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PROPERTIES OF SOL-GEL TiO, LAYERS ON GLASS SUBSTRATE
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TiO, thin layers were prepared on glass substrate by sol-gel process and dip-coating technique. The coating solution was pre-
pared by using tetra-n-butyl orthotitanate (C,:H,,0,Ti) precursor. Very stable sols of this oxide were synthesized using the
alcoxide in the presence of acetic acid and using acetyl acetone as a chelating agent. The layers obtained were transparent
with good adhesion to the soda-lime glass substrate. The optical absorbance and thickness of the layers as a function of the
number of coatings were determined and their surface microstructures was observed by SEM. Absorbance spectra showed an
increased absorbance of the layers in the range of 280 — 300 nm. Nanocrystalline anatase particles were detected in the films
prepared by heating at higher temperatures. The thickness of layers varied from 80 to 200 nm depending on the coatings num-
ber. Corrosion of the substrate covered by the film was followed in demineralised water and was found to be somewhat lower

in comparison with the original uncovered glass surface.

INTRODUCTION

Titanium dioxide layers on glass substrates have
been widely studied for optical and electronic applica-
tions because they have a high refractive index, high
photocatalytical activity and good physical and chemi-
cal stability [1]. There are three techniques developed
for coating of TiO, onto the surface of the support,
namely, impregnation, chemical vapour deposition
(CVD) and sol-gel techniques [2]. Coating of TiO, by
impregnation is widely used by most researches because
the technique is easy and does not require any compli-
cated equipment, but the TiO, coating is not homoge-
neous and it is easily detached from substrates. On the
contrary, CVD and sol-gel techniques usually generate a
relatively homogeneous TiO, coating.

The sol-gel method has the advantage of easy con-
trol of chemical composition of thin layers [3]. Tita-
nium dioxide layers prepared by sol-gel method have
been used for production of architectural windows
[4, 5], as working electrodes in electro chromic devices
(ECD) [6-13] and also for solar cell applications
[14-21]. In the last decade, titanium oxide layers have
been applied in nanocell photovoltaic systems [22-24]
and as photocatalyst to remove organic pollutants from
industrial air and water. Also, gas sensors, ultra filtra-
tion membranes and semiconductor devices can be
based on sol-gel titania coatings [35].

The present work focuses on the study of the struc-
ture, optical and chemical properties of the TiO, layers
prepared by the sol-gel method and deposited on glass
surface by the dip coating technique. The TiO, layers

were characterized using UV-VIS spectrophotometer,
XRD diffraction analysis and the thickness of the layers
was measured with electron microscope. In addition,
protective effect of the film against the corrosion of the
substrate in demineralised water was determined.

EXPERIMENTAL

The TiO, layers were prepared using sol-gel
method. Details of the procedure used in this work were
described previously [25]. Tetra-n-butyl-orthotitanate
was used as a precursor to prepare TiO, sol. A mixture
of CH,COOH, ethanol and acetyl acetone was added to
tetra-n-butyl-orthotitanate and then was diluted by
adding a mixture of ethanol and water under continuous
magnetic agitation at room temperature. TiO, thin films
were laid on optically transparent microscopy glass sub-
strates by dip coating procedure. Before dip coating, the
glass substrate was washed with demineralised water.
The thermal treatment of the sample with deposited
layer started by drying at 80°C for 2 h, followed by tem-
pering at 550°C in air for 1 h and finished by cooling
with the rate of 20-25°C/min.

Various techniques were used in order to character-
ize final properties of the layers. XRD analysis of the
films on the quartz glass substrate was performed to
determine modification of TiO, with respect to heating
temperature and number of subsequent coatings on the
substrate. The electron microscope Hitachi S-4200 was
used to measure thickness of the layers and to examine
the quality and microstructure of the films. A fracture of
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the sample was prepared for these measurements allow-
ing examining the surface of the layer along with the
area perpendicular to this surface. Optical absorbance of
the films deposited on glass substrates was measured by
UV-VIS spectrophotometer (UV-1201 Shimadzu). Also
refraction index of the layers was measured by means of
ellipsometry technique. Static corrosion tests were per-
formed by immersing of the samples into demineralised
water, with starting pH value = 6. 5 at 80°C for differ-
ent times ranging from 10 minutes to 16 days. Three
samples were immersed into 25 ml of demineralised
water. The relation between the surface of the sample
and volume of water S/V amounted 0.2439 m?*/dm’.
After the exposure time, liquid samples were filtered
and analysed for their Na™ ions concentration. The con-
centration of Na” ions extracted from the layers into
demineralised water was determined using absorption
atomic spectrophotometer and compared with the Na*
ions extracted from the original glass surface without a
film.

RESULTS AND DISCUSSION

Electron microscopy of TiO, layers

The TiO, films that exhibited good adhesion to the
glass substrate were transparent or translucent. This is
not in agreement with Chul Han Kwon et al. [26] who
reported that TiO, thin films do not show a good adhe-
sion to the glass substrate when they are obtained on the
glass substrates by dip-coating technique and heat treat-
ed at temperatures up to 500°C for 1 h. This holds espe-
cially if two consecutive coatings were used to prepare
a thicker layer. They used titanium tetraisopropoxide
(Dupont, USA) as the precursor for the synthesis of
TiO, sol. Titanium tetra-isopropoxide solution was pre-
pared by diluting with isopropyl alcohol subsequently
peptised by stirring in the presence of water and nitric
acid as a catalyst. The alcoxide and the other com-
pounds used differ from ours, which might be together
with relatively low heating temperature the reason for
weak adhesion to the glass surface.

The thickness of the layers was measured using
scanning electron microscopy. The thickness of the first
coating is 88.3 nm, for two coatings is 106.3 nm and for
three coatings was detected to be 201 nm. Figure 1
shows the surface and thickness of the layer consisting
of one TiO, film. The layer prepared by two repeated
depositions can be seen on the figure 2, and in figure 3
the layer prepared by three subsequent depositions is
shown. Each subsequent film was submitted after depo-
sition to the same heat treatment procedure as the first
deposited film (550 C for 1 hour).

sunfacelofithetfiim

Figure 1. Surface and thickness of TiO, layer with one film on the
slide glass (heating temperature 550°C, time 1 h).

Figure 2. Surface and thickness of TiO, layer prepared by two sub-
sequent depositions of a film on the slide glass (heating tempera-
ture 550°C, time 1 h).

The layer consisting of one film is not smooth and
many aggregates were found on its surface. The layer
consisting of two films yielded totally smooth surface,
while the surface of the three films layer appears to be
wrinkled.

The intensity of the light colour shade of the samp-
le covered by the layer depends on the film thickness and
on the angle of light incidence. The colour shade varies
from yellow to violet according to the angle of incidence
and became brighter and more intensive with increasing
number of films deposited. The variety of colour shade
is probably caused by interference of light [27].
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Figure 3. Surface and thickness of TiO, layer with three films on
the slide glass (heating temperature 550°C, time 1 h).

Optical absorbance

The figure 4 shows that optical absorbance in UV-
region increases with increasing number of coatings.
The absorption edge of the TiO, film prepared by 1 coat-
ing cycle is observed at a shorter wavelength range than
that of the TiO, films prepared by 2 and 3 cycles. The
shift is ascribed to the difference in crystallite size.
According to Young Ug Ahn et al. [1] the TiO, thin films
prepared at 400 and 600°C have high transparency in
the visible range of light. The band fluctuation is due to
the interference colour of the film that appeared in the
wavelength range of 400-900 nm.
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Figure 4. Absorbance of TiO, layers with 1, 2 and 3 films on the
slide glass (550°C, 1 h).

Results of corrosion tests

The time dependence of the Na’ concentration
extracted into corrosion solution from samples coated
by one TiO, film was found to have a little distinctive
parabolic shape, which can be approximated by a linear
dependence except the first time values. The TiO, films
proved a small protective effect against demineralised
water (see figure 5). Van Gestel et al. [28] investigated
the corrosion of micro and mesoporous Al,O;, Al,O;-
TiO, and TiO, membrane materials in acid and alkaline
solutions. They emphasized in accordance with previ-
ous works [29, 30] the importance of material parame-
ters like the phase structure and the presence of amor-
phous phases. The resistance of TiO, layers on glass will
be given especially by the strength of Si-O-Na and
probably also Ti-O-Na bounds. According the results of
RTG analysis, incorporation of TiO, into glass structure
is not completed and TiO, is present also as anatase. In
such a case the materials parameters mentioned above
can also play an important role in the resulting corro-
sion resistance.
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Figure 5. The time dependence of Na” concentration in deminera-
lised water after corrosion of the sample with one TiO, film at
80°C.

Porosity

The porosity of the thin films P was calculated
using the following equation [31]:

_|, »*-1 o
P [1 “ IJ 100 (%)
where n, is the refractive index of pore-free anatase (7,
=2.52) [32], and # is the refractive index of the porous
thin films. The porosity value varied from 55 % (one
film) to 59 % (layer consisting of three films). The
resultant refractive index and porosity of TiO, thin films
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prepared by heating at 550° C are 1.84 and 55% respec-
tively. Seung Hun Oh et al. [33] reported a refractive
index of 1.93 and porosity of 49.1% for layers prepared
at 500° C. The porosity value obtained in this work
seems to be high due to some uncertainties by measure-
ment of refractive index of thin layers.

Optical microscopy

The figure 6 shows pictures of TiO, layers prepared
at different conditions (temperature and different num-
ber of films deposited) obtained by optical microscope
using the image analysis method of the system LUCIA.

The figure 6a shows TiO, film prepared by temper-
ature treatment at 350°C for 1 h. The figures 6b and 6¢
show TiO, layers prepared by temperature treatment at
550°C for 1 h consisting of two and three films. The
particles observed were identified as anatase crystals
with the size of 10 - 50 pm. The figures 6b and 6¢ indi-
cate that the coating number of the TiO, film does not
affect the particle size. This is in agreement with the
work of Shang et al. [36] who found that the thickness
of the TiO, film does not affect the particle size at least
up to the thickness of 360 nm.
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RTG analysis

Figure 8 illustrate the XRD patterns of TiO, layers
prepared at different temperatures for different hours on
the surface of silica glass. The XRD data indicate that
films are amorphous if only one or two films were
deposited and submitted to heat treatment at 600°C for
8 hours. Amorphous phase was identified also in the
layer prepared by deposition of one film and treated by
temperature of 700°C for 8 h. The TiO, layer prepared
by subsequent deposition of three films and/or treated
by higher temperature contains nanocrystalline anatase.

Figure 7 show an influence of temperature, time of
temperature treatment and number of coatings on crys-
tallization of anatase (intensities of peaks). Crystalline
TiO, film exists in three phases: anatase (tetragonal),
rutile (tetragonal), and brookite (ortho-rhombic), rutile
being the most stable of the three. The formation of the
phases depends on starting material, deposition method
and temperature. TiO, thin films can be transformed
from amorphous phase into crystalline anatase and from
anatase into rutile by temperature treatment [34]. The
intensities of the anatase peaks were increased implying
an improvement in crystallinity due to the increment of
the films number. As the films number increases, the
TiO, crystallites continue to grow. Similar effect
exhibits also increased temperature of thermal treatment
of the layer.

The results presented here agree with the conclu-
sions of the work published previously [25]. In this
work a negligible influence of solvent on the absorban-
ce spectra of the films was found. For this reason, only
ethanol was used as a solvent for sol preparation. It was
confirmed, that the gels annealed at temperatures up to
350°C are amorphous, while at higher temperatures
anatase diffraction peaks were found in gels annealed.

100 pm
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Figure 6. TiO, films prepared by different temperatures and by different number of coatings. a) 350°C, 1 h, one coating; b) 550°C, 1 h,

two coatings; ¢) 550°C, 1 h, three coatings.
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Figure 7. XRD patterns of TiO, films prepared by heating at dif-
ferent temperatures, heating times and with different films number.

In both works, the anatase to rutile phase transformation
was not detected. It was observed in previous and also
in the present work that the titania films on glass are
transparent in visible region and show absorption in UV
region. The layers were prepared by means of dip coat-
ing method in both works using the same drawing
velocity and under atmospheric pressure and normal air
humidity. The films with one coating showed character-
istic absorption in UV region at a wavelength of around
280 nm in both works.

CONCLUSIONS

The TiO, films obtained using of tetra-n-butyl
orthotitanate as the precursor and dip-coating method as
the way of formation were homogeneous with good
adhesion to the glass substrate and had small protective
effect against demineralised water. The thickness of the
layers increased with the number of coatings and varied
from 88 nm (one coating) to 201 nm (three coatings).
The highest values of optical absorbance of the layers
were found to be in UV region between the wavelengths
of 280 and 300 nm. The absorbance of TiO, layers
increased with increasing number of films deposited

and decreased with temperature of layers preparation.
The intensities of the anatase peaks in RTG diagrams
increased with the number of films deposited and with
the temperature used for preparation of the layer.
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VLASTNOSTI TiO, SOL-GEL VRSTEV
NA SKELNEM SUBSTRATU

LILIANA RODRIGUEZ-PAEZ, JOSEF MATOUSEK

Ustav skla a keramiky,
Vysoka Skola chemicko-technologicka Praha
Technicka 5, 166 28 Praha

TiO, tenké vrstvy byly pfipraveny s pouzitim procesu sol-
gel a techniky dip-coating. Roztok pro nandSeni vrstvy byl
pfipraven s pouZzitim tetra-n-butyl orthotitanatu (C,HsO,Ti)
jako prekursoru. S pouzitim tohoto alkoxidu v pfitomnosti
kyseliny octové a acetylacetonu jako chelatového ¢inidla byly
pfipraveny velmi stabilni soly tohoto oxidu. Ziskané vrstvy
byly transparentni s dobrou adhezi k substratu ze sodno-vape-
natého skla. Byla zjisténa zavislost optické absorbance a
tloustky vrstev na poc¢tu na sob& nanesenych vrstev a mikro-
struktura povrchu vrstev byla zkouméana s pouzitim SEM.
Absorpéni spektra vykazovala zvySenou absorbanci vrstev
v oblasti 280-300 nm. U filmu pfipravenych za vyssich teplot
byly detekovany nanokrystalické Castice ananasu. Tloustka
vrstev kolisala od 80 do 200 nm v zavislosti na poctu nane-
senych filmi. Koroze substratu pokrytého vrstvou byla sle-
dovana za pouziti demineralizované vody a bylo zji$téno, Ze je
ponékud niz§i ve srovnani s pivodnim nepokrytym povrchem
skelného substratu.

Ceramics — Silikaty 48 (2) 66-71 (2004)

71



