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The ionic conductivity of polycrystalline LiyBiOg pellets
has been measured by co-rlcx impedence method. The conduc-
tivity is S.7x10"3(2cm)~! at 300°C and 3.8x10"6(Qcm)~! at
100°C. Li7B310g is the best lithium conductor among the
structurally related Li,MOg compounds.

Introduction

Recently the fonic conductivities of LigZrOg, LigSaOg, LigHfOg 13 LigCe0Og,
Li7NbOg, Li7Ta0¢ and LigIny0¢ have been measured and the highest Li™ conduc-
tivities were observed in the LijMOg phases.!™? The lithium hexaoxzometallates
may be formulated as Li,M0g with n = 6, 7 or 8, and M = a large variety of
metal ions from group III through group VIII. The structure of Li is
characterized by octahedral sheets of CdI; type, between which 6LiT ions are
inserted in a tetrahedral environment as

tetr oct
u6 (unubmc) °6

a+dbdDeen)
Q: vacancy

The structure is pseudo two-dimensional and the lithium ion mobility is signi-
significantly larger in the octahedral layers as indicated by L1 R measure-
sents (4); thus the highest lithium conductivities are observed as expected in
the L17M0g compounds (Lig(LiM{J]Og) vs Lig(L1M]Og in LigMOg, (3)) and of
these ?;‘raog was shown to be the best comductor with ¢ = 1.1x107*(Qcm)~! at
200°c (3).

L17810¢ is isostructural with the Li,MO¢ phases (5); its hexagonal unit
cell, a = 5,50A and ¢ = 15.45A, 1is considerably larger than that of LijTs0¢ (s
= 35,39A, ¢ = 15,11A), and it is thermally stable up to 600°C. Therefore, high
ionic conductivity might be expected. .
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In this paper, we report the results of ionic conductivity measurements of
L17B10g.

Experimental

Starting materials were reagent grade Bij03 and L130 which was obtained by
the thermal decomposition of anhydrous L1302 in vacuum at 450°C for 6 hours.
Stoichiometric compositions were thoroughly mixed in an asgate mortar in a He dry
box according to the equation:

71120 + Bi303 + 09 + 2L17B10g

The mixtures were pressed into cylindrical pellets 9.5 mm diameter and about 5
ma thick at 15,000 1bs/in2. The pressed pellets were transferred to high purity
alumina crucibles, were embedded in excess L1720 powder in order to minimize the
L170 losses, and were heated at 700°C for 18 hours in air. After cooling, the
pellets were crushed and examined by X-ray powder diffraction using a Norelco
diffractometer with Ni filtered copper radiation. Lithium content was
determined by atomic absorption spectrophotometric methods.

Pellet samples for ionic conductivity measurements were prepared by press—
ing to 6.35 um dismeter and about 4 mm thickness at 30,000 1bs/in? followed by
sintering at 800°C for 18 hours in air and quenching in air. Again, Li70 loss
vas minimized by covering the pellets with Li0 powder during the sintering pro-
cess. The X-ray diffraction pattern and lithium content of the sintered samples
were checked to confirm the identity and composition of the phases present.
Weight loss was not observed after sintering. The density of the sintered
pellets were about 802 of theoretical value. Both surfaces of the pellets were
polished using silicon carbide (£#400) paper and sputtered with about lum of gold
followed by a coating of silver paint (Engelhard #16).

The ionic conductivities were mesasured as reported previously (3).

Results and Discussion

Pigure ! shows the conductivity 8 versus 1/T plot for Li7BiOg and LiTaOg
(3). The higher ionic conductivity is observed in Li7B10g: 5.7x10"3(Qcm)~! at
300°C and 3.8x107€(Qcm)~! at 100°C. Different activation energies (Ea) corre-
spouding to a lower and higher temperature region are observed, 0.21 eV and 0.68
eV respectively. The change in the slope of the § vs 1/T plot of LiyBi0¢g is
probably due to s transition from extrinsic to intrinsic mechanisa of counduc-
tivity. Eg in the high temperature region is close to that of Li7Ta0g (0.67

eV (3) or 0.66 eV (1)). This is somewhat surprising, as with the incressed size
of the B4(V) iom, 0.76A vs. 0.64A for Ta(V) Ref. 6. the channel size for pass~
age of the lithium ion is expected to bde otpimized in L17810g, and the energy
barrier for ion jumps from occupied to vacant sites should be lowered
significently.

The fact that the sctivation energies of conductivity are similar (-0.,67
eV) for all of the LijMOg compounds (Li7TeOg, Li7NbOg, L17B10g) measured so far,
explains why we do not observe large improvements (i.e. an order of magnitude or
larger) in the ionic conductivity froa compound to compound.
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rig. 1
Varistion of conductivity with inverse temperature
of Li7B10g and Li7Talg
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