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Preparation and Ionic Conductivity of the Rapidly-Quenched Glasses

in the System LiZO*TiOZ—PZOS
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Li* ion-conducting glasses were prepared in the system
LiZO—TiOZ—P205 by rapid quenching. These glasses had high
ionic conductivities of 10°2-107° s m™1 at 400 K. The conduc-
tivities of these glasses increased and the activation energy
for conduction decreased with an increase in the Li,0 content
of the glasses. At a given LiZO content, the conductivities

at 400 K increased with substituting TiOz for P205.

For several years many investigations have been made in the field of
Li* ion solid electrolytes for their application to high energy density
batteries, electrochromic devices, sensors, and so on. A desirable
electrolyte for practical use requires the high ion conductivity over 10_1
S m_l, the chemical and electrochemical stability, low cost, and ease of
preparation. Some of the solid electrolytes, such as Li3N1) and sulfide
based glasses,2_4) have high Li* ion conductivities of the order of 1071
S m~l at room temperature, but they are unstable in air. Other solid
electrolytes like LISICON5) and oxide based glasses,6_7) which are stable
in air, have lower conductivities in the range of 1073 to 107° s m71.

Recently, Aono and co—workerss—lo) reported that the LiTiz(PO4)3
based solid solutions, Lil+XTil_XMX(PO4)3 (M = A1, Cr, Fe, In, Ga, Sc),
showed remarkable high Li* ion conductivities in the range of 1072 to 1071
S m_l at room temperature, and that the highest conductivity,
7 x 1072 s m™! at 298 K, was found in Li; 4Ti, 7Al, 5(PO4)5. However,
LiTiz(P04)3 (x=0) sintered pellets were reported to be poor in the Li* ion
conductivity. In order to obtain the high ion conductivity; the addition
of some lithium compounds, such as L120, Li3PO4, Li3BO3, and L12804, was
necessary as sintering agents for the LiTiz(P04)3 polycrystalline pellets.
These results suggest that the grain boundary of sintered pellets seriously
affects to the total conductivity. It is interesting to investigate the

Li* ion conducting properties of the glasses in the system L120~T102—P205,
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since glassy or amorphous materials
have some advantages compared to
crystalline materials; for example,
isotropic properties, no grain bound-
ary, a wide range of selection of
composition, and thereby a wide range
of property control, and so on.
In this paper, we report the
preparation and electrical properties
of the rapidly quenched glasses in
the system Lizo-TiOZ—ons.

A mixture of

reagent-grade

ate compositions was heated in a
platinum crucible for 12 h at a
temperature in the range of 870 to
1270 K,

The product was ground and pressed to

depending on composition.

form a rod and then sintered at a
temperature in the range of 870 to
1270 K.
and the melt was quenched by the

The sintered rod was melted

which was
111)‘

rapid-quenching apparatus,
previously reported in detai
The conductivity was measured for the
glasses, on which two parallel gold
electrodes apart by 0.5 mm were
evaporated. The measurements were
carried out in a dry nitrogen atmos-
phere in the frequency range of 110Hz
to 1MHz by use of a G-C bridge (Ando
TR-1C) .

ductivity were determined by employ-

Denki, The values of con-
ing the complex impedance analysis.
Figure 1 shows the glass-forming
region in the system LiZO-TiOZ—ons
by rapid quenching; the glass-forming
region by the usual melt quenching
determined by Kishioka et al.lz) is
shown by the broken line in the

figure for comparison. In the
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Fig. 1. Glass-forming region in

the system LiZO—Tioz—PZO5 by
rapid-quenching; (o) glassy, (A)
partially crystalline, (e)crystal-
line. The glass-forming region by
usual melt quenching is shown by

broken 1ine.12)
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Fig. 2. Temperature dependence of

conductivity of glasses in the
system L120—T102—P205.



Chemistry Letters, 1991

figure open circles, open triangles,
and closed circles denote glassy,
partially crystalline, and crystal-
The
composition of LiTiz(PO4)3 is denoted
and at this

composition we obtained the partially

line samples, respectively.

by a double circle,
crystalline sample. The glass-
forming region by rapid quenching is
than that by wusual melt

The obtained glasses in
stable

larger
quenching.
the system L120—T102—P205 are
in air.

Figure 2 shows some examples of
the temperature dependence of the
in the

conductivities of glasses

system LiZO—TiOZ—P205. The conduc-
are a good fit to the
Arrhenius type
cT = A exp(-Ea/RT),

preexponential factor,

tivities, o,

equation;
where A is the
Ea the activa-
tion energy for conduction, and R the
gas constant.

Figure 3 shows the composition
dependence of the conductivity at
400 K, 0 490"

system LiZO—Tioz—ons.

of the glasses in the
In this
figure, the composition parameter, X,
denotes the ratio of the number of
titanium atoms to the total number of
titanium and phosphorus atoms includ-
ed in the
[ti1 7 «

conductivities,

glasses; i.e.
[Ti] + [P] ). The
of the glasses

X =
9400°
logarithmically increase with an
increase in the Li,0 content in each
X value. The 0400 of the sintered
LiTiz(P04)3 (x=0) pellet without
sintering agents is shown by a closed

9)

square for comparison. The 7400

of the polycrystalline LiTiz(PO4)3
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Fig. 3. Conductivity at 400 K,
400" of the glasses 1in the

system LiZO—TiOZ—PZO5 as a func-
tion of composition.
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Fig. 4. Activation energy for con-
duction, Ea, of the glasses in the
system LiZO—TiOZ—PZOS as a func-
tion of the composition.
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(x=0) is higher by 3 orders of magnitude than that of the partially crys-
talline glass of the same composition. The highest 7400 of glasses in
the system LiZO—TiOZ—PZOS is higher than 10”2 s m'l, and this conduc-
tivity is as large as that of LiTiz(PO4)3 polycrystalline pellet.

At a given L120 content, 7400 increases with an increase in the x
value and also with a substitution of TiOz for P50;5. This increase in
conductivity is probably concerned with the structural change of the
glasses. The non-bridging oxygens 1in the glasses decrease with a substi-
tution of TiOz for P205, because the titanium atoms are probably present
as TiO6 octahedra in the glasses. The structural study of these glasses
will be published elsewhere.

Figure 4 shows the composition dependence of the activation energies
for conduction, Ea. The Ea decreases with an increase in the L120 content
of the glasses in each x value. At a constant L120 content, Ea decreases
with an increase in the composition parameter Xx. The behavior of Ea with
composition is very similar to that of the conductivity at 400 K.

In conclusion, the glasses in the system LiZO—TiOZ—PZOS were prepared by

rapid quenching. These glasses showed high ionic conductivities of 10_2
to 107° s m~ ! at 400 K. The o044 of the glasses logarithmically in-
creased with an increase in the Lizo content in each x value. For the

glasses with a constant LiZO content, 7400 of the glasses increased and Ea
decreased with substitution of Ti0y for Po0g. These behavior of 0499 and
Ea were probably concerned with the concentration of non-bridging oxygens
in the glasses.
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