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Abstract: Raising awareness of the importance of protecting the environment generates ever-increasing ef-
forts of chemists and material scientists who seek new chemical compounds, production methods, and new
types of surfaces and materials with self-cleaning abilities. Taking into consideration the data on increasing
pollutant levels in the environment, materials that degrade pollutants could be an acceptable, sustainable
solution to improve self-cleaning materials, especially when functionalizing large surfaces characteristic
of building materials. The development of building materials that degrade polluting chemicals and carry
out the mineralization of pollutant loads has now become a necessity. This work aimed to analyze the
environmental performance of TiO,-modified acrylic surfaces under UV-LED irradiation through the oxi-
dative processes taking place on the illuminated surfaces. The simple approach of synthesis yielded highly
affordable self-cleaning surfaces. The self-cleaning properties of these surfaces were tested against three
frequently used textile dyes, rhodamine B, methylene blue, and methyl orange. It was demonstrated that
rhodamine B was still present after 10 h of irradiation, while methylene blue and methyl orange were suc-
cessfully self-cleaned after 3 h and 5 h, respectively.
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1. INTRODUCTI . . .
NTRODUCTION origin [3]. Among these materials, one of the most

In the last few decades, the global community
has gradually shown a substantial interest in environ-
mental quality [1] . A wide variety of concerns, from
purely aesthetic and ethical ones to those related to
valuable forms of aquatic and wildlife, has prompt-
ed the development of sophisticated monitoring pro-
grams aimed at achieving a better understanding of
the current state of the environmental resources [2].
As a result of this effort, serious pollution problems
have been repeatedly detected in several parts of the
planet. This is associated with the particular increase
in the use of industrial materials of anthropogenic

important classes is synthetic organic dyes, a sub-
family of thousands of organic compounds that are
not only widely utilized in industries such as textiles,
paper, food, and cosmetics but are almost always
toxic (hence considered extremely hazardous) to-
wards aquatic life forms if inappropriately discarded
[4,5]. The amount and nature of discharges of dyes
depend on many factors, but the exhaustive control
and many of these discharges are mediated by legis-
lation [6]. The presence of dyes in both industrial and
domestic effluents is a well-known fact, and their un-
desirable consequence is the increasing need for haz-
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ardous waste treatment deriving from the dye indus-
try [7]. In fact, the production of synthetic dyes and
related pigments increased, and with this production,
its proportional discharge has generated significant
environmental contaminations [8,9].

Self-cleaning is the property of a surface to
shed water or dirt and be free of contaminating ma-
terials such as dust, dirt, dyes, and microorganisms
under environmental conditions such as sunlight ir-
radiation and rainwater exposure [10,11]. It is related
to the surface properties of a material. The hygiene
of material surfaces is becoming an increasingly
important aspect in a wide range of technological
applications, including windows and facades, au-
tomobiles, self-cleaning of solar cells, and exterior
material of buildings [12,13].

In recent years, self-cleaning materials have
attracted extensive attention owing to advancements
in a wide range of various fields, such as biological
self-cleaning [14,15] and physical or chemical arti-
ficial self-cleaning, using numerous nanoparticles
[16]. These methods require exposure to sunlight to
support the fast decomposition of any unwanted im-
purities on the surface and then sustain the decom-
posing of the present products [17]. These technol-
ogies are associated with limitations with respect to
demonstrating hydrophobic and photocatalytic prop-
erties simultaneously [18].

This work aimed to employ a strategy to pro-
duce surfaces with significant self-cleaning properties
by coating the aluminium (Al) foil with white acrylic
paint mixed with TiO, Hombikat. The environmental
performance of TiO,-modified acrylic surfaces was
tested under UV-LED irradiation through the oxida-
tive processes taking place on the illuminated surfac-
es. The self-cleaning properties of obtained tiles were
tested against three dyes that are widely used and, by
their inappropriate disposal, represent environmental
threats - rhodamine B, methylene blue, and methyl
orange. While testing the self-cleaning properties,
dyes were dropped on coated surfaces, after which
the samples were exposed to UV-LED irradiation to
activate photocatalytic nanoparticles and initiate the
degradation of dyes. Rhodamine B was still present
after 10 h of irradiation, while methylene blue and
methyl orange were successfully self-cleaned after
3 h and 5 h, respectively. Water addition and simu-
lation of environmental conditions with rainfall con-
tributed to the lower self-cleaning efficiency.

2. MATERIALS AND METHODS
2.1. Chemicals and solutions

Used chemicals were of reagent grade and
were employed without further purification. Chem-
icals utilized were rhodamine B (C,H, CIN,O,,
>99.9%, Merck, Darmstadt, Germany), methy-
lene blue (C H CIN,S, >99%, Merck, Darmstadt,
Germany), and methyl orange (C H N,NaO,S,
>99.9% Kemika, Zagreb, Croatia), ethanol (C,H,O,
>99.8%, Merck, Darmstadt, Germany), acrylic
concrete paint (Betokril, Poly, Sid, Serbia), TiO,
Hombikat (100% anatase, Sigma-Aldrich, specific
surface area 35-65 m%g). Each solution was made
using ultrapure water (pH 6.56, ¥ = 0.055 pS/cm,
total organic carbon TOC < LOD). The concentra-
tion of dye in the aqueous stock solution was 0.05

mmol/dm?.

2.2. Materials for Synthesis

Commercial Al foil was used as a solid sur-
face for applying TiO,-modified acrylic paint with
1.0 mg/cm’ TiO, Hombikat as a photocatalyst. Al
foil was first cleaned with ethanol. The mixture
of TiO, and acrylic paint was made by adding the
appropriate amount of TiO, to acrylic paint, after
which this mixture was homogenized. Then, the
surfaces were coated with a TiO, acrylic paint layer
(Figure 1) [19]. The coated samples underwent air
drying and were then subjected to a 15 min treat-
ment in an oven at 200 ‘C to enhance adhesion to
the substrate [20].

TiO, nanoparticles

Appearance of
TiO,-modified
acrylic paint tiles

Acrylic paint

Aluminum foil

Figure 1. Synthesis and appearance of TiO -modified
acrylic self-cleaning surfaces.
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2.3. Self-cleaning experiments

During self-cleaning experiments, coatings
were placed on a flat surface, and an irradiation beam
was focused on them. 10 pL and 20 pL of dye solu-
tions were applied to the surface of the coatings be-
fore irradiation. In one series of experiments, 2 pL
of water was added to the coating surfaces after each
hour of irradiation. Tiles were irradiated for 10 h using
UV-LED irradiation (Enjoydeal, China, type MR16
AC 85-265V/12). UV and Vis radiation intensities of
the lamp were 7.5-102 W/cm? and 74.4-102 W/cm?,
respectively. The distance between the tiles and the
irradiation source was 50 mm. The radiation energy
fluxes were measured using a Delta Ohm HD 2102.2
(Padova, Italy) radiometer, which was fitted with the
LP 471 UV (spectral range 315-400 nm) and LP 471
RAD (spectral range 400—-1050 nm) sensors.

3. RESULTS AND DISCUSSION

Self-cleaning coatings are considered one of
the potential novel approaches to mitigate polluting
substances and improve the durability of buildings
[21]. The self-cleaning capabilities of prepared coat-
ings were tested on three dyes (thodamine B, methy-

Rhodamine B

20 pL 10 pL 20 pL

Oh

3h

5h

10h

Methylene blue

lene blue, and methyl orange), applying two different
dye volumes (20 pl and 10 pl) to assess effective-
ness across varying contamination levels. Coatings
with applied dyes were irradiated during a 10 h pe-
riod with UV-LED irradiation to evaluate the tiles’
self-cleaning properties.

From Figure 2, we can see that the most effi-
cient self-cleaning was achieved in the case of meth-
ylene blue, wherein this dye was removed after 3 h.
Methyl orange was self-cleaned after Sh. However,
rhodamine B was still present on the coating surface
even after 10 h of irradiation, but, notably, the dye
color was significantly faded.

In further experiments, 2 uL of water was added
to the surfaces after each hour of irradiation (Figure 3).
Therefore, self-cleaning properties were estimated in
real environmental conditions in case of rainfall. The
addition of water contributed to the slower self-clean-
ing of dyes due to water evaporation and the inability
of irradiation to be in contact with the same volume of
dyes. Methylene blue was removed after 6 h, whereas
methyl orange necessitated 8 h. Traces of rhodamine B
were still present on the coating surfaces after 10 h, and
as can be seen, they were less faded (Figure 3) com-
pared to Figure 2, wherein water was not added.

Methyl orange

10 pL 20 uL 10 pL

=2 m =
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Figure 2. Dye removal using self-cleaning TiO,-modified acrylic paint coatings.
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Figure 3. Dye removal using self-cleaning TiO -modified acrylic paint coatings, 2 uL of ultrapure water
was sprayed on the sheet surface after each hour of irradiation.

CONCLUSION

In this work, we employed a simple strategy
to produce surfaces with self-cleaning properties.
Synthesis was performed by coating the aluminum
foil with white acrylic paint mixed with TiO, Hom-
bikat. The self-cleaning performance of TiO,-mod-
ified acrylic surfaces was tested under UV-LED
irradiation with and without the addition of water.
Self-cleaning properties were tested against three
frequently used industrial dyes (rhodamine B, meth-
ylene blue, and methyl orange), which were consid-
ered significant environmental threats. Methylene
blue and methyl orange were successfully self-
cleaned after 3 h and 5 h, respectively. Rhodamine B
was the most persistent color, and it was still present
after 10 h of irradiation, but the dye color was sig-
nificantly faded. The addition of water contributed
to the slower self-cleaning of dyes, and in this case,
methylene blue was removed after 6 h, methyl or-
ange necessitated 8 h, while rhodamine B was still
present on the coating surfaces after 10 h.

The investigation into self-cleaning coatings is
crucial for reducing pollution and increasing the life-
time of building materials. These coatings can degrade
pollutants, contributing to cleaner urban environments
and healthier living conditions. Additionally, self-clean-
ing surfaces require less maintenance, reducing the
frequency and cost of cleaning while extending the
lifespan of buildings and infrastructure. This research
also provides insights into optimizing the performance
of self-cleaning coatings under various environmental
conditions, such as different dye contaminants and the
presence of water, making them more effective and
practical for real-world applications.
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EKOJIOIKA EOUKACHOCT YB-AKTUBUPAHE
TiO,-MOIUPUKOBAHE AKPUJIHE CAMOYUIITERE ITOBPIIUMHE

[Nomu3ame cBeCTH 0O 3Ha4Yajy 3alITUTE )KUBOTHE CPEIMHE TeHEepHIIe cBe Behe Hamope xemMuyapa 1 Hay-
YHUKA KOjH Tpayke HOBAa XEMHjCKa jeNIbEHba, METO/IE NPOM3BOAE U HOBE BPCTE MOBPIIMHA M MaTe-
pujana ca ciocobHommhy camounmthema. Y3umajyhu y 003up momarke o moBehamy HuBoa 3arahyjyhnx
MaTepuja y ’KHBOTHO] CPEIMHH, MaTepHjad Koju pasrpalyyjy 3aralyjyhe marepuje mormm 6u OUTH IpH-
XBaTJBHUBO, OJIPKMBO pelIeHE 3a ModoJpIname camouncTehnx Marepujana, moceOHo npu (QyHKIMOHA-
JM3aljyu BEJIMKUX MMOBPIINHA KapaKTEpUCTUYHUX 3a rpaljeBuHcke Marepujaie. Pa3Boj rpaleBuHCKIX
MmarepHjajiia Koju pasrpalyjy xemukanuje koje 3aralyjy u Bpiie MuHepanusanujy 3arahyjyhux mare-
puja caja je nocrao HeonmxogHocT. OBaj pal je UMao 3a LWb [a aHAJIU3HPA EKOJIOLIKEe HepdopMaHce
TiO,-momuduroBanux akpunHux noppiurHa oz Y B-JIE]] spayemem Kpo3 OKCHIATHBHE IIPOLIECE KOjH
ce OJ[BMjajy Ha OCBETJLEHUM MOBpPIIMHAMA. JEJHOCTaBaH MPUCTYII CHHTE3H /140 j& BUCOKO MPHUCTYIaYHe
camouncrehe nospmae. CBojcTBa camouniheha OBUX MOBPIIMHA TECTUPAHA CY Y OJJHOCY Ha TPH Haj-
yemhe kopuirheHe TekcTuinae 00je, pogaMuHy b, MeTHIeH TaBoM ¥ METHII HapaHyacToM. [lokazaHo je
na je ponamuH b n nasee npucyran HakoH 10 caty 3padersa, 0K Cy METHJICH IUIABO U METHJI HapaHIIaCToO
YCIENIHO CaMOOYNITheHe HaKOH TPH, OJHOCHO TIeT CaTH.

Kibyune peun: boje, camouncrehe moBpuriae, 3araljeme )KUBOTHE cpeuHe, (OTOKaTaIN3a.
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