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Growth Manner of Garnet-Type Solid Electrolyte Crystals in a Molten LiOH Flux

Nobuyuki ZETTSU"*", Katsuya TESHIMA '*

ICenter for Energy & Environmental Science, Shinshu University, 4-17-1 Wakasato, Nagano, 380-8553
2Department of Materials Chemistry, Faculty of Engineering, Shinshu University, 4-17-1 Wakasato, Nagano, 380-8553

Received May, 27 2016; E-mail: zettsu@shinshu-u.ac.jp

This review paper briefly summarize our resent research activities on the flux growth of garnet crystals which have been attracted
much attention as a promising candidates of lithium-ion conductive oxide electrolytes for all-solid-state lithium-ion batteries. LiOH
flux played key rule for the growth of well-defined polyhedral shaped crystals with > 30 um-sized diameter which are surrounded
with {211} and {110} faces independent of chemical compositions. Interestingly, their crystal habits were greatly sensitive to the Li
contents in the cubic-phase garnet lattice with /a3d symmetry. Increasing Li* content close to 7 tended to promote the development
of {211} faces and instabilize the {110} faces, leading drastic morphological changing. We believe that the surface energy of those
faces is closely related to how much lithium ion occupied at 48g (964) sites. Low temperature growth of the cubic-phase garnet
crystals was further demonstrated. LiOH flux growth with LaxZr2O7 powder as a La and Zr sources decreased the reaction
temperature dramatically to 500 °C, lower than that of solid-state-reaction at > 1100 °C.

Key Words: Flux Growth, Garnet, Solid Electrolyte, All-Solid-State Li-lon Battery
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Fig.1 Powder XRD patterns of LLN crystals prepared at (a)
400 °C, (b) 500 °C, and (c) 700 °C for 10 h using LiOH flux. The
powder diffraction file (PDF) patterns of LisLa;Ta,Os, and
Li;La;Ta,0O43 extracted from the ICDD database are also shown.
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Fig.2 SEM images of LLT crystals prepared with different holding
temperatures of (a,b) 400 °C, (c,d) 500 °C, and (e,f) 700 °C.
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Fig.3 SEM images of LLN crystals from LiOH flux with different
solute concentration of (a) 5 mol%, (b) 10 mol% at 700 °C for 10
h.
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Fig.4 Powder XRD patterns of LLN crystals prepared at various

temperatures ranging from 400 °C to 900 °C for 10 h using LiOH
flux: (a) 900 °C, (b) 700 °C, (c) 500 °C, (d) 450 °C, (e) 400 °C.
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Fig.5 SEM images of LLN crystals prepared from LiOH flux at
900 °C for 10 h.
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Fig.6 Powder XRD patterns of LLZ crystals prepared at various

temperatures ranging from 500 °C to 700 °C for 10 h using LiOH
flux: (a) 500 °C, (b) 600 °C, (c) 700 °C.
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Fig.7 SEM images of LLZ crystals from LiOH flux at 800 °C for

10 h.
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Fig.8 Powder XRD patterns of LLZ crystals prepared at 500 °C
various for various holding time: (a) 10 h, (b) 100 h.
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Fig.9 SEM images of LLZN crystals from LiOH flux at 900 °C for
10 h.
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