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During the relaxation period, because no current is flowing,
only diffusion processes will be occurring. The internal resis-
tance of a cell or battery was defined as: R,,; = (V,~Vy),/I;
and the power from the internal resistance as: Py, ;= (V-
Vy); X1, where L=V,;/R or [=constant and I=1..n,
Voo > Viis > V=V, /2.

Directly and integration by parts of internal energy losses
lead to the differential equation: dt/t=b. dP;,/ P, that is,
time against power relationship.

Thermodynamically, the calculation was: (1)
Voi= (Vy+ Py /Vy);, where Pu,=(t/a)""". Using
experimentally observed kinetics and the known discharge
curve: (Vgy; versust, wherei=1...n) and (2), dP;, =d{ (V-
Vy). I}, a time-independent differential equation is obtained,
which can be integrated as a Clairaut’s one.

By short-term discharging, that is: V,,> Vg5 > Vqu,
i=1.k k<n, Vi, >V, /2 and ¢ <t <f, <t,, and measur-
ing V,, and V,, by using time-dependent thermodynamic
calculations (V,; versus V,;) and dt/t=b.dP;, /P, the
calculated discharge curve: V,; versus f, i=l..n,
V> V4> Voo > V,/2 was obtained. The short-time interval,
i=1...k, must be divided into: (1) initial conditions: V,,
Va1, Vo versus ¢, t, b, respectively and (2) the control sub-
ation period. Measured V,, , and V,, , and estimated V,, ; values
define the V,, ..

The above equations were verified by experiment and pub-
lished discharge data on primary and secondary cells and
batteries, ranging in size from small to stationary designs as
large as 1000 Ah, with voltage strings as high as 380 V.

By the calculated discharge curve, using known thermo-
dynamic and kinetic data, a primary or secondary cell or
battery may be investigated as an electrochemical system.
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New achievements in the cycle life of the
silver/zinc battery

A. Pavlov
AVTOUAZ, Suite 521B, 101 Prospect Mira, Moscow 129812, Russia

Shape-change and dendritic growth are the main draw-
backs limiting the cycle life of the silver/zinc battery. These
problems can be overcome by insertion of thin high-porous
nickel membranes between the electrodes of the battery. In
this poster are presented experimental data on the perform-
ance of silver/zinc batteries containing these membranes and
results of cycling tests. The results reveal a substantial
increase of the cycle life of the silver/zinc battery without
any significant effect of the membranes on its performance.
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Development of cell components for a 20 Ah,
12 V secondary zinc/air battery

F. Holzer, S. Miiller and O. Haas
Paul Scherrer Institute, CH-5232 Villigen/ PSI, Switzerland

Electrically rechargeable zinc/air-batteries are being con-
sidered for both electric vehicle and portable device appli-
cations. The high theoretical (1150 Wh kg™') as well as
practical specific energy (60-150 Wh kg™') are major
advantages of the secondary zinc/oxygen battery. The low
cost and low toxicity of the materials involved are also an
important factor.

By developing a durable perovskite-catalyzed bifunctional
oxygen electrode and a long-lived pasted zinc electrode, the
cycle life behaviour of secondary zinc/oxygen cells has been
improved considerably [1].

The tested monopolar cells consisted of one pasted zinc
electrode, having a nominal capacity of 2.5 Ah and an elec-
trode size of 25 cm? sandwiched between two bifunctional
oxygen electrodes.

In this poster we will present the scale-up of the manufac-
turing method for the pasted zinc electrodes as well as for the
bifunctional oxygen electrodes. The electrode size was
increased from 25 to 150-200 cm® Moreover, results
obtained with larger zinc/oxygen batteries having a mono-
polar electrode arrangement will be presented. Cycle life,
discharge capacity, specific power and specific energy data
of the tested batteries will be shown in relation to the results
obtained with single (2.5 Ah) cells.
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Glassy carbon capacitor stack

M. Birtsch, M.G. Sullivan, R. K6tz and O. Haas

Paul Scherrer Institut, Electrochemistry Section, CH-5232 Villigen PSI,
Switzerland

To meet the peak power demands in electric or hybrid
vehicles, great efforts are being made to develop high power
density, high energy density capacitors, such as electrochem-
ical double-layer capacitors (EDC). The energy storage
arises from the double-layer formed at the interface between
electrolyte and electrode. Low internal resistance of the
capacitor is required to reach high power.
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Various electrode materials have been considered and
tested. At the moment the most widespread active layer used
in electrochemical capacitors is activated carbon. Metal
oxides and conducting polymers are further alternatives. In
our research group, interest is focussed on activated glassy
carbon (GC) as electrode material [1]. The surface of the
bulk glassy carbon is transformed by electrochemical or
chemical activation, so that a high surface area active layer
results. Either aqueous (H,SO,) or organic [ (CH;CH,),-
NBF, in acetonitrile] electrolyte can be used.

After the first promising results on a 20 cm? unit cell (2 F,
65 mohm at 1 kHz, 1 V dc bias) the next step was to build a
GC capacitor stack with four electrodes (three unit cells).
The GC electrodes were 1 mm thick and 20 cm? in area. A
porous polypropylene film was used as separator which was
wetted with 3 M sulfuric acid. At 3 V dc bias, a capacity of
0.3 Fat0. 1 Hz was measured by ac impedance spectroscopy.

We present ac impedance data of a GC capacitor stack with
up to seven unit cells with bipolar plates of 0.1 mm in thick-
ness. The frequency dependence of the active layer capaci-
tance will be shown. A capacity of about 1 F per unit cell is
expected. In order to lower the internal resistance, much atten-
tion has be paid to the separator and the end-plate contacts.
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Improvements in lithium/CF, cells
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The Li/CF, primary cell is very attractive to many con-
sumers because of its high specific energy, enhanced safety,
and operating voltage (close to that of an Li/MnO, cell).
Recently ECO has developed an improved cathode material
for Li/CF, primary cells. Based on preliminary investigations
of different fluorocarbons with the same degree of fluorina-
tion, we have determined that electrochemical capacity and
operating voltage of CF, material does not depend on the
physical properties of the precursor material at low operating
current densities (less than 0.2 mA/cm™?), However, at

higher current densities, all electrochemical parameters of
CF,, including voltage delay, OCV operating voltage and
electrochemical capacity increase with increased surface area
of the cathode material precursor.

We have demonstrated the importance of precursor surface
area in tests using ‘‘AA’’- and ‘‘D’’-size Li/CF, cells with
cathode material prepared from fluorinated carbonized fibres
with high surface area. As part of this work we have also
developed in-house technology for densification of the cath-
ode material, ‘‘AA’’- size cells utilizing this cathode material
provide discharge capacities up to 2.5 Ah and perform
extremely well at low, moderate and high rates. Such
improved performance combined with long shelf life, wide
operating temperature range, high OCV, enhanced safety, and
minimal voltage delay makes these new ECO Li/CF, cells
extremely attractive power sources.

In our poster, we present data on the performance of
““AA’’-and *‘D’’-size cells made with this improved cathode
material; performance as a function of rate (up to 350 mA
for ““AA’’- size), of electrolyte composition and of test tem-
perature (from —5°C up to 160°C) will be described

Observed cell performance exceeds that of Li/CF, cells
with the same internal volume manufactured by Panasonic
by at least 50%.
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The stress-controlled transport of lithium
through the graphite electrode under the
co-existence of two staged-phases
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Lithium transport through the graphite electrode in the
coexistence of two staged-phases has been investigated in
1 M LiAsF¢-EC(ethylene carbonate) /DEC (diethyl carbon-
ate) nonaqueous solution by using a potentiostatic current
transient technique supplemented by a lithium charging/dis-
charging experiment and ac-impedance spectroscopy. An
attractive interaction between the intercalated lithium ion and
graphite lattice is indicated from the decreased diffusivity
value with increasing lithium content in the lithiated graphite
electrode in the presence of single staged-phase.

This attractive interaction gives rise to the stage transfor-
mation in the electrode, which can be accounted for by the
potential plateaus in charge/discharge curves. From the
results of the potentiostatic current transients, it is suggested
that the stage transformation in lithiated graphite electrode is
accompanied by the limited transport of lithium through the
electrode for which the stress generated by staged-phase
boundary is responsible. The stress-controlled transport of
lithium through the graphite structure was substantiated by



