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Summary

This thesis presents the PhD research on the flow behavior of yield stress materials,

using rheological measurements and confocal laser scanning microscopy. Experi-

ments are performed in dispersed systems, such as emulsions, gels and foams; for

these, when the amount of the dispersed phase is high enough, they exhibit a yield

stress and are called yield stress materials.

Chapter 1 gives the motivation for conducting this research. It provides informa-

tion concerning what yield stress materials are, together with a general description

of emulsions, foams and carbopol ‘gels’. It also introduces the two main problems

when dealing with yield stress materials: (i) the yield stress of a given material is

very difficult to determine and (ii) when these materials are made to flow, most

of the time shear banding appears.

Chapter 2 describes the preparation of the samples and the experimental tech-

niques used for performing the experiments. Samples consist of castor oil-in-

water emulsions, silicone oil-in-water emulsions, carbopol ‘gels’, and commercially-

available hair gel and foam. The experimental techniques consist of rheological

measurements—(steady) shear, viscosity bifurcation, oscillatory, creep and stress

growth—and flow visualization using confocal laser scanning microscopy.

In Chapter 3 two types of yield stress materials are studied: a castor-oil-in-water

emulsion and a silicone oil-in-water emulsion. It is shown that, when concentrated

enough, these emulsions are ‘simple’ yield stress materials, for which the viscosity

depends only on the applied shear rate or shear stress. These emulsions become

thixotropic when bentonite clay is added, and their flow behavior depends not

only on the applied shear rate or shear stress but also on the shear history of the

samples. This Chapter shows that for ‘simple’ yield stress materials, the yield
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stress is a well-defined value, while for the thixotropic ones, the yield stress is

ill-defined.

Chapter 4 shows that for a silicone oil-in-water emulsion, besides shear banding

under an inhomogeneous stress, another type of shear localization is observed, due

to wall slip. However, when clay is added to this emulsion, if the sample is sheared

below a critical shear rate, a third type of shear localization appears.

In Chapter 5 investigates the microscopic origin of apparent wall slip using a sil-

icone oil-in-water emulsion. This is studied systematically using a confocal laser

scanning microscope coupled to a rheometer. Flow curves of the emulsion, ob-

tained from macroscopic measurements, are compared with flow curves obtained

from microscopic measurements. The control of the wetting properties of the

shearing walls allows us to disentangle two different effects that contribute to the

difference between micro- and macro rheology. Both effects manifest themselves as

a gap-dependent viscosity due to either the formation of a lubricating layer close

to the shearing walls or cooperative effects when the flow is strongly confined. It is

shown that cooperative effects can also be translated into an effective slip velocity.

In Chapter 6, using castor oil-in-water emulsions with different volume fractions,

it is shown that the entire mechanical behavior in the vicinity of the jamming

point can be understood if the mechanical transition is assumed to be analogous

to a phase transition. Power-law scalings in the distance to the jamming point

are found from experimental results. At the jamming point, the parameters and

exponents connect the behavior above and below jamming. In addition, a simple

two-state model with heterogeneous dynamics is proposed to describe the transi-

tion between jammed and mobile states. The model reproduces the steady-state

and creep rheology and relates the power-law exponents to diverging microscopic

time scales.

Chapter 7 gives a comparison of different methods used for determining parame-

ters such as the yield stress, the yield strain and the storage modulus, in castor

oil-in-water emulsions, carbopol ‘gels’, commercially available hair gel and foam,

and thixotropic castor oil-in-water emulsions. It is shown that different methods

give different values of the determined parameters; however, independently of the

method, the storage modulus and yield stress scale the same way with either the

carbopol concentration or the internal volume fraction for the emulsions.
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In Chapter 8 recommendations for further work are given. A first recommendation

is to perform a complete rheological characterization of structured materials, such

as margarine and mayonnaise, for which partial results regarding their flow behav-

ior are given. This information would be particularly useful for the design of new

products. A second recommendation is to dye clays, in order to reveal the mecha-

nism due to which emulsions become thixotropic if clays are added; a method for

dying clays is proposed. A third recommendation is to carry out more research

on yield stress fluids, as partial results—presented in this chapter—suggest that

these materials can store stress; however, how this is done is not yet understood.
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