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Abstract—An electrophoretic deposition (EPD) technique is used to prepare porous alumina membranes.
The deposition kinetics which are conventionally derived based on a mass conservation law have been
modified in terms of the thickness of the deposited layer. This modification allows the porosity evolution
of the membrane to be predicted under a variety of EPD processes. A transition in deposition from linear
to parabolic kinetics is observed which has been further verified by a subsequent microstructure examin-
ation. The deposited layers are increasingly uniform and dense in structure with increasing deposition time
over the parabolic kinetic regime; whilst a more porous packing is observed during the initial deposition
time period, corresponding to the linear kinetic regime. The microstructural evolution of the EPD mem-
branes appears to agree well with the porosity equations derived based on an analytical combination of
both experimentally-derived formula and the corresponding kinetic model. © 1999 Acta Metallurgica Inc.
Published by Elsevier Science Ltd. All rights reserved.
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1. INTRODUCTION

Electrophoretic deposition (EPD) is an old but
effective technique to fabricate thin or thick ceramic
films upon a variety of conductive substrates [1-6].
In the EPD process, the electrodes (or substrates)
are immersed into a ceramic suspension within
which the ceramic particles are charged and well
dispersed. Whilst subjected to a d.c. voltage, the
charged particles move towards the electrode sur-
face (hereafter named the target surface) of opposite
charge. The particles impact onto the surface of the
electrode and form layers of different thicknesses.
The deposited layer is then fired at high tempera-
tures, to obtain, as observed in most practical appli-
cations, dense thick ceramic films or thin ceramic
sheets (e.g. 1-5 um thickness) [4] and their laminate
structure [7,8]. However, since the pores can be
evolved in a controlled manner either by a chemical
means [9,10], e.g. using a sol-gel route, or by the
formation of interstices and/or voids in a particle
packing structure, e.g. using a conventional casting
route from powder suspensions, it may be interest-
ing to prepare a porous membrane by means of
EPD. This is the focus of this investigation.
Available reports on the fabrication of porous
membranes through the EPD route are not wide-
spread in the literature [11, 12].

+To whom all correspondence should be addressed.

In this investigation, an alumina powder suspen-
sion is prepared as a model suspension for EPD
membrane fabrication onto a porous stainless-steel
substrate. A narrow pore size distribution together
with a suitable pore volume fraction, with mostly
an interconnected pore structure, are most desirable
for porous membranes. The former requirement
ensures a service quality of the membrane while the
latter allows sufficient permeability during service.
To achieve these, better particle packing from a
well-dispersed suspension appears essential. This is
because poor particle packing, e.g. due to particle
agglomeration, would cause inhomogeneities such
as a broader pore distribution or a multi-model
pore distribution in the final membrane structure,
resulting in a poor service performance and re-
liability as well. Therefore, the influence of suspen-
sion pH, powder dispersion, and particularly the
EPD parameter, e.g. applied d.c. voltage, on the
microstructure of the EPD membranes and the de-
position kinetics is the main concern of this investi-
gation.

2. EXPERIMENTAL PROCEDURES

The suspensions were prepared by mixing alumina
powder (AKP-50, Japan) having an average particle
size of 0.2 um with ethanol (95% purity and 5%
water, Aldrich, U.S.A.) in a ball miller for 24 h. The
grinding media were high-purity alumina balls. The
pH value of the suspensions was adjusted over a
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range from ~2.2 to ~11 using HCl or HN,OH. The
particles were subsequently characterized using zeta
potentiometry (Brovkaven, Model Zetaplus) to
determine the isoelectric point (IEP) and particle size
analysis (Microtrac-UPA 150) to study the dispersion
of the particles in the suspensions. The stability of
the suspensions was judged qualitatively after 24 h
sedimentation by visual examination.

The suspensions exhibiting the best dispersion
characteristics were used as model suspensions for
EPD membrane preparation. The EPD process was
performed by immersing two parallel stainless-steel
substrates (as electrodes) with a separation of 3 cm
into the selected suspensions (containing 100 ml of
ethanol and 9 g of alumina powder) and up to a
constant voltage of £ = 100V was applied between
the two electrodes. The surface area immersed into
the suspensions for EPD is 2 x 2.5 cm? for the tar-
get electrode. The thickness of the deposited layer
was measured using scanning electron microscopy
(Cambridge Instrument, S360) and characterized as
a function of deposition time (#) for kinetic investi-
gation. The thickness of the deposited layer is deter-
mined by averaging two—three samples prepared
from different batches of suspensions under identi-
cal preparation conditions. The pore size as well as
the porosity of the EPD membranes were examined
by using mercury porosimetry (AutoPore 9200)
after the membranes were fired at a temperature of
1150°C for 2 h in a reduced atmosphere.

3. RESULTS AND DISCUSSION

3.1. Particle dispersion and suspension stability

The zeta potential of the particles was measured
and showed an isoelectric point (IEP) at pH 9
(Fig. 1), consistent with values reported in the lit-
erature. The stability of the as-prepared suspensions
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of different pH values was judged by placing the
suspension into a glass tube for observation over a
period of 24 h. Over the pH range of study, we
found that lower pH values resulted in more stable
suspensions, and more specifically, no appreciable
phase separation was observed at a solution pH of
~2.2 over the time span of the test. However,
under higher pH, e.g. at pH of ~11, the suspensions
were less stable. This seems to be explainable based
on a charging mechanism recently proposed by
Wang et al. [13] on the alumina surface, which has

AIOH § <M "AIOH=°""AIO~ + H,0.

Under basic conditions such as pH ~11, AIOH
tends to form AIO™; however, the presence of water
is prone to bring the above reaction towards the
formation of AIOH ;r, rather than the formation of
AlO™, resulting in an absolute value of the zeta po-
tential greater at pH ~2 than at pH ~11. This is
therefore the major reason of current experimental
observation where the suspensions were less stable
at higher pH than at lower pH conditions.

The stable suspension at pH ~2.2 suggests that
the particles are sufficiently dispersed in the liquid
medium. A subsequent particle size analysis of the
suspension showed a unimodel distribution with an
average particle size of about 0.3 um, consistent
with the size range of 0.1-0.3 um reported by the
supplier. Therefore, suspensions with a pH value of
2.2 were selected as the model suspension for EDP
membrane preparation.

3.2. Electrophoretic deposition

3.2.1. Effect of suspension pH on deposition: a
qualitative observation. Table 1 shows visual obser-
vations on membranes deposited under E =100 V
for 60s. Clearly, increasing the pH of the solution
leads to poor deposition, resulting in an uneven
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Fig. 1. The zeta potential of the Al,O5 powder in ethanol.
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Table 1. Visual observations on EPD membranes deposited under 100 V d.c. for 60 s with suspen-
sions of different pH values

Suspension pH

Membrane conditions

uniform thickness, good adhesion to substrate, no cracking after drying
good adhesion but cracking after drying
fair adhesion and peeling after drying
poor adhesion, non-uniform thickness, peeling after drying
no adhesion to substrate
no adhesion to substrate

membrane surface and cracking after drying. Fur-
thermore, little or a negligible amount of deposition
can be visually seen at pH greater than ~9, a sol-
ution condition which is supposed to deposit the
negatively-charged particles onto the anode surface.
One possibe reason may arise from the lower values
of zeta potential which correspond to a lower rate
of particle mobility under basic conditions, es-
pecially in such a short time period of deposition.
Furthermore, under those basic conditions, i.e.
pH > 9.0, the suspensions are unstable and the par-
ticles are strongly agglomerated, further weakening
the deposition ability.

The best deposition can be achieved at pH 2.2,
where the deposited layer is microstructurally
homogeneous and no surface cracking is observed
after ambient drying. The adhesion between the
substrate and deposited layer appears to be good.

3.2.2. Membrane thickness. The thickness (h) of
the deposited membranes was measured as a func-
tion of deposition time and applied d.c. voltage, as
shown in Fig. 2. Obviously, an increase in the
applied d.c. voltage leads to an increased thickness,
up to a maximum for this experiment of 200 um at

E =100V for 360s. The time (¢)-thickness (/) re-
lations are likely to follow a similar function irre-
spective of the applied d.c. voltages over the time
span of deposition. Therefore, a better understand-
ing of the time—thickness correlation, i.e. a kinetic
relation, should be practically and technologically
important in manipulation of the membrane struc-
ture for specific applications during its preparation.
Conventionally, a mass conservation law is used to
account for the deposition kinetics [14] and most
analytical derivations have recognized the weight
(w) of deposition as a linear function and the
square root of deposition time, /2 for sufficient
time of deposition. This relationship is linear with
time (f) only at the very beginning of
deposition [15, 16].

In this study we use the thickness (#) as the
major parameter, instead of the weight, to model
the deposition kinetics. According to a recent kin-
etic equation proposed by Zhang et al. [14] based
on the mass conservation law, the deposited weight
(w) can be expressed as an exponential function of ¢
by
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Fig. 2. Membrane thickness as a function of deposition time for different applied d.c. voltages.
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dw
T wok exp(—kt) @)
where
k=45 E_AE)
V4nn

wo is the initial solid weight in the suspension, A
the surface area of the target electrode, V' the slurry
volume, ¢ the dielectric constant of the liquid, ¢ the
zeta potential of the particle in solvent, /& the vis-
cosity of the solvent, E the applied d.c. voltage and
AE the voltage drop across the deposited layer.

For the case of a constant solid concentration,
we can simplify equation (1) as

% = k' exp(—ki). (2)

When the time of deposition is relatively short,
equation (2) can be simplified into the form

w=k't = wokt (3)

where a linear relation between w and ¢ is expected.
However, for a long deposition time period,
equation (1) can be approximated to that suggested
by Sussman and Ward [16]

w=(D*+B1)'/> - D 4)

where D and B are constants and the deposited
weight is essentially a linear function of 7'/2.

By choosing the thickness as the critical par-
ameter, we presume that the total amount (corre-
sponding to deposited weight) of particles deposited
on the target surface, and those deposited on other

electrode surfaces are negligibly small. In fact, the

100
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resulting experimental observation agrees with this
assumption and this allows us to formulate the
deposited weight as a function of thickness, /, as

w= Ahp(1 — P) 4)

where A is the surface area of the target electrode
required for the deposition, p the density of the par-
ticles, and P the porosity of the deposited layer and
1 — P is essentially the solid fraction of the particle
packing structure. Substituting equation (5) into
equation (2), we can thus have

dh K
de " 1=-pP

exp(—k1) (6)

where

k' wok  wy &
== =00 " (F_AE
Ap Ap Vp 47m( )

"

having the unit of velocity, cm/s.

By analogy, for short deposition times, the depos-
ited thickness should be linearly proportional to ¢,
similar to equation (3) and have the form of

k//

h=1"%

‘. )

For prolonged deposition time, % is proportional to
/"2, One interesting finding in equation (6) or
equation (7) is the incorporation of porosity (P)
which, in our opinion, should be critical especially
when a porous membrane is to be prepared.
However, whether P (or 1 — P) should be treated as
a constant is not realized and a later microstruc-
tural observation suggests that the porosity P
shoud be varied as the deposited layer is growing
over some critical thickness.

Membrane Thickness (pm)

A linear time (t) - thickness (h) approach

D>

0 20 40

T
60 80 100 120

Deposition Time (second)

Fig. 3. A linear time (¢)—thickness (%) approach for short time period of deposition.
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To further elucidate the ¢~/ relationship, we first
focused on the thickness of the deposited layer at
short time period and the results are shown in Fig. 3
for different d.c. voltages. A linear /—/ function can
generally be observed (as shown by the solid lines).
This linearity appears to be particularly pronounced
in the cases of lower d.c. voltages, e.g. E<50V, and
the fitting appears best at the lowest voltage, 20 V.
Such linear 74 kinetics are likely to remain over a
certain time duration, depending on the voltage
applied, for instance, at E =20V the r—/ linearity
sustains over > 100s and up to t~60s at E=
50V and to ~30s at £= 100 V. The corresponding
thickness of the deposited layer is approximately in
the range of 20-25 um at 20 V, 30-35 um at 50V,
and 35-40 um at 100 V as observed experimentally.
The layers greater than these critical thicknesses
show a transition to weaker time-dependent kinetics
(i.e. the layer thickness no longer follows the solid
lines depicted in Fig. 3, falling below them). This
kinetic transition is believed to result from a voltage
drop across the deposited layer, resulting in a lower
electrophoretic force for the deposition. Here, it
may be worth mentioning that the time span on
such a linear r—/ kinetics can be evaluated in a
quantitative manner, in comparison to those based
only on a qualitative approach [14,16]. In this in-
vestigation, we believe the deposition kinetics can
be linearly related to ¢ over some reasonable time
period especially at lower applied voltages. This is
due to a slower growth of the deposited layer at
lower E, corresponding to a lower degree of voltage
drop (Fig. 4).

The voltage drop across the deposited membrane
was determined by recording the starting electric
current (Ip) under a voltage E,. When the mem-
brane developed to a thickness /i (at time 7), the
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electric current declined to 7; and at the mean time,
the voltage was adjusted to a higher value E; result-
ing in an electric current identical to the starting
current. The difference of E, — Ey (AE) is then
defined as the voltage drop. As shown in Fig. 4, the
higher the d.c. voltage applied, the greater the
extent of the resulting voltage drop. However,
despite the different d.c. voltages applied, the tran-
sition seems to take place at an identical degree of
voltage drop, i.e. AE/E =2.5%. This suggests the
linear —h kinetics can only be sustained over a rela-
tively small range of voltage drop across the depos-
ited layer.

For prolonged depositions, the thickness exhibits
a linear function of /"2 for all the applied d.c. vol-
tages over the entire duration of the study, as illus-
trated in Fig. 5. Such a *> dependence
substantiates weaker deposition kinetics compared
with those observed in a short time period. In gen-
eral, the slope in the 7>~/ lines can often be trea-
ted as a rate constant which, according to
equation (1), can be directly related to E provided
the influence of AE on k is negligibly small.
However, this would be a more reasonable
approach for short deposition time where the vol-
tage drop is relatively small. For long deposition
time, for instance, in the case of a 300 s period at
E =50V, a voltage drop as large as ~10% can be
measured, which could cause considerable error, if
neglected, in quantitative evaluation. Therefore, in
order to have a better and more precise evaluation,
attention will be first focused on the linear ¢4
regime.

3.2.3. Porosity evolution: a prediction from the
kinetic model. The slope (S;) of the lines in the lin-
ear —h regime depicted in Fig. 3 should be identical
to the value of k”/p described in equation (7), which
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Fig. 4. The applied voltage change with increasing deposition time.



2722 CHEN et al.:

250

ELECTROPHORETIC DEPOSITION FORMING

200

150+

1004

Membrane Thickness (Lm)

50

Deposition Time,

24

12
(second)

Fig. 5. A parabolic time (7)-thickness (/) approach for long time period of deposition.

yields
k//
1-P

S

= (8)
For a given EPD condition, equation (8) suggests
the porosity (or soild fraction, f=1—P) in the
deposited structure should be a constant provided
that the deposition is dominated by the linear A
kinetics. The membrane porosity P can be calcu-
lated once both the slope (S;) and k£” are known.
This was done using the following values: ¢ = 32.6,
E=3mV, V=100ml, p=3.98g/cm?, wy=6.0g,
and n =0.52mPas, and the results are given in
Table 2 for different d.c. voltages. It is interesting
to note that the solid fraction f of the membrane
can be reduced whilst applying an increased vol-
tage. This is possible because the higher voltage
gives a higher impact velocity of the particles onto
the target surface. The time to deposit the particles
may be too short for a better arrangement between
particles to achieve an optimal packing structure.
This finding suggests the porosity (as well as the
pore size) of an EPD membrane can be easily
manipulated via the variation of applied voltage.
This would be important in the structural design of

Table 2. The solid fraction, 1 — P, of the EPD membranes in the
linear time (7)—thickness () kinetic regime under different applied
d.c. voltages

Applied d.c. voltage, E Solid fraction, 1 — P (volume fraction)

20 0.354
50 0.322
100 0.293

porous membranes, for example, a greater porosity
in a membrane permits a more efficient permeability
and this can be achieved via the EPD process with
higher applied voltages.

In this respect, it is interesting to realize, through
a kinetic viewpoint, the evolution of porosity whilst
the deposited layer is continuously growing in the
"2~ 1 regimes. To elucidate this, the deposition rate
(dA/df) in equation (6) can be related to the differ-
ential form of the 7'/>~h lines by

1 _ K
2827 1P

exp(—kt). )
After rearrangement, the porosity (or solid fraction)
can be estimated by

”

2k
1'% exp(—k1).
S

1-P= (10)
Obviously, the porosity is unlikely to be a constant
throughout the EPD processing over the >~/ kin-
etic regime and this is substantially different from
that observed in the linear kinetic regime, a con-
stant P. The (1 — P) can be enhanced with 7'/? but
decreased with exp(—kt). Here we use both voltages
of 20 and 50 V as examples to demonstrate how the
solid fraction (1 — P) is changing with time, as cal-
culated based on a set of values of
k=0.363x10"%/s, S, =4.2995x 10~*cm/s, and
k" =0.0708 x 10~ cm/s for 20V and
k=0.906 x 10~%/s, S> =7.9764 x 10~*cm/s, and
k" =0.177 x 10~* ecm/s for 50 V. Figure 6 shows
the resulting relationship where the solid fraction of
the deposited layer increases with increasing depo-
sition time in the r'/>~/ kinetic regime. A fraction
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Fig. 6. The porosity as a function of deposition time under d.c. voltage of 20 and 50 V, based on
equation (10).

of 0.366 after 125s of deposition is estimated,
which is slightly higher than the value in the linear
kinetic regime having a constant 1 — P =0.354
(Table 2). This finding implies a porosity gradient
can be developed within the membrane structure
when the deposition is shifting from linear to para-
bolic kinetics. From a fabrication viewpoint, the
EPD process can provide the resulting membranes
with an in situ formation of porosity gradient, an
advantage over the membranes modified by multi-
layer porous coatings for specific applications [9, 17—
19].

However, we estimated the porosity at very short
deposition time, e.g. <10 s, if the parabolic kinetics
still hold and the linear kinetics will only hold for
t—0 as generally assumed. The resulting calcu-
lation shows the membranes initially deposited can
have a solid fraction as low as 3—-5% of theoretical,
corresponding to a porosity greater than 95%.
These appear impossible because no such porous
structure can be microscopically observed as evi-
denced in Fig. 7 where the membrane is deposited
at E =50V for 5s. Although indirectly, this seems
to provide strong and more reasonable evidence for
supporting the behavior of kinetic transition and
corresponding models for microstructural evolution
[equations (8) and (10)].

The point at which kinetic transition occurs can
be determined by equalizing both equations (8) and
(10) at a fraction value which is identical for both
kinetic regimes. This results in

Sy

2 exp(—kf) = —

25, (11)

The ¢ obtained in equation (11) is essentially the
critical time () at the transition and it is obviously
a function of applied voltage. By plotting the

obtained 7. against E, Fig. 8 shows the resulting
curve where the critical time is decreased exponen-
tially with increasing voltage. The regime below the
curve is dominated by linear kinetics, whilst above
the curve, a parabolic-kinetic regime is dominant.
The corresponding critical thickness of the depos-
ited layers is also calculated and is depicted in par-
entheses, which is consistent in magnitude with the
thickness obtained experimentally from Fig. 3.

3.2.4. Microstructure examination. To further elu-
cidate the microstructural evolution of the depos-
ited layer, particularly in those two kinetic regimes,
we examined the microstructure of the deposited
layer formed under £ = 50 V at deposition times of
5 and 300 s as illustrated in Figs 9(a) and (b). The
corresponding layer thicknesses are 6 um (5s) and
105 um (300 s). Obviously, a better particle packing
structure can be achieved at a longer deposition
time (dominated by parabolic kinetics) than that of

Fig. 7. Microstructure of the deposited layer prepared at
E =50V for 5s of deposition.
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short deposition (dominated by linear kinetics). In
the linear kinetic regime [Fig. 8(a)], the pores are
much less uniform in size and distribution in com-

Fig. 9. Microstructural examination for the membranes

deposited under E=50V for (a) 5s and (b) 300s, the

pore structure becoming more uniform and smaller in size

as well as distribution for longer time period of depo-
sition.

parison with those produced in the parabolic kinetic
regime [Fig. 8(b)].

Nevertheless, pores become much finer and more
uniformly distributed as the deposition time pro-
ceeds over the parabolic regime. This observation
qualitatively verifies the previous calculation of por-
osity evolution based on the parabolic kinetics
defined in equation (10). This is an interesting dis-
covery because it allows the microstructure evol-
ution of the EPD membrane to be predicted and
controlled through the use of kinetic. This, to our
knowledge, may also be the first report on a quanti-
tative and direct correlation between deposition kin-
etics and corresponding microstructural evolution
in the preparation of porous membranes.

A pore size analysis for membranes prepared
under £ =100V for various time periods is shown
in Fig. 10. Obviously, a smaller pore size and nar-
rower pore distribution can be obtained after pro-
longed deposition time. The most frequent pore size
is reduced by about 20%, shifting from 106.8 nm
for 30 s to 85.7 nm for 300 s of deposition. This re-
duction in pore structure agrees with those observed
in Fig. 9, which further provides a direct support
for previous kinetic-based discussion. The pore dis-
tribution is essentially unimodal for membranes pre-
pared over a sufficient time period of deposition,
which, in turn, is suitable for microfiltration appli-
cations.

3.2.5. Microstructural evolution map in the EPD
membranes. Based on the porosity model given in
equations (8) and (10) and microstructural inspec-
tion (Fig. 9), it is conceivable that a microstructural
evolution map appears to be effectively constructed.
This is shown in Fig. 11 where the packing struc-
ture evolved at a corresponding membrane thick-
ness (in green packing state) can be realized. In
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Fig. 10. The pore size distribution of the membranes prepared at £ = 100 V for various time periods of
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general, below the critical thickness, the solid frac-
tion (or porosity) is generally treated as constant
and becomes higher (more dense), with an extent
depending on the applied voltage, with increasing
thickness. Although two voltages are applied, the
trend should be the same for other levels of d.c.
voltage as that estimated for £=100V. For cur-
rent investigation, it is suggested that the mem-
branes with desirable pore structure, i.e. uniform,
small pore size and narrow pore distribution, are
likely to be obtained through the use of lower levels
of applied voltage for a longer time of deposition.
In fact, the microstructural evolution map
depicted in Fig. 11 provided interesting and also

more detailed information on layer-by-layer pore
structure evolution within a membrane of finite
thickness. However, it is sometimes difficult to accu-
rately determine the layer-to-layer change in micro-
structure and mostly, a bulk packing property (such
as porosity, pore size distribution, etc.) of a given
membrane can be more easily accessible via exper-
imental measurement (such as mercury porosimetry,
BET adsorption, etc.). Therefore, it should be im-
portant and interesting to estimate the bulk solid
fraction (fpux = 1 — P) of a given membrane with
finite thickness through the use of the microstruc-
tural evolution map.
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Table 3. A comparison of porosity value in the EPD membranes

between porosimeter measurement and calculation based on

equation (13). The membranes were prepared under £ = 100 V for
various deposition times (7)

t (s) Measured P (volume fraction) Calculated P (volume fraction)

30 0.797 0.712
180 0.674 0.591
300 0.551 0.513

From the evolution map, the bulk solid fraction
of a membrane with a thickness 4, can be treated
as a sum of the solid fraction (f;) of a layer with an
infinitesimal thickness (/;)

fbulk = Z :71}(;

After integration and arrangement, equation (12)
can be expressed by

(12)

! [a(hm — he) + g(hfn - hg)] (13)

B

h
Joulk = = <fe+
Tm

where f. is the solid fraction within the critical
thickness previously determined and « and b are
constants which can be determined as the intercept
and the slope, respectively, of the straight line over
the parabolic regime in Fig. 11. Therefore, the first
term on the right-hand side of equation (13) rep-
resents the solid fraction over the regime dominated
by the linear kinetics, whilst the second term, the
parabolic kinetics.

To test the feasibility of equation (13), mem-
branes deposited under £ =100V for various time
periods were prepared. The porosity of the mem-
branes was then determined using mercury porosi-
meter, having a thickness (/) of 30, 127.7, and
175 um for the 30, 180, and 300 s of deposition, re-
spectively. The membrane porosity is also calculated
using the following values: a =0.18, b = 0.0034,
he =33 um, and f. = 0.29. The resulting compari-
son between the measured and the calculated values
of the porosity is given in Table 3. The calculated
porosity values are generally lower by 6-11% than
the measured values. This discrepancy may be due
to an overestimate of f., originating from the fact
that it is difficult to determine the time span for the
linear kinetic regime in a precise manner and a
longer time span determined by, for instance, visual
judging (Fig. 3), would cause a reduction of S
values, resulting in a higher value of (1 — P) accord-
ing to equation (8). However, the porosity predic-
tion from equation (13) can still provide a
reasonable estimate for porosity evolution within
the real EPD membranes.

4. CONCLUSION

This preliminary study on the fabrication of por-
ous ceramic membranes via an electrophoretic de-
position (EPD) technique provides encouraging
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results. Membranes have been prepared with a con-
trolled pore structure and most interestingly, a por-
osity gradient along the growing layer. The
deposition kinetics of the EPD process was deter-
mined in terms of the thickness rather than the
weight of deposition. This approach allowed,
(which may the first time as far as we know) the
pore evolution within the deposited layer to be eval-
uated via a porosity equation derived from a kinetic
model. The deposition kinetics changed from a lin-
ear time (¢)-thickness (/) function to a parabolic —
h function (i.e. a linear />~ function) after some
critical time period of deposition. The membranes
prepared in the linear 7—/ regime possessed a less
uniform and porous particle packing structure;
however, for the parabolic regime, a denser depos-
ited structure was observed both analytically and
experimentally as the time of deposition increased.
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