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Microfluidics provides an exceptional environment for the synthesis, formulation, processing and analysis of single and multi-phase fluid mixtures. The non-Newtonian behaviour of complex fluids in microfluidic confinement is especially attractive as qualitatively different flow regimes become accessible. Furthermore, the spatio-temporal correspondence between microchannel position and ‘time’ permits the study of mechanisms and kinetics of (chemical and physical) processes with unprecedented time resolution and dynamic range. Tailored processing and metrology provides opportunities for elucidating the structure-formation of complex fluids and its relation to rheological properties and product performance. Microflow reactors are therefore increasingly common in industrial processes involving multicomponent systems and precise processing such as personal care, pharmaceuticals, food, paint and coatings etc. 

We describe the flexible rapid-prototyping design and fabrication of microreactors with prescribed dimensions and chemical/pressure compatibility to handle complex mixtures. Particularly, we discuss how frontal photopolymerisation (FPP) approaches can be employed in 3D patterning of organic microchips with tuneable flow fields. We demonstrate a series of microfluidic approaches in synthesis and study of complex fluids, with particular emphasis to tailoring complex flow fields using microchannel topography generated by FPP.  We will describe (i) a microfluidic tensiometer capable of measuring interfacial dynamics of multicomponent mixtures; (ii) solution and emulsion polymer synthesis and (iii) the structure formation and disintegration of surfactant mixtures under flow probed by a combination of non-invasive techniques ranging from microscopy, spectroscopy and light & synchrotron X-ray scattering. 
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