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We report on an improved sol-gel method for the production of highly photocatalytic titanium dioxide (TiO2) anatase
nanoparticles which can provide appropriate control over the final characteristics of the nanoparticles, such as particle size,
crystallinity, crystal structure, morphology, and also the degree of agglomeration. The synthesized anatase nanoparticles were
characterized using various techniques, such as X-ray powder diffraction (XRD), scanning electron microscopy (SEM), and
transmission electron microscopy (TEM), and were tested in coatings for self-cleaning glass and ceramic surfaces. The coatings
were prepared using a soft chemistry route and are completely transparent to visible light and exhibit a high photocatalytic
effect, which was determined by contact-angle measurements. Finally, it is worth mentioning that both the sol-gel synthesis
method and the coating-preparation method are based on a wet chemical process, thus presenting no risk of handling the TiO2

anatase nanoparticles in their potentially hazardous powder form at any stage of our development. Low-price, easy-to-handle,
and nontoxic materials were used. Therefore, our work represents an important contribution to the development of TiO2 anatase
nanoparticle coatings that provide a high photocatalytic effect and can thus be used for numerous applications.

1. Introduction

Pigmentary titanium dioxide (TiO2) exhibits a high refrac-
tive index making it a unique white pigment that is not
expected to be replaced in either the long or short term. It is
mostly used in the production of paints and coatings of every
kind, as well as rubbers, plastics, ceramics, papers, foodstuffs,
medicine, and many more [1].

With the advent of nanotechnology, the so-called “nano-
” form of TiO2 has received a great deal of attention, since
nanosized particles have many distinctive and enhanced
physical and chemical characteristics. Nanosized TiO2 is
known for its many applications, which include dye-
sensitized solar cells [2], UV absorption for surface protec-
tion [3], electrochemical splitting of water [4, 5], and various

applications in photocatalysis [6–16]. The photocatalytic
effect is a well-known characteristic of the nanosized TiO2,
having a large surface area capable of absorbing incident
UV radiation and transforming it into electrons (e−) and
positive holes (h+), which migrate to the surface, resulting
in chemical reactions with adsorbed pollutants and oxygen
from the air [17]. The preferred crystal structure of the TiO2

photocatalyst is anatase, which can be prepared with larger
surface areas than rutile, although having a slightly larger
bandgap (3.2 eV) than the latter.

The sulphate production of pigmentary TiO2 is based on
the hydrolysis of a titanyl sulphate solution, which results in
the formation of a white precipitate, the so-called metatitanic
acid, which is an agglomerate of anatase nanoparticles. In
our paper we refer to an agglomerate as a particle in which
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the subunits are connected with each other mainly through
physical bonding and can be broken when subjected to
stronger attraction forces or changes in the surface charge.
An aggregate, on the other hand, is a consolidated particle
in which smaller crystallites are connected mainly with
crystalline bridges. An aggregate cannot be broken down into
individual subunits. In view of this we refer to metatitanic
acid as an agglomerate, being made up of smaller subunits,
aggregates, which themselves are made up of very small
anatase crystallites. The crystallite mean size is about 5-
6 nm, the aggregate size ranges from 40 to 100 nm, and the
agglomerate size is in the order of 1-2 μm [18, 19]. Since
the aggregate size is in the nanoregion, we refer to them as
nanoparticles. It is very interesting that the size of the anatase
nanoparticles can be easily adjusted, simply by controlling
the hydrolysis reactions of titanyl sulphate solution [19]. The
aggregates that form the metatitanic acid agglomerate are
mainly connected through sulphate bridges. The sulphate
bridges are electrostatic bonds which arise due to the negative
charge of the sulphate ion [19]. When subjected to water-
soluble barium salts, the barium ion, having a greater
affinity for the sulphate ion, draws the sulphate ions holding
agglomerates together and thus breaks them apart into
individual anatase nanoparticles. Since the final suspension
is acidic, the nanoparticles within it are well dispersed. The
suspension is, therefore, very stable, enabling the separation
of the nanoparticles from the barium sulphate precipitate
which is a result of the reaction between the barium ions
and the sulphate ions [19]. There has been very little or
no research on determining the photocatalytic activity of
anatase nanoparticles in the as-prepared suspension, nor has
much research been done on its possible applications. Since
metatitanic acid is an intermediate in the production of
pigmentary TiO2, and thus prepared in very large amounts
when the sulphate process of production is used, it would
be very useful if a procedure could be developed to enable
the harvesting of anatase nanoparticles directly from it. In
our paper we report on such a procedure, enabling an easy
and inexpensive production of a stable, acidic suspension of
anatase nanoparticles, having a good photocatalytic activity
and self-cleaning applications.

2. Experimental Details

2.1. Metatitanic Acid Preparation. The metatitanic acid was
prepared using the sulphate process [1] in which ilmenite is
dissolved with concentrated sulphuric acid (98%, Cinkarna
Celje Inc.) and then hydrolysed in the presence of anatase
seeds. The anatase seeds are prepared separately by hydroly-
sing a titanyl sulphate solution at 80◦C and are added into the
dissolved ilmenite solution. The amount added was varied
through 0.1–1.8% in order to produce different metatitanic
types.

2.2. Preparation of a Stable Anatase Nanoparticle Suspension.
A stable anatase nanoparticle suspension was prepared by
mixing the metatitanic acid and a barium chloride solution
(p.a., Fluka) in the molar ratio Ti : Ba ∼ 30 : 1. The molar
concentration of the barium chloride used in this case was

0.5 M. The concentration of barium chloride was varied
between 0.25 and 1.4 M in order to prepare barium sulphate
particles of varying sizes. Barium chloride was added to
the metatitanic acid dropwise at room temperature while
mixing at 200 rpm. The reaction mixture was stirred for
around 15 minutes. Afterwards, the barium sulphate was
removed by means of centrifugation (30 min at 3000 rpm).
After the centrifugation a precipitate of barium sulphate
was present on the bottom of the vial, while the TiO2

suspension exhibited no sedimentation, thus allowing a
simple separation via decantation.

2.3. Preparation of Anatase Self-Cleaning Coating. In order to
prepare a stable colloid used for the final coating application
that exhibits good adhesion, mechanical stability, and also
superhydrophilicity, a soft chemical method was employed.
The anatase was used in the form of an acidic suspension
prepared as described above. To the acidic anatase suspen-
sion (5 mL), water (40 mL), ethanol (Fluka) (40 mL), and a
silica binder solution (400 μL) (made from either of the two
silica sources, that is, colloidal silica Levasil (200/30%) and
TEOS precursor) were added and stirred until a homogenous
mixture formed [20]. The molar ratio of Ti and Si in the
final suspension is 1.3 : 1. The as-prepared suspension is very
stable and remains so for a period of about six months. The
as-prepared suspension was used to prepare self-cleaning
coatings using various techniques, such as spraying and dip
coating onto various substrates. No thermal treatment of the
resulting coatings at elevated temperatures was required.

The coatings prepared differ in the size of anatase
nanoparticles used. NTi1 and both NTi2 and NTi3 were
prepared with anatase nanoparticles synthesized with a
seeding volume of 0.3 and 0.6%, respectively.

Coatings NTi4, NTi5, and NTi6 were prepared with
anatase nanoparticles synthesized with a seeding volume of
1.8, 0.6%, and 0.3%, respectively, and were used to test the
effect of particle size on the photocatalytic activity of the final
coating. The three coating types were also thermally treated
at 450◦C (30 min) to achieve a good adhesion on the glass
substrate.

2.4. Characterization Methods. For X-ray powder diffraction
(XRD) investigations the suspensions were neutralized after
the reaction, filtered, washed with distilled water, and dried
at 80◦C in order to acquire TiO2 powder that was used for
characterization. The TiO2 powder was pressed into a pellet
and the spectra recorded from 10◦ to 70◦ (2-theta angle) with
a CuKα radiation (λ = 1.5418 Å) using a CubiX PRO PW
3800 instrument (PANalytical). The TiO2 crystal structure
was identified using the X’Pert Data Viewer software.

Scanning Electron Microscopy (SEM) studies (Jeol JSM-
7600F, Jeol Ltd., Tokyo, Japan) and Transmission Elec-
tron Microscopy (TEM) studies (Jeol JEM-2100, Jeol Ltd.,
Tokyo, Japan) were used to estimate their morphology
and dimensions. The samples for the TEM observations
were ultrasonically dispersed and placed onto lacey, carbon-
coated nickel grids.

The optimum amount of barium chloride to be added
was determined by using Dynamic Light Scattering (DLS)
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measurements (Zeta PALS, Brookhaven). The samples for
DLS measurement were prepared by dispersing a single TiO2

suspension droplet into 50 mL of distilled water. The final
sample was translucent. The sample was poured into a plastic
vessel (10 mL) which was transferred to the instrument cell
where it was analyzed at a fixed angle of 90◦ using a laser
with a wavelength of 660 nm.

The zeta potential of TiO2 nanoparticles was determined
by Zeta PALS (Brookhaven). The samples for zeta potential
measurement were prepared by dispersing a single TiO2

suspension droplet into 50 mL of distilled water and mixing
it to form a translucent suspension. The electrophoretic
mobility was converted to zeta potential using a PALS
Zeta Potential Analyzer software and was based on the
Smoluchowski approximation.

Photocatalytic activity measurements were performed
using the contact-angle method [21, 22]. The TiO2 anatase
suspension was used to prepare an anatase nanoparticle layer,
which was done by dip-coating microscope glass slides (76×
26 mm, Menzel-Gläser) into an anatase suspension (100 g/L)
(dipping speed of 70 or 100 mm/min). Dip coating of the
microscope glass slides was performed only once. The layers
were used as-prepared or were additionally thermally treated
(450◦C, 30 min) in order to achieve better adhesion onto
the glass substrate and also to improve the crystallinity of
the anatase nanoparticles. Methyl stearate (p.a., Fluka)(0.2 M
solution in hexane) was used as a test organic pollutant
and was additionally deposited onto the anatase layers using
dip coating (100 mm/min). After the addition of the methyl
stearate the contact angle was measured, while the layers were
illuminated with UVA (CLEO light source, 20 W, 438 mm
× 26 mm, λ 355 nm, Philips) of ca. 2 mW/cm2 irradiation
intensity. Real-time contact-angle measurements provided
a quantitative measurement of the photocatalytic activity
of different anatase samples. It was determined for anatase
nanoparticles of various sizes.

3. Results and Discussion

3.1. Metatitanic Acid Preparation. Metatitanic acid was pro-
duced when a titanyl sulphate solution hydrolysed in the
presence of a certain amount of anatase seeds. Anatase seeds
are crucial for the hydrolysis of the titanyl sulphate solution,
since seeding provides better control over the final hydrolysis
product. These seeds can have many distinctive benefits
[18, 19, 23]:

(i) they promote the precipitation process;

(ii) they control particle formation and ensure a narrow
size distribution of the synthesised nanoparticles;

(iii) they increase the reaction yield;

(iv) they provide an active surface, which can greatly
accelerate the crystallization process, since crystal-
lization on a solid-solid interface is much easier than
nucleation in a liquid phase;

(v) they decrease the activation energy of a reaction, thus
further promoting crystallization.

The inoculation of a reaction mixture with suitable seeds
provides all the above-stated benefits through a process
of heterogeneous nucleation. Since the seeds used in our
reactions are of the same crystal structure as the final
product, we call such heterogeneous nucleation a secondary
nucleation.

In order to better understand the effect of seeding on the
final product, we conducted experiments where we varied
the quantity of seeds added to the titanyl sulphate solution.
According to the literature, the variation of the seeding vol-
ume should directly affect the size of the primary aggregates
(nanoparticles) [19]. The SEM results in Figures 1(a)–1(e)
indeed showed that larger seeding volumes tend to produce
smaller anatase nanoparticles, which are composed of a
smaller number of crystallites. On the other hand, smaller
seeding volumes produce anatase nanoparticles composed of
a larger number of crystallites. It was concluded that one can
effectively control the size of the anatase nanoparticles by
changing the amount of added anatase seeds. This result also
demonstrates that the seeds directly control the nucleation
process via secondary nucleation mechanisms.

The theory of heterogeneous nucleation states that the
free-energy change needed for the nucleation to occur
depends on the wetting angle in a liquid-solid system. In
the case of secondary nucleation, the seeds of the same
material as the one being crystallized are used; therefore, the
affinity in the liquid-solid system is complete. This means
that the contact angle becomes zero and that the free energy
of nucleation is also zero. In this case no additional nuclei
are formed in the supersaturated reaction medium when it
is seeded [24]. This is in direct agreement with the observed
results of our experiments. Since no additional nuclei were
produced after the inoculation with the seeds, they are solely
responsible for particle formation and thus also determine
their size. As stated previously [19] the seeds added could act
as centres for nucleation of the newly formed nanoparticles.
It was shown that the number of nanoparticles formed is
of the same order of magnitude as the number of crystals
inoculated as seeds. This suggests that every nanoparticle
arises from a single seed particle, as shown in Figure 2.

The seeds used in the synthesis are large agglomerates
of very small anatase crystallites, as shown in Figure 3(a). It
is very likely that they break up when added to the titanyl
sulphate solution, since their surface charge changes because
of the change in the pH value.

Zeta potential measurement of the anatase seeds was
performed by using a diluted water suspension (∼5 g/L)
which was titrated with sodium hydroxide solution (1 M).
The titration was done starting at an acidic pH value (∼2.5)
and raised to ∼10.5. As seen in the diagram of zeta potential
measurements in Figure 3(b), the seeds exhibit the isoelectric
point (IEP) at a pH value of about 5, which is very near to
the actual pH of the seed suspension that was used. The IEP
measured for anatase seeds is lower than expected for anatase
which is around 6 [25]. The observed difference could have
arisen because of surface impurities such as anions that were
adsorbed onto the TiO2 surface. Sulphate anions adsorb
onto the TiO2 surface and may reduce the IEP value, as was
observed in our measurements [26].
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Figure 1: SEM images of anatase nanoparticles produced by the hydrolysis of a titanyl sulphate solution when different seeding volumes were
used. The quantity of seeds (regarding the TiO2 content in titanyl sulphate in wt%) was (a) 1.8%, (b) 0.9%, (c) 0.6%, (d) 0.3%, and (e) 0.1%.

Figure 2: Scheme representing a possible mechanism of particle formation via secondary nucleation using seed inoculation [18].
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Figure 3: (a) Bright-field TEM image of anatase seed agglomerate.
Inset shows high-resolution TEM image of anatase seeds in which
smaller, approximately 5 nm crystallites of anatase are clearly visible.
(b) Zeta potential measurement of anatase seeds used to inoculate
titanyl sulphate solution. The isoelectric point of the anatase seeds
is around the pH value of 5, which is also the pH value of the seed
suspension used for inoculation.

Nevertheless, it is reasonable to assume that the particles
in the anatase seed suspension are highly agglomerated since
its pH value is near the pH value of the observed IEP.
But when they are added into the acidic titanyl sulphate
solution, the pH drops rapidly (below 1). Consequently the
zeta potential becomes more positive, which may give rise to
deagglomeration of the seed particles into smaller particles,
or even individual crystallites.

The mechanism of particle formation during seeding
has been researched extensively [27–29]. Qian and Botsaris
[29] presented the so-called “embryo coagulation secondary
nucleation (ECSN)” model, which combines classical nucle-
ation theory with colloid science. The model states that the
supersaturated solution already contains a large number of
embryos. When the seeds are inoculated the embryos migrate
to the surface of seeds, where they gather in large numbers
which then promotes the formation of clusters that are
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Figure 4: (a) TEM image of an anatase nanoparticle showing its
polycrystalline (aggregated) nature. The individual crystallites are
approximately 5 nm in size and they are aggregated into an anatase
nanoparticle. (b) X-ray powder diffractogram of the anatase nano-
particles.

larger than the critical nucleus size. Afterwards, the formed
nuclei can be swept away from the surface by shear forces
which are the result of solution mixing and the consequent
collisions between particles. The freed nuclei can then initiate
secondary nucleation or they can remain attached to the
seed and form a polycrystalline aggregate (nanoparticle).
In any case, highly consolidated polycrystalline particles
are formed with a narrow size distribution (Figure 1 and
Figure 4(a)). A high-resolution TEM image of an individual
anatase particle is shown in Figure 4(a), where individual
crystallites of approximately 5 nm in size are clearly visible.
From the X-ray diffractogram in Figure 4(b) it is evident that
the produced particles have the anatase crystal structure. It
also has to be noted that a small amount of rutile TiO2 is
present. The shoulder on the right-hand side of the (101)
anatase peak corresponds to (110) peak for the rutile TiO2.
A small amount of rutile is present in metatitanic acid and is
the consequence of production procedure.
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3.2. Formation of a Stable Nanoparticle Suspension. The
metatitanic acid that was used to carry out the experiments
was made by 0.6% seed inoculation amount. As was already
mentioned in Section 1, the metatitanic acid is made up
of the anatase aggregates presented in Figure 4, which are
connected into large agglomerates through sulphate ion
bridges. In order to produce a stable suspension of anatase
nanoparticles, sulphate bridges have to be removed which
is possible with the addition of an appropriate amount
of barium chloride. Since the barium ion bonds with the
sulphate ion that holds the anatase aggregates together, it
is very important to add enough of the barium chloride
solution in order to remove most of the sulphate ion bridges
and thus form a finely dispersed and stable suspension. The
optimal addition of barium chloride solution was defined by
performing DLS measurements as shown in Figure 5. If the
volume added is too low, the agglomerate breakage is not
sufficient and the average particle size is around 110 nm (red
curve). By increasing the volume addition of barium chloride
solution, the agglomerates break and the average size attained
is around 50 nm, which coincides very well with the actual
particle size observed by SEM (Figure 1(c)).

From the obtained results it can be concluded that the
optimal amount of barium chloride is in the molar ratio
TiO2 : Ba of approximately 30 : 1. This ratio enables the
production of very stable anatase nanoparticle suspensions,
which can be effectively separated from barium sulphate via
various separation procedures, such as centrifugation.

The separation of barium sulphate and TiO2 nanoparti-
cles is quantitative since TiO2 nanoparticles exhibit a high
zeta potential at acidic pH values which prevents their
sedimentation. The zeta potential of the TiO2 nanoparticles
is shown in Figure 6.

On the other hand, the barium sulphate particles are
larger and settle when centrifugation is applied. This was
also confirmed with XRD (Figure 7) analysis of the settled
material which is pure barium sulphate.

This is important since the method allows the production
of a very stable TiO2 acidic suspension without a byproduct
being present. The concentration of TiO2 in the final
suspension is dependent only on the amount of metatitanic
acid that is used. The transformation of the metatitanic acid
into TiO2 nanoparticle suspension has a very high yield (∼
100%) since only a sufficient amount of barium chloride has
to be added in order to remove the sulphate ions holding
the anatase nanoparticles together in the metatitanic acid
agglomerate.

It is also interesting to note that by careful addition of
a barium chloride solution almost monodispersed particles
of barium sulphate are formed (Figure 8). They are in
the size range of 0.5 μm to 1 μm, which depends on the
concentration of barium chloride used. As expected, the
barium sulphate particles form according to the classical
theory of nucleation, where control over the particle size
can easily be achieved by controlling the solute concentra-
tion (supersaturation). If a concentrated barium chloride
solution was used (Figure 8(a)), smaller particles formed
since supersaturation was larger and thus more particles were
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Figure 5: DLS measurements of nanoparticle suspensions that
were made from metatitanic acid (0,6% seed quantity) and the
subsequent addition of a barium chloride solution. The curves
correspond to DLS measurements of nanoparticle suspensions
prepared using different amounts of barium chloride solution that
were added to the metatitanic acid. Namely, 400 mL of metatitanic
acid suspension was mixed with 110 mL of 0,5 M solution of barium
chloride, 120 mL, 130 mL, and 140 mL, respectively.
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Figure 6: The change in zeta potential for anatase nanoparticles
when titrating the acidic suspension with sodium hydroxide
solution. The zeta potential is large for the acidic suspension but
drops when sodium hydroxide is added. The IEP seems to be at the
pH value of about 6 which is in accordance with the results found
in literature [25].

formed. On the other hand, if a diluted barium chloride
solution was used (Figure 8(b)), then the particles were
bigger since supersaturation was lower.

3.3. Characterization of the Photocatalytic Activity of Anatase
Nanoparticle Suspensions and Their Application as Self-
Cleaning Surfaces. The photocatalytic activity of anatase
nanoparticles in self-cleaning coatings was determined using
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Figure 7: The X-ray powder diffractogram of the material collected
after the centrifugation cycle was finished. The diffractogram
exhibits all the peaks for barium sulphate while no observable peaks
for anatase are evident.
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Figure 8: SEM image of barium sulphate particles. (a) Barium
sulphate particles formed when a concentrated solution of barium
chloride was used. (b) Barium sulphate particles formed when a
diluted solution of barium chloride was used.

contact-angle measurements. Figure 7 shows that the sam-
ples NTi1 and NTi2 decompose the methyl stearate test
pollutant rapidly, since the water contact angle fell in less
than one hour of UVA irradiation from initial hydrophobic
value, characteristic for the fatty deposit, to the final
hydrophilic value, characteristic for clean and hydroxylated

TiO2. The sample coating NTi1 performed slightly better
than the sample coating NTi2, which can be attributed to
the fact that the layer thickness differs for the two samples.
This could be due to the fact that the anatase nanoparticles
differ in size since they were prepared using 0.3 and 0.6%
seeding volume, respectively. However, the difference in layer
thickness was not examined. The slight difference in the
photocatalytic activity of the NTi1 and NTi2 coatings could
also be a direct result of the fact that anatase nanoparticles
differ in size. The anatase nanoparticles used for NTi1
coating are depicted in Figure 1(d), the anatase nanoparticles
used for NTi2 coating in Figure 1(c). Our results indicate
that the anatase nanoparticles depicted in Figure 1(d) could
be slightly more photocatalytically active than the anatase
nanoparticles depicted in Figure 1(c). However, raw anatase
nanoparticles were not analysed for their photocatalytic
activity, and therefore the difference in the photocatalytic
activity for the NTi1 and NTi2 coating cannot be addressed
adequately. Sample coating NTi3 performed worse even
though the coatings were additionally thermally treated in
order to enhance the particle crystallinity and adhesion to the
substrate. Such worsening in performance can be attributed
to the fact that a thermal treatment was used. It is possible
that during the treatment the nanoparticles present in the
coating became larger due to sintering, which lowered their
specific surface and consequently the photocatalytic activity
of the coating as a whole. Since anatase nanoparticles are well
crystallised at the beginning, the thermal treatment does not
contribute to their crystallinity and thus does not enhance it
(Figure 9).

As one can see (Figure 10) the photocatalytic activity of
the anatase nanoparticles depends greatly on the synthesis
procedure, that is, on the seeding volume used for the
secondary nucleation during the nanoparticle synthesis.
Although the nanoparticles synthesized using the 1.8% seed-
ing volume (NTi4 coating) are smaller in size and thus have a
greater specific surface, they performed worse in comparison
to the nanoparticles that were synthesized using the 0.6%
seeding volume (NTi5 coating). This can be explained by
the fact that the hydrolysis and polycondensation reactions
during the synthesis are carried out more rapidly when using
a greater seeding volume, which consequently influences
the overall crystallinity of the final product. Since the
hydrolysis/polycondensation reactions were very fast when
the 1.8% seeding volume was used, it can be assumed
that the product crystallinity is worse since the kinetics of
the reaction do not allow the crystal structure to be fully
developed during the synthesis. Therefore, smaller seeding
volumes are necessary and provide a better nanoparticulate
anatase which is suitable for self-cleaning applications.
However, it seems that a smaller seeding volume of 0.3%
produces a photocatalytically more active anatase than
the 0.6% seeding volume since the NTi6 coating (anatase
prepared with 0.3% seeding volume) performs better than
the NTi5 coating (anatase prepared with 0.6% seeding
volume).

Self-cleaning coatings were also tested in real-life envi-
ronmental conditions (8-month testing period with seasonal
climate changes (summer-spring)). Self-cleaning coatings
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Figure 9: Contact-angle measurements for self-cleaning coatings
prepared from anatase nanoparticles presented in Figure 1(c) using
a soft chemical method. Water contact angles were measured after
different times of irradiation of the coatings covered by methyl
stearate layer.
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Figure 10: Contact-angle measurements for different coatings
prepared from anatase nanoparticles using a soft chemical method.
The anatase nanoparticles were prepared using different seeding
volumes during the synthesis and therefore differ in size. Water
contact angles were measured after different times of irradiation of
the coatings covered by methyl stearate layer.

were applied on a glass surface (Figure 11) and exposed to
changing weather conditions over a period of 8 months. The
coatings remained photocatalytically active and mechanically
stable over the whole testing period.

This was tested by performing swift quantitative tests
for photocatalytic performance using the resazurin dye. The
dye was stained onto the coated glass substrates depicted in
Figure 11 which were then subjected to UV irradiation. If the

(a)

(b)

Figure 11: Glass substrates treated with self-cleaning coating and
placed in real-life conditions. One can see that the coatings exhibit
the superhydrophilic effect, which is depicted clearly in image (b),
where a clear distinction between the treated (superhydrophilic)
and untreated (water droplets) surface is shown.

TiO2 coating was to lose its activity or was even mechanically
washed away due to improper and inadequate adhesion,
the resazurin dye would not decompose and no observable
change in colour would occur (Figure 12).

As seen from Figure 12, the resazurin test has proven
that the TiO2 coating is still present and photocatalytically
active after eight months of exposure to real-life weather
conditions.

Nevertheless, it has to be noted that the contact-angle
measurement technique that was used does not provide an
entirely accurate impression on the photocatalytic activity
of the coatings since the change in contact angle can also
arise from the fact that TiO2 becomes superhydrophilic when
illuminated with UV light. Therefore the change in contact
angle value cannot be attributed to the methyl stearate
decomposition solely, but also to the fact that the layer
itself changes its surface properties. A more straightforward
technique to determine the photocatalytic activity of the
coatings should be used as will be the case in our future
research activities of self-cleaning coatings.

4. Conclusions

In summary, anatase nanoparticles were synthesized based
on a well-established sulphate process for TiO2 pigment
production in which metatitanic acid is produced. The
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Figure 12: The resazurin decomposition test after (a) 0 min, (b) 2.5 min, (c) 5 min, (d) 7.5 min, (e) 12.5 min and (f) 20 min. As can be seen,
the resazurin dye decomposes when UV illumination is applied which clearly indicates that the TiO2 layer remained active and mechanically
stable.

metatitanic acid can easily be converted into an anatase
nanoparticulate suspension by a simple precipitation reac-
tion using a water-soluble barium salt. The anatase nanopar-
ticle suspension was used to prepare a self-cleaning-coating
colloidal solution using a soft chemical method, which allows
the production of transparent and highly photocatalytically
active coatings. The coatings were tested using contact-
angle measurements and perform well even without thermal
treatment, which enables a low-cost application on various
substrates. The testing of self-cleaning coating is still in
progress but shows great promise, since it exhibits good
photocatalytic activity and mechanical characteristics. Fur-
thermore, it is based on a wet/soft chemical method, which
makes it suitable for large-scale production using inexpensive
equipment and technology.
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