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1. INTRODUCTION 

Heterogeneous photocatalysis is an advanced oxidation process based on 
the generation of hydroxyl radicals (•OH) by incident ultraviolet radiation on a 
photocatalyst (TiO2). These radicals have a high oxidising power and are able to 
degrade and mineralise a great number of organic pollutants and to inactivate a 
great number of microorganisms in aqueous systems.  

Numerous studies are available in which tertiary wastewater treatment 
systems based on photocatalytic technology have been developed. Ceramics are 
materials with a chemical resistance and durability that make them suitable for 
use as a photocatalytic substrate in this type of system. This study was undertaken 
to obtain decontaminating ceramic tiles by applying a nanometric sol-gel coating 
of titanium dioxide (TiO2) on the ceramic substrate. Using the resulting 
photocatalytic ceramic tiles, a reactor for wastewater decontamination and 
disinfection was developed. 

The decontaminating capability of the developed system was evaluated by 
treating a wastewater treatment plant (WWTP) effluent that contained the 
pesticide Imazalil as main pollutant.  
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2. EXPERIMENTAL 

Decontaminating ceramic tiles were obtained on a pre-industrial scale by 
applying a commercial nanometric coating of titanium dioxide (TiO2) on a porcelain 
tile body. The pieces were obtained by spraying and firing in a laboratory kiln at a 
peak temperature of 600 ºC. The methodology of obtaining the tiles was optimised 
by testing 3 different methods that combined: a single spraying and firing stage 
(M1); double spraying with a single firing stage (M2); and double spraying and 
firing (M3).  

The photocatalytic properties of the ceramic tiles were characterised by 
monitoring the degradation of an aqueous solution of 5 mg/L of methylene blue 
(MB) in contact with the photocatalytic coating, on exposure to UV radiation in an 
exposure chamber. 

The decontaminating capability of the system was evaluated by treating a 
wastewater treatment plant (WWTP) effluent. A photocatalytic reactor was 
designed for this purpose, based on the ceramic tiles obtained (Figure 1). The 
design consisted of an annular reactor with a 7 L capacity, consisting of a mercury 
vapour UVB lamp, located on the cylinder axis, surrounded by a structure that held 
the photocatalytic ceramic tiles. The parameters used to evaluate the 
decontaminating capability were the reduction in Imazalil concentration and total 
organic carbon (TOC) in the water, after 6-minute treatment with UV radiation in 
the reactor.   

 

	

	

Figure 1. Photocatalytic reactor. 
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3. RESULTS 

The photocatalytic tiles obtained by the 3 methods combining the firing and 
spraying stages were characterised, determining their photocatalytic activity. In 
addition, a test was conducted with a tile body without the photocatalyst to 
evaluate the photolysis undergone by methylene blue under UV radiation. 

The results show that the 
reduction in the organic colorant 
concentration was much more 
pronounced in the coated tiles than in 
the blank tile, evidencing their 
photocatalytic activity. 

The photocatalytic activity 
constants obtained on fitting the 
experimental data to the kinetic 
equation indicated that the optimum 
method was by double spraying of the 
coating with a single firing stage. 

 
Figure 2. Variation of MB concentration with 

UV exposure time. 

The decontaminating capability of the developed tiles (M2) was evaluated in 
the reactor designed for this purpose by treating a wastewater treatment plant 
(WWTP) effluent that contained Imazalil as main pollutant in a concentration of 
3.5 mg/L. 

 

The results obtained indicated 
that, though the photolysis effect was 
very pronounced, the photocatalytic 
degradation gave rise to almost 
complete removal of Imazalil. In 
addition, the reduction in TOC showed 
that the photocatalytic reaction not 
only degraded the pollutant but also 
produced its partial mineralisation. 

Sample 
Reduction of 

Imazalil 
(%) 

Reduction 
of COT       

(%) 

Blanh 74 9 

M2 91 21 
	

Table 1. Reduction (%) of Imazalil and 
of (TOC) of the wastewater, after 6-

minute treatment in the reactor.
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4. CONCLUSIONS 

Photocatalytic ceramic tiles were developed by applying a commercial sol-gel 
coating of TiO2. The photocatalytic activity of the developed tiles allowed the optimum 
conditions for obtaining photocatalytic tiles to be established. 

The decontaminating capability of the system was evaluated by treating a 
wastewater treatment plant (WWTP) effluent. A photocatalytic reactor was specially 
designed for this purpose, based on the ceramic tiles obtained. The study conducted in 
this photoreactor showed the degradation and even partial mineralisation of the 
pollutants present in the wastewater. 

A hitherto unknown system was thus obtained, based on ceramic tiles, whose use 
as tertiary wastewater treatment allows, in addition to other applications, non-
degradable compounds in a conventional biological treatment to be removed. 
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