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ABSTRACT

In this research, a kind of environmentally-friendly inorganic-organic hybrid nanocomposite coating based on silica
containing titania/silica core/shell nanoparticles was synthesized and characterized for conservation of facade tiles in
historical buildings. The matrix of the composite was prepared by sol-gel process via two methods of ultrasonic and
reflux stirring. Tetraethyl orthosilicate (TEOS) and poly-dimethyl siloxane hydroxy-terminated (PDMS-OH) were used
for the formation of silica network and creation of flexibility and hydrophobicity, respectively. Titania nanoparticles
were used in the form of titania/silica core/shell as ultraviolet absorber. The synthesized nanocomposite was applied on
the microscope slides and tiles by dip coating technique. The properties of nanoparticles and coatings were
characterized by Fourier-transform infrared spectroscopy (FTIR), Transmission electron microscopy (TEM) and water
contact angle measurement. The results revealed that formation of titania/silica core/shell structure was successful. The
investigation of PDMS content effect on transparency, cohesion and hydrophobicity of the coating confirmed that the
optimum content of this siloxane was around 20 wt.%. In general, the results showed that the silica-based hybrid
nanocomposite reinforced with TiO2/SiO; core/shell nanoparticles could produce a transparent and hydrophobic coating
for tile and glass protection.

Keywords: Silica-based inorganic-organic hybrid nanocomposite, Titania/silica core/shell nanoparticles, Hydrophobic

coating, Tile.

1. INTRUDUCTION
Conservation of cultural heritage is an interdisciplinary
field of science which has paved the way for the use of
various basic sciences and engineering in the field of art
and culture. Surface engineering is one of the most useful
sciences in conservation since damage mostly starts from
the surface of the materials. Therefore, creating protective
coatings on the surface of historical buildings and objects
can slow down the rate of their decay [1,2]. Due to the
effective role of water and UV radiation in the
deterioration of buildings, hydrophobicity and UV
absorption seem to be essential features for such coatings.
In recent decades, using  polymer-based
nanocomposites has received special attention in the field
of conservation and restoration. Amongst the most
efficient nanocomposites are those ones containing oxide
nanoparticles in a silicone polymer matrix, mostly created
by tetracthyl orthosilicate (TEOS). During the sol-gel
process, this silane converts to a silica network which is
brittle and prone to cracking during drying of the gel. One
way to overcome this brittleness is the addition of a

*: hrjazi@iut.ac.ir

silicone-based oligomer, such as polydimethylsiloxane
(PDMS), to the system, and the creation of a hybrid
inorganic-organic material called organically-modified
silicates or “ORMOSIL”. In addition to improving the
mechanical properties, PDMS makes the ormosil
hydrophobic [3,4,5]. The problem of cracking can also be
prevented by adding nanoparticles. Amongst the best-
known used nanoparticles are titania (TiO,) nanoparticles
which are photocatalyst, and thus UV absorbent, too. By
absorbing UV light, titania nanoparticles can accelerate
the decomposition of adjacent organic matter in
nanocomposite matrix, causing the composite to collapse.
One way to control the photocatalytic activity of titania
nanoparticles is coating with an appropriate material such
as stable oxides. These structures are called core-shells,
and can create a barrier between the photocatalyst
particles and materials sensitive to degradation [6].

The purpose of this study was to prepare and
evaluate a UV adsorbent hydrophobic coating for the
protection of tiled facade of cultural-historical
buildings. For environmental protection, using toxic
materials was avoided as far as possible. Since the
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ceramic body of tiles is covered with glaze, mainly
composed of silica, a silicone-based nanocomposite
was chosen as coating. The silicone matrix of the
composite was created by incorporation of PDMS-OH
into silica network obtained from hydrolysis and
condensation of TEOS. Titania/silica core/shell
nanoparticles were prepared and analyzed to be used as
reinforcement part. The nanocomposite coatings were
prepared by mixing two above materials, then applied
on substrates and their hydrophobicity was evaluated.

2. MATERIALS AND METHODS

The materials used to prepare nanocomposites were
tetracthyl orthosilicate (TEOS, Samchun, 95%),
Hydroxy-terminated (polydimethyl siloxane) (PDMS-
OH, Mn~550, Aldrich), Hydrochloric acid (HCI, 37%),
Nitric acid (HNOs, 65%), Ethanol and Ethyl acetate
(Merck), Anatase nanoparticles (TiO2, US nano with
Avg size of 10-25 nm) and distilled water.

2.1. Preparation of Hybrid Inorganic-Organic
Matrix

First, the matrix of composite was synthesized via sol-gel
process using two different methods of ultrasonic and
reflux.

In the first method, PDMS-OH and TEOS (20-40
wt.% of PDMS to TEOS), HCI, H,O and EtOH (0.005, 4,
4 molar rartio to TEOS) were agitated using a probe
sonicator with 12 W/cm® power for less than 10 min.
Microscope slides and pieces of tile were dip coated into
the resulting sol. After drying in laboratory conditions, the
coated specimens were dried at 130°C for 30 min.

In the second method, PDMS-OH and TEOS (20-40
wt.% of PDMS to TEOS) were mixed with their solvents,
Ethanol and Ethyl acetate, respectively, in volume ratio of
1:1. The two solutions were added to the HCl/distilled
water solution (0.045 and 4 molar ratio to TEOS), then
vigorously stirred for 20 min under reflux at 80°C.
Coating process was similar to the previous method, but
the specimens were dried at 150°C for 15 min.

2.2. Preparation of Titania-Silica Core-Shell
Nanoparticles

The peptization of agglomerated titania nanoparticles took
place in aqueous HNO; solution (pH=1.2). Silica coated
Titania nanoparticles were prepared via sol-gel process. A
solution of TEOS in EtOH (volume ratio of 1:1) was
added dropwise to the titania suspension whilst it was
being magnetically stirred. The stirring continued for 45 h
at room temperature and 8 h at 80°C under reflux. The
suspension was centrifuged and washed with water and
ethanol, then dried at 75°C for 1 h.

2.3. Preparation of Hybrid Nanocomposite
Coatings
The nanocomposite was synthesized by adding
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colloidal solution of TiO,/SiO, core/shell nanoparticles
(1 g/L) to the sol with 20:80 weight ratio of PDMS-
OH:TEOS(prepared based on second method in 2.1
section), and stirred under reflux at 50°C for 1 h.

Nanocomposite coatings were applied on Microscopic
slides by dip-coating technique. Properties of prepared
coatings were characterized and evaluated by FT-IR,
TEM, and water contact angle measurements.

3. RESULTS AND DISCUSSION

FT-IR spectra of hybrid gels (or ormosil), presented in
Figure 1, exhibited Si-O-Si bond corresponding to silica
gels and an important peak recorded at 845 cm™ attributed
to co-condensation between PDMS-OH chains and silanol
groups derived from hydrolyzed TEOS. This shows
PDMS is covalently bonded to silica network.

FT-IR  spectra of  TiO2/SiO,  core/shell
nanoparticles, showed in Figure 2, confirmed the
presence of a peak at 950 cm™' which is assigned to Ti-
O-Si bond, meaning the formation of covalent bonds.

TEM images of TiO,/SiO; core/shell nanoparticles in
Figure 3 illustrated the formation of continuous silica
shells with about 3 nm thickness around titania cores.

Water contact angle measurements in Figure 4
showed that the presence of nanoparticles in
nanocomposites improves the hydrophobicity of the
coating and increases water contact angle from 93° for
the ormosil coating to 97° for the composite coating.
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Figure 1. FT-IR spectra of ormosil with 20 wt% PDMS
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Figure 2. FT-IT spectra of TiO2/SiO: Core/Shells
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~3 nm

Figure 3. TEM images of TiO2/SiO: core/shell

4. CONCLUSION

Inorganic-Organic Hybrid nanocomposites composed
of ormosil matrix and titania/silica core/shell
nanoparticles were successfully synthesized without
using highly toxic solvents and catalysts. The best
composition to achieve a transparent and hydrophobic
nanocomposite coating contained PDMS-OH and
TEOS with 20:80 weight ratio. Addition of titania-
silica core-shell nanoparticles could improve the
hydrophobicity of the coating without decreasing its
transparency.
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