/c2ee22310d.

[2] Xu, N. et al. (2017) Acta Materialia, 124, pp. 343-350.
doi: 10.1016/j.actamat.2016.11.008.

[3] Feng, X. et al. (2006) Science, 312(5779), pp. 1504-
1508. doi: 10.1126/science.1125767.

Sayle, T. X. T. et al. (2011) Nanoscale, 3(4), pp. 1823—-1837.

doi: 10.1039/cOnr00980f



