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INTRODUCTION
The surfactants are a rapidly growing area of scientific research and are industrially ubiquitous especially in both the chemical and consumer domains. They are used in detergents, cleaning agents, emulsifiers in food, pharmaceutical and cosmetic products. In many cases, the rheological properties of these systems are of interest in technological process. Aqueous solutions of certain ionic surfactants show the striking phenomenon of which are responsible for drag reduction in turbulent flow.

 As complex fluids with or without external fields, the surfactants solutions may develop certain structures or ordered states under the action of hydrodynamic force and self-diffusive motions. In contrast to the familiar rheology of polymer melts and solutions, the flow properties of complex fluids are more complicate. These fluids can be affected by shear field and kinetics of the structured fluid.

Surfactant molecules in solution can self-assemble into aggregates, whose shapes and sizes depend on the molecular structure of the surfactant, nature of the solvent and concentration. It is now well known that, in a number of systems under appropriate conditions, the micellar aggregates can grow anisotropically, changing their shapes from spheres to rods or highly flexible worm-like aggregates. Micelles consist of a hydrocarbon kernel surrounded by the hydrophilic headgroups. A further increase in concentration leads to the build-up of rodlike micelles.

 The present rheological observation shows that the elastic properties come apparent when the shear viscosity increases. From flow birefringence and neutron scattering, the shear-induced structure could be observed. 
EXPERIMENT

Cetylpyridinium chloride (CPC) solution with sodium salicylate (NaSal) was used for investigation of the rheological properties and morphology of wormlike micelles. CPC and NaSal were purchased from Aldrich Co. and were used with no modification. Highly de-ionized (resistance > 18.2
[image: image5.wmf]CPC/NaSal

Shear rate (s

-1

 )

0.1

1

10

100

1000

shear viscosity (Pa.S)

0.0001

0.001

0.01

0.1

1

10

C20R01

C20R03

C20R05

C20R08

C20R1

C20R10

) water was used as a solvent. The CPC concentration was in the range from 1mM to 50mM and NaSal concentration was varied with the molar ratio, R=[NaSal]/[CPC], changing from 0.1 to 10.0. Before measurements were taken, samples were kept to attain equilibrium for at least three days.
 Flow characteristics of the CPC solutions were measured using ARES rheometer with no modification. The ARES rheometer (cone-and-plate geometry 50 mm diameter with a corn angle of 0.04 rad) are rotational mode which are useful at relatively low shear rates. Steady shear viscosities were measured at the shear ratein the range of 0.1(1000s-1 at a constant temperature.

 The flow-induced birefringence of the solution was investigated through optical alignments originally designed by Frattini & Fuller. A He-Ne laser at wavelength of 632.8nm was used as light source.Phase modulated flow birefringence (PMFB) was carried out under different shear rates and molar ratios at room temperature. Applied shear rate was varied from 0.1 to 50 s-1.

RESULTS AND DISCUSSION

The formation of shear induced structure (SIS) of a micellar solution of cetylpyridinium chloride and sodium salicylate is studied by employing various techniques including a phase modulated flow birefringence, and mechnical rheomtry under shear in a cone-plate cell (rheo-optical method). We examine the shear viscosity, the shear modulus as a function of surfactants and additives concentrations.

In the presence of NaSal, the micellar solution exhibits the viscoelastic properties due to the formation of worm like micelles. This solution normally exhibits shear induced structure formation and strong drag reduction properties. In the dilute concentration regime, rodlike micelles are formed, and the solutions behave as a real sol with a rather low viscosity. However, above the critical shear rate, we found that the flow-induced structure was oriented in the direction of flow, and that the shearing process resulted in the reversible formation of worm like micelles. 

In Fig.1, the shear viscosity is plotted as a function of the shear rate for various surfactant concentrations. Fig.1 shows clearly that under the same molar ratio concentration, the apparent viscosity of micellar solution increases with increasing surfactant concentration.

Rheological properties of the surfactant solution in the presence of NaSal were measured and the result is contaned in Fig.2. The surfactant concentration is fixed at 20Mm and R is changed from 1 to 10. The results showed that the micellar solution containing NaSal exhibited shear thinning behavior when the molar ratio was above 0.5.Also shown was that the shear viscosity increased until the molar ratio reached around unity. Meanwhile, the shear viscosity decreased as the molar ratio exceeded the equimolar ratio.This implies that the scission of the micell network junctions occurs at higher concentration of NaSal owing to the hindrance effect of the excess salicylate ions.
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Fig. 1 Viscosity as a function of the shear rate for various CPC concentrations (mM). The molar ratio is fixed at R=1.





Fig. 2 Effects of the molar ratio of NaSal to CPC on the shear viscosity for 20mM CPC solution.
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