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Parallel Plate Electrochemical Reactor Model

R. E. White*
Chemical Engineering Department, Texas A&M University, College Station, Texas 77843

Mike Bain
Ashland Qil, Ashland, Kentucky 41101

and Mike Raible

Texas Eastman Company, Longview, Texas 75601

ABSTRACT

A modelis presented for a parallel plate electrochemical reactor which has electrodes that are the same size and are close
together. That is, the distance between the electrodes (S) is much smaller than the length (L) or width (W) of the electrodes.
Consideration of the material balance equations in light of this small aspect ratio (S/L) condition leads to predictions of de-
rived quantities of interest (e.g., current efficiency) that depend on the product of the aspect ratio and the Peclet number,
where Pe = 2v,,.S/Dr. Predictions of such derived quantities are made for electrolysis of an aqueous, hydrochloric acid

solution containing copper in a cell with no separator.

The design of a parallel plate electrochemieal reactor
(see Fig. 1) often requires predicting such quantities as
the current and energy efficiency for multiple elec-
trode reactions, the conversion per pass of a reactant or
product, and the selectivity of a desired product. For
example, in a cell with no separator, the electrode
reactions for electrowinning of copper from a chloride
solution might be

CuCls2— -» CuCl+ 4 2Cl— 4 e~
CuCl+ + 2Cl— 4 e~ = CuClg?~
CuCls?~ 4 e~ - Cu + 3Cl—

Nofe that CuCls2—, or Cu(l) reacts at both electrodes
and CuCl+, or Cu(Il), is a product at the anode and
a reactant at the cathode. This scheme is presented here
as a hypothetical illustration of a complex system. The
possibility of Cu(II) reacting with copper deposited on
the cathode was ignored for convenience. Many, if not
most, electrochemical processes of interest are simi-
larly complicated and often it is some aspect of the
complexity that dictates the performance of the system.

The design of an electrochemical cell based on the
above reactions should include predictions of the cur-
rent and energy efficiency for copper deposition, the
conversion per pass of both Cu(I) and Cu(Il), and
the selectivity of copper deposition. These predictions
would be expected to depend on, among other things,
the cell potential, the flow rate of the electrolyte
through the cell, and the length of the electrodes at a
fixed separation. Classical design techniques [see Ref
(1), e.g.] cannot be used to make these predictions
because they do not include the capabilities to handle
the complexities due to the above reactions.

Pickett (1), for example, presents models for parallel
plate cells which are based on the assumption that only
one electrode reaction is important and that it is mass
transfer controlled. He does present a method for in-
cluding an undesired side .reaction, but it is cumber-
some to use. In a different work, he and Stanmore (2)
do present a model for the case where different elec-
trode reactions occur at the anode and cathode but do
not include multiple electrode reactions.

Other more complicated (3-10) models have been
presented for parallel plate cells, but they are also not
suitable here for one reason or another, Sakellaropoulos
and Francis (3-5) present a model for a parallel plate
cell which does include both series and parallel elec-
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trode reactions at one electrode, but does not include
the reaction at the other electrode nor the effect of the
separation of the electrodes. Parrish and Newman (6)
present a model for a parallel plate cell which includes
the electrode separation and the kinetics of the elec-
trode reactions (same reaction at both electrodes), but
does not include multiple electrode reactions. Caban
and Chapman (7) present essentially the same model
as Parrish and Newman, but set the cell potential in-
stead of the cell current, Caban (8) extends their
model to include multiple electrode reactions (and,
consequently, the ability to predict current efficiencies),
but not the conversion per pass of a reactant or prod-
uct. Lee and Selman (9) extend Caban and Chapman’s
work to include a separator in the cell and nonisopoten-
tial electrodes, but do not include the conversion per
pass. Lee (10) extends their work to include multiple
electrode reactions and a heterogeneous reaction at
one of the electrodes and a method for predicting ap-
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Fig. 1. Schematic of a parallel plate electrochemical reactor
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proximately the conversion per pass based on a quasi~
steady-state approach, Their method is, however, lim-
ited to cases where the conversion per pass is small.

Models based on the Parrish and Newman approach
are sometimes referred to as thin diffusion layer mod-
els. They are referred to as such because it is assumed
in the development of the models that the concentra-
tion of a reactant is constant in the bulk solution over
the entire length of the reactor and that the reactant
concentration differs from its bulk value only within
thin diffusion layers on the electrodes. This assumption
is reasonable if the conversion per pass of a reactant is
small, but this is often not the case., Another assumption
used in the thin diffusion layer models is that Laplace’s
equation governs the potential distribution within the
bulk solution and within the thin diffusion layers on the
electrodes. This assumption is also questionable be-
cause, as shown by White et al. (11), the potential at
an electrode predicted by Laplace’s equation can be
different from that predicted by utilizing dilute solu-
tion theory, which includes the effect of ionie migra-
tion. This difference may be small but important be-
cause the predicted current density depends exponen-
tially on the potential difference between the electrode
and the adjacent solution. It is worth reiterating, per-
haps, that the major limitation of thin diffusion layer
models is that they cannot be used to predict the con-
version per pass of a reactant because of the require-~
ment that the bulk concentration of a reactant re-
main the same over the length of the reactor.

To eliminate these assumptions, a model was de-
veloped for a parallel plate cell which includes the
effect of ionic migration in the flux expression for spe-
cies i and uses the electroneutrality condition as a con-
straint to determine the potential in the solution, This
method was used by Alkire and Ng (12, 13) for a
model of a porous, flow-by electrode. The approach re-
moves the limitations of the thin diffusion layer model
and provides a method that includes the capability of
predicting the quantities mentioned above. Also, the
approach could be extended to handle even more com-
plicated cases. The model consists of assumptions, ma-
terial balance equations, the electroneutrality con-
dition, boundary conditions, and parameters,

Model
The assumptions made in the development of the
model are presented first followed by the equations.

Assumptions

The following assumptions apply to the model pre-
sented here:

1. Isothermal conditions exist.

2. Gas generation effects are ignored.

3. Newtonian electrolyte.

4, Constant physical and transport parameters.

5. Nernst-Einstein equation (u; = Di/RT) applies.

6. The length (direction of flow) and width of both
electrodes are large relative to the gap between the
electrodes.

7. Dilute solution theory (14) applies.

8. Well-developed laminar flow.

9. The Butler-Volmer equation can be used to de-
scribe each electrode reaction.

10. No heterogeneous or homogeneous chemical reac-
tions occur.

11. Steady-state conditions exist.

Assumptions 8, 9, 10, and 11 could be modified easily
to account for turbulent flow, other types of electrode
reactions, heterogeneous or homogeneous (or both)
chemical reactions, and dynamic behavior.

Equations
In the absence of homogeneous reactions, the steady-
state material balance equation for species i is (14)
where
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N;i = —-DiV¢; — zsusFe; Ve 4 vg [2]

The velocity distribution within the reactor is assumed
to be well-aeveioped 1aminar now and is given by (1)

y ¥ )
Vg = BVavg (-E -5 [3]
and
Since the Nernst-Einstein equation
D [5]
Uj = ——=
"T RT

is assumed to be valid, substitution of Eq. [2], [3],
[4], and [5] into Eq. [1}] yields

¥y Yy ] ea ¢ 9%
6vag| —— — | —=Dj|f — 4+ —
S  S2Jd oz ax:  fy?

ziD;F %@ oc;i 9% 92 ac; 0P
C—— + — — G —— — (61
RT X2 fxr Jx 0y? oy ay
The electroneutrality condition

E. zici=0 [73
i

completes the set of i 4 1 equations needed to deter-
mine values for the i 4+ 1 unknowns (c¢; and ¢) for
x>0and0=y=S.
Equation [6 can be simplified since the aspect ratio
()
a=S/L {8]

is assumed to be small. This can be seen by substituting
the dimensionless variables

{=x/L [9]
n1=y/S [10]
8 = Ci/Ci,ref [11)
into Eq. [6] to obtain
A ’ 2,
6Svavg (n—nﬂ%ZDi(aﬁ% -%;g;—)
2iDF [ ( P 06 ad ) 3%® 20 9% ]
| G o — -t
RT a9t 8¢ om? on an
[12]

which shows by inspection that o2 is a coefficient of the
terms that contain derivatives in the axial direction.
These terms are negligibly small if « is small and the
derivatives in the axial direction are of the same order
of magnitude as those in the normal direction.! As-
suming that these conditions exist reduces Eq. [12] to

Dr 06;
3 —Pea (1 — ) —
D; * at

326; ziF 92 a8; ad
=—t | bi— 4+ — — [13]
om®  RT o2 9n dm
where the Peclet numbelj (Pe) is
280ay,
Pe = —n" (14]
Dr

(Equation [14] is reasonable because the Peclet num-
ber is defined to be
Deu‘avg

Dgr

1For the case where « is not small, Eq. [12] should be used for
the material balance equation for species i, the initial conditions
replaced by the appropriate boundary conditions, and the JAD-
Newman (15) or similar technique used to solve the equations.

Pe = [15]
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and for flow in a rectangular channel
4SW
TS+ W)

which, since W >> S, becomes D, = 28.)

Specification of the initial and boundary conditions
completes the system of equations. The initial condi-
tions are simply that

at ¢=0 =1

[16]

D.

% 2iCiref 1 = 0 [17]

and the boundary conditions are
at n =0 (anode)

= — N, 18
? n;F ol [ ]
at n =1 (cathode)
Sij inj
=N, 19
n njF nf [ ]
andatboth n=0and n=1
s2ici=10 [20]
i

1t should be pointed out that the derivatives in the flux
expression for species i (Ny;) are defined to be in the
positive y direction (from the anode to the cathode),
and the signs used for Ny in Eq. [21] and [22] are
consistent with the sign convention that positive cur-
rent leaves the anode and enters the solution and nega-
tive current leaves the solution and enters the cathode.

The normal component of the current density for
reaction j (in;) is assumed to be given by the Butler-
Volmer equation and is shown here for reaction j at
the anode

\ . ‘ €0 P
Iny = Tojref ! T
1\ Ciref

o F E ya:Y Q13
exp [—Ii:i: (Va — @50 — Uj,rer) ] - ﬂ'("—o_)

— agF
exp[ Ra;,J (Va — ®oa — Ujpret) ] } [21]

where
RT c
Ui ref = U%y — Uy, — 2 i ln( i,ref )
nF 1 Po
RT o -
+ - z SireIn (—lf.‘f.) [22]
(N Po

Equation [21] can be used for the cathode reactions by
changing V, and @0, to V. and &, respectively. Substi-
tution of Eq. [21] and its counterpart for the reactions
at the cathode into Eq. {18] and [19] yields a system
of equations for the dependent variables #; and F&/RT
in terms of the independent variables ¢ and n and pa-
rameters (kinetic, geometric, physical, thermodynamie,
transport, reference concentrations, and the cell po-
tential).
Parameter Values

The utility of the model can be demonstrated by cal-
culating the potential and concentration distributions
within the reactor for the hypothetical case given
above with HCI included as a supporting electrolyte.

The fixed parameter values used here are given in
Table I for this system of species and reactions. The
variable parameter values are the average velocity of
the electrolyte (vavg), the length of the reactor (L),
and the potential of the anode (V,) relative to the
half-cell potential of reaction 1 evaluated at the ap-
propriate reference concentrations. Note, however, that
according to Eq. [13], Pea is the important indepen-
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Table |. Fixed parameter values

Kinetic and thermodynamic

Reac- 10%0s.rer Uie
tion (j) (A/cm?)e a@a) Qe ny (V) Ujiret (V)¢
1 1.0 0.5 0.5 1 0.438 0
2 Lo 0.5 0.5 1 0.438 0
3 100.0 0.5 0.5 1 0.233 0.1143
T =29815 K
Component (1) Reactions1and 2 (] = 1, 2)
Sty Piy ‘ qi13
H+ 0 0 0
Cl- -2 0 2
Cu(l) 1 1 0
Cu(II) -1 0 1
Component (i) Reaction 3 (j = 3)
Siy D11 qi3
H+ 0 0 0
Cl- 3 3 0
Cu(l) -1 0 1
Cu (1) 0 0 0
Veathode? = 0.0V
Geometric
S=0lcm
Transport and reference concentrations
105D, ¢ 163Ca,ret
Component (i) 21 (cm?/sec) (mol/cm?)
H+ 1 9.312 1.000
Cl- -1 2,032 1.000
Cu(l)t -2 0.720 0.500
Cu (i) 1 0.720 0.100

® Chosen arbitrarily.

b See kef, (11, 16).

¢ The open-current potential of reaction j at the reference con-
centrations (Uj.rer) was chosen for convenience to be relative to
reaction 1 (i.e., re = 1 in Eq, [22]).

d Relative to the half-cell potential of reaction 1 evaluated at
the reterence concentrations of Cl-, CuCl#-, and CuCl* (i.e. an
imaginary reference electrode at which reaction 1 ogccurs and
the reactants that participate in reaction 1 are at their reference
concentrations).

e Taken from Ref. (14, 11).

t Designated as the limiting reactant.

dent variable and not S, vavg or L separately. Thus,
for the case where S and Dy are constants, vavg and L
can be replaced by Pea. Also, note that the cell poten-
tial (Ecen = Va — Vo) is actually the independent vari-
able, not V,. That is, even though V, and V, can be
varied independently within the model, the results de-
pend only on their difference, not their individual
values.

Consideration of the above boundary conditions
written in dimensionless form gives rise to the follow-
ing fixed dimensionless parameters

Sij ioj,ref S

= [23]

15 Ci,vet DiF

The magnitudes of these dimensionless parameters pro-
vide a qualitative guide to the relative rates of charge
transfer to mass transfer as shown in Table II, (Note
that both &; and Pea depend on S.)

Table I1. Fixed dimensionless parameters

81] dogrret S
&y = | —————
N3 Ciyret DIF
Component (i) Reactions 1 and 2 Reaction 3
H+ 0.00000 0.000
Cl- 0.01020 1.530
CuCla2- 0.00288 0.288
CuCl+ 0.01440 0.000
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Results and Discussion

Once the fixed and variable parameters have been
set, the above set of equations can be solved for 6: (¢, )
and ¢ (¢, n) using an implicit stepping technique (17) in
the axial () direction and Newman’s technique (14,
18) in the normal (n) direction. The accuracy of the
values obtained for ¢; and ¢ depends on the number of
mesh points used in both the ¢ and n directions. The
results reported here are accurate to three significant
digits. This accuracy was obtained by adding additional
mesh points in both the n and ¢ directions until the
results no longer changed to within three significant
digits. It is worth noting that the potential distribution
does not depend on specification of a reference state.
That is, it is not necessary to specify the value of & at
any point. As mentioned above, it is only necessary to
fix the potential difference between the anode and the
cathode and use the electroneutrality condition at both
electrodes (Eq. [20]) to obtain the potential distribu-
tion between the electrodes. For the results reported
here the values obtained for ¢ varied only slightly (ap-
proximately 5-10 mV) both across the cell and over
the length of the electrodes, as would be expected for

well-supported solutions. The concentration and po- .

tential distributions obtained can then be used to
calculate derived information of interest, such as the
current density distribution for each electrode reaction
along each electrode.

These current density distributions can be used to
obtain another quantity of interest A which is defined
as the ratio of the average current density to the aver-
age limiting current density

)
b= [24]
Uim,avg
where for each electrode
iavg = ?inj,avg [25]

with j ranging over the electrode reactions which oceur
at that particular electrode. The average normal cur-
rent density of reaction j(injavg) can be obtained by
utilizing the calculated surface concentration and po-
tential distributions and the appropriate Butler-Volmer
equation as follows

1 (L,
injavg = T J; iny(x) dx [26]

The average limiting current density for the limiting
reactant (as desighated by the subscript R, Cu(I) here)
at the cathode for a one-electron reaction can be ob-
tained from integration of Eq. [26] with iny(x) re-
placed by i, () (19)

«— FDReR,ret ( 6vavg )1/ 3

(1 —1t)r(4/3) \ 9SDgx (271

iim(x) =

where the transference number (t) for the limiting re-
actant is assumed to be zero here due to the well-
supported solution considered. The result of the in-
tegration and this assumption is that

— 32/8 FDRCR ret ( Pe )1/3

2LT (4/3) & (28]

ilim,avg =

Note that the value of ijim,avg and, consequently, values
of A depend on the choice of the limiting reactant and
its reference concentration. Here Cu(I) is chosen to
be the limiting reactant and its feed concentration is
chosen to be its reference concentration. These choices
make ijim,avg the maximum average current density ob-
tainable for this cell so that A is always less than or
equal {o one,

Equation [28] can be used to normalize the predicted
current density distributions
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inj (37)

ing* (%) = [29]

Yim,avg

as shown in Fig, 2 for a given set of parameter values.?
Figure 2 shows that the current density distributions
are highly nonuniform for reactions 1 and 3 as ex-
pected since the average current density is only slightly
less than the average limiting current density (A =
0.946).

The predicted current density distributions can also
be used to derive local and average current efficiencies
which are defined here as follows

CEj(x) = inj(x) /tavg (30]

CE tavg — inj,avg/ iavg [31]

Figure 3 presents predicted local current efficiencies for
copper deposition at a fixed value of Pea for various cell
potentials. The case where the cell potential varies
from 0.4 to 0.6V is for a linear change in the anode
potential from 04V at { = 0 to 0.6V at ¢{ = 1. Note
that the 0.4~0.6V case gives a more uniform current ef-
ficiency than the 0.6V case. Figure 4 presents the aver-
age current efficiency for copper deposition as a func-
tion of Pea for various values of the cell potential. Here
the average current efficiency for the 0.4-0.6V case is
higher than either the 0.5 or 0.6V case, This means that
the current efficiency (or the energy consumption per
unit mass of product which is simply related to the
current efficiency and cell potential) of a process may
be improved by designing the electrodes to have a de-
sired potential drop.

Another derived quantity of interest is the bulk aver-
age concentration of species i

and

1 S
Cravg () = 5 fo ci(x,y) dy [32]

2 Again the fixed parameter values are given in Table I and the
variable parameter values are given in the figures. Note that S is
held fixed. If Pea is varied by varying S then the figures do not
apply unless the £i; values are held fixed by changing fojrer,

40 N —
[ A Ecou = 0.6V
sor Pez =10 ]
200 AA A=00946 ﬂ
L Lan
N e, :
g ook Nooe, . . [y . B ] 2 P ; )
3 + o o o J
= -1.01 o = . = 4
o
20[ £ Symbol Reaction (j) ]
o a 1 ]
a0f o , e 2 ]
L a A 3
-4,0 N 1 " ) a1 s L L 1
0.0 0.2 0.4 0.6 0.8 10

Fig. 2. Normalized current density distributions

1.0

"‘.‘.. ; T T T T T g T
i gy 4 ? )
a °
0.8 = a e R
L » 2 . ]
n 4 o
o 086 - A PR
S L A J
% Cell Potential (V) L]
c 0.4’_ .
= A 0.4-08 -
B e 04 .
0.2 = 06 4
Pea=10
0.0 I L 4 . 1 L L L 1 . 1
0.0 0.2 0.4 0.6 0.8 1.0

¢

Fig. 3. Local current efficiency for reaction 3
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which can be written in dimensionless form as 1.0 ———— 1 ———
I L Cell Potential (V) ]
Ciiavg () 3 4 08
b1,avg (§) = ———— [33] o 08f e 0.5 4
Ci,ref ® A ALy,
o s . N o 0.4 B
Figures 5 and 6 present the dimensionless bulk average S o8t o, e, & ]
concentrations of Cu(I) and Cu(ll), respectively, as B I o . a i
well as their dimensionless concentrations at the elec- o 0l - N 4 .
trodes. 5 . . T
These bulk average concentrations can be used to 2 " o *
predict the conversion per pass for a particular species < 02t a s A
which is defined here as 3 _
CPPi=|1—fiag(t=1) | (34] 00— 2 s a6 50
Figure 7 shows how the conversion per pass for Cu(I) Pea
depends on the values of Pea and the cell potential. Fia. 7. Cull .
Note that a mild maximum is predicted for the case ig. 7. Cull) conversion per pass
where the cell potential is 0.6V.
11 T T T LR T — T T T
Finally, the selectivity of copper is defined here as
Cu selectivit mols of Cu produced i ¢ : ‘ a 1
u selectivity = a N
Y= Tmols of Cu(II). produced 2 ; 5 4 * a
2 1.0F = . -
= a
Q
1.0 T T T T T % a .
] ot *
. N A 4 3 Cell Potential (V) .
09 a . . s 0.6
n a 0.
L A A N = L] bl h 0.9} .05 a -
o D8 A% e = a 0.4 a
é‘- 20 - - Cell Potential (V) 1 oo a0 30 40 50
=07 4w A 04 4 Pea
| . 0.5 J
] L 0.6 H s
06 = A 0406 . Fig. 8. Copper selectivity
0_5; L L L . ] Cu selectivity
0
! 20 Poa %0 40 50 mols of Cu(l) produced — mols-of Cu(II) produced
Fig. 4. Average current efficiency for reaction 3 mols of Cu(Il) produced
Cu selectivity
=
g 10 T ! L T T ! T 1 — bcuciz2z—,avg (¢ = 1) CcuC132—,ref
‘é L a Eceu = 0.6V 1 -— -1
c OBL K Poct = 10 foucitavg(§ =1) — 1 CCuCl+,ref
S o o, A =0.946 7
g | By 1 [35]
8 o Bulk Av .
= 08 o o e 1  and is shown in Fig. 8 as a function of Pea for various
T o . cell potentials. Note that a mild maximum is pre-
O g4k o " ‘Cam"de‘ s dicted for the 0.6V cell potential case at Pea =~ 20,
%] ° o A
é [ e, L 28 0 o] Conclusion
2 o 2( a s . a * T The parallel plate electrochemical reactor model pre-
S r * . 1 sented here may be useful for design purposes if the
£ o0 L. L 4 P S S T N necessary parameter values are known, Alternatively,
s 0.0 0.2 0.4 0.6 0.8 10 the model may be useful for determining some of the
¢ unknown kinetic or transport parameter values for a
Fig. 5. Dimensionless Cu(l) concentration distribution. system of interest by using the model, experimental
data, and a nonlinear least squares fitting technique;
S6 . however, it should be pointed out that such a procedure
= 7 . a2 . T T is not well developed.
U assd 4 N 1
S5 by Yo R ] Manuscript submitted Aug. 16, 1982; revised manu-
e r Ecox = 0.6V 4 script received ca. Dec. 10, 1982,
Q 4| Peat = 10 . . :
2 * Anode 2 10946 4 Any discussion of this paper will appear in a Dis-
= 4| BulkAvg. ' cussion Section to be published in the December 1983
3 ® Cathode s o o o o | JournaL, All discussions for the December 1983 Dis-
o 2' g o © ] cussion Section should be submitted by Aug. 1, 1983.
2] r a o
gL o ] LIST OF SYMBOLS
o1 . - Cio concentration of species i at the electrode sur-
2 %, A 1 face, mol/cm? o )
£o il N R - Ci,ref concentration of species i at the reactor inlet
5 0.0 02 0.4 06 0.8 1.0 (reference), mol/cm3 L
e Dy diffusion coefficient of species i, cm2/sec
D, equivalent diameter of the reactor (= 28
Fig. 6. Dimensionless Cu(ll) concentration distribution here), cm
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Dr diffusion coefficient of the limiting reactant, I3 average current density relative to the average
cm?/sec limiting current density (iave/i1im,ave)

F Faraday’s constant, 96,487 C/mol &;j dimensionless parameter (see Eq. [23])
iavg average current density, A/cm?2 Po solvent density, kg/cm3
ilim limiting current density, A/cm?2 L solution potential, V
tim,avg average limiting current density, A/cm? $oa . solution potential at the anode, V
inj normal component of current density due to $oe solution potential at the cathode, V
reaction j, A/cm?
in,avg average normal current density due to reac- REFERENCES
tion j, A/cm?2 . ; .
ios,ret  exchange current density of reaction j at ref- 1. D. J. Pickett, “Electrochemical Reactor Design,”
erence concentrations, A/cm? 2nd ed., Elsevier Scientific Publishing Co., New
L electrode length, em York (1979). )
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Degradation of Sodium ["-Alumina: Effect of Microstructure
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ABSTRACT

The effect of microstructure on failure initiation of sodium beta”-alumina solid electrolytes have been investigated by
acoustic emission detection. Mode I failure initiation follows Weibull statistics with a modulus of about 2.5. The observed
average critical current densities were 145 and 640 mA/cm= for large and for small grained electrolytes, respectively.
Nonuniform secondary current distributions near the electrode edges were considered and were found to lead to minor
corrections to these values. The conditions under which nonuniformity of current would affect failure statistics have been
considered in the Appendix. Considerations of failure statistics indicate conditions where proof testing may be necessary to
achieve sufficient reliability. These considerations assume complete equivalence between mechanical and electrolytic fail-

ure; the indication is, however, that such equivalence is not valid.

When sodium-beta or beta” alumina solid electro-

lytes are subjected to ionic charge transfer in sodium/
sodium or in sodium/sulfur cells, degradation of the
electrolytes may occur. This eleetrochemical degra-
dation may take different forms, as was recently dis-
cussed by De Jonghe et al. (1). Mode I degradation
involves the cathodic plating of Na into a pre-existing
surface flaw on the sodium side of the electrolyte,
causing crack extension. above some critical value of
the current density. This was first discussed by Arm-

strong et al. (2) (ADT). Several workers have con-
sidered refinements of the ADT treatment, attempting
to derive theoretically the critical current density
thresholds at which the Mode I crack propagation
initiates or propagates (3-6). All calculations, how-
ever, lead to predicted current density thresholds
that are orders of magnitude higher than the observed
ones (6). To fully understand the factors that deter-
mine the onset of Mode I degradation, it is first neces-
sary to measure the critical current density thresholds
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