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Abstract

In terms of inorganic solid electrolytes, oxide-based materials are promising candidates for the
next-generation lithium-ion battery because of their high stability in mechanical, chemical and
electrochemical aspects. Furthermore, lithium solid electrolytes can potentially address several
key limitations of organic or liquid electrolytes used in today’s lithium batteries, namely, their fire
exposure, leakage and limited electrochemical stability. As a typical solid state electrolyte materi-
al, Lio.3s3Lao.57TiO3 ceramic displays excellent ionic conductivities at room temperature, especially a
high bulk lithium-ion, but not grain boundary, conductivity of about 10-3 S/cm as reported in lite-
rature. Here, electrolyte ceramics of lithium lanthanum titanate [Lio.33Lao57TiO3(LLTO)] and cor-
responding Zr++-doped samples were prepared by conventional solid state reaction. Ceramics of
LLTO sintered at different temperatures were comparatively investigated. It was observed that
LLTO sintered at 1300°C exhibited a higher total Li-ion conductivity of about 2.29 x 10-5 S/cm
compared with those sintered at other temperatures. In order to enhance the Li-ion conductivity
further, a synergistic optimization of zirconium doping and sintering time elongation has been
performed. And the results show that the sample prepared under the optimal condition possesses
a highest total ionic conductivity of 1.29 x 10-* S/cm through the AC impedance measurement.
This is probably because the grain boundary in LLTO was effectively modified and the porosity
between grains was reduced extremely.
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Table 1. Reagent sources and specifications for synthesizing Lig33Lay5,TiO3
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Table 2. Main instruments used in experiments
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Figure 1. XRD patterns of Lig3lag 57 TiO5 solid-state electrolytes
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Figure 2. Impedance spectra for LLTO-based solid-state electrolytes sintered
at different temperatures
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Figure 3. Bulk, grain boundary, and total conductivities of Ligaslags;TiO3
solid-state electrolytes
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Figure 4. XRD patterns of Lig 33Lag 57(Ti(1x), Zrx)O; sintered at 1300°C with x
=0, 0.02, 0.04, 0.06, 0.08, 0.10, respectively
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Figure 5. Zr**-content dependences of bulk- and grain-boundary-controlled
impedances in Lig 33Lags7(Tiy.x,Zry)O5 sintered at 1300°C
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Figure 6. Zr*"-content dependences of conductivities in Ligs3Lags7(TitxZly)
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Figure 7. Surface SEM patterns of Ligaslags; TiOz and LigasLags7(Ti1x,Zr)03 (X =
0.06) sintered at 1300°C: (a); (b) and (c) pure Ligaslags;TiOs; (d); (e) and (f)
Zr**-doped Lig 33La0.57(Tir.xZr,)O3 (X = 0.06)
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Figure 8. Impedance spectroscopy of Ligslags7(Tiyy,Zr,)Os with x = 0.06, sin-
tered at 1300°C for 24 hours
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