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Modeling the Transient Shear Flow of Soft Colloidal Systems Using a Scalar Structural Parameter Thixotropic Model

 	Recent work using small angle neutron scattering under flow has identified the existence of a microstructure that is dependent on flow conditions [1,2] in soft colloidal systems.  On the other hand, over the last twenty years or so, a large number of empirically based thixotropic rheological models has been developed that involve, albeit phenomenologically, a single scalar structural parameter, lambda [3-6].  These models involve the combination of a lambda-dependent decomposition of the shear stress to an elastic and a viscous contribution with a relaxation-based evolution equation for lambda. The rich behavior of the soft colloidal systems is primarily due to the interaction of the structure and the hydrodynamic force and this can be particularly enhanced applied through in transient flow, and/or large amplitude oscillatory shear flow.

Applying large amplitude oscillatory shear (LAOS) to complex fluids induces nonlinear rheological responses, that, with proper modeling, can be used to sensitively probe the underlying microstructure and its dynamics. We demonstrate this for several concentrated colloidal suspensions using a newly developed semi-empirical, thixotropic master-equation developed around a scalar internal structural parameter, and the best features of several published thixotropic constitutive equations [3,4,5,6].  We examine three soft colloidal systems, all involving collective phenomena of yield stress and thixotropy. The systems are a 2.9vol% fumed silica in paraffin oil and poly-isobutylene (31wt%) [7], a thermo-reversible, adhesive hard sphere system, 30 nm silica particles in n-tetradecane [2], and blood [8,9].

The new master equation uses the structure parameter with a constitutive equation to model the elastic and viscous components of rheological responses to shear rate.  Both steady state and time-dependent shear experimental data are fit using a recently developed robust numerical method that stochastically and effectively searches for the global optimum of a suitably forced least squares residual in the allowed parameter space.  With the best fit model parameters large amplitude oscillatory shear is predicted and compared to LAOS experimental data.  The quality of the model is evaluated by comparing the difference between prediction and experimental LAOS data that are system dependent. While the master equation has been found to be able to qualitatively fit the experimental data, important quantitative are still were observed.  The advantages and disadvantages of the new rheological model limitations of are going to be discussed focusing on the elucidation of the limitations of generic single scalar internal structural parameter models.  These results and model comparisons are used to identify areas for improvement in thixotropic suspension modeling.   Limitations of single scalar structural modeling will be shown.
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