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Marangoni-driven convection flow generated at the interface between water and
alcohol, and the flow visualization results. Credit: KAIST

A research team led by Hyoungsoo Kim, a professor of Mechanical
Engineering at KAIST, succeeded in quantifying the phenomenon called,
the Marangoni effect, which occurs at the interface between alcohol and
water. It is expected that this finding will be a valuable resource used for
effectively removing impurities from a surface fluid without any
contamination, and developing materials that can replace surfactants.

This research, co-conducted with a research team led by Professor
Howard A. Stone at Princeton University, was published online in Nature
Physics on July 31.

The Marangoni effect, also known as tears of wine, is generated when
two fluids having a different surface tension meet, causing finite mixing,
spreading time and length scale. Typically, people believe that infinitely
miscible liquids immediately mix together; however, it is not always true
according to this paper.

The typical surface tension of alcohol is three times lower than that of
water, and this different surface tension generates the Marangoni-driven
convection flow at the interface of the two liquids. In addition, there is a
certain amount of time required for them to mix.

This phenomenon has been discussed many times since it was discovered
in early the 20th century, yet there was a limit to quantifying and
explaining it.
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Professor Kim, considering the mixing and spreading mechanism, used
various flow visualization techniques and equipment for capturing high
speed images in his experiment.

Through the flow visualization methods, the team succeeded in
quantifying and explaining the complex, physicochemical phenomenon
generated between water and alcohol. Moreover, they developed a
theoretical model to predict the physicochemical hydrodynamic
phenomena.

The theoretical model can predict the speed of Marangoni-driven
convection flow, the area of a drop of alcohol and the time required to
develop the flow field. Hence, this model can map out types of materials
(e.g., alcohol) and the volume of a drop of liquid as applicable to target a
specific situation.

Moreover, the research team believes that the interfacial flow enables
the driving of bulk flows and that it can be a source of technology for
effectively delivering drugs and removing impurities from a surface of
substance without causing secondary contamination.

Above all, the results show a possibility for replacing surfactant with
alcohol as a material used for delivering drugs. In the case of the drug
delivery, some drugs are encapsulated with a surfactant in order to be
effectively transported in vivo; however, the surfactant accumulates in
the body, which can cause various side effects, such as heart disease.
Therefore, using new materials like alcohol for drug delivery will
contribute to preventing the side effects caused by the surfactant.

"The surfactant is used for delivering drugs, but it is difficult to be
expelled from the body. This will cause various side effects, such as
heart diseases in asthmatic patients," said Professor Kim. "I hope that
using new materials, like alcohol, will free people from these side
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effects."

  More information: Hyoungsoo Kim et al, Solutal Marangoni flows of
miscible liquids drive transport without surface contamination, Nature
Physics (2017). DOI: 10.1038/NPHYS4214
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