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NMC) material has been an attractive cathode dusto a0 505%n
high capacity of about 250 mAh/g, which is promisin i
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enabling high energy density Li-ion batteries. Thigh T

capacities of this class of materials are due to an
activation process with charging at ~ 4.5 V vs.which
involves loss of oxygen ions from the lattice. Thagring

the following discharge, Mn ions can be reducebbieer
valence state than possessed in the initial méteria
resulting in high capacity which is retained inbsequent
cycles!?
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Unfortunately, this activation process indicea
layered-to-spinel phase transition accompanied by
progressive increase of portion of the cell cayaoélow
3.5 V during cycling This is illustrated in Figure 1 for
the O.6Li[Li1/3Mn2/3]02— 0.4 LiMnl/gNil/3C01/302 material
cycled only up to 4.4 V (A), activated once at ¥.&nd
subsequently cycled either up to 4.4 V (B) or 4.§0yJ.
This HE-NMC material was obtained by the self-
combustion method and further annealed as reported 0
previously? It is seen that the increase of discharge
capacity proportion below 3.5 V (labeled by dashed
arrows) after 50 cycles is more severe for samgias
went through activation and were cycled in a wider
voltage window, 4.6 to 2.0 V. HRTEM study has shown
that spinel-type structure is formed during cyclimigthe
HE-NMC material. The amount of spinel phase
progressively increases with the anodic cut-offeptal
and the number of cycles.
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Figure 1. Voltage profiles of xLi[LjzMnys3]Os (1-X)
LiMn1aNi13C0,50,  (x=0.6) in half cells in 1 M
LiPF/EC+DMC (1:1) solution at C/10 rate up to 4.4 V
(A), first cycle activation at 4.8 V and subsequeytling
up to 4.4 V (B), first cycle activation at 4.8 V tbthe
subsequent cycling up to 4.6 V (C). Cycle numbees a
indicated.

In recent studies, the poor rate perfoiceanf HE-
NMC has been attributed to the fact that spinelsphay
destroying the layered characteristics of theahiphase,
blocks simultaneously the Lifast diffusion channels.
Our highly resolved PITT studies show that the mimin
of the chemical diffusion coefficient of Li-ionsligin the
potential region between 3.25-3.30 V. The highesalt
serial resistance of the electrode obtained byeefiPITT
method also relates to 3.25-3.30 V in the beginrdng
then slips further towards 3.0 V during cycling.igh
suggests that the rise of resistance in the 3.28-¥%.
domain relates to the kinetic limitations in spimdlase
with high lithiation.
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In conclusion, long-term cycling of HE-NM@
potentials higher than 4.5 V results in accumutataf
spinel-type phase and leads to development of atgre
proportion of lithiation below 3.5 V. The kinetic
limitations typical for lithiation/delithiation ofmore than
one lithium per formula in LiM§O, spinel may also relate
to the activated HE-NMC cathode. In addition, aygli
performance of HE-NMC may be Ilimited by
decomposition of pristine particles into much semall
particles (revealed by HRTEM), which promotes stefa
reactions of electrolyte solution species and ailtieg
increase of electrode impedance.



