
 

Study shows how rough microparticles can
cause big problems

October 12 2017, by Matt Shipman

  
 

  

The top panel is a series of scanning electron micrographs for particles ranging
from smooth to rough. The bottom panel is a series of atomic force micrographs
showing the 3D topography of these particles, again ranging from smooth to
rough, to demonstrate the extensive characterization of their surfaces. Credit:
North Carolina State University

New research from North Carolina State University, MIT and the
University of Michigan finds that the surface texture of microparticles in
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a liquid suspension can cause internal friction that significantly alters the
suspension's viscosity – effectively making the liquid thicker or thinner.
The finding can help address problems for companies in fields from
biopharmaceuticals to chemical manufacturing.

"We heard about problems companies were having with pumping
suspensions and became curious about what was causing these
problems," says Lilian Hsiao, an assistant professor of chemical and
biomolecular engineering at NC State and lead author of a paper on the
work. "Given the ubiquity of these types of fluids in the industry, we
were surprised that no one had systematically looked at the role of
surface roughness before. That turns out to be a really important factor
in how these particle-laden fluids flow."

Using a combination of simulations and laboratory experiments, the
researchers found that what was slowing down the suspensions was
friction. Specifically, the friction becomes significant when enough
particles suspended in the liquid bump into each other. And the rougher
the surface of the particles, the more friction they generate when they
come into contact.

"It takes energy to pump a liquid suspension through a pipe or tube, and
the friction created by interaction between particles dissipates a lot of
that energy," Hsiao says. "This dissipation slows down the movement of
the suspension or, if the particles are very rough, can even stop it
completely." A video demonstrating the difference between suspensions
with rough particles and suspensions with smooth particles can be found
at www.youtube.com/watch?v=oXRl2IdwdhY.

This insight gives industries a couple of options: They can reduce
friction by engineering the particles to have smoother surfaces, or they
can increase the amount of energy devoted to moving the suspension
through the pipe.
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However, the researchers also found that adding energy to a suspension
that contains rough particles can also cause the suspension to expand.
This is because rough particles simply take up more space than smooth
ones when tumbling in suspension. The end result is that putting more
shear stress into the system can cause catastrophic clogging if the
suspension expands too much.

"This is a fundamental advance in our understanding of the physics of
suspensions in flow, and should help engineers and scientists address the
manufacturing challenges that caught our attention in the first place,"
Hsiao says.

"We're now looking at ways to use the principles we discovered here to
make the friction work in our favor."

The paper, "Rheological state diagrams for rough colloids in shear flow,"
is published in the journal Physical Review Letters.

  More information: Lilian C. Hsiao et al. Rheological State Diagrams
for Rough Colloids in Shear Flow, Physical Review Letters (2017). DOI:
10.1103/PhysRevLett.119.158001
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