Transmission Electron Microscopy Study of Layered Oxides
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Layered oxides are promising materials for lithium/sodium ion battery due to its two
dimensional ionic pathways and relatively stable metal-oxide layers during electrochemical
reaction. The structures of layered oxides are quite simple at first glance, namely hexagonal
closed packed atoms within metal-oxide layers and Li/Na ions occupying octahedral/prismatic
spaces in between. These layers could repeat themselves every second or third times,
forming P2, P3, O2, O3 structures, known as Delmas' notation. In as synthesized layered
oxides, however, the structures are not always simple, with sub-grains, multi-phases and
stacking faults. Transmission electron microscopy, as a powerful tool for structural analysis, is
used to study the relationship between the structures and the electrochemical capability.
For a series of materials Li1.2Mn.54Ni.13Co.13BxO2+δ annealed at different temperatures,
spherical aberration corrected high angle annular dark field scanning image technique was
used to reveal a complex crystallization process during annealing. The sample of high
electrochemical performance is determined to be the one with multi-phases coexistant. This
study provides a strong implication for the synthesis of Li-rich layered oxides as electrode
materials.

Fig 1 the structural evolution of Li-rich layered oxides
For another series of materials Na0.60LixMn0.66Ni0.17Co0.17O2+δ annealed at a fixed temperature,
Cs-corrected HAADF-STEM and energy dispersion spectrum were used to unveil an epitaxially
grown P3-O3' biphasic layered structures with elemental segregation. TEM images of P3-O3'
sample after electrochemical cycling show improved structural integrity compared with single
phased samples. This study offers a solid strategy to boost electrochemical endurance by
introducing another compatible phase.

Fig 2 the epitaxial structure and elemental segregation of P3-O3' layered oxides
In the coming IMC19, an in situ study of layered oxides Na2Ni2TeO6 in a Protochip liquid
holder is going to be discussed. Na2Ni2TeO6 is grown into large crystals, cut into nano slice
and mount onto electrochemical chip using focused ion beam technique. To acquire higher
resolution in liquid holder under TEM, a new method is devised to insert and extract the liquid
electrolyte reversibly. This method is believed to address the issue of unacceptably low
resolution that haunts the liquid holder research in materials science.

Fig 3 liquid being inserted and extracted from E-chip
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