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Abstract
The aim of this study was the surface functionalization of a new green ceramic material,
obtained using packaging glass waste (PGW), to improve its cleanability. This objective
was reached through the deposition by air-brushing of a nanostructured coating based
on titania-silica sol-gel suspension. The coatings were deposited on both glazed and
unglazed ceramic substrates and the thermal treatment conditions (temperature) were
optimized. The obtained results suggest that the applied coatings are transparent and
show a good scratch resistance and photocatalitic activity under the tested conditions.
The photodegradation process and the mechanical properties are clearly affected by the
thermal treatment and thus by the sample surface roughness. The best surface properties
were obtained with a thermal treatment at temperature of 150°C. These coatings do not
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exhibit either cracks from the substrate. All in all, the developed surface modified
ceramic material is attractive as potential sustainable building material.

Keywords: TiO2; Sol-gel process; Functional application.

1. Introduction
In an environmental context, the construction industry has a major impact on
sustainable development. As known, the construction sector has major impacts on all
three pillars of sustainable development: environment, society, and economy [1, 2]. In
fact, it has some of the biggest direct effects on water, resources, land use, and
greenhouse gas emissions [2, 3], and some indirect effects on the environment affecting
transport and, as consequence, communities and public health [4, 5]. For such reasons,
the environmental issues in the construction industry are reduction of raw material
extraction and consumption, land-use change, including clearing of existing flora,
energy use and associated emissions of greenhouse gases, aesthetic degradation, water
use, waste water generation, etc [4].
In this context, the development of innovative materials based on huge amount of
alternative raw materials deriving from waste matter recovery and with self-cleaning
properties can be a significant step towards the reduction of the environmental impact of
this sector. One category of waste that can be considered as new raw material for
ceramic and building sector is the glass waste coming from packaging glass (PGW)
collected by urban separated collection. In fact, according to data reported by CoReVe,
the Italian Consortium for the collection, recycling and reuse of packaging glass waste,
approximately 2.186.300 tons of packaging glass were put on market in 2013, the 73%
of which was collected by separate collection. In other words, around 1.596.000 tons of
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the packaging glass are recovered mainly in glassworks (99%) and 1% in alternative
recovery (ceramic industry, building, other glass sectors) [6]. The potential use of this
alternative raw material in the production of new ceramic materials has already been
evaluated by Barbieri et al. [7, 8]. These studies showed the feasibility to use the glass
waste (PGW) for the manufacture by lamination process of a new green material,
having a composition quite different from the traditional ceramic tiles, building bricks
and roof tiles. If several works studied the possibility to use the glass waste as new
fluxing agent in replacement of traditional feldaspar [9, 10, 11], in these studies Barbieri
et al. showed the possibility to obtain a new ceramic material where feldaspar and
quartz sand are completely replaced. The new ceramic material, based on a huge
amount of glass waste (80wt%) and 20wt% of refractory clay, sinter at low temperature
(950°C) and can be used as wall and floor coverings [7, 8]. As a consequence, this new
kind of ceramic tiles can save energy, due to the reduction of sintering temperatures,
and raw materials, due to the very low amount of used clay. However, the high porosity
and thus the high dirtiness represent significant drawbacks of this innovative material,
making necessary a periodical surface cleaning process, that has as a result the altering
of the surface aesthetic aspect, or a glazed coating. The protection of the ceramic
material is therefore a serious challenge in building material. In order to improve
surface cleanability properties of ceramic materials the photocatalycity of titanium
dioxide (TiO2) nanoparticles can be used [12]. TiO2 is widely used in different materials
and applications: exterior construction materials [13, 14], water [15] and air purification
[16], self-cleaning and antibacterial cement mortar [17], tiles [18], glass [19], and,
recently, cultural heritage[20]. In fact anatase titania polymorph is a photocatalyzer that,
when exposed to radiation of adequate wavelength, is able to catalyze the mineralization
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of polluting agents, either organic and inorganic, as well as to show superhydrophilicity
and antibacterial properties [16, 18, 21].
Taking into account the idea of exploiting the transparency of coatings, in this work the
authors evaluated the possibility to obtain a multifunctional surface for the new green
ceramic material obtained using a high amount of packaging glass waste (PGW), using
TiO2-SiO2 based sol-gel coatings. Infact, as showed by other research papers, [18, 20,
22], TiO2-SiO2 binary films, deposited by air-brushing on fired tiles, allowed to obtain
higher adhesion and self-cleaning properties.
TiO2-SiO2 films were prepared depositing by air-brushing a colloidal solution of titania
nanoparticles on the surface of the green material. The modification of the TiO2-SiO2
coatings with AgNO3 was also investigated to assure the antibacterial activity of the
coating in any illumination conditions [23]. In fact, silver is so far one of the best
known antimicrobial/antifungal agent due to a strong cytotoxic effect not restricted by
UV illumination toward a broad range of microorganisms and due to its remarkably low
human toxicity compared with other heavy metal ions. The films, deposited on both
glazed and unglazed ceramic substrates, were characterized to mainly evaluate the effect
of the thermal treatments and AgNO3 addition on photocatalycity and coating
mechanical properties. In fact, another general purpose of this coating is to protect and
then to enhance the appearance and durability of the substrate. Therefore, coating
properties such as adhesion and scratch resistance are critical and have to be enhanced
retaining at the same time the basic functions of the specific coating [24].
2. Material and methods
2.1 Coating preparation and deposition
The material selected for evaluating the efficiency of TiO2-SiO2 based coatings was an
innovative ceramic material where feldaspar and quartz sand are completely replaced by
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80 wt% of PGW and 20 wt% of kaolin ceramic grade, and manufactured by lamination
process.
To prepare suitable prismatic specimens (5.0 x 5.0 x 1.0 cm3), the raw materials were
ground and sieved below 500 m [7]. The milled powders were mixed with a watersoluble binding polymer (8 wt%), homogenized, and formed by lamination. The
compacts were dried at 60°C and then fired in an electrical laboratory furnace (model
AWF 13/12, Lenton, Hope Valley, U.K.), at a firing temperature of 950°C with 15 min
of soaking time.
Total porosity (Pt) was evaluated by the difference between absolute density, ab, and
apparent density, a, of ceramics (Eq. 1);

𝑃𝑡 % =

𝑎𝑏 − 𝑎
𝑎𝑏

× 100

(1)

where a was estimated by a dry flow Pycnometer (Micromeritics GeoPyc 1360) using a
bulk sample of 1 x 1 cm2, while ab by a He displacement Pycnometer (Micromeritics
ACCUPYC 1330), after crashing and milling the samples below 45 m. The total
porosity of the so obtained ceramic material was 27%.
In order to evaluate the effect of the TiO2-SiO2 functional coating also as protective
layer, the coating was applied both on unglazed and glazed ceramic. The commercial
transparent glaze was supplied by Colorobbia Spa and deposited on the green ceramic
substrate before its sinterization. In particular the glaze, coded CLA3, was chosen for its
coefficient of thermal expansion (5.9x10-6 C-1) and for its firing temperature (930970°C) in good dilatometric agreement with that of the substrate (7.5x10-6 C-1). The
glazed and unglazed samples were sintered in an electric laboratory furnace
(Nambertherm) at 10°C/min heating rate and 1 h of soaking time at 950°C.
5

For glazed and unglazed samples the surface porosity (PS) was estimated as reported in
Eq.2 [25];

𝑃𝑠 % =

𝑠 − 𝑎
𝑎𝑏

× 100

(2)

where skeleton density, s, was measured by a He displacement Pycnometer
(Micromeritics ACCUPYC 1330), on the obtained samples, while ab and a were
measured as already reported. The surface porosity of unglazed and glazed samples was
about 22% and 0.5% respectively.
On the obtained specimens, the titania-silica sol (titania content 2wt%) was deposited
by spray coating at room temperature, using an air brush at a pressure of 6-8 bar, at a
distance of about 14 cm from the substrate. Each sample was coated with a unique spray
cycle with 0.24 ml/cm2 of solution with an average TiO2 content of about 48 g/m2. For
every single spray were used about 6 ml of sol. Table 1 reports the chemical
composition of the used titania-silica sol. Finally, the effect of AgNO3 addition (0.25 g
for each liter of titania sol) on the TiO2-SiO2 based coatings was also investigated.
After the deposition, the samples were dried at 30°C overnight and treated at different
temperature (25, 150 and 300°C) and treatment time to evaluate the effect on the
mechanical properties and on the photocatalytic efficiency of the sol-gel coatings. Table
2 reports the sample codes and the experimental conditions evaluated.

2.2 Sample characterization
The effect of the coating on the material color was determined by performing color
measurements on both uncoated and coated tiles by the CIELAB method to get L*, a*,
and b* values.
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According to UNI EN 15801 [26] color change, E*, between two different surfaces is
defined as:

∆𝐸 ∗ =√(∆𝐿∗ )2 + (∆𝑎∗ )2 + (∆𝑏∗ )2

(3)

where in the CIELAB notation L* is the change in lightness, a* and b* the change
in hue (a* is the red (0) green (0) coordinate and b* the yellow (0) blue (0)
coordinate). The result was the mean of 3 measurements on 6 different specimens for
each different typology of substrate.
The photocatalytic activity of the coatings was evaluated by colorimetric analysis using
the standard rhodamine B (RhB) photo-degradation test. The dye (water solution
containing 0.05  0.005 g/l of rhodamine B) was applied on both treated and untreated
samples using a syringe (0.5 ml deposited in a 222 cm2 area for each specimen). After
24 h long drying phase in the dark at room temperature, colorimetric measurements
were carried out to establish color changes due to the dye on stained part of the sample.
Afterwards the samples were exposed to UVA light (irradiance value on tile surfaces:
3.75  0.25 W/m2) as reported by UNI 11259 [27]. The photoinduced decomposition of
rhodamine B during time was monitored by a portable colorimeter (Konica Minolta CM
2600 D) after 4 and 26 h of UV light exposure. Only chromatic coordinate a* of
CIELAB color space was used to determine the photocatalytic discoloration of stain
after 4 and 26 hours of UV irradiation as:

𝑅 𝑡 =

𝑎∗ (0) − 𝑎∗ (𝑡)
× 100
𝑎 ∗ (0)

(4)
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where a*(0) and a*(t) are the measured values of a* before and after t hours of UV
irradiation exposure, respectively. The photocatalytic discoloration was calculated as
averaged values of 5 measurements, collected on 6 different specimens for each
different typology of substrate.
Static contact angle (CAs) was measured by the sessile drop method [28] using a
conventional drop shape technique OCA 20 apparatus (DataPhysics Instrument GmbH,
Filderstadt, Germany). To avoid any surface contamination, all specimens were rinsed
in ethanol and accurately air-dried just before measurement [29]. Determination of CAs
was based on the Young–Laplace equation. All CAs measurements were carried out at
ambient condition before and immediately after UV irradiation. The result was the mean
of the drop on ten replicate measurements, collected on 6 different specimens for each
different typology of substrate.
The surface topography was examined by using the surface roughness tester (SAM
TOOLS, by S.A.M.A.I., SA6200). The roughness characteristics were obtained from
5.0 x 5.0 cm2 surface. Root mean square roughness, Rq, mean peak to valley height
roughness, Rz, and arithmetic average absolute values of the roughness, Ra, were
calculated. The surface roughness was then calculated by choosing cut-off length of 2.5
mm for unglazed samples and 0.8 mm for glazed samples. In fact, measurements of
surface roughness usually requires the selection of different cut-off lengths based on the
roughness surface. In general, fine surfaces require short cut-off and rough surfaces a
longer one. Five measurements were made on 6 different specimens for each different
typology of substrate.
To verify the mechanical properties of the coatings, scratch tests (Micro-Combi tester)
with linearly increasing load (0.1 N to 6 N, scratch speed of 1 mm/min) were performed
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on the glazed samples using a Rockwell indenter with spherical tip, 200m radius. At
least three scratches with the minimum distance between two scratches set at 4 mm
were performed on 6 different specimens for each different typology of substrate, to
achieve representative results of the average response for wider surfaces.
The microstructure of the sample surfaces was studied by scanning electron microscopy
(FEI ESEM Quanta 200, USA) and analyzed by energy dispersive X-ray spectroscopy
to confirm the presence of titania.
3. Results and discussion
3.1 Aesthetical properties
In Table 3 E* between the coated surfaces and the untreated sample is reported. The
results showed that after the application of the TiO2-SiO2 coating on the unglazed
samples, the surfaces were slightly modified. In particular, in all samples a small
decrease in the L* values and a slight increase in b* values occurred due to the presence
of titania nanoparticles in the coating. This behavior was particularly evident for the
coatings obtained at 300°C (PT300 and PT300/Ag samples). However, the measured color
variations, E*, were moderate and acceptable (2.4 and 3.1, respectively). Indeed,
according to Italian guidelines for the restoration of stone buildings, E* after an
intervention must be less than 5 [30] to be transparent to human eyes.
Regarding the glazed samples, the data reported in Table 3 for the titania coated
samples were comparable with that obtained on untreated materials underlining the high
transparency of the coating. Instead, the silver addition involved a higher decrease in the
L* values and the PTg150/Ag and PTg300/Ag samples appeared slightly darker than Pg
sample. However, the measured E* values, also in this case, were moderate and
acceptable being always below 5 (3.4 and 3.5 for PTg150/Ag and PTg300/Ag samples,
respectively). Similar results can be found in literature, i.e, when TiO2-SiO2 and TiO2
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solutions were applied on limestones and clay bricks producing an acceptable E* of
4.51±1.82 and 5.57±0.80, respectively [13, 22].
3.2 Microstructural analysis
In Figure 1, the SEM images of unglazed and glazed samples before titania-silica
coating deposition are reported. The image of the P sample (Figure 1a) showed the
presence, as expected, of heterogeneous porosity. On the other hand, the image of the
Pg sample (Figure 1b) showed an homogeneous surface due to the vitreous enamel that
completely covered and closed the support porosity. In Figure 2, the SEM images of the
coated samples are reported. The image of the PT300 sample, chosen as representative
(Fig. 2a), showed a decrease of the small porosity due to the nanostructured coating that
is, however, unable to close the big pores. The SEM image in Fig. 2b illustrated the
close resemblance in the morphology of the glazed sample after TiO2-SiO2 deposition.
In both samples, EDS analyses reported in Figure 3 confirmed that TiO2 phase is
present on the surfaces, after TiO2-SiO2 deposition.
Although the SEM analysis did not allow an evaluation of the different morphology
after the nanostructured coating addition, the roughness data (Table 4) underline the
smoothing effect of the coatings on Pg sample. In fact, the root mean square roughness,
Rq, the arithmetic average absolute value, Ra and the peak-to-valley-height roughness,
Rz were 4.38, 4.30 and 12.16 µm for the glazed sample (Pg). Addition of TiO2-SiO2
coating led to lower values of surface roughness parameters (Ra, Rq, Rz), for example Ra
was 2.46, 2.16 and 2.88 µm for the samples PTg25, PTg150 and PTg300 (see Table 4).
When silver was added in the coating, this behaviour did not change and the PTgx
samples (where “x” defines the different treatment temperatures, 25, 150 and 300°C)
had always lower roughness parameters (i.e. Ra was 1.62, 1.58 and 3.71 µm for the
samples PTg25/Ag, PTg150/Ag and PTg300/Ag) if compared with Pg sample.
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While the TiO2-SiO2 coated glazed surfaces resulted in smoother surfaces as compared
to untreated glazed sample, the coated unglazed samples, both with and without silver
addition, had surface roughness values higher than the untreated unglazed sample (P),
although characterized by higher standard deviations. Considering that the nanocoating
(nm) influenced the roughness of the samples, whereas there are three different orders
of magnitude, these results can be probably associated to the initial roughness and
porosity of specimen surfaces. In fact in the unglazed samples, the nanostructured
coatings, as confirmed by SEM images (Fig. 2b), were not able to cover the porosity
and thus to create a homogeneous and continuous film, but further investigations are
needed.
3.3 Scratch resistance
In order to verify the adhesion and the mechanical durability of the coatings, scratch
tests, with linearly increasing load, were performed on samples with higher selfcleaning discoloration and lower porosity (glazed samples). In general, the obtained
results (Figure 4) show that the deposition of the nanostructured coatings allows an
increase of the scratch resistance as underlined by the decrease of the penetration depth
both on PTgx and PTgx/Ag samples, where “x” defines the different treatment
temperatures (25, 150 and 300°C). Moreover, as the temperature is increased, a
decrease of Pd values, attributed to a high structural integrity of the coatings related to
the temperature of the thermal treatment, is observed. In fact the slope of the penetration
curves decreases progressively with the increase of the thermal treatment temperature.
Similar scratch results were obtained in literature demonstrating that the scratch
resistance of sol-gel coating deposited on ceramic tiles increases as temperature is
increased [18, 31]. The abrupt change in the penetration depth curve of the sample
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PTg25 at higher load could be related to detachment of the coating during the scratch test
[32].
In the case of PTg25/Ag and PTg150/Ag samples (Figure 4) a decrease of penetration
resistance was noted in terms of penetration depth (Pd) with respect to the sample
PTg300/Ag. This is attributable to their lower surface roughness, as showed in Table 4.
Infact, as reported by several works [33, 34], surface characteristics and material
parameters can have significant effects on scratch behaviour. In particular, the friction
force, strongly dependant on surface roughness, leads to a compressive stress to the
front edge of the contact and then intensify the tensile stress at the back edge with
fracture events.
3.4 Surfaces photocatalytic properties
To evaluate the photocatalytic activity of the obtained coatings UNI 11259 test was
performed [26]. In Figure 5 R(t) values are reported for all the samples. It can be noted
that also the untreated samples (Pg and P) have a slightly color variation due to the
degradation effect of the UV light on the RhB. This bleaching of dye under visible/UV
light can be associated with the absorption of light in the 350-520 nm range. However,
all the coatings, except PTg300/Ag(R4) and PT300/Ag(R26), have a higher specific
photoactivity with respect to the untreated ceramic materials.
On the glazed samples (Figure 5a), at the end of 4 hours, the red color of RhB had lost
at least about 65-70% of its intensity up to a maximum of almost 80% for the PTg300
sample. Increasing the UV irradiation time, the R(26) values increased but they were
not higher than 80%. The stain photodegradation was clearly faster during the first
hours of UVA light exposure and, after 26 hours of exposure, the photodegradation
values of glazed samples were independent on the temperature of the thermal treatment.
These results are in good agreement with results reported in other research works. For
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exemplum, Bergamonti et al. demonstrated that on Comiso and Modica limestone
samples treated with titania based sol-gel coatings, the dye photodegradation is very
high (about 70%) in the first few hours of exposure [30].
Regarding the silver addition the results clearly showed that the photodegradation
efficiency under UV light decreased being the obtained R(26) values not higher than
70%. On the unglazed samples (Figure 5b), probably due to the high surface porosity of
the substrate, the effect of the thermal treatment of the coating is more visible. In fact
the photocatalytic efficiency of the samples increased as the temperature was increased
due to the higher conversion of the sol-gel coating at higher temperature that allows to
create a more compact film on the substrate. Also in this case, the silver addition
inhibited the photocatalytic activity that was not higher than 60% in all the studied
conditions.
In the present study the effect of silver addition on both glazed and unglazed samples is
in contrast with the results reported in literature that showed as Ag nanoparticles, in
general, do not alter the photocatalytic efficiency of titania [23]. This behaviour can be
attributed to competitive UV absorption reactions between silver ion and titania. In fact,
is well known that, when irradiated by UV light also in presence of titania [35], Ag+ is
reduced to Ag° decreasing the amount of UV light that can be absorbed by titania.
Following the UNI11259 rule, however, it is important to notice that almost all the
obtained samples can be considered photocatalytic being the R(4) values higher than
20% and R(26) values higher than 50%. The only exception is PT300/Ag R(26) even if it
is quite close to the minimum requested value by taking into account its standard
deviation (Fig. 5b). In particular, even if UV light was able to produce a dyes
decomposition, the discoloration produced by the photocatalytic action of TiO2-SiO2
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coating was in general higher underling as our TiO2-SiO2 coating is able to increase the
kinetic of the process when it is applied on ceramic substrate.
The wetting properties of the obtained surfaces in terms of static water CAs, were also
determined (Table 4). For the unglazed samples, CAs of 0° were measured even on the
coated samples. It can be deduced that the contribution of titania coatings, with or
without silver addition, was negligible with respect to the sample surface porosity.
However, the contribution from titania-silica sol should not be overlooked for the
glazed-samples. For example, PTg25 sample had the lower CAs among the treated
sample. A contribution from hydroxyl groups could in principle be present in PTg25. In
fact, comparing the CAs values of PTg150 and PTg300, it can be concluded that after the
thermal treatment there was a densification of the silicon-oxide skeleton with a
decrease/elimination of hydroxyl contents as already reported in Bondioli et al.[31]. The
photo induced hydrophilicity of coated and uncoated surfaces was verified through
contact angle measurements after 30 min of UV-light irradiation (Table 4).
Photoinduced hydrophilic surfaces are observed in the samples PTg25, PTg150 and
PT150/Ag. In these samples the contact angle decreases significantly after 30 min of UVlight irradiation reaching values of 9-12°. No change of the contact angle was observed
in the others samples as a function of UV-light irradiation. The results suggest that the
photoinduced hydrophilicity of the titania-silica films is closely correlated with the
annealing temperature. Also in this case, as already discussed for the photocatalytic test,
the silver addition seems to inhibit the photoinduced activity of the coatings on glazed
samples expect for the sample PTg150/Ag that is however characterised by a very low
surface roughness (Table 4).
According to these results, we can conclude that, even if the nanostructured coating
gives to both unglazed and glazed samples photocatalytic properties, is not able to
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completely cover the highly porous substrate of the unglazed samples making necessary
the glazing step. Moreover, the best sample was found to be PTg150 because the coating
is transparent and well bonded to the substrate and the sample has a good discoloration
efficiency of dye solution and a very fast photoinduced hydrophilicity.
4. Conclusions
A titania-silica based coating, obtained by sol-gel technique, was used in this work to
improve the surfaces properties of a new green material based on huge amount of
packaging glass waste for use as wall or floor coverings.
This study investigated the effect of several thermal treatments and AgNO3 presence,
mainly the photocatalytic efficiency of TiO2-SiO2 coating and scratch resistance.
The results showed that, with the proper thermal treatment, good photocatalytic activity,
and scratch resistance can be obtained. The best surface properties are found after
thermal treatment at 150°C. The color difference before and after the treatments is
acceptable and the coatings are crack–free. Even if the silver addition could assure
antibatteric properties in any illumination conditions, the presence of AgNO3 decreases
the sample photoactivity. Finally, the obtained results showed that to improve the
material cleanability the glaze layer is necessary because the nanostructured coating is
not able to completely cover the porous substrate. Regarding the efficiency of the
nanostructured coating, performances (cleanability, scratch resistance, photocatalytic
activity) are comparable with that of self-cleaning traditional ceramic tile products
already on the market and with that obtained, with the same coating, on different
substrates (limestone, bricks,….).
In conclusion, the new ceramic material, developed here through a surface cleanability
enhancement using a titania-silica sol, can represent a novel sustainable construction
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product, reducing the amounts of waste disposed in landfills, the consumption of raw
materials and the energy costs.
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Figure captions
Figure 1. SEM images of P (a) and Pg (b) samples (top view).
Figure 2. SEM images of PT300 (a) and PTg300 (b) samples (top view), chosen as
representative.
Figure 3. SEM images and EDS spectra of PT300 (a) and PTg300 (b) samples.
Figure 4. Average values of penetration depth (Pd) in a progressive load scratch test on
PTgx and PTgx/Ag samples.
Figure 5. Average values and standard deviation of photoinduced discoloration, R(t), on
a) PTgx, PTgx/Ag, and b) PTx, PTx/Ag samples after 4 and 26 hours of UV exposure.
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Tables
Table 1. Composition of the titania-silica solution gently furnished by NextMaterials
s.r.l.
Element

Concentration (wt%)

Water

93

Titanium dioxide

2

Functionalized silica 2
Isopropyl-alcohol

3

Acetic acid

1

Nitric acid

1

Methyl-alcohol

0.5
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Table 2. Composition of the prepared samples, including heat temperature, time and
amount of AgNO3 applied on unglazed (P) and glazed (Pg) ceramic surfaces
Sample ID

AgNO3 [g/l] Heat temperature (°C) Treatment time

P

Untreated unglazed ceramic sample

PT25

0

25

24h

PT150

0

150

15 min

PT300

0

300

15 min

PT25/Ag

0.25

25

24h

PT150/Ag

0.25

150

15 min

PT300/Ag

0.25

300

15 min

Pg

Untreated glazed ceramic sample

PTg25

0

25

24h

PTg150

0

150

15 min

PTg300

0

300

15 min

PTg25/Ag

0.25

25

24h

PTg150/Ag

0.25

150

15 min

PTg300/Ag

0.25

300

15 min
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Table 3. Average value and standard deviation of color parameters and color change,
(E*), due to the treatments on unglazed and glazed tiles.
b*

E*

80.35±0.50 3.43±0.10

15.02±0.21

/

PT25

79.50±1.26 3.54±0.08

15.72±0.43

1.11

PT150

80.22±0.29 3.49±0.14

15.35±0.36

0.36

PT300

78.87±0.56 3.65±0.20

16.84±0.31

2.36

PT25/Ag

79.85±0.77 3.50±0.21

15.49±0.34

0.69

PT150/Ag

80.52±0.56 3.35±0.12

15.51±0.25

0.53

PT300/Ag

77.25±0.34 3.63±0.21

15.32±0.39

3.12

Pg

76.581.60 2.690.16

16.320.47

/

PTg25

76.130.57 2.830.31

16.350.29

0.47

PTg150

75.180.31 2.670.08

16.720.41

1.46

PTg300

75.930.34 2.630.09

17.120.26

1.03

PTg25/Ag

74.501.19 2.430.09

16.111.20

2.11

PTg150/Ag

73.220.46 2.350.08

16.000.32

3.39

PTg300/Ag

73.050.33 2.520.03

16.560.12

3.54

Sample ID

L*

P

a*
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Table 4. Average value and standard deviation of static water CAs at t=0 (θS) and after
30 min of UV irradiation (θS-UV), and roughness parameters (Rq, Rz, Ra,) of the
obtained samples.
Sample ID s(°)

s-UV(°)

Ra(m) Rq(m) Rz(m)

P

0

0

16.53.5 17.52.1 49.45.9

PT25

0

0

20.12.0 20.93.1 59.28.7

PT150

0

0

17.60.5 17.50.5 55.69.7

PT300

0

0

20.60.3 20.20.6 57.31.6

PT25/Ag

0

0

24.12.3 23.23.1 56.15.6

PT150/Ag

0

0

19.62.5 20.51.8 60.66.7

PT300/Ag

0

0

22.81.3 24.20.8 58.42.6

Pg

17.732.21 16.941.92 4.300.31 4.380.45 12.161.62

PTg25

31.055.05 10.453.89 2.460.06 2.510.12 6.950.16

PTg150

67.201.59 11.864.30 2.160.03 2.120.07 6.100.08

PTg300

40.084.10 37.402.69 2.880.12 2.950.08 8.170.34

PTg25/Ag

29.535.94 26.659.23 1.620.17 1.650.12 4.570.49

PTg150/Ag 61.771.48 9.951.91

1.580.16 1.660.20 4.470.45

PTg300/Ag 44.508.62 40.307.92 3.710.84 3.720.93 10.492.36
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Pg
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PTg300
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PTg150/Ag

PTg300/Ag
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