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Abstract 

The photocatalytic activity of Ti0 2 -Si0 2 -coated cotton textiles was investigated through the self-cleaning of red wine stains. It was shown 
that a T i 0 2 - S i 0 2 species could be produced at temperatures of 100 C with acceptable photo-activity on non-heat resistant materials. The most 
suitable Ti-content of the coating was found to be 5.8% and for S i0 2 , the content was 3.9% (w/w). The discoloration of red wine led to C 0 2 

evolution that was more efficient for Ti0 2 -Si0 2 -coated cotton for samples than of Ti02-coated ones. The reasons for these results are discussed. 
The textile surface did not show any change after several consecutive light-induced discoloration cycles of a red wine stain. By high-resolution 
transmission electron microscopy (HRTEM), the T i 0 2 - S i 0 2 layer thickness on the cotton fibers was detected to 20-30 nm. The Ti0 2 and S i0 2 

were both observed to have particle sizes between 4 and 8nm. Further electron microscopy work coupled with energy dispersive spectroscopy 
(EDS) showed that the Ti-particles were always surrounded by amorphous S i0 2 and never alone by themselves. Infrared spectroscopy revealed 
that no modification of the cotton could be detected after photo-discoloration processes with T i 0 2 - S i 0 2 , taking a wine stain as model compound. 
The mixed Ti0 2 and S i 0 2 colloids lead during the dip-coating and subsequent thermal treatment on cotton to an organized structure of highly 
dispersed Ti0 2 particles always surrounded by amorphous silica. 
© 2005 Elsevier B.V. All rights reserved. 
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1. Introduction 

The development of permanent self-cleaning cotton textiles 
with a life cycle of 25-50 washings or more is an objective 
sought by the textile industry in the framework of new prod­
ucts classified as intelligent textiles [1,2]. Such a product could 
have applications in the EU market of about 14 million meters 
of textiles/year. The cost saving on cleaning using these fab­
rics, presenting a total or partial self-cleaning properties, is 
one benefit. The other is to prolong the lifetime of the tex­
tile due to the continuous self-cleaning taking place at the 
fabric surface under daylight irradiation. Such an innovation 
comprises TiC>2 nano-clusters thin films deposited on the tex­
tile surface, in our case, a cotton textile. TiC>2 was shown in 
the last decade to be the best candidate for a photocatalytic 
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applications [3 5]. Nano-sized TiC>2 particles show high photo­
catalytic activity because they have a relatively large surface 
area per unit mass and volume, which facilitates the diffu­
sion of the surface, generated charge carriers under light irra­
diation [6,7]. Sol-gel TiC>2-based thin layers require a high 
temperature treatment >300°C treatment to produce thin films 
with a defined crystallographic phase. This limits the possi­
bility of achieving well-crystallized Ti0 2 films, to supports 
with reasonable thermal stability such as glass or ceramics 
[1-6]. 

We have found only three prior reports on TiC>2 thin films 
prepared from sol-gel Ti0 2 at relatively low temperatures. The 
first report discussed deposited TiC>2 films on silicon wafers 
between 60 and 180°C by film autoclaving under water pres­
sure [7]. The second report was related to TiC>2 deposition on 
polymer PMMA and polycarbonate from TiC>2 sol-gel [8]. The 
third and last report involved the production of Ti02 films of 
alcoxides at temperatures of 100 °C [9]. Out of our laboratories, 
we have recently reported the coating of synthetic fabrics with 
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