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Abstract :

In the present work, all-solid-state i batteries were fabricated using Nal-NaBH,-Lil solid
solution as the solid electrolyte. The Li" conductivity of 15Nal-LiBH. (6 mol% LiBH.) showed 2 X
107° S/cm at room temperature, which is comparable to that for Lil. For the further enhancement
of Lii" conductivity, the impurity phase (LLiBH,) should be avoided during the synthesis of the solid
solutions. In the present study, in order to determine the synthesis conditions for Nal-NaBH,-Lil
solid solutions in a single phase, the mechanism of the conversion reaction of NaBH, + LLil — Nal +
LiBH: was investigated by preparing the mixed powder pellets of NaBH./Lil. The extent of
reaction was investigated by changing the temperature and pressure. Although the conversion
reaction cannot be completely suppressed, low temperature and high-pressure conditions were
suggested to be favorable to avoid the presence of LLiBH,. The aging variation of the microstructure
of NaBH./Lil mixed pellet was observed by scanning electron microscope (SEM). It revealed that
the reaction interphase between NaBH, and Lil consists in the order of Lil | Nal | LiBH, | NaBH..
It was clearly confirmed that Nal layer was continuously increased with time even at room
temperature. In conjunction with the array of the interphase, it was considered that the diffusion of
Na" in LiBH, is necessary condition for the growth of Nal layer. The formation of the solid
solutions was confirmed for 9(15Nal-NaBH.)-Lil with no significant inclusion of LiBH; secondary

phase. The Li" conductivity of 9(15Nal-NaBH,)-Lil was 1.5X107° S/cm at 30°C. The activation



energy for Li" conduction was estimated to be 0.28 eV for 9(15Nal-NaBH,)-Lil. Furthermore, the
charge-discharge performances of the Li/TiS. cell using 9( 15Nal-NaBH,)-Lil was excellent. It
was shown that the charge-discharge capacity of 175 mAh/g can be maintained for 60 cycles with
the Coulombic efficiencies of over 99%. The effects of the ball-milling on the ionic conduction
properties of Lil is investigated. The conductivity of Lil is drastically increased by ball-milling:
the conductivity is reached to 1 X107° S/cm at room temperature. The activation energy for ion
conduction is not significantly changed. It should be emphasized that the conductivity of Lil is
successfully improved by ball-milling without degradation of the reduction stability. The local
structure of ball-milled Lil is investigated by pair distribution function (PDF) analysis based on
the X-ray total scattering measurement. The nearest neighbor distance of L.i" and I" is shorter than
that in the perfect crystal of Lil. These results indicate that the disordered local structure of Li"

around I is one of the origins for the enhancement of the conductivity of Lil by ball-milling.
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