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Soft Chemical Synthesis of High Capacity Manganese Oxide Positive Electrode Materials
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We developed lithium manganese oxides as positive electrode materials with high specific capacity for Li-ion battery. The
combination of Na'/Li* ion-exchange and chemical Li-ion insertion, i.e. soft chemical synthesis, gave access to new metastable
manganese oxides. The Lio.s2MnO2 sample with the Nao.44MnOz-type tunnel structure was successfully synthesized, and exhibited a
reversible electrochemical Li extraction and insertion properties with the capacity up to 200 mAh-g! between 2.5 and 4.8 V vs.
Li/Li*. Moreover, the Mn-rich layered rocksalt-type LiMnosNio.1 Tio.1O2 was synthesized by using both Na*/Li* ion-exchange and
Li* insertion processes. The electrochemical experiments revealed the initial charge and discharge capacities of LiMno.gNio.1 Tio.102
were 250 mAh-g! and 244 mAh-g’!, respectively, with the first coulombic efficiency of 98 % between 2.0 and 4.8 V. The
optimization of the manufacturing process for these manganese oxide materials has been expected to give the breakthrough in the
development of positive electrode materials for advanced Li-ion batteries.
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Fig.1 Specific capacity and average discharge potentials for

positive electrode materials.
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Fig.3 Crystal structure of Nag 44MnO..
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Fig.7 Powder X-ray diffraction patterns for the precursor
samples: (a) Nag/Mngs1Tig4sO02, (b) Nag/MngerTios302,  (C)

Nag.7Mng 77 Tig 2302, (d) Nag/MnggsTio 1102, and (e) Nag/MnO..
Copyright © 2012 The Chemical Society of Japan.
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Fig.8 Powder X-ray diffraction patterns for the ion-exchanged
Samp_|931 (a) Li0.45Naq.15Mno.51Tio.49_oz (b) Li0.48NaO._OBMnO.7OTiO.3OO27
(c) Lio32Nao.11Mng 77 Tio 2302, (d) LiossNao0aMnosrTio 1302, and (e)
LigssNag04MnO,. Copyright © 2012 The Chemical Society of
Japan.
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Fig.9 Charge and discharge curves between 4.5 and 2.4 V for
(a) Lios5Nao.0sMnOy, (b) Lio.ssNao.0sMno g7 Tio 1302, (c)
Lio 32Nao.11Mng 77 Tig 2302, and (d) Lio.4sNao.0sMng 70Tio 300x.
Copyright © 2012 The Chemical Society of Japan.
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Fig.10 XRD patterns for  LixMnyNi;Tis,..O,  system:
(a) LiosoNao.0sMng 72Nig.15Tio.1302, (b) Ligs1Nao.0sMng.s2Nio.10Tio.0s02,
() LiossNap.0sMng 91Nig05Tio0402, (d) Lios2Nao.0sMng 72Nig .05 Tio 2302,
(e) Lios1Nag.0sMnge7Nio.10Tio.2302, (f) Lio.soNao.0sMnoe2Nio.15 Tio.2302,
(g) Lio_ssNag_osMno_ssNio_QUTio_2402. Copyrlght © 2013 Elsevier.
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Fig.11 Charge/discharge curves of the Li/LixMnyNiTiy,.0, (x <
0.7, 0.5 < y < 0.95, 0.05 = z < 0.25) cells in the potential range
between 1.5 and 5.0 V (30 mA-g') during 20 cycles:
(@) LiossNap.0sMno ssNio 20 Tio 2402, () LiosoNap.0sMno s2Nig 15Tio 2302,
() Lios1Nag.0sMnoe7Nio 10Tio2302, (d) Lio.s2Nap.0sMng.72Nig.0s Tio 2302,
(e) LioseNap.0sMng g1Nio.0sTio.0402, (f) Lio.s1Nag.0sMno.s2Nig.10Tio.0802,
(9) Lio.soNag.0sMng 72Nig 15 Tig.1302. Copyright © 2013 Elsevier.
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Fig.12 Rietveld refinement pattern for Na*/Li* ion exchanged
Li0_61Nao_ogMno_gzNi0_10Ti0_0502. Copyrlght © 2013 Elsevier.
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Fig.13 SEM images of Li\Mngg:Nio 10Ti00s02: (@) x = 0.6 after
Na*/Li* ion exchange and (b) x = 1.0 after chemically Li* ion
insertion. Copyright © 2013 Elsevier.
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Fig.14 Rietveld refinement patterns for chemically Li-ion inserted
Lis.oMng g2Nio 10 Tio.0805. Copyrlght © 2013 Elsevier.
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