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Abstract

The heteroaggregation of particles is interesting in many fields and particularly in the
field of ceramic shaping. In general, heteroaggregation is obtained by mixing powders with
opposite surface charges, which may require in some cases surface modifications of the par-
ticles.

Here we propose to study the behavior of suspensions composed of a mixture of particles
with positive and negative charges, created by the adsorption of polyelectrolyte multilayers
on their surface. Particular attention is paid to the effect of the number of layers of adsorbed
polyelectrolytes and of the ionic strength.

This study shows that these surface modifications allow, whatever the number of layers, to
have heteroaggregation in the absence of salt. Moreover, depending on the number of ad-
sorbed layers, the addition of salt has a different effect on the suspension behavior. These
phenomena can be explained by screening effects already mentioned in the literature for un-
mixed suspensions of particles modified by polyelectrolyte multilayers. As a consequence,
this study highlights that the study of heteroaggregation in these systems is a very simple
way to analyze this effect of screening which is difficult to observe on non-mixed suspensions.
Keywords: Heteroaggregation, colloid surface modifications, polyelectrolyte multilayers,

salt effect

1. Introduction

For the last few years, the phenomenon of heteroaggregation of particles has been studied

since it occurs in many fields ranging from pharmaceuticals to foodstuffs, including the man-
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ufacture of textured materials [1]. In the case of the shaping of ceramics, heteroaggregation
was for example used to manufacture millimetric spheres, porous materials or even more
recently ceramics presenting an oriented structure similar to nacre [2, 3, 4, 5].

In most heteroaggregated systems, particles carry surface charges of opposite sign, allowing
them to heteroaggregate. Moreover, to obtain a good distribution of colloids in the aggre-
gates, particles of the same nature must be sufficiently charged to avoid homoaggregation.
That is why, in most cases, suspensions are obtained from powders with very different iso-
electric points and for which there is a zone of pH values where the particles carry surface
charges of opposite sign. The optimal conditions for heteroaggregation are then often ob-
tained by adjusting the pH value [6, 7]. This method limits the possibilities of using certain
powders which would have, for example, close isoelectric points. In this case, the range of
pH values where the particles are of opposite sign is too small. This is why it can be of
interest to modify the surface of the particles to obtain the necessary conditions for their
heteroaggregation.

In this study, we propose to investigate the possibility of modifying the surface of the parti-
cles by adding layers or multilayers of polyelectrolytes to obtain sufficiently stable particles
with opposite charge. Indeed, the adsorption of polyelectrolyte multilayers on the surface of
particles has already been widely studied and it has been shown that this adsorption, simple
to implement, can be carried out on natural polymers [8], or inorganic powders [9] such as
silica [10], calcium carbonate [11] or alumina [12].

The principle of polyelectrolyte multilayer formation consists in the progressive adsorption
of polyelectrolytes of opposite signs on particles that exhibit surface charges. The first layer
is made with polyelectrolyte with a charge opposite to that of the particle surface. Then the
next layer is obtained with a polyelectrolyte of opposite charge to the previous polyelectrolyte
(thus of the same sign as the particle surface) and so on. This method allows to control not
only the surface charge of the particles but also the spacing between the particles by steric
effects due to the presence of polymeric chains.

Numerous studies have already been carried out to understand the kinetics of formation of
these multilayers, the organization between the polymers or the ionic distribution within
these multilayers [13, 14, 15, 16, 17, 18]. However, to our knowledge, few studies have been

performed on the possibility of using these multilayers to control the behavior of inorganic
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colloidal suspensions. That is why, the aim of this study is to verify whether such sur-
face modifications by electolyte multilayers can be used to broaden the range of materials
that can be used in ceramic shaping processes using heteroaggregation. Thus, we propose
to study the heteroaggregation between silica particles which surface was modified with
polyelectrolyte multilayers of poly-sodium 4-styrenesulfonate (PSS, negatively charged) and
polydiallyldimethylammonium chloride (PDADMAC, positively charged). Since the presence
of salt in these systems has a great influence on the conformation of the multilayers [18, 19],

the possibility of using salt to control heteroaggregation is also investigated.

2. Experimental methods

2.1. Raw materials

Tetraethyl orthosilicate 98% (TEOS) and ammonia solution 28% (NH,OH) are obtained

from Acros Organic. Absolute ethanol is provided by BDH Prolabo. 3-aminopropyl-triethoxysilane

99% (APTES), fluorescein isothiocyanate isomer I 90% (FITC), rhodamine B isothiocyanate
(RBITC), poly sodium 4-styrenesulfonate solution 30 w.% of Mw= 70000 (PSS), poly dial-
lyldimethylammonium chloride solution 20 w.%, of Mw= 200000 (PDADMAC) and anhy-
drous sodium chloride (NaCl) are obtained from Sigma-Aldrich. All reagents are used as

received.

2.2. Ezxperimental characterizations

Zeta potentials are measured using a Zetasizer Nano ZS from Malvern.

Aggregation is observed via sedimentation tests. All suspensions are prepared at 3.vol.% with
distilled water. In the case of mixed suspensions, the different powders are introduced simul-
taneously in water. NaCl solutions are then introduced to adjust the salt concentration to
1.25%x1072 M, 2.50x 1072 M, 5.00x1072 M, 7.50x 1072 M and 1.00x 1072 M respectively. The
concentration of the added saline solution is adjusted to add an identical volume of saline
solution to each suspension in order not to change the volume fraction of particles. The
suspensions are then mixed with an ultrasonic treatment (300 W, 30s, pulse on 3's, pulse off
1s). Immediately after their preparation, the suspensions are sealed in test tubes and left to
rest. The heights of the sediments are analyzed after one week.

The suspensions of fluorescently-labeled particles are observed with an epifluorescence micro-
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scope Axio Imager 2 from Zeiss and with a confocal microscope LSM 880 from Zeiss. Images

are processed with imageJ software.

3. Results and discussion

3.1. Powder synthesis

In this study, it is proposed to investigate heteroaggregation in model systems composed
of spherical, fluorescent silica particles covered with PDADMAC/PSS polyelectrolyte multi-
layers. The silica particles are synthesized following the protocol described in reference [20],
which is a modified Stober synthesis. First, silica seeds are synthesized by the hydrolysis of
TEOS in the presence of ammonia and ethanol. Then, a fluorescent dye (RBITC or FITC)
previously associated with APTES, is introduced. Finally, a coarsening step by progressive
addition of TEOS is performed. The synthesized powders are centrifuged and rinsed three
times with ethanol before being dried. The obtained fluorescent spherical silica particles have
a diameter of about 600 nm.

These particles are then surface modified by adsorption of polyelectrolyte multilayers follow-
ing protocols proposed in References [10] and [21]. The principle of the surface modification
is based on the progressive addition of the silica suspension into a previously prepared saline
solution of polyelectrolytes. PSS or PDADMAC solutions (1.5mg/mL) with a NaCl con-
centration of 0.5 M are used. The silica suspension, prepared with 1g of powder in 40 mL
of distilled water, is then introduced dropwise into 100 mL of polyelectrolyte solution, under
magnetic stirring. The mixture is stirred for 20 minutes. It is then centrifuged for 5min at
3000 rpm and rinsed three times with distilled water to remove excess or poorly adsorbed
polyelectrolytes molecules.

Since silica is negatively charged, the first layer of polyelectrolytes adsorbed is PDADMAC.
Then, layers of PSS and PDADMAC will be alternatively adsorbed until the desired number
of layers is obtained. Once the surface modification is completed, the powders are dried
overnight at 50°C.

After each modification, the zeta potential is measured to check that there is a change in
sign of the surface charge. Figure 1 shows the evolution of the zeta potential of a rhodamine-
labeled silica powder as a function of the number of adsorbed polyelectrolyte layers. Data

show that the particles have an absolute value of zeta potentials at around 40 mV and that
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Figure 1: Evolution of the zeta potential as a function of the number of adsorbed polyelectrolyte layers for

rhodamine-labeled silica particles. The circles show the binary systems used to study heteroaggregation.

there is indeed an alternation of the sign of the surface charge according to the number of

layers.

Zeta potential measurements, performed on suspensions prepared with dried powder after
surface modification show surface potential values similar to those obtained before drying,
which suggests that this drying step does not alter the charges of modified surfaces.

These surface modifications allow thus to have strongly charged particles, however they do

not allow to tune precisely the absolute value of the zeta potential.

In the following, the study will focus on the heteroaggregation, i.e. on suspensions where
negative and positive particles are mixed together. To see the influence of the number of

layers, three systems will be analyzed:

e System 11/21: mixture of modified silica with 1 layer (positively charged) and modified
silica with 2 layers (negatively charged),

e System 51/61: mixture of modified silica with 5 layers (positively charged) and modified
silica with 6 layers (negatively charged),
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Figure 2: Sedimentation tests showing the influence of salt concentration in the aggregation of surface
modified silica particles for the system 11/21, 51/6] and 111/12]. Pictures are taken one week after the
preparation of suspensions. On the top row: fluorescein-labeled silica particles modified with an odd layer
number (positively charged); on the middle row: rhodamine-labeled silica particles modified with an even
number of layers (negatively charged); on the bottom row: binary system composed of 50% of silica modified

with an odd number of layers and 50% of silica modified with an even layers number.

e System 111/121: mixture of modified silica with 11 layers (positively charged) and
modified silica with 12 layers (negatively charged).

The modified particles with an odd number of layers, i.e. positively charged will be marked
by fuorescein. They will therefore appear green in epifluorescence/confocal microscopy. The
modified powders with an even number of layers, i.e. negatively charged, will be marked by

rhodamine and will appear red in epifluorescence/confocal microscopy.

3.2. Analysis of the heteroaggregation in the binary systems 11/21, 51/61 and 111/121

Aggregation in the binary systems is studied by sedimentation tests in the presence of
different amounts of salt, and therefore for different ionic strength values. Figure 2 shows
pictures of the sedimentation tubes taken after one week for the three binary systems analyzed
in this study (11/21; 51/61 and 111/121 respectively). For each system, tests are performed
with only the positive powder (top row), with only the negative powder (middle row) and

with both powders mixed at 50% (bottom row).
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In all systems, in the absence of salt, it is observed that the deposits obtained with the

positive particles alone, or negative alone, are of low heights, reflecting that these suspensions
are stable and that the identical particles have a low tendency to aggregate. On the other
hand, as soon as the positive and negative powders are mixed in equal proportion, a sediment
of greater height is obtained rapidly (less than 30 minutes), revealing a strong aggregation
in these mixed systems. In the absence of salt, these tests give results similar to what is
observed in systems where the powders heteroaggregate [20]. These results show that the
different surface modifications performed allow heteroaggregation between oppositely charged
particles and limit homoaggregation between particles of the same sign.
Since polyelectrolyte multilayers are sensitive to the presence of salt [19], sedimentation
tests are also performed with increasing NaCl concentration up to C= 1072 M. In this range
of NaCl concentration, no major changes are observed for suspensions composed of only
negative particles. The sediments are of low height and the suspensions are stable whatever
the concentration of NaCl used. For the suspensions of positive particles, upon increasing salt
concentration, the sediments remain of low heights and the suspensions thus remain rather
stable. However, in the 11/21 system, the sediment height seems to increase a little with the
amount of salt while in the other two systems (51/61 and 111/121) it seems to decrease slightly.
For the mixed systems, the behavior of the 11/21 and 51/61 systems is similar. A sediment of
almost constant height is observed whatever the salt concentration used, which attests to a
strong heteroaggregation even in the presence of salt.

The behavior of the 111/121 system is different from the other two systems. While the
11/21 and 51/61 systems show little evolution according to the amount of salt, the 111/12]
system shows different sediment heights according to the salt concentration. In the absence
of salt or at low concentration (C= 1.25 x 1073 M), we observe a sediment of great height.
However, as the salt content continues to increase, the sediment height decreases and then
increases again. In addition, the appearance of the deposits obtained is very different. The
highest sediments have a high porosity compared to that obtained in systems with fewer
layers (11/21 and 51/61 systems) and aggregates are stuck to the walls of the tubes (see Fig-
ure 2 at C' = 1072 M). The sediments have also a more gelled appearance, which could be

explained by the presence of a greater amount of polymers in this system.
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To better understand the aggregation in these mixed 111/12] systems, the aggregates
are observed by epifluorescence and confocal microscopy. Images obtained for different salt
concentrations are reported in Figure 3.

In the absence of salt or for a NaCl concentration of C= 1.25 x 1073 M , the presence of
large heteroaggregates is clearly observed. The particles are well distinguished and one can
see an alternation between red and green particles in the aggregates, which is a typical dis-
tribution for heteroaggregates [20]. For a salt concentration equal to C= 2.5 x 1073 M, where
sedimentation tests show a low sediment height, the aggregates observed by microscopy are
smaller and more compact. They are still composed of red and green particles, evidence
of heteroaggregation. As the salt concentration increases to C= 5.00 x 1072 M, which still
corresponds to a low height sediment, small compact heteroaggregates are observed but also
individual particles, both red and green, showing that for this concentration of salt, there are
deflocculated particles. As we continue to increase the salt concentration, we again observe
large aggregates composed of heteroaggregated particles.

In all cases, we never observed crystallized zones in the aggregates. Moreover, we do not
observe linear heteroaggregates. This can be explained by a short range of repulsive inter-
actions between particles of the same nature, which does not allow to push them far enough
from each other to obtain a linear sequence.

To understand the behavior of these complex systems, it is necessary to take into account not
only electrostatic effects but also effects specific to the presence of polyelectrolyte layers, such
as steric effects. We will discuss this point in the following. In this article, we do not focus
on the shape of the aggregates but on the possibility to form them while the suspension is at
rest, that is why we will analyze the behavior of the suspensions only from the interparticle
interactions without taking into account the hydrodynamic effects, which can influence the
kinetics of aggregation and the aggregate shapes [22].

As a comparison, to clearly distinguish the role of polymer-level interactions and elec-
trostatic interactions, sedimentation tests are performed on a model system composed of
rhodamine-labeled silica particles and fluorescein-labeled silica particles modified on the sur-
face by grafting APTES molecules (SI.F APTES/SI_R system). Previous studies have al-
ready shown that for these systems, there is a strong heteroaggregation at pH 6 without

addition of salt [23]. Sedimentation tests are thus performed at pH 6 for the different NaCl



Figure 3: Aggregates observed by epifluorescence microscopy (left) and confocal microscopy (right) in the
system 111/121 as a function of NaCl concentration: (a) without salt, (b) C=1.25 x 1073 M, (¢) C=2.50 x
1073 M, (d) C=5.00 x 1073 M, (e) C=7.50 x 1073 M and (f) C=1.00 x 1072 M. Scale bar = 6pm
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Figure 4: Sedimentation tests showing the influence of salt concentration in the aggregation for the system
Si.F APTES, SI.R and mix (50% of Si-F APTES and 50% of SI_.R). Pictures are taken one week after the

preparation of suspensions.

concentrations previously used. Images of the sedimentation tubes are reported in Figure 4.

The results obtained with the latter system are very similar to those obtained for the
11/21 system. The behavior of these Si-F APTES/ Si_R and 11/21 systems can be interpreted
in the same way. Indeed, it does not seem necessary to take into account steric effects to
understand the 11/2] system even if polymers are present. For these both systems, where
there are no or few polyelectrolyte layers, the behavior of the suspensions can be explained
only by a change of electrostatic interactions. Indeed, for native charged oxide particles
(without polymers), it is known that the behavior of the suspensions can be described by the
so-called Derjaguin, Landau, Verwey and Overbeek (DLVO) potential, which results from the
sum of an attractive potential due to van der Waals forces and of an electrostatic potential.
The van der Waals contribution can be expressed as follows [24]:

Uyaw — Ay 2a,a; . 2a;a, 4 n ry — (ai + a;)° (1)
17 r 2 . 2 ’

6 75— (a;i+a;)? 1} —(ai—a;)?

with a; the radius of colloid 7, r;; the distance between colloids 7 and j and A;; called constant

of Hamaker which is related to the nature of the colloids and of the solvent (here silica in

10
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water A = 4.6 x 10721 J [25]). The electrostatic contribution can be modeled by [26]:

elHHF __ aia; 2 2 259, 1+ e i —2kh;
Ui B 7Teai + aj; Wi +vi) {(%2 + w?) 8 1 — e rhi +1n [1 — ¢ } ’ (2)

with h;; = r;; — (a; + a;) the distance between the surfaces of particles ¢ and j, € = €€, the

dielectric constant of the solvent (here water), the surface potential of the particle ¢ and the

inverse of the Debye length defined for a symmetrical electrolyte by the equation [27]:

[2e222N,1103
— |zt 7T 3
" EkBT ( )

where z is the valence of the ions in the electrolyte (here z = 1), N, is Avogadro’s num-
ber, kg is Boltzmann’s constant and 7" is the temperature (7'=293 K). [ is the ionic strength
expressed in mol/L which is deduced from the quantity of salt present in the suspension.
These expressions are valid when the particles have homogeneous surface properties. How-
ever, when polyelectrolytes are adsorbed on colloids, there can be surface inhomogeneities
which lead to attractions between the particles which can be considered as attractions be-
tween patch-charge heterogeneities [28]. In this study, although such surface inhomogeneities
may exist, they do not seem to govern the behavior of the suspensions, since as shown in
Figure 2, taken individually the suspensions are not aggregated. This is why we will neglect

the effects of surface inhomogeneities in the following.

When salt is added, the Debye length is decreased, resulting in a screening of the sur-
face charges and thus a decrease in the range of electrostatic interactions in favor of van
der Waals interactions, which may result in an increase in aggregation between like particles
(see Figure 5). This screening could be the reason for the small increase in sediment in the
case of positive particles as a function of salt in the SI.FF APTES/SI_R systems and the
11/21 systems. However, for the systems studied here, the surface potentials are high, on the
order of 40mV (see Figure 1 and Reference [23]) and the presence of salt is not sufficient to
strongly screen the surface charges and thus has little influence on the global aggregation.
DLVO curves plotted for surface potentials of 40 mV indeed show a decrease in the range
of interactions with increasing salt concentration, but this is not sufficient to create strong

homoaggregation and thus has little influence on heteroaggregation (see Figure 5).

11
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To explain the behavior of the 111/12]1 mixed system, which is quite different from that
observed in the previous systems (SI.F APTES/SI_R and 11/21 systems), it is necessary to
take into account what happens in the polyelectrolyte multilayer. The electrostatic inter-
actions between coated particles, and therefore the DLVO interactions are not sufficient to
understand the suspension behavior.

For the PDADMAC/PSS combination, it is known that the thickness of the layers increases
strongly with the number of layers and the salt concentration used during the synthe-
sis [18, 29, 13]. Indeed, the strong electrolytes used here must be well adsorbed, especially
because of the high ionic concentration used during the synthesis (here Cy,ci= 0.5M). For
the 111/121 system, a much thicker layer of polyelectrolytes is thus present on the surface of
the particles compared to the two other systems considered in this study. Because of that, it
is assumed that the behavior of this system is essentially due to the polyelectrolyte multilayer
interactions (the van der Waals potential being active at a short separation distance). When
polyelectrolytes are adsorbed in the presence of salts, extrinsic charge compensation can be
achieved with the presence of ions and water in the structure of the multilayers [30, 18],
which cause the layers to swell. As already mentioned, the presence of ionic species makes
them sensitive to ionic strength [31]. Many studies have indeed shown that the conformation
of multilayers and in particular the swelling properties vary with the concentration of salts
and the nature of the last adsorbed layer [32, 33, 19]. Authors have also shown that swelling
is reversible and that swelling/shrinking cycles of multilayers are possible by modifying the
concentration and/or the nature of the salts present in suspension [34, 35, 36].

For the PDADMAC/PSS systems, it was shown that the ions trapped in the multilayer were
mobile and could be partially removed leading to a shrinkage of the layers or replaced by ions
of a different nature, which could lead to a swelling or even a destruction of the layers [35].
These behaviors could be explained by screening effects within the multilayer. When the
polyelectrolyte layers are in the presence of water, the ions are extracted from the multilayer
and the charge compensation between polyelectrolytes is extrinsic, so that the multilayer
can shrink (the surface charges are then essentially due to the charges of the last adsorbed
polyelectrolyte). Then, when the salt concentration is increased, the ions penetrate again
into the multilayer, leading first to their electrostatic screening and then again to an extrin-

sic charge compensation regime with a possible swelling of the multilayer. When the salt

13
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concentrations become important (higher than the one used during the synthesis), there can
finally be a destruction of the multilayer [35, 19]. The salt concentrations used in this study
being much lower than that used during the synthesis of the multilayers, it is unlikely to
obtain this destruction.

These screening phenomena help to explain the aggregation in the 111/121 system. This is
summarized in Figure 6.

Since powder are rinsed in water, they may be few ions in the multilayer and thus an intrinsic
charge compensation between polymers is expected in suspensions without added salt. The
charge of particle is thus created by the latest adsorbed polyectolyte layer, which is highly
charged. Therefore, in the absence of salt or at very low ionic concentration, mixing powder
with 11 layers (positive) and powder with 12 layers (negative) will allow the heteroaggregation
while avoiding aggregation between identical particles.

However, when the amount of salt is increased (C= 2.5 x 1073 M and C= 5. x 1073 M),

the charge of the multilayers is progressively screened, which decreases the heteroaggrega-
tion phenomena. Moreover, the presence of a thick polymer layer on the surface, create a
steric effect which will slows down the aggregation between particles. Some particles will
even be deflocculated. When the salt concentration increases again, the ions penetrate the
multilayer and the extrinsic charge compensation takes place again. The particles become
strongly charged again and the heteroaggregation phenomena are again observed. Moreover,
experimentally, confocal microscopy observations show a diffusion of the fluorescence signals
which could be explained by a swelling of the polymer for the highest salt concentration (see
Figure 3 (f)).
For suspensions composed only of 12 layers surface modified particles, sedimentation tests
show always a small sediment. However, it has previously been stated that the sediment
heights obtained with only the powders modified with 11 layers of polylectrolytes are higher
and decrease with the addition of salt. This phenomenon can be link to previous reported
observations in literature which have shown the influence of the latest layer nature on the
swelling properties. Indeed, for example, it has already been shown that 17-layers multilayer,
with PDADMAC as last layer, shrink more and lost more water when exposed to NaCl so-
lution compared to 16-layers multilayers, with PSS as last layer [36].

14
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Figure 6: Schematic diagram to explain the variation of aggregation as a function of salt for the 111/121

system

For the mixed 51/61 system, it seems that the number of adsorbed layers is not sufficient to
observe clearly the screening phenomenon. Previous studies show indeed different structural
changes and charge compensation mechanisms between systems composed of only a few
layers and those composed of at least a dozen layers [37]. As already reported in literature,
the structure of the multilayers can be modeled in 3 different zones [38]. The first zone is
located near the surface of the substrate and is generally composed of a few layers. The
polyelectrolytes line up along the substrate and have little mobility. Then, a second zone,
which actually composes the multilayer is observed. And on the surface, a third zone of low
thickness makes the transition between the second zone and the solution environment. In the
case of the 51/61 system, the second zone where the polyelectrolytes no longer feel the effect of
the substrate must be very small and this system seems less sensitive to the variation of the
ionic strength. Nevertheless, it is observed that suspensions with particles modified with 5
layers seem to be somewhat more stabilized with the addition of salt than particles modified
with 11 layers. However, there is no significant effect observed on the heteroaggregation in
the mixed 51/61 systems.

All these results confirm that for polyelectrolyte multilayers of around dozain of layers, salt

15



303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

has a significant effect on the multilayer properties as previously mentioned in literature [19].
This study reveals also that studying the heteroaggregation is a very simple way to see these

effect.

4. Conclusion

In conclusion, first silica particles are surface modified by multilayers of PADMAC/PSS
polyelectrolytes. An even number of layers is used to obtain negative particles while an odd
number of layers is used to obtain positive particles. Then, this study focuses on the sus-
pension behavior of mixtures of positive and negative particles as a function of the number
of adsorbed layers and the ionic strength. The results clearly show that in absence of salt,
heteroaggregate systems can be obtained if we mix modified particles with an even number
of layers and others with an odd number of layers whatever the number of adsorbed layers.
This results open thus perspectives to use such modification to allow new combination of
particles in ceramic shaping processes using heteroaggregation.

It is also observed that if the number of adsorbed layers is low, the behavior can be explained
by the DLVO theory and an addition of salt in the suspension has little effect on the aggre-
gation. On the other hand, for a higher number of layers (here 111/121 system), the effects of
the presence of the multilayer, and especially steric effects must also be taken into account
to understand the aggregation of mixed suspensions in presence of salt. Results indeed show
that for particles covered with a large number of multilayers, size of heteroaggregates can be
controlled by adjusting the ionic strength. It appears also that some particles can even be
sterically stabilized at a given concentration of salt because of steric repulsion. This could
be interesting for ceramic shaping processes, such as direct coagulation casting process for
example. In this case, sterically stabilized mix suspensions could be heteroaggregated in situ
by an increase of salt concentration.

This study also shed light that studying heteroaggregation in the presence of multilayer
covered particles is actually a very simple way to see how the presence of salt affects the
properties of polyelectrolyte multilayers. Indeed, the screening effects of multilayers induced

by salt is very visible in mixed systems that heteroaggregate.
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