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Abstract

During formulation of new dispersion products, properties have to be adjusted to obtain the desired stability, textural
and rheological properties. Often stable colloidal dispersions (good dispersability) are required, however, in other cases
weak particle-particle interaction is purposely induced to adjust structural properties or strong flocculation is helpful to
separate dispersed particles. These phenomena are strongly governed by surface property of particles. It is evident that
the characterization of the degree or absence of flocculation (net attractive particle interaction) is a universal task for
every day formulation and optimization work.

On the one hand Hansen solubility parameter may be used to predict dispersability of to be dispersed particles in a
given countinous pahse (e.g. a polymer matri). On the other hand it is common to use zeta potential to predict stability
or particle-particle interaction despite, generally speaking, it is limited to classical electrostatically stabilized systems.
Especially for so-called soft nano- or micr-oparticles, i.e. hard particles covered with an ion-penetrable layer of
polyelectrolytes, electrophoretic mobility does not allow calculating the value of zeta-potential by the Smoluchowski
approach.

Multisample sedimentation analysis under gravity (LUMiReader) or analytical centrifugation (LUMiSizer) with
photometric detection of spatially resolved concentration changes is powerful to characterize the dispersed state/degree
of particle-particle interaction. The visualization of the in situ separation behaviour classifies very clearly swarm
sedimentation (stable dispersion, good dispersability) and zone sedimentation (bad dispersability due to flocculation or
agglomeration). Even more, complex systems with subfractions of particles exhibiting a different behaviour can be
identified.

In the first part of this paper we are going to describe the basics of STEP-technology and some general results. In the
second part, we present detailed results regarding the dispersability of Multicarbonnanotubes from different
manufactures in dependence on surfactant and homogenization procedure. Furthermore, several examples for soft
particles (Silica nano-particles with adsorbed Cytochrom in dependence on pH and salt concentration as well as
magnetic nano-particles with polyelectrolyte decoration of different density) are presented demonstrating that colloidal
stability and the degree of particle flocculation/agglomeration of dispersed soft nano- or micro-particles is
comprehensively obtained/predicted by visualization of separation behavior. It may be quantified by the consolidation
behavior (sediment thickness) at increasing centrifugal acceleration/excess pressure. In contrast, particle-particle
interaction is not correctly classified by values of zeta potential calculated based on common Smoluchowski approach,
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which is applicable only for hard particles. The new approach to characterize the surface properties and the interaction
between particles can be applied for high volume concentrations, any pH and ionic composition as well as for organic
continues phases.

Keywords: particle interaction, colloidal stability, dispersability, flocculation, zeta-potential, separation behaviour, soft
particles, Hansen solubility parameter
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