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Abstract: The polyelectrolyte — surfactant complexes fororathas been studied. The critical micelle concéptrafor
every polyelectrolyte and surfactant which had besed has been measured on this purpose The pbhagidur of
mixtures of a cationic polyelectrolyte (Praestoénd an anionic surfactant (sodium lauryl sulphatSLS) has been
studied. Three phase regions were identified fogivaen polyelectrolyte concentration, with increasisurfactant
concentration. The rheological consequences ofdot®ns of polyelectrolytes with surfactants of thpposite charge are
experimentally studied. The results reveal that Rngestol 644 solution has the Bingham pseudoplagtopectic and
viscoelastic and the complex solutions lose theoafastic and rheopectic rheological properties.

Keywords: polyelectrolyte, surfactant, complex polyelectrely surfactant, rheology

1. Introduction polyelectrolyte chain (Konop 1997). The polyelebire
stabilizes the large charge on the micelle surface no
Polyelectrolytes are used in a number of technic&ounter ion condensation on the micelle surfaceesded
applications, such as water treatment. With pottetdytes (Goddard 1993). These effects stabilize the sphleric
can Change the surface properties of Co”oidstw)of mice”es, reflected in micelles forming at a muchwér
solutions, wettability etc. In particular, cationicconcentration when oppositely charged polyelectesiyre
polyelectrolytes are used in the water treatmenaibse of Present (Colby 2000).
their ability to interact with negatively chargedrfaces.
Using surfactants in combination with polyelecttely 2. Experimental
increases the width of the applications even furthed
mixtures of polymers and surfactants in aqueoustisal The cationic Praestol 644 is a commercial
have been used for colloidal stabilization or fldation as denomination of a copolymer of polyacrylamide with
well as rheology control. acrylic acid. The association between the cationic
The interaction between polyelectrolytes angbolyelectrolyte Praestol 644 and the anionic suafatc
oppositely charged surfactants can be understosddium lauryl sulphate (SLS) has been studied uslieg
considering electrostatic and hydrophobic intemacti surface tension measurements of the solutions. eThes
(Vautrin 2006). At low concentrations, the surfatthinds simple measurements that monitor the polyelecteoéytd
individually to the polyelectrolyte through eleditatic surfactant aggregates formed in solution.
interactions. A cooperative association occuradctitical The rheological behaviour of the solutions are
aggregation concentration, cac, as the concentraso experimentally studied with rheoviscosimetre RhsbR/
raised due to hydrophobic interactions between the

surfactant tails. This aggregation process leadsome 3. Results and discussion

cases to a bead-and-necklace type structure, where

surfactant aggregates are located along the polyelgte In order to study the influence of association degn
chain (Bastardo 2005). micelles of the used substances on the complexaftom

The addition of a simple salt lowers the viscosity the micellar critical concentration of each substamas
polyelectrolyte  solutions because salt screens th&perimentally determined. The results are preseite
electrostatic repulsion that expands the size o thFigure 1.
polyelectrolyte. The addition of an equivalent ambof The consequences of interactions of polyelectrslyte
oppositely charged surfactant has a larger effest Quith surfactants of the opposite charge are presein
viscosity (Abuin and Scaiano 1986). This is becausgyures 2 - 5
flexible polyelectrolytes bind to the spherical fastant The values of the critical aggregation concentratio

micelles by wrapping around the exterior of the efi&  and of the critical saturation concentration focteaolution
thereby shortening the effective length of theyre presented in the table 1.

65



Chem. Bull. " POLITEHNICA" Univ. (Timisoara)

VVolume 53(67), 1-2, 2008

TABLE 1. The dependence of the concentrations ¢, and ¢ from

the Praestol 644 concentration 90 4 Complex Praestol 644 solution, ¢ = 7.5 10™%%
| and SLS solution
c, % Ga 107 Ces, 107 80 |
1.0 10° 3.0 55 70
7.510" 3.0 6.0 «g 60 5
4410° 3.2 6.0 R i
£ 50 |
5 1 h
407 —=—complex solution :
From the diagram analysis of those figures reshlt — e SLS solution ; ;
~ . 30 ' '
for csis > 310 % the surfactant molecules are associated ] e | :
. . ca
in micelles but the macromolecules of polymer aot n 20 Lere . . . — *

associated and the complex forms by engraftment of

surfactant micelles on the macromolecules polynhairc
The complex solution superficial tension is loweer the
one of the polymer solution. These properties renend
the use of this solution in interfacial liquid — lido
processes.
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Figure 1. Superficial tension dependence for tlaefiol 644,
respective SLS aqueous solution
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Figure 2. Superficial tension dependence for theeags concentration
solutions of the Praestol 644 and SLS complex ferlc10*% SLS
concentration solutions at 20 °C
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Figure 3. Superficial tension dependence for theeags concentration

solutions of the Praestol 644 and SLS complex for7c5 10 % SLS
concentration solutions at 20 °C.
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Figure 4. Superficial tension dependence for theeags concentration
solutions of the Praestol 644 and SLS complex foic5 16°% SLS
concentration solutions at 20 °C.
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Figure 5. Superficial tension dependence for theeags concentration
solutions of the Praestol 644 and SLS complex ififerént SLS
concentration solutions at 20 °C
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The same results are obtained at higher conceonirati
of the polymer solution, while this concentratianldwer
then the micellar critical concentration. At contations
c > 102 % of the polymer solution the formed complex
precipitates entering in the heterogeneous zormeiwiplex
formation. In the analysed situations the concéiotna for
aggregation and critical concentration of saturati@ve
the same values for every experimegt,<3 - 10* %, and
Ces = 6 - 10° %. It results that between the Praestol 644
solution and SLS there are complexes with goodnédfi
structure and composition forming.

The concentrations values of,cand s remain
constant independent from the quantities ratio af/per
and SLS from the solution. The complexes solutioage
the superficial tension lower than the one of tidymer
solution, but higher than the one of the surfactation.
The superficial tension of the solution decreasdy after
aggregation. In order to highlight the influence the
admixture of surfactant on the polymer solutiong th
rheogram of the Praestol 644 solution was expertatign
determined (figure 6). Figure 6 shows that the ttd&44
solution has the Bingham pseudoplastic behaviodrtha

rheological model i = 727+399y°-39; has reopectic

behaviour aty <22s™* and viscoelastic behaviour with the

relaxation time,t= 1/30 s = 0.033 s for going diagram and
t, = 1/22 = 0.045 s for return diagram.
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Figure 7. Rheogram of complex solution made Withestol 644

¢ = 0.1 % for different SLS concentration solutien20 °C
in coordinater = f(y) (a) andn = f(y) (b).

The rheograms presented in figure 7 were obtained

for the complex solution formed by adding surfattan
solution of different concentrations in the polynsetution
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Figure 6. Rheogram of Praestol 644 ¢ = 0.1 %.swiudic 20 °C
in T = f(y)coordinate (a) respectivety= f(y)(b)
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each studied case are presented in table. Thetgesul
presented in figure 7 point out that by forming tioenplex
the polymer solution lose the viscoelastic and peetic
properties.

TABLE 2. The dependence of the model parameters from the
concentration of the SLSsolution

Csis, %0 To Na n

0 7.27 399.00 0.39
1.710* 599.46 141.59 0.49
1.210° 1312.40 56.82 0.59
1.610° 1545.21 36.09 0.65
2.310° 1882.77 7.46 0.92

The analysis of the values presented in the tadiet p
out that if the surfactant concentration rises ttienvalue

of the flow threshold of the Bingham solution rises
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(constantty), the value of the apparent viscosity of the
solution decreases (constami) and the pseudoplastic
character of the solution decreases (constant he T
rheological properties of the polymer solution are  The interaction between polyelectrolytes and
significantly modified. oppositely charged surfactants are experimentallgliad.

A cooperative association occurs at the criticgragation
concentration, & when the surfactant aggregates are
located along the polyelectrolyte chain.

The rheology of polyelectrolyte solutions are
profoundly altered by the presence of surfactaitse
addition of an oppositely charged surfactant lowtrs
viscosity of polyelectrolyte solutions. This is bese
flexible polyelectrolytes bind to the spherical fagtant
micelles by wrapping around the exterior of theetie

4. Conclusions
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