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Fig. 2. Transformations of organoclays into a ‘fractal fluid’, produced by isostatic compression: a)
a colorless clay phase with a fractal structure is condensed from the initial, yellow-green
organoclay in the absence of any solvents or polymers, b) isolated particle sizes are 1-2 mm, c)
uniaxial compression of the fractal fluid at 120 ºC produces colorless, transparent, and flexible
films, d) trapped gas bubbles in the condensed fractal-fluid phase – the gas was trapped by
rapidly reducing gas pressure from 3,000 psi to 1 atm during the preparation of the fractal-fluid
phase.

Developments in clay edge treatment and process technology were followed by further
developments at the University of Illinois at Chicago in new organoclay characterization
techniques. New concepts of describing the organoclay surface in terms of a
hydrophilic/lipophilic balance (HLB), coupled with new techniques to map the spatial distribution
of the charge centers within the clay crystal lattice have been developed in my laboratory, and
indicate that naturally occurring clays, such as Wyoming bentonites, possess a bimodal
distribution in the area associated per base exchange site. The bimodal distribution has peak
distribution loci at approximately 5 nm2 and 0.8 nm2. It was discovered that almost 50 % of the
clay surface, primarily segregated within these 5 nm2 domains, remains hydrophilic, even after
complete base exchange with ditallow ammonium ions. Because of the bimodal distribution in
the area per base exchange site, surfactants tend to self-assemble into hemi-micelle structures
(see Fig. 3). Furthermore, experimental data relating organoclay swelling behavior to surfactant
structure, indicate that the surface HLB is minimized when the chain area of the surfactant exactly
matches the average area per base exchange site. Unfortunately, the molecular areas of
commonly used ditallow quaternary amines are slightly mismatched with the 0.8 nm2 exchange
sites. This leads to an undesirable increase in the surface HLB value and inhibits intercalation
processes. But the key factor preventing the full exfoliation of organoclays in polyolefins is the
heretofore unrecognized need to treat the clay surface with surfactant combinations that have
molecular areas matching the 5 nm2 and 0.8 nm2 base exchange sites. When surfactant
combinations are used to treat a Wyoming bentonite, the resulting organoclay becomes fully




