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� Self-cleaning coatings were fabricated
with Bi-photocatalysts and fly ashes.

� Bi2O2CO3-coating exhibited the best
performance (49%) for self-cleaning
on concrete.

� Low crystallite size and high surface
area promoted higher efficiencies.

� Self-cleaning activity of coating was
restored with water after 28 days of
curing.
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Recently, the design of photocatalytic building materials for self-cleaning, self-disinfecting, and environ-
mental pollution remediation has resulted in increasing interest. The advantage of using solar energy and
rainwater as driving force has opened a new domain for environmentally friendly building materials. This
work reports the fabrication of photocatalytic self-cleaning coatings with alternative building materials
such as fly ash, sodium carbonate as an alkaline activator, and bismuth-based photocatalysts deposited
on concrete. The photocatalytic materials were powders of Bi2O3, Bi2O2CO3, BiOI, BiVO4, BiPO4, which
were synthetized by a precipitation method at room temperature without the use of surfactants or addi-
tives. The photocatalytic self-cleaning efficiency of the coatings was evaluated according to the ISO
10678:2010 norm by using aqueous methylene blue (MB) as a model pollutant in order to measure
the photoactive surface’s ability to degrade dissolved organic molecules under light irradiation. The ten-
dency of the photocatalytic self-cleaning coating activities was: Bi2O2CO3 (49%) > BiOI (30%) > BiVO4

(15%) > BiPO4 (14%) > Bi2O3 (5%) after 3 h of reaction. The best result was obtained when Bi2O2CO3 was
incorporated into the coatings, and it was associated to its lowest crystallite (27 nm), flake-like morphol-
ogy, and to its negatively charged surface (pHPZC = 11.5) at the pH of the experiments, that favored the
adsorption of the cationic dye (MB) on its surface. The self-cleaning efficiency of the Bi2O2CO3 coating
was investigated at different curing ages: 7, 14, and 28 days. It was observed a decrement in the
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photocatalytic activity with increasing the curing age. However, it was possible to restored the self-
cleaning efficiency after washing the surface with water due to the removal of hydration products, which
filled up the coating-pores forming diffusion barriers to both reactants and photons.

� 2019 Elsevier Ltd. All rights reserved.
1. Introduction

The incorporation of photocatalysts in building materials to
provide a self-cleaning effect offers a wide range of opportunities
to ensure proper functionality maintenance over time [1–3]. Fur-
thermore, the self-cleaning effect on building materials provides
the possibility of improving the air quality by removing air pollu-
tants such as NOx, VOCs, and C7H8 [4–6]. In this context, TiO2 is
the most used photocatalyst material for self-cleaning applica-
tions. The fabrication of photocatalytic self-cleaning coatings with
TiO2 has been demonstrated on different surfaces such as stucco
[4], mortars [6], paints [6], and tiles [7]. However, since TiO2 only
absorbs a small part of the light of the solar spectrum (<4%) its acti-
vation in outdoor conditions is limited. As an alternative, several
efforts have been carried out in order to utilize the visible light
from the solar spectrum, such as the modification of TiO2 with
transition metals or non-metallic anionic species [5–10]. In this
context, Mosquera et al. synthesized composites based on SiO2-
TiO2 with small amounts of precious metals (Ag and Au), which
were added on stones [8,9]. They found a good synergy and a high
self-cleaning efficiency between the semiconductor and the pre-
cious metals under visible light irradiation. Also, Cohen et al fabri-
cated a Portland cement blended with Titanium Oxynitride
(TiO2 � xNy) nanoparticles with self-cleaning ability (40%) under
visible light activation [10]. Alternatively, LiNbO3 and WO3/TiO2

have been coated on concrete for self-depolluting surface [11,12].
Recently, bismuth-based materials have been proposed as alter-

native visible-light active photocatalysts to the traditional TiO2,
which activity has been probed in the removal of several pollutants
of water (rhodamine B, methyl orange, methylene blue) and air
(NOx, VOCs) [13–20,21–23]. In particular, Bi2WO6, and Bi4MoO9,
BiPO4 integrated in core–shell structure with Bismuth metal have
resulted in excellent results for NOx removal from diluted streams
[24–26]. There are many advantages of the use of bismuth-based
materials in photocatalytic reactions, i.e., these compounds can
be activated with the visible light of the solar spectrum since their
electronic structure consist in a valence band of hybrid orbitals O
2p and Bi 6s [20]. This phenomenon results in an increase in the
mobility of photogenerated charge carriers and a decrement of
the band gap energy, which increase the photocatalytic activity.
In addition, these compounds are related to cost-effectiveness
due to their abundance, low toxicity and high stability [27]. How-
ever, in spite of the good properties of bismuth-based photocata-
lysts, their incorporation in building materials has not been
reported, so far.

On the other hand, in recent years, the use of alternative cemen-
titious materials has represented a good alternative to replace the
Portland cement in coatings that do not need high mechanical
resistances, i.e. in facades [28–30]. This alternative represents sev-
eral advantages such as, reducing the CO2 emissions involved dur-
ing the cement fabrication, lowering costs, and in some cases,
improving one or more technical properties of concrete. These
alternative materials include fly ash, ground granulated blast fur-
nace slag, silica fume, limestone dust, rice husk ash, palm oil fuel
ash, cement kiln dust, and metakaolin [31,32]. Among them, fly
ash is a combustion by-product generated in coal-burning power
plants, which is removed by a dust collection system. Eventually,
the disposal of these ashes in landfills can have a negative impact
on the environment. Thus, several efforts have been carried out in
order to take advantage of these residues. One alternative is the
incorporation of fly ash in building materials that can improve
some properties such as workability, compressive strength,
reduced heat of hydration, decreased costs, and increased resis-
tance to alkali-silica, and sulfates [33–35]. Therefore, the utiliza-
tion of fly ash as a binder to fabricate self-cleaning ceramic
coatings is a topic of interest. This work proposes the fabrication
of a photocatalytic self-cleaning coating in order to be applied on
concrete surfaces. The coatings were obtained with low cost mate-
rials based on the utilization of fly ashes and bismuth compounds
active under visible light (Bi2O3, Bi2O2CO3, BiOI, BiVO4, and BiPO4).

2. Experimental

2.1. Synthesis of photocatalysts

The synthesis of bismuth-based photocatalysts was performed
by a facile precipitation method using inorganic salts and avoiding
the use of harmful chemical compounds such as surfactants and
solvents. All the materials were obtained at 100 �C.

2.1.1. Synthesis of Bi2O3

In a typical procedure, 0.05 mol of bismuth nitrate (Bi(NO3)3-
�5H2O, Aldrich, 99%) was dissolved in 50 mL of HNO3 (1 M) until
complete dissolution of the inorganic salt. Then, the pH was
adjusted to 7 by using NaOH, and the resulting yellow suspension
was maintained under vigorous stirring for 1 h. Lastly, the mixture
was washed with water and methanol to finally being dried at
100 �C.

2.1.2. Synthesis of Bi2O2CO3

The synthesis of Bi2O2CO3 involved the preparation of two solu-
tions: 1) 0.05 mol of Bi(NO3)3�5H2O was dissolved in HNO3 (1 M),
and 2) stoichiometric amounts of Na2CO3 (Aldrich, 99%) were dis-
solved in distilled water. The solution (1) was added into the sec-
ond solution until the formation of a white suspension, which
was maintained under vigorous agitation for 1 h and then it was
washed several times with water and methanol. Finally, the pow-
ders were dried at 100 �C.

2.1.3. Synthesis of BiOI
Powders of BiOI were prepared by means of two solutions: 1)

0.05 mol of Bi(NO3)3�5H2O was dissolved in 50 mL of ethanol
(DEQ, 99%), and 2) stoichiometric amounts of potassium iodide
(KI, DEQ, 99%) in 50 mL of deionized water. The solution (1) was
poured into the second solution until the formation of a reddish
suspension, which was maintained under vigorous agitation for
1 h. Then, the powders were washed several times with water
and methanol in order to remove the by-products generated,
which were dried at 100 �C.

2.1.4. Synthesis of BiVO4

For this purpose, in a first step 0.05 mol of Bi(NO3)3�5H2O was
dissolved in 50 mL of HNO3 (1 M), and stoichiometric amounts of
ammonium vanadate (NH4VO3, Aldrich, 99%) were added into the
solution until the formation of a yellow-orange suspension. The
pH was adjusted to 7 by using NaOH, and the resulting suspension
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was maintained under vigorous agitation for 1 h. Later, the suspen-
sion was washed several times with water and methanol in order
to remove the by-products. The powders were dried at 100 �C.

2.1.5. Synthesis of BiPO4

To obtain BiPO4, 0.05 mol of Bi(NO3)3�5H2O was dissolved in
50 mL of HNO3 (1 M) and after complete dissolution of the salt, sto-
ichiometric amounts of ammonium phosphate [(NH4)2HPO4,
Aldrich, 99%) were added into the solution. Then, the pH was
adjusted to 7 by using NaOH, and the resulting powders were
washed with water and methanol.

2.2. Preparation of photocatalytic coatings

Fly ash (as a binder), Na2CO3, H2O, and bismuth compounds
were used as raw materials to prepare the photocatalytic coating.
Fly ashes were provided by a local steel company; whose compo-
sition was reported in a previous work [36]. Beforehand, the iron
from the fly ashes was removed by magnetic separation, and the
resulting ashes were ground in an agate mortar. The ashes were
mixed with Na2CO3 and H2O in order to accomplish their alkaline
activation. Then, appropriate amounts of photocatalysts were used
in the above mixture in order to provide the self-cleaning effect.
The weight ratio of the components was 1:0.03:0.33:0.04 of FA:
Na2CO3:H2O:Photocatalyst. The hydraulic mixture was applied
with a spatula in a concrete surface (previously moistened) of
5 cm of diameter.

2.3. Characterization of photocatalysts

The structural characterization was carried out by X-ray pow-
der diffraction using a Bruker D8 Advance diffractometer with Cu
Ka radiation (40 kV, 30 mA). A typical run was made between the
2b angles from 10� to 70�with a step size of 0.05� and a dwell time
of 0.5 s. The morphology of the photocatalysts was analyzed by
scanning electron microscopy (FEI Nova NanoSEM 200 with an
accelerating voltage of 30 kV). The UV–Vis diffuse reflectance
absorption spectra of the samples were obtained using an Agilent
Technologies UV–Vis–NIR spectrophotometer model Cary 5000
series equipped with an integrating sphere. The energy band gap
values (Eg) were calculated by converting the reflectance spectra
obtained by means of Kubelka-Munk function. The band energy
diagrams were calculated according to a procedure suggested by
Butler and Ginley [37], taking into account the electronegativity
and the band gap obtained by the diffuse reflectance spectra. The
BET surface area measurements were carried out by N2 adsorp-
tion–desorption isotherms by means of a Bel-Japan Minisorp II sur-
face area and pore size analyzer. The isotherms were evaluated at
�196 �C after pretreatment of the samples at 150 �C for 24 h. Zeta
potential determination was measured using a slurry of 0.4 g of the
scheelite Nanotrac Flex model DLS 180, using a solution 0.1 M of
both HCl and NaOH.

2.4. Photocatalytic activity

Self-cleaning performance of the photocatalytic coating was
evaluated following the ISO 10678:2010. In these experiments, a
50 mL cylinder with a diameter of 3.5 cm was attached on the sur-
face of the samples using silicon glue. Then, samples placed in a
dark environment for 24 h with 30 mL of an aqueous methylene
blue (MB) solution of 10 mmol L�1. This procedure was necessary
because the coatings could adsorb the dye molecules. After condi-
tioning, the samples were irradiated with a halogen lamp of 50W,
which emits between 300 and 900 nm. This lamp was chosen in
order to simulate the sunlight spectrum. The degradation of MB
solution was measured every 10 min (up to 3 h) using a UV–Vis–
NIR spectrophotometer model Cary 5000 by determining the max-
imum absorption spectrum at 665 nm wavelength. For compara-
tive purposes, the photocatalytic activity of powders was
measured in a cylindrical batch reactor of 100 mL with the same
MB concentration.
3. Results and discussion

3.1. X-ray diffraction characterization

Fig. 1 shows the X-ray diffraction patterns of the bismuth-based
photocatalysts obtained at 100 �C. The reflections of photocatalysts
were indexed to the following JCPDS Cards: 41-14991 (a-Bi2O3),
41-1488 (Bi2O2CO3), 73-2062 (BiOI), 14-0133 (BiVO4), 15-0766
(BiPO4). All the materials were obtained in pure form, without
the presence of extra reflections. Most of the material crystallized
in the tetragonal system, with the exception of the monoclinic a-
Bi2O3 and hexagonal BiPO4 (Table 1). In particular, a-Bi2O3 and
BiPO4 are thermodynamically favored at room temperature. Both
presented bigger crystallite sizes (65–68 nm) compared to the
tetragonal phases. BiVO4 and BiOI showed similar sizes
(�46 nm), while Bi2O2CO3 exhibited the lowest crystallite size
(27 nm) among the studied compounds.

3.2. Scanning electron microscopy

The morphology of the photocatalysts was analyzed by scan-
ning electron microscopy. As it is shown in Fig. 2, a variety of mor-
phologies was obtained in each photocatalysts with the synthesis
method proposed, which avoids the use of surfactants or solvents
of high toxicity.

The samples with higher crystallite sizes (a-Bi2O3 and BiPO4)
exhibited a heterogeneous morphology with a notable degree of
agglomeration among its particles (Fig. 2a-b, 2i-j). On the contrary,
the rest of the samples developed a more homogeneous morphol-
ogy, which resulted in flakes (Bi2O2CO3, Fig. 2c-d), flowers (BiOI,
Fig. 2e-f), and spheres (BiVO4 Fig. 2g-h). Among these samples, Bi2-
O2CO3 resulted in the lowest particle size (<100 nm).

3.3. Diffuse reflectance spectroscopy

Fig. 3 shows diffuse reflectance spectra taken for each photocat-
alyst. Three materials absorb in the visible range of the solar spec-
trum (Bi2O3, BiOI, and BiVO4), while the samples: Bi2O2CO3 and
BiPO4 absorb in the UV part. Based on extrapolations of the straight
portions of the absorption edge, the band gap of the photocatalysts
can be estimated, which tendency was: BiPO4 (4.1 eV) > Bi2O2CO3

(3.3 eV) > Bi2O3 (2.8 eV) > BiVO4 (2.7 eV) > BiOI (2.0 eV) (Table 1).
From these data, it was obtained the theoretical band edge energy
positions, which are shown in Fig. 4. As can be seen, all the mate-
rials have the required thermodynamic potential to generate
hydroxyl radicals (�OH) that can oxidize a wide number of organic
and inorganic tropospheric pollutants [38,39]. Especially, Bi2O2CO3

and BiPO4 had a more positive potential to produce the hydroxyl
radicals. However, the activation of BiPO4 could be difficult due
to its wide band gap energy (>4 eV), considering the lamp used.
All these photocatalysts are classified as bismuth (III) semiconduc-
tors, which contribution of Bi 6 s and O 2p levels forms a preferable
hybridized valence band while the conduction band is composed of
Bi 6p orbitals [40].

3.4. Nitrogen physisorption

N2 isotherms of the bismuth-photocatalysts are shown in Fig. 5.
The profile of the isotherms of Bi2O3, BiOI, BiVO4, and BiPO4



Fig. 1. X-ray powder diffraction of the bismuth-based photocatalysts.

Table 1
Physicochemical properties of bismuth-based photocatalysts.

Photocatalyst Crystal structure Crystallite size (nm) Band gap (eV) SBET (m2 g�1) pHPZC

Bi2O3 Monoclinic 65 2.8 1 4.5
Bi2O2CO3 Tetragonal 27 3.3 19 11.5
BiOI Tetragonal 47 2.0 4 5.6
BiVO4 Tetragonal 46 2.7 2 3.5
BiPO4 Hexagonal 68 4.1 5 4.6
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obtained was III-type and it is characteristic of non-porous materi-
als with low energy of adsorption [41]. Conversely, the Bi2O2CO3

sample showed a different behavior, which exhibited a hysteresis
in the interval 0.73–0.97 of relative pressure (see Fig. 5a), typical
of mesoporous materials (IV-type). In order to corroborate the pore
size in the Bi2O2CO3 sample, a BJH plot was constructed, whose dis-
tribution is shown in Fig. 5b. According to this data, the mean pore
diameter of Bi2O2CO3 was 4.8 nm.

The specific surface area of samples was measured from the
adsorbed N2 volume determined with N2 isotherms. In general,
the non-porous bismuth-samples developed lower surface areas
(<5 m2 g�1), while the Bi2O2CO3 sample presented the highest sur-
face area (19 m2 g�1) (Table 1).



Fig. 2. SEM images of a-b. Bi2O3, c-d. Bi2O2CO3, e-f. BiOI, g-h. BiVO4, and i-j. BiPO4.

Fig. 3. Kubelka-Munk diffuse reflectance spectrum of Bi2O3, Bi2O2CO3, BiOI, BiVO4,
and BiPO4.

Fig. 4. Theoretical conduction and valence band positions of Bi2O3, Bi2O2CO3, BiOI,
BiVO4, and BiPO4.
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3.5. Zeta potential

The determination of the point of zero charge (pHPZC) is sub-
stantial to predict the charge on the material surface during the
photooxidation reactions. This data is very important since the
photocatalysis occurs on the surface and its performance can be
greatly influenced by its ability to adsorb the pollutant, in this case
methylene blue. In Fig. 6 can be seen the variation of zeta potential
vs pH of the bismuth-photocatalysts. In particular, the pHPZC

increased as follows: Bi2O2CO3 (11.5) > BiOI (5.6) > BiPO4 (4.6)
> Bi2O3 (4.5) > BiVO4 (3.5). At pH values lower than pHPZC, the
materials have a positive charge, whereas, higher pH promotes
the formation of a negative charge on the materials. It is worth
mentioning that the methylene blue molecule, suggested by the
ISO 10678:2010 norm for the evaluation of self-cleaning surfaces,
is a cationic dye, which adsorption is favored when the photocata-
lyst surface is negatively charged [42].
3.6. Photocatalytic self-cleaning experiments

3.6.1. Powders
In a first step, it was investigating the self-cleaning efficiency of

the bismuth-photocatalysts in powder form. The efficiency after
3 h of irradiation was calculated and it is shown in Fig. 7. The error
bars represent the standard deviation for the photocatalytic activ-
ity based on the data repeatability of three measurements. For ref-
erence, a photolysis experiment without any photocatalyst was
performed, which demonstrated the stability of the methylene
blue molecule under the irradiation of the halogen lamp used. All
the studied bismuth-photocatalysts showed activity for the
removal of MB in aqueous solution, whose efficiency followed
the tendency: Bi2O2CO3 (70%) > BiOI (45%) > BiVO4 (27%) > BiPO4

(17%) > Bi2O3 (11%).
The highest photocatalytic efficiency obtained with the Bi2O2-

CO3 photocatalyst can be associated with its physical and chemical
properties, such as low particle size and high specific surface area.
A nanometric particle size of photocatalyst is associated to several
advantages that increase the photocatalytic efficiency of the mate-
rials, i.e., a low particle size favors a growth in the surface area,
which increase the number of pollutant species (MB) that react
on the photocatalyst surface. In addition, the lowest particle size



Fig. 5. a. N2 isotherms of Bi2O3, Bi2O2CO3, BiOI, BiVO4, BiPO4, and b. BJH plot of Bi2O2CO3.

Fig. 6. Zeta potential vs pH curves of Bi2O3, Bi2O2CO3, BiOI, BiVO4, BiPO4.
Fig. 7. Self-cleaning efficiency of bismuth-photocatalysts in powder form after 3 h
of irradiation.
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of Bi2O2CO3 enhances the charge transfer in the semiconductor
promoting more available holes to oxidize the pollutant and thus,
maintaining clean the surface. Also, the best photocatalytic activity
of Bi2O2CO3 can be attributed to its negatively charged surface
(pHPZC = 11.5) at the pH of the experiments. In this sense, the catio-
nic dye (MB) can be adsorbed on the Bi2O2CO3 surface (negatively
charged) through a strong electrostatic attraction. This interaction
can be beneficial for enhancing the MB adsorption and thereby,
increasing the self-cleaning efficiency. On the other hand, Bi2O3

showed the lowest efficiency, which can be attributed to its low
surface area, high particle size, and acidic surface. These factors
can promote an electrostatic repulsion between the positively
charged Bi2O3 and the cationic dye. BiPO4 also showed a low pho-
tocatalytic activity that could be related to its relatively wide band
gap (4.1 eV). In this context, in spite of the irradiation source used
emits from 300 to 900 nm, its contribution at lower wavelengths
(k < 400 nm) is not significant, which does not favor its activation
under these experimental conditions.

Another important factor that affects the photocatalytic
efficiency is the crystal structure of materials. In the scientific
literature, there are some reports that have correlated the photo-
catalytic activity with the distortion of the crystal structures of
photocatalysts. In particular, this effect has been reported for
BiVO4 and BiPO4, which exhibited an arrangement composed of
BiO8 dodecahedral with VO4 and PO4 tetrahedral units, respectively
[43,44]. Both photocatalysts exhibited a high distortion in their
VO4 and PO4 units that can affect the dipole moment in the struc-
ture, which eventually decreases the efficiency in the charge trans-
fer. Instead, a-Bi2O3 can also present a certain degree of distortion.
Its structure is composed of [BiO5E] half-octahedron distorsioned
units, where E denotes an unshared electron pair [45]. Therefore,
according to the photocatalytic efficiency shown in Fig. 7, it seems
that the distortion had a negative impact on this reaction. On the
other hand, the rest of photocatalysts: Bi2O2CO3 and BiOI show a
laminar structure composed of (Bi2O2)2+ layers between slabs of
CO3

2– and I-, respectively, stacked one above the other by nonbond-
ing van der Waals interaction through along [0 0 1] direction
[46,47]. This laminar morphology can favor the adsorption of dif-
ferent types of pollutants over the photocatalyst, which greatly
improves the efficiency of the self-cleaning application. In addition,
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the distortion in these structures is not significant compared to a-
Bi2O3, BiVO4, and BiPO4.
Fig. 9. Self-cleaning efficiency of the photocatalytic coating with 3% wt. of Bi2O2CO3

at different curing ages.
3.6.2. Photocatalytic self-cleaning coatings
The self-cleaning efficiency of the photocatalytic coatings fabri-

cated with fly ash and powders of the five bismuth-based photo-
catalysts was investigated following the standard ISO
10678:2010. Fig. 8 shows the self-cleaning performance of the
photocatalytic coatings after 7 days of curing. In general, the pho-
tocatalytic activity followed the same tendency as the observed for
the powders, whose results demonstrated the efficacy of Bi2O2CO3

in this application. The best result was 49% after 3 h of continuous
irradiation. For reference, the coating without was studied without
any photocatalysts, whose results confirmed the null photocat-
alytic activity of the fly ash components (SiO2, CaO, MgO, etc.) sub-
mitted to an alkaline activation [36]. For reference purpose, it was
performed an additional experiment using TiO2 P-25 as coating,
which self-cleaning efficiency was only 28% under the same condi-
tions. The lower efficiency obtained with the TiO2 P-25 could be
associated to its low activation under the light source employed.

Additionally, the effect of curing time and stability of the self-
cleaning efficiency of the coatings were investigated. For this pur-
pose, two additional experiments were performed after 14 and
28 days. As it is shown in Fig. 9, a decrease up to 38% of the initial
self-cleaning efficiency, it was observed during the period of paste-
hydration. This decrease could be attributed to several factors. For
example, it has been reported that the kinetics of the reaction can
be limited by mass transfer of reactants or photons due to the tran-
sition metal elements in the fly ash that can absorb or block the
irradiation [48]. Another cause can be the pore structure change
(shrinkage) during the paste hydration process [49], promoting a
decrease in the surface area and thus, lower adsorption of target
pollutants. In order to corroborate this, the surface area of the pho-
tocatalytic coating was measured after 0, 7, and 14 days, which
results were 4.5, 3.5, and 2.1 m2 g�1, respectively. The results indi-
cated a decrease in surface area up to 53%, which could limit the
self-cleaning efficiency, shown in Fig. 9.

Once the coating was evaluated after 28 days, it was washed
with distilled water in order to restore the photocatalytic activity.
After this experiment, the photocatalytic activity of the coating
increased to 41%, which was 36% higher than the corresponding
value after its evaluation at 28 days. Without washing, the genera-
tion of relatively stable reaction intermediates can lower the effi-
Fig. 8. Self-cleaning efficiency of the photocatalytic coatings after 3 h of irradiation.
ciency of the self-cleaning coating and eventually, stop the
reaction through blocking active sites.

It is important to note that the mechanical properties of the
substrate were not modified after the incorporation of the coating,
which resistance was 250 kgf/cm2.
4. Conclusions

Alternative cementitious photocatalytic materials were fabri-
cated with fly ashes, alkaline activators and Bi2O3, Bi2O2CO3, BiOI,
BiVO4, BiPO4 photocatalysts for the first time. The photocatalytic
low-cost coatings obtained can maintain a clean surface preventing
the soil phenomena without affecting the mechanical properties on
the concrete.

All the bismuth-photocatalysts exhibited self-cleaning activity
to degrade organic molecules under light irradiation. In particular,
Bi2O2CO3 showed the highest efficiency as a powder (70%). This
material also showed the best activity (49%) when it was mixed
with fly ashes and alkaline activators as coating on concrete. A high
surface area, low particle size, and a negative charge surface were
the key factors in determining the photocatalytic activity. The self-
cleaning ability of the coating restored with water after 28 days of
curing.
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