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ABSTRACT

4482002063:  Polymer Science Program
Nopphawan Phonthammachai:  dy of a Synthetic Method and
Application of High Surface Area Titania and TS-1 Zeolite in
Photocatalytic Membrane Reactor
Thesis Advisors: Assoc. Prof. Sujitra Wongkasemjit,
Prof. Alexander M. Jamieson and Prof. Erdogan Gulari, 174 pp.
ISBN 974-9651-76-6

Keywords:  Photocatalyst / Rheology / Sol-gel Process / Titanium Dioxide /
Titanium Silicate-1/ Mixed Matrix Membrane

A much milder, simpler and more straightforward reaction to titanium
glycolate or titanium triisopropanolamine products is successfully investigated using
low cost starting materials via the oxide one pot synthesis (OOPS) process. XRD
patterns of pyrolyzed product show the morphology change from anatase to rutile as
increasing calcination temperature from 500° to 1100°c, while at 300°c totally
amorphous phase is formed. The mesoporous nanocrystalline titanium dioxide is
prepared via the sol-gel technique using titanium glycolate as precursor in IM HCL
solution at various HC1:H20 ratios. XRD analysis indicates the anatase phase form at
calcination temperatures in the range 600°-800°C. The highest specific surface area
(BET) obtained is 125 m2g at the HC1:H20 ratio of 0.28. The material calcined at
800°c is found to be consist primarily of spherical particles with diameters smaller
than 1/a . Application of the Winter rheological criteria for the gel point indicates
that the gelation time increases with an increase of the HC1:H20 volume ratio. The
fractal dimension of the critical gel cluster decreases with acid ratio, whereas the gel
strength increases with acid ratio. Thus, the increase of acidity leads to a less dense
but stronger network structure. From the rheological study of different ceria gelling
system using HCkalkoxide molar ratios of 0.8, 0.9, 1.0 and 1.1, the viscoelastic
properties are investigated. As evaluated by Winter et al., the gelation time increases
as increasing of HCkalkoxide molar ratio. The gel strength increases as a function of



acid ratio and the fractal dimension determined from the frequency scaling exponent
ofthe modulus at the gel point indicates a tight structure at low acid ratio.

TS-1 with high Ti loading is successfully synthesized using moisture-stable
precursors, viz. titanium glycolate and silatrane. The microwave instrument is used
as a heating source for synthesis. The effects of the compositions (TPA+, NaOH,
H20) and conditions (aging time, reaction temperature, reaction time) are studied.
The SiTi molar ratio and the ability of Ti incorporated into the zeolite framework
are studied. Small amount of extra-framework titanium dioxide is also identified at
5.0 Si:Ti molar ratio. The photocatalytic decomposition of 4-NP is used to test the
activity of TS-1 samples and the results of all samples showed high efficiency in
PCD.

In addition, photocatalytic membranes are successfully prepared using an
efficient, high surface area T.0. catalyst, dispersed into different polymeric matrices,
viz. cellulose acetate, polyacrylonitrile and polyvinyl acetate. The catalyst is directly
synthesized using titanium - triisopropanolamine as the precursor. We find that
polyacrylonitrile provides the most effective matrix, showing the highest stability
and the lowest permeate flux. The amount of Ti02loaded in the membrane is varied
between 1, 3 and 5 wt% to explore the activity and stability of membranes in the
photocatalytic reaction of 4-NP. As expected, the higher the Ti02 loading, the higher
the resulting catalytic activity.
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