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Poly(parabanic acid) (PPA) forms transparent
homogeneous composites with lithium and sodium salt (LiClOy,
LiBF4, Li[CF3SO3], NaClO4, and NaBF,) up to 30-60 wt% of the
salt in the composite. The composites show electrical
conductivity of 1.7 x 107° s em™! at 50 wt% of Li[CF3SO3]
at 20 °cC. The composites are thermally stable up to about
180 °C, and temperature dependence of the electrical
conductivity obeys Arrhenius type equation in most cases

with activation energy of 0.6 - 1.0 eV,

Preparation of polymer solid electrolytes and their applications are of
current interest for the development of advanced electrochemical
devices.176) The most commonly used polymer matrixes for preparation of
polymer electrolytes are poly(ethylene oxide), poly(propylene oxide) and
their network polymers, which have low glass transition temperature (Tg).
On the other hand, it was recently reported that poly(vinyl alcohol) (PVA)

with relatively high T, (85 °C) could dissolve large amounts of lithium

g9
salts in its matrix and the PVA-lithium salt composites showed good ionic

conductivity.7)
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Since advance of electronic devices used under various conditions requires
polymer solid electrolytes usable at high temperatures, we have examined
usability of thermally stable polymers as the matrix of alkali metal ion
conducting polymer solid electrolyte. Among the polymers tested,
poly(parabanic acid) (PPA) with Tg of 350 °C8) has been found to be
especially suitable since it can contain high concentration of alkali metal
salts homogeneously in contrast to other thermally stable polymers like
usual type polyimides. The polymer solid electrolyte has much higher
thermal stability than the previously reported polymer electrolytes.

DMF (1.5 cm3/1 g of PPA)
solution containing PPA ([N}
=1.0 g d171; 1 d1 = 100 cmd)
and Li[CF3SO3] was poured on

a poly(ethylene) plate, and
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most of DMF was removed by

evaporation under vacuum at
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room temperature for 12 h.
The film thus obtained was
heated at 120 °C wunder
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vacuum for 12 h. The -8l

yvellowish transparent film

(thickness = 0.1 - 0.3 mm) -9}

thus obtained virtually

contained no DMF as checked _10L

by GLC after thermolysis of ] J ] | |
the composite film at 455 °C 0 10 20 30 40 50 60 70
by applying high frequency wt’l of salt
electromagnetic wave for 3 s. Fig. 1. Electrical conductivity (O)
Use of other alkali metal of PPA-alkali metal salt
salt (LiBF,, LiClO4, NaBFy,, composite film as a
and NaClO,4) gave similar function of alkali metal
composite films. The salt content at 20 °C. Wt%
composite treated at room of salt = (wt of salt) /
temperature under vacuum (wt of PPA + wt of salt):
contained 5 ~ 10 wt% of DMF O : Li[CF3S03],

and this composite showed A\ : LiBFg,

electrical conductivity of (] : LiClOy4,

about one order of magnitude A : NaBF,,

higher than that of the B : NaClOy,.

composite treated at 120 °C.
Thin gold electrodes (1 cm x

1 cm) were placed on both
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surfaces of the film by
evaporation under vacuum, and
electrical conductivity of
the composite film was
measured by a complex
impedance method over a
frequency range of 1 x 1071 -
1 x 102 Hz. Cole-Cole plot
for the composite films
showed normal patterns for
the polymer solid electro-
lytes.1_3'5) Treatment of
the film and the measurement
were carried out under dry
N, . Electrical current
observed on application of
d.c. voltage through the gold
or platinum electrodes
steeply decreased with time,
indicating that the electri-
cal conductivity of the
composite films was orig-
inated from ionic conduction.

Figure 1 shows depen-
dence of electrical conduc-
tivity (0) of the PPA-alkali
metal salt composite films
treated at 120 °C on the
content of the alkali metal
salt. As shown in Fig. 1,
the composite films show
moderate electrical conduc-
tivity at 20 °C at a high

concentration range of the
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Fig. 2. Temperature dependence of
the 0 value.

Li[CF3SO3] (40 wt%),

LiBF, (35 wt%),

LiCl0o, (35 wt%),

NaClO, (35 wt%).

BOD>O

salts. The electrical conductivity is comparable or somewhat lower compared

with those of reported polymer electrolytes.

1-5)

The © value of the PPA-alkali metal salt composite increases with

increase in the content of the salt;

this is in contrast to the observation

that most of the polymer solid electrolytes containing lithium salt show

maximum electrical conductivity at certain ratio between polymer and lithium

salt and addition of a large amount of lithium salt causes decrease of the

electrical conductivity.2'5)
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X-Ray diffraction pattern of the PPA—Li[CF3SO3] composite film showed
no peaks assigned to Li[CF3SO3] up to about 1.5 g of Li[CF3803] per 1.0 g of
the polymer, revealing that PPA could dissolve the 1lithium salt
homogeneously up to very high concentration. Addition of a larger amount of
the salt afforded turbid film. It is inferred that the composites can
contain large amounts of carrier ions and increase of carrier ions causes
increase of ionic conductivity, in spite of the high Tg (350 °C) of PPA.

Figure 2 shows temperature dependence of the electrical conductivity of
the PPA-alkali metal salt composite films treated at 120 °C. As depicted in
Fig. 2, the temperature dependence obeys Arrhenius type equation over a wide
temperature range (20 through 175 °C) in most cases. The apparent
activation energies (E,) obtained from the slope of the line in Fig. 2 are
0.69 and 0.89 ev for PPA—LiBF4 (33 wt%) and PPA-NaClO, (33 wt%) composites,
respectively. The same O value was observed both in heating and cooling
runs. It is noteworthy that most of the PPA-alkali metal salt composite
films have very high thermal stability up to about 180 °C.

These results indicate the present polymer solid electrolytes is
especially useful for making devices which operate at high temperatures.
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