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CHAPTER=III

SOLID STALE BALCLELY FORMAIION

361 Introduction:

Ferroelectrics have been used for many years in devices
requiring piegzoelectricity, for examrle transducers. &lso the
uges of ferroelcctric materials, in freguency controls, filters,
miniature capacitors, themal meters, .modulatingdevices,
frequency multipliers znd dielectric amplifiers, and as switches
and modulators for laser lighte. Jdonlinear piezoelectric
properties can be used in direct amplification of sound,

and in computer circuits as matrix stcres.

Solid state battery fommation by ferroelectric materials,
is @nother one of the interesting and promising epplications.
The report of solid stete battery fomation of KNO3 was first
given by Yoshihto Ishibashi, Michioc Midorikwa and Yutaka

Tauagi, iagoya University, Chikusa Ku. Uagoya, (1969).

During the experimental study of Yukata Takagi and
others, the effect of electric field on the ferroelectricity

of KNo, crystals, it was found that the electromotive force

3
(emt) of about 1 volt is observed between two electrcdes
sticked into the fused crystal after a dec. electric field
of about 1Kv/cm was once epplied to the crystal at high

temperaturc and theptaken off. Flatinum plates or steainless

steel plates were used as electrodes. The magnitude of this



electromotive force, whose polarity is z2lways the same as
that of the applied d.sc. voltege, is temperaturc dependent.
It dispppears at low temperatures, but recovers when the
samples are heated again. Drastic change in emf at about
130°C seams to correspond to the phage transition of KN03

crystals.

The emf decays with time, but decay constant is cuite
long, while the time ccnstant of a condeuser compoged of KﬁoB
end clectrodes is estimated as less than 10-3 sec. kven after
the electrodes are short circuited the emf gradually recovers
almost the same value as expected without any short circuitry.
Usually at room temperature no large emf is oObserved. If we
put @ drop of water on the sample, however, soon some emf
is seen to appear., From these fects, esgpecielly from @ long
decay congtant and reccvery of emf after the short circuitry,

we can conclude that stme chemical reaction is taking place

and a solid state battery is foumed.

362 §§Eerimental=

The experimental set=-up is shown in the Fig. (3.1);
it consists of a globar furnace to heat the sample by Kceping
it a so celled crystal holder, the electronicelly regulated
power supply to provide dec. electric fields digital milli-
voltmeter, temperature countroller arrangement, and a

millivoltmeter (dece.) to measure the emf generated across
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the sample. The dimensions of pellet (sample) were 0.12 cm.
steel clcctrodes are useds The sample is heated at high
temperzture and then 2 dec. electric field of 1 KV/am wes

cplieds Immediately the emf generated was mecsured by 2

millivotmeter.
3.3 Solid State Battery Fomation for (Fb,Sr) £i04:

i» pellet of ( Fb, Sr ) Ti0, was introduced in the

3
crystal nholder, and heatcd Lo a high tewyerature. fhe dece
electric f£ield was given by means of the regulated power surply.
ihe emf genereted wes meesured by & milliroltmekter with the
change of temperature. #4s the temuerature changes, the enf
also cnanges. ‘ine variation of emf with temperature for the
apove sclid solution is shown in the Fige (3.2). The emf
decrecses as the temgerature decreases, it diseppears at
low tempersturc, but recovers when the sample is neated.
vragtic change in emf a2t about 490°%¢ seans to corregpona to
the vhase transition of ( Fb, 3r ) Ti0, solid solution system.
another fact also we can observe is that, the emf decays with
time, but decay constant is quite long and even wnen electrodes
are snort circuited the emf gradually recovers almost the

same velue as tnet exrefted without any short circuitry.

OUne of the plausible explainations of the mochenism

can be given as follows.



“ A

By the application of dec. e€lectric field some pert

of (Fbiil, and Sriil,) may have dccomposcd into ( Fb + Sr )

znd TiOZ end 02 ions. The Tioz and 02 get cut positive terminal

s gas and (Fb + Sr) stay near negative terminal electrode.

)

iTherefore we obtain tne battery of

Steel, (Fb + Sr)/ 'MC., O. , steel.

AN

py putting the drop of water the emf is generated. Tnis
fact may be explained ss, (Fb + Sr) which exists near tne
negative terminal reacts with water, and (Fb + Sr) (Ori)2

and H, are formed. Thus we have H, gas at negative terminal

2 2

and 02 gas @t positive terminel. Whis pair can also produce

some emf.

3.4 Solid State Battery Fommation for (Fb,Ca) T'03:

‘he sample was replaced by the solid solution system
(Pb,CaéTiO3 and heated in & furnace to0 a high temperature.
the G.ce electric field was given by means of the regulated
power supi:ly. <The emf generated by (Fb,cCa) 10, solid solution
was meagured by @ millivoltmetere The variation of emf with
temperature is shown graphically by the Fig.(3.3). vhe emf
decrecases witnh temperature, it disappears at low temrerature,
but recovers when the sample is neated again. Jrastic cnange
in emf at about 490°C seems to correspond tO tihe phase
transition of (Pb,ca)T103 solid solution system. Here again

we can observe that, emf decays with time but decay constant
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is guite longe Even when electrodes are short circuited
the emf gradually recovers almost the same value as tnat

expected without any short circuitrv.

The plausible explaination of the mechanism may be

given as follows:

By the application of dec. electric field some peart
of (Fbi0, and taliO,y) may have decomposed into (Fb + Ca)
and TiO2 and 02 ions. “he 'l‘io2 and O2 get out of positive
texmninal as gas and (Fk + Ca) stay neer negative teminezl.

‘herefore, we obtain the battery of

0]

5 ¢ O, Steel

Steel, (Pb + Cca)/ TiO

By the drop of water on the sample the emf is generateds
This fact can be explained as, (Pb + Ca) which exists ncar the
negative temminal reacts with water and (Fb + Ca) (OH)Z ie€e
lead and calcium hydroxide and HZ are fomed. Thisz we hove

HZ gas at negative teminal and 02 gas at posgitive terminal

electrode. :his pair can also produce sonz emf.

3¢5 Results end Discussion:

By eapplying dece clectric field the emf generated tells
that sclid state battery is fomed for both of the solid |
soluticns (Fb, 3r) TiO3 and (Fb,cCa) 104 . ine drastic change
in emf seems to correspond to the phase transition at 457°C
for (Fb,srd solid solution and at 4SBOC for (Fb,Ca) solid
solution which is shown respectively from the Fig. (3.2) and

Fig. (3. 3). Emf. decays with time but decay constant is
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quite longe The emf gradually recovers almost the same value
even wnen electrodes are shorlt circuited, &s that expected

without any short circuitrye.

oince solid state battery is fommed for both of the

solid solutions (Fb,3r)TiC, and (¥Fb,Ca)TiO, by the application

3 3
Of a deCe electric field, it will be guite difficult, some-
times even impogsikle, to study d c elcctric fiel. effccts
on ferroelectricity of these solid solutions sucn as tne

shift of ferroelectric phase $ransition tempecrature and 8s

tne change of dielectric constant due to de Ce electric field.
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