
 

How does flow effect forces of charged
surfaces/particles and surfactants in liquids?
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Liquid flow allows for more adsorption. Credit: © 2020 American Chemical
Society

You're at the office. You've typed up a report and press print. Walk over
to the printer and retrieve the fresh, inkjet-printed paper. As you admire
your work, were you aware that scientists consider the charge of the
particles in the liquid ink for improved print quality? Were you aware
that understanding charges of particles allows for engineers to make
paints aggregate (gather together) or disperse according to such particle
interactions?

A surfactant is something that is added to a liquid (in this study), to
make it act with other surfaces. People use surfactants daily at home
with soaps, detergents and shampoos to aid in lifting grime off of
surfaces. Surfactants also have important industrial uses such as in the
lining of pipelines to reduce drag. As one can imagine, understanding
how the effect of charges of particles in liquid can have significant
impact on how well surfactants work and systems run efficiently. Until
now, there was an absence of exploration into how the flow of liquids
affect the charges of the particles in the liquid, surfaces and surfactants.

To investigate flow, Cathy McNamee and Hayato Kawakami of Shinshu
University built an apparatus where they combined an atomic force
microscope, peristaltic pump and camera to visually capture the liquid in
the process of flow. They used silica particles and silicon wafers, both
with negatively charged surfaces in the presence of ionic surfactants. An
ionic surfactant has a "head" that attracts water and a "tail" that repels
water. A negative and positive surfactant of the same chain length was
used to determine the effect of the charge on the forces, sodium dodecyl
sulfate (anionic surfactant) and dodecyl trimethylammonium bromide
(cationic surfactant).
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https://phys.org/tags/atomic+force+microscope/
https://phys.org/tags/atomic+force+microscope/
https://phys.org/tags/sodium+dodecyl+sulfate/
https://phys.org/tags/sodium+dodecyl+sulfate/


 

  
 

  

Liquid flow allows for more adsorption due to the interaction between the
charges of the silicon wafer and surfactant. Credit: © 2020 American Chemical
Society

McNamee and Kawakami were able to determine that:

The adsorption of the surfactants to the particles can change
when the liquid flow changes the forces between charged
particles.
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When the charge of the surfactant was the same as the surface,
liquid flow did not increase the adsorption of the surfactants to
the particle surfaces, but increased the number of ions near the
surfaces. The inter-particle repulsive forces slightly decreased.
When the charge of the surfactant was opposite to the particles, a
low concentration of surfactant flow increased the adsorption of
the surfactants to the particle surfaces. This changed the inter-
particle forces and could change attractions to repulsions if the
appropriate surfactant concentration was used. With high
surfactant concentrations where the charge of the surfaces
change in the absence of flow, flow tended to increase the
stiffness of the film of the adsorbed surfactants.
It might be possible to control the aggregating ability of charged
particles with the flow rate if the appropriate surfactant type and
concentration is used.

Professor McNamee found that the flow rate can possibly be used to
control the aggregation and dispersion of charged particles, allowing for
less surfactant use. During real world uses such as water treatment, it is
possible to remove impurities and harmful substances by using charges
to gather or repel certain substances. Even our bodies cleverly use
surfactants, too. Bile salts, (a surfactant!) aid in digestion. The potential
applications of this research range from medicine, such as flow
cytometer to all aspects of industry.

  More information: Cathy E. McNamee et al, Effect of the Surfactant
Charge and Concentration on the Change in the Forces between Two
Charged Surfaces in Surfactant Solutions by a Liquid Flow, Langmuir
(2020). DOI: 10.1021/acs.langmuir.9b03377
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https://phys.org/tags/surface/
https://phys.org/tags/flow+rate/
https://phys.org/tags/surfactant/
http://dx.doi.org/10.1021/acs.langmuir.9b03377
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