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Photoelectrocatalysis of Sulfadiazine by Carbon-doped TiO,/ITO
Composite Thin-film Photocatalysts Irradiated with Visible Light

Chung-Hsuang Hung™", Y.-W. Lin?, C. Yuan? and K.-R.Wu?®

This study aims to develop a photoelectrocatalytic (PEC) oxidation process to remove a
typical antibiotic- sulfadiazine (SDZ) under illumination of visible light. SDZ is concerned
as an emerging pollutant which has adverse effects on human health for long term exposure.
The photoelectrocatalysis of SDZ was conducted in a batch photocatalytic reactor in which
the titanium dioxide/indium tin oxide (TiO2/ITO) composite thin film as its cathode and a Pt
wire as its anode under illumination of LED blue light (main A at 470 nm, irradiated intensity
of 12.8 mW/cm?). A 0.01-M Na,SO, solution worked as the electrolyte for the reaction.
For this study, two kinds of TiO,/ITO composite thin-film photocatalysts, simple TiO,
(ST-ITO) and carbon-doped TiO, (CT-1TO), were prepared by DC magnetron sputtering
processes. Both effects of applied electric bias (0~0.8 V) and solution pH levels (3, 7, and
11) on SDZ degradation rate were particularly investigated in the study. Furthermore,
based upon the information of hydroxyl radical formation concentrations and flat band
potentials of the prepared samples, the photo-assisted degradation mechanisms of SDZ were
discussed. For the degradation reaction of SDZ, the experimental results indicated the
degradation of SDZ following the first-order reaction Kinetics. It is also observed
carbon-doped TiO, sample achieving higher SDZ degradation rate than the simple TiO,
sample, which is consisting with the observations of forming Schottky barrier at the
TiO,/ITO interface and more negative flat band potential for CT-ITO. Both effects can
promote the separation of photo-generated electron and hole pairs. Similar effects are also
observed for the reactions provided with high external bias. The experimental results
illustrate SDZ degradation rate proportional to the applied bias, typically. The SDZ
degradation rate can be enhanced more than 4.8 folds than the reaction without providing any
external bias. It is expected that the provided bias can reduce the recombination rate of
photo-generated electron-hole pairs, resulting in more “photo-generated hole” reacting with
its surrounding water molecule to form hydroxyl radical that can efficiently oxidize many
recalcitrant pollutants. In addition, higher degradation rate was observed in more acid
conditions due to more SDZ adsorbed by the probes, which might be due to more absorption
of SDZ by the catalysts.

Keywords: sulfadiazine (SDZ); emerging pollutants; photoelectrocatalysis, TiO, visible
light
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