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General behavior upon cycling of LiN1VOy as battery electrode
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Abstract

X-ray absorption spectroscopy (XAS) study on the nickel and vanadium oxide LiNiVO, gives a lot of information on the local structural
changes and the redox processes involved upon lithium uptake. This paper is mainly devoted to the comparison between the behaviors of
two pristine materials which differ only by the annealing temperature. The general behavior at the atomic level is identical: in a first step, a
reduction and a coordination change of vanadium from tetrahedral to octahedral, then a reduction and pairing of nickel, and few changes for
the main part of the lithium uptake. The reversibility is insured by vanadium which move from octahedra to tetrahedra and is reoxidized to
its pristine oxidation state. From the XAS results, we may conclude that the differences in the electrochemical curves is due to side reaction

with the electrolyte. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

LiNiVO, is among the transition metal oxides which
present such good electrochemical performances as they
are considered as possible negative electrodes in lithium ion
batteries [1]. All these oxides have a very similar behavior.
The first step of the discharge corresponds to an amorphiza-
tion of the material and is irreversible. In the second part, a
large amount of lithium can be reversibly inserted. Among
these oxides, the tin derivatives have been largely studied. In
this case, stoichiometries and some experimental results are
in agreement with the correlative formation of Li,O and
elemental metal which may react reversibly with lithium [2].
These conclusions are poorly supported by X-ray diffraction
because the compounds are amorphous. EXAFS proves that
the mechanism is more complicated than expected and
indicates the formation of lithium—metal-oxygen compo-
sites acting as an oxygen reservoir on charge and a lithium
reservoir on discharge [3]. X-ray absorption spectroscopy
(XAS) is known to be a very efficient tool in the structural
determination of the local atomic arrangement. Moreover,
modifications of the metal absorption edge (XANES) may
give valuable information on the redox process. We have
used this technique to define the local structural changes and
the redox process in LiNiVO,4 upon cycling, by experiments
on both nickel and vanadium edges. In a previous paper, the
general behavior of this compound has already been
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described [4]. We focus here on the influence of the crystal-
lization state on the electrochemical performances.

2. Experimental

Lithium reaction was performed in Swagelock batteries
whose the negative is made of metallic lithium and, in our
experiments, LiNiVO,4 has been considered as a positive
electrode. The starting phase has been prepared in following
a ‘chimie douce’ method [5]. The obtained amorphous
powder was annealed at two different temperatures: 500
and 600°C leading to slightly different crystalline states,
especially in the grain sizes and their distribution. XAS data
have been collected at the vanadium and nickel K edges, in
the transmission mode, in using the synchrotron beam
provided by the DCI storage ring at LURE (Orsay, France).
The samples have been extracted from the electrochemical
cells and properly conditioned in a glove box to avoid air and
moisture contamination.

3. Results

The voltage—composition curves, close to equilibrium, are
shown in Fig. 1 for the materials annealed at 500 and 600°C.
The general shape is the same with a large voltage drop at the
very beginning (x = 0.6 and 0.2, points A and 1, respec-
tively, in Fig. 1), which is more intense for the second
compound. A first plateau follows, ending at B (x = 1.5)
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Fig. 1. First cycle of LiNiVO, —600°C and LiNiVO, —500°C/Li batteries.

and 2 (x = 1.1), respectively, and then voltage drops down to
0.5 V. The end of this process, in C (Li; (NiVO,) and 3
(Li» ¢NiVOy), respectively, corresponds to the beginning of
the reversible part of the battery. The discharge can be
extended with a slow voltage decrease to the final composi-
tions Li;(NiVOy (point E) and LigNiVO, (point 5), respec-
tively. Upon charging from these points, about six lithium
per formula unit can be removed from the material. It is
evident that the general shape of the voltage—composition
curve is maintained with a shift towards higher lithium
content for the less annealed compound. It corresponds to
more than a doubling of the irreversible capacity of the
material.
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Fig. 2. Vanadium K edge for various lithium content in LiNiVO,.

Previous XAS studies on the 600°C annealed material
have shown that the first step of the discharge is a structural
modification of the pristine inverse spinel structure [6], in
which vanadium atoms move from tetrahedra into octahe-
dra. Vanadium is reduced from the oxidation state V to IV.
The second short voltage drop does not involve vanadium
atoms. Surprisingly, the nickel environment is largely mod-
ified during this step. It corresponds to a Ni-Ni pair forma-
tion. Correlatively, nickel is reduced from II to the unusual
oxidation state I. Despite the large uptake of lithium (more
than five Li per formula unit), subsequent discharge will not
modify markedly the vanadium and nickel environments.
Moreover, the metal oxidation states are only slightly
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Fig. 3. Moduli of the nickel K edge EXAFS Fourier transforms for various
lithium content in LiNiVO,.
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Fig. 4. Position of the absorption edge of vanadium vs. its oxidation state.

reduced, to a degree which does not correspond to a simple
charge transfer from fully ionized lithium atoms.

In order to compare the behavior, at the atomic scale, of
the material annealed at the two different temperatures, XAS
data have been collected at both Ni and V edges for the
compositions marked on Fig. 1. The vanadium edge is a
clear signature of the reduction and the coordination change
of vanadium, from vanadium V into tetrahedra, to vanadium
IV into octahedra. In this matter, the spectra of samples 2 and
B (Fig. 2), corresponding to the end of the first voltage
plateaus in the 600 and 500°C compounds, respectively, are
very similar. These two evidence a large decrease of the pre-
edge peak, signature of the coordination change, and a shift
of the main edge towards lower energy, which proves the
reduction of vanadium. The changes in the nickel environ-
ment are well seen in the radial distribution function (RDF)
extracted from EXAFS signal. The RDFs of samples 3 and C
are similar (Fig. 3). These two show a contribution at a much
longer distance than the one observed in the pristine phase,
which corresponds to the octahedral oxygen coordination of
nickel (dnj_o = 2.05 A). The new peak has been analyzed as
a nickel-nickel distance of 2.43 /ok, very close to the one
encountered in the elemental nickel.

As far as charge is considered, the nickel environment is
not significantly modified. It is important to notice that the
nickel pairs are kept all along the cycling. They correspond
to the formation of a new structural arrangement which is
very stable and favorable to the electrochemical behavior.
The charge involves mainly vanadium atoms, which are
found back into tetrahedra at the end of the charge. This
coordination is especially evident if we consider the inten-
sity of the pre-edge peak as compared to the one of the
pristine phase (Fig. 2). The variation of the edge position
shown in Fig. 4 indicates that vanadium recovers its pristine
oxidation state V. This figure also shows that the lower
oxidation state of vanadium is close to II.

4. Discussion

The main question we tried to answer in this study is about
the origin of the irreversibility of the extra lithium which
reacts with the 500°C annealed phase as compared to the
600°C one. It can be either a bulk reaction, different from the
one previously described, or a decomposition of the elec-
trolyte. Such a decomposition is expected to be catalyzed by
the surface of the grain and would be very sensitive to the
grain size. From the results, it is clear that the vanadium and
nickel environments along with their oxidation state do not
depend on the amount of reacting lithium but on the position
in the cycling curve. Therefore, the extra inserted lithium
does not react with the material itself and has to be attributed
to electrolyte decomposition. This study points out the
importance of the grain size and the size distribution in
the performances of the materials and especially the large
effect they may have on the irreversible capacity of the metal
oxides used as negative electrodes.
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