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Materials and Methods

Self-cleaning coatings based on nanomaterials like TiO₂ and ZnO are promising 
for building facades and heritage surfaces. However, their long-term 
effectiveness is challenged by particle loss due to rain, wind, and abrasion. 
Epoxy resin can potentially improve particle adhesion (Fig. 1) but may affect 
photocatalytic performance and visual appearance.
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The photocatalytic coatings contributed to self-cleaning, promoting a 
significant increase in photocatalytic efficiency without causing a significant 
aesthetic impact on the surfaces. The application techniques, spray and dip 
coating, showed differences in terms of uniformity and thickness, which 
influenced the final performance. The use of epoxy resin preserves aesthetics 
but significantly compromises photocatalytic efficiency—up to 84% in some 
cases. Further research should explore alternative binders and surface 
treatments that maintain transparency and catalytic activity. These treatments 
should also be assessed for their long-term durability and resistance to wear.
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Assessment of 
photocatalytic efficiency 

with and without resin
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Aesthetic evaluation of 
the substrate  - with 
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Epoxy Resin: Applied prior to 
photocatalyst deposition (PF)  

in selected samples

Colorimetric assessment 
(CIELAB ΔE) prior and after 

functionalization

Characterization analysis
(SEM/ EDS)

This research aims to develop self-cleaning cement-based panels 
functionalized with TiO₂ and TiO₂/ZnO, and to evaluate the impact of 
epoxy resin on their photocatalytic activity and aesthetic properties.

Substrates: White and gray 
cementitious panels

Color variation:

ΔE = ((Δa)2 + (Δb)2 + (ΔL)2)0.5
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Aesthetic Impact (ΔE)

• ΔE between 0.14 and 9.04 → minimal 
aesthetic alteration* .

• Resin reduced visual impact, especially on 
gray surfaces.

• Higher ΔE with dip coating due to increased 
particle content.

• Resin reduces aesthetic impacts (↓ΔE): 
possible reduction of the effective area of 
the photocatalyst**.

Dip coating

Spray coating

Figure 1

TiO2 (Spray) TiO2+ZnO (Dip)

0 100 200 300 400 500 600
0

10

20

30

40

50

60

P
h

o
to

c
a

ta
ly

ti
c

 

E
ff

ic
ie

n
c

y
 (

%
)

Irradiation time (min)

 Gray_Reference

 White_Reference

 Gray_TiO2_ZnO_NO_Resin

 Gray_TiO2_ZnO_WITH_Resin

 White_TiO2_ZnO_NO_Resin

 White_TiO2_ZnO_WITH_Resin

0 100 200 300 400 500 600
0

10

20

30

40

50

60

P
h

o
to

c
a

ta
ly

ti
c

 

E
ff

ic
ie

n
c

y
 (

%
)

Irradiation time (min)

 Gray_Reference

 White_Reference

 Gray_TiO2_NO_Resin

 Gray_TiO2_WITH_Resin

 White_TiO2_NO_Resin

 White_TiO2_WITH_Resin

Photocatalytic Performance

• Resin reduced efficiency in all cases (↓25–84%).
• Best performance: Gray panel with TiO₂/ZnO, no resin (~45%).
• Resin possibly limits active surface exposure**.

“Pollution” with Rhodamine B

Degradation under simulated
UV light (60, 180, 540 min)

Spectrophotometric analysis/
Digital Image Processing

Comparation Prior (PF) and After (AF) 
Functionalization

Spectrophotometric analysis/
Digital Image Processing

(Assessment of photocatalytic efficiency )
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Coatings:
Spray: TiO₂ (16 g/L, 20 mL)

Dip: TiO₂ + ZnO (70:30, 16 g/L, 20 mL)

*Munafó et al., 2015; Miliani et al., 2007; Goffredo et al., 2015.
**Kumar, 2017; I. R. Segundo et al. 2022.
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