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In recent years, there has been a growing interest in lithium nickel manganese oxides with or without cobalt.   Among them, LiCo1/3Ni1/3Mn1/3O2 shows a rechargeable capacity of 200 mAh·g-1 in voltages of 3.0 to 4.6 V with small polarization [1,2].   This material seems to be the most promising positive-electrode material for advanced lithium-ion batteries [3].   In previous papers [4-6], we have shown that LiCo1/3Ni1/3Mn1/3O2 (P3112) consists of Co3+ (low spin state), Ni2+, and Mn4+ (no Jahn-Teller ions) by the first-principles calculation [4,5], and we have shown it experimentally [6].    In this paper, we report a reaction mechanism on the lithium insertion electrode of LiCo1/3Ni1/3Mn1/3O2.
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Figure 1 shows the change in hexagonal lattice constants of Li1-xCo1/3Ni1/3Mn1/3O2 (0 ≤ x < 1) prepared by electrochemical oxidation.   Data were taken by an ex-situ XRD.   Although the sample used here is a superlattice structure having a space group symmetry of P3112 [5,6], we describe the structure as a small hexagonal unit cell for simplicity.   The lattice constant at x = 0 in Li1-xCo1/3Ni1/3Mn1/3O2 was determined to be a = 2.863(2), c = 14.254(8) Å.   When the lithium ions were extracted from LiCo1/3Ni1/3Mn1/3O2, c-axis dimension increases to 14.50 Å.   Conversely, a-axis decreases to 2.82 Å until x reaches 2/3 in Li1-xCo1/3Ni1/3Mn1/3O2.   Consequently, the unit cell volume remains almost constant, i.e., about 100 Å3 until x = 2/3, as is seen in Fig. 2.   The change in unit cell volume is similar to that for LiCo1/2Ni1/2O2 (low spin states of Co3+ and Ni3+), although the electronic structures are different.   On further oxidation, c-axis dimension decreases to 13.8 Å, while a-axis stays almost constant at 2.82 Å.   When lithium ions were extracted almost entirely from LiCo1/3Ni1/3Mn1/3O2, the unit cell volume shrinks ca. 5 %, which is smaller than that for LiCoO2 and LiNiO2.
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Figure 3 shows the open-circuit voltages of Li1-xCo1/3Ni1/3Mn1/3O2 (0 ≤ x < 1).   These data were obtained by intermittent charge and discharge mode, i.e., 1 h current on and 5 h current off.   The voltages increase as a function of x in Li1-xCo1/3Ni1/3Mn1/3O2, indicating the reaction proceeds in one phase in an entire range (0 ≤ x < 1).

From these results, we will discuss the reaction mechanism of Li1-xCo1/3Ni1/3Mn1/3O2 (0 ≤ x < 1) in terms of solid-state redox reaction.
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Fig. 1    Change in hexagonal lattice constants, a and c , as a function of x in Li1-xCo1/3Ni1/3Mn1/3O2 (or charge capacity in mAh·g-1).
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Fig. 2    Change in unit cell volume as a function of x in Li1-xCo1/3Ni1/3Mn1/3O2 (or charge capacity in mAh·g-1).
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Fig. 3   The open-circuit voltages as a function of x in Li1-xCo1/3Ni1/3Mn1/3O2 (or charge capacity in mAh·g-1).
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