DIFFUSION KINETICS OF THE ANODIC DISSOLUTION
OF A METAL WITH THE FORMATION OF AN ANIONIC
COMPLEX WITH THE ANION OF THE SOLUTION
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Theoretical calculations of the rate of transfer of material in the anodic dissolution of a metal under
conditions in which a cationic complex of the dissolving metal with the anion of the dissolved electrolyte ig
formed were carried out earlier [1] for the simple case in which the number of charges of the anion and the
two cations is the same. It was found that the establishment of the limiting current with respect to the an-
ions of the solution taking part in the reaction can take place only when the diffusion current of this anion
is less than the diffusion coefficient of the complex formed in the reaction.

The present paper deals with the steady-state anodic dissolution of a metal M(z) (not complicated by
passivation) in a solution containing M(,)z"' cations and AZ” anions, with the formation of an anionic com-
plex according to the reaction

Mg + nA*=—>M@A~ +z(n —1)e, )

The diffusion coefficients of the ions M (;)%*, AZ-, M(;)Ap“", which are assumed to be independent of
concentration, are denoted by the symbols Dy, D,, and D3 respectively, and the charges are expressed in
units of the charge on the proton.

For the éteady-state process, the fluxes of the anions j; and the complexes js are related by the fol-
lowing expression

ja = —nj,. | (2)

If a constant current density I is passed through the system, it can be expressed in terms of the ion fluxes
as follows

1 =zF(j,+js).
Thus ix; the electrical-neutrality approximation we can write
de, D,
DFz —_ = *¥e,
z pr BT Fz*&e,,
de, D,F Inz
D,Fz — = _ 2 —_—
Fz o AT Fzé’c,+z(n_1),
dey D,y Iz
DFgme = _prgpe . %
s z - AT F*&e, remTY 4)

cl—cz—Cs‘—:O,

wt%erc? €1, €2, and c3 are the concentrations of the ions M(1)2+, Az‘,M(z)Anz" respectively, and & is the elec-
tric field intengity. The origin of the axis of abscissae is situated in the solution at a distance d, which is

of the order of magnitude of the thickness of the Helmbholtz layer, from the surface of the electrode (Fig. 1)..
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Fig. 1. Diagram of the Fig. 2. Distribution of the concentrations of the ions (a)
layer next to the electrode. and the potential (b) in the diffusion layer for the cases:
1) D2> 'ﬂD3; 2) D2<nD3.

The system (4) has the following boundary conditions:

Cy (5) == Cio0) Cg(&) == (20, c'(ﬁ) p— 0' . . . . (5)
where 6 is the thickness of the diffusion boundary layer, and
Ci0 == C2¢ = Cy. (6)

In Egs. (4) and (5) we can change to dimensionless quantities, as in'[1]:

z=5d; cy=mme, (k=1,2,3); I= i, =mEe—=; y=—

and introduce the new variables

p = My — My— My} G =My~ M+ M. o (8) .
The system (4) will have the form
do 2i
-'d—s'=ZEP+—(n—1)'(n Y), :
dp 2i
—— 2 E — ————era — N
%= ey
dm, A
bkl B + :
o 2Em =1
p =V,

with boundary conditions o
o(1) =2; my(1) == 1.

Solutlon of the last system leads to the following relationships:
in—y)(s—1)+z(n—1)

s w-n " e
o Ali =) (s =D +3(1—-1)] _ . yz(n—1) s
’ sla=)(r—y) (= G-y) - ts@r-1] " - (10)
. y:(a—1) M-y e=D+sa-n] 1)
Tyl = tz(-1)] z(n—1) (n—v) ’ A _
i(n—y) o - (12)

’ : E= zli(n—y) (s—1)+z(n—1)] "
By lntegratmg E(s) with respect to the thickness of the diffusion layer, we find the drop in potential in the
layer (j =¢ F/RT is the dimensionless potential): : : e
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1 __,1 .
v(o)= [Eds=— it (13)

T G=D a1
The potential is measured from the right-hand boundary (x=96) of the diffusion layer (Fig. 1), that is y (1)=
0. The relationship between the current and the potential drop in the diffusion layer will have the form

0 1_1 z2(n—1)
\p( )=~3 nz(n—i)—i(n—v) * (14)

We shall assume that an equation of the Volmer type is applicable for reaction (1), and we shall write
the corresponding relationship between the current density I and the potential jump at the electrode/solu-

tion boundary A¢pound:

FA
I="Fkz(n—1)c"(0) exp [az (n— 1)——%“’] ' (15)

where k; is the reaction rate constant. InEq. (15) we can change to dimensionless quantities

2 = Kiz(n— 1)ms*(0) exp [az(n — 1) Ay, ] (16)

or

1 2i
Moo= T B K= Dm0 w

where K =k; (6c}™1/D,).
The volt-ampere characteristic of the process then has the form

t/az(n—13)
== e"

[z(n -21()’: (i: 9 ] " [ Ka(n -2;) ma"(0) ] ' (18)

where Ap =9 (0) + A¥pound-

It can be seen from expressions (10), (14), (16), and (18) that in contrast to the case examined in [1],
a limiting current exists at all diffusion coefficient ratios and is equal to

z(n—1)

T —— ey

ilim o A

(1)

2z(n — 1) Dyc ,F

" m[&V%’D;] ‘ \(19)

The existence of a limiting current is attributed to a deficit of the anions of the electrolyte, taking
part in reaction (1), at the electrode surface. When D; and D3 are equal, the equation obtained for the limit-
ing current differs formally, by a numerical coefficient, from the familiar equation Ij;y, =2zD;coF/8, appli-
cable for the case where the electrochemical reaction takes place in the presence of an excess of an indif-
ferent electrolyte [2]). In the range of values of n from 2 to 10, the numerical coefficient takes values from
0.58 to 1.37, and for n=4 it is equal to unity. If D, =4Dy (this may be the case, for example, when the anion

AZ" js OH"), the corresponding coefficient [2(0—1)/n—4](1—v4d/n) varies from 0.41to 1.1 in the range of
values of n from 2 to 10.

or, in dimensionless quantities

44

These results are illustrated in Fig. 2, a and b, which shows the distribution of the concentrations of
the iong and the potential in the diffusion layer. The concentrations of the ions in this case change monotoni-
cally with change in the distance from the electrode for any ratio of the coefficients D; and Dj3.

It may be noted that analogous calculations can be carried out for the cathodic deposition of a metal
from complex ions. This also applies to our previous calculations {1), - - L o
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