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An in-situ characterization of the growth of the self-assembled polyelectrolyte mem-
branes on the porous support was conducted by applying transmembrane streaming
potential measurement via surface charge monitoring. The membranes were prepared
by layer-by-layer alternative deposition of poly (allylamine hydrochloride) and poly
(styrenesulfonate) on porous ceramic supports. The surface charge variations of mem-
branes as functions of different top-assembled materials and numbers of deposited
cycles were investigated. Different top-assembled materials make isoelectric points of
the as-prepared membranes drift in opposite directions and also lead to symmetrical
signal changes of zeta-potential in salt solutions at the isoelectric points of the supports.
Ex-situ characterizations, including scanning electron microscopy, atomic force micros-
copy, and energy dispersive X-ray spectroscopy, also confirm the alternative deposition
of polyelectrolytes. It is demonstrated that the transmembrane streaming potential mea-
surement is effective in studying the growth of layer-by-layer membranes on porous
support. © 2007 American Institute of Chemical Engineers AIChE J, 53: 969-977, 2007
Keywords: streaming potential, self-assembly, layer-by-layer, porous, composite mem-

brane

Introduction

The layer-by-layer (LBL) alternative deposition of poly-
electrolytes or other macromolecules on various supports
has attracted much attention in many applications'™ since
Decher*® proposed the easy self-assembled way to build con-
trollable thin films on charged surfaces. In the past two deca-
des polyelectrolyte films deposited on dense substrates have
been extensively studied because of its convenient characteri-
zation. Recently composite membranes prepared by LBL
deposition of polyelectrolyte films on porous supports gradu-
ally become the focus of attention for prominent membrane
performanceG_m and antifouling advantage,'' which depends
to a great extent on membrane formation and surface proper-
ties. Hence, characterization of such composite membrane is
of great importance.
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Some of the widely employed traditional characterization
techniques are scanning electron microscopy (SEM), atomic
force microscopy (AFM), UV-vis, ellipsometry, X-ray reflec-
tometry, scanning angle reflectometry, and ATR-FTIR.%'?
These above methods provide considerable information on
samples geography or special optical characters to expatiate
on the fabrication of polyelectrolyte layers, but most of those
are limited to certain types of depositing support material
and shape, inconvenient sample preparation, and sample irre-
versible destruction. Specially, for composite membranes
(Figure 1), the characterization methods are mostly restricted
within the regions of membranes deposited on the surface of
supports and do not take account into the layers adsorbed on
the pore walls of supports, which also contribute a lot to per-
formance of composite membranes.

Surface charge or electrical potential properties of a mem-
brane have a very substantial influence on their separation
performance. Experiments as well as theory have de-
monstrated that the rejection and antifouling behavior of a
membrane depends on such properties.7_9’13 14 Tieke and
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Figure 1. Comparison of the structure characteristic
region of traditional methods and transmem-
brane SP measurement.

coworkers®® observed that the charge density of polyelectro-
Iyte is an important structural parameter controlling the
membrane growth and filtration properties. Harris et al.’
reported the LBL layers of cross-linked poly (acrylic acid)/
poly (allylamine hydrochloride) (PAH) through heat-induced
amidation, which provides modest corrosion protection for
supports because of the special intrinsic charge compensa-
tion.

The zeta potential, which is the potential at the shearing
plane between the compact layer and diffuse layer, is an im-
portant indicator of the surface charge.'>™'” The electroki-
netic techniques to determine the zeta potential of charged
particles or membrane surface appear as a promising method
to study the charged polyelectrolyte layers. Among the elec-
trokinetic techniques, electrophoresis measurement'* > was
applied to determine the self-assemble deposited layers on
charged particles but it was adapted to granular substrates.

Streaming potential (SP) measurement is an especially
powerful electrokinetic method for the interfacial characteri-
zation on substrates of any shape.'®!'” Tt is a useful method
to study the interactions of solid/liquid interfaces on the fluid
path. It performs frequently in two ways for different objects:
flowing along the top surface of membrane or flowing
through the membrane pores. The first procedure, known as
tangential SP measurement (on the active layer side), gener-
ally provides the unambiguous information, which only
reflects the surface layer. It has been applied to study the
layers on nonporous supports such as single capillary23_25
and planar silts,”>?” upon which the growth of layers could
also be characterized by traditional methods. The second pro-
cedure, known as transmembrane SP measurement, presents
the charge information on the fluid path of layer surface-
layers-support pores which is identical to that during mem-
brane processes. So, the transmembrane SP measurement can
reflect the global composite membrane charge properties,
which include membranes deposited on the surface of both
supports and walls of support pores, and gives direct instruc-
tional knowledge on applications of the composite mem-
branes. A schematic comparison of the characterization
region of traditional methods (AFM, ellipsometry, X-ray re-
flectometry, scanning angle reflectometry, and so on) and
transmembrane SP measurement is shown in Figure 1.

Another advantageous feature of SP measurement is that it
is performed in the presence of aqueous solutions. The surfa-
ces of polyelectrolyte membranes exhibit variable interfacial
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properties depending on the solution environment. With the
consideration of both dissociation of functions and adsorption
of salt ions as surface charge, the interface information simi-
lar to that in the self-assembly process is able to be obtained
online. Moreover, SP measurement, as an in-situ method, can
be carried out at any step of the LBL process without struc-
ture destruction, and membrane surface properties can be
restored by a simple rinse.

As far as we know, there is no report about the characteri-
zation by applying transmembrane SP measurement on com-
posite membrane (LBL membranes/porous support). In this
work, therefore, we performed the LBL process on porous
ceramic supports and then carried out transmembrane SP
measurement to characterize the growth of polyelectrolyte
layers. By controlling the condition of measurements, both
global charge of the composite membrane and the individual
influence of the self-assembled layers on the sigh of zeta
potential were studied.

Theory About Transmembrane
SP Measurements

Membranes acquire an electric surface charge when in
contact with an aqueous solution. For the sake of electroneu-
trality, ions in the adjacent solution reorganize and the elec-
trical double layer form. The potential and the ionic concen-
tration vary progressively from the charged surface to the
bulk solution. When liquid is forced through a channel
(whose walls are charged) under an applied hydrostatic pres-
sure, the charges in the mobile part of the double layer
moves with the surrounding liquid, giving rise to a streaming
current, [, and the accumulation of charge at one end sets up
an electric field. The field causes a current flow in the oppo-
site direction through the bulk of liquid and when this latter
conduction current, /., is equal to the streaming current, a
steady state is achieved (I = I, + I. = 0)."” The resulting
electrostatic potential difference between the ends of the
channel is the SP.

The zeta potential, which is the potential at the shearing
plane between the compact layer and diffuse layer, could be
linked to the SP by the modified Helmholtz—Smoluchowski
(HS) equation derived for cylindrical poreslsfw’zg:

(d¢s> _ Ceoer "
dP ),_y n(do+24s/1rp)
_ [(do
= (%), @

where ( is the zeta potential derived from the SP, &, is the
electric constant (8.854 x 107'2 F m™ Y, n is the dynamic
viscosity of the solution, &, is the relative dielectric constant
of the solution, Aq is the bulk salt solution conductivity, A is
the surface conductivity of pores, and r, is the pore radius.

The classical HS equation (Eq. 3) is obtained when
rp/;cfl > 1, where x ' is the Debye length.

(d(ps) _ CSOSr (3)
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Salt concentration and pore radius have been studied as pre-
dominant parameters for electrokinetic measurements.””>
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Table 1. Physical Property of Supports

Top Layer/Intermediate Each Layer Top Layer

Layer/Support Geometry Thickness Mean Pore

Support A Z10,/a-Al,05/0-Al, 03 Tubular 20 um/40 um/2.5 mm ~0.2 um

Support B SiO,/support A Tubular 0.1~0.2 pm/support A ~0.1 ym
Support C SiO,/Si Plane - -

With increasing salt concentration, a high ionic strength
obtained and leads to a compression of the double layer. The
double-layer length, also called as Debye length, reduced due
to a screening of the surface charge at a shorter distance.
More counterions can penetrate the compact layer and then
fewer counterions left in the diffuse layer can be displaced
under the pressure distance. As shown in HS equation, a
high 7o leads to a small SP. Thus a lower salt concentration
leads to a higher sensitivity of SP measurement but also a
larger K1 (for NaCl solution, k' ~ 30.4 nm at 107* M and
~9.6 nm at 1 mM"). For HS equation rp/;c_1 should be large
enough, which means no overlap of the double layer inside
the pores.

To correct a contribution of fixed part of the double layer
to electrical conductivity (surface conductivity), Rice and
Whitehead”® have suggested some correction by introducing
a function F(xry,, (). However, HS equation was commonly
used by many researchers to obtain an apparent zeta potential
for membrane comparison.

In this study, when applying the SP measurements we
found that the flux of the composite membrane with more
than 30 layers of polyelectrolytes is very low. Therefore, to
avoid small r,, we restrict the number of deposition cycles in
SP measurements within 15. The moderate salt concentration
(1 mM) was adopted to give a small k' and enough poten-
tial measurement sensitivity. Function F was not applied to
simplify the calculation as the apparent zeta potential could
clearly demonstrate the variation of surface charge.

We conducted the SP measurement at a wide pH range to
study the global zeta potential of the composite membrane,
which is very essential in understanding and predicting the
filtration performance of a membrane. To investigate the
individual influence of polyelectrolyte deposition on zeta
potential, we want to relieve the effects of the supports as
much as possible. Then we carried out the SP measurements
at pH values of the isoelectric points (IEPs) of the supports
to eliminate charge effects of the supports. One should notice
that the supports still contribute to the overall signal even if
they are uncharged since there is still a pressure drop through
their porous structure.>? In other words, the value of the pres-
sure difference used in Eq. 3 is an overestimate. But we
think that the contribution of the support does not affect the
sign of the apparent zeta potential when measurements are
carried out at the support IEPs. Consequently, the variety of
the sign of the apparent zeta potential which is not further
corrected in this study is able to demonstrate the growth of
the polyelectrolyte multilayers.

Experimental
Materials

To study the effects of support materials on LBL process,
two different porous membranes were prepared as supports
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in this work. Their properties are described in Table 1. Sup-
port A has a tubular geometry, made by our laboratory.
Support B was prepared by a SiO, sol-gel modification on
Support A. The top silica layer was obtained by depositing
the silica sol prepared under the acid-catalyzed condition hy-
drolysis of tetraethyl orthosilicate (TEOS) on support A and
sintered at 500°C for 2 h. A dense silicon substrate, which
was chemically oxidized by a dilute Pahara solution was
used as the substitutive oxide support (support C, details
shown in Table 1) to meet the sample roughness requirement
of AFM observation. A dilute Piranha solution (H,SO4:H,0,:
H>O, viviv = 1:1:3) was mixed, and the silicon wafer was
ultrasonically cleaned and oxidized within this solution at
~80°C for 5~30 min. The silicon wafer was then rinsed with
water and stored in water.

PAH (M, = 70,000), poly (styrenesulfonate) (PSS) (M,, =
10,000), and polyethylenimine (PEI) (M,, = 20,000) were
purchased from Aldrich. All electrolyte solutions were pre-
pared from pure water (conductivity, <5.00 us cm™'), and
the other reagents were of analytical grade and were used
without further purification.

Self-assembly of polyelectrolyte on porous supports

Polyelectrolytes were dissolved in water at a concentration
of 2 x 107> monomoles/l (monomole = mole of monomer
unit) and acidified to a certain pH (pH = 2 for this study)
for each pairs of electrolytes using aqueous HCI.

Surface pretreatments of supports were of great necessary
as to get uniform and enough charged sites. Supports were
first treated in boiled pure water for 15 min and rinsed to get
rid of any adhesive impurity. After soaked in acetone, the
supports were transferred to the dilute Piranha solution at
~60°C for 5~30 min. Then the supports were thoroughly
rinsed with water and stored in water.

To enhance the adsorption of the individual layers, the
pretreated supports were first immersed in PEI solution for
30 min and then rinsed in water. Afterward the supports
were immersed in sequence (a) in the solution of the PSS,
(b) in water (pH = 2), (c) in the solution of the PAH, and
(d) in water (pH = 2) again. Steps (a) to (d) were repeated
until a concern numbers of deposition cycles of PAH/PSS
were absorbed and ultimately rinsed in water and dried by
N,. The dipping time for every polyelectrolyte solution was
30 min and the rest time in water was 5 min.

Transmembrane SP measurements

Transmembrane SP measurements were used to determine
the surface potential of the composite membrane. The appa-
ratus presented schematically in Figure 2 consisted of two re-
versible Ag/AgCl electrode compartments installed at both
sides of the membrane. A precise pressure sensor is also
used at the feed side. The pH of NaCl solution was regulated
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Figure 2. Experimental unit for transmembrane stream-
ing potential measurements.

by addition of hydrochloric acid or sodium hydroxide. Com-
posite membranes were soaked overnight in electrolyte solu-
tion under the consideration to equilibrate it with measuring
solution.

The SP measurements were carried out by increasing trans-
membrane pressure pulses ranging from 0.005 to 0.025 MPa
and measuring the variation of resulting electrical potential
difference on both sides on the composite membrane. Online
data collection of electrical potential was obtained with a
software package of Step 7-Micro/win32 (Siemens Ener-
gy&Automation, Inc.) via a Simatic S7-200 PLC connected
to the Ag/AgCl electrodes. All measurements were performed
at ambient temperature with the help of circular water.

Ex-situ characterizations

To obtain the morphologies of the LBL membranes and
confirm the deposition process, ex-situ characterizations were
performed by SEM and energy dispersive X-ray spectroscopy
(EDXS). AFM was also carried out to obtain complementary
information on the growth of polyelectrolyte multilayers on
oxide surface. For AFM observation a dense silicon substrate
covered by a thin layer of SiO, (support C), which had been
chemically oxidized by a dilute Piranha solution, was used as
a substitutive support to meet the sample roughness require-
ment. Though the structural differences between the porous
and dense supports affect the morphology of the polyelectro-
lyte layers, we could also obtain important information on
the growth of polyelectrolyte layers since all the support we
used have similar oxide composition of surfaces.

Both surface morphologies of the supports and the self-
assemble layers were characterized using a SEM (QUANTA-
2000). An EDXS was used for chemical analysis of the
deposited layers. The growth of the self-assemble layers on
the substitutive oxide support was characterized using a
multimode AFM (Autoprobe CP-Research system, Veeco
Instruments).
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Figure 3. Variation of pH dependence of streaming
potential for support A and support B.
Salt solution: 1 mM NaCl.

Results and Discussion

Transmembrane SP measurements

Porous Supports. The original charge properties of sup-
ports A and B were first studied. The SP variations for sup-
ports A and B versus pH in a NaCl solution of 1 mM is shown
in Figure 3. The pH dependence of the SP can be explained by
the shifting of the proton equilibrium that occurs at the surface
of membrane when pH moves. This modifies the net charge of
the surface as well as the number of the counterions in the dif-
fuse layer and then SP variation accompanies.

As shown in Figure 3, without polyelectrolyte deposition,
IEP values of the supports A and B are close to 5.2 and 3.5,
respectively. Table 2 lists the pH (IEP) values reported in the
literatures for the three oxides used for our supports. The
IEPs of the supports are close to those of the top layer oxides
and there seems little influence of the support and intermedi-
ate layer. It may be due to the large difference of pore radii
and transport properties between the various layers. It is nor-
mally assumed that the thin top layer controls the water and
salt flux, and that the higher of the pore radius ratio (rsupport/
T'top)> the larger pressure drop across the top layer. The pres-
sure-induced SP is thus greatly dependent on the potential of
the top layer.

The global potential is determined by the competition of
the effects of the support and the top layer. The contribution
of the support layer could not be neglected since the ratio of
the hydraulic permeabilities of the support and the top layer
is not high enough (in the case of Support A, is 1.8). There-
fore, each IEP of the two supports is intermediate between
the individual IEP of the top layer and the support layer, and
is observed more close to that of the top layer in this study.

Self-Assembled Layers on Porous Supports. We carried
out the measurement at a wide pH range to study the varia-
tions of global charge information of the composite mem-

Table 2. pH (IEP) of the Used Oxides

Oxide pH (IEP) Reference
Al,O3 8.75-9.4 33
SiO, 2-4 33
ZrO, 4-5.1 34
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Figure 4. Effect of top-materials on the pH dependence
of zeta potential for (a) support A and (b) sup-
port B after 10 deposition cycles of PAH/PSS.
Salt solution: 1 mM NaCl.

branes after LBL process. Figure 4 shows the IEP drifts after
deposition of 10 cycles of PAH/PSS multilayers on the sup-
ports A and B. For the support A, when the positive-charged
PAH was deposited as the top-material, the IEP drifts from
5.2 to 6.3 while the negative-charged PSS makes the IEP
drift obviously to 3.6. The similar results could be viewed in
Figure 4b for the support B. IEP drifts of support B are from
3.5 to 4 and to 2.4 for PAH and PSS respectively.
Symmetrical potential changes were observed in dilute salt
concentrations at a fixed pH when opposite-charged poly-
electrolytes were deposited on a dense silica capillary sur-
face.”*° However, the variation of zeta potential in this
study seemed not as sharp as that reported in literature.?*~>3
It is due to the noticeable difference of deposition condition.
First, the used ceramic supports are different from dense sub-
strates since they are porous medium with a large specific
area and a rough membrane surface. The deposition of polye-
lectrolytes on this substrate should take place both upon the
porous surface and inside the pores (Figure 1). Consequently,
considerable amounts of charged sites on the support still
remained, which were not covered by the polyelectrolytes,
while the amounts of remaining charged sites were much
less in a capillary with a dense surface. Second, the measure-
ments reported in the literature®> > were restrict at a fixed
pH, upon which data analysis could only give incomplete
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information of membrane surface, while the measurements
here were conducted in a wide pH range and global charge
information were obtained.

As is also shown in Figure 4, the zeta potentials decrease
with raising pH and the decreasing rates become smaller at
pH higher than the IEPs of supports. Furthermore, greater
IEP drifts are caused by PSS than by PAH. This is attributed
to the difference of pKa values between the two polyelectro-
lytes. As a weak polybase and only 50% of the polar groups
ionized at a narrow pH range under pH ~ 3.3,>> PAH seg-
ments deposited on the surfaces was partly charged within
pH range of IEP measurement while PSS was fully ionized
in this case. Thus PAH affects less than PSS on counter-ions
transfer at measurement condition. As the PSS is fully ion-
ized in a wide pH region, the zeta potential would be hardly
affected by pH when PSS is the top material of the mem-
brane. In other words, we would expect { = constant (<0) in
a wide pH region. But we only observed the slow decrease
at high pH because of the important contribution of remain-
ing sites on the supports.

At IEPs of Supports. As discussed above, the global
charge information on the composite membrane includes
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Figure 5. Effect of top-materials on the deposition
cycle number dependence of zeta potential
at IEP of (a) support A and (b) support B for
PAH/PSS layers.

Salt solution: 1 mM NaCl.
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Figure 6. SEM images of the membranes.

(a) Surface of support A; (b) surface of support B; (c) surface of 10 deposition cycles of PAH/PSS on A; (d) surface of 10 deposition cycles of
PAH/PSS on B; (e) surface of 40 deposition cycles of PAH/PSS on A; and (f) surface of 40 deposition cycles of PAH/PSS on B.

effects of the supports, which helps us to study the actual effects of polyelectrolytes on zeta potential by mathematical
properties of the membranes during separation applications, calculation.

but interferes with the individual study on the growth of self- A surface chemical composition accounts for the global
assembled membranes. Then we attempt to quantitate the charge property of composite membrane. An equation
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Figure 7. EDXS analysis of membrane surfaces.
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(a) Support A (b), support B, and (c) 40 deposition cycles of PAH/PSS on support B.

derived by Furlong et al. was widely used to correlate the
IEP of membrane™:

PHUIEP membrane) = > IEP(7) )

where x; is the molar ratio of the surface sites of membrane
material / and it assumes a linear relationship between the
pH(EP) and surface concentration of sites.

For the composite membrane here, the porous supports
present multilayer structure of several types of oxide. Mixed
surface charged sites have formed after polyelectrolyte depo-
sition on the support surface and on the pore walls. Thus,
both oxides and polyelectrolytes will contribute to the global
SP, which depends on competition for aspects motioned
above, including charged degrees at various pH values, oxide
natures, and charged sites distribution in various layers with
different pore radii and thickness fraction. Hence, it is diffi-
cult to quantitate the polyelectrolyte part of the global zeta
potential by simple mathematical means. Therefore, it is nec-
essary to screen the influence of supports for the sake of
eliminating aspects motioned above which concern supports.

To relieve the effects of the supports as much as possible,
we applied SP measurements using a salt solution at pH val-
ues of the IEPs of the supports. At this pH value, the net
charge of support oxide is equal to zero and the charge
effects of support sites could be neglected, though there is
still some pressure effects of the supports left which would
not affect the sigh of the apparent zeta potential. Therefore,
the influence of polyelectrolyte layers on the sigh of zeta
potential of the composite membrane could be studied.

We studied the zeta potential variation of the composite
membrane with different top-materials and various numbers
of deposition cycles. Figure 5 shows the effects of top-mate-
rial and the number of deposition cycles of polyelectrolytes
on the zeta potential variation at the IEPs of the two supports.
From Figure 5, the symmetrical opposite potential signal
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changes present clearly with different top-materials as
expected, which is consistent with literature.’> 2> A moderate
salt solution (1 mM) was used here and the magnitude of zeta
potential was in agreement with values reported by others. %
The zeta potential represents the net charge density of the
membrane surface, which determines the subsequent deposi-
tion of opposite charged polyelectrolyte. For successive alter-
native deposition, the absolute net charge each polyelectrolyte
brings to the surface should be same for the polyanion and
polycation so that charge overcompensation could happen cir-
cularly. One could observe that the zeta potential absolute
values of PAH are always lower than that of PSS for the sup-
ports A and B. This is attributed to the fact that the pH values
at which PAH is partially ionized while PSS is fully ionized
are far away from the pH values during deposition process.

As shown in Figure 5, the absolute value of zeta potential
increased slightly with increasing the numbers of polyelectro-
lyte deposited cycles. There seems to be a trend of zeta poten-
tial to approach a stable value. It implies that the defect of
polyelectrolyte layers is mending during the process of depo-
sition because of more extent of the polyelectrolytes covered
on the fluid path. As a consequence, more active sites of poly-
electrolytes contribute to the zeta potential at this pH value
and make the absolute value of zeta potential increase.

Ex-situ characterization for comparison

From surface charge information obtained by SP measure-
ment, we can expatiate on the self-assembly of polyelectrolyte
layers on porous supports via electrochemical analysis. To
confirm the layers deposition through intuitionistic morphol-
ogy observation, SEM and AFM were carried out as comple-
mentary methods. EDXS analysis was also performed to ana-
lyze the components of the composite membrane surface.

The images of the fresh supports obtained by SEM are
shown in Figures 6a, b. The surface of support A (Figure 6a)
shows a somewhat rough and uneven surface with big par-
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Figure 8. AFM images of the membrane surfaces.

(a) Phase image of 40 deposition cycles of PAH/PSS on support C; (b) height image of (a).

ticles of ZrO,. The surface of support B (Figure 6b) shows a
more even. Figures 6¢c—f show the surface image of PAH/
PSS layers on supports. Figures 6¢, d show the images of the
support A and B after deposition of 10 cycles of PAH/PSS,
respectively. Difference between the surface images of the
fresh supports and the deposited polyelectrolytes could be
observed. Especially, some sparse islands of polyelectrolytes
appear at the surface of support B (Figure 6d) with discrete
distribution. It indicates that the defect-free layers have not
formed by such scale of deposition, which is consistent with
what was discussed above. The surface of the deposition of
40 cycles of PAH/PSS on the supports A and B (Figures 6e,
f, respectively) show that clusters have encountered each
other to form and arrange clumpy layers.

Figures 7a and b show element analysis of the chemical
species on the porous supports. A fresh surface of support A
shows a great Zr region and some content of Al. After the
modification of the silica layer, the Si region becomes abso-
lutely dominant accompanied with Zr region decrease and
still some Al, which to some extent affects the zeta potential
of the composite membrane as discussed above. The deposi-
tion of polyelectrolytes is confirmed from Figure 7c, from
which we could observe that some regions of C, Na, S, and
Cl emerge. As the membranes have been thoroughly rinsed
with water after deposition, there are no excess ionized PAH
or PSS molecules left on the supports. The appearance of S
region is due to the self-assembled PSS, and the moderate C
region declares polyelectrolyes deposition. Under the condi-
tion of general ionization of PAH and PSS, Na and Cl
mostly remain ionic states as Na™ and Cl~ respectively dur-
ing the self-assembly process. Their emergences here can be
explained by some degree of the extrinsic charge compensa-
tion®® in the deposited polyelectrolyte multilayers and some
unionized parts of the multilayers.

Figure 8 shows the surface structure of the self-assemble
polyelectrolyte layers on support C from AFM measure-
ments. Figure 8a is phase image of the 40 deposition cycles
of PAH/PSS on the support C and Figure 8b is the topogra-
phy image for Figure 8a. As shown in Figures 8a, b, the ge-
ology presents rough and jagged with randomly distributed
small particles and isolated peaks. Since the pretreated
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substrate has a smooth and even topography in the scale of
several nanometers, the formation of the peaks must be a
consequence of the subsequent polyelectrolyte deposition.
There seem to be two mechanisms during the deposition. On
one hand, when the series of opposite charged polyelectro-
lytes are approaching the charged surface, the tendency for
reducing surface energy and the steric hindrance caused by
the branched structure of charged polyelectrolytes leads the
deposition to take place in a homogenous manner. On the
other hand, the possible inhomogeneous charge distribution
of substrates surface causes isolated deposition which will
limit the growth rates of sequent deposition and lead to clus-
ters and large 3D aggregation in these isolated areas.

Conclusion

Our studies indicate that the transmembrane SP measure-
ment is an effective method to investigate the LBL growth of
polyelectrolytes deposited on porous ceramic supports. The
global IEP drifts were found after LBL deposition of PAH/
PSS on supports. When the positive charged material (PAH)
deposited as the top-material, the IEP drifts to a high pH value
while the negative charged material PSS does the reverse.
After eliminating the charge effects, the symmetrical potential
signal change was observed for opposite charged top-material
which indicates the growth of polyelectrolyte layers. The am-
plitude of zeta potential shows a slight increase with increas-
ing number of deposition cycles of polyelectrolytes.

SEM and AFM observations demonstrate the surface mod-
ifications by LBL deposition on porous and dense supports
respectively. EDXS analysis indicates polyelectrolyte seg-
ments have successfully deposited on the porous supports.

A further work for detailed effects of supports and polye-
lectrolytes on charge property of composite membrane sur-
face will be investigated.
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Notation
I = electric current, A
I. = conduction current, A
I, = streaming current, A
P = hydrostatic pressure, N m >
pKa = negative log of acid dissociation constant

r, = pore radius, m

I'op = pore radius of top layer, m
Tsupport = pore radius of support layer, m
SP = streaming potential, V N~' m~>
x; = molar ratio of the surface sites of membrane material i

Greek letters

= electric constant, Fm™!

= relative dielectric constant of the solution
= Debye parameter, m '

= Debye length, m

= bulk salt solution conductivity, QO 'm™
= the surface conductivity of pores, Q'
= dynamic viscosity of the solution, kg m ' s~
= electrical potential, V

= zeta potential, V
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