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ABSTRACT

The rheological behaviors of aqueous solutionsadyegdectrolyte complex 27% hydrolyzed polyacrylasilD37]/
poly(4-vinylpyridine) [P4VP] and charged surfactantsodium dodecylsulfate (SDS), at neutralizaticgrde
0=0.1, are reported. Viscosity variations of thism show a shear thinning behaviour for the streingar rate.
For low concentrations in P4VP, and at low sheaterathe fluid presents a Newtonian behaviour antiseto
disappears when the concentration in P4VP increqde’)* g/ml). The interaction of complex (AD37-P4VP)
favoured in the presence of the SDS where therestatic repulsions are dominant.Obtained resuksndnstrate

that surfactant—complex polyelectrolyte interactiergoverned by both electrostatic and hydrophahieractions,
and is cooperative in the presence of salt.

S

Key words: Polyelectrolyte, Anionic surfactant, Rheology,uttalization degree, Complexation.

INTRODUCTION

Polyelectrolytes and surfactants are often foungetteer in aqueous formulations of cosmetics, detds
pharmaceuticals, and coatings to simultaneouslyrabsurface tension and rheology. Consequently nteraction
between polyelectrolytes and oppositely chargethstants has been studied extensively [1-3]. Thesgtires are
frequently used in many industrial applicationstsas food, cosmetics, detergents, paints, etcniolyare used to

control the rheology of the formulations and suidats are used to control their surface prope(tiestability, etc.)
[4-9].

Interactions between charged polymers (polyelegties) and charged surfactants have attracted isiogeattention
in the past decades, and rheological measuremestts frequently used to get the information of thaltim
component systems with polymer [10]. The changehaflogical property of polymer solutions induceg b
surfactants with the same charge is very impoifanprecise control of the polymers in practicapbgations [11].
At low concentrations, the surfactant binds inditly to the polyelectrolyte through electrostatiteractions. A
cooperative association occurs at the critical eggtion concentration, CAC, as the concentratiomised due to
hydrophobic interactions between the surfactan$ {di2]. The addition of a simple salt is also impaot since
electrostatic interactions are partially screendeenwsalt is present; the complexation depends nigt @n salt
concentration, but also on the nature of salt ivaknce, etc.

Hydrolyzed polyacrylamide is a very important wagetuble polymer, which is used as a thickener odifier for
use in the formulations of tertiary oil recoveryillthg fluids, hydraulic fracturing and drag redian [13-19].
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Poly(4-vinylpyridine) is soluble only in highly pad solvents, reports on the solution propertie®4¥P are very
limited [20]. In a previous paper the complexatminthe AD37 with the P4VP in aqueous solution wagorted
[21].

In this work, interactions in aqueous diluted solnitbetween sodium dodecylsulfate (SDS) and thepbexnof
polyelectrolyte (AD37/P4VP), for neutralization dega =0.1, at 20°C were studied by rheological measarém
In the same way, the effect of salt (NaCl) on tebadviour of the mixture was quantified.

MATERIALSAND METHODS

Copolymer AD37 based on hydrolyzed acrylamide wesvided from Rhéne-Poulenc Company (France). Its
content in carboxylate function is 27 % and is dateed by**C NMR and potentiometry. Its weight-average molar
mass is estimated to 2.8%@/mol by viscosity [21].

Poly(4-vinylpyridine), PAVP was synthesized in angaelectrolytes and polyelectrolytes laboratoryTéémcen
University by free radical polymerisation, Its visimetric average molar mass is estimated to 342ymol. by
viscosity [21].

Sodium dodecylsulfate (SDS) was supplied by Aldredciety. Its molecular weight is 288.38 g/mol. The
rheological measurements were performed using @nbter Bohlin type. Thus, we give the variationdghamic
viscosity as a function of shear rate from 0 to @0 an imposed constraint and at T = 20 ° C.

RESULTSAND DISCUSSION

Since the (AD37-P4VP-SDS) interaction yields stmuak changes in the solution, it can be supposat ttiese
changes will be sensitive to the influence of shiate in the rheological measurements.

Influence of interaction on the rheological chaesistics of this system was investigated on AD3utgmns of 10°
g/ml, and concentrations of P4VP ranging from @7.4/ml to 4.10' g/ml, SDS concentrations were taken of 10
g/ml and 2.1 g/ml in the presence and absence of NaCl (0,Th&.results are presented below.

Fig. (1.a) and (1.b) illustrate the evolution ofndynic viscosity as a function of shear rate in phesence and
absence of NaCl at T=20°C
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Fig. 1: Variation of dynamic viscosity of mixture (AD37-P4VP) according to the shear rate with: fixed Caps=10" g/ml and for variable
Ceravp: (@) absence of NaCl, (b) in the presence of NaCl

A shear thinning behaviour is observed for mixt(&B®37-P4VP), due to the orientation and the defdiomaof the
complex formed in the flow. Viscosity decreases aamkks the same pace. Thus, viscosity increases wWie
concentration in P4VP decreases. Indeed, the presdrthe P4VP of small quantities increases tkeosity of the
system (complex). In the presence of NaCl (Fig), e variation between the curves becomes impbaecording
to the concentration in P4VP, and the values afosiy are very low compared to the values recorddfig. 1.a).
A Newtonian behaviour is observed at low shear aaf@ for low concentrations in P4VP, followed byeauction
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in viscosity (shear thinning behaviour) due to disorganization of the network thus formed. Thissg shear rate
dependence of the viscosity has previously beearreg for many associative polymer systems of verioatures
[22]. For shear rate higher than 100, & second Newtonian plate is observed for conatatrs in P4AVP higher
than 10° g/ml. These various zones of viscosity variatiepresent structural changes of the solution uriger t
shearing effect.

Fig. 2.a, 2.b, 2.c and 2.d, represent viscositjatian of the system (AD37-P4VP-SDS) accordinghte shear rate
for a fixed concentration in AD37=1T@/ml, and variable concentrations in P4VP and SBPresence and absence
of NaCl.

In absence of NaCl, the viscosity of complex (ADB#VYP) is modified by the presence of surfactanD3A-
P4VP-SDS) System represents a shear thinning balraffig. 2. a et 2.c).
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Fig. 2: Variation of (AD37-P4VP) viscosity, at fixed Caps7; Csps and Cpayp Variable, in presence and absence
of salt.

For low concentrations in P4VP, and at low sheée, rthe fluid presents a Newtonian behaviour (Faj,2and
which tends to disappears when the concentrati®®MP increases (4.T@/ml). Indeed, viscosity increases when
the concentration in SDS decreases (Fig. 2. a).

It should be noted that for an increase in SDS eotration of 5 times, viscosity values of the systecrease by a
factor of 10, due to the strong interaction betwdensurfactant and the complex (electrostatioaut#on) caused
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by the electrostatic repulsion between the carlaigyl ions of the AD37, and the sulphates ions ofesaigns
present in the molecules of surfactant, followedhygrophobic interactions, which generates the &iom of
polymer-surfactant micelles.

On the other hand, it was found starting from thsults that the addition of NaCl involves a reduttin the
viscosity of the system, which presents at vergrajrand at very low shear rates a Newtonian bebaykig. 2.b
and 2.d), the intermediate area can be describeddy of power (model of Ostwald de Waele).

CONCLUSION

This experimental study made it possible to inclide different characters (Newtonian, and sheanninig
behaviours) of studied system. (AD37/P4VP) and (AP3VP/SDS) systems exhibit a shear thinning betanin
the absence of salt. In presence of salt, andaashear rates, a Newtonian behaviour in observdedomes shear
thinning behaviour in the intermediate zone, thewbbnian at higher shear rate.

Complex formed between (AD37-P4VP) and the SDSiafleenced by electrostatic interactions betweenh no
neutralized (COQ ions and the sulphate ions of surfactant, folldviby hydrophobic interactions between SDS
chains and hydrophobic segments of the complexepatyrolyte-polyelectrolyte. In the presence of Na@Gese
interactions are influenced by electrostatic sdareephenomenon.
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