PN -T LiEEXE

University Hokkaido University

NEAHRAREE S—SFvoTLY

Foreign Researcher |Sheela Chandren

ZAMEE RKAXE 2 iz
Research Advisor Bunsho Ohtani Position Professor

ZAFE/FER L 2R

Faculty/Department |Institute for Catalysis

<HBEABRETAT1—IL/Profile>

E . L—L7F

Nationality Malaysian

AR B R TL—ITIRKE

Affiliation Universiti Teknologi Malaysia

BHEOB4 90 days

Position Postdoctoral Fellow

W AR 2015%9R1H~11H29H

Period of Stay September 1-November 29, 2015

HEURSFH pin LS I — —
—ZF v T L2 /Sheela CHANDREN

Major Field Photocatalysis

<HE AFEEIDDEH L /Foreign Researcher Report>

DRFEEERE / Theme of Research

(Described on a separate sheet)

@®WEME / Outline of Research

(Described on a separate sheet)

OWMEHEE / Results of Research

(Described on a separate sheet)

@4#%OEHE |/ Further Research Plan

(Described on a separate sheet)




<ZAWEEMSDIHE /Research Advisor Report >

OWEERE / Theme of Research

BRI EEE

@WRME / Outline of Research

RIHKIZECE

OWMERHRE / Results of Research

BRI EE &

@S#%OFE / Further Research Plan

RIHKIZEEE

JKER KT 12 kB F il 5B M4 S BR /Photocatalytic activity test

using a maercury—arc irradiation system

EEEFIEMEE (SEM) (KPP REMARER
/Surface—morphology observation by scanning electorn
microscopy (SEM)




Final report
Sheela CHANDREN

Theme of Research

Photocatalytic degradation of air pollutants on stainless steel functionalized by titania
prepared by Spray-ILGAR technique

Outline of Research

Malaysia, being a developing country, has been trying to keep up with the
technologically advanced nations in the world, such as Japan, USA, India, South Korea,
Germany and China. As a consequence, road transportation, industrial activities, industrial
biomass and others activities have been growing tremendously these few decades. These
developments have resulted in a lot of environmental issues. In particular, the air quality in
Malaysia has dropped significantly and this phenomenon has greatly influenced human
health, especially the elderly and those with respiratory problems. The main causes of air
pollution are fuel burning, factories, forest fires, slash and burn practice by farmer, peat fires,
and so on. These factors have resulted in high carbon content in the air. Herein, an approach
to functionalize metal surfaces (e.g. street light, pole, vehicles, door, gate, dustbin, efc.) with
metal oxide composite by spray ion layer gas reaction (spray-ILGAR) and high voltage
powder spray coating, in order to degrade and adsorb SO,, NO,, CO, VOC and other
particulate matter, is proposed. These functionalization methods are not only simple but also
highly durable.

Spray-ILGAR is an extension of the ion layer gas reaction (ILGAR) technique, which
was developed and patented by the group of Professor Dr. Christian-Herbert Fischer at the
Helmholtz-Zentrum Berlin for Materials and Energy in Berlin, Germany. ILGAR is a non-
vacuum, thin-film deposition technique, which involves a sequential and cyclic process that
enables the deposition of semiconductor thin films, mainly for (although not restricted to)
photovoltaic applications, specially chalcopyrite absorber layers and buffer layers. This
chemical process allows deposition of layers in a homogenous, adherent and mechanically
stable form without using vacuum or high temperatures. It is a sequential and cyclic process
which can be automated and scaled up.

This method mentioned above have been utilized to prepare titania-based
photocatalysts on stainless steel. The photocatalysts’ preparation has already been carried out
beforechand. However, due to the lack of facilities, certain characterizations and the
photocatalytic testing could not be done. In Ohtani laboratory in Institute of Catalysis,
Hokkaido University, the morphology of the prepared sample was determined using scanning
electron microscopy (SEM) and also the photocatalytic activity in the photocatalytic
decomposition of acetaldehyde has also been successfully carried out.

Results of Research

For titania prepared on stainless steel using the Spray-ILGAR technique, the standard
procedure is to use titania (TiO,) precursor of titanium diisopropoxide bis (acetylacetone) in
ethanol with the concentration of 6.83 mM, sprayed for 12 minutes with the temperature of
460 °C. However, these samples were usually used for the preparation of solar cells and not
as a photocatalyst. So in order to determine the best condition to prepare a sample with the
best photocatalytic activity in the photocatalytic decomposition of air pollutants, the TiO, on
stainless steel was prepared with different concentrations of TiO,-precursor, different
temperatures and different duration of spraying time.



The SEM image in Figure 1 shows that the TiO, was dispersed uniformly on top of
the stainless steel. The layer of TiO, was also very durable, as the attachment was very
strong.

Figure 1: SEM image of TiO; on stainless steel by Spray-ILGAR technique.

The concentration of the TiO; on the stainless steel can easily be changed by changing
the concentration of the TiO,-precusor solution (titanium diisopropoxide bis (acetylacetone)
solution). Higher concentrations will result in a more compact and dense layer (Fig. 2 (a)),
while lowering the concentration of the precursor solution produces a less dense layer of TiO,
(Fig. 2 (b)). Some spaces can be seen in between the TiO, particles when lower
concentrations of TiO, precursor was used (Fig. 2 (b)). Using different temperature did not
change the distribution of the samples much.

Figure 2: SEM images of TiO; on stainless steel using (a) higher
concentration and (b) lower concentration of titanium diisopropoxide bis
(acetylacetone) alcoholic solution.

The photocatalytic results of the samples with the highest photocatalytic activity are
shown in Figure 3. The results showed that the samples can completely degrade
acetaldehyde under UV irradiation. It was found that samples prepared with concentration of
TiO,-precusor of 13.66 mM, temperature of 550 °C and spraying time of 24 minutes showed
the best results, requiring only 40 minutes to fully degrade 500 ppm of acetaldehyde.
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Figure 3: Photocatalytic decomposition of acetaldehyde by using TiO, on
stainless steel prepared by Spray-ILGAR technique.

Further Research Plan

The set-up of the photocatalytic decomposition of acetaldehyde will be attempted in
the laboratory back in Malaysia. This set up can be used to carry out various gas phase
reactions. Since the efficiency of this technique has been proven by the photocatalytic
testing, this spray method will be attempted on a larger scale in order to be utilized on metal
surfaces that can be used for the decomposition of air pollutants. Apart from that, it is also
targeted that a journal publication will be made based on the results obtained from this
attachment.
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