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Abstract
The aim of this study was to investigate the influence of different types of surfactants on the adsorption, stability, and electro-
kinetic properties of the carboxymethylcellulose/alumina system as well as the interactions between the surfactants and the
polymer. The authors decided to use fluorinated and silicone surfactants besides the conventional hydrocarbon ones. The
obtained results showed that carboxymethylcellulose (cmc) adsorption increased in the presence of surfactants due to the
formation of polymer-surfactant complexes (the increase of the adsorption from about 0.020 mg m−2 for pure cmc to
0.030 mg m−2 for MTAB/cmc and SJ2/cmc mixtures). The obtained complexes of 0.00336% MTAB/cmc and 0.004%
S-106a/cmc reduced the surface tension of water more efficiently than pure surfactants of the same concentration (from 70.06
to 62.39 mN/m and 71.06 to 64.26 mN/m respectively). Stability of the alumina suspension was studied as well. The obtained
results indicate that the addition of carboxymethylcellulose, surfactants, and the cmc-surfactant complexes leads to the increase of
alumina suspension stability. The mechanism responsible for stabilization was electrosteric one. The largest stability was
observed for the systems containing the mixture of cmc and surfactants. The reason for this is the formation of the adsorption
layer composed of alternately arranged regions of polymer and surfactant complexes. Electrokinetic measurements of the studied
systems allowed to describe the structure of the electrical double layer and to determine the point of zero charge of alumina
(pHpzc ≈ 7.5). The addition of the polymer as well as surfactants leads to the charge reversal of alumina.
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Introduction

Adsorption of polymers on different colloidal particles is a
very important issue not only in industry but also in science
[1]. After the addition of polymer to the studied system, its
properties such as rheology and stability change [2, 3]. There
are several studies describing the process of synthetic and
natural polymer adsorption on the solid surfaces [4-8]. It is a
known fact that the systems containing oxide suspensions are
widely used in different branches of industry. This paper fo-
cuses on the properties of alumina suspensions in the presence

of anionic polysaccharide—carboxymethylcellulose (cmc)
and different cationic surfactants. Aluminum oxide (Al2O3)
is a naturally occurring mineral that can be found in several
crystalline forms as well as in amorphous one. Owing to its
high surface area and thermal stability as well as its hardness
and mechanical strength, it has found numerous applications as
a catalyst and adsorbent [9]. The paper by Goldberg et al. dis-
cusses thoroughly the surface properties of alumina including
its different forms [10]. As follows from the abovementioned
γ-Al2O3 is the most common crystalline form of aluminum
oxide mostly due to its properties that are desirable in catalysis.
Aqueous alumina suspensions draw interest of numerous sci-
entists [11-14]. Different organic substances such as polymers
can be used to change properties of oxide suspensions.
Carboxymethylcellulose is an anionic polysaccharide contain-
ing negatively charged hydroxyl groups present in its chain
[15]. Because of its properties, it is widely used in many
branches of industry such as food, pharmaceuticals, medicine,
or textiles [16]. Zhivkov and Hristov presented the data
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concerning the properties of the alumina suspension in the
presence of carboxymethylcellulose [17]. They studied stabili-
ty, adsorption, and electric properties of the carboxymethylcel-
lulose/γ-Al2O3 system using different techniques such as elec-
tric polarizability, mobility, and relaxation time, pointing out
that the colloid stability is driven by the effective charge of
cmc-alumina particles which is determined by different factors
(surface charge, number of dissociated carboxylic groups of
cmc chains, and the condensed counterions) [18]. However,
there are only few investigations on the influence of surfactants
on the polymer adsorption on the mineral oxide surfaces [19,
20]. In such case, the addition of surfactants to the polymer/
oxide suspensions can change their properties even to a greater
extent. It is well known that the addition of surfactant mole-
cules to the polymer solution leads to the formation of polymer-
surfactant complexes [21, 22]. Such complexes found various
interesting applications. Sharipova et al. described the use of
the polymer-surfactant complexes in the stabilization and en-
capsulation of vitamin E [23]. In the previous paper, Grządka
investigated the effect of surfactants addition on the carrageen-
an adsorption on alumina establishing formation of polymer-
surfactant complexes between the oppositely charged species
[24]. Shimabayshi and co-workers concluded that formation of
the polymer-surfactant complexes and their influence on the
stability of solid particle suspensions is complicated but very
important to understand many biological issues [25].

According to the author’s best knowledge, the influence
of different kinds of surface active agents such as fluori-
nated and silicone surfactants on the adsorption, stability,
and electrokinetic properties in the polymer/oxide systems
was not discussed in the literature. Based on the available
information about the properties of fluorinated surfactants
[26], we believe that it is necessary to describe thoroughly
the effect of such molecules on the abovementioned prop-
erties of colloidal systems. Fluorinated surfactants, also
called fluorosurfactants, are amphiphilic molecules com-
posed of a hydrophilic head bearing ionic or non-ionic
charge and a hydrophobic chain composed of the alkyl
chain in which the hydrogen atoms were replaced by fluo-
rine (-CFx instead of -CHx). The presence of fluorine in
the molecule results in higher chemical and thermal sta-
bility [27]. Due to the fact that hydrophobicity of fluori-
nated surfactants is much higher in comparison to the
classical ones, they can reduce the surface tension of water
to about 15-20 mN m−1 whereas hydrocarbon surfactants
only to the value of 30-40 mN m−1 [28]. Despite the com-
mon opinion that fluorinated compounds are toxic and
environmentally unfriendly [29], some patents claim that
fluorinated surfactants can be used as dispersants for anti-
histamines, antibiotics, or antitussives aerosols as well as
in the in vivo oxygen delivery systems [30]. Another in-
teresting group of surface active agents is that of silicone
surfactants. They are composed of a hydrophobic part

soluble only in silicone and a hydrophilic part soluble in
water. Due to the extensive use of silicone compounds in
different formulations, it was important to discover sili-
cone surfactants that can be used in a large variety of
products. These surfactants can replace the conventional
hydrocarbon surfactants especially in textile, coating,
paint, and cosmetic industry [31].

The aim of this paper was to investigate the influence of
cationic surfactants of different types (hydrocarbon, fluorinat-
ed, and silicone surfactants) on the adsorption of carboxy-
methylcellulose on the alumina surface as well as stability
and electrokinetic properties of such systems using different
methods (UV-Vis, DLS, potentiometric titration).
Furthermore, interactions of all mentioned surfactants with
carboxymethylcellulose were studied using the surface ten-
sion measurements.

Materials and methods

Materials

Gamma phase alumina (γ-Al2O3) produced by Merck was
used as the adsorbent. The specific surface area of this oxide
was found to be 111 m2 g−1 (BET method), whereas the av-
erage pore size and the average pore volume of the adsorbent
was 8.3 nm and 0.231 cm3 g−1, respectively. The adsorbent
was washed with doubly distilled water until the conductivity
of the supernatant was lower than 2 μScm−1. X-ray fluores-
cence spectroscopy confirmed that the alumina is impurity
free. The analyzed sample contained Al (97.930%), P
(1.439%), Fe (0.425%), Cl (0.053%), Ti (0.050%), and Ni
(0.029%). The particle size distribution of alumina was mea-
sured using Mastersizer 2000 and was in the range from
(d(0.1), 10% of the particles are smaller than this diameter)
3.79 μm to (d(0.9), 90% of the particles are smaller than this
diameter) 32.79 μm, with the volume average size (d(0.5), the
median diameter where 50% of the size distribution is above
and 50% is below this value) of 13.10 μm. The morphology of
the adsorbent was studied using scanning electron microscope
(SEM). Figure 1 shows irregular shape of the alumina parti-
cles. Anionic polysaccharide carboxymethylcellulose sodium
salt from Sigma-Aldrich was used as the adsorbate. Such
properties of the polymer as viscosity average molecular
weight and degree of substitution were described in the pre-
vious paper [32]. The surfactants used in this study were qua-
ternary polydimethylsiloxane Silquat J2 (Siltech Corp.),
tetradecyltrimethylammonium bromide MTAB (Sigma-
Aldrich), and fluoroalkylammonium chloride Chemguard S-
106A (Chemguard). For the purpose of this study, they are
called SJ2, MTAB, and S-106A, respectively. The back-
ground electrolyte NaCl as well as NaOH and HCl were pur-
chased from Avantor Performance Materials Poland.
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Adsorption measurements

In order to determine adsorption of cmc on the alumina sur-
face, the modified Dubois colorimetric method described by
Albalasmeh et al. was applied [33]. The calibration curve of
the polysaccharide was made using different concentrations of
the stock solution (20-600 ppm). The total volume of adsorp-
tion suspensions equals 10 cm3 and contains sodium chloride
as a background electrolyte (0.01 mol dm−3), defined volume
of carboxymethylcellulose and 0.1 g of aluminum oxide. The
pH of the obtained suspension was adjusted to 7 using NaOH
or HCl. Then the flasks with the suspensions were placed in
the water bath while shaking (25 °C, 120 rpm) over night
(OLS 2000, Grant). The next day, the suspensions were cen-
trifuged (15 min, 14.000 rpm) and the supernatants were used
in the spectrophotometric measurements. The absorbance was

measured at 315 nm with a UV-Vis spectrophotometer (Cary
100, Varian Instruments). In the case of the systems containing
surfactants, the procedure was similar. For the solutions con-
taining surfactants, different calibration curve was made. The
concentration of the surface active agents used in this study
was 0.013% (v/v). This concentration was chosen in order to
avoid exceeding the critical micelle concentration values
(CMC). All measurements were performed four times and
the average values are reported.

Stability measurements

Determination of stability of the cmc/Al2O3 and cmc/surfac-
tant/Al2O3 systems was made using the UV-Vis spectropho-
tometer. The final volume of the suspension containing car-
boxymethylcellulose and sodium chloride was 10 cm3. The
Al2O3 sample weight was 0.005 g. The prepared suspensions
were sonicated for 30 s and pH was adjusted to 7. Then the
samples were placed in the spectrophotometer chamber. The
spectrum of the sample was collected in 300-800 nm range for
the next 15 h. The obtained results are shown in the form of
the absorbance graphs in a function of time. All measurements
were done as triplicates and the average values are reported.

Zeta potential measurements

A 0.1g of aluminum oxide was added to 100 cm3 of back-
ground electrolyte solution (NaCl, 0.01 mol dm−3). After
3 min of sonication, in order to obtain the desired concentra-
tion (1 ppm), the polymer stock solution was added. The
polysaccharide was added after the sonication process to avoid
polymer chains destruction. The electrophoretic mobility was
measured using a zetameter (Zetasizer Nano ZS, Malvern
Instruments) and the electrokinetic potential was calculated
from the Smoluchowski equation [34]. The obtained data are
shown in the form of graphs presenting the changes of the zeta
potential in the pH function. In the case of the suspensions
containing surfactants, the procedure was similar to that de-
scribed above. The surface active agent was added together
with the polymer after the ultrasonication so its final concen-
tration was 0.013%.

Potentiometric titration

Surface charge density of Al2O3 in the presence and absence
of cmc and surfactants was determined using the potentiomet-
ric titration method. The NaCl concentration was
0.01 mol dm−3. A thermostated, Teflon vessel with a shaker,
an automatic burette (Dosimat 665,Methrom), and a pHmeter
were the parts of the measurement set. The process was con-
trolled by a computer. The density of Al2O3 surface charge
was determined using the BMiar_t^ program written by

Fig. 1 SEM image showing the morphology of Al2O3

Fig. 2 Influence of different surfactants (c = 0.013%) on the adsorption of
carboxymethylcellulose on the alumina surface: MTAB + cmc (triangle),
SJ2 + cmc (square), S-106A + cmc (rhomb), and pure cmc (circle); pH =
7, 0.01 mol dm−3 NaCl
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Janusz. The weight of the solid sample used in the measure-
ments was 0.1 g.

Surface tension measurements

In order to determine the interactions between carboxymeth-
ylcellulose and surfactants, surface tension measurements
were conducted using the pendant drop method (Attension
Theta optical tensiometer, KSV Instruments). The results are
shown in the form of the changes of surface tension in the
function of surfactant concentration. Aqueous solutions of
surfactants with the increasing concentrations were prepared
by dilution of the stock solution. To study the interactions
between the polymer and surfactants, the samples were pre-
pared in an analogous way but the carboxymethylcellulose
stock solution was added in order to maintain the final poly-
mer concentration of 400 ppm.

Results and discussion

The first step of this study was to investigate whether the
adsorption of carboxymethylcellulose (cmc) on the alumina
surface is possible. Figure 2 shows the adsorption isotherm of
cmc in the absence and presence of surfactants.

It can be seen that carboxymethylcellulose adsorbs on the
alumina surface. In the case of polysaccharide adsorption,
there are several mechanisms responsible for this process.
The most important are hydrogen bonding, van der Waals
interactions and acid-base interactions, etc. [35]. The
aluminum(III) oxide adsorption groups depend on pH of the
environment. According to Kosmulski’s research [36, 37], the
point of zero charge of γ-Al2O3 varies from 6.2 to about 9. In
our case, the point of zero charge (pHpzc) equals 7.5. Below
this pH value, the number of positively charged surface
groups (AlOH2

+) is higher than that of the negative counter-
parts (AlO−). Above this pH value, the surface is negatively
charged. Due to the fact that the used polymer is of anionic
character, its adsorption at pH = 7 proceedsmostly through the
electrostatic interactions between the positively charged ad-
sorbent and the negatively charged adsorbate. In such case,
positive AlOH2

+ groups are covered by the cmc mono-layer
causing their charge reversal. According to Rojas and
Neuman, in the case of the oppositely charged adsorbate and
adsorbent, electrostatic (ionic) interactions occurs [38].
However, the additional role in the adsorption mechanism
can be played by hydrogen bonding between the functional
groups of cmc and numerous hydroxyl groups present on the
Al2O3 surface [39, 40]. Thus, such intermolecular interactions
should also be taken into account as possible adsorption
mechanisms. Moreover, it can be observed that the adsorption
of carboxymethylcellulose increases after the addition of sur-
factants. This is due to the formation of the adsorption multi-
layer composed of polymer-surfactant complexes. In this case,
the affinity of such complex for the alumina surface is higher
than for the pure polymer. Figure 3 shows the schematic for-
mation of polymer-surfactant multilayer.

Fig. 3 Schematic illustration
showing the formation of
polymer-surfactant multilayer on
the alumina surface

Fig. 4 Changes of the surface tension of surfactant solution (solid line) in
the presence of polymer (dotted line) with visible transition points—
critical association concentration (T1), saturation concentration (T2), crit-
ical micelle concentration of pure surfactant (CMC), and critical micelle
concentration of surfactant in the presence of polymer (CMC’)
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To confirm formation of such multilayer, the tensiomet-
ric studies of the polymer-surfactant interactions were car-
ried out. There are a few transition points that should be

recalled in the case of polymer-surfactants interactions
(Fig. 4) [41]. The first one is the point called the critical
association concentration (CAC, T1). It is the lowest

Fig. 5 Tensiometric studies of the
interactions between
carboxymethylcellulose (cmc,
400 ppm) and different
surfactants: a hydrocarbon
MTAB (rhomb), MTAB/cmc
(circle); b silicone SJ2 (rhomb),
SJ2/cmc (circle); c fluorinated
S-106A (rhomb), S-106A/cmc
(circle)
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concentration of surfactant at which the interactions be-
tween the polymer chains and the surfactant molecules

start. A further increase of surfactant concentration leads
to the situation when the polymer chains are saturated with

Fig. 6 Influence of surfactants
(0.013%) and
carboxymethylcellulose (cmc,
400 ppm) as well as its mixtures
on stability of the alumina
suspension: a no additives (cross),
MTAB (circle), cmc (square),
cmc + MTAB (rhomb); b no
additives (cross), SJ2 (circle), cmc
(square), cmc + SJ2 (rhomb); c no
additives (cross), S-106A (circle),
cmc (square), cmc + S-106A
(rhomb); pH = 7, CNaCl =
0.01 mol dm−3
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surfactant molecules. This point is called the saturation con-
centration (T2).

In all studied systems, formation of the polymer-surfactant
complexes was observed. Figure 5 shows the changes in the
surface tension of surfactants in the absence and presence of
cmc. It can be noticed that the critical association concentra-
tion (T1) is visible in every case. Hence, it is possible to
determine the point where the interactions between the poly-
mer and the surfactant start. Critical association concentration
of surfactants in the presence of carboxymethylcellulose
equals 0.055% for MTAB, 0.1% for SJ2, and 0.15% for
S-106A. Furthermore, the saturation concentration points
(T2) are visible as well. In the case of MTAB and S-106A
surfactants, an immediate decrease in the surface tension
values after the addition of carboxymethylcellulose shows that
the polymer-surfactant complex possesses higher surface ac-
tivity than the pure surfactant solution [42].

For the silicone surfactant (SJ2), an immediate decrease of
surface tension after the addition of cmc is not observed. This

means that the formed complexes do not possess great ability
to reduce surface tension of the solution. According to Taylor
et al. the polymer-surfactant complexes of the specific con-
centration are completely soluble in water [43]. However, with
the increasing surfactant concentration, precipitation of such
complexes is observed. In the case of the presented results, it
was confirmed that the cmc/MTAB, cmc/SJ2, and cmc/S-
106A complexes were completely soluble in the smaller sur-
factant concentration range. Nonetheless, for the highest con-
centrations, the haze cloud-like structures were observed indi-
cating that above certain concentration, the complexes started
to be insoluble. The adsorption measurements of cmc in the
presence of surfactants showed the highest adsorption for the
systems containing cmc/MTAB and cmc/SJ2. Definitely low-
er adsorption was observed for the cmc/S-106A system. This
indicates that in the case of hydrocarbon and silicone surfac-
tants, the complexes with carboxymethylcellulose are formed
very effectively. Hence the formed adsorption layer is thicker
and the complexes possess higher affinity for the alumina
surface than carboxymethylcellulose itself. Despite the fact
that the cmc/S-106A complex has a higher surface activity
than cmc/SJ2, it seems that the fluorinated surfactant prefers
to form associates with cmc that remain in the bulk solution
rather than adsorb on the alumina surface.

To study the influence of surfactants on stability of the cmc/
Al2O3, the UV-Vis method was used. As one can see, the
alumina suspensions are not stable. After a short period of
time, the suspended particles tend to aggregate and sedimen-
tation takes place. To counteract this undesirable problem, the
addition of both carboxymethylcellulose and surfactants is
proposed. It is known that the addition of polymer or surface
active agent to the oxide suspension leads to its stabilization or
destabilization. As far as stabilization is concerned, this pro-
cess depends on the nature of the polymer or surfactant as well
as its adsorptive properties. Different scenarios can be

Fig. 8 The zeta potential of
alumina (cross) in the presence of
cmc (circle, 1 ppm) and
surfactants (0.013%): SJ2
(rhomb), S-106A (triangle),
MTAB (square); CNaCl =
0.01 mol dm−3

Fig. 7 Comparison of stability of alumina suspension in the presence of
cmc-surfactant mixture (400 ppm + 0.013%):MTAB+ cmc (plain), SJ2 +
cmc (stripes), S-106A + cmc (squares); pH = 7, CNaCl = 0.01 mol dm−3
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distinguished: for example, steric, electrosteric, and depletion
stabilization. These phenomena were profoundly discussed in
the literature [44-47]. Figure 6 shows the changes in the alu-
mina suspension stability in the presence and absence of poly-
mer, surfactant, and polymer-surfactant mixture. It can be seen
that the addition of carboxymethylcellulose, surfactants, and
cmc-surfactant complexes leads to the increase of stability of
the alumina suspension. Due to the fact that polysaccharide as
well as the surfactants are characterized by ionic character and
can adsorb on Al2O3, the mechanism responsible for stabili-
zation was electrosteric one. In the case of cmc/MTAB/Al2O3,
cmc/SJ2/Al2O3, and cmc/S-106A/Al2O3, a similar situation
was observed. The lowest increase of stability was observed
in the presence of pure surfactant. This is most likely due to
the fact that the surfactant molecules present in the solution
adsorb on the alumina particles covering its surface. However,
such layer is not as dense as in the case of polymer adsorption.
That is why higher stability was observed for the systems
containing the high molecular weight substance. In this case,
the adsorption layer formed on the solid particles is thicker.
The highest stability was observed for the systems containing
the mixture of cmc and surfactants. The reason for this is
formation of the adsorption layer composed of alternately ar-
ranged regions of polymer and surfactant complexes.

The comparison of alumina suspension stability in the pres-
ence of the polymer-surfactant mixtures is shown in Fig. 7. In
this case, the highest stability was observed for the mixture of
fluorinated surfactant S-106A and cmc. Even though the ad-
sorption of cmc in the presence of S-106A is lower than in the
case of other surfactants, the formed adsorption layer can be
thicker and more expanded towards the bulk of the solution.
Hence, in such case, the highest stability of the alumina sus-
pension is observed. Nonetheless, all of the studied mixtures
increased the stability of the alumina suspensions and the dif-
ferences between them were minimal.

To study electrokinetic properties of the systems, elec-
trophoretic mobility measurements were performed. The
obtained data were recalculated to the zeta potential using
the Smoluchowski equation. Figure 8 shows the changes
in the zeta potential in the pH function for the studied
systems.

Based on the collected data, it was possible to determine
the pHiep of alumina. For this adsorbent, the isoelectric point
was estimated at pH about 7.5. That is why below this value,
the alumina surface is positively charged. The addition of
1 ppm of cmc leads to complete charge reversal of the alumi-
na. Due to the adsorption of carboxymethylcellulose and its
high surface charge density, the solid particles are tightly cov-
ered with the polymer chains. This leads to the situation in
which the slipping plane is moved towards the bulk solution
resulting in the decrease of zeta potential values. Furthermore,
the negatively charged polymer groups coming from its dis-
sociation are present in the diffused part of the electrical dou-
ble layer (edl). It can be observed that in the case of the cmc/
Al2O3 system, the zeta potential stabilizes at the pH value
above 8. This is most likely due to the fact that the total
negative charge is high. In the situationwhen the zeta potential
is about − 35 mV, it can be stated that the studied system is
stable [48]. The surfactants addition to the cmc/Al2O3 system
leads to the positive increase of the zeta potential. It should be
emphasized that both polymer and surfactants adsorb on the
alumina surface. The observed increase in the zeta potential
(more positive values) is the result of positively charged sur-
factant groups present in the diffused part of the electrical
double layer. In all three cases, the complete charge reversal
caused by the surfactant molecules is observed. The most
positive zeta potential values are observed for the cmc/SJ2/
Al2O3. This is most likely due to the fact that this silicone
surfactant has the highest positive surface charge which af-
fects the zeta potential of suspension.

Fig. 9 Influence of cmc (circle,
400 ppm) and surfactants
(0.013%): MTAB (square), SJ2
(rhombus), S-106A (triangle) on
the surface charge density of
Al2O3 in the presence of
0.01 mol dm−3 NaCl
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The potentiometric titration method allows calculating and
observing the changes of surface charge density of the solid in
the presence and absence of the polymer and surfactants.

Figure 9 presents the influence of cmc and surfactants on
the surface charge density of Al2O3. As it was mentioned
before, the surface charge of alumina depends largely on pH.
The presence of negatively charged cmc leads to the decrease
of Al2O3 surface charge. The reason for this is the presence of
anionic groups in the compact surface layer of alumina. The
addition of surfactants to the systems causes a slight increase
of the surface charge. This is most likely caused by the pres-
ence of positively charged surfactant groups, not bound with
the alumina surface, present in the surface layer of Al2O3.

Conclusions

The studies prove that both conventional and unconventional
surfactants can interact with carboxymethylcellulose, which
leads to formation of the polymer-surfactant complexes.
Fluorinated (S-106A), silicone (SJ2), and hydrocarbon
(MTAB) surfactants have the impact on the adsorption of car-
boxymethylcellulose on the alumina surface. Furthermore, the
highest adsorption of carboxymethylcellulose was observed in
the presence of surfactants: hydrocarbon MTAB (0.03-
0.032 mg m−2) and silicone SJ2 (0.027-0.03 mg m−2). The
reason for this is the effective formation of complex adsorption
multilayer composed of polymer chains and surfactant mole-
cules. The interactions between the surfactants and cmc were
confirmed by the tensiometric measurements. The cmc/MTAB
and cmc/S-106a complexes were characterized by larger
surface activity than pure surfactants. The decrease of the sur-
face tension of water of MTAB and S-106a solutions after the
addition of carboxymethylcellulose by about 8 mN/m was ob-
served (for the lowest concentrations of surfactants). In the case
of cmc/SJ2, the surface activity of formed complex and pure
surfactant was similar. Nonetheless, in the case of cmc-
surfactants complexes, the transition points such as critical as-
sociation concentration (T1) and saturation concentration (T2)
were observed (MTAB T1 = 0.055%, T2 = 0.1%; SJ2 T1 =
0.1%, T2 = 0.3%, and S-106a T1 = 0.15%, T2 = 0.2%). The
studies of alumina suspensions stability in the presence and
absence of cmc, surfactants, and their mixtures indicate that
the highest stability was observed for the cmc/surfactant/
Al2O3 system. This is due to the fact that the formed
adsorption multilayer leads to reduced interactions between
the solid particles resulting in higher system stability.
The mechanism responsible for that is the electrosteric stabili-
zation. Electrokinetic measurements of the studied systems
allowed the description of the structure of edl. In the presence
of cmc, the alumina surface charge is reversed because of the
adsorption of negatively charged polymer chains on its surface
as well as its presence in the diffused part of edl. The addition

of surfactants to the cmc/Al2O3 system leads to the charge
reversal as well. The highest (positive) zeta potential is ob-
served for the SJ2/cmc/Al2O3 system (the range 31.8-
25.8 mV). This is most likely due to its highest positive charge
input. The presented results show that both silicone and fluori-
nated surfactants can be used as an alternative in different col-
loidal formulations and areas for example in the
functionalization of hybrid materials.
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