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For a period of 5000 hours, the effect of the current density, electrolyte concentration, catalytic
active layer thickness, and initial activity of the catalyst on the variations in electrode polarization
was followed on hydrogen porous anodes, prepared from nickel and Raney nonpyrophorical
nickel catalyst, and on oxygen nickel electrodes containing silver catalyst.The increase in the
current density and in the KOH electrolyte concentration to 11M promoted the increase of the
polarization with time. Cutting down the active layer to 0-04 cm had no appreciable influence
in the case of H, anodes, in the case of O, cathodes slow changes in the degree of oxidation
of the silver surface, dependent on the potential at which the electrode permanently oparated,
were observed. The life of a H, catalyst of a low initial activity was lower.

The service life of electrodes operating in electrochemical power sources on the principl‘e“ of cu-
mulating electric charge (secondary cells) or generating electricity through the reaction of active
components fed to them (fuel cells) is of a vital importance for the economy of the source. In
technical practice, the term “service life” stands for the time during which the electrode of a
source is capable of delivering energy under specified conditions; depending on the mode of tech-
nical utilization (current, discharge timing, temperature, etc.), various life characteristics of one
and the same source may be set. The life end point is defined by the time the power source is no
longer capable of answering the purpose for which it was designed (a drop in the capacity below
a stated value, a drop in the voltage to a minimum value at a constant current, ezc.). These data
are of a clearly technical significance and cannot serve as a measure of the changes in the electro-
chemical activity of the electrodes due to the existence of a number of further factors, influencing
the life of the source aside from the activity of the electrodes (corrosion of the construction ele-
ments, increase in the contact resistance, impurities in the electrolyte, mechanical causes —
tearing off the active layers, sealing of the gas feeding tubes, erc.).

Investigations of the service life of sources containing three-phase electrodes, carried out over
the last decade, have in many instances! been made just in this way. Most data were obtained
from experiments tending mainly to a technological development of electrodes, cells, and battery
constructions, and to solving the problems connected with them. The principal electrochemical
characteristics of porous skeletons often merged in an undefined way with the effect of a number
of factors representing a possible influence on the electrode life (uniformity of the distribution
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of gases, electrolyte, and reaction products over the total electrode surfacez, mode of collecting
and drawing the current, leakage currents in batteries with electrolyte circulation, different purity
grades of the active gases, changes in the concentration and purity of the electrolyte with time,
etc.). For this reason, the published data are difficult to compare and the results can hardly serve
as a basis for drawing generalized conclusions.

Papers devoted to more rigid studies of the long-term, at least of the order of 10° hours,
dependence of electrochemical properties of catalytic porous skeletons on time, are scarce’.
Life tests not only take up the measuring sites for long periods of time but they also involve a strict
circuit control of the main parameters (temperature, gas overpressure, electrolyte purity and
concentration — removal of the reaction water, efc.). The electrotechnical and mechanical
regulating elements are often of a lower service life than the cells to be tested, and their failure
may bring the electrodes into such an undefined state that the incidental future changes or even
break up of the electrode potential cannot be unequivocally determined. Furthermore, the equip-
ment required to ensure a reliably operating measuring site, is so costly and place consuming
that it is difficult to carry out such an amount of measurements which would permit a statistical
evaluation of the many parameters involved in a life test.

It may be concluded from the results published so far that an increase in the current
density and the electrolyte temperature decreases the operating life of e.g. hydrogen
electrodes containing a Ni catalyst of the Raney type® but no reliable explanation
was offered. The influence of further parameters involved in the change in the electro-
de catalytic skeletons activity have so far not been specified. In the present study,
the influence of the electrolyte concentration, the catalytic working layer thickness,
and the degree of the initial activity of the catalyst were investigated. Aside from that,
the time dependence of the catalytic skeleton activity was followed at different current
densities; as is well known, a change in the current density produces pronounced
changes in the concentration of the electrolyte contained in the body of the skeleton
pores, due to the fact that water is formed/consumed when current is drawn (H, +
+20H™ =2e +2H,0; O, + 2H,0 +4e =40H"). The mechanical and
corrosion resistivity of the catalyst supporting skeleton as well as the rigidity of the
incorporation of the catalyst particles under the electrochemical reaction conditions
may vary with time, and the utilization of the catalyst may thus be greatly influenced.
In order to make the electrochemical activity of the porous catalytic skeleton the
only variable, a porous system had to be employed in whose structure and mechanical
properties, when followed with methods available for measuring the pore size distri-
bution and microscope ground sections, no appreciable changes were found in the
course of the life test.

EXPERIMENTAL

Measurements were made on H,—O, cells consisting in all cases of one two-face oxygen electrode
placed between two hydrogen electrodes active only on the one side facing the oxygen electrode.
The electrodes were 0-2 cm apart. The operating parts of the electrodes were two-layer discs
of 2:5 cm diameter (S = § cm?) consisting of a catalytic active layer of 0-13 cm thickness, covered
with a non-active cover layer of porous nickel 0:07 cm thick. The supporting material of the skele-
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ton of both layers was carbonyl nickel (USSR — GOST 9722-61, marked PNK-2). The cover
layer contained 46%; of pores of r < 1 um and was, therefore, impermeable to gases up to Ap =
= 1-5atm. The active layer contained two interconnected pore systems of ry = 1 and r, = 10 to
15pm and was prepared from a mixture of powdered nickel and catalysts. Two such discs were
connected by a circumferential ring made also from powdered nickel; the ring was shaped in a way
to form a cavity of 0-10 cm between the layers. The electrode thus had a diameter of 3-1 cm and
05 cm thickness. The hydrogen electrodes had the catalytic layer on one side only, the other side
was substituted with an equally thick layer of porous nickel of a pore size distribution equal to
that of the cover layer. In electrodes processed for investigating the effect of the catalytic layer
thickness on the life, the catalytic layer thickness from the gas side was cut down to 0-10, 0-07,
and 0-04 cm, and the space difference up to 0-13 cm was filled with a non-catalytic layer of an
equal porous structure, i.e. biporous, in order to ensure comparable mass transport conditions.
The mode of spreading the powder, pressing under 1500 kg/cmz, and sintering in Hj, at 450°C
has in detail been described previouslys. The potentials of the electrodes thus obtained, measured
at currents up to 0-5 A/cmz, were reproducible within less than 42 mV, The discs carried two
nickel tubes welded on opposite sides to two openings bored into the circumferential ring for
feed and discharge of gases and for collecting the current.

The hydrogen electrodes were catalyzed with a dry non-pyrophorical Raney nickel prepared
by leaching an alloy consisting of 50 Ni/48 Al/2 Ti in 5M-KOH at 90°C, washing and controlled
drying(”74 When investigating the effect of the initial activity of the catalyst on the electrode life,
two further catalysts of equal type were employed. One was prepared by leaching an alloy 50 Ni/50
Al, the absence of Ti being the cause of its lower activity3's. The other catalyst with a lower
activity arose by a partial deactivation of the alloy 50 Ni/48 Al/2 Ti on account of unidentified
reasons, when processing a larger quantity of the catalyst in a factory equipment which most
probably had not been sufficiently cleaned after the previous process. The initial activities of the
catalysts were determined by measuring the differential specific polarization resistance of electro-
des containing the catalysts under investigation strongly diluted with nickel powder7's; the
measurements were made at 25°C, when the differences in the activities became appreciable.
The oxygen catalyst was represented by grains of silver which formed during the smlermg proccss
by the decomposition of silver oxalate®1° added to the active layer mixture.

Establishing the Long-Term Function of Electrodes

To increase the reliability of the assembly ensuring the long-term operation of the electrodqs,
and to make the equipment as simple as possible, the electrodes were investigated in cells contain-
ing both the oxygen and the hydrogen electrodes, in spite of the possible interplay of the electrode
reaction or corrosion products soluble in the electrolyte. The electrodes were attached to a perspex
glass lid sealing tightly the nickel plated cell vessel. The lid had two channels for the feed and
discharge of hydrogen and oxygen; when bolted together, the lids created a gas manifold, feeding
all the cells in series with both gases. The nickel feeding tubes of the electrodes, passing through
the lid, served at the same time as voltage terminals connected in series. In attempting to maintain
the individuality of the electrolyte of each cell, the reaction water was not removed from the circul-
ating electrolyte, but by a more complicated system of evaporating from each cell separately
by a current of dry, CO, free air stream entering just above the electrolyte level of each cell.
The lid of each of the cells contained the sensor of an electronic level indicator (essentially a nickel
point); with the aid of an automatic switch, the indicator was connected to one cell after the next
for a period of one hour. The assembly containing nine cells, the process was repeated once in
every nine hours. The cell wall made the second pole of the a. c. control circuit. If the point was
in contact with the electrolyte when switched on, a solenoid vent opened the air inlet which
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remained open until the electrolyte level was lowered to cut off the contact. The quantity of the air
was calculated to such a value to remove the reaction water in a period below 1 hour, during
which the level control was switched on. For all the cells, the period of the air stream was registered
for better control. The reaction water could thus dilute the cell electrolyte by at most 3-89,
of the initial volume at a current density up to 0-1 A/cm2 during one nine hour cycle. In cells
operating at 0-2 A/cmz, the water was removed by a constant current of dry air evaporating
approximately one half of the water formed. The other half was removed in the usual way descri-
bed above. This held the maximum electrolyte concentration change under the 3:8% threshold
even in this case. Electrolytes were prepared by diluting a 15N solution of a reagent grade KOH
separated from the unsolved K,COj5 by settling and they were exchanged every 1500 hours.
Nine cells were connected in series. Their temperature was maintained at 75°C by a thermally
isolated silicone oil bath. In this arrangement, no leakage currents were found between the elec-
trodes or between the adjoining cell vessels.

Electrolytic hydrogen (99-8%, 0-2%; O,) and medicinal oxygen (>99-5%) from pressure cylin-
ders were fed to the electrodes from a central gas supply at a constant “overpressure of 0-8 -i-
0-02atm. The gases were lead through flow-meters based on the principle of differential manome-
ters which had the role of controls cutting off both the current load and the gas inlet with the aid
of a non-transparent liquid and a photoelectric cell, if the gas flow exceeded or dropped below
a set limit. This set-up provided for a safe operation of the whole assembly (cutting-off the gases,
especially hydrogen, in case of 2 major leakage) and besides, prevented the possible deterioration
of the electrodes by excessive load in case of a failure in the gas supply or a drop in the temperature.
Prior to entering into the first cell in the series, the gas passed through a wash bottle filled with
distilled water maintained at a temperature set by trial and error to such a value which prevented
the gas from carrying away water vapour from the first cell. In this way the conditions (temper-
ature and concentration of the electrolyte) were identical in all the cells. The oxygen and hydrogen
passed through the nine cells countercurrent-wise, i.e. the first cell for oxygen to enter was the
last cell for hydrogen to pass through. An excess of either gas, amounting to 109 of the entering
quantity of oxygen and 5% of the quantity of hydrogen, provided for the removal of inert com-
ponents trapped in the electrodes after consumption of the reactant gases.

Electrical Measurements

Each assembly of nine cells was discharged in a constant regime via an adjustable resistor. Each
three adjoining cells in the series were equal in their operating regime, and the results quoted
are a mean of the three values obtained. The electrodes were of a highly reproducible character
and the deviations measured did not exceed 2 mV in the case of H, and -5 mV in the case
of O, electrodes even after long time periods. The clectrode potentials were measured against
a Hg/HgO electrode in 7M-KOH with the aid of a compensation bridge QTK (Metra, Blansko).
The reference electrode was connected to the cell with a salt bridge, containing also 7M-KOH,
whose orifice was passed through a hole in the lid and located immediately above the electrode.
The cell voltages were measured with the same compensation bridge. Repeated measurements
during which the salt bridge was taken in and out proved that differences in the potential values
obtained on one and the same electrode did not exceed several mV, so that the procedure was
sufficiently accurate for following the time changes in the electrode polarization. To gain insight
into the operation of the cells during the time the assembly was unattended, some of the cell
potentials were continuously registered.

The unpyrophorical nickel catalyst was, after incorporation into the electrode skeleton, in an
inactive form, and had to be activated. This was done after placing the cells on the measuring sites
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and filling with 78-KOH (70 ch/cell), The temperature was raised to 75°C and the electrodes
were flushed with 100 cm® Hz/h at Ap = 0-8 atm for 72 hours. The electrodes reached the value
of the reversible H, potential after several tens of minutes already, but the activation was prolon-
ged 1o the extreme on account of the fact that the initial activity of the catalyst proved to be
of importance for the electrode life. During activation of the hydrogen electrodes, the oxygen
electrodes were fitled with stationary H, at the same overpressure and their potential was — 920
mV [Hg/HgO]. The uniformity of the activity of all electrodes was controlled by measuring their
potential at 75°C in 7N-KOH at i = 0-1 A/sz and only then the conditions were adjusted
for investigating the effect of the electrolyte concentration and current density.

RESULTS AND DISCUSSION

As expected, a higher current density produced a higher rate in the polarization
increase of the hydrogen anodes (Fig. 1). The dispersion variance of the experimental
points is due to two reasons. 1. In spite of all the precautions taken to ensure a fail-
safe continuous discharge, a few failures — mostly of the regulating system — brought
about an automatic cut-off of the discharge circuits. The H, anodes thus returned
to the reversible hydrogen potential for various periods of time until the defect was
discovered. It has already been reported'? that these anodes may be recovered even
after a potential break-up caused by oxidation of the catalyst surface. The recovering
process is analogous to the above quoted activation of till that time unused electrodes,
i.e. the catalytic skeleton is left in contact with a hydrogen atmosphere and with
electrolyte maintained at an elevated temperature. In the case of the load cut-off
during the defect mentioned above, such a recovery must certainly have taken place
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in at least some active centers of the Ni catalyst which had partly been oxidized during
the long-term operation. A temporary drop in the anode polarization was a direct
consequence of this process. 2. The other cause of the dispersion variance of the
experimental points on the curves of both the H, and O, electrodes was due to the
discontinuity of the removal of the reaction water from the electrolyte. All the cells
under investigation were measured at the same time. One of the three cell assembly,
yielding the values for the mean value calculation, could, at the time of the measure-
ment, be just before or after the evaporation of the water by the dry air current;
if a cell was just under evaporation, it was measured only after the temperature
which during evaporation dropped by as much as 5°, was recovered. Even though
the extreme concentration values did not exceed 3-8%;, the polarization variations
due to this effect were appreciable especially in the case of O, cathodes, whose initial
polarization is high on account of the irreversibility of the current generating re-
action; in the case of H, anodes the effect was noticeable at higher polarizations and
toward the electrode life end point.

The course of the increase of the polarization of the H, anodes was linear at 0-05
to 010 AJem? current densities. When the electrode was loaded with 0-20 Afem?,
the rate of the polarization increase was initially higher and only after a certain
period became linear again. This initial larger deterioration of the catalytic properties
of the anodes was observed in all cases in which the potential was shifted from
—920 mV into the regions of —800 mV, irrespective of whether the shift was caused
by the intial lower catdlytic activity (see Fig. 6, curve 2, 3), or by the increased current
density, or by a drop in the temperature. The oxides of nickel are not capable of
catalyzing the anodic oxidation of hydrogen. For corrosion reasons a nickel catalyst
canpot perform under the given conditions at potentials more positive than
—760 mV '#. It may also be possible that when approaching this region, the catalyst
behaves differently than it does when in the more negative potential regions, on account
of the formation of non-stoichiometric passivating films. A comparison may be

TabLE I
Rate of Decrease of the Activity of the Catalytic Skeleton of Hydrogen Anodes as an Exponential
Function of the Current Density

1= 75°C, 7M-KOH, Apy, = 0-8 atm.

AE, mV/10° h i, Afem? AE!?
1-0 0-05 40.10?
47 010 47.10%
183 020 46 . 10%

Collection Czechoslov. Chem. Commun. /Vol. 36/ (1971)



1218 Jansta, Dousek :

TaBLE IT

Variations of Polarization of Hydrogen and Oxygen Electrodes with Time in Electrolytes of Va-
rious Concentrations
AE[mV/10® h), 75°C, i = const. = 0-10 Afcm?, Apy, = 0-8 atm., Apy, = 0-8 atm.

El M ™ 11m
H, + 4 + 5 +13
0, —13 —12 —65

suggested with the very slow changes (of the order of 10° hours) of the silver catalyst
surface, connected with the shift of its working potential, as will be discussed below.
The initial stabilization of the nickel catalyst surface, taking place in the course
of about 500 hours, is followed by a linear increase of the polarization with time at
a rate of 18:3mV/[10%h, i.e. a much higher rate than that encountered at lower
current densities (i = 0-05 Afem?, k = 1mV/[10*h; i = 0-10 Afem?, Kk =47
mV/[10® h). After 2500 hours a rapid raise of the anode polarization set in which
was a sign of a complete oxidation of the catalyst surface. The same effect is suggested
by the shape of the curves 1 and 2 in Fig. 1, concerning lower current densities;
the slopes of the curves being smaller, the electrode life end point is more remote.
In electrodes of a less perfect construction, manufactured previously, defined by
a less uniform distribution of hydrogen in the catalytic skeleton, the life end point
of the same catalyst was reached after 17000 hours at 95°C and 0-1 Afem®.. Table 1,
depicting the slopes (AE[mV/10° h]) of curves 1 and 2 and the slope of the linear
portion of curve 3 from Fig. 1 as a measure of the service life, shows that the depen-
dence of the operating life of the catalytic skeleton with a nickel catalyst on the
current density at a constant temperature and electrolyte concentration was, in a rough
approximation, exponential. In some cases it was observed that even when oxidized
the Ni catalyst yielded currents of considerably high densities (i = 0-2 AJcm?) but
at a more positive and poorly defined potential which varied with time in the range
—400 to —200 mV; the dependence of such a cell on the temperature was exception-
ally high (as high as 25 mV/°C) as compared to that of a catalytic H, anode (about
6 mV/°C). This points to a principally different mechanism of the current generating
reaction. The most probable explanation is that the nickel oxides were reduced
by gaseous hydrogen (compare with the possibility of recovering the electrodes'!)
with a subsequent electrochemical oxidation of the reduced nickel, or that an electro-
chemical oxidation of hydrogen was proceeding with a correspondingly higher
overvoltage on an oxidized nickel surface.

The changes in the potential of the oxygen cathodes with time at various current
densities will be found in Fig. 2. At i = 0-05 Afcm? (curve 1) and 0-10 Afem? (curve 2),
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the initial stabilization of the porous skeleton surface, accompanied by a larger
increase of polarization, was followed by slow changes of the potential. At i = 0-20
A/cml, the polarization increase was visibly more rapid than at lower current densi-~
ties, the rate of its increase remaining on the same level during the total period followed.
As will be discussed later, the catalytic activity of the silver catalyst would be relatively
higher at increasing current densities, as they involve a shift of the working potential
of the electrode into more favourable more negative regions. This concept is also
supported by the inception of the curves 2 and 3 for regions up to 200 hours. At
i=020 A/cmz, however, it seems to be rather the electrolyte concentration which
is the limiting factor of the catalytic skeleton life. On account of the consumption
of water by the electrochemical reaction, which is proportional to the current density,
the concentration of the electrolyte contained in the pores of the skeleton becomes
higher than that in the bulk electrolyte of the cell. It may be seen in Table II that the
increase of polarization with time (loss of activity) of the silver catalyst was more
rapid if the concentration of the bulk electrolyte in the cell was raised from 7 to 11N.
There is no explanation for this phenomenon so far, but the slow rate of the changes
seems to point to a connection with the changes in the structure of the catalyst
surface when it operates in a highly concentrated electrolyte. It may be drawn
from the results obtained on these electrodes that if utilized for constructing a high-life
fuel battery, a constant load should not exceed 01 A/cmz. Higher current drains
may only be applied for short periods.

The effect of the concentration of the bulk electrolyte on the time course of the
terminal voltage in a H,—O, cell constructed with the above type electrodes at i =
= const. = 0'1 Ajem? is depicted in Fig. 3. Curves 1 and 2 for 3m and 7M-KOH,
respectively, demonstrate that there was no pronounced influence of this range
of concentration changes on the long-term behaviour of the electrodes. An essential
change was produced by 11M-KOH (curve 3). The initial potential value is already

Fic. 3

Variations in Terminal Voltage of H,— O,

Cells with Time at Various Electrolyte Con-

centrations

40 t = 75°C, Ap of gases 0-8 atm, continuOus

L . ) L discharge 0-1 Afcm?; 13mM-KOH; 2 7M-KOH;
° 1 2 g S aon S 3 and 3 1IM-KOH.
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Jower and its drop with time is four times as fast as it is in the case of 3m and 7M-KOH.
This degradation is due to the influence of the concentrated electrolyte on the inner
surface of the porous catalytic skeleton, especially in the case of oxygen electrodes.
Curve 3’ with a slower drop of the terminal voltage pertains to a cell containing an
electrolyte of the same concentration as in the cell 3, whose oxygen electrodes were
fed with oxygen which, as the feeding occurs in series, was pre-saturated with water
vapour over 7M-KOH in the preceding triad of the cells. The amount of water,
corresponding to the difference between the saturated vapour pressure over TM-KOH
and 11M-KOH, diluted the 11M-KOH in the proximity of the reaction zone, influenc-
ing thus favourably the function of the silver catalyst.

It was not possible to separate with accuracy the contributions of the individual
electrodes to the terminal voltage values, in view of the difficulties involved in con-
verting the potential values obtained by measurements with a Hg/HgO electrode
with 7M-KOH to comparable values. These difficulties (exact determination of liquid
junction potcntials) would not be eliminated when employing reference electrodes
containing electrolytes of the same concentration as in the cells tested. Not even then
would a comparison between various concentrations be possible. The behaviour
of individual electrodes was, therefore, compared only on the basis of their relative
potential variations with time, these values being for the period of the test close
to constant. It will be seen from Table II that there were no large differences between
the changes pertaining to 7M and 3™ concentrations for either H, or O, electrodes.
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Time-Potential Variations of O, Cathodes and H, Anodes at Various Catalytic Active
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7M-KOH, r = 75°C, Ap = 0-8atm, continuous discharge 01 A_/cm_z; al 0, I=013cm;
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1= 010cm; 30,,!/= 007cm; 3 H,, /= 0-07 cm.
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In this concentration region, the rate of the polarization increase is low, being
approximately by threefold higher for oxygen electrodes. This difference is probably
due to the different degree of reversibility of the reactions proceeding at either elec-
trodes, because equal variations in the experimental conditions (for instance a drop
in the temperature, increase of the current load etc.) produced in all cases a larger
polarization increase in the case of the oxygen cathode than the hydrogen anode; here
the oxidation of hydrogen takes place at potentials closer to the theoretical reversible
potential of a hydrogen electrode in the same medium than does the reduction of oxygen
at the other electrode. Utilizing 11M-KOH produced a pronounced change in either
case. In the case of the oxygen electrode, the rate of the loss of the activity increased
in comparison with lower concentrations about five-fold, in the case of the hydrogen
electrode only about three-fold. The negative influence of the electrolyte concentra-
tion on the silver skeleton activity was observed in all cases, irrespective of whether
the concentration in the close proximity of the catalyst particles was raised as a con-
sequence of the bulk electrolyte concentration increase, a current density increase
(see above), or a decrease in the catalytic active layer thickness at constant current,
as will be explained below.

In a hydrogen catalytic skeleton, an increase in the KOH concentration from
7™M to 11M produced an increase in polarization at the very beginning of the test
(AE = 64mV or 91-6mV at i = 010 Afcm?). Repeated tests then confirmed that
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Changes of the Catalytic Layer Activity of O,
Cathodes with Time in Dependence on the
Long-Term Polarization Value

TM-KOH, 1 = 95°C, Apg, = 0-8 atm, con-
tinuous discharge; 1 i= 1073 Ajem?; 2
i=10"1 Afem?.

FiG. 6
Effect of Initial Activity of Ni Catalyst
on the Life of Porous H, Anodes

7M-KOH, ¢t = 75°C, Apy, = 0-8 atm, con-
tinuous discharge 0-1 A/cmz; for catalysts
specification see Table 1I. The curve numbers
are identical with those contained in the
Table.
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a higher increase of the polarization with time, i.e. a shorter life was indicated by
a higher initial polarization of a nickel hydrogen anode (compare Figs 1 and 6).
The polarization increase in 11M-KOH may be due to an interplay of several factors
(decreased conductivity of the electrolyte, inhibited diffusion, lower solubility of
hydrogen, etc.). The increase in the polarization indicates that the catalyst operates
under more difficult conditions and, therefore, closer to the potential of the starting
oxidation of nickel, with all the consequences mentioned above.

mA difference in the thickness of the active layer of H, anodes led to only small
differences of several mV in the initial polarization, as is seen in Figs 4a and 4b.
In harmony with what was stated above, the course of the potential-time dependence
of electrodes with a different active layer thickness was not markedly influenced.
This indicated that in all electrodes the current was generated in a layer of 0-04 cm
thickness or below; this observation is in harmony with the theoretical study by
Micka'?. In the case of oxygen cathodes, the initial polarization was the lower the
larger the active surface available, i.e. the larger the catalytic layer thickness. In the
course of the first 1500 hours the electrodes with higher initial polarization were
gradually activated, whereas the activity of electrodes with a lower initial polarization
somewhat decreased; at the end of this period the electrodes were virtually equal.
The further change of polarization was only slow with the exception of the electrode
with the least catalytic layer thickness whose activity slowly decreased. If at a constant
current load, a higher local electrolyte concentration is assumed in the proximity
of the silver catalyst particles in the thin layer than there is in the thicker layers
(on account of a higher absolute current load per unit of the operating catalytic
surface proper), the decrease in the activity is then analogous to the above discussed
negative influence of the electrolyte concentration increase on the time course of the
polarization of the oxygen cathodes containing silver catalyst.

As is well known, oxides on a silver surface inhibit the electrochemical reduction
of oxygen'3. Such oxide films may certainly be expected to form on the surface
of the Agcatalyst of oxygen electrodes both immediately after their preparation (wheh

TasLe IIT
Initial Values of Differential Specific Polarization Resistance R, of Nickel Catalysts

No Catalyst prepared from alloy Ry 2
Q.cm
1 50 Ni/48 Al/2 Ti 122
2 50 Ni/48 Al/2 Ti deactivated 2:63
3 50 Ni/50 Al 8:34

Collection Czechoslov. Chem. Commun. /Vol. 36/ (1971)



Time Variations in Electrochemical Properties 1223

taken out from the H, atmosphere and exposed to air) and if their body is filled with
oxygen, when wetted with electrolyte at an elevated temperature. The momentary
state of such a film, partly passivating the surface, proved to be, in an operating
oxygen cathode, the result of a very slow establishment of an equilibrium (of the
order of 107 hours) between the chemical oxidating influence of the gaseous oxygen
on the silver surface and between the electrochemical reducing influence of the poten-
tials more negative than those of the stoichiometric silver oxides. This may be drawn
from Fig. 5 showing the time dependence of the variations of the catalytic activity
of the O, active layer on the potential at which the electrode was held for a long
period of time. The measure of the activity was in this case the potential which was
established at an electrode loaded with 0-10 Ajem®. The group of electrodes which
is characterized by curve 1 was permanently loaded with 1073 Ajem? and maintained,
therefore, at a very positive potential value of approximately + 100 mV. The long-
term influence of this potential value resulted in a slow steady decrease of the activity
of the catalytic skeleton (measured always after 1 h load at 0-1 Afcm?). After 4360
hours the load of the electrodes was raised to 0-10 A/cm2 shifting the potential
permanently into far more negative regions. From this time on, the activity started
to increase but only after 2— 3 thousand hours it acquired a constant value.

Electrodes characterized by curve 2 were on the contrary initially loaded with
a steady current of 0-10 A/cmz; their activity decreased approximately in the same
way as was usual for this type of skeleton. After 4360 hours the load was changed
10 1072 Afem? (i.e. to the more positive potential region of 4120 mV); the decrease
of the activity with time which set in at this moment was similar to that corresponding
to the appropriate portion of curve 1. It may, therefore, be concluded from Fig. 5
that the activity of the silver catalytic skeleton was at any moment the result of a very
slow establishment of an equilibrium which could be influenced by the potential
at which the skeleton was permanently maintained. It will be seen from Figs 4a and
4b that similar processes of slow equilibria were establishing in the first period of the
investigation of the life of electrodes with various catalytic layer thicknesses or with
various current loads (Fig. 2).

The course of the time dependence of the H, anode potentials with Ni catalysts
of a different initial activity (see Table III) is shown in Fig. 6. The life of the catalytic
skeleton prepared from a less active catalyst is lower, which may be due to the shift
of the incipient polarization into more positive regions, discussed above. A compari-
son of the results contained in Fig. 6 and Table III reveals that the low R, value
cannot in itself be taken as an indicator of a high life of the catalyst. Whereas the
values 1 and 2 in Table III are very close, an almost identical life was exhibited by
catalysts 2 and 3. As already mentioned in the experimental part of this paper,
catalyst 2 prepared from the same alloy as catalyst 1 was deactivated in the prepara-
tion process. This is an evidence that the life of the electrochemical Raney nickel
catalyst may be influenced not only by the structure of the surface as determined
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by the quality of the initial alloy, but also and to a great extent by the conditions
of its processing.

Our thanks are due to Dr O. Lasota from our Institute for constructing the automatic equipment

Sfor long term operation of the cells.

WO

REFERENCES

. Vielstich W.: Brennstoffelemente, p. 363. Verlag Chemie, Weinheim 1965.
. Liebhafsky H. A., Cairns E. J.: Fuel Cells and Fuel Batteries. Wiley, New York 1968.
. Cnobloch H., Marchetto M., Nishik H., Richter O., v. Sturm F.: Proceedings of the Third

Int. Sympos. on Fuel Cells, p. 203. Bruxelles 1969.

. Richter G.: Ref. 3, p. 194.

. Jansta 3., Micka K.: This Journal 35, 1650 (1970).

. Dousek F. P., Jansta J., Rfha J.: This Journal 31, 457 (1966).

. Jindra J., Dousek F. P.: This Journal 31, 4252 (1966).

. Dousek F. P., Jansta J.: This Journal, in press.

. Jansta J.: Proceedings of the Second Int. Sympos. on Fuel Cells, p. 264. Bruxelles 1967.
. Dousek F. P, Jansta J.: J. Powder Technol. 4, 83 (1971).

. Dousek F. P.: Czechoslov. Pat. No 122 997 (1967).

. Micka K.: This Journal 37, 3623 (1966).

. Zutajeva G. V., Sumilova N. A., Tarasjevi¢ M. R.: Dokl. Akad. Nauk SSSR /61, 151 (1965). .
. Dousek F. P.: Thesis. Czechoslovak Academy of Sciences, Prague 1964,

Translated by M. Svata.

Collection Czechoslov. Chem. Commun. /Vol. 36/ (1971)





