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The characteristics of a porous nickel electrode with a silver catalyst for oxygen in alkaline electro
lyte were calculated numerically from exact transport equations for fhe model of porous electrodes 
of second order. The deviations of the exact solution from the approximate one derived in the 
preceding work are discussed. The course of the polarization curves is similar to the approximate 
solution , however the concentration of KOH in the pores is obtained considerably smaller 
resulting in a lower gradient of concentration. 

-------------------------------------------------------------------

In the preceding communication 1 it has been shown that the theory based on the 
new model of porous electrodes of second order leads to a good agreement between 
calculated and measured characteristics of an oxygen electrode in alkaline electrolyte. 
The concentration of potassium hydroxide in the pores, however, is according to this 
theory rather high attaining saturation, e.g. , at a current of 0·3 A/cm2 at 93°C or 
0·07 A/cm 2 at 22°C, which does not seem to be in agreement with the course of the 
polarization curves. The calculations were based on approximate transport equations 
valid fo r diluted electrolytes. To estimate to what extent this approximation is justi
fied , we made analogous calculations based on the more exact theory of transport 
in concentrated electrolytes2

. 

FORMULA TION OF THE PROBLEM 

A sintered porous nickel electrode has the shape of a plate with a catalytic layer of thickness 
dO·13 cm and contains a silver catalyst for the decomposition of hydrogen peroxide. It is dipped 
in 7M-KOH and loaded with a constant current density 1 (the current is cathodic, hence 1 < 0). 
One side of the plate is in contact with oxygen at an overpressure sufficient to expell the electro
lyte from the pores (1 atm) of an effective diameter more than 1 Ilm. The conductivity of the 
electrode is very good and the pressure of oxygen in the pores is constant. The electrode process 
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proceeds in the drowned pores of the catalyst-electrolyte system in accord with the model described 
previousl/ and the equation of the local polarization curve is also the same: 

(1) 

J(A/cm2 ) denotes local faradaic current referred to 1 cm2 of the inner catalytic surface area 
of pores filled with oxygen, de (em) thickness of the catalytic layer on the walls of these pores, 
Se(cm2/cm3

) internal surface area of the catalyst, iOe = igc~e ' c!e concentration of oxygen 
in the electrolyte (mol/cm3

). 

Electrode without Cover Layer 

The transport equations are the same as in ref. 3: 

i2 = x dE/dx + (x/ 2F) (1 - 2t?) dfle /dx , (2), (3) 

x = 0, dCd dx = 0; 'x = d, i2 = I , c i = CI • . (5) 

Here i2 (A/cm2) denotes ionic current, x(cm) distance from the gas-electrode interface toward 
electrolyte, slcm2/cm3 ) internal surface area of gas pores, x(n- I cm -1) conductivity of the pore 
electrolyte, t transference number of K+ ions (= 0'23), fle chemical potential of KOH, Co and 
c1 concentrations of water and KOH (mol/ cm3 of electrode), cT = Co + 2cI and I (A/cm2) 
external current. 

On introducing dimensionless parameters and solving with respect to the derivatives we obtain 
from Eqs (1)-(5): 

(6) , (7) 

~ = p~ _ 0'27P~ cd co + 0-46 , 
d'; XA I X A2 l'578(CICT)I /2/ co + I -54 

(8) 

.; = 0, du/ d(', = 0 ; '; =1, p = l, u = l , (9) 

where p = iz/l, .; = x / d, K = ddeioeSeSp / I, ,,= F(E - Eo)/2RT, u = cT/ct., ci and ct, are 
analytical concentrations of KOH in the pores and in the external electrolyte, Al = 2RT/ F, 
AZ = 0-46RT/ F and a ± denotes mean molal activity of KOH. 

Electrode with Cover Layer 

The transport of electrolyte in the cover layer of thickness d = 0-07 cm is described by Eqs (3) 
and (4), where i2 = I, hence also by Eq. (7), where p = 1. The x variable is in the range from d 
to d + d and the boundary condition is 

.; = 1 + d/d, u = 1 . (10) 

Eq. (8) for p = 1 gives the " ohmic potential drop" in the cover layer. The value of II for'; = 1, 
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which serves as a boundary condition for the operating layer, is obtained from the solution 
of Eq. (7). Eqs (6)-(8) apply for the operating layer together with the boundary conditions 

.; = 0, du/d'; = 0 ; ';=1, p = l. (11) 

The equations for both cases were solved on a NE 4130 type digital computer analogously 
as in ref. 3

, from which the numerical values of the necessary parameters were taken. The coeffi
cient K was set equal to 1/111 since the factor ddcliocl ScSp can be included in the constant Eo 
in Eq. (1) and thus also in the definition of 11 in Eq. (6). The polarization of the operating layer is 
denoted as lld = F(Ed - Eo)/ 2R T; its comparison with the approximate solution is based on Eq. 
(30) in ref.!, which can be now written in the form-F(Ed - Eo)/2RT= 21n 1/1- In (Juo - 1) 
+ c, where C= In (t2 /4dcclaD12Fliol ScSp) can be expressed as C= In (d/4KI2).). Since 
Kill = 1, d/)' = 6·71111 at 93°C and 22·36 III at 22°C (ref. 1), we obtain C = 0·517 (93°C) and 
1·721 (22°C). 

RESULTS AND DISCUSSION 

The calculated dependences of the dimensionless concentration on the inner end 
of the pores (for x = 0), uo, on the current density given by the oxygen electrode 
at 22°e are shown in Fig. 1. Since a saturated solution of KOH would be 14·5M 
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FIG. 1 

Dependence of Dimensionless Concentration 
of KOH in the Pores on Current Density 

1, 2 Exact theory; 3, 4 approximate theory; 
1, 3 electrode without cover layer; 2, 4 with 
cov~r layer. Critical value of 110 = 2·07; 
22°C. 
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FIG. 2 

Dependence of Dimensionless Concentration 
of KOH in the Pores on Current Density 

1, 2 Exact theory; 3, 4 approximate theory; 
1, 3 electrode without cover layer; 2, 4 with 
cover layer. Critical value of Uo = 2·67; 
93°C. 
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(20°C) according to tabulated data4
, the critical value of Uo is 2·07. This is surpassed 

by the curve 4 calculated from the approximate theory, whereas the more exact 
theory (curve 2) eliminates !his difficulty. (Curves 1 and 3 for an electrode without 
cover layer are shown merely for comparison since real electrodes were always 
provided with a cover layer). Hence, in the considered range of current densities the 
deposition of a solid phase in the pores cannot be expected. At a higher temperature 
of 90°C, the solubility of KOH is4 about IS'7M, hence the critical value of U o is higher, 
2·67. However, the electrode performance increases considerably and the electrolyte 
concentration can be read from Fig. 2. The deposition of the solid phase should 
occur only atl = -0·43 A/cm2 (curve 2, the critical point lies beyond the diagram) 
and not at -0,29 A/cm2 (curve 4). Even when we take into consideration that the 
more exact theory has also a limited validity, especially with regard to concentrations 
approaching saturation, the calculated concentrations of KOH are probably more 
correct than the values from the approximate theory. 

In a more detailed analysis, it can be shown that the main part of the difference 
between the exact and approximate theories consists in the expression for the diffu
sion coefficient of KOH: the c.orrection for the activity of KOH is d In a ±/du > 1 
and indeed by this factor the quantity D!2 introduced earlier is multiplied. Other 
correction for changes of water concentration acts in the same sense as the preceding 
one but is smaller. 

Since the Eq. (1) of the local polarization curve is the same as in the approximate 
theory, a larger difference in the calculated polarization curves cannot be expected 
(Fig. 3). The deviations are caused mainly by the fact that the conductivity of KOH 
changes only little in the concentration range considered here (ci. tabulated data 

FIG. 3 

Dependence of Dimensionless Polarization 
of the Electrode on Current Density 

1, 2 17d = 19'67(Ed - Eo), 22'C (upper 
scale); 3, 4 17d = lS'SS(Ed - Eo), 93°C 
(lower scale); 1, 3 electrode without cover 
layer; 2, 4 with cover layer. Dashed curves 
according to ref. 1 

, full curves according to 
the present . theory. 
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in ref. 3), whereas in the approximate theory the assumption of direct proportionality 
between conductivity and concentration (i.e. of constant mobility of ions) was invol
ved. For this reason the more exact (full) curves in Fig. 3 indicate a somewhat larger 
ohmic voltage drop in the pores than the approximate curves (dashed). For the same 
reason the current distribution in the pores is calculated as more unequal. The differen~ 
ce between the curves calculated for electrodes without and with cover layer ("correc~ 
tion for the cover layer") is smaller than would correspond to our previous estimate 
based on an empirical extrapolation formula!, which however gave obviously much 
too high values at the lower temperature. It should be emphasized that the mentioned 
correction includes not only the voltage drop in the cover layer but also the change 
in polarization of the operating layer caused by increasing concentration of KOH. 
This latter effect is represented in our theory mainly by the dependence of conduc
tivity on concentration of KOH, whereas the exchange current i~e in Eq. (1) was 
assumed 1 in accord with other authors to be independent of the concentration 
of KOH although an experimental evidence is lacking. It seems therefore that a 
further improvement of the theory would be possible only by replacing Eq. (1) 
by a more exact one whereas a further modification of the transport equations would 
have no sense. 

Burstejn and coworkers5 derived a theory of the porous oxygen electrode in 7M-KOH based 
on similar equations and assumptions as in our preceding work! except that they consider the 
concentration of KOH in the pores as constant. They also arrived at the conclusion that the 
electrode reaction proceeds mainly in the drowned pores and that the film of electrolyte on the 
walls of gas pores plays only a very small role. The authors stated that their silver catalyst genera
tes current in a situation where the oxygen concentration in the drowned pores is more or Jess 
exhausted, hence an intermediate case between the " internal diffusion" (ourl case A) and "kinetic" 
(easel B) regime. It can be shown that their criterion (ll 'd) exp (iP/2) for distinguishing between 
these extreme cases is equivalent to our criterion 1 del Ae: the condition (l1'd) exp ("iP/2) ;S 1·6 
corresponds approximately to our de /Ae;S 1·3 (case A) and (l1'd) exp ("iP /2) ~ 1 corresponds 
to de/ Ae ~ 1 (case B). * With our (relatively more active) catalyst the situation approaches more 
the kinetic regime (case B) apparently because of a larger content of shorter pores of a greater 
specific surface area; the internal diffusion regime would be manifested by a higher polarisation 
resistance, \dE/dI\, and hence by disagreement with measurements, as already stated!. 

Most recently, the Soviet authors6 ,7 arrived at the conclusion that the approximate transport 
equations valid for dil~ted electrolytes lead in the case of hydrogen-oxygen fuel cells with a memb
rane to much too high calculated concentration gradients of KOH since the measured gradients 
were much lower. This is in support of the theory presented above. 

In ref.!, p. 3208 below, de /Ae is given erroneously as ~ 1'3 instead of ;S 1·3. 
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