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Layered lithium nickel manganese oxides have attracted interest as possible alternatives to LiCoO,,
the material that is most commonly used as positive electrode in commercial Li-ion batteries,
because of their lower cost and higher safety and abuse tolerance. The series of compounds
Li;x(Ni;3Mn;3C013)1xO2 were first reported by Ohzuku et al. [1] in 2001. These layered structures
have similar space group as LiCoO; (space group R3m ).

There have been many studies on how the crystal structure evolves over one charge-discharge cycle.
On the other hand, there have been few studies on how the crystal structure evolves after extensive
electrochemical cycling. Li;+x(Nij;;3Mn;3Co01/3)1xO2 was chosen as a representative model compound
in this work, in order to investigate the structural changes that occur after charge-discharge cycles.
Selected area electron diffraction patterns (SAED) and high resolution transmission electron
microscope (HRTEM) images were obtained from both the as-prepared powders and from powders
taken from the positive electrode after many charged-discharged cycles. These powder samples were
suspended on lacey carbon films and investigated using a JEOL 2010F microscope operating at
200kV. Several particles of the as-prepared and cycled material were viewed along various low-
index zone axes. These experimental studies were accompanied by simulations of diffraction
patterns for various possible crystal structures using the JEMS (Java EMS) software program
developed by P. Stadelmann (version 2009).

A typical TEM image of as-prepared Li;+x(Ni;3Mn;3Co01/3)1.xO2 powder is shown in Figure 1 (a)
with in Figure 1 (b)-(c) two electron diffraction patterns obtained along the [112] and [001]zone
axes respectively. These fundamental reflections and zone axes are indexed as the parent trigonal
phase with a space group of R3m . Additional weak reflections are also observed whose first order
superlattice reflections are marked by open circles in Fig. 1(b) and (c), which indicate the presence
of cation ordering in the transition metal layer [2,3]. These superlattice reflections (marked by open
circles) observed in Fig. 1(b) and (c) can be indexed to Var x Bar x e superstructure with space
group P3,12. Superlattice reflections unique to this superstructure were found in all as synthesized
particles.

Figure 2 (a) shows the bright-field TEM image of cycled Li;(Ni;sMn;;3Co;53);xO2 sample. Fig.
2(b) and (d) shows the SAED patterns taken from the particle interior and edge respectively. The
SAED pattern from the particle interior is in good agreement with the simulated electron diffraction
pattern shown in Figure 2c¢ with space group R3m ([100] zone axis). Superlattice reflections
corresponding to the ordered P3./2 phase are not observed after cycling. However, additional
reflections are observed in Figure 2d which could be indexed as the cubic Fd3m phase ([110] zone
axis) as shown in Fig. 2 (e). This indicates the presence of cubic phase on the particle surface. These
results are further evidenced by HRTEM image and FFT pattern shown in Fig. 2(f) indicative of a
cubic surface phase.
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Fig.1. (a) Bright-field TEM image of the as prepared Li;+.(Nig3Mng3Co¢3);<O; particle, (b)-(c)
SAED patterns collected along the[112] and [001]zone axes respectively. First order superlattice
reflections marked by open circles are from cation ordering.
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Fig.2. (a) Bright-field TEM image of cycled material, (b) Experimental electron diffraction pattern
collected from the interior of the Lij+(Nip3Mng3Co03)1-xO; particle, (c) Simulated [100]r zone axis
pattern with a space group R3m. (d) Experimental electron diffraction pattern collected from the edge
of the particle (a), (e) Simulated [110].uic Zone axis pattern with a space group of Fd3m, (f) High
resolution electron microscope image collected near the particle edge, with the corresponding FFT
pattern with reflections from the cubic phase in the insert.

https://doi.org/10.1017/51431927610058617 Published online by Cambridge University Press


https://doi.org/10.1017/S1431927610058617

