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Small angle neutron scattering (SANS) is a powerful tool for studying the aggregation of asphaltenes in crude oils and model solvents.  Of particular interest are SANS studies that provide fundamental information on asphaltene aggregation mechanisms and the dependence on chemical composition, solvency, and key additives that can mediate the effects of aggregation.  Recent SANS experiments have been performed on solutions of asphaltenes and resins in mixtures of heptane and toluene as a function of solute concentration.  Subsequent evaluation of the second virial coefficient for the resin solutions suggested that inter-aggregate interactions were repulsive and consistent with a "hard" ellipsoid model.  Moreover, the magnitude of the virial coefficient increased as the solvent quality improved from 40:60 heptane: toluene (v/v) to pure toluene, suggesting that the resin aggregates became increasingly dominated by steric interactions.  Virial coefficients for asphaltenes in toluene were also positive, but less repulsive than the corresponding resins; however, the virial coefficient decreased through zero and became negative (suggestive of strong, attractive inter-molecular and inter-aggregate interactions) with the addition of sufficient heptane flocculant.  As various solvating agents (e.g., resins and cholanic acid) were added at these conditions, the virial coefficient decreased in absolute magnitude towards zero, became positive (reflecting repulsion), and ultimately increased until a value was reached reflective of hard convex body excluded volume interactions.  Furthermore, cholanic acid affected changes in the magnitude of the virial coefficient that were comparable to resins, but at lower dopant to asphaltene mass ratios, suggesting that cholanic acid was a more effective dispersant than resins.  These results suggest that the careful measurement of thermodynamic quantities, such as second virial coefficients, can enable the design of more efficient dispersants and demulsifiers for petroleum mixtures.

