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In the past three decades, intensive research
efforts have been made to explore new positive electrode
materials for rechargeable lithium batteries. Lithium-
excess manganese oxides, Li,MnQ;, and solid solution
phases with LiMeO, (Me = Co, Ni, Mn etc.) have recently
attracted interest as high-capacity electrode materials.
The large reversible capacity partly originates from the
participation of oxide ions in the crystal lattice in redox
reactions.[1,2] The use of analogy seems to be one
strategy to design new high-capacity electrode materials.
Therefore, lithium niobium oxide, Li;NbQO,, which is
classified as cation-ordered rock-salt structure with a
cubic-close packed (CCP) oxygen array similar to
Li,MnOQO;, is targeted as a potential new end-member for
high-capacity electrode materials.

Figure 1 shows an XRD pattern of Li;NbO, with
a schematic illustration of the crystal structure.
Framework structure of Li;NbO, consists of NbO;4
clusters, which further forms a body-centered cubic lattice,
and lithium ions are located at remaining vacant
octahedral sites. Since LisNbQy, is electrically an insulator,
transition metals are substituted for Li" and Nb>". After
several trials, it is found that Co®", Ni*", Fe**, and Mn*"
can be substituted for Li” and Nb”" as shown in Figure 2.
Such transition metal substitution is achieved in the series
of LizNbO4-MeO (Ni**, Co*") and LisNbO,-LiMeO, (Fe’,
Mn’") systems with a common CCP oxygen lattice. As
shown in Figure 2, the metal substitution influences the
clustering of niobium in a CCP oxygen array, leading to
the formation of cation disordered rock-salt phases. In
general, well-crystallized cation disordered rock-salt
phases are known to be electrochemically inactive.
Nevertheless, a manganese-substituted sample
(O43L13Nb04—057Lan02 or Li1,3Nb0,3Mn0‘402 as a
layered formulation) shows large reversible capacity with
small initial irreversible capacity at 60°C as shown in
Figure 3. Initial charge/discharge capacity reaches 300
mAh g, which is clearly larger than that of the expected
capacity (118 mAh g") based on the Mn®>"/Mn*" redox
reaction. Therefore, the charge compensation by oxide
ions in the crystal lattice, similar to Li,MnOs-based
materials, is expected to be achieved.

From these results, we will further discuss
reaction mechanisms of the new Li;NbOy-based positive
electrode materials for rechargeable lithium batteries.
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Figure 1. An X-ray diffraction pattern of Li;NbOj.
Schematic illustration of the sample is also shown.
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Figure 2. Typical X-ray diffraction (XRD) patterns of
Li;NbO,-MeO (Me = Ni*" and Co*") and Li;NbO,-LiMeO
(Me = Fe’" and Mn’") systems.
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Figure 3. Charge/discharge curves of 0.43Li;NbO,—
0.57LiMnO, (Li;3Nby3Mnj40;) in the voltage range of
1.5—4.8 Vatarate of 10 mA g at 60°C.
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