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The work described here concerns the diffusion—convective mass transfer to flow-through and flow-by
porous electrodes of nickel foam. Empirical correlations giving the product k, 4, of the mass transfer
coefficient k, and the specific surface area a, of the material as a function of the pressure drop per unit
electrode height and as a function of the grade characterizing the foam are proposed. The performance
of various materials are compared in terms of k,a, vs the mean linear electrolyte flow velocity.

Nomenclature

a, specific surface area (per unit of total
volume of electrode) (m™")

A, B Ergun law coefficients determined in flow-by
configuration

A’, B Ergun law coefficients determined in
flow-through configuration
A, A" (Pam 3s?); B, B' (Pam’s™})

Ce entering concentration of ferricyanide ions
(molem™?)

D molecular diffusion coefficient (m*s™")

F Faraday number (Cmol™")

G grade of the foams

I limiting current (A)

ks mean mass transfer coefficient (ms™')

1. Introduction

In Part I [1] three nickel foams with the grade 100, 60
and 45 (and denoted G100, G60 and G45, respectively),
were characterized from the standpoint of application
as electrode materials for flow-through or flow-by
porous electrodes. Produced in France by SORAPEC
[2], such foams have particular properties (high poros-
ity, small apparent electrical resistivity, high specific
surface area, quasi-isotropy) which make them poten-
tially interesting as porous electrodes for the electro-
lytic treatment of dilute solutions. A preliminary
experimental mass transfer study was made with flow-
through porous electrodes of nickel felt and nickel
foam, but these materials were not geometrically and
physically characterized [3]. This study highlighted the
need for more extensive work on the possibilities of
nickel foam electrodes. Let us recall that the foams are
commercially designated by the value of the grade
which is the number of pores per linear inch (ppi).
It is well known that the value of the mass transfer
coefficient in given hydrodynamic conditions is
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n number of stacked foam sheets in the
electrode

AP/H pressure drop per unit of height (Pam™')

0,  volumetric electrolyte flow rate (m’s™")

Re Reynolds number

Sc Schmidt number

Sh Sherwood number

T mean tortuosity of the foam pores

i mean electrolyte velocity (ms™')

Va electrode volume (m?)

X conversion

U dynamic viscosity (kgm™'s™")

v, number of electrons in the electrochemical
reaction

v kinematic viscosity (m”s™!)

necessary for the determination of the minimum elec-
trode size. Mass transfer between a liquid in forced
flow and the three foams characterized in [1] was
studied with an experimental procedure analogous to
that of [3]. The foams were considered as flow-by
porous electrodes (electrical current normal to the
electrolyte flow) and as flow-through porous elec-
trodes (electrical current parallel to the electrolyte
flow).

The present Part II gives the results of this mass
transfer study and compares the performances of the
nickel foams to that of other electrode materials. Part
I11 [4] will discuss the electrode potential distributions
within both electrode configurations studied here.

2. Mass transfer at flow-by porous electrodes
2.1. Experimental details
Diffusional mass transfer was studied at electrodes

constructed with only one sheet of nickel foam and
with various sheets (stacked electrodes). Let us recall
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Fig. 1. Views of the cell (a), of the hydraulic circuit (b), and of a frame supporting a foam. 1, Anode (stack of nickel foam); 2, cathode (stack
of elements as in scheme (c)); 3, porous separator and membrane; 4, calming section; 5, frames supporting the foams; 6, reservoir; 7,

centrifugal pump; 8, rotameter; 9, cell.

that sheet (approximately 0.0025m thick) is the
commercially available form of the nickel foam [1, 2].
Thus, flow-by electrodes of different thickness were
studied. The physical and geometrical properties of
the three nickel foams G100, G60 and G45 were given
in {1].

The electrolytic cell is represented in Fig. 1a while
Fig. 1b shows the hydraulic circuit and Fig. 1c gives a
schematic view of one sheet of foam on its support
and current feeder. The two-compartment cell is
parallelepipedic and made of Altuglas; the two com-
partments are separated by a cation exchange mem-
brane (Selemion CMYV 10) which is supported by a
porous polyethylene separator (Vyon “F”).

The cathodic compartment is defined by the stack
of the frames on which the individual foam electrodes
are fixed, and by the intermediate rubber joints. Each
frame (Fig. 1c) is rectangular; it is made of stainless
steel 0.001 m thick and the dimensions of the rectangu-
lar hole are 0.07m x 0.17m. The foam of height y, is
electrically soldered onto the frame, which acts as the
current feeder to the foam; the lower part of the foam
electrode (entrance plane of the liquid in the foam) is
always located at the same distance (0.038 m) from the
lower smaller side of the frame. The following elec-
trode heights, y,, were used: 0.025, 0.05, 0.07, 0.09 and
0.115m. The parts of the frame which contact the
liquid are coated with a protective laquer (M-coat D
from Vishay Micromesures).

The electrolyte enters and leaves the cell through
the cover of the cathodic compartment itself, in
which rectangular slot distributors are machined (see
Fig. la). Plastic foam is located within the entrance
distributor in order to make the velocity profile uni-

form. As indicated in Fig. 1a, the cover of the cathodic
compartment carries 7 cylindrical holes with tight
caps for the introduction of capillary pressure taps;
one of these holes is used for the control of the
cathodic electrode potential. The anodic compartment
is 0.007m deep; a stack of 3 sheets of nickel foam is
located within this compartment and works as the
anode.

The electrolyte flows in a closed circuit, through the
cathodic and the anodic compartments successively
(Fig. 1b). Its temperature is maintained at 30° C in the
reservoir in which a continuous bubbling of nitrogen
takes place for the elimination of dissolved oxygen.

The composition and the properties of the electro-
lyte are given in Table 1; this electrolyte allows mass
transfer to be studied at the nickel foam by means of
the reduction of the ferricyanide ions. The high ratio
between the K,Fe(CN), and K;Fe(CN), concentra-
tions allows oxygen evolution at the anode to be
avoided and convective-diffusion limitation at the cath-
ode only. The concentration of the ferricyanide ions is

Table 1. Properties of the electrolyte

Composition NaOH IN
K, Fe(CN), 0.125M
K;Fe(CN) 0.0025M
Temperature 30°C
Density 0 =107 x 10°kgm™*
Kinematic viscosity v = 1.005 x 107¢m?s!
Dynamic viscosity w=1071 x 103 kgm"'s!

Diffusion coefficient D=64x10""ms!
of ferricyanide

Schmidt number Sc = v/D = 1570
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established by amperometric titration with a rotating
platinum disk electrode using cobalt sulphate.

The electrical circuit is a classical three-electrode
potentiostatic circuit using a Tacussel PRT 20-2 poten-
tiostat. The current—potential curves give a well-defined
horizontal plateau over the range of variation of the
electrolyte flow velocity # which is based on the cross-
sectional area of the empty cathodic compartment.

2.2. Theoretical aspects

From the limiting diffusion current, 7, at a given
cathode percolated by the flow rate, Q,, with entering
ferricyanide concentration, Cg, the conversion, X, of
the ferricyanide ions is calculated from the following
expression:
5

X ®
which supposes a faradic yield of one, and in which
v.(= 1) is the number of electrons in the electrochemi-
cal reaction and F the Faraday number.

If the plug-flow model applies to diffusional mass
transfer at the porous electrode, the mass transfer
coefficient, k,, between the flowing electrolyte and the
matrix of the electrode depends on X through the
following expression:

Fa. = - Z2ma-x) = —Ema-x
Vr Yo

@)

where a, is the electrode surface area per unit volume
of electrode and V; the electrode volume [5]. Let us
recall that a distinction has to be made between the
static specific surface area and the dynamic specific

A

Foam G100

g {ms™)

+| 18941072
o] 378.10-2
m | 661<10°2
A (12.3x10°2
A i 1 1 1 i 1 1 i
5x10°2 1!

¥y (m)

Fig. 2. Variation of | — X with & and y,.

surface area [1]. Here a, is the electrochemically active
specific surface area. Its value may be different from
both the above-mentioned specific surface areas, but
generally it is not possible to know it. This is not a
problem for design because, as shown by Equation 2,
k, and a, do not have to be known separately but only
as the product £,a,.

In the present paper all the mass transfer results are
presented in the form of kya..

2.3. Mass transfer at a sheet of nickel foam

The electrode thickness is constant for a given foam and
approximately equal to 0.0025m (see Table 2 of [1]).

The values of X calculated through Equation 1 are
plotted in Fig. 2 as log (I — X)) vs y, for electrolyte
velocities @ varying between 0.015 and 0.13ms™". It is
seen that the form of expression 2 is verified, which
confirms that the electrodes behave approximately as
piston-flow reactors. At a given value of i the foam
G100 leads to a conversion twice as higher as with
foam G45 having the same height y,. A foam G100
0.1m high gives a conversion X higher than 0.6 for
i = 0.02ms™!, a result which confirms the favourable
behaviour of these materials. Moreover, by extrapol-
ating the lines of Fig. 2 one may see that, also for i =
0.02ms™", a conversion of 90% would be obtained
with an electrode of foam G100 0.25m high. Thus it
is clear that cells giving very high space-time yields can
be obtained using metallic foams as the electrode
material.

The values obtained for kya, from Equation 2 are
plotted vs iz in Fig. 3. Except for the case of foam G100
for which the shorter electrode ( y, = 0.025m) leads
to results very different from those for the other elec-
trode heights, it is not possible to differentiate between

Foam G60O

T(ms?)

+ | 15641072
-2
osi ® | 34410
® | 545.107
A [1012x10°2 +
1 1 1 1 F 1 1 1 J. ]
5x1072 10"
Yo {m)

i =

El\
A\:\
| Foam G45
- b +
gi{ms'} \
1,47 %1072

2944102 *
514x10°2
9,55 n|o"

a8 +

] 1 5 1 1 1
5x1072 107}

¥ (m)




54 S. LANGLOIS AND F. COEURET
5x107'}-
L Lt < FoamGi0O
Yo = 0.025m . 0" . .))—‘
- . . . AT It
T
- e M Ve Foam G60
Z i — H - } I i
o : 3
v . /i/‘/r « _«——— Foam GAS
107} [} ! :
X :
L )/ s
5x10°2 ' L 1 1 TR T S T R s . .. ~ . .
07 10! 2% 10! Fig. 3. Variation of k;a, with @ for various elec-

G (ms™")

the values of y,. This is the reason why a unique
empirical correlation is proposed between i and the
corresponding mean arithmetic values of &,a, for all
the electrode heights of one category of foam. The
lines of Fig. 3 obey the following expressions:

foam G100: kga, = (0.69 + 0.17) x (W°?  (3a)
foam G60: kg, = (0.51 + 0.05) x @"*  (3b)
foam G45: kya, = (042 + 0.04) x @)™  (3¢c)

where the units of k4a, are s~! and those of @ are

ms~'. For the same range of variation of # as in the
present experiment, the pressure drop measurements

OA

kg ag (s

It 1 1

trode thickness (flow-by configuration).

showed that the hydrodynamic behaviour of the three
foams was different [1]; such a difference is again
found here through the exponents of G100 (exponents
1/3) while the transition flow regime prevails for foam
G45 (exponent approximatively equal to 0.5).

It was established [6, 7] that the mass transfer coef-
ficient k, is related to the pressure drop per unit of
height of the porous medium, AP/H, according to the
following expression:

D2/3 AP /3 .
constant x W <—> 4)

kd= H

where D is the molecular diffusion coefficient of the

Foam G100

¢ 10 20 30
APAI/3 -
( P) (a3 =173y

Fig. 4. Variation of k,a, with (AP/H)"? (flow-by con-
figuration).
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Table 2. Values of the constants A and B of expression 5

A B

(Pam357%) Pam™2s7")
Foam G100 16.2 x 10° 3.4 x 10°
Foam G60 9.8 x 10° 1.3 x 10°
Foam G45 6.2 x 10° 5 x 10*

transported ions and u the dynamic viscosity of the
liquid.

Expression 4 follows from dimensional analysis and
applies independently of the nature of the flow regime;
it expresses the relation between wall to liquid mass
transfer and mechanical energy losses. Values of k,a,
from correlations of Fig. 4 as a function of the values
of (AP/H)'? calculated for the corresponding values
of &, from the following expression:

AP
H

which obeys the Ergun law and which was previously
tested in [1]; the coeflicients 4 and B for the three
foams are recalled in Table 2. Figure 4 shows that the
form of Equation 4 applies for the nickel foams (as it
probably does for any reticulated structure), and that
the slope of the lines increases with the grade [1]. From
the slopes of the lines of Fig: 4, the following empirical
expression may be obtained:

= A(@y’ + Bi (5)

1/3
kya, = 155(grade)°45 o <AP>

— ©)

for the velocity range 0.015ms™ < @ < 0.13ms™ .
Thus for this velocity range and foams whose grade
value is between 45 and 100, expression 6 permits
the calculation of kya, from the measurement of the
pressure drop per unit height of electrode.
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2.4. Mass transfer at stacks of various sheets of
nickel foam

As only a few pores exist through the thickness of one
sheet of foam, it is possible that a wall effect could
have affected the mass transfer results obtained at one
(n = 1) sheet electrode. Thus, mass transfer experi-
ments with stacks of sheets were necessary. Electrodes
having the same height ( y, = 0.11m) and construc-
ted by superposing # = 2 or 3 sheets of nickel foam
were used; the values of £,a, are plotted as a function
of # in Fig. 5.

It is observed in Fig. 5 that the results do not
depend on n, in spite of the extension of the velocity
range towards small values of #. The lines drawn
in Fig. 5 correspond to the following empirical
correlations:

foam G100: kya, = 1.26(i1)"* (7a)
foam G60: Kya, = 0.61@™°  (7b)
foam G45: kya, = 0.43(@)"" (7¢)

established with a correlation coefficient of 0.98 for i
varying from 0.005ms~' to 0.1ms™'.

The exponent of # is nearly 0.5 for the three foams
and the overall behaviour of the foams is the same, a
conclusion which disagrees with the observation made
in [1] concerning pressure drop measurements through
only one sheet of foam. The result of Fig. 5 lead to the
following empirical correlation:

kga, = (2.5 + 0.3) x 107 (grade)'¥ @4 (8)

forn=1,20r3,0005ms' € a7 < 0.Ims™}, and
for foams such that 45 < grade < 100. The dimen-
sions of kya, and # in Equation 8 are s~' and ms™',
respectively.

/
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Fig. 5. Variation of k,a, with & for the three foams (flow-by configuration). ® n = 1, an = 2, o n = 3.
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(to reference electrode)
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Stack of disks
of foam
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Fig. 6. View of the cell used for the study of flow-through porous
electrodes.

Dimensional analysis shows that expression 8
agrees with the usual form of mass transfer correla-
tions between dimensionless numbers, for example
Sh = constant x Re™Sc'”. Indeed, as the grade has
the dimension of a specific surface area, i.e. that of the
inverse of a pore diameter [1], expressions giving the
Sherwood number can lead to:

kya, = constant (grade)*™™ (ii)"

which agrees with the form of Equation 8, the constant
being a function of the viscosity and the diffusivity.

3. Mass transfer at flow-through porous electrodes
3.1. Experimental details

Mass transfer experiments were undertaken with flow-
through porous electrodes in order to extend the
explored variation range of # to smaller values and
also to obtain the mass transfer performance of nickel
foam electrodes for small heights in the electrolyte
flow direction. The experimental method used is the
same as that described previously in [3] where details
on the electrode construction may also be found.
The column used is shown in Fig,. 6. It is cylindrical
(internal diameter 0.04 m), made of Altuglas and con-
sists of three parts: a calming section of glass spheres,
a central part containing the stack of n (1 < n < 6)
circular disks of nickel foam, and an upper part con-
taining the counter electrode (stack of disks of foam
G100). The electrode potential at the top of the stack,
Le.aty = y,,is imposed by means of a Luggin capil-
lary connected to a saturated calomel reference elec-
trode. The stack contained in the central part of the
column acts cathodically and the limiting diffusion

current at this stack is obtained using the cathodic
reduction of potassium ferricyanide. The properties
of the electrolyte used are those given in Table 1.
As in [3], the electrolyte flows in a closed circuit and
the procedure uses a three-electrode potentiostatic
electrical circuit.

3.2. Results and empirical correlation

As for the flow-by porous electrodes (Fig. 2), it was
demonstrated here from the mass transfer results that
the stack of disks of nickel foam behaves as an elec-
trochemical plug flow reactor [8]. The difficulties
generated in [3] by the retention of air bubbles within
the porous bed were much smaller in the present work,
the reason being that the foam texture was less dense
than in [3]. However it was necessary to take pre-
cautions against accumulation of air bubbles during
the filling of the hydraulic circuit.

Figure 7 presents the variations of £4a,, also deduced
from Equation 2 as previously, as function of the
mean electrolyte flow velocity in the empty column, #.
The results are given for different stacks of the three
foams. Forn = 1, the values of k,a, are always higher
than those corresponding to other values of n. At a
given velocity #, and for a particular foam, the maxi-
mum deviation between the extreme values of k,a, is
about +25%.

By considering the arithmetic mean value of &4 a, for
the 6 stacks at each & value, the following empiri-
cal expressions are obtained in the velocity range
0.02ms™' < i € 0.02ms™ '

foam G100: kya, = (0.80 + 0.08)(i)>* (9a)
foam G60: kya. = (0.28 + 0.03)(@)0'30 (9b)
foam G45: ksa. = (0.075 + ().01)(5{)0'22 (9¢)

with k4a, expressed in s~! and 7 in ms~".

Figure 8 compares correlations 7 and 9 which are
established for two electrode configurations and for
partially identical ranges of .

1t is seen that: (a) the exponents of # are smaller for
the flow-through configuration than for the flow-by
configuration, and the exponent of 0.30 in Equation 9
agrees with the existence of a viscous flow regime
within the porous structure; (b) the deviations between
correlations 9 are higher than between correlations 7,
(c) for a given foam (as for example for foams G100
and G45) there are sometimes large deviations between
the correlations corresponding to the two configura-
tions; (d) from the results of Fig. 7 it is not possible
to propose a unique empirical correlation analogous
to Equation 8 because there is no common value of
the slopes.

3.3. Analysis from pressure drop measurements

Experimental measurements of the static pressure
drop of the liquid flowing in forced flow through
a stack of about 50 circular disks of nickel foam
were made in a separated cylindrical column (internal
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diameter 0.024 m). The height of each stack was about
0.1m and the mean liquid velocity # in the empty
column was varied between 0.005ms™' and
0.05ms™". As schematically shown in Fig. 9, 6 press-
ure taps were regularly located all along the column,
thus making possible pressure drop measurements
through various vertical distances, H, to the lower
pressure tap.

As presented in Fig. 9 for foam G100, the pressure
drop AP can be expressed as:

Foam G60
5
3.4. Foam G45
2
| . . Fig. 7. Variation of k,a, with & for
various electrode thickness (flow-
through configuration).
AP . -
o= B when & < @ (10b)

The values of A" and B’ are given in Table 3 for the
three foams. The velocity #,, the value of which is
about 0.02ms™' whatever the foam, is the liquid
velocity at which the inertial flow regime is established.
This supports the idea that for the flow-through con-
figuration (Fig. 8), the flow regime corresponding to #
values smaller than &, would be laminar viscous. This
is also supported by the exponent of 4 in Equation 9.

AP - F -through configuration, Fig. 10 gives
= = A~ i)+ B  whena>m@ (10a) or the flow-through configuration, & . Bve
Hii the variations of kya, as function of (AP/H )'"”; as the
—mmw. Flow - through
- -~ Flow - by
i ~
B G100 -
~
— ~
ok [/ 4
= G100 -~ - -
o ~
G60 .~
1 t/ - —~ ~ /£
10— /I - Gas o~
L _ -
- G60 - /r
- /
L ~
G45
10 L. L IS BRI s i 1 SR
" - -1 .
1072 10 10 Fig. 8. Comparison of the mass transfer correlations
7 (ms™ obtained with the two electrode configurations.
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Fig. 9. Variations of AP/(Hu) with # for the flow
7 tms™) through a cylindrical stack of disks of foam G100.

mass transfer measurements are made for the viscous
flow regime, AP/H is calculated from Equation 10b. A
linear dependence is observed in Fig. 10 and from
the slopes of the three straight lines, the following rela-
tion between mass transfer and mechanical energy loss
can be proposed for nickel foams of 45 < grade <
100 and for the velocity range 0.002ms™' < i <
0.02ms™ '

kd a, =

D2/3 A P 13
0.53(grade)"™ x ma (71—) 11
The dimensions of the different terms of Equation 11
are those given in the nomenclature.

4. Discussion

The differences between the mass transfer results
obtained for the two configurations may be analysed
through the comparison of the pressure drops.

One notes that the values of 4" and B’ of Equation
10 (see Table 3) are higher than the values of 4 and B
of Equation 5 (see Table 2). Thus, for a given electro-

Table 3. Values of the constants A’ and B’ of expression 10

A B A/A BB
(Pam3s57?) Pam s
Foam G100 5.5 x 10 5.3 x 10° 34 1.6
Foam G60 3.4 x 106 24 x 10° 3.5 1.8
Foam G45 1.85 x 10¢ 7.5 x 10* 3.0 1.5

lyte velocity # the pressure drop per unit of height,
AP/H, is higher for the flow-through (Fig. 6) configu-
ration. The ratio 4’/4 is about 3 while the ratio B’/B
is about 1.5.

In [1], the constants 4 and B were established; if T
is the overall mean tortuosity of the pores, 4 and B are
proportional to T*q, and T?a?, respectively. Thus the
values of 4" and B’ correspond to a situation for which
the tortuosity and the dynamic specific surface area
would be respectively increased to 1.6 T and lowered
t0 0.84,. An explanation can be found in the following
manner.

(i) There is a slight anisotropy of the texture of the
foams studied [1].

(i1) There is logically a difference between the
apparent overall tortuosity of the foam located as a
sheet in a rectangular thin channel (0.002 m thick) and
as a long cylinder in a column of internal diameter
0.024m. In the thin rectangular channel, wall effects
may induce preferential pathways for the liquid flow.

(iif) Principally for the case of foam G45, there is a
slight progressive retention of air within the flow-
through porous electrode, particularly at the bound-
aries between adjacent disks of foam. The presence of
gas bubbles at these boundaries probably changes
the electrochemically active area at these places and
could be responsible for local micromixing.

However, the differences between the behaviour of
the two porous electrode configurations have to be
considered keeping in mind the fact that the velocity
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range around 0.01 ms™', where the deviations are

observed between the corresponding correlations
(Fig. 8), corresponds to a transition flow regime.

5. Comparison between mass transfer results at the
foams and published mass transfer data for other
materials

Generally, a comparison of the mass transfer per-
formance of flow-through or flow-by porous elec-
trodes consists of the comparison of empirical correla-
tions involving dimensionless numbers such as
the Sherwood number, S#, the Chilton-Colburn j,
factor, the Reynolds number, Re, etc. However, in
many cases the true electrochemically active surface
areas are not known, thus making it difficult or even
impossible to define a characteristic dimension needed
for the calculation of these dimensionless numbers.
Beyond the present case of nickel foams, expanded
metals, metallic nets and felts, etc. pose similar
problems. This is the reason why it is convenient
to compare mass transfer performances in terms of
the variation of the product £4a, as a function of
the mean electrolyte velocity i; indeed, as seen before,
this product is directly experimentally accessible. Such
a comparison applied to graphite felt and cloth was
made by Oren and Soffer [9]. Such an approach is
similar to that used in chemical engineering for the
comparison of the performances of liquid-liquid or

5 Fig. 10. Variations of k,a, with (AP/H)'?
(flow-through configuration).

gas-liquid exchangers in which the true interfacial
area is generally unknown.

Different materials were considered in the compari-
son made in Fig. 11. One may see that the values of
kya, vary over a range of 4 powers of ten while the
velocity range is between 0.0001 and 0.1 ms™'. Several
points follow from Fig. 11.

(i) The data obtained with nickel foams [3, 8§,
present work] agree with those published on copper
foams [10] and on RVC [11, 17].

(ii) The performance of the foams appears inter-
mediate between those of metallic nets [12] and those
of grids of expanded metals having a common lozenge
mesh [4, 13].

(iii) The foams are comparable to fixed beds
of spherical particles of 1mm diameter [14], to
micromesh-type expanded metal electrodes [4, 13], to
electrodes chemically modified from RVC [15] and
to fixed beds of small square nickel plates [18].

(iv) The microporous membranes [16] and the
graphite [9] or nickel felts [3] perform best but their use
probably remains limited to flow-through porous elec-
trodes of small thickness. Also, the compressibility of
the felts and the capillary fibre texture of the nickel
felts are disadvantages.

Various materials are now available for the construc-
tion of flow-through and flow-by porous electrodes.
However the technical adaptation, and particularly
the need to feed in the current and to stack materials,



S. LANGLOIS AND F. COEURET

60
102 ey LDt et S
o ® 1
10— .
: :
L @ d
- -
100 |- |
E E
— r j
T - E
2
@ r~ -
o
17 r
10 -
£ ]
F 4
t ]
1072 -
:7+ :
i 1
107 e A i L
1074 10°3 10-2 10

G {ms™

may present difficulties with some materials. Among
these numerous materials, the metallic foams are
undoubtedly very interesting for porous electrode
applications.

The following paper will be concerned with the
potential distribution within flow-through and flow-
by porous electrodes of metallic foam working in
limiting diffusion current conditions [4].
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