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Background
Complex fluids and in specific, polymeric suspensions demonstrate rich states of flow transitions subjected to shear. The fundamental importance of such flow states on the one hand, and its relevance in numerous manufacturing industries, ranging from
packaging, construction to food, pharmaceuticals and biomaterials on the other hand, necessitates detailed understanding of their
spatiotemporal characteristics in the course of distinctive flow states.
Cellulose as one of the most abundant natural polymers on earth has found a growing interest among manufacturers, as a suitable
candidate in the path to achieve sustainable and renewable products. Subjected to strong hydrolysis in the presence acids, cellulose
nanocrystals (CNC) are extracted from cellulose sources. CNC suspensions in aqueous media and above a critical concentration
demonstrate nematic and cholesteric ordered structure in the absence and presence of shear fields, displaying different optical
properties. Numerous works have been devoted to unravel the structural transitions and rheological behavior of CNC suspensions.
However, distinctions in flow pattern transitions at different flow geometries and curvilinearity is not yet fully understood.

Objective and Research Questions
The aim of the current work is to investigate the flow patterns of CNC suspensions in light of spatiotemporal and birefringence
characteristics of CNC suspensions in Plate-Plate (PP) and Taylor-Couette (TC) flow geometries using rheological methods combined
with X-ray scattering methods. While the PP flow refers to a type of flow where the fluid is squeezed in between two plates and
the shear profile changes in radial direction upon rotation of the plates, the TC flow is comprised of two concentric cylinders at
different rotation modes with the fluid in between them. With all the preliminary informative experiments previously done in the
group, we are seeking to answer following questions in the project:

• How do flow instabilities and structural transitions of CNC suspension vary as a function of concentration and rotating modes?
• How different curvilinearities, mainly, PP and TC flows impact on rheo-optical behavior of CNC suspensions?
• Which mechanisms control the rheological response and structural translations of modified cellulose and its derivatives in the
aqueous media?

Work Description
The project is a multi-facet, comprehensive work and two master students are supposed to work on it. The main part of the work
will be performed at the Department of Industrial and Materials Science (IMS) at Chalmers with a potential chance of experiments
at the beamline facility of MAX IV, Lund. The tasks will be composed of:
•
•
•
•
•

Literature review
Design and implementation of systematic experiments combined with numerical/analytical analysis of experimental results
Helping in the the development of state-of-the-art coupled material characterization techniques
Evaluation of experimental and computational results along with regular reports of the work progress
Preparing and writing scientific manuscripts

Qualification
We are looking for highly motivated students with physics, chemistry, material science or chemical engineering background. The
candidates will work the thesis towards obtaining Master of Science at one of the prestigious technical universities in Europe and
world. An interest in the characterization of complex fluids, rheology, and fluid dynamics will play an effective role in successfully
fulfilling the project. Exchange students from abroad and particularly within Europe are highly encouraged to apply.

Starting date: October/November 2021 (open to discuss)
Contact: Dr. Reza Ghanbari (rezaghan@chalmers.se) ; Prof. Roland Kádár (roland.kadar@chalmers.se)

