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For colloidal dispersions stabilized by non-adsorbing polymer we have tested the hypothesis that the formation of voids, and their subsequent growth, is central to the failure mechanism that drives the non-ergodic transient gel state to the onset of macroscopic sedimentation. Furthermore we have tested whether gravity is apparent in spatial anisotropy of the voids. For similar materials previous work has established the existence of “transient” gels and “viscoelastic phase separation” phenomena but a detailed mechanism of failure remains unclear. A new quasi-monodisperse O/W emulsion system has been developed, akin to many food materials, to test the hypothesis over a range of length scales. The formulation comprises a volatile oil phase with controlled buoyancy and a close optical refractive index match. This volatile disperse phase demands low energy homogenisation and we have drawn on novel cross-flow membrane technology to produce emulsions with an unusually tight size distribution. The volatile nature of the oil leads to the nucleation and growth of bubbles in the system, which then detach and rise to the surface. At the individual particle level, fluorescence confocal laser scanning microscopy has been employed to extract trajectories, in real time, and to quantify spatio-temporal heterogenities. Image processing procedures include enhanced resolution by regularised deconvolution in 3D, particle identification using the Euclidean distance map and a tracking algorithm that incorporates particle size information. Magnetic resonance imaging has been used to search for inhomogeneities on the scale of many-particle aggregates.  In parallel, Brownian dynamics simulations were performed to examine structural evolution of model systems with effective depletion interactions in a uni-axial external field.
Our results indicate, unambiguously, macroscopic creep, even in the “transient” gel state, with catastrophic collapse ensuing only for sufficiently weak particle interactions (low polymer concentration). The formation of voids within the gel network does not show clear evidence of spatial anisotropy in weak fields and fractures do not appear to propagate, spontaneously, to the aggregate level.  The formation and propagation of gas bubbles was observed both directly and indirectly, evidently complicating the particle dynamics and possibly contributing to the macroscopic aging of the network. This behaviour may be relevant for many, shelf stable, food systems. 

