Journal of the Korean Association of Crystal Growth
Vol. 10, No. 5 (2000) 362-366

Effect of Ti substitution on electrochemical properties of Li; 4 MnO, synthesized
by solid state reaction

Kwang-Taek Hwang, Marca M. Doeff*, Abraham Anapolsky* and Thomas J. Richardson**

Korea Institute of Ceramic Engineering & Technology, Pottery Research Center; Seoul 153-023, Korea
*Materials Sciences Division, Lawrence Berkeley National Laboratory, Berkeley, CA 94720 USA
**Environmental Energy Technologies Division, Lawrence Berkeley National Laboratory, Berkeley, CA 94720 USA

(Received August 8, 2000)

Abstract Liy,,MnO, cathode material has high reversibility during lithium insertion processes and is not easily damaged
through over-charging or over-discharging. Mn,Os is often present as an impurity phase, and reduce the electrochemical
capacity of electrode because this phase is electrochemically inert. Adding of excess NaOH reduced the MpOs to the
content under undetectable by X-ray diffraction. Because the capacity can be increased in the cathode materials with
larger unit cell, some of the manganese was replaced with titanium having larger ion size, and powders with the formula
Lig 44 Ti,Mn,,Oz(where y = 0.11, 0.22, 0.33, 0.44, and 0.55) was synthesized and characterized. A maximum reversible
capacity of 150 mAh/g was obtained for Li/P(EQ)LiTFSI/Lig 44 Tio22Mno 70, cells in electrochemical potential spectroscopy
(ECPS) experiments. Cells with the titanium-doped manganese oxides exhibited a fade rate of 0.12% or less per cycle.
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Fig. 1. Schematic diagram of coin cell configuration.
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Fig. 2. XRD patterns of NayeTi,Mn,,0, powders, digit
means y value.
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Fig. 3. XRD patterns of Liy4Ti,Mn,;,0, powders, digit
means y value.
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Table 1
Unit cell parameters of Ti-substituted Na,MnO, and
Liy4sMnQ, powders from Rietveld analysis

Parmeter a (A) b (A) c(A) cell volume (A%
Composition

Nag 44MnO, 9.12 26.38 2.83 680.9
Nag 44T 1:Mng 8502 9.13 2643 2.84 685.1
Nag 44 Tip22Mng 7502 3.19 26.52 2.86 696.0
Nay 44Tio 3sM119.670, 9.21 26.51 2.87 701.6
Nay 44T 4eMnp 560, 9.19 26.52 2.87 699.0
Nag 44Ty 55Mn0.4502 9.27 26.60 2.89 712.0
Lip 4sMnO, 8.92 24.09 2.83 607.9
Lig 44Tl 1:Mng 650 8.84 24.88 2.81 616.9
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Fig. 4. Pseudo-open circuit voltage profiles obtained from
electrochemical potential spectroscopy experiments on Li/
P(EO)sLiTFSI/Liy 4, Ti,Mn,,0; cells at 85°C; y = 0 (—),
y=0.11(-), y =022 (), and y = 0.44 (- -). Cells were
stepped 10 mV/4 hours between 3.5 and 2.5V.
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Fig. 5. Galvanostatic discharges for Li/P(EOXLiTFSI/

LipaTi,Mny,0, cells at 85°C (0.1 mA/em®); y =0 (—),

y=011 (), y=022 (), y=033 ( - —) y=044
(- -),y=055(-).
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Fig. 6. Capacity of Li/P(EQ)LiTFSI/Li, 4, Ti,Mn,,0, cells
as a function of cycle number at 85°C; y = 0.11 ([J),
y=0.22 (X), and y = 0.44 (). Cells were discharged
between 3.6 and 2.4V at 0.1 mA/cm’.
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