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Enhancing Anti-Reflective and Photocatalytic Perfor-
mance of Titanium Dioxide Coatings via Controlled
Surface Porosity and Roughness for Solar Cell
Applications
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This study investigates the role of controlled surface roughness and poros-
ity in enhancing the anti-reflective (AR) properties of titanium dioxide (TiO,)

coatings, synthesized via the sol-gel method and deposited on glass substrates. The degree
of porosity and surface roughness were systematically modulated by incorporating vary-
ing concentrations of Pluronic F127, a pore-forming agent, and through subsequent etching
with hydrofluoric acid (HF). Comprehensive characterization techniques, including scanning
electron microscopy (SEM), atomic force microscopy (AFM), and UV-Vis spectroscopy, were
employed to analyze the surface morphology and optical performance of the coatings. The
results demonstrated that increasing surface roughness, in combination with the formation of
ordered porous structures, significantly improved light absorption and reduced reflection in the
visible spectrum. Furthermore, the enhanced porosity and increased active surface area contrib-
uted to improved photocatalytic activity; photocatalytic tests using a model pollutant under UV
irradiation revealed that coatings with higher porosity exhibited superior activity compared to
less porous coatings. This feature, along with self-cleaning behavior, is crucial for photovoltaic
applications and maintaining long-term coating transparency.

This study highlights the importance of precisely controlling surface roughness and porosity
as key parameters for optimizing AR performance, photocatalytic efficiency, and self-cleaning
properties, ultimately enhancing the efficiency of solar cells. The findings provide not only a
solid scientific basis for the design of advanced coatings but also a cost-effective, reproducible,
and scalable approach to improve the performance of photovoltaic systems.
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2- Titanium(I'V) isopropoxide (TTIP)
3- Sigma- Aldrich

4- Acetylacetone (AcAc)

5- Absolute ethanol
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1- Anti-Reflective (AR) Coatings
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Pluronic F127
Table 1. Properties of TiO» Coatings Prepared with Different

Concentrations of Pluronic F127.

Sample Pluronic F127 Concentration (M)
C-1 0
C-2 1.27103
C-3 2*10°
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Table 2. Properties of Samples S-1, S-2, S-3, and S-4.

Sample | Application Number of Dipping
Speed (mm/s) Cycles
S-1 2 1
S-2 2 2
S-3 5 1
S-4 5 2
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5- X-Ray Diffraction (XRD)

6- Joint Committee on Powder Diffraction Standards
7- Scanning Electron Microscope (SEM)

8- Atomic force microscopy (AFM)
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1- Merck

2- Etching

3- Hydrofluoric acid (HF)
4- Dip-Coating



el danST (63 (S yinlgy SumIU 98 3, Sos 9 QUL S (oled 9

5, las Doty g0 b gy Cuolus inli8l o o ot lie
ol ) oy ol Jle 5l (S 08 iy (Bl 928
S U bdiged Cwlbus ilidl b as 58 by Cyao cpl
e a5 )3 g gdaw (59) 32 39250 TIO, Jlde (paseto J>
Ot (B8 Cools s 0 g Gl bS58 oolo
Calud oy i s (6903 5y (il 510l oo iol 381 b i
Ul g8 3 )Slas 0 VL b (gliged plgie 4 S4 n
5 asliol (6ol gl Siag 98 Ll s 4y bl s Lol
Oy diged (dm S-3 5 €855 )18 anl 3)90 (1392 35 dlex
Oye S g8 iy diged lgie & (4 ST) ond 0ol
5 45 il de (3B layiell cui cnl 4 S

28,5 )15l oyl )3 sam Slomeled Sl
odlaiol b diges alate pdow | S-3 diged Colbud (pusi (glp
VSE p 45 8BS pga (pdagy (958 g8y S ]

ol 045 001> uLw\J

| 2

. | i
CL N P I e T
- Wb

A5 THO, b 015 ool sy wiges FESEM jypms Y JS5
Figure 2. FESEM Image of the Pure Tio. Coated Sample.
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Figure 1. Photocatalytic Performance Comparison of Pure TiO-

Coatings of Various Thicknesses under UV Iradiation.
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1- Ultraviolet (UV)- visible light spectroscopy
2- Methylene Blue (MB)
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Figure 4. SEM Images of a) C-1, b) C-2, and c) C-3 at Two Scales: 200 pm and 200 nm.
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Figure 6. AFM Images of a) C-1, b) C-2, and ¢) C-3.
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Figure 5. Comparison of the Photocatalytic Performance of
Coatings Prepared with Different Concentrations of Pluronic F127
under UV Irradiation.
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Table 3. Degradation Rate of Methylene Blue under UV
Irradiation by Coatings Prepared with Different Concentrations of

Pluronic F127.

Sample | MB Degradation (%)
C-1 24
C-2 40
C-3 60
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