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Effects of the TiO, nanostructures for water purification in optofluidic microreactor

Hyunah Kwon and Hyejeong Kim'

Abstract The shortage of available freshwater is a major global issue worldwide and an increasing
demand for clean water requires efficient water purification strategies. Here we describe a method to
drastically increase the efficiency of a microreactor for photocatalytic water purification. To find out
how the shape of the catalyst affects water purification, nanostructured catalysts of different structures,
such as dense film, nanorod, and nanohelix, are prepared and their water purification characteristics
are analyzed. Compared to the flat catalyst, the nanostructured catalyst showed a distinct ability in
its pollutant degradation, but the detailed structural variation does not significantly affect the water
purification. To further increase efficiency, we apply a micromixer to nanorod-based microreactor,
which allows even enhanced mass transfer. This enables the solution of the water purification problem
and greatly contributes to the industries where the efficiency of photocatalytic activity has attracted
extensive interest.
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Fig. 1. (a) Schematic of glancing angle deposition
technique to fabricate dense film, nanorod and
nanohelix structured TiO». (b) Schematic of optofluidic
microreactor for photocatalytic water purification.
Rhodamine 6G solution is introduced into the
microreactor under UV illumination, and the Rh6G
molecules are decomposed by photocatalytic reaction
at the TiO, treated bottom surface. The microreactor
has a rectangular reaction chamber with a flat- or
herringbone-structured PDMS on top. (¢) Optical
image of fabricated microreactor with herringbone
shaped PDMS chamber on TiO, treated Si substrate.
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Fig. 2. Scanning electron microscopy (SEM) images
of TiO, surfaces with a (a) dense film structure (b)
nanorod structure (c¢) 2-turned nanohelix structure and
5-turned nanohelix structure on Silicon substrate.

(Upper) side view, (below) top view. Scale bar: 200 nm.
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Fig. 3. Water purification capacity by photocatalytic
degradation at different flow rates. (a) The Rh6G
degradation efficiency and (b) reaction constant of the
TiO; dense film-based microreactor and nanorod TiO,
based microreactor. The error bars represent the
standard deviations of the experimental results.
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Fig. 4. Effect of nanostructures on water purification
capacity by photocatalytic degradation at different
flow rates. (a) The Rh6G degradation efficiency and
(b) reaction constant of 2-turned nano-helix TiO,
based microreactor and 5-turned nano-helix TiO,
based microreactor. The error bars represent the
standard deviations of the experimental results.
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the standard deviations of the experimental results.
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