Biopolymer microgel suspension rheology as a function of particle modulus and effective phase volume.
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Nano and micro gel particles are emerging as smart biomaterials for pharmaceutical and food products due to their potential for influencing product structural and textural characterisitics as well as their ability to encapsulate and release active species. They also act as an excellent model for a wide range of soft matter systems as they are well defined and their physical properties can be easily modified.  In many emerging applications, microgels are confined to thin films where they interact with bio-surfaces and bio-fluids under shear.  Characterisation of biopolymer microgel suspension rheology has been limited hence the aim of this work is to elucidate this behaviour in relation to the structure-property relationship and fluid-surface interactions using multi-scale rheological techniques.  
The polysaccharide agarose was chosen as a model system as it is biocompatible, neutral and has potential for functionalisation.  Microgel particles below 20μm in size were produced following an emulsion-gelation route1.  The microgel modulus was altered by varying agarose concentration and/or entraining air, and suspensions made at a range of microgel concentrations.  Parallel plates were used to measure rheology in bulk and also at narrow gaps using the novel approach suggested by Davies and Stokes2.

The rheological response of microgel suspensions is dependent on the particle modulus, phase volume and interaction potential that typically depends on solution conditions (e.g. pH).  Decreasing particle modulus results in an increase in maximum packing fraction (Фm) and at low phase volume results in greater deviation from hard sphere behaviour.  Above Фm, suspensions exhibit solid-like behaviour (G’>G’’) and display an apparent yield stress; these properties also show a strong dependence on particle modulus.  Confinement leads to solid-like behaviour despite the bulk concentration being below Фm and causes slip due to depletion; we explore both of these phenomena in relation to particle modulus. Future work will also determine how particle depletion/adhesion, surface functionalisation and interaction with surfaces and fluids affect this behaviour.  
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