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Abstract—Purification of water using TiO; as a photocatalyst has attracted a great deal of attention. The 
technical limitation of using the powder form of TiO; is the separation of the catalyst. It has been found 
thai TiO; microcystallites can be firmly affixed to the glass plates without any deactivation. As an example, 
mineralization of carbofuran was tested. Results indicated that total mineralization can be achieved after 
15 h of irradiation. This method is a low-cost process and plates can be reused without any deactivation. 
The major drawback is the requirement of UV irradiation for the water decontamination. © 1997 Elsevier 
Science Ltd 
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INTRODUCTION 

Photocatalytic oxidation of organic contaminants in 
water such as agrochemicals and industrial waste 
using TiO : continues to be an active area of research 
with practical applications (Gal et al., 1992; Klopffer, 
1992; Muneer and Das, 1992). Photocatalytic activity 
of TiO : results from the generation of highly 
oxidative holes during illumination with band-
gap radiation (Mathews and McEvoy, 1992). The 
superoxide ion produced via electron acceptance by 
molecular oxygen could also participate in the 
oxidation reactions. A technical limitation of this 
method is the need for separation of the catalyst, 
which escalates the cost and completely rules out the 
adoption of this method for the purification of 
drinking water. This problem can be circumvented by 
supporting the catalyst in an inert substrate; for 
purification of drinking water, complete inertness and 
prevention of leaching are stringent requirements 
(Mathews, 1992; Fox el al., 1994; Tennakone el al., 
1995). Glass possesses the above properties, and it 
has been found that TiO; can be firmly affixed to 
glass surfaces without deactivation and the sup­
ported TiO; is photocatalytically active in mineral­
ization of organic compounds dissolved in water. 
To study the photocatalytic activity of the T i 0 2 -
coated glass plates, photocatalytic degradation of 
carbofuran was studied as an example. Carbofuran 
is extensively used in Sri Lanka as a soil insecticide 
having a lethal dose (LD50) of 13mgkg~' of body 
weight. Residues of the substance, even if the 
quantities are small, may accumulate in the 
surrounding soil and ground-water, which may be the 
source of human contact with toxic chemicals. 
Therefore, complete destruction of carbofuran is 

WR 3 1 : 8 — D 

essential, as it is potentially dangerous to living 
organisms. 

EXPERIMENTAL 

TiO; was coated on glass plates by the following method. 
One ml of titanium isopropoxide (Aldrich, London, UK) 
and 5 ml of glacial acetic acid (BDH) were added to 10 ml 
of propan-2-ol, the mixture being kept stirred. The mixture 
was then exposed to moist atmosphere of 85% relative 
humidity. Hydrolysis of titanium isopropoxide produces 
fine crystallites of TiO; and the above procedure prevents 
their agglomeration. Five ml of the above solution is further 
diluted with 10 ml of propan-2-ol and -0 .5 ml of this 
solution was spread on a sheet of commercial soda glass 
(7.5 x 2.5 x 0.1 cm3) heated to a temperature of 125°C. The 
glass plates were baked at 430 C for 3 min. The loosely 
bound outer crust was removed after the plates were cooled. 
This process was repeated several times, until the TiO; 
coverage is ~2.5 x 10" !gcm" J (gravimetrical analysis). 

Photolysis experiments were conducted in a 400-ml 
water-cooled (26°C) photochemical reactor with a cylindri­
cal quartz inner jacket. TiOrcoated glass plates (total area 
7.5 x 2.5 cm :) were placed in the carbofuran solution 
(450 ml of 222 ppm) in the annular region between the two 
jackets. The light source used was a medium-pressure 
mercury arc lamp (400 W) fixed at the central axis of the 
inner jacket (Fig. 1). The light output was about 5 x 10" 
photons per second, which is predominantly in the range 
of 365-366 nm. The solution was purged with oxygen 
(CO;-free) at a bubbling rate of 15 ml min - 1 . Carbon 
dioxide in the outgoing gas was monitored by a gas 
chromatograph (Shimadzu GC-9 AM Gas Chromatograph) 
with an activated charcoal column and a thermal con­
ductivity detector. The other degradation products, 
ammonia and nitrate/nitrite, were estimated by indophenol 
blue and cadmium column reduction methods, respectively 
(Henry, 1969; Gotterman el al., 1978). Spectrophotometries 
fluorometric examination of the solution revealed degra­
dation of carbofuran. Chemical oxygen demand (COD) of 
the solution (which is a measure of the depletion of 
carbofuran or its partial degradation products) was 
measured at different time intervals during irradiation 

1909 


