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ABSTRACT
~ A theoretical model,ié proposed for the descriptibn of flooded porous
metal electrodes Which undergo anodic -dissolution by electrochemical jeaction.
Equations are devéloped to fépresent the pseudo-steady state which prevails dur-
ing dissolution after the concéntration gradients have become fully established
withiﬁ the pores. The analysis leads to an understanding of_how mass transfer,

kinetic and geometric parameters of the system determine the electrode over-

.potential and its change during dissolution. The most uniformvcurrent distribu-

tions are predicted to occur not at vanishingly small currents but at finite
anodic currents because of mass transfer limitations to the cathodic'back
reaction. Thus, for a range of anodic currents, an increase of applied current -

will result in a more uniform distribution of the electrochemical reaction

throughout the porous electrode. Calculations illustrating the behavior are

presented for the acid-copper- system.
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Introduction

Electrodes which are porous have come into widespread use in electro—
" chemical energy conversion deyices_because, in these, the electroehemical
reaction takes place with a higher rate per unit volume and is accompanied by
a lower polarization than would be possible with ﬁon—porous electrodes. Accord-
ingly almost all batteries and fuel'celle emploj porous electrodes. In batteries
the‘electrode pores are flooded with liquid electrolytic solution, and feactants
_and/er products are incorporated in the solid electrode matrix. ~Thus, during
operatioﬁ, the composition and configuration of the solid material changes,
leading to departures from behdvior that might be expected for electfodes with
invariant‘matrices. The nature of such changes, which are dependent on the
electrode system involved, can be very complicated indeed. In this work an -
analysis has been conducted of a simple class of electrodes experiencing
structural change during operation: porous metal anodes'undefgoing’electro-'
chemical dissolution. The investigation of this type of electrode can illumi-
nate some of the salient effects of structural chaﬁges-in battery electrodes
and can serve as a basis for extension of model studies of systems encountered
in batteries.

The dissolving metal anode, of ceurse, involves a relatively simple type
of structural change. No changes in solid comtesition are invdlvedl' The
:behatior of most battery electfodes is far more complicated, but the state of
description of such systems has not yet advanced sufficiently far to embrace
Ithese'more complicated events. Theqretical analyses to date have preceeded
by one of two routes. In the first, an idealized geometrical structdre of the
porous body is assumed and is taken into consideration when equations are

derived for the current and potential distributions (l, 2, 3). This
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"microscopic" approach has been found to lead to sevére mathematical difficul-
ties and has been restricted to extremely simple geoﬁetries.’ The second method
ignores the detailed structure of the porous electrode and, rather, treats the
porous electrode as a pseudo-homogeneous region in which there is transfer éfv
current between electronic and ionic modes of conduction according to basic

laws of tranéport.phenomena and eléctrode kinetics. This "macroscopic” approach
has bcen applied to electrode behavior in the initial state without concentra-
tion gradients (4, s, 6,‘7, 8, 9, 10), during the mass transfer traéSients (11),
and in the steady state where concentration gradients are fully established

(ll, 12, 13). As more sophisticated models were examihed, the solution of the

equations was found to be more conveniently carried out by‘numerical methods

v implemented by high-speed digital computers (11).

To date,'no theoretical analysis has been reported which takes into con-
sideration the variation of electrode structure with extent of reaction. The
macfoscopic theory»prcéented here examines the behavior of porous metal‘elec—
trodes that are undergoing:dissolution by anodic reaction and predicto the
external electrode polarization and the electrode porosity distribution as a
function of the extent of reaction.

The operation of battery systems involves other effects beyondvthose
consiaered in the theoretical model osed in this work. Typically, sparingly
soluble salts take part in the‘reactions during cycling. These salts may bc

insulators or semiconductors and hence may greatly affect the,potentiél_dis—

>itribution within the electrode. There ‘may be composition gradients'in the -

solidcphase (fof instance Ag/AgQO/AgO)vand, furthermore, electronic transport

in the solid phase may be important (as in Pb electrodes which have high ohmic

- resistanee). Also, reactions may be locally nonuniform, and géometrical effects
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of crystal growth may be involved. _Nevertheless, the theoretical model
presented below represents-an advance relative to existing treatments in the
literature and should be useful in leading to some insight into more complex

gystems.

Model Férmulation

The mathematical model for a dissolving porous‘anode is ‘based on considera-i
tion of a porous metal plate whose accessible void spaces are complétgly filled -
with an aqueous electrolyte. On one side of the porous plate the pérés are
blocked (or a center of symmetry exists), and the other side (the face) is in
contact with the electrolytic solution,which also fills the pores. There is
no forced flow of solution through the pores. A second (counter) electrode is
'also:in the solution but is of no concern in this model and serves only to
complete the electrbchemical circuit. With passage of anodic current through
the porous electrode, the metal dissolves with formation of a soluble salt.
The iépal rate of anodic dissolution varies from place to place within the
porous electrode because the various positions are not equally accessible to the
current and the reacting speciés transported in the electrolyte. The distribu-
tion of the reaction depends upon the mass transfer, kinetic and geometric
characteristics of the particular system.

When anodic current is switched on, two major changes begin to take place.l
Because of the removal of dissolved product species from the pore is tfansport
cbntrolled, as 1s also the passage of current and movement of nonreacting ions

in the electrolyte, the potential and concentrations of species in the solution.

During the first few milliseconds the electrical double layer becomes established.
We shall not be concerned with the electrode behavior during this brief period of
double layer charging. ' :
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within the pores change from the initially uniform values and become more or

. less unevenly distributed throughout the pores. Typically this mass transfer

transient process is completed within a period of ten'secohds to an hour,
depgnding upon the system (11). Secondly, and simultaneously, the éeometry of
the porous metal matrix changes owing to its dissolution by anodic reaction.
As the nature. of the electrode structure thus chénges, the potential and con-
centration distributions also change, and these changes continue to take place
as long as current is passed.

When anodic current thus passes through the porous metal electrpde, the
current in the metal is carried by electrons and the current in;the solution is

carried by the ions. The conversion from the electronically to the ionically

conducting "phase" takes place throughout the porous electrode by virtue of

the electrochemical reaction. If the local concentrations and potentials are

known in both phases, the local reaction rate may be calculated, in principle,

by a relation which suitably describes the kinetics of the electrode process.

In turn, the local concentrations and potentials may‘be obtained by'sélving

the equations of transport in each phase. Thus the local_reaction rate may

be determir_led throughout the electrode. |
During the first moments of operation, the reaction distribution changes

principally because of the production of ionic reaction products whose removal

in the solution phase from the porous electrode is transport restricted. Along

with this mass transfer transient process, the reaction distribution changes

at sdme other rate owing mainly to the changes in structure caused by dissolu-

tion. The characteristic times of these two effects are usually different, the

former being much faster. _Consequently, after the mass transfer transient has

been essentially completed, the réaction distribution continues to change,
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and it becomes a very good approximation to determine the rate of change
solely from the effects of the structural dissolution. This ié'the pseudo-
steady state approximation that will be invokeq in thé present theory.

The equatiéns describing electrode behavior arise from transport relations
and electrode kinetic eXpressions. In definition of the model it is necessary
to introduce a number of simplifying assumptions to facilitate the required
calculations:

1) The one-dimensional macroscopic dpproach is appliéable; pore dimen-
sions are assumed to be small with reépect to distanees over which
significant'changés take place within the electrode.

2) The electrode operation under consideration takes place in the pseudo-
steady state. Behavior dﬁring the mass-transfer transient'is ignored.

3) The electrical double Jlayer can be disregarded. The pore dimensions
are large compared to those of the dduble layer, and the ti@e varia-
tions are slow compared to the rate of establishment of theVdOUble
layer.

4) The motion bf solute species in the‘electrolytic solution is adequately
described by the equations of dilute solution theory. The transport
parameters are constant, and hydrodynamic flow in the pores is due
only fo the net change of eleétrode and electrolyte volume with the
extent of reaction. The density of the electrolytic solution is
constant throughout the pores, and the:metailic electrode structure
is isopotential.

_5) The only.éleétrochemical reaction is the anodic dissplutionwof the
metal electrodekto form ions having a single charge number, and the

kinetic behavior of the reaction is adequately characterized by an

‘expression of the Volmer form (1L).
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6) ‘There are no insoluble substances within the pores.

7) The pores are circular cylinders which all have the same size at the

onset of dissolution.

8) Mass transfer resistances external to the porous electrodg can be

disregarded.
'9) The system is isothermal.

.The analysis of electrochemical systems by}the equations of transport as
deliﬁeated, for instance, by Levich‘(lB) and by Newman (16), has been applied
to the formulation of a'macroscopic porous electrode model by Grens and Tobias
(11). It is here extended to account for the changes in matrix'properties
.accompanying anodic dissolution of the matrix. Under the conditions described
above, the conservation of solute species in the pseudo-steady state is

described by

da _ O
1 3¢ T y

(Nia)'+ Si | , (1)

" In this equation the left hand side represents the amount of species i associated
vwith éhanges in pore volume while the terms on the right hand side are the diver-
gence of the species flow (flux times local pore cross section) and the reaction
;source, respectively. TFor non—reacting species, the only net movement is that
rwhich must take place in order to fill the vold volume created by the dissolv-
ing_metallid phase. - The ﬁime rate of change of the pofelcross-sectibhal area
may be related to the- convective velocity by use of the relation fof»conserva—

tion of mass in the pores which, in the pseudo-steady state, is

o, g%_= - §§<psvg) +R . . (2)
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The spatial coofdinate, y, 1s taken to be zero at the back of the porous'
electrode and has the value of +d at the mouth of the pores (face of the porous
'layer). The flux of solute species in the one dimensional electrolytic solu-

tion is given by the dilute solution expression

de '
i . F 0%
= - —_— i . e + .
Ny b 2% ®T %1 oy T Vs (3)
For the electrode reaction which occurs in the pores, with the dissolved metal

ion being designated species 1,

the pseudo-homogeneous species source term is

£
2 . S':_

1%

1. .
where j is the local reaction (transfer) current density. Other source terms
are absent. The transfer current density is in turn related to local con-
- centrations and potential by the kinetic expression associated with the dissolu-

tion reaction, here the Volmer form :

aénF @an
R Pt i G O s - e (L0 IR (6)
=i, |e - e v -
€1

The pseudo-homogeneous mass source term for the pore space is

m. £

ey
R = . o (.

]
~—r
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Substitution of Eas. (2), (3), (5), (6), and (7) into Eq. (1) eliminates the
time derivative term for pore area and incorporates the definitions of fluxes
and sources in the species conservation equations. With neglect of the pseudo-

homogeneous mass source term, and with assumption of constant solution density,

these equations are:

&5 a)+_zi_DiF_§_(C§£’ oy
D/ %% TR @Y 1y’ T %
dy (8)
dénF v 'aénF d
vt - T (P-2,) %1 TRT (9-2)] - ] E§(Va)’
v:~nFlo € - w € 0 ?é
A cl Vi = for i 1.

A conservation equation is written for each of the solute species i. These

equations, along with the electroneutrality approximation,
= O ’ '
Zi:zici » 2 . (9)

are sufficient in number for the calculation of the concentrations and the
potential, provided that the pore area, pore perimeter and convective velocity
have been specified. Tor the system conéidered here, these afe determined by
the effect of local reaction on the solid matrix.

With the assumption that the pores are circulér cylinders, the radius will

change at a rate proportional to the local reaction rate according to

a, 2 oV |
dt(r ) = —ir . , (10)
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By integration of Eg. (lO), the areg and perimeter of the pores-may.be obtained
at any one time during dissolution. The average local velocity past a point

within the electrode is derived from a mass balance and is

y

™ Ps

viy) = ansafﬂ(l - v-‘;;)a dy - ()
o}

wheﬁ_fhe density of the electrolytic solution is constant. This equation
indicates that the indﬁced velocity arises from the difference between thé
densities of the solution and the metal, and that the velocity at poéition y
depends upon réaction in the portion of the electrode between that point and
the back of the electrode. |

The model is completely described when the appropriate boundary and
initial.conditions are specified. Prior to dissolution the pores are assumed

to be of identical size and shape,

)
1~

a, att=0 . (12)
At the rear of the pores, the flux of each species is zero,
( N. =0 aty=0 . : (13)

At the entrance of the pores, the concentration of each solute species is -equal
to its value in the external electrolytic solution,

[+

¢, =c, aty=4d,1 £F1 . S (1)
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The current density in the electrolyte at the mouth of the pores is defined as

the sum of the individual ionic fluxes according to

’

i =732z N . (15)

If the metal electrodes were not dissolving, then the current entering the

pores could be solely attributed to the flux of the reacting ion. However,

since the liquid volume within the pores is increasing by dissolution, that
portion of‘the flux of the'reacting ion passing into the electrode only to fill
the void spaces is achmpanied by equivalent counter ions and thus will not con;
tribute to the current. The appropriate boundary condition 1in this éase, derived

‘ by-integration of the conservation equation over the entire electrode, is

. a
, de.  z°FD
. 1 A2 a1 J[
= - —— . == o A+ = =
1Ee P T TR Y1y a ) dey, at y =d (16)
(o]

In many instances, the integral term will be negligibly small with respect to
the su@ of the ogher two terms and thus may be deleted from conéideration.
This was the case in the system for which numerical results were obtained for
this paper.

The treatment of the equations is more convenient if the:variables are
.made aimensionless; The following dimensionless»variables are convenientiy

defined:



_1o- UCRL-18757

_ Y P | ' s
Y =9 Ci c ’ ‘ 2 RT(¢¢e) .
ref
vnF a y/
V===, A=— L=75 >
iV 0 e}
Vi
1 &
i £a f
I==% , J =55 , T =gt
1 ia ,

When these are introduced in Egs. (8) and (16), the following dimensionless

groupings of the system parameters arise:

* 2

ia/d id e

Bz f e O (o]
2 2

“ref refo nFcrefDrefao

* - o .

i a_Vd c, : D,

il i ' i

= A 0 173 ) ™D

ref o ref ref

With use of the notation prime (') to denote differentiation with respect
to the spatial variable Y, the dimensionless equations which deécribe the

pseudo-steady state model become

b 1 1] 1 C 1 :
(CiA) + zi(CiA<I> ) o- — (CiAV)
if
;L ¢, | |
= ] [exp(-aén@) - ?I exp(aan)] , - an
Z:ziCi = 9 s (18)
b
A =1+ f J ar s (19)

[4
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Since the pores are circular cyiinders, L = JA.- The boundary conditions become

¢! +2,C.0' =0 at Y =0 |, . (21)
i i1 :
and

c, = v, (iA)

at Y =1 . (22)

nB '
- =C. + z,C,0'
Zlﬂ'lAf 1 171

The calculations in this study were made with neglect of the integral term in
Eq. (16), resulting in a boundary condition of.tﬁe form of Eq. (22).

The mathematical model described above has extended previous treatments by
accounting for two phenomena which take place during electrolytic dissolution:
the change in specific surface area, and the convective motion arising from

'

~volumetric changes.

Solution of Equations

The solution of the set of equations and boundary conditions which describe
the porous electrode model was carried out by a computer-implemented numerical
technique. }In principle, the calculation was accomplished in a‘stepwise manner,
with use of finite difference methods for solution of the differentiél edquations
at each step. First, the conservation and electroneutrality equations, (17)‘and
(18), were solved without the convéction»term and with constént porosity. The
first approximation to the local corivective veloéity was then calculé%ed by
Eq. (20). Conservation and electroneutrality equations were again solved with

use of thé velocity distribution now at hand; these results correSponded to the
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conditions prevailing'within the electrode at.the end of the mass transfer .
transient but before appfeciable dissolution had taken place. Then the calcula-
tions were‘made for specified time intervals during the pseudo-steady state
dissolution. With use of Egs. (19) and (20), the pore area (i.e., porosity)
distribution and the convective velocity distribution were calculated. With
use of these new distributions, the conservation and electroneutrality equations
were again solved, and the sequence repeated for as many time intervals as |
required.

The central problem of these calculations was the simultaneous solution
of the species conservation expressions along with the electronedtrality con-
dition. These coupled nonlinear ordinary differentiél equations were first
lineéfized about an approximate solution and then put into finite difference
form. The resulting sét of tridiagonal~matrices was solved By use of a computer-
implemented technigue described by Newman (17). ‘The solution of the nonlinear
problem was obtained by iteration with successive correction of thefapproximate

solution.

Results and Discussion

The theoretical model developed above was used for generating predictions
regarding the behavior.of one porous electrode system. Ultimately it is intended
that these.model predictions be éompared with fhevresults of dissoluﬁion experi-
ments that have been ﬁndertaken in a related project (18). Consequently the
dissolution of porous eepper-anodes in acidified copper sulfate has been examined.
For ﬁhis system thefe are two alternate models for the electrolyte composition

2 4+ 2
)

(and thus for electrolyte transport): the sulfate model (Cu+ , H, SOu_ and

2+ -

the bisulfate model (Cu , H, HSOh). For solutions having a larger concentra-

tion of sulfuric acid than copper sulfate the bisulfate model gives a more
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accurate prediction of the solution conductivity than does the sulfate model,

- and thus was chosen for these calculations. The system parameters are given

in Table I.

For the moment, consider the state which exists after the mass transfer
transient has decayed but before significant dissolution has taken place.
Figure 1 shows- the corresponding distribution of reaction rate throughout the
poroué electrode for various anodic values of applied potential, Qf. From this.
figure it may be seen that this initial steady state current distribution varies
with applied potential, and that as the anodic potential is increased the
reagction distribution generally becomes more uniform. For the case at hand,
increasing -®f éb0ve 3.0 renders the distribution still more uhiform in the
depth of the electrode while, nearer the pore entrance, the distribution begins
to become more nbnuhiform.2 This interesting situation may be understood by
the fgllowing reasoning. Since the electrode consists of copper metal, the

anodic reactant (the copper atom) is available in unlimited gquantity whereas

the cathodic reactant (the copper ion in solution) is not. Therefore the

cathodic (back) reaction suffers from mass transfer limitations which do not
hinder the anodic reaction. Consequently, at the same value of absolute

potential, the cathbdic reaction will be less uniformly distributed through

the electrode. 'This tendency for the cathodic reaction to be less uniformly

distributed carries over into the region of low anodic current where the
cathodic back-reaction still occurs to an appreciable extent. Thus the most

uniform reaction distribution is shifted into the anodic range of potentials.

2 C . ' .
Hence for applied potentials more anodic than 3.0 it is not easy to designate

which reaction distribution is most uniform, and arbitrary criteria must be used.
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If both cathodic and anodic reactants had been available in unlimited quantity,
the reaction distribution would have been most uniform at vanishingly small
currents. This behavior is hétvpredicted by‘si@pler models which assume eithef
constant céncentration (thus neglecting'concentration polarization of the back » @
reaction) or a Tafel kineﬁic expréssion (neglecting the back reaction altogether)r
The variation of electrode overpotential upon dissolution is shown in Fig.
2. _Results are shown for several values of the applied cﬁrrent density, B. The
total overpotential of the electrode (the potential;in the eléctrolytic solution
af the pore entrance ). increases with applied currentléensity;s It can be seen
that the polarization decreases below the "steady state" value (dached lines
in Fig. 2) and that the decrease in pdtential seté in earlier for the higher
currents. | .
For the system at hand the theoretical model predicts that the uniformity
of the reaction distribution near the pore entrance passes throﬁgh_a‘maximum
at anodic potentials because of the mass‘transfef'limitation of the béck
reacpion as discussed above. Since the porosity distribution is equivalent to
the time average current distribution, the "most uniform" final porosity dis-
tribution will correspond to a particular anodic cdrrent; Currents different
from this particular one should lead to porosity distributions which are more
nonuniform near the pore entrancé. Finél porosity distributions are given in
Fig. 3 for several applied current densities. The total amount of charge

passed.is the same for all curves,and thus it may be seen that the model-

3

Although the figure does not illustrate it, one may realize that for the same
applied current density, the more rapid reactions, having higher values of £,
suffer lesser polarization. TFor the slow reactions, charge transfer overpotential
near-the pore entrance forces the current deeper into the pore so thét the reaction
is more uniformly distributed at the expense of higher overpotential.
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predicts the most nonuniform reaction distribution at the lowest applied c¢urrent
density (B=18.5). As the applied current density is increased and the duration
of electrolysis is decreased, the predicted final porosity distribution becomes.
more uniform. As the applied current density is increased still further,'above
B = lh8, the porosity distribution near the entrance again begins to become
nonuniform.

As dissolution proceeds, the current distribution becomes more uniform
since the increased porosity facilitates penetration of current into the pores.
Therefore the effect of porosity variation is to render the time average current
distribution more uniform than the steady state distribution at uniform (initial)
poroéity. . Also, for the system under study, the induced convection due to
volumetric changes upon dissolution tends to make the current distribution more
uniform-although, for this system, the current distfibuﬁion is
affected by less than 1% over the range of parameters pfesented here. It is
possible that the pseudo-steady state approximation would not be valid for cases
where the induced convection was really significant. Although the current dis-
tribution thus chagges as dissolution proceeds, if the change is only slight,
the final porosity distribﬁtion may be estimatéd:from the current distribution
prevailing at the initial steady state conditions. When the final porosity
distribution calculated by the pseudo-steady state model (Fig.v3) were compared
with similar results 6btained with use of the initial steady state current
distribution, the two methéds gave results which agreed within 2% for the lower )
current densities. TFor B valués of 148 and 296, the steady sfate model pfedicted
porosities near the pore entranee which were up to lO%vhigher than the pseudo-

steady state model.
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Conclusions

The performance of dissolving porous eleétrodes predicted in this work is,
of cpurse,'subject to the limitations associated with the pseud04steady sfate
macroscopic model used. The calculated results of the changing electrode
g structuré are all entirely consistent in pattern with what should be expected
on the basis of qualitative reasoning.

An interesting aspect of the behavior of anodicglly dissolving porous
systéms, although one not dirently connected with matrix changes, is also
evident in these results. Théf is thé occurrence of the most uniform current
distribution within the flooded porous electrode at a particular, non-vanishing
' applied current density as the result of mass transport limitations on the
local cathodic (back) reaction. |

in'most practiéal flooded electrodes local variations in overpotential
behavior due to inhomogeneities in the solid state, changes in microécopic con-
figuration in the course of electrode reaction, and effects from reaction at
vthe external electrode surface mayvcause significant deviations from the
behavior patnerns predicted by this theory. Also, in many systems,.products,
as well as reactants, appear in the solid state. Howéver, nonsideration of |
these more cnmpiex cases will require better knowledge of mechanisms of electrode
reactions-ana of the composition énd distribution of solid materials in such
electrodes before any meaningful dquantitative analysis can be'undertaken. In
the ménntime, useful insight into severnl performance characteristics for flooded
porons electrodes can be gained from the présent simplified theory. lThe pseudo-
steady state approach can be extended to moré.realistic cases as nécessary .
infonmation becomes availabie.
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NOTATION
a/ao, cross sectional area of electrolyte, dimensionless.
. . : ' 2
cross sectional sectional area of electrolyte, cm .
Ci/cref’ concentration of species i, dimensionless.
concentration of species i, gmol/cm3.
reference concentration, gmol/cm3.
. . C . . 2
diffusion coefficient of species i, cm /s

2
reference diffusion coefficient, cm /s

., thickness of electrode, cm.

symbol for electronic charge.

Faraday's constant, 96,500 coul/gm-equiv.

i/i*, current‘density in the electrolyte, dimensionless.

current density in the electrolyte, A/Cma-'

curfént den§ity in the electrolyte at the pore mouth, A/cme.
exchange current density of the reaction rate expression, A/cmg.
ﬁdj/i*af, transfer currentldensity, dimenéionless.

transfef current density, A/cmg.

2/£o, perimeter of pore, dimensionless.

- perimeter of pore, cm. |

symbol for specie i taking part in electrode reaction.
molecular weight of species.i
. . 2
flux of cpecies i, gmol/cm s
number of electrons taking part in reaction according to Eg. (5).
porosity of electrode.
gas constant, joules/gmol °K

equivalent pore radius, cm.
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- source term for species i, gmol/cm3s

temperature, °K

time, s

specific volume of electrode metal, cms/gmol.

mass average fluid wvelocity, cm/s

y/ﬂ, spatial variable in one-dimensionalimodel, dimensionless.
gpatial variable in one-dimensional model, cm.

charge number of ionic species 1i.

Greek Letters
anodic transfer coefficient in reaction rate expression.
cathodic transfer coefficient in Teaction rate expression.

i*afd/nFc

refDrefao’ dimensionless applied current density pargmeter.

Ci/cref’ bulk concentration of species i, dimensionless.
density of metal, gm/cm3.
density of electrolytic, solution, gm/cm3.

i*afvmd/nFDre a , dimensionless velocity parameter.

f o

stoichiometric coefficient of species i according to Eq. (5).

a , dimensionless kinetic parameter
ref ref o

ref? diffusion coefficient of species 1, dimensionless.
F(¢—¢e)/RT, polarization, dimensionless.
electrode potential, V.

equilibrium electrode potential, V.

r’ﬁi*aft/an, time, dimensionless.

t)

'
XY
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Subscripts
value at entrance of pore, y = d.

species 1.

~initial value at onsget of dissolution.

Superscripts
derivative with respect to spatial variable y.
value of variable in bulk electrolytic solution external to the porous

electrode.
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16,

17.

18.
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Table I. Parameters for porous copper anocde system.

UCRL-18757

8.94 gm/cm3

e, =
P, = 1.00 gm/cm3
m = 63.54 gm/gmol
a = 1.96h x lO—Scm2
ﬂo = 2.22 x lO_Qcm
d = 0.5 ¢cm
PO = 0.035
Vl = =1 v2 =0
2, = +2 Z, = -1
T, = 0.145 T, = 2.33
M o= 0.7188 | My = 1.331

It

i

1l

0.5-

0.5
10”

107

I

3gmol/cm3

Pem-/s

+1

2.0k

9.312
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' FIGURE CAPTTONS
Fig. 1. ©Steady state current distribution in porous copper anode for £ = 25
by
at several electrode overpotentials.(éf); ’
Fig. 2. _Potential variation during dissolution of porous copper aﬁode for € = 400 -
at several applied current densities (B). |

Fig. 3. Porosity distribution for porous copper anode after dissolution for

0.05 A-hr at several current densities (£=L00).

&
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J, transfer current, dimensionless
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B

| 1

LNy b N

[

Y, distance

06 04 0.2 0.0

along a pore, dimensionless

XBLEBIO - 7095

Figo 1
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N

Py, pofenticl at the pore mouth, dimensionless
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40 80 120 160 200

Distance from external surface (u)

XBL68I0-7094

Fig. 3 .
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "'person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.




-~ W

TECHNICAL INFORMATION DIVISION
LAWRENCE RADIATION LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720





