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During FY2020, due to the pandemic, we focused on investigating flows of yield stress fluids and
colloidal suspensions inside benchmark microfluidic platforms in OIST, Japan. Our results led to two
journal publications (more details below). In addition, we also collaborated with Professor Frank
Scheffold’s group from University of Fribourg, Switzerland remotely on the project titled
“Microrheological Analysis of the Entanglement Properties for Polyelectrolyte Solutions”, which was
a part of the main project and its experimental part was performed by Dr. Atsushi Matsumoto. We
used the diffusing wave spectroscopy (DWS) technique to characterize the material properties of
polyelectrolyte solutions. Since Prof. Scheffold’s group pioneered DWS technique, they worked with
us closely on programming and data analysis after we collected experimental data in Japan. We are
in the process of writing a manuscript to summarize these results and plan to submit this work in June

2021.

Project 1: Transition between solid and liquid states of yield-stress fluids under purely
extensional deformations

3

The stress-induced transition from solid to liquid state is commonly referred to as “yielding.”
Experiments and simulations conducted under pure extension provide fundamental information on
the behavior of yield-stress materials and demand an overhaul of the current standard theory in order

to account for material deformation in the solid-like state prior to yielding and flow.
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FIG. 1. (A) comparison between flow velocity fields for an EVP fluid in an extensional flow apparatus obtained by numerical simulation
(left) and by experimental measurement (right). (B) Yield stress Trouton ratio (77) as a function of the yield strain (&y), showing strong
departure from the theoretical value of 7r, = 2 for &, > 0.1 (C) The yield strain can be deduced from a local asymmetry parameter (L4)

measured from the velocity field in extensional flow.

We report experimental microfluidic measurements and theoretical modeling of elastoviscoplastic
- 3 -



(EVP) materials under steady, planar elongation. Employing a theory that allows the solid state to
deform, we predict the yielding and flow dynamics of such complex materials in pure extensional
flows. We find a significant deviation of the ratio of the elongational to the shear yield stress from the
standard value predicted by ideal viscoplastic theory, which is attributed to the normal stresses that
develop in the solid state prior to yielding. Our results show that the yield strain of the material
governs the transition dynamics from the solid state to the liquid state. Finally, given the difficulties
of quantifying the stress field in such materials under elongational flow conditions, we identify a
simple scaling law that enables the determination of the elongational yield stress from experimentally

measured velocity fields.

Project 2: Effects of Shearing and Extensional Flows on the Alignment of Colloidal Rods
Cellulose nanocrystals (CNC) can be considered as model colloidal rods and have practical
applications in the formation of soft materials with tailored anisotropy. Here, two contrasting
microfluidic devices are employed to perform an experimental quantification of the role of shearing
and planar extensional flows on the alignment of a dilute CNC dispersion. Characterization of the
flow field by microparticle image velocimetry is coupled to flow-induced birefringence analysis to
quantify the deformation rate—alignment relationship. The deformation rate required for CNC
alignment is 4x smaller in extension than in shear. The birefringence signal rising from the CNC
alignment in shear and extension can be scaled on a single master curve using a Péclet number that
accounts for the shear and extensional viscosity of the solvent fluid, respectively. Based on this simple
scaling relationship, it is possible to anticipate the alignment of rigid colloidal rods under purely
extensional deformation by knowing the respective alignment profile in a shearing flow that is more
accessible via multiple rheo-optical techniques. Quantification of the differences between shearing
and extensional kinematics at aligning colloidal rods establishes coherent guidelines for the
manufacture of structured soft materials.
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Fig. 2 (Left) Number of aligned rods vs. deformation rate. (Right) Schematic of the effect of the shear and extensional rate on the

orientation angle of a colloidal rod.
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