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1. Introduction

The use of TiO2-modified building
expanding in the last decade, especi
exploit their photoactivated de
ials has been constantly
European countries, to
ng and self-cleaning

properties [1–4]. This diffusion is also driven by a growing need for 
building envelope materials with high solar reflectance and 
thermal emittance [5–8], or retro-reflective materials that applied 
onto façades could reflect the solar direct radiation towards the sky, 
and not towards other buildings [9,10]. In fact, these materials 
could help to preserve the aesthetics of the building skin, reduce 
and reshape the energy needs and indoor comfort conditions of 
buildings [11–14], also contributing to the mitigation of urban
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Table 1
Composition of mortar samples used in the experimental work.

Composition Dosage

Portland cement Roccabianca 42.5R 555 kg/m3

Silica sand 1110 kg/m3

Water 311 kg/m3

Expansive agent Stabilmac 33 kg/m3 6%
Waterproof additive 22 kg/m3 4%
Glass fibers 20 kg/m3 3.6%
Antifoam agent 1 kg/m3 0.1%
microclimates [15]. Consider for instance the cooling loads: for the 
same building, within urban areas the cooling need is in average 
13% more than outside the city [16]. This, may yield to an increase 
by 7% of CO2 equivalent annual emissions, computed for a refer-
ence building in Northern Italy [17]. However, the possible cooling 
savings and mitigation potential may be compromised by aging 
[18,19], which is due to the combined action of weathering, soiling, 
biological growth, and mechanical stress [20–23]. In addition, 
cleaning techniques do not seem effective to restore the initial 
reflectance of porous materials such as roofing tiles [24].

The major cause of staining and color variation of building sur-
faces, reducing the initial solar reflectance, is the accumulation of 
soot, mainly originated from atmospheric aerosol pollutants such 
as nitric oxides, carbon based substances and volatile organic com-
pounds [25,26]. Such substances can dissolve in water (i.e., rain and 
surface condensation) and/or penetrate inside the pores of façade 
materials (e.g., bricks, claddings, mortars), affecting the aes-thetics 
and reflectance of the façade, and contributing to the phys-ical 
degradation of external surfaces [27–29].

In this respect, self-cleaning and photocatalytic materials have 
the added value of a potential prolonged maintaining of their opti-
cal performance in spite of soot and particulate matter deposition 
[30,31], and of mitigating atmospheric pollution [32–35]. The prin-
ciple on which photoactive materials rely is the activation of a 
semiconductor through energy provided by light of different wave-
length depending on the semiconductor bandgap, generally in the 
range of near UV or blue visible light. This generates electron/hole 
couples across the semiconductor bandgap – which in turn induce 
the formation of highly reactive species, among which hydroxyl 
radicals play a vital role [36,37]. In fact, these species are then 
responsible for redox reactions that degrade inorganic and organic 
compounds adsorbed on the material surface – e.g., volatile organic 
compounds (VOCs) or NOx present in the atmosphere. On the other 
side, the adsorption of the same hydroxyl radicals forms a hydrox-
ylated surface layer that increases hydrophilicity [36,38–40]. The 
combination of these two mechanisms leads to a self-cleaning 
effect, where the former helps degrading functional groups by 
which pollutants adhere to a surface, while the latter spreads 
water homogeneously over the surface, carrying away particulate 
matter and degraded contaminants [41–43].

During the last years, many studies have investigated the pho-
tocatalytic activity of TiO2 applied on different materials, in the 
field of new construction technologies and for cultural heritage 
preservation [44–47]. Yet, although TiO2-functionalized building 
materials are already commercially available, a full appraisal of 
their long-term performance in use conditions is still missing. Only 
a few studies in the literature go beyond the measurement of the 
photodegradation of a given pollutant, or their self-cleaning 
efficiency in laboratory conditions, and actually propose a long-
term approach to this issue [27,40,48–50].

Literature data show that, after aging, the ability of TiO2 coat-
ings to remove NOx from air and their self-cleaning ability 
decreased compared with the initial performance [48]. The loss of 
TiO2 efficiency was associated to natural aging after outdoor 
exposure, especially in the case of coatings subjected to climatic 
conditions [50,51]. Environmental stress may cause particles 
detachment and thickness reduction of the coating, owing to the 
degradation of the coating binder and consequent detachments, as 
well as a partial deactivation due to the adsorption of pollutants or 
reaction products of the photocatalytic processes [48,52].

This study reports a two-year campaign of natural exposure in 
Milano, Italy, of photoactive and non-photoactive fiber-reinforced 
mortars with different surface finishing, analyzing the evolution of 
lightness, solar reflectance, porosity and photoactivity of materials.
2. Experimental

2.1. Materials

The materials tested in this work are commercial fiber-
reinforced mortars, which are used for rain-screen façade panels as 
well as pre-cast thermally insulated panels, for new construc-tions 
and refurbishment interventions.

For the tests performed in this work, samples composition is 
reported in Table 1; all mortars were cast with a cement:sand:wa-
ter ratio of 1:2:0.56. A first fast stirring step was performed to mix 
water, cement, pigments and chemical additives, followed by a 
slower mixing where sand and glass fibers were added. The mix-
ture was then extruded on a continuous polystyrene sheet with 8 
mm of mortar thickness. Curing in a controlled temperature (25 �C) 
and relative humidity (65%) chamber lasted 24 h, after which the 
fiber-reinforced mortar was cut in 100 mm � 100 mm samples, and 
eventually surface finished if required. Samples with both standard 
composition and the addition of anatase (a mixture of 2% aqueous 
suspension and 3% nanopowder, optimized in previ-ous works 
[53]) were used. Tests were performed on mortars with two 
different surface finishing conditions, sandblasted and smooth, in 
order to evaluate the effect of different surface roughness on the 
self-cleaning performance. XRD (X-ray diffraction) analyses were 
carried out on the materials used in order to examine the compo-
sition of the mortars under investigation.
2.2. Outdoor natural exposure

The selected samples were exposed to the urban environment, 
on a rooftop of Politecnico di Milano – approx. height 25 m, unshel-
tered – for a period of two years starting October 2012, in corre-
spondence with the winter activation of buildings heating systems.

Samples were positioned facing both north and south with mul-
tiple inclinations (vertical, horizontal, tilted by 45�, and vertical-
sheltered) to have a wider understanding of the influence of differ-
ent microclimates (irradiation, wind, rain), which is also connected 
with the wetting extent during rain events and therefore with the 
onset of the superhydrophilicity and self-cleaning (Fig. 1). Samples 
were sealed with silicone on the four edges and on the back to 
make them waterproof, and fastened to the racks.

All samples were labeled with reference to their characteristics:

- Sample composition (S: standard, T: with TiO2).
- Finishing (L: smooth, S: sandblasted).
- Exposure orientation (N: north, S: south).
- Inclination: (H: horizontal, S: vertical sheltered, I: inclined by
45�, V: vertical unsheltered).

Three replicates were originally exposed for each combination
of these conditions, for a total of 96 samples. After the first year,
one sample per type was withdrawn to perform accelerated photo-
catalysis tests; consequently the exposure continued with two
specimens per type.



Fig. 1. Samples exposed on the rooftop of Politecnico di Milano, oriented south (a), north right after a snowfall (b), and during colorimetry measurements (c).
2.2.1. Color measurements
The evaluation of self-cleaning behavior was based on monitoring 

the variations in color and solar reflectance of the exposed samples. A 
portable Vis spectrophotometer CM-2500d by Konica Minolta was 
used to monitor color variations periodically – on a bi-weekly basis 
in the first period of exposure, where more marked variations were 
expected, then on a monthly basis. Data were processed in the 
CIELab color space, defined by the Commission Internationale de 
l’Éclairage as composed by three color coordinates: L*, brightness; 
a*, hues from red to green; and b*, hues from yellow to blue. 
Attention was focused in monitoring variations of DL* (gray) and 
Db* (yellow) as representative of dirt accumulation on the surface. 
Measurements were taken in three different points for each sample, 
in order to minimize the possible errors due to random variables such 
as climatic factors or sample surface heterogeneities.

2.2.2. UV–Vis–NIR spectrometry
Solar spectral reflectance was measured with a Perkin Elmer 

Lambda 950 UV–Vis–NIR spectrometer equipped with a 150 mm 
diameter integrating sphere. One measurement per sample was 
performed in the 300–2500 nm wavelength range with a spectral 
resolution of 5 nm, and the average curve was then computed. 
Broadband values were computed according to ISO 9050 [54], with 
visible range defined between 380 and 780 nm. The samples were 
measured before the exposure, and retrieved, measured and re-
exposed at 6, 12, and 24 months of natural aging.

2.2.3. Mercury intrusion porosimetry
Before and after natural aging, porosity, pore size distribution 

and permeability of the mortars were determined by means of 
mercury intrusion porosimetry (MIP), by means of a 
Micromeritics AutoPore IV 9500 series mercury intrusion 
porosimeter.

2.3. Accelerated cleaning

Horizontal samples were subjected to accelerated UV exposure, 
in order to stimulate photocatalytic degradation of soot accumu-
lated on the surface. This was performed under artificial irradiation 
provided by an Osram Vitalux 300 W lamp, simulating the sunlight 
spectrum, positioned so as to obtain UV intensity of 1000 lW/cm2. 
The exposure test lasted 18 days and during the whole period the 
color of samples was periodically monitored, evaluating possible 
changes in their lightness and yellowing. Once a week samples 
were temporarily removed from the light source, rinsed with run-
ning water, and let dry. Samples color was recorded before and 
after every rinse.

2.4. Accelerated photocatalysis tests

The photoactivity of investigated materials was evaluated 
through accelerated photocatalysis tests in various phases of their
service life. The tests consisted of monitoring the discoloration of a 
magenta organic dye, rhodamine B (RhB), deposited on the mortars 
surface, by means of color analyses, which were performed by 
using the previously described portable spectrophotometer. As 
the dye color is due to absorption by its chromophore groups, dis-
coloration is generally considered as representative of dye degra-
dation [55–57].

According to UNI 11259 standard [58], the mortars were 
sprayed with an aqueous RhB solution with concentration 0.05 ± 
0.005 g/l and allowed to dry for 24 h. Subsequently, the sam-ples 
were exposed to artificial sunlight, provided by the same apparatus 
used for accelerated cleaning, setting a UV irradiation of 375 lW/
cm2. The color was measured every 1 h in the first 6 h irradiation 
and at the end of the 24 h test, and the a* coordinate, related to red 
hues, was used to evaluate the dye discoloration extent. In 
particular, a material is considered photoactive only if the following 
requirements are satisfied:

R4 > 20% and R26 > 50% ð1Þ
where:

R4 ¼ a�ð0Þ � a�ð4Þ
a�ð0Þ � 100 ð2Þ

R26 ¼ a�ð0Þ � a�ð26Þ
a�ð0Þ � 100 ð3Þ

Given a*(0) the value of a* at time 0 before irradiation, a*(4) its value 
after 4-hour irradiation, and a*(26) the value after 26-hour 
irradiation.

Photocatalysis tests were performed on freshly prepared mor-
tars, on naturally aged materials after 1 and 2 years of outdoor 
exposure, and naturally aged materials after the accelerated clean-
ing procedure.

3. Results and discussion

3.1. Characterization of freshly prepared mortars

XRD analyses performed on both photoactive and standard 
mortars show a high intensity peak at 29� that corresponds to 
the presence of calcite, together with silica in quartz form (relevant 
peaks: 27�, 36.5�, 55�) and calcium silicates, whose peaks mostly 
overlap with previous phases. Moreover, at 25� it is possible to 
observe the main diffraction peak of anatase, which is clearly pre-
sent on the photoactive sample, but not on the non-photoactive 
one (Fig. 2).

3.2. Outdoor natural exposure

The results of the exposure tests and the comparison between 
different materials and conditions of exposure are reported in 
Fig. 3, where each point is an average of 9 measurements (3



Fig. 2. X-ray diffraction peaks of standard and photoactive mortar samples. Inset:
zoom of main anatase peak at 25.2�.
samples per type, 3 measurements on each sample). First of all, it is
important to notice a higher initial lightness of photoactive mor-
tars, whose L* values are 92.7 ± 0.1 (smooth) and 89.1 ± 0.1 (sand-
blasted) against 89.5 ± 0.1 (smooth) and 86.0 ± 0.1 for standard
ones, respectively. Moreover, an evident effect of photoactivity
over the long term was observed; in fact, all photoactive samples
Fig. 3. Lightness (a and b) and lightness percent variation (c and d) recorded on mortars
oriented in different positions: horizontal (H), sheltered (S), 45� inclined (I) and vertica
vertical (V) orientation. (c) Photoactive (T) and standard (S) mortars, comparison betwe
South-exposed photoactive (TLS) and standard smooth (SLS) mortars, effect of shelterin
present a lower – or at least comparable – lightness decrease with 
respect to standard formulations. From Fig. 3a it is possible to 
observe that the extent of soiling depends on mortars positioning: 
horizontally exposed samples (TLSH) are subject to the heaviest 
color variation, followed by the 45� tilted ones (TLSI), while verti-
cally exposed surfaces – both sheltered (TLSS) and unsheltered 
(TLSV) – better maintain their original color. As these materials 
are generally used as rain-screen façade panels, the vertical expo-
sure (sheltered or not) is the most likely condition of practical use. 
Horizontal exposure was intended to provide a ‘‘worst condition” 
case, representative for solar shading devices or construction 
details such as the windowsill or drip caps. Therefore, the follow-
ing considerations will focus on the most interesting case of verti-
cal and sheltered samples.

Exposure orientation also plays a crucial role in determining the 
amount of particulate matter deposition onto the surface of speci-
mens. Photoactive samples facing north tend to experience a more 
significant decrease in lightness, mainly due to the fact that they 
are less exposed to solar irradiation, which reduces the extent of 
photoactivation (Fig. 3b).

Fig. 3c reports the overall lightness variations, DL*, observed on 
smooth and sandblasted samples, with both photoactive and stan-
dard composition, vertically exposed facing south, while Fig. 3d 
also includes a comparison between sheltered and unsheltered 
exposure conditions. After 2 years of natural aging, the maximum 
decrease in lightness exhibited by photoactive smooth samples is 
0.19, while in the case of standard samples the maximum decrease 
amounts to 1.46. Considering common interpretations of color 
measurements, which identify a DL* = 1 as threshold for human
during the two-year exposure. (a) South-exposed photoactive smooth mortars (TLS)
l (V). (b) Photoactive (T) and standard (S) mortars facing north (N) or south (S) on
en smooth (L) and sandblasted (S) surface finishing on vertical (V) orientation. (d)
g (S) on vertical (V) samples.



Table 2
Mercury intrusion porosimetry results for standard and photoactive smooth mortars:
comparison of porosity before and after 2 years of environmental exposure.

Parameters Standard Photoactive

Before After Before After

Total pore area [m2/g] 4.30 5.26 5.94 9.55
Average pore radius [lm] 0.050 0.030 0.053 0.024
Porosity [%] 21.6 16.5 28.4 22.6
Characteristic pore length [lm] 0.75 0.59 0.56 0.32
Tortuosity 26.92 46.37 32.35 77.28

Fig. 4. Standard deviation of lightness measurement over the whole exposure 
duration on sheltered (S), inclined (I) and vertical (V) specimens.
eye perception, both variations can be considered small, but only 
that recorded on photoactive samples can be regarded as negligible 
[40]. When considering sandblasted mortars, a larger variability is 
introduced in the increased surface roughness, which in general 
tends to retain a larger quantity of atmospheric soot – as demon-
strated by slightly larger DL* observed in the majority of cases with 
respect to smooth samples, but the trend in smaller lightness vari-
ation on photoactive mortars is still maintained.

In this respect, it is possible to observe that on sandblasted 
specimens, in the long term, water tends to penetrate more easily 
into pores, carrying particulate matter inside the material and par-
tially filling the open pores. This gives a double effect of increased 
soiling – and thus, decreased lightness – and decreased porosity, as 
proved by MIP measurements performed on specimens after the 2-
year environmental exposure (Table 2).

Table 2 Mercury intrusion porosimetry results for standard and 
photoactive smooth mortars: comparison of porosity before and 
after 2 years of environmental exposure.

Pristine photoactive mortars are characterized by a larger total 
pore area which causes a higher overall porosity, probably due to a 
lower compaction degree, while the average pore size is compara-
ble in both materials, which indicates an increase in the number of 
pores rather than in their size [59]. Water absorption is closely 
related to the open porosity: the maximum water absorption is 
related to the total interconnected pore volume of the material, 
while the rate of water absorption is a measure of the capillary 
forces exerted by the pore structure causing fluids to be drawn into 
the body of the material [60]. TiO2 not only modifies the material 
structure, but also its chemistry, producing changes in affinity to 
water of pores surfaces when subjected to UV irradiation [43].

After aging, a reduction of overall porosity and of average pore 
size was recorded, together with an increase in pore area: this 
combined effect can be ascribed to the accumulation of particulate 
matter that blocks the material pores, reducing pore volume while 
leaving smaller pores that account for a lager total surface. To
support this, an increase in tortuosity is also observed, which 
may yield to an increase in capillary transport within porous media 
[61].

Yet, differences are not limited to the absolute value of lightness 
variation, which is itself an important element of evaluation to 
assess the beneficial effect of anatase addition to mortars formula-
tion. Another crucial element emerged from data analysis is the 
higher homogeneity of photoactive mortars surfaces, whose 
appearance is more uniform. In this respect, a first consideration is 
related to border effects: in fact, soiling conditions at the edges of 
the samples are not representative, as acknowledged in environ-
mental exposure practice [62]. This border effect, which may be 
due to a series of phenomena – from the different accumulation 
and run-off of water on a discontinuity to the presence of silicon – 
is present on both standard and photoactive samples, and the 
corresponding area was not considered for analyses in the course of 
this work. On the other hand, on standard mortars an area affected 
by detachments and leaching is clearly visible at the bot-tom of the 
sample, which was much less observed on TiO2-containing mortars.

Apart from mere visual observations, the claimed improvement 
in surface homogeneity and integrity was further investigated by 
analyzing the standard deviations of color measurement. As men-
tioned in the experimental section, for each material and exposure 
condition, three samples were used and three color measurements 
were performed on each sample. Therefore, each single lightness 
value reported in previous figures is the expression of a mean value 
over 9 measurements. Along the two years of exposure, 17 mea-
surements were performed at different times. Fig. 5 reports the 
standard deviation of lightness values on a total of 9 � 17 measure-
ments, i.e., on a statistically significant population of approxi-
mately 150 lightness values measured on a single type of sample 
throughout the exposure. Horizontal specimens were excluded 
from the analysis on account of the too large and irregular soiling 
observed, and of the non-representative character with respect to 
potential applications of these materials. Data reported in Fig. 4 
clearly put in evidence the lower variability of all photoactive spec-
imens with respect to their standard counterparts. Moreover, a lar-
ger variability of measurements performed on inclined specimens 
with respect to vertical ones is noticed in all cases, which pairs with 
the larger DL* recorded, and can be a consequence of such lar-ger 
DL* values.

Finally, one last effect observed in the analysis of color coordi-
nates is a pronounced increase in b* on photoactive samples, as 
shown in Fig. 5. This was ascribed to the mineralization of organic 
compounds formerly adsorbed on the surface, which causes sur-
face yellowing due to reaction products remaining on the surface 
[63], which underlines the fact that TiO2 containing mortars, in 
addition to the self-cleaning features, also contribute to the degra-
dation of polluting compounds in the atmosphere.

Coherently with the measured initial lightness, also solar reflec-
tance of photoactive samples was clearly higher than that of stan-
dard ones, ensuring from the very beginning a better energy 
performance of the TiO2-containing materials. The solar reflectance 
decreased for all samples after the first 6 months of exposure, 
almost recovering the initial value at one year of natural aging. 
Then, at 2 years of aging, it reached approximately the same values 
that were measured after 6 months. Unlike the lightness assess-
ment, solar reflectance measurements do not show any major dif-
ference between anatase containing samples and the standard ones 
(Fig. 6).

This fluctuation in solar reflectance, common to all specimens, is 
probably due to the fact that soiled portions of material were rain-
washed and eroded from the surface, thus, exposing the pris-tine 
material underneath, and yielding to a recovery of the initial 
reflectance.



Fig. 5. b* variation of sheltered and vertical specimens facing south.

Fig. 6. Solar reflectance (average of the 4 exposure conditions) with exposure time
for the smooth and sandblasted TiO2 and standard samples.

Fig. 7. Photograph of one sample per type of material and exposure conditions after two
deterioration, in the other inclinations this is only observed on standard specimens.
As for the color measurements, also in the case of solar reflec-
tance, anatase containing samples show a smaller standard devia-
tion compared to standard samples. This higher uniformity of 
anatase added materials is also confirmed by the photos of the aged 
samples, which show a smaller size and distribution of sur-face 
defects (Fig. 7).

3.3. Accelerated photocatalytic activity

Rhodamine B degradation tests were performed on freshly pre-
pared samples on which 2 ml of a solution of RhB with concentra-
tion 3 � 10�5 M were deposited and dried overnight. Results are 
reported in Fig. 8, where the dashed lines identify the photoactivity 
thresholds at 4 and 26 hours (i.e., R4 > 20% and R26 > 50%). TiO2 con-
taining samples can actually be considered photoactive according 
to [58], as they give extents of degradation R4 = 38% and R26 = 
64%, respectively, while standard mortars do not satisfy the 
requirements.

Yet, as can be seen in Fig. 9, samples show limited photoactivity 
after environmental exposure, during which the material surface 
underwent extensive soiling. R4 is reduced to approximately 20%, 
after one year of activity, while R26 falls slightly below 50%. Thus, an 
average reduction of approximately 20% of the degradation effi-
ciency emerges from the RhB photodegradation tests on vertically 
exposed specimens. More relevant reductions, up to 65% of initial 
efficiency, were observed on more soiled specimens – e.g., horizon-
tal ones. On the other hand, the loss in photoactivity after the sec-
ond year of aging is not as significant as in the first year. Hence, it is 
possible to hypothesize that photoactivity is quickly reduced dur-
ing the first months, following the same trend of L* (Fig. 8 – limits 
for R4 and R26 are given as dashed lines), and then stabilizes with 
asymptotic trend, as shown in Fig. 9. Standard samples did not 
show relevant photoactivity before exposure, and this remains 
unaltered after natural aging.

3.4. Accelerated cleaning

After observing the decay in photocatalytic activity with natural 
aging, a cleaning procedure was considered, consisting of alternat-
ing UV–Vis irradiation to decompose soil and light rinsing steps to
years of exposure. While all horizontal samples exhibit a clear surface soiling and



Fig. 8. R% (extent of degradation) of RhB solution, previously deposited and dried
on samples, under UV–Vis irradiation on standard and photoactive samples.

Fig. 9. R4 and R26 for freshly prepared, 1 and 2 year naturally aged photoactive 
samples, exposed in vertical position.

Fig. 11. R26 for RhB degradation on photoactive mortars: freshly prepared, after 
2 years of natural aging in horizontal position and after accelerated cleaning.
remove the decomposition products and further contaminants. This 
was applied to horizontally exposed specimens, which pre-sented 
the worst color variations along with the worst photocat-alytic 
efficiency (R26 only 23%). Even though lightness recovery was 
similar on both photoactive and standard mortar (Fig. 10a), the 
former experienced higher lightness variation, in particular
Fig. 10. Lightness variation DL* (a) and b* variation (b) recorded on mortars during artific
end of natural exposure.
when rinsed. This can be ascribed to the higher hydrophilicity of 
photoactive mortars, and to the actual onset of self-cleaning based 
on superhydrophilicity, which allows a better removal by water of 
the dirt accumulated onto the surface [41,42,45]. On the other 
hand, an even stronger effect can be observed on b*, which repre-
sents yellow hues (Fig. 10b). Both mortars underwent an increase 
in b* during natural aging due to the accumulation of particulate 
matter, but Db* was larger on photoactive samples: also the recov-
ery of b* was eventually larger on mortars containing TiO2, again on 
account of the removal of yellowing soiling deposits and reaction 
products.
3.5. Photocatalytic activity after natural exposure and accelerated 
cleaning

After accelerated cleaning, photocatalytic degradation of RhB 
was tested again to observe possible recovery of photoactivity in 
TiO2-containing mortars. Although the overall dye discoloration 
was lower than that observed in presence of freshly prepared sam-
ples, a significantly higher value (43%) was achieved compared 
with naturally aged specimens (23%), i.e., the same specimens 
before accelerated cleaning (Fig. 11). This means that the material 
effectively recovered almost 70% of its initial photocatalytic effi-
ciency, which is an interesting result as it indicates that a periodic 
maintenance would restore values of photoactivity close to the ini-
tial ones.
ial cleaning by UV–Vis irradiation and washing, starting from values reached at the



4. Conclusions

The depolluting and self-cleaning potential of photoactive
building envelope materials has been object of several studies to
preserve the aesthetics of façades and contribute to the mitigation
of atmospheric pollution. Moreover, materials that could retain
their initially high solar reflectance and thermal emittance can
reduce the cooling needs of buildings, and cool roofs may mitigate
urban heat islands. Products that rely on the photocatalytic proper-
ties of anatase are commercially available, but few studies assess
their durability and long-term performance.

Herein was reported a two-year natural exposure in the urban
environment of Milano of photoactive and non-photoactive fiber-
reinforced mortars with different surface finishing, which are used
for rain-screen or pre-cast thermally insulated façade panels, and
we analyze the durability of the photocatalytic and self-cleaning
properties over such long period of real environmental exposure
under different orientations and inclinations.

All photoactive samples presented a lower or comparable light-
ness decrease than the standard non-photoactive mortars, but
those facing north showed a more significant decrease in lightness,
as they are less exposed to solar irradiation, which limits photoac-
tivation. Moreover, anatase containing mortars, after aging, show
higher surface homogeneity and integrity than standard samples,
which is confirmed by a higher standard deviation of lightness
and solar reflectance measurements on the latter ones.

Unlike standard mortars, TiO2 containing samples can be classi-
fied as photoactive according to the standard UNI 11259, as they
give extents of dye degradation R4 = 38% and R26 = 64%, respec-
tively at 4 and 26 hours of irradiation. After 1 year of aging, R4 is
reduced to approximately 20%, while R26 falls slightly below 50%,
yielding to an average degradation efficiency reduction of about
20% to 65%, depending on the degree of soiling. However, the loss
in photoactivity after the second year is less marked than after the
first year. Naturally aged samples were then subject to alternated
cycles of UV–Vis irradiation and rinsing. After accelerated cleaning,
photoactive mortars presented a higher initial lightness recovery
than the standard ones, and they recovered almost 70% of their ini-
tial photocatalytic efficiency.
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