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APPLICATION OF ORGANIC POLYMER SOLID ELECTRULITE

Setoshi Sekido
Matsushita Denki Sangyo

1. Introduction | /834
“‘ﬂian solid electrolytes are defined as crystalline solids
with high jonic conductivity, virtually no polymer materials are

contained in that category. When ions are considered, i the
broad sense, to be solid material which transport electric
charges, polymer materials would be included in that category,
and interesting applications which skillfully briny out the
inherent properties have been seen. ™ .is paper adopts the proad
definition from such a perspective. It introduces the current
state of application, discusses which properties have been used,
and considers future prospects.

2. Current AEPI ications

2.1 Application to sensors

The ion concentration sensor is an example of application to
sensors. The structure is as illustrated in Figure 1. 1In this
structure, one side (inside) of a solid electrolytic membrane is

exposed to a known solution whose ionic concentration is to be
measured, and electrodes are immersed in that solution. This
sensor and an electrode (not illustrated in Figure 1. The same
type of electrode as a conventional internal electrode is used.)
are immersed in the measurement structure, and the ionic
concentration Cp to be measured is determined by

5=s.+mr/z.p)|n(c‘+xca'a"') (1)

"Numbers in the margin indicate pagination in the foreign text."
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upon measureaent of the electromotive force B which is generated
between two electrodes. In the figure, By is the standard
potential (V), R is the gas constant, %, and g are the ionic
values of the measured ion and the interfering ion, F is the
Faraday constant, and ¢« is the constant based on the type of
membrane termed the selectivity coefficient. The solid
electrolyte permits passage only of specific i»ns, and
electromotive force which is dependent on the squilibrium ionic
concentration and the movable ions is generated. Table 1
illustrates the relation hetween the types of detector ions and
the electrolyte membrane used as well as the interfering ions
used. These organic materials are used when written as liquiad
ion exchange membranes. Material insoluble in water with a
movable exchange subatrate which can replace the detector ions is
impregnated in a mat and used. In addition, the impregnation of
varinomycin, a macrocyclic antibiotic, in glass sintered
membranes has been reported to result in selectivity which is
approximately 750 times greater while the selectivity of K* to
Nat is approximately 20 in potassium glass [1,2].

In this way, organic electrolytes have the same action 28
inorganic salt electrolytes through achievement of an exch=anae
equilibrium with specific ions, and since inorganic substances
cannot produce insoluble electrolytes, organic substances are
capable of measurement of the ionic concentrations of Noj-, BF4~.
ClO4- and ca2*, which had been previously impossible to measure.
Another feature is the high selectivity to K* ion concentration.

2.2 Application to Batteries

Two types of batteries are introduced here. The initial
example uses lithium as the cathode while a charge-transfer
complex of organic material and iodine is used in the anode.
Non-ionic poly-2-vinyl pyridine [3] and ionic n-butyl iodide
pyridium [4] are used as the organic material. Both complexes
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~ are used in solution, but the former is a polymer which is used
as is to raise the viscosity while the latter is used in solid
form following adsorption on silica gel. Both cells are formed
by direct contact betwesn the anode material and lithium during
production, and the structure is simpler than that of cells using
solution electrolyte, and thin cells are produced with greater
ease. In addition, the output energy density can be raised in
comparison to other cells, as illustrated in Table 2, since large
amounts of high energy active material can be packed in the
volume occupied by the separator. The electrolyte is formed
chemically through contact or electrochemically through
subsequent discharge. The form in which organic material
participates is not yet clear, but the internal resistance is far
lower than when the electrolyte is only Lil.

Figure 1. Structure of ion concentration sensor used in

solution ion exchange membrane

3 ion exchange solution layer

4 Ag/ACl comparative electrode
5 internal solution

Since solid electrolyte permits passage only of specific
ions, when used in batteries, only the reaction required by the
battery can be carried out, and a battery with low self discharge

/835 ;



could be produced. Actually, low values below 58 can be achieved
for 10 years in such batteries of 2.5 mm thickness, and low
values below 158 can be achieved in batteries of 1.0 ma
thickness. |

The load current has been markedly reduced with the advent
of the c-MOS circui’ and liquid crystal display, and features
such as higher energy density and lower self discharge have been
realized. These have been used as the power source in heart
pacemakers, RAM back-ups, electronic watches, and desk-top
calculators etc.
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Table 1. Principal properties of ion selective membrane
electrodes
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1 selected ion 2 composition of mesbrane

3 measurement =iy 4 temperature wed :

;ﬂnnga, response time 6 interfering ion (selectivity cosfticient)
8 impregnated crystalline mesbc-ane

9 (forming complex)

10 An Ag,S mesbrane is formed on the surface of AgX and a valus of double
the concentration of X determined from the Nernst formula is assumed

11 strong reduction

15 divalent cation
16 salt with solubility greater than that of Ag,S + Ag,S

17 liquid ion exchange mesixrane movable exchange group
18 oxygen, glutamine, asparagin, amino acid

19 oxygen (fixed in matrix covering glass electrode)
20 urease (acrylamide)

2.3 Application to Elements Applying Electrical Double Layer
Capacity

Electrodes of carbon or chalcogen compounds of the following
metals are formed on both surfaces of Agt or cu* ion conducting
gsolid eiectrcoclytes, and conducting ions move in electrolyte when
direct current voltage is applied under decomposition voltage of
electrodes or electrolyte, resulting in precipitation on the

cathode. Anions become excessive near the anode, and a positive
charge equivalent to the excess charge accumulates at the anode,
forming an electrical double layer.

The equivalent series resistance becomes negligible when
electrolyte with high ion conductivity and a low electron
transport rate is used. Stabilization to room temperature is
conducted by ion exchange of an a-Cul type structure with high
ion conductivity in Ag* or cu* ion conducting electrolyte to
produce such an electrolyte. Many such organic compounds have
been examined, as illustrated in Tables 3, 4 and Figure 4.
However, an organic compound with ion conductivity and thermal
stability superior to those of inorganic solid electrolytes has
not been obtained at present [5-24]. The capacity density of the
electrical double layer produced as a result is very great since

/836 f
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solid electrolytes are composed only of ions. For example, when
active carbon electrodes are used in Cut* ion conducting
electrolytes, values of approximately 30 F/¢ per unit capacity of
electrode are achieved, while the result when Cuy8 eluctrodes are
used is approximately 300 F/g. The oxygen adsorbed on active
carbon electrodes contributes slightly in side reactions, but the
Faraday reaction tends not to occur although the potential range
is narrow in Cu,8 electrodes, and superior potential retention is
exhibited. Resistance of the dissolution reaction and
precipitation of the opposing electrode pose problems in the case
of producing potential recording elements or capacitors applying
the electrical double layer capacit_’, while electrode material
which would minimize this has been examined in capacitors, but
separate electrodes (standard poles) which are not conducting
have been used in potential recording elements [25,26].

Table 2. Comparison of performance of various types of coin

cells (diameter 23 mmp, thickness 2.5 mm)
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3 s0lid electrolyte

2 orqanic electrolyte lithium
4 open circuit voltage
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8 leakage resistance
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12 cost of material
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15 below several hundred 1A 16 below 10 uA

17 moderate

19 greatest ;g g‘f;‘
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Table 3. Organic ag* ion conducting solid electrolytes
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3. Role of Polymer Electrolytes

The role of polymer electrolytes will be singled out froa
the aforementioned applications. First, even if there are many
coexisting ions due to selective ion transmission, a sensor which
responds only to specific ions therein would be identical with
inorganic substances in terms of high purity, high density
electrolysis, water treatment or production of a battery with
little self discharge. Measurement of ions which could not be
measured in inorganic substances is possible by producing
material which does not dissolve in an aqueous solvent, and a
membrane with high sensitivity and high selectivity can be
produced. Rapid movement of ions in electrolyte is required in
electrolysis, batteries or elements applying electrical double
layers. Many attempts at ion exchange using organic macroions
have been made to produce materials with such high ionic
conductivity, but at present, only materials which are scwerhat
inferior to inorganic materials in terms of ionic conductivity
and thermal stability have been produced. The reasons for the
inferiucity of ionic conductivity include the fact that only
crystals with a high site occupation rate and high number of
mobile ions have been produced, and interference of shift of
mobile ions by massive organic cations [17]. Recently, attention
has been directed to reports of halogen conductivity in complexes
of crown ether or straight chain polymer ether and metal halides
which are firrly linked with cations, thereby weakening the bond
with anions [27,28]. Among these, complexes of dibenzo 18 cap 6
ether and LiX have the greatest conductivity with C1~ among
halogens as seen in Table 4, and have conductivity of 4.38 x
10~4scn~1 even at room temperature. High ionic conductivity may
be realized through polymers if the effect of complex formation
rather than simple ion exchange is added.

/837
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Figure 2. Conductivity of CuX-halide alkyl triethylene
diamine Cu* ion conducting electrolyte
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Figure 3. Conductivity of CuX-halide alkyl hexamethylene
tetramine Cu* ion conducting electrolyte
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Table 4. Organic halogen conducting svlid electrolyte

Salt Conductivity at 25°C(s cm™')
LiF 8.05x 10"
LiCl 4.38x 10~
LiBr 1.59x 10~ “
Lil 5.51x10°¢

4. Conclusion

The production of ion conducting materials uzing polymers
and their application have just begun along with research in
affiliated regions. Phenomena related to ions which are of
considerable interest have been seen in bio-polymer membranes,
although not touched upon in this paper. Polymer electrolyte of
necessity would be produced, with expansion of unique
applications as this research proceeds.
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