
ORIGINAL CONTRIBUTION

Adsorption of poly(styrenesulfonate) onto different-sized alumina
particles: characteristics and mechanisms

Tien Duc Pham1
& Thi Uyen Do1

& Thu Thao Pham1
& Thi Anh Huong Nguyen1

& Thi Kim Thuong Nguyen1
&

Ngoc Duy Vu1
& Thanh Son Le1

& Cuong Manh Vu2,3
& Motoyoshi Kobayashi4

Received: 14 April 2018 /Revised: 6 November 2018 /Accepted: 6 November 2018 /Published online: 17 November 2018
# Springer-Verlag GmbH Germany, part of Springer Nature 2018

Abstract
We report the adsorption characteristics and mechanisms of a strong polyanion, poly(styrenesulfonate), PSS, onto α-Al2O3 with large
size (L-Al2O3) and small size (S-Al2O3) in this paper. Some effective conditions to the adsorption of PSS onto L-Al2O3 and S-Al2O3

such as adsorption time, pH, mass ratio of PSS to α-Al2O3, and ionic strength were systematically studied. Maximum adsorption
capacities of PSS onto both L-Al2O3 and S-Al2O3were achievedwith adsorption time 120min,mass ratio of PSS toα-Al2O3 20mg/g,
and ionic strength 50 mMNaCl. The PSS adsorption onto S-Al2O3 significantly decreased with increasing pH from 4 to 9 while PSS
adsorption onto L-Al2O3 decreased insignificantly in the pH range 4–9. Adsorption of PSS onto both L-Al2O3 and S-Al2O3 increased
with increasing salt from 0 to 50 mMNaCl, indicating that electrostatic and none-lectrostatic interactions controlled adsorption at low
ionic strength. However, adsorption of PSS was independent on the ionic strength at salt concentration higher than 50 mM. The
changes in surface charge after PSS adsorption onto L-Al2O3 and S-Al2O3 were determined by zeta potential while the differences of
surface functional groups before and after PSS adsorption were characterized by Fourier-transform infrared spectroscopy (FT-IR). The
zeta potential as a function of the mass ratio of PSS to L-Al2O3 and S-Al2O3 agreed well with the adsorption capacity against the mass
ratio. Adsorption mechanisms of PSS onto L-Al2O3 and S-Al2O3 were also discussed based on the changes in zeta potential, the
differences of surface functional groups, and adsorbed amount as a function of the mass ratio of PSS to α-Al2O3.
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Introduction

Adsorption of polyelectrolyte (polyanion or polycation)
on solid surface is an interesting research topic in

interface science and soft matter. The main applications
of polyelectrolytes in water and wastewater treatment are
coagulation and flocculation [1]. In most case of floccu-
lation in the presence of polyelectrolytes, adsorption char-
acteristics of polyelectrolytes on particle surfaces play an
important role for evaluating flocculation behavior of par-
ticles. Nevertheless, adsorption of polyelectrolyte is com-
plex due to the charge effect, especially for the case that
solid surface also contains electrical charge. For the ad-
sorption of strong polyelectrolyte on oppositely charged
surface, driving force can only be electrostatic or a com-
bination of electrostatic and non-electrostatic interactions
[2, 3]. Due to specific adsorption characteristics and
mechanisms of polyelectrolyte on the solid surface, many
polyelectrolytes were used to modify solid particles to
enhance removal efficiency of both organic and inorganic
pollutants [4–7]. Therefore, numerous studies investigated
adsorption of polyelectrolyte in many systems in which
the adsorption of polyelectrolyte is complicated due to
the charging behavior of adsorbents and polyelectrolytes
[8–14]. Poly(styrenesulfonate) (PSS) is a strong anionic
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polyelectrolyte, so that its structure is pH independent and
it is a high-charge density polymer. PSS contains strong
ultraviolet (UV) chromophores of benzenesulfonate group
that can be directly monitored by UV absorption spectros-
copy [15]. Adsorption of PSS on colloidal particles
[16–18], large beads [19], thin film, or membrane [20,
21] was studied by many physicochemical methods such
as UV spectroscopy, Fourier-transform infrared spectros-
copy (FT-IR), fluorescence spectrophotometry, atomic
force microscopy (AFM), and inductively couple plasma
atomic emission spectrometry (ICP-AES).

Metal oxides are well-known adsorbents that are widely
used for study of polyelectrolyte adsorption [10, 12, 22–24].
However, charging behavior of metal oxide strongly depends
on pH due to the amphoteric nature property [25–27]. In some
cases, charge regulation of metal oxide upon adsorption of
electrolyte occurs so that the change in surface charge is com-
plicated [19, 28]. Wolterink et al. [28] demonstrated that a
significant effect of pH and the small effect of ionic strength
on the adsorbed amount, while charge regulation still took
place with PSS adsorption on hematite particle. On the other
hand, Pham et al. [19] indicated that PSS adsorption onto large
α-Al2O3 beads induced the proton concomitant at low ionic
strength while PSS adsorption capacity increased with in-
creasing ionic strength.

The degree of polymerization or molecular weight plays an
important role for polyelectrolyte adsorption [2, 19, 29]. The
PSS adsorption with different molecular weights onto colloi-
dal α-Al2O3 particles and α-Al2O3 beads was found to be
similar characteristics [2, 19]. In these cases, PSS adsorbed
amount per surface area of adsorbent (adsorption density) in-
creased with increasing molecular weight. Another important
factor is the effect of particle size of adsorbent. The different
size distribution effectively changed adsorption characteristics
due to the differences in charged surface and specific surface
area. The effect of particle size of adsorbents on the adsorption
in many systems was systematically studied [30–32].
However, to our best knowledge, the PSS adsorption onto
different-sized Al2O3 has not been reported. The further per-
spective and inspiration of this system is to predict the mech-
anisms of natural polyelectrolytes onto the soils that mainly
contain metal oxides including Al2O3. So far, the modification
of soil particles by polyelectrolytes can be used to enhance the
removal efficiency of organic pollutants in the environmental
remediation. The polyelectrolyte adsorption changes charging
behavior of soil containing metal oxides and organic matter
due to the presence of charged groups in polyelectrolyte mol-
ecules. Since organic pollutants in aqueous solution basically
have a charge, the electrostatic interaction plays an important
role to attract the pollutants onto polyelectrolyte-modified soil
surface [5, 33]. As a result, the removal efficiencies of pollut-
ants increase significantly after surface modification of soil
with polyelectrolytes [34].

In this study, for the first time, we investigated the adsorp-
tion of PSS onto α-Al2O3 with different particle sizes, named
as large size (L-Al2O3) and small size (S-Al2O3). The effects
of adsorption time, pH, mass ratio of PSS to α-Al2O3, and
ionic strength on PSS adsorption were examined. Adsorption
mechanisms of PSS onto L-Al2O3 and S-Al2O3 were sug-
gested on the basis of the change in functional surface groups
by FT-IR, surface charge change by electrokinetic (ζ poten-
tial) measurements, and adsorbed amount as a function of the
mass ratio of PSS to α-Al2O3.

Experimental

Materials

High-purity alpha alumina (99.99%, Sumitomo, Chuo-ku,
Osaka, Japan) has a large size with diameter of about
1600 nm (AA 1.5) denoted as L-Al2O3, while and a small-
sized alpha alumina denoted as S-Al2O3 with a diameter of
about 300 nm is used in the present study. Specific surface
areas of L-Al2O3 and S-Al2O3, which were examined by the
Brunauer–Emmett–Teller (BET) method using a surface area
analyzer (Micromeritics, Gemini VII 2390), were found to be
7.85 m2/g and 1.20 m2/g, respectively. Both L-Al2O3 and S-
Al2O3 were treated before using for other experiments accord-
ing to our previously published papers [19, 35]: the raw α-
Al2O3 particles were washed several times with 0.2 M NaOH
before rinsing with ultrapure water to neutral pH, then dried at
110 °C and reactivated at 600 °C for 2 h. The treated α-Al2O3

was cooled in a desiccator at room temperature and stored in a
polyethylene container.

Powder of sodium poly(styrene sulfonate), PSS, with a
molecular weights of 1000 kg/mol was purchased from
Sigma-Aldrich Chemical Co, Inc., with a degree of polymer-
ization of 4850. The chemical structure of PSS is indicated in
Fig. 1. Ionic strength and pH were adjusted by the addition of
NaCl, HCl, and NaOH (Merck, Germany). All solutions in
this study were prepared with ultrapure water using an ultra-
pure water system (Labconco, USA) with resistivity
18.2 MΩ cm.

Adsorption study

All adsorption experiments were conducted in batches. Firstly,
1 mg/mL (1000 ppm) of PSS stock solution was prepared by
dissolving a precisely 1.0000 g of PSS into 1 L ultrapure
water. Then, the stock solution was diluted with appropriate
times based on experimental requirements.

A known amount of adsorbent suspension was thor-
oughly mixed with 10 mL of 0.1 mg/mL PSS solution
in 15-mL Falcon tubes at 25 ± 2 °C controlled by air-
conditioned laboratory. For adsorption time from 5 to
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30 min, the mixed suspensions of alumina particles and
PSS were shaken by hand, then the supernatants were
separated using ultra-centrifugation at 18000 rpm for only
3 min with a centrifuge (EBA 21, HETTICH, Germany).
On the one hand, when the adsorption time was longer
than 30 min, the mixed suspensions were shaken for dif-
ferent time with a shaker (Cole Parmer 51704, USA).
After the shaking, the Falcon tubes containing suspen-
sions with PSS were taken and were centrifuged at
6000 rpm for 20 min with a centrifuge (DSC-200A-1,

DIGISYSTEM—Taiwan). The effects of adsorptive con-
ditions (pH, mass ratio of PSS to α-Al2O3, adsorption
time, and ionic strength) were studied.

All concentrations of PSS in the supernatants were deter-
mined by spectrophotometric method at wavelength 261.8 nm
with a quartz 10-mm path length cuvette using an UV-Vis
spectrophotometer (UV-1650PC, Shimadzu). The UV-Vis
method to quantify the PSS concentrations was indicated in
our previously published paper [19]. The standard calibration
curves of PSS in different ionic strength and pH have a corre-
lation coefficient of at least 0.999. The PSS concentrations in
the samples before and after adsorption were directly quanti-
fied by standard calibration curves. The adsorption capacity Γ
(mg/g) of PSS onto α-Al2O3 was calculated by Eq. (1):

Γ ¼ ci−Ce

m
� 1000 ð1Þ

where Ci (mg/mL) and Ce (mg/mL) are the initial concentra-
tion and equilibrium concentration of PSS, respectively, while
m (mg/mL) is adsorbent dosage per volume. The experimental
adsorption studies were conducted three times.

Zeta potential measurements

Electrophoretic mobility measurement was used to evaluate the
change in L-Al2O3 and S-Al2O3 surface electrokinetic charge
before and after adsorption of PSS. The electrophoretic mobility
was measured using a Zetasizer Nano ZS (Malvern) at a temper-
ature of 25 °C, pH 4.0, and with 10 mM NaCl as a background
electrolyte. The zeta potentials were calculated by measuring the
electrophoretic mobility using Smoluchowski’s equation [36] be-
cause the Debye length ~ 10 nm is smaller than the particle size.

Fig. 1 The chemical structure of PSS
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Fig. 2 Effect of adsorption time
on PSS adsorption onto L-Al2O3

and S-Al2O3 (Ci (PSS) = 100 mg/
L, pH 4, mass ratio of PSS to α-
Al2O3 20 mg/g, and 10 mM
NaCl). Error bars show standard
deviations of three replicates
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ζ ¼ ueη
εrsε0

ð2Þ

where ζ is the zeta potential (mV), ue is the electrophoretic mo-
bility (μm cm/sV), η is the dynamic viscosity of the liquid
(mPa s), εrs is the relative permittivity constant of the electrolyte
solution, and ε0 is the electric permittivity of vacuum (8.854 ×
10−12 F m−1).

FT-IR spectroscopy

To determine the change of surface functional groups of L-
Al2O3 and S-Al2O3 and to suggest the adsorption mechanism
of PSS onto L-Al2O3 and S-Al2O3, FT-IR spectroscopy was
performed with an Affinity-1S spectrometer (Shimadzu,
Japan). The FT-IR spectra of L-Al2O3 and S-Al2O3 before
and after PSS adsorption at the maximum level and PSS pow-
der were obtained under at the same conditions including

temperature 25 °C, atmospheric pressure, and resolution of
4 cm−1.

Results and discussion

Effective conditions inducing adsorption of PSS
onto L-Al2O3 and S-Al2O3

Effect of adsorption time

Adsorption time is important to ensure equilibrium of adsorp-
tion system. The effect of adsorption time on the PSS adsorp-
tion onto L-Al2O3 and S-Al2O3 is presented in Fig. 2 in which
adsorption amount Γ is plotted as a function of adsorption
time from 0 to 210 min. Adsorption of PSS onto L-Al2O3

and S-Al2O3 increased with increasing adsorption time. The
plateau for S-Al2O3 was reached after 60 min while the pla-
teau for L-Al2O3 was reached after 120 min. It suggests that
adsorption of PSS onto S-Al2O3 reaches to the equilibrium
faster than that onto L-Al2O3. Figure 2 also indicates that all
standard deviations of three replicates are small, demonstrat-
ing the high repeatability of experiments. Adsorption here
takes faster than PSS adsorbed on very large α-Al2O3 beads
in which variable-charged adsorbent took place [19]. For PSS
adsorption on hematite, charge regulation occurred with pro-
ton concomitant so that equilibrium time was more than 18 h
[28]. In the present case, we did not obtain the proton co-
adsorption upon PSS adsorption onto both L-Al2O3 and S-
Al2O3; therefore, adsorption time was only 120 min. Thus,
120 min was selected for further adsorption studies.

Effect of adsorbent dosage and mass ratio of polymer
to adsorbent

The adsorbent dosage affects the total surface area of adsor-
bent and number of binding sites [37] that affect adsorption
amount significantly. The amount of both L-Al2O3 and S-
Al2O3 was studied in the range 0.5–30 mg/mL.

Figure 3 shows that PSS adsorption increased with increas-
ing Al2O3 dosage from 0.5 to 5.0 mg/mL for L-Al2O3 and S-
Al2O3. An increase of adsorbent dosage increases the net sur-
face area. As the results, more adsorption of PSS molecules
can occur on the Al2O3 surface. Nevertheless, once Al2O3

dosage is higher than 5 mg/mL, the adsorbed amounts de-
crease from the maximum ~9mg/g because of the aggregation
of colloidal particles in the presence of polyelectrolytes [5, 28,
38]. It implies that the effect of adsorbent dosage for the case
of S-Al2O3 is much higher than that for L-Al2O3. From Fig. 3,
the adsorbent dosage of 5 mg/mL equals to the stoichiometric
dosage of polymer 20mg/g is suitable for PSS adsorption onto
both L-Al2O3 and S-Al2O3.
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Fig. 3 Effect of adsorbent dosage on PSS adsorption onto L-Al2O3 and S-
Al2O3 (Ci (PSS) = 100 mg/L, adsorption time 120 min, pH 4, and 10 mM
NaCl). Error bars show standard deviations of three replicates
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Fig. 4 Adsorption capacity of PSS onto L-Al2O3 and S-Al2O3 as a
function of the mass ratio of PSS to α-Al2O3 at pH 4 in 10 mM NaCl
concentrations. Error bars show standard deviations of three replicates
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In order to evaluate the effect of PSS dosage, the ad-
sorption capacity is plotted against the mass ratio of PSS
to alumina while the amount of 5 mg/mL for L-Al2O3 and
S-Al2O3 is fixed (Fig. 4). As can be seen from Fig. 4, the
adsorption capacity of PSS onto L-Al2O3 and S-Al2O3

increased with increasing the mass ratio. The adsorption
quickly reached the plateau at the mass ratio of 4 mg/g for
L-Al2O3 while the PSS adsorption onto S-Al2O3 reached
saturation at the mass ratio of 14 mg/g, since the specific
surface area of S-Al2O3 is greater than that of L-Al2O3 6.5
times. This is about 2.6 times higher than the differences
in the mass ratio of PSS to alumina. Furthermore, the pore
sizes of L-Al2O3 and S- Al2O3 which were determined by
using the Barrett–Joyner–Halenda (BJH) model [39] to
the N2 desorption branch of isotherm were found to be

16.5 nm and 24.7 nm (data not shown). These pore sizes
are higher than the hydrodynamic radius (Rh) of PSS
[38]. It suggests that all the available PSS molecules were
adsorbed on the surface of both L-Al2O3 and S-Al2O3 at a
certain dosage, then adsorption of PSS could occur into
pores of L-Al2O3 and S-Al2O3.

Effect of pH

Solution pH is one of the most important factors for polyelec-
trolyte adsorption because pH can influence to charging be-
havior of both adsorbent and adsorbate, since PSS is a strong
polyanion that pH only affects to the surface charge of α-
Al2O3 [40].

Figure 5 indicates the effect of pH on PSS adsorption onto
L-Al2O3 and S-Al2O3. Open squares in Fig. 5 show that PSS
adsorption onto S-Al2O3 decreases with decreasing pH from 4
to 9. With the increasing pH, the surface of S-Al2O3 has less
positive charge that can prevent adsorption of polyanion PSS.
On the other hand, the effect of pH on the PSS adsorption is
not clear for L-Al2O3 (open circles) from pH 4 to pH 9. It
should be noted that the mass ratio of PSS to L-Al2O3 and
S-Al2O3 is kept as 20 mg/g corresponding to overdosing so
that the adsorbent dosage here is not effective. As a result,
surface charge of alumina as the function of pH affects to
adsorption. These results could be explained by the low
charge density of α-Al2O3 with a small specific surface area
and insufficient electrostatic interaction at low PSS concentra-
tion [17, 19]. At pH > 9, when surface charge of α-Al2O3 is
negative [41], the PSS adsorption onto L-Al2O3 and S-Al2O3

has a similar trend due to the presence of lateral interaction
between PSS molecules. In order to evaluate the effect of
electrostatic interaction and investigate effect of ionic
strength, pH 4 was chosen and fixed for further study.
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Fig. 5 Effect of pH on PSS adsorption onto L-Al2O3 and S-Al2O3 (Ci

(PSS) = 100 mg/L, adsorption time 120 min, mass ratio of PSS to α-
Al2O3 20 mg/g, 10 mM NaCl). Error bars show standard deviations of
three replicates
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Fig. 6 Effect of NaCl
concentration on PSS adsorption
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(PSS) = 100 mg/L, adsorption
time 120 min, mass ratio of PSS
to α-Al2O3 20 mg/g, pH 4). Error
bars show standard deviations of
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Effect of ionic strength

Effect of ionic strength can be considered as the presence of
salt with different concentrations in an adsorption system. Salt
concentration affects PSS adsorption onto L-Al2O3 and S-
Al2O3 because adsorption of PSS can be influenced by both
electrostatic and non-electrostatic interactions [2, 19]. The ex-
perimental PSS adsorption onto L-Al2O3 and S-Al2O3 was
carried out in NaCl concentrations from 0 to 200 mM at
pH 4 (Fig. 6).

Figure 6 indicates that the adsorption amount of PSS
on L-Al2O3 and S-Al2O3 increased with increasing NaCl
concentration from 0 to 50 mM, suggesting that both
electrostatic and non-electrostatic attraction can promote
PSS adsorption onto L-Al2O3 and S-Al2O3. The

electrostatic attraction is screened with an increase of
ionic strength while the different shapes of PSS [38]
and more loops and tails of PSS can form on the sur-
face of α-Al2O3 and the lateral repulsion between PSS
molecules also decrease [19]. Nevertheless, when in-
creasing salt higher than 50 mM, the adsorption capac-
ity of PSS onto L-Al2O3 and S-Al2O3 seems to be
constant.

Adsorption mechanisms of PSS onto L-Al2O3

and S-Al2O3

Adsorption mechanisms of PSS onto L-Al2O3 and S-Al2O3

are discussed in detail on the basis of surface charge change by
ζ potential measurements and the change of functional groups
by FT-IR.

Zeta (ζ) potential is powerful tool to evaluate the charging
behavior of manymaterials [42, 43]. Among many techniques
applied to measure ζ, electrophoretic mobility is the most
common one. The ζ potentials of L-Al2O3 and S-Al2O3 par-
ticles without and with PSS adsorption at pH 4 and in 10 mM
NaCl background electrolyte are shown in Fig. 7. The ζ po-
tentials of L-Al2O3 and S-Al2O3 are about 79.70 and
65.45 mV, respectively. It implies that the surface charge of
both L-Al2O3 and S-Al2O3 is highly positive and the ζ poten-
tials of large particles are higher than that of the small ones.
These results are in good agreement with the literatures [44,
45]. Nevertheless, the ζ potentials of L-Al2O3 and S-Al2O3

after PSS adsorption decrease dramatically because of the
presence of strong polyanion. Due to numerous anionic sul-
fonate groups in the PSSmolecules, surface charge is constant
at the saturated adsorption level. Therefore, the charge of both
L-Al2O3 and S-Al2O3 covered with PSS is highly negative.
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Fig. 7 The ζ potentials of L-Al2O3 and S-Al2O3 without and with PSS
adsorption at pH 4 in 1 mM NaCl background electrolyte
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Fig. 8 The ζ potentials of L-
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The results are in good agreement with the literature [46]. The
ζ potential results suggest that the electrostatic interactions are
dominant and the weak interactions are negligible. If the non-
electrostatic interactions are dominant, the change in zeta po-
tential must be small. Nevertheless, in this case, the zeta po-
tential changes are significantly high.

In order to demonstrate the change of surface charge in
more detail, the ζ potential is plotted against the mass ratio
of PSS to L-Al2O3 and S-Al2O3 (Fig. 8). The ζ potential
decreases with increasing the mass ratio of PSS to α-Al2O3,

then reaches a constant. The trends of ζ potential for L-Al2O3

and S-Al2O3 with increasing the mass ratio of PSS can be
explained by the adsorption of negatively charged PSS onto
surface of L-Al2O3 and S-Al2O3 inducing the negative charge.
The plateau of ζ potential corresponds to the almost saturation
of the adsorption of PSS onto L-Al2O3 and S-Al2O3 at the
mass ratio of PSS to α-Al2O3 of 4 and 10 mg/g, respectively.
Figure 9 also shows that the isoelectric points are found at the
mass ratio of PSS to L-Al2O3 and S-Al2O3 as 1 mg/g and
4 mg/g, respectively. We obtain the good agreement of the

Fig. 9 FT-IR spectrum of L-
Al2O3 particles before and after
PSS adsorption in the wave
number range of 400–4000 cm−1

Fig. 10 FT-IR spectrum of S-
Al2O3 particles before and after
PSS adsorption in the wave
number range of 400–4000 cm−1
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saturation adsorption between adsorbed amount and ζ poten-
tial measurements against the mass ratio of PSS to α-Al2O3.

Adsorption mechanism of PSS onto L-Al2O3 and S-Al2O3

is also discussed by the FT-IR spectrum of L-Al2O3 and S-
Al2O3 before and after PSS adsorption (Figs. 9 and 10). The
asymmetric and symmetric bands of PSS at 1185 and
1039 cm−1 [47] disappeared after adsorption onto L-Al2O3,
while a small symmetric band of 1039 cm−1 appeared on the
surface of S-Al2O3 after PSS adsorption. In addition, Figs. 9
and 10 show that after PSS adsorption, the intensity of peak
characterized for at 1649 cm−1 for L-Al2O3 decreased while
the peak intensity at 1645 cm−1of S-Al2O3 increased. It sug-
gests that PSS adsorption onto S-Al2O3 is stronger than that
onto L-Al2O3. Furthermore, the stretching of C-S groups in
PSS molecules at 676 cm−1 and the peaks at 3638 cm−1

assigned for O-H stretching of water molecule [48] could
not be observed in FT-IR spectrum of both L-Al2O3 and S-
Al2O3 after PSS adsorption. The results demonstrate that the
adsorption of PSS molecules on L-Al2O3 and S-Al2O3 surface
at the concentration is higher than that of the saturation
through electrostatic attraction and hydrophobic interaction.

The results of the ζ potential after adsorption and ζ po-
tential against the mass ratio of PSS to α-Al2O3 agreed well
FT-IR spectrum, indicating that the PSS adsorbed onto L-
Al2O3 and S-Al2O3 through the electrostatic attraction be-
tween negative PSS molecules with anionic sulfonate
groups and the positively charged Al2O3 surface. This is
similar to PSS adsorption on layered double hydroxide
Zn2Al(OH)6Cl.nH2O, where the interaction is by hydrogen
bonding via the path S=O… H-O-Me [47]. In addition, the
adsorbed amount as a function of the mass ratio of PSS toα-
Al2O3, we confirm that PSS molecules may be responsible
to form many bridges between the Al2O3 particles through
the strong electrostatic and weak non-electrostatic interac-
tions. Although the adsorption characteristics and mecha-
nisms of PSS onto S-Al2O3 are similar to L-Al2O3, the pla-
teau of PSS adsorption onto L-Al2O3 is much smaller than
that onto S-Al2O3. The adsorption of PSS onto L-Al2O3 is
also lower than that onto S-Al2O3 because the conformation
of PSS onto L-Al2O3 with a smaller specific surface area is

more flat than for S-Al2O3. The more flat conformation for
PSS is, the more adsorbed PSS is. In Fig. 11, a schematic
representation shows the different structures of adsorbed
PSS onto L-Al2O3 and S-Al2O3 at the same ionic strength.
As can be seen in Fig. 11, based on the less flat conforma-
tion, adsorbed layer PSS appears with more loops onto S-
Al2O3 with a large specific area than onto L-Al2O3. Our
results indicate that particle size of α-Al2O3 is very impor-
tant role in PSS adsorption system.

Conclusions

Adsorption of anionic polyelectrolyte, poly(styrene sulfo-
nate), PSS, onto large L-Al2O3 and small S-Al2O3 parti-
cles was investigated in the present study. Optimum ad-
sorption conditions of PSS onto both L-Al2O3 and S-
Al2O3 were found to be adsorption time 120 min, the
mass ratio of PSS to α-Al2O3 20 mg/g, and ionic strength
50 mM NaCl. The pH of solution influenced to PSS ad-
sorption onto S-Al2O3 was much higher than PSS adsorp-
tion onto L-Al2O3. The surface charge change by measur-
ing the ζ potential as a function of the mass ratio of PSS
to α-Al2O3 demonstrates that electrostatic interactions are
the most important for PSS adsorption onto L-Al2O3 and
S-Al2O3. The surface modification of L-Al2O3 and S-
Al2O3 after PSS adsorption by Fourier-transform infrared
spectroscopy (FT-IR) agreed with the change in surface
charge of L-Al2O3 and S-Al2O3 and adsorbed amount as
a function of the mass ratio of PSS to α-Al2O3, indicating
that adsorption of PSS onto both L-Al2O3 and S-Al2O3

was induced by electrostatic and non-electrostatic interac-
tions. In addition, adsorption of PSS is strongly influ-
enced by particle size of α-Al2O3.
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