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The transport processes occurring within the diffusion layer of dissolving anodes are analysed with the 
help of a mathematical model which takes into account mass transfer by both diffusion and ionic 
migration in the presence of a supporting electrolyte. The steady-state transport equations are solved for 
the ionic concentrations and potential difference as a function of distance within the diffusion layer, 
metal-ion charge and diffusivity, supporting electrolyte concentration and metal dissolution rate. Upon 
normalization of the variables, a dimensionless group (I = ix/zFc~247 is obtained. This group includes 
the transport properties of the system and shows the inter-relationship between them. The anodic dis- 
solution of Cu in HC104 was chosen to test some of the predictions of the system. The measured metal- 
ion concentrations were much less, while the potential gradient was much higher, than predicted. This is 
explained on the basis of ionic interactions which operate at higher concentrations. It is shown, both 
theoretically and experimentally, that in this strong acid medium the concentration of hydrogen ions 
decreases in the diffusion layer of a dissolving anode due to ionic migration of the hydrogen ions in 
accord with the prevailing potential gradient. 

1. Introduction 

The question of ionic migration is of fundamental 
importance in treating mass transfer in electro- 
chemical systems. Its importance was recognized 
in the early works of Brunner, Eucken and Baars 
for the electrodeposition of metals; these works 
are reviewed by Vetter [1 ]. It was established 
therein that if the initial concentration of the dis- 
charging ion is much less than that of the support- 
ing electrolyte, ionic migration effects may be 
neglected and the current becomes essentially a 
diffusion current. On the other hand, in the 
absence of a supporting electrolyte, ionic migration 
increases the limiting currency i L to iL(1 + Z) 
where Z is the ratio of the cation valency to that 
of the anion. Levich [2] and, subsequently, 
Newman [3 ] presented treatments similar to those 
of Eucken and arrived at the same conclusions. 
Newman [4] has subsequently treated the effect 
of ionic migration on the limiting current of an 
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electrodeposition reaction for various hydro- 
dynamic conditions. The effect of ionic migration 
on the overall rate of mass transfer below the 
limiting current has not been demonstrated in 
these treatments. Furthermore, the effect of ionic 
migration under conditions of anodic dissolution 
cannot be evaluated on the basis of the existing 
treatments of a deposition process, since the ratio 
of metal ion to supporting electrolyte concen- 
tration cannot be determined beforehand. 

In either deposition or dissolution, an import- 
ant consideration is the above-mentioned variation 
of the metal ion/supporting ion concentration 
ratio. Since this ratio may vary considerably with 
distance from the electrode surface, ionic migration 
may, correspondingly, be significant or negligible. 
Concentration prof'fles are also important, since 
they generate density differences which could lead 
to natural convection. 

This paper is concerned with metal dissolution 
reactions. Its objectives are: 
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Fig. 1. Geometrical representation of the one-dimensional 
dissolution-transport model. 

(a) To evaluate the relative contributions of 
ionic migration and molecular diffusion to the 
overall rate of mass transfer under various con- 
ditions of supporting electrolyte concentrations 
(c ~ metal dissolution current (i), metal ion 
diffusivity (DMr+), and charge on the metal 
ion (z). 

(b) To calculate the profiles of the electrical 
potential difference and of the various ionic con- 
centrations, including those of the supporting 
electrolyte in the diffusion layer, to illustrate the 
effect of such concentration variations on the 
electrolyte resistivity and to show the relevance 
of the results to the study of the kinetics of metal 
dissolution reactions. 

(c) To compare the predictions of the model 
with the experimental results obtained on a 
selected system. 

2. Model, assumptions and solutions 

2.1. Physical model and assumptions 

Consider a metal which dissolves in a strong acid 
HY (supporting electrolyte) according to the 
reaction 

M -+ M r+ + ze. (1) 

The acid is assumed to be strong enough to pre- 
vent the hydrolysis of the metal ion Mr+; Y- is a 
noncomplexing ligand. The transport processes at 
a planar surface are assumed to be one-dimensional 
and only migration and diffusion are considered 
(Fig. 1). This geometry is quite similar to those 
existing in experiments on metal dissolution 
kinetics [5-12] or on electropolishing of metals 
[13]. These same transport conditions also apply 
to special cases of pitting or cracking [14]. The 
rate of mass transfer is the sum of the rates of 
ionic diffusion, given by Fick's law, and of ionic 

migration, with the ionic mobility given by the 
Nernst-Einstein relation between ionic mobility 
Pi and molecular diffusivity Di, Pi = (F/RT)Di, 
where Fis the Faraday constant, R the gas constant 
and T the absolute temperature. At steady state, 
the fluxes of the various ionic species are given by: 

sa§ = [ W - +  c a §  = o (2) 

[de,z- X _~] 
s u  = - v y -  i--g-- - cy -  = o (3) 

JMr+= -- M [-----~--+ZCMr+ -- zF 

(4) 
where �9 is the electrical potential difference in 
the electrolyte (~ = 0 at x = 0, see the boundary 
conditions in Equation 6), i is the anodic dissol- 
ution rate and c refers to ionic concentrations. The 
fluxes of H § and Y- ions are zero, as shown in 
Equations 2 and 3, since they are neither formed 
nor consumed by the electrode reaction. The right- 
hand side of Equation 4 has a negative sign since 
metal ions move in the direction of decreasing 
value of the x co-ordinate. The assumption of 
electroneutrality requires that 

ca§ + ZCMr§ = c y - .  (5) 

The boundary conditions at x = 0 are 

CMr+ = 0 (6a) 

,:I, = 0 (6b) 

ca+ = c,z- = c ~ (6c) 

Equation 6c follows from Equation 6a and the 
electroneutrality condition of Equation 5. The 
plane x = 0 is the outer plane of the diffusion 
layer in a large container with enough stirring 
beyond this layer to keep craz+ = 0. Equations 
2-6 are sufficient to calculate CH§ Cy-, CMZ§ and 

as a function of x,  i, z . . .  etc. 

2.2. Analytical solutions 

Dividing Equations 2, 3 and 4 by D~+, D y -  and 
DMZ+ , respectively, adding, using Equation 5 and 
integrating using Equation 6, one obtains 

~n+ + ~y- + ~MZ+ = I + 2 (7) 
where 

1 = (ix/zFc~ 
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and the dimensionless concentrations are given by 

CH + : CH+/C 0 , C y -  -~- C y - / e  0 

and ?MZ§ : CMz+[C O. 

The bars will be dropped for convenience, and it is 
to be understood that all the concentrations are 
dimensionless. 

The dimensionless parameter I = ix /zFc~ 
includes all the transport properties of the system. 
The implication here is that the net value of I 
(rather than the separate values of i, x, c o or 
DMZ§ ) is the controlling factor. Thus an increase 
in x or i has the same effect on the potential dif- 
ference �9 or the ionic concentrations as an equiv- 
alent decrease in DMZ+ or c o . With the exception 
of z, the above variables occur only in 1, as shown 
below in obtaining the solutions. Consequently, 
the values of I and z determine the corresponding 
potential difference and ionic concentrations (cf. 
Equation 9). Equations 2 and 3 can be solved, 
then combined with Equation 6 to give 

ca§ = 1 /Cy- .  (8) 

The solution of Equations 5 and 7 for cv -  gives 
rise to 

cy-  = (1/2)[1+ 2 + (z -- 1)cMz+ ]. (9) 

The relation between ell+ and CMZ+ is obtained by 
combining Equations 8 and 9. Thus, 

2 
cI-i+ = I + 2 + ( Z _  I)CMZ +. (10) 

Substituting Equations 9 and 10 in Equation 7 and 
solving for CMZ+ one gets 

(z 2 - -  1)c~z+ + 2 ( I +  2)CMZ* - -  [/2 + 41] = O. 

(11) 
This is a quadratic equation in CMZ§ the positive 
root of which is given by Equation 12 after several 
algebraic steps: 

-- (I + 2) + [z2(/2 + 4/) + 411/2 
CMZ+ ":  Z 2 - -  1 

(12) 

Once CMZ§ is obtained from Equation 12, Cy- and 
cH§ can be calculated from Equations 9 and 10, 
respectively. 

A solution for �9 is obtained by integrating 
Equation 2 or Equation 3 and using Equation 6b 

as a boundary condition. Thus 

2.303 Rir 
- log (Cy-). (13) 

F 

For any value of the ionic charge z, the solutions 
obtained satisfy the original differential equations 
and the boundary conditions in Equation 6, i.e., 
at x = 0, cMz+ ~" O,  C y -  = C ~ and ~P = 0. 

3. Discussion of the model predictions 

3.1. Variations o f  ionic concentrations 

As the above solutions show, the value of I deter- 
mines the potential difference and the ionic con- 
centrations, and is itself determined by the five 
different parameters and variables of the system, 
L x, z, c o and DMZ§ The dependence of the 
electrical potential and the normalized ionic 
concentrations on l an d  z is shown in Fig. 2. 

The ionic concentrations in Fig. 2 are in mul- 
tiples of the bulk electrolyte concentration c o and 
the abscissa is I. Thus, for certain values of L z, c o 
and DMZ+, the plots give the profiles of ionic con- 
centrations in the diffusion layer in multiples of 
c o . The actual value of concentration is the product 
of the value on the curves times c o . The concen- 
trations of the various ionic species at the metal 

I0 2 - -  10 2 

o ~ ~ 

I 
z Metal Surface ~ LJ 

10-1l i 3 -I 
I0 -I I I0 i0 2 

DIMENSIONLESS VARIABLE , I = ix4'zFC ~ DMZ+ 

Fig. 2. E f f e c t  o f  the  dimensionless var iable I on  the  
po ten t i a l  d i f fe rence @ and o n  the dimensionless ion ic  con-  
cen txa t ions  for  var ious  values  o f  m e t a l  ion  charge  z .  The  
n u m b e r s  o n  each  curve  re fe r  to  z .  
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surface are obtained by substituting ~ for x, where 
is the diffusion layer thickness. 

Results in Fig. 2 define the conditions under 
which the ionic concentrations at the metal surface 
are significantly different from the bulk values. 
Clearly, below a value o f / =  O.1/z, the ionic 
concentrations and potential difference q5 are 
essentially equal to the bulk values. For the 
common case of iron dissolution in acid chloride 
media, the value I = 0.1/z corresponds to a current 
of 1 mAcm -2 (taking x to be the diffusion layer 
thicknessfi =0.05 cm,D = 5 x 10 -6 cm 2 s -1 [15], 
c o = 10 -3 mol cm -3 and z = 2). Thus, under these 
conditions the concentrations of H § and Y- ions 
at the metal surface are equal to their bulk values. 
At larger values of I, the anion and metal ion 
concentrations at the metal surface increase, 
whereas ca§ decreases. The magnitude of these 
departures from the bulk composition depends on 
I and z, as shown in Fig. 2; it may be several-fold, 
or an order of magnitude or more, depending on 
the values of i, z, c o , DMz+ and x. The extent of 
agreement between these predicted concentrations, 
in which negligible ionic interactions are assumed, 
and actual concentrations is shown below. 

One area in which the results of the present 
work may be used with advantage is the kinetics 
of metal dissolution, where mechanisms are 
developed on the basis of reaction-order studies 
using bulk concentrations of ions, e.g., H § and C1- 
ions [5-12] t .  As shown above, the surface con- 
centrations are predicted to be significantly dif- 
ferent from the bulk values for I > O.1/z, and 
hence the 'as-calculated' reaction orders for this 
condition are of questionable value. It remains 
to be seen, however, whether reaction orders 
obtained by using the above calculated surface 
concentrations are more meaningful for the analysis 
of reaction mechanisms than those obtained by 
restricting the use of bulk values to those con- 
ditions for wh ich /~  O.1/z. 

From the above results one can also predict the 
conditions under which the onset of precipitation 
of metal salts occurs on the surface of dissolving 
metals for comparison with experimental results. 
Such salt films have been shown to control the 
electropolishing of copper in phosphoric acid [13]. 

Another area of application is localized corrosion 

~" Many of  these references have extensive l i terature 
reviews. 

where a similar modelling approach proved useful 
in understanding the mechanisms involved in 
pitting, crevice and cracking corrosion [14, 16, 
17]. Results of the present work extend the earlier 
quantitative treatments of pitting corrosion [14] 
t o z > l .  

3.2. Variations o f  resistivity 

At any value o f / ,  the total concentration of ions 
is greater than the bulk value, with the highest 
concentration occurring for z = 1. Consequently, 
the local resistivity in the diffusion layer decreases 
as the surface is approached. The resistivity p of an 
electrolyte is given by 

1 
p = (14) 

i 

Substituting for/~i by the Nernst-Einstein relation, 
one obtains 

R T  1 
p = -~-  Z Oiz~ci . (15) 

The dimensionless resistivity, which is the ratio of 
the local to bulk electrolyte resistivities is given by 

p(x) ~.dDiz~ c i (bulk electrolyte) 
f i ( I )  - - -  - p(x = O) 2. ;D~ ci (in diffusion layer)" 

(16) 

Though Equations 14 and 15 are applicable only 
for dilute solutions and are without regard for dif- 
fusion potentials, they do illustrate the resistivity 
variations. These variations are schematically 
shown in Fig. 3 for z = 1, 2 and 3 assuming equal 
diffusivities for all ions. For I < 0.01,/5(/) 
approaches unity independent of z. At larger values 
of/ , /3 decreases with the lowest resistivity corre- 
sponding to z = 3. These results are in general 
agreement with previous work on pitting [18, 19] 
where resistivity variations have been predicted 
using basically different modelling approaches. 

3.3. lonic migration versus diffusive fluxes 

This section compares the ratio (R) of the ionic 
migration and diffusion fluxes in order to define 
the ranges of current, distance, ionic charge and 
bulk electrolyte concentration for which ionic 
migration may or may not be ignored. From the 
solutions presented above, the metal ion fluxes 
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Fig. 3. Effect of the dimensionless variable I on the 
dimensionless resistivity (Equation 16) for various values 
of metal ion charge z. 

are given as follows1': For z = 1 

dc 
Diffusion flux = -- D - -  

dx 

i2x/F - -  i D ( c  - -  2c ~ 

2c~ + ix 

Migration flux = D c -  - -  
F d(P 

RT  dx 

(17) 

Dci 
, 

ix + 2c~ (18) 
For z > 1 

1 
Diffusive flux - 

z 2 -- 1 

re i2x/F~D+2zic~ }] 
x zF {[(ix/FD) 2 +4zi(xc~ + 4c~ u2 

(19) 

Migration flux = 

[ ilzFD + (z - 1)dc/dx ] 
--zDc [ i x ~  ~ccO-7 (-~-_i-)c j .  (20) 

The ratio of ionic migration to diffusive fluxes R, 
at various conditions of i, x, z and c o , was cal- 

calculated using Equations 1%20 for z = 1,2 and 
3. The results in Fig. 4 show that the ratio of ionic 

t For convenience, D and c refer to the diffusivity and 
concentration of metal ions in this section only. 
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Fig. 4. Variation of the flux ratio R with the product/x 
for various values of bulk electxolyte concentrations c o 
and metal ion charge z. 

migration to diffusive fluxes is determined by 

three factors: 
(a) The product ix. As/x increases, the ratio R 

increases to a limiting value, Rli m . 
(b) The bulk electrolyte concentration c o . An 

increase in c o decreases R, and this trend is greater 

at lower/x values. Thus Rli m is obtained at lower 
values of ix for lower values of c o . 

(c) The ionic charge z. The values of R and 

Rlim increase with increase in z. One of the sig- 
nificant results of this model is that Rli m = 1 , 2  

and 3 forz = 1 ,2  and 3, respectively. This, in turn, 
means that the limiting migration flux is, respect- 

ively, one, two or three times as large as the 
diffusion flux. Consequently, under limiting con- 

ditions of ionic migration (I = ix/zFc~ > 10), 
the overall rate of mass transfer is two, three or 
four times the diffusion rate for z = 1 ,2  and 3, 
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respectively. On the other hand, ionic migration 
becomes negligible (R < 0.1) for I < 0.2 for z = 1, 

7 <  0.05 for z = 2 a n d / <  0.025 for z = 3. 

4. Experimental 

4.1. Selection o fan experimental system 

An ideal experimental system for a quantitative 
test of the predictions of the above model should 
meet the following requirements: 

(a) The acid is strong, i.e., completely ionized 
with a stable (non-oxidizable or reducible) mono- 
valent noncomplexing anion. This rules out HC1, 
HNOa and H2SO4, and hence HC104 was chosen. 

(b) Upon dissolution, the metal produces an 
ion with a single valency state which is not suscep- 
tible to hydrolysis or complexing. 

(c) The diffusion coefficient of the metal ion 
is independent of its concentration. It must also 
be known with certainty. 

In view of the above, the dissolution of copper 
in 1 M HC104 seemed to be the optimum system 
for our purpose. Although the diffusion of CuSO4 
has been studied extensively and its coefficient 
known to vary considerably with concentration 
[20], much less is known about the diffusion of 
Cu(C104)2. However, it is reported [21, 22] that 
the diffusion coefficient of copper perchiorate is 
somewhat lower than that of copper sulphate due, 
possibly, to the formation of copper sulphate 
complexes. 

4.2. Experimental procedure 

In order to maintain conditions of one-dimensional 
transport through an artificially large diffusion 
layer, the test cell shown in Fig. 5 was used. It is 
similar to other frequently used artificial pits 
[14,18, 19]. The bottom part was made of 
99.9+% Cu. Electrical contact was made through a 
thin platinum wire protected from the solution 
with a tight heat-shrinkable tubing. The cross- 
sectional area was about 0.3 cm 2 . The counter 
electrode was positioned about 10 cm away from 
the cell to insure uniform current lines at its open- 
ing. The solution was 1 M HC104 in a 1200 cm a 
container. The large volume keeps Ccu2+ --~ 0 in the 
bulk as required by Equation 6. Though the system 
was open to air, corrosion of the Cu by oxygen 

X=O 

X--L 

~ 0 . 6  cm~-~ 

y-  

H + 

cu++ 
4.3era 

Fig. 5. Illustration of the one-dimensional cell used for 
the experimental measurements. 

reduction was considered negligible in view of the 
small mass transfer coefficient of oxygen, m =D/L 
(due to the long diffusion path, L), compared to 
the impressed dissolution rate. A constant anodic 
current was impressed on the electrode and the 
potential between the Luggin probe (0.01 cm 
diameter) and the metal surface was measured 
versus an Hg/Hg2SO4 reference electrode using a 
1 M HC104 salt bridge. 

The concentration of Cu 2+ was measured as a 
function of distance using a Cu wire as an ion- 
selective electrode and a properly constructed 
calibration curve. The wire was of high-purity 
copper, the immersed region of which was covered 
with a heat-shrinkable tubing except for its very 
end. This gave a tight seal and it was certain the 
electrolyte solution reached only the tip of the 
wire. The cross-sectional area of the wire was about 
one-tenth that of the cell. The calibration curve 
was constructed using this ion-selective electrode 
and a set of Cu(CIO4)2-HClO 4 solutions. The 
copper solutions were prepared by dissolving 
equivalent amounts of CuO in 71% HCIO4 
(~  11.7 M) and were standardized iodometricaily 
[23]. The HCIO4 concentrations were adjusted 
by simple volumetric dilution. Distilled water 
(p > 10 s ohm cm) was used throughout. All tests 
were run at room temperature, 25 + 2 ~ C. The 
position of either the reference or the ion-selective 
electrode inside the cell was adjusted, and the 
distance x measured using a micromanipulator. 
The potential difference between the Cu surface in 
the cell and the Luggin capillary of the reference 
electrode was measured with the latter positioned 
at various distances inside the cell using a high- 
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Fig. 6. Calibration curve used to measure the concen- 
tration of Cu 2§ ions (in 1 M HC104 ) inside the cell. 

input impedence voltmeter. The potential differ- 
ence q? was calculated from 

cb = E x - E x :  o. (21) 

To measure the profile of  Cu 2+ in the cell, it was 
necessary for the tip of  the Luggin capillary to 
travel along with the ion-selective electrode, 
such that both were in the same (horizontal) plane 
normal to the x axis. By this arrangement, no 
ohmic potential drop was included and only the 
potential of  the Cu-wire ion-selective electrode was 
measured. The latter potential is a function of  the 
local concentration of Cu 2+ ions and the ionic 
strength. 

The development of  the blue colour of  Cu 2+ 
ions as a function of time and distance into the 
cell along with the potential probe and concen- 
tration profile measurements were used as indi- 
cators of the approach to steady state. Calculation 
of the rate of recession of the Cu surface by anodic 
dissolution for the currents used here shows that 
this rate is several orders of magnitude smaller than 
the limiting mass transfer coefficient, m = D / L .  

Hence, a steady state can be assumed. 

4.3. E x p e r i m e n t a l  resul ts  

Fig. 6 shows the calibration curve used as a basis 
for measuring the concentration profile of copper 
ions in the cell. At low concentrations (and con- 
stant ionic strength) the relation is a straight line 
with a slope of 30mV, in agreement with the 
Nernst equation. As the concentration increases, 
considerable deviation from this behaviour is 
observed which is attributed to variations in the 
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Fig. 7. Comparison of the measured and predicted concen- 
centration of Cu 2+ inside the cell. Measurements were 
taken at x ~ 1 cm. 

activity coefficient due to the increase in ionic 
strength. 

The concentration of Cu ~§ at the top of the cell 
was found to be about 10 -a tool dm -a. This was 
two orders of magnitude smaller than the measured 
concentration at 0.5 cm inside the cell, and hence 
was taken as a satisfactory approximation of the 
boundary condition (Equation 6). 

Fig. 7 shows a comparison between the predicted 
and the experianental concentration profiles. The 
data points were for current densities of 1.7 and 
6.7 mA cm -2. These points were all obtained at 
large distances (x > 1 cm) in order to eliminate 
entrance effects, and after steady state was reached. 
The same results were obtained 2-3 days later. 
The figure also shows the predicted relations for 
two values of  D, namely 5 and 7 x 10 -6 cm 2 s -1. 
Although the model correctly predicts the shape 
of the relation, the measured concentrations are 
significantly lower than the predicted. The figure 
also shows the effect on the concentration of a 
40% increase in the value of D. A good match 
between the predicted and the measured concen- 
trations is obtainable at a value of D of about 
1.8 x 10 -s cm 2 s -1  This is quite a high value, 
more than twice the value of the diffusion coef- 
ficient of Cu 2+ ions at infinite dilution. We have no 
reason to believe that the diffusion coefficient of  
Cu 2§ in our system is that high. Hence an alter- 
native explanation must be offered. 

Fig. 8 shows a comparison between the cal- 
culated and the measured values of the potential 
difference q). A_gain, the agreement is rather 
poor and it is evident that the experimentally 



460 B.G. ATEYA AND H. W. PICKERING 

3 0 0  . . . . .  

I 0 0  

5O 
.._1 
_< 
I.- 
z 
L,'.J 

~ i i L T I I  I 

o e 

e 

ID 

�9 f 

CALCULATED 0 ~ e  
)eu~= 5 xlU~cm~ s ~  / 0 ~ 

" 0 

0 �9 

0 
0 ~=1.69 m A c m  -~ 

0 
�9 g i=6.74 mAcm -~ 

0 

I I I 1~-7-  

10 -~ 10 -~ 10 "l 

i M X, A c m  "~ 

Fig. 8. Comparison of the measured and predicted poten- 
tial difference ~ at various distances inside the cell. 

measured potential gradient is much higher than 
the predicted one. 

The fact that the measured concentrations are 
much lower than those predicted for any reason- 
able value of Dcu2+ indicates that the effective 
rate of mass transfer under our experimental con- 
ditions is actually larger than predicted, i.e., the 
rates of ionic diffusion and/or ionic migration 
must be larger than the values which result from 
solving the model equations. Notice that the 
experimentally measured potential gradient is 
several-fold greater than that calculated. This is 
obviously due to the effects of ionic interactions 
in the relatively concentrated electrolyte which 
have not been included in the equations of the 
model (notice also a similar effect in Fig. 6). Since 
the rate of ionic migration depends on the potential 
gradient, cf. Equation 2, for the same current, i.e., 
the same overall rate of mass transfer, an increase 
in the potential gradient d~/dx can only be possible 
if either the concentration of the metal ion and/or 
its gradient decrease. Consequently, the concen- 
tration of Cu 2§ ions at any distance must be lower 
than that predicted (on the basis of a much lower 
potential gradient). A more quantitative interpret- 
ation of this behaviour can be obtained if one 
takes proper account of the effects of ionic inter- 
actions in the formulation of the model equations. 
This is beyond the scope of the present work. 

After steady state was reached (with i = 
6.74 mA cm-2), the solution in the cell (~ 1.2 cm a ) 
was quantitatively transferred and diluted with 
water to 10 cm a. The pH of the resulting solution 
was 1.7, whereas the pH of an equal volume of 

bulk solution after dilution to 10 cm 3 was 0.85. 
The predicted value is 1.89, as obtained by graphi- 
cal integration of Equation 10. This decrease in 
H+-ion concentration agrees with the predictions 
of the model and is due to ionic migration in 
accordance with the prevailing potential profile. 

5. Conclusions 

A model has been proposed to describe the trans- 
port of the various ionic species in the diffusion 
layer of a dissolving metal anode. The equations 
include transport of the metal ions and those of 
the supporting electrolyte by ionic diffusion and 
migration. The solutions show that the concen- 
tration of the supporting electrolyte is non;uniform 
throughout the diffusion layer. The implications 
of this non-uniformity have been assessed with 
regard to: (a) the ranges of current, distance, ionic 
charge and bulk electrolyte concentration for 
which ionic migration may or may not be ignored, 
(b) the measurement of electrochemical reaction 
order, and (c) the local variations of electrolyte 
resistivity within the diffusion layer. 

The effects of current, metal-ion diffusivity, 
bulk concentration and ionic charge on the profiles 
of electrical potential and ionic concentrations 
have been evaluated. A dimensionless group, 
including all of these controlling parameters, 
1 = ix/zFc~ was developed. It is shown that 
the ratio R of the ionic migration flux to the tool. 
ecular diffusion flux increases with increasing z, 
all other parameters being the same. The limiting 
value of this ratio Rli m was found to be simply 
equal to the charge on the metal ion z. This limit 
is obtained a t I  = ix/zFc~ > 10. On the 
other hand, ionic migration becomes negligible 
(R < 0 . I )  forI  < 0.025 forz = 3. 

The major conclusion obtained from com- 
paring the model predictions and the experimental 
results is that ionic interactions (at high electrolyte 
concentrations) produce larger-than-predicted 
potential gradients. Consequently, the concen- 
tration of the metal ions at a certain distance in 
the diffusion layer is lower than predicted. 

These results complement and expand upon 
those for transport at planar surfaces existing in 
the literature [1-4] which are only for cathodic 
deposition. They also extend the treatment of 
pitting corrosion [14] to z > t .  
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