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Non-Linear Resonant Ultrasound Measurements on Superionic Conductor

by

Koichi Nakamura!, Yoshitaka Michihiro!, Toshihiro Moriga?, Masanobu Haraguchi®

Lithium transition metal oxides are attractive as the positive electrode of secondary battery.
In this study, the phonon-echo measurements have been performed to study Lit ionic motion
in piezoelectric LINbO3 powder. The phonon-echo is generated by propagating waves coupling
through the anharmonicity of lattice vibrations. The decay time of the echo, T5 is connected
with the internal friction within each particle, which is functional as an acoustic oscillator.
The decrease in T5 observed above 800 K in the polycrystalline powder is explained in terms of
a Debye-type relaxation model based on Li™ ionic motion. The activation energy is estimated
as about 0.93 eV, which is in good agreement with those reported from NMR and ionic
conductivity measurements. The present study indicates that the phonon-echo measurement

is useful to elucidate the ionic motion in ionic conductors.

Key words: Phonon-echo, Ultrasound Measurement, Lithium Ionic Diffusion, Activation En-
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Forward propagating wave (t=0)

Backward propagating echo (t=21)

t=21

Fig. 1 : Generation of backward phonon-echo.
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Fig. 2 : Dependence of echo intensity e2(27) on twice
the pulse separation 27.
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Fig. 3 : Schematic view of sample holder.

Ooo0:p 00000000000 S 0000000
Oo0boOOOr00OCOOOODOOODODOOO:ED

oopoooo s.000000o0oooooooooon
goooooobooooogt=2r0000000
oooooooooooogg t=27,3r,--- 00ogg
O000000Fig. 1)ODOODODOOOoooooooo
gooocoooooooooon

<72TQ) E\E3 exp ( ;;)
y {1 —exp (—%)} ®)

00000000 Fig. 20000000000000O
uooob-r0o0o0ooooboboOoboboooooooo
gobooooooobooooobooboon

e2(t = 271)

4. 00O

Fig. 3000000000000000O00OCQOLINDO3
oooO0oOoosocooooooooooo pOooOoOO
gooooooooooobooooboooooaa
oooo0o00 45 ~583pmbO0O0O0O0OOODODODODODODO
goooooooboooooooooooobooboboooa
goboo113so000o0o0ooo200000000
gooooooooooobooboooooooooo



Fig. 4 : SEM photograph of polycrystalline LiNbO3
(sample-P).

Fig. 5: SEM photograph of quenched LiNbOs
(sample-Q).
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Fig. 6 : Decay of phonon-echo intensity of samples of
P and S at various temperatures.

500mm? 0000000000000 000000O0
gooooobooooooooooooboobooodoo
gooooooooboooooooooobooboooa
oooooooooooooooooooobooooo
oooooooooooooooooooobobooo
goboooooooooooobooboooboboooo

ooooooooooOooboob 100200000
oo ~2usiofoooooooooooboooood
gooooboooobooobbooooooooboooaoa
gbooobooooo20000000000C0000
gob2-r0000000000000O0O0COO0ODOO
ooooooooooobooooobooooooooo
oooooooooooooboooooboog 120
oooo

5. J0ooooooad
5.100000000000o0a0
gooooooooooooooobooo ~r000O0
00000000000 0D00Ot=2r0000 e(27)
goooooooooooboobooooboooboobooOoo



T T T T T T T
® sample-S | -
: °2 o sample-P | A
10+ gadg o . -
@ I Qe ©g° (96% i
= ° ° 396
|_N ° Q)QQO o i
5¢ P e O .
[} ° o0 |
0o i

o

° ]

0 | | | | | | |
300 500 700 900

Temperature (K )

Fig. 7 : Temperature dependence of T in polycrys-
talline and single crystal LiNbOs3.
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Fig. 8 : Schematic representation of ion hopping
model.
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Fig. 9 : Temperature dependence of 75 in LiNbOs.
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Fig. 10 : Decay of phonon-echo intensity of sample-Q
at various temperatures.
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Fig. 11 : Temperature dependence of T> in sample-Q.
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