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A. ABSTRACT

Polystyrene (PS) is a hard, brittle, and highly transparent polymer with low moisture
absorption, and it is the ease of incorporation of colorants and fills. Recently, the
photocatalytic process of TiO, has been recognized to be a very efficient technigue for the
degradation of organic pollutants, toxics, herbicides or dissolve carbons in water and
wastewater. One of the key techniques regarded to practical applications is how to
prepare a TiO, well dispersed film with a high catalyzing efficiency. Because of that the
maximum absorption peak of TiO, is mainly at 300~400 nm, which only occupies a small
fraction in natural sunlight or indoor visible light. In the past years people have effort on
shifting this excitation energy by doping transition metals or nonmetals into TiO, crystal.
All of these processes need a drying and sintering treatment to obtain a uniform solid
TiO, film.  However, blending of TiO, powder with polymers, steel or cement is another
cost and energy-saving methods. In this presentation, the authors have found that the
dispersion of TiO, particles in PS matrix could be improved by visible light irradiation
without any PS degradation, and TiO,/PS films are prepared through a simple solution

blending.



INTRODUCTION

Harnessing the photocatalytic effect of titanium dioxide (TiO,) has been recognized
recently as a very efficient method for degrading organic pollutants, toxins, herbicides, or
other dissolved carbon-based materials in water and wastewater [1]. A key challenge for
the practical application of TiO, is mixing it homogeneously with other materials. The
maximum absorption energy of TiO, is located a wavelengths in the range 300400 nm,
which occupies only small fraction of the spectrum of natural sunlight or indoor visible
light. If this excitation energy can be shifted into visible light region, then it is more
convenience for practical application of TiO, catalyst [2].

The aim of this study is to increase the physical dispersion and photocatalytic
properties of TiO, in a PS matrix through a simple pretreatment. Because PS possesses
many benzene rings on the side groups, we think that the pi electrons on benzene rings
could be excited to pi* energy levels and energy-transferred to TiO, particles to form
[PST[TiO,] pairs. The formation of [PS'][TiO,] pairs would provide a strong driving

force to separate the aggregated TiO, particles.



EXPERIMENTAL

Commercial TiO, and PS powder, which were purchased from Ismhihara Sangyo
Company (Japan) and Formosa Plastic Company (Taiwan), respectively. TiO, and PS

were used without further purification.

Preparation of Synthesized TiO,/PS Polymer Films

TiO, powder (0.01, 0.05, 0.1, 0.5, or 1.0 g) was added to a solution of PS (10 g) in
toluene (60 mL). Each mixture was painted onto a glass disc several times and then air-
dried in ahood for 3days. The freshly synthesized TiO,/PS polymer film has an area of
86.5 cm’ and a thickness of several micrometers.

UV Irradiation of Synthesized TiO,/PS Polymer Films

These TiO,/PS polymer films were then cut into small pieces (1 cn¥) to explore the
effects of irradiation with UV or visible light. Irradiation times were set as O, 3, 6, 9,
and 12 hr. The distance between the TiO,/PS polymer film and the light source was set
as 30 cm, and the measured light intensity was 2.249 W/n¥ for visible light and 0.412
W/m? for UV light. The film irradiated with UV light for 12 hr was used for the

following photodegradation experiment.



RESULTS

The aim of this study was to increase the physical dispersion and photocatalytic properties
of TiO, in a PS matrix through a simple pretreatment. In the experiments of UV spectrum
of TiO, solid film, athin solid film TiO, was prepared using hand compressor.  Figure 1
displays a map of the size distribution of the commercial TiO, powder with and without
physical grinding; the particle sizes within the TiO, powder ranged from 10 to 1000 nm.
The particle sizes of the TiO, powder before grinding exhibited a bimodal distribution
with peak maximum at 4.24 and 17.18 um; while the ground TiO, powder displayed a

single distribution.

Optical Properties of Synthesized TiO,/PS films

Figure 2 presents the UV spectra of two pure TiO, solid films and two TiO,/PS
polymeric films, which were prepared using ground and non-ground TiO, powders. The
absorption peak maximum of the TiO, solid film appeared near 258 nm. Several small
peaks also appeared between 400 and 610 nm, the so-called “phthalo-dip peaks’, which
were firstly observed in the UV spectra of inorganic filler-filled PS and poly(methyl
methacrylate) (PMMA). The formation mechanism of “phthalo-dip peak” is unclear [1].

We attribute the appearance of the phthalo-dip peaks in Figure 2 to the scattering of



aggregated TiO, powders. Figure 1 suggests that the particle sizes of these aggregated

TiO, powders ranged from 5-25 um; therefore, the scattering region is ca. one-tenth of the

aggregate size, i.e. 400615 nm.

Figure 3 displays the UV transmittance of the various films. Results show that PS

had the highest transmittance in the region 300-600 nm, and the pure TiO, film had the

lowest transmittance in this region but with phthalo-dip peaks. Figure 4(A) presents the

UV spectra of the non-ground TiO,/PS polymer films with respect to their TiO, loadings.

Results show that higher TiO, loadings caused a decreased transmittance in the region

300600 nm. We observe similar behavior in Figure 4(B), which presents the spectra of

PS blended with ground TiO, at various loadings. Figure 5 displays the effect of TiO,

loadings on the UV spectrum of visible light irradiated films. It is clear that the

transmittance in the region 300-600 nm increased to values as high as that of the pure PS

film. Because PS film is a total transparency film, when the UV spectra of TiO,/PS films

are similar with that of pure PS film which means that the physical dispersion of TiO,

particles is becoming homogeneously. Figure 6 demonstrates the similar behavior in the

UV spectrum of the film irradiated with UV light but with a slower incremental rate.

The FT-IR spectra of these TiO,/PS polymer films (data are not shown here) irradiated
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with visible and UV light did not show any significant changes after prolonged irradiation.
It has been suggested that the increases in transmitance in the region 300-600 nm might
have been caused by de-aggregation of TiO, powder in the PS matrices.

In summary, when TiO, powder was solution-blended with PS, we obtained an
extremely inhomogeneous film.  Illumination under visible light or UV irradiation led to
an increase in the homogeneity of these freshly synthesized films, through the formation

of afiner dispersion of TiO, particles in the PS matrix.

Improving M echanism of TiO, in PSFilmswith Visible Light Pretreatment

All above results have indicated that the pretreatment of PS/TiO, films can improve the
physical dispersion of TiO, powder in PS films. The improving mechanism has been
proposed: because the maximum absorption peak of pure PS film is at 400-600nm (in
Figure 3) and the phthalo-dip peak of TiO, powder is also at 400-600 nm (in Figure 2),
therefore energy interactions between excited TiO, and PS occurs. Benzyl rings of PS
would be the electron-donators and TiO, could be the electron-acceptors to form
[PST[TiO,] pairs, thus the dispersion of TiO, particles in the PS substrate could be

improved through this proposed mechanism.

n



CONCLUSIONS

The photocatalytic efficiency of TiO,/PS films toward KMnO, can be improved
through pretreatment of the film through irradiation with visible or UV light for 12 h.
For the first time the dispersion of TiO, powder could be improved in benzene ring-

containing polymers by visible light pretreatment.
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Table1 TiO,/PS Films Prepared for the Photodegradation of KM nO,

Solution
Run Solution Light Source TiO,/PS Film? Film
Pretreatment?
1 10% KMnO, None/Dark Yes No
2 10% KMnQ, Xe laser No No
3 10% KMnQ, Sunlight Yes No
4 10% KMnQ, Xe laser Yes No
5* 10% KMnQ, Xe laser Yes Yes

* The film used was pretreated by UV irradiation for 12 h.

Table 2 Removal Efficiency of 10% KM nO, Solution Photodegraded by
Untreated and Pretreated TiO,/PS Films

Removal (%) Irradiation Duration (min) Condition of used film
Runs 0 30 60 90 120
1 0% 0% 0% 0% 0% No changes
2 0% 2% 2% 2% 5% No changes
3 0% 4% 6% 9% 13% No changes
4 0% 16% 22% 22% 27% Dark spots were
generated
5 0% 20% 21% 27% 38% Slightly ablated from
glass reactor

(* Standard derivation of removal percentage is about 3.2%)
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Figure 1 Size distribution of commercialized TiO,, with and without physical grinding.
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Figure 2 UV absorption spectra of two pure TiO, films and two TiO,/PS films prepared
with ground and unground TiO, powders.
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Figure 3 UV spectraof two pure TiO, films and two TiO,/PS films prepared with ground
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Figure 4 UV spectraof TiO,/PS films prepared with various loadings of ground TiO,.
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Figure 5 UV spectraof the film prepared from 1 g of TiO, in 10 g of PS and irradiated
with visible light.
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Figure 6 UV spectraof the film prepared from 1 g of TiO, in 10 g of PS film and
irradiated with UV light.
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