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INTRODUCTIOR

Recently considerable interest has been shown in the high ionic conductivity
of B-mlumina and B" alumine and its possible applications ms a solid
electrolyte. The conductivity is caused by the diffusion of sodium ions
through interconnected chennels, or “conduction planes" normal to the c-axis.
Adjacent conduction planer are separated by blocks of spinel-like structure.
There is no pignificant Na* ion diffusion through the spinel blocks. It has
been shown (Negao mnd Keneda, 1975) that the diffusion of Ag' ions in the solid
electrolyte RbAg,ls sttenuates ultrasonic waves and that information may be
thereby obtained about the diffusion process. We heve now used the ultrasonic
technique in & study of Ra* ion diffusion in B-aslumina and in 8"-alumina.

MEABUREMENTS

Measurements have been made of the attenuation of longitudinal waves, prop-
agating both parallel and perpendicular to the e-axis, in single crystels of
€-alumine, in the temperature range ~100 to 300K, Experiments were performed
at frequencies from 30MHz to 9OMIz uwsing conventional pulse-eche techniques.
The samples studied were "good quality" cleavage fragments of m cylindrical,
single crystal boule grown by Union Carbide and supplied by the Roditi
Corporation. BSample dimensions were %15 x 15 x 3nm, the smaller dimension
being paraliel to the c—axis. B-alumina cleaves readily in the basal plane and
it was not posaible to obtmin crystals thieker than ~3mm. This placed
restrictions on the range of measurements possible, in both propagation
directions. The conventional technique of bonding quartz transducers to the
faces was found to be unreliable and was supplanted by the use of CdS thin filw
transducers. For propegation perpendicular to the c-axis, scattering from the
wallg of the thin samples mede pulse-echoes indistinet at frequenecies below
~30MHz. For propagation parallel to the o-axis, the short acoustie paths
acrosg the thin smmples crused successive pulge-echoes to interfere with each
other; making single echo amplitude monitoring impossible. It wes possible,
however, to obtain mn indication of attenuation chenges by monitoring the
change in amplitude of & suitable feature of the multiple echo interference
pattern. Using this technique, the effective acoustic path length producing
the observed attenuation changes was wncertsin and for this reason the results
can only be considered relative to emch pother in arbitrary wnits.

Measurements were also made of sttenuation in a series of sintered polycrys-
talline samples containing about 70% B"-aluminm mnd 30% A-alumina which were
provided by Chloride Silent Power Lid. These semples were lcm right cylinders
and with them both CdS mnd quartz transducers proved satisfactory.

Some of the measurements of attenuation change in the temperature range ~100 to
43JO0OK for the two propagation directions in B-alumina are shown in Arrhenius
plot format in Fig. 1 and Fig. 2.
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Fig. 1. Temperature dependence of the relative sttenuation of longitudinal
vaves propegating parallel to the c-axis in @-alumina in Arrhenius plot format.

It im evident that the sttenuation ie anisotropie¢. For waves propagating
parallel to the c~axis, Fig. 1, & series of Irequency dependent attenumtion
peaks were found. These are in broad agreement with Moreira's anmlysis of
ultrasonic attenuation in an ionic conductor. Moreira (1977) showed that
attenuation, a, is related to the angular frequency of the sound wave w and the
mean time, t, ions spend on available sites, by:

wlt
1+w212

. Hence in Fig. 1 we masume wt
passes through 1 at the attenuation peaks.

For waves propugating in the conduction plane, Fig, 2, the attenuaticn is far
1ess frequency dependent. The cbserved behaviour ies attributed to two separate
relaxation processes associated with ionic hopping. One of these produces the
rapidly inereasing attenuation found at high temperatures. This dat is
assumed to be on the wr > 1 side of an attenuation pesk where a =« v~ end is
approximately independent of frequency. 7The lowest frequency measurements,
IMIz, vere extended to higher temperatures and appear to pesk at 350K, It was
not possible to reach much higher temperatures than this in the apparatus used
in this work end lower frequency measurements were not possible because of the
sample wall scattering problem mentioned e¢arlier. The other relaxation process
contributes the slower changing attenuation which is evident st the lowest
temperatures, Associgted with this ie a guite distinct peak in the 55 Miz data
and & rather broad maxiwum, at s lower temperature, in the 37 Miz data. We
gssume that & peak in the 90 Miz data would appear at 230K if it were not for
the rapid rise of the cther attenuation contribution at this temperature.

The attenustion observed in the polycrystalline predominantly A"-alumina samples
is shown in Fig. 3. Distinct thermally activated attenuation peaks were found
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Fig. 2. Temperature dependence of the relative attenuntion of longitudingl waves
propagating perpendicular to the c-axis in f-alumine, in Arrhenius plot format.

in & range of temperature near 150K. These peaks clearly indicate an
interaction between the eound vaves and ione whose diffusion process is con—
trolled by a 0.1k * 0.002eV activation energy.

ANALYSIS

The analysis of the attenuation dats for B-alumina hms been discussed in detall
by Almond & West (1978). :The main conolusions drewn from this are that the ien
Qiffusion is & two step process controlled bygictivation energies of 0.16 and
0.02eV with attempt frequencies of § 0.6 x 10 Hz and "2 x 109z respectively.
The 0.16eV activation energy is in egreement with the accepted value for
@-alumina but the attempt frequenciee are more than an order of magnitude )ower
than expected.

The results presented here for B"-alumina indicate diffusion by a simple one
step process centrelled by an activation energy of 0.1leV, The attempt
frequency for the process is clearly much higher than for g-alumina mnd is not
inconsistent with the value o102z obtained from Raman acatteling by Bates
et al (1979).

The difference in attempt frequencies for the two phases casts doubt on the
validity of using simple rate theory to explain the ion diffusion in B-alumina.
For this phase a rather complex collective mechanism between pairs of Mat ions
is necessary to explain the lov activation energy, Wang et al (1975). Py
contrast for B"-alumine a high vacaney ¢oncentration in the conduction plane and
a simple thermally activated diffusion process appears to occur and our

results are in egreement with this.
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Fig. 3. Temperature dependence of the relative attenuation of longitudinal
waves in peolycrystalline, TO¥ B"-alumina.

REFERENCES

D P ALMOND and A R WEST 1978 Phys., Letters 604, 130-132,

J B BATES, T KAMEDA, W E BRUNDAGE, J C WANG and H ENGSTROM 1979 8clid State
Comms, 32, 261-265,

A F MOREIRA 1977 Phye.Rev.letters 39, 1154-1157.

M NAGAG and T KANEDA 1975 Phys.Rev. Bll, 2711-2716, .

J C WANG, M GAFFARI and SANG-IL CHOI 1975 J.Chem.Phya. 63 T72.




