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An influence of polyethylene oxide (PEO) with sodium dodecylsulfate
(SDS) interaction on the adsorption behavior of the polymer at
Al2O3/solution interface was examined. Observed increase of the PEO
adsorption in the presence of SDS resulted from a polymer-surfactant
complex formation. The presence of the surfactant influences also on the
structure of the adsorbed polymer layers. This effect was proved by
viscometry measurements that allow calculate thickness of the adsorbed
layer of the polymer on the surface of Al2O3 in the presence and the
absence of SDS.

1. INTRODUCTION
Study of the adsorption mechanisms of polymers on solids is of the great
meaning for understanding many processes running in the environment and
industry. As examples may be pharmaceutics, food, cosmetics or paper industry
where polymers are applied as emulsifiers and stabilizers of colloid systems.
Information, concerning behavior of such systems demands numerous
fundamental investigations since precise and compact description of the
adsorption mechanism of macromolecular substances, theoretical and
experimental, is still not satisfactory [1,2]. Important knowledge of the
interactions between the surface of the solid and macromolecule may be
obtained from adsorption, electrochemical and calorimetric measurements
carried on in well-chosen conditions. Performing these experiments one must in
mind that usually a molecular weight of the polymers is not defined precisely so
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some complicated techniques must be used to obtain its narrow molecular
fraction. For this reason the adsorption of macromolecules runs in a different
manner than the particles of small molecular weights. In adsorbed polymer
particles one can distinguish three types of structures formed by polymer chain
segments namely trains, loops and tails. Adsorbing macromolecule may
characterize many conformations in bulk of the solution and at the solidsolution interface. Depending on such parameters as: type of the solvent,
molecular weight and structure of the polymer as well as free adsorption energy
of a separate segment, the macromolecule may form various number and length
of trains, loops and tails. Thus, structural changes of a macromolecule are
inseparable elements of its adsorption process. Introduction of a surfactant to a
polymer solution-solid system may markedly influence the adsorption
properties of the polymer. This problem is very interesting also from practical
point of view because of increasing application of both, polymers and
surfactant, in mineral processing [3-8]. Unfortunately literature data concerning
such systems are scarce. In this paper an influence of SDS on adsorption
behavior of polyethylene oxide on Al2O3 was investigated. Alumina was chosen
because it’s high durability, minute solutions, and well-defined oxide-solution
interface. It allows perform measurements in broad pH range and is often used
in many industrial processes. The polyethylene oxide is widely used as
stabilizer or flocculant whereas SDS is one of the essential components of
surface-active substances applied at the industry.
2. EXPERIMENTAL
As a nonionic polymer, polyethylene oxide (PEO) of molecular weights
100,000 and 300,000 delivered by „Aldrich” was used in experiments.
Sodium dodecylsulphate (SDS) C12H25SO4Na was applied as a surfactant.
Alumina, Al2O3 produced by “Merck” was used as a solid. Specific surface
of Al2O3 determined by BET method was 62.4 m2/g.
All sorption measurements were performed in NaCl solution of the
concentration of 1×10-3 M in 25 0C.
Adsorption of polyethylene oxide on the surface of Al2O3 without and with
previously adsorbed SDS was determined turbidimetrically with application of
the reaction of PEO with tannic acid [9]. Depending on the concentration of
PEO the reaction gave solutions of various degree of turbidity that was
measured after one hour at a wavelength of 600 nm using computerized
SPEKORD M42 spectrophotometer with M500 program. Adsorbed amount of
he polymer was equal the difference between its concentration in the solution
before and after the adsorption process.
Thickness of adsorption layers of PEG was determined by measurement of
suspension viscosity without and with adsorbed polymer. A series of the
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alumina oxide suspensions of various solid volume fraction (φ) was shaken
during 24 h then, their viscosity (η) and viscosity of parent solutions (ηo) were
measured. Thus (η/ηo) dependence as a function of (φ) was obtained. In the
same way the viscosity measurements were done for suspension with the
polymer adsorbed. A thickness of the adsorbed layer was determined from
comparison of φ values on Al2O3 in the presence and absence of the polymer
layer [10].
An increase of the particle radius of the solid after adsorption of the polymer
was equal to the thickness of the adsorbed polymer layer. As a consequence it
gave higher volume fraction φ of dispersed solid phase, that is related with
suspension viscosity by Einstein equation [11].
η/ηo=1+kφ
where: η-suspension viscosity, ηo-viscosity of liquid phase (parent solution),
k- Einstein coefficient that depends on shape and size of the dispersed solid.
In the same manner the thickness of the polymer adsorption layer with added
SDS was measured. All thickness measurements of the adsorbed polymer layer
were taken for volume fraction of Al2O3 (Φ0) equal 0.0126.
A viscosity of solutions and suspensions was measured using CVO 50
rotation rheometer produced by Bohlin Instruments.
Mutual polymer-surfactant interactions were determined from surface
tension changes of water solutions containing constant amount of the polymer
(1x10-3g/ml) and various concentrations of the surfactant. (SDS). Surface
tension of PEO-SDS system was measured with thermostatic stalagmometer
using “free drop” method in 25 oC [12,13].
3. RESULTS AND DISCUSSION
To analyze influence of SDS on the adsorption properties of PEO at oxidesolution interface one must earlier examine mutual interactions of the polymersurfactant system in their water solution.
Surface tension of water solution of the surfactant in the presence of the
polymer may demonstrate much lower value in comparison to that of water
solution of the pure surfactant. Observed differences depends not only on the
types of the polymer and surfactant but also their concentrations. Usually
measurements of mutual polymer-surfactant interactions in water solutions are
performed at the constant concentration of the polymer and various
concentrations of the surfactant. This concentration of the surfactant, where
surface tension of polymer-surfactant mixed solution starts to differ markedly
from that of pure surfactant solution is called first point of transition. Such point
proves polymer-surfactant complex formation [4, 6, 14].
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Results of surface tension (γ) measurements of pure solutions of SDS and
PEO as well as PEO-SDS in 0.1 M solution of NaCl are presented on Figures 1
to 3.
Critical micelle concentration (cmc), determined for SDS from obtained
dependencies, was 1.4·10-3 M (Figure 1). Measurements of the surface tension
of the polymer solutions proved the lack of surface activity of PEO in the
whole-examined concentration range.
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Fig. 1. Surface tension of SDS and PEO of various molecular weight as a function
of their concentration in 0.1M NaCl solution

Figures 2 and 3 illustrate the changes of the surface tensions (γ) of SDS and
SDS-PEO system for PEO of molecular weight 100,000 and 300,000 as a
function of the surfactant concentration. In comparison to pure solutions of SDS
a marked lowering of surface tension was observed for mixed solutions PEOSDS, for both molecular weights of PEO. Such behavior suggests the formation
of polymer-surfactant complexes in the system. As can be seen from mentioned
figures, PEO-SDS complex formation starts at SDS concentrations lower than
1x10-4 M, irrespective of molecular weight and the concentration of the
polymer. Such results prove strong mutual interactions between sodium
dodecylsulfate and polyethylene oxide. Additional evidence for PEO-SDS
complexes formation is the fact that plateau in the presence of the polymer
starts at lower concentration of SDS than for pure surfactant.
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Fig. 2. Surface tension of SDS-PEO system as a function of SDS concentration
(CNaCl = 0.1M).

Considering PEO-SDS interactions in a solution, the adsorption
measurements of the polymer from its pure solutions and mixed PEO- SDS
solutions on Al2O3 surface were performed. Obtained results allowed estimate
the adsorption activity of polymer-surfactant complexes existing in the solution.
Figure 4 presents adsorption isotherms obtained for pure solutions of PEO of
molecular weights 100,000 and 300,000 whereas Figure 6 demonstrates an
influence of the surfactant on the PEO adsorption on the surface of Al2O3.
As can be seen from Figure 4 adsorptive saturation of Al2O3 surface was not
achieved in studied concentration range of the system. Such plot of the
isotherms may be caused by higher than one polydispersity index (WP), of
applied polymers. Where WP is defined as the ratio weight average of
WP = MW/MN molecular weight MW to number average molecular weight MN.
Gradual increase of the adsorbed amount of the polymer does not arise from the
increase of the polymer concentration but rather from the increase of the
absolute number of long polymer chains. Magnitude of the adsorption depends
on absolute number of big particles which adsorbing preferentially remove
smaller ones from the surface [15-17].
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Fig. 3. Surface tension of SDS-PEO system as a function of SDS concentration
(CNaCl = 0.1M)

From a comparison of the dependencies presented on Figure 4 one can see
that an increase of molecular weight of PEO gaves distinct increase of the
polymer adsorption. This increase is produced by higher affinity of big
macromolecules, having more functional groups, than smaller ones to the
surface of the solid, as an well as appearance of various structures during
adsorption of such chains at the solid-solution interface. That is because
bonding of the macromolecule with the surface of the solid runs by small
number of all existing segments presented in the macromolecule. According to
this number of segments of the polymer chain, that interacts with the surface of
the solid may be the same for different molecular weights, while total adsorbed
amount of the polymer will be greater for its higher molecular weight [18-20].
In such case, number of segments of polymer chain, being at the interface as
loops and tails will be simply higher. An influence of the molecular weight on
the adsorbed amount of the polymer is presented on Figure 5.
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Fig. 4. Adsorption isotherm of PEO of various molecular weights on the surface of
Al2O3 as a function of the equilibrium concentration of the polymer in the NaCl
solution (CNaCl = 10-3 M/dm3).

The result is that the conformation of the chain with high number of loops
and tails should give thicker adsorption layer, so does the increase of the
polymer molecular weight. Results presented in Table 1. confirm such
hypothesis. Obtained data reveal an increase of thickness of the adsorbed layer
of the polymer with increasing of its molecular weight.
Figure 6 illustrates the influence of the surfactant on magnitude of the
polymer adsorption in studied systems. As can be seen the adsorption of
polyethylene oxide on the surface of Al2O3 increases in the presence of SDS.
This effect is probably connected with the formation of polymer-surfactant
complexes. At the interface, the concentration of polymer and surfactant
increases in comparison to bulk of the solution. In such place the conditions for
PEO-SDS interactions are more favorable and formed complexes follow distinct
increase of the polymer adsorption. Another important factor, influencing
mutual polymer-surfactant interactions may be caused by changes of the
macromolecule conformation in this area. Macromolecules at the solid surface
vicinity may increase their linear dimensions (polymer coils may spread due to
interaction of the oxide surface) that increases possibility of their interactions
with surfactants.

Γ [mg/m 2]
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Fig. 6. Adsorption isotherm of PEO of various molecular weights on the surface of
Al2O3 with and without SDS (CSDS = 10-3 M/dm3) as a function of the equilibrium
concentration of the polymer in the NaCl solution (CNaCl = 10-3 M/dm3)
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Fig. 5. Schematic presentation of the influence of the polymer chain length
(molecular weight) on amount of adsorbed polymer: (A) big molecular weight –
conformation with numerous loops and tails – high adsorption, (B) small molecular
weight – flat conformation with dominating train structures – small adsorption
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Tab. 1. Thickness of the adsorption layer of the polyethylene glycol on the surface
of Al2O3 from the pure solutions of the polymer and mixed PEO-SDS ones
Mcz PEO
100 000
300 000

CPEO [ppm]
100
100

δ [nm]
11.1
12.6

Γ [mg/m2]
0.08
0.086

δ[nm]
PEO-SDS
12
13.5

Γ[mg/m2]
PEO-SDS
0.089
0.093

Supplementary to adsorption measurements, that may confirm surfactantpolymer interactions in the discussed system, may be measurements of the
thickness (δ) of adsorbed polymer layer without and with presence of the
surfactant. Respective data are listed in Table 1.
Introduction of the surfactant to Al2O3 – PEO system results in the increase
of the thickness of the polymer adsorption layer that may originate from the
increase of PEO adsorption. It should be assumed that such increase of δ is
probably caused chiefly by formation of PEO-SDS complexes at the interface.
Occurring PEO-SDS interactions change structure of the macromolecules at the
oxide interface as well as in the bulk of the solution. The macromolecules
increase their linear dimensions that follow increase of its adsorption affinity
and increase a thickness of the polymer layer.
4. CONCLUSIONS
Results of adsorption and viscometry measurements allowed formulate
following conclusions:
SDS presence markedly influenced amount of adsorbed PEO on the surface
of Al2O3. The increase of the polymer adsorption is connected with
formation of polymer-surfactant complexes in water solution of PEO and
SDS. The same complexes are formed also on the surface of Al2O3.
Polymer –surfactant interactions lead to the change of the structure of
macromolecule in the solution and at the interface alike.
Presence of the surfactant results in a certain increase of the thickness of
the adsorbed polymer layers on the surface of Al2O3.
Molecular weight of the polymer, its concentration and size of the coil are
main parameters influencing mutual PEO-SDS interactions.
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