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Abstract

Development of textiles with multifunctional properties for creation of high value
added products is being explored by smart manufacturers for quality conscious cus-
tomers. Traditionally organic agents and finishes have been used for imparting func-
tionalities to the textiles like antimicrobial, UV protection, water repellency, flame
retardency etc. In recent times however, focus has shifted to inorganic finishes, typi-
cally metal salts and oxides to impart some functional properties.

One of the widely explored inorganic compounds is TiO,, which is well known for its
photocatalytic activity in UV light. Its ability to destroy organic matter by oxidation in
UV light radiation has been exploited in self-cleaning, dye decolorization, antimicro-
bial activity and removal of toxic organic compounds from water. In the last decade,
researchers have started applying TiO, on textiles for imparting functional properties
like self-cleaning, UV protection, dye decolorization etc. The TiO, has been found to
be much more effective in nanoparticle (NP) form than as bulk deposition.

In this study, TiO, has been deposited in NP form on cotton fabric by sol-gel tech-
nique. Titanium tetraisopropoxide (TTIP) has been used as a precursor for in-situ
deposition of TiO, NP on woen cotton fabric. Three different process routes, namely
pad-dry-cure, pad-dry-hydrothermal and pad-dry-solvothermal were chosen for in-situ
application of TiO, NP on cotton fabric and effect of various parameters on properties
like UV protection, self-cleaning as well as wash durability was examined. The study
shows that very low levels of TiO, deposition (~ 0.1% owf) are sufficient to impart
reasonable level of UV protection to cotton fabric. Prolonged high temperature ther-
mal treatment in water (~ 120°C, 3 h) is needed to convert the deposited TiO, coating
to crystalline NP form. Only when the deposited TiO, gets converted to crystalline

anatase NP form, it develops significant self-cleaning and wash durable properties.



Although TiO; is one of the most effective photocalyst available, its band gap ensures
that the photocalytic activity is witnessed only in presence of UV light. Since UV ra-
diation is only a small fraction of overall solar radiation, it can be converted to a much
more effective manner if the photocalytic effect can be extended to visible part of the
spectrum. This is possible by reducing the band gap and one of the popular ways of
doing it is doping of TiO, with various elements.

In this study TiO, was doped with silver and it was found that it has the ability to re-
duce the band gap of TiO, from 3.25 eV to 3.14 eV. This allows TiO; to be effective
as a photocatalyst in visible part of the solar radiation also. Such silver doped TiO,
NP coated cotton fabric composites were used for decolorization of Rhodamine B
(RhB) dye solution in water. It was found that cotton fabric coated with silver doped
TiO, NPs was able to provide ~ 94% and 91% decolorization of RhB dye solutions
after 8 h exposure to UV and visible light radiations respectively. Similar trend was
observed with self-cleaning of methylene blue (MB) dye stains.

One of the highly effective antibacterial inorganic materials is silver. Silver is a highly
potent inorganic antibacterial material and has been used by mankind in various
forms. However, due to its very high surface area and hence effectiveness, nano-silver
is being widely used nowadays. In this study, silver has been used in a novel way to
convert TiO, NP coated cotton into effective antibacterial form. Silver salt has been
used at very low concentrations (100 ppm) during hydrothermal treatment of TiO, NP
coated fabric to dope it. Doping was confirmed by spectroscopic studies and this re-
sulted in imparting valuable broad spectrum antibacterial properties to cotton.

The enhancement of dye decolorization and stain removal property can be brought
about by use of highly crystalline mixed crystal forms of TiO, NP. One such product

is P-25 from Degussa (Anatase:Rutile/80:20), which is highly crystalline nanoparti-



cles (NPs) of TiO,, with mixed crystalline forms and a size of ~25 nm. Although these
NPs have high catalytic power, they do not have high affinity for cotton. A novel ap-
proach was used to exploit the high catalytic power of P-25 NPs on cotton and at the
same time ensuring durability of their deposition. These NPs were introduced in the
hydrothermal bath of cotton fabric coated with an amorphous coating of TiO,. During
the hydrothermal stage, the P-25 NPs get embedded in the amorphous layer, which
itself becomes crystalline and hence durable. It was found that the cotton fabric in
which P-25 NPs were applied on TiO; coated cotton during hydrothermal treatment,
exhibited the highest dye decolorization and self-cleaning attributes. The hydrother-

mal route also imparted reasonable wash durability to deposited P-25 NPs.
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