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Abstract 

Herein, we present a facile fabrication method to prepare the 

optically transparent, flexible and self-cleanable poly(urethane 

acrylate) (PUA) superhydrophobic film. The low surface energy 

siloxane functionalization on the thermally activated µ-patterned 

PUA/graphene oxide composite (S-PG) was found to be a 

successful strategy to modify the PUA intrinsic hydrophilicity 

into superhydrophobic nature. The S-PG film repeatedly showed 

the water contact angle (WCA) of 150.3 ± 1.6° with excellent 

self-cleaning property. Further, the fabricated film exhibited high 

optical transparency (82%) in the 400-800 nm wavelength region. 

Finally, the practical applicability of the fabricated S-PG film was 

demonstrated by using the film as a protective layer for solar 

panel module. The power conversion efficiency (PCE) of the solar 

module with and without S-PG superhydrophobic film was found 

to be 5.98% and 5.82%. The enhancement in the PEC 

performance of the solar module is attributed to the excellent 

optical transparent and less light reflecting nature of the proposed 

film. 
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1. Introduction 

A surface that exhibits a WCA more than 150º with a sliding 

angle (SA) less than 10º is commonly called superhydrophobic 

surface [1]. Such surface is always self-cleaned by the enrolling 

water droplet and received significant attention in several 

applications, such as anti-fouling, self-cleaning, anti-friction, 

oil/water separation. The optically transparent superhydrophobic 

film has been used as a protective layer in numerous electronic 

devices, solar cell panels, safety goggles, construction, stain-

resistant textiles, microfluidics, biomedical devices, energy 

harvesting, aerospace, marine and automobiles industries [2]. 

Several years of research on superhydrophobic film have 

provided key understanding on the control parameters and 

material tailoring techniques. Among them, efforts have 

demonstrated that a combination of microscale roughness in 

synthetic materials together with low surface energy could greatly 

improve the superhydrophobic nature of the material. Over the 

years, several polymers based superhydrophobic films have been 

reported by employing those above-mentioned techniques. 

Though PUA has several excellent characteristics such as good 

biocompatibility, high transparency, high deformability and 

excellent impact strength, there is no report on the PUA based 

superhydrophobic film owing to its intrinsic hydrophilicity. 

Herein, we demonstrate in detail our successful attempt to 

fabricate the PUA based superhydrophobic film by employing the 

microarchitectures and surface modification with low surface 

energy siloxane. Graphene oxide (GO) was incorporated into 

PUA to improve the chemical bonding between the PUA and 

siloxane. The fabricated film was characterized in detail by 

FESEM, EDS, FTIR, Raman, XPS and UVDRS analysis for its 

morphological, chemical and optical properties. The obtained 

results are consistent and confirmed the successful formation of 

the siloxane functionalized PUA+GO (S-PG) superhydrophobic 

film. Finally, the fabricated film was used as a protection layer for 

the solar module to demonstrate the practical applicability of the 

fabricated film. 

 

2. Materials and Methods 

2.1 Fabrication of the µ-patterned PUA Film 

The PUA+GO (PG) hybrid composite µ-patterned was 

fabricated by the photolithography technique. In a typical 

fabrication process, calculated amount of PG was poured into the 

negative PDMS mold. Then, a flexible and transparent poly 

(ethylene terephthalate) (PET) supporting film was attached to the 

PUA. Next, a uniform PUA film was formed on the PDMS mold 

by mild rolling a roller on top surface of the PET film. Finally, the 

PG coated PDMS mold was exposed to UV light for 10 hours. 

After the UV treatment, the µ-patterned PG film was removed 

from the PDMS mold. 

2.2 Fabrication of siloxane functionalized µ-patterned PUA 

film  

The low surface energy siloxane was functionalized on the 

thermally activated PG through PDMS CVD. In a typical 

fabrication process, the prepared µ-patterned PG film was 

attached to the glassware in an upside-down position and placed 



 

above the pre-polymer of PDMS coated Si wafer. The PDMS 

CVD was performed at 285 ℃ at various time to prepare the 

siloxane functionalized µ-patterned PG film. After the CVD 

reaction, the prepared material was ultrasonically cleaned to 

remove the unbonded layer from the surface of µ-patterned PG. 

 

3. Results and Discussion 

Morphology of the fabricated S-PG superhydrophobic film was 

observed by the field emission scanning electron microscope 

(FESEM). As shown in Fig. 1, the low magnified image shows 

the microscale roughness of the fabricated film. The dimension of 

the fabricated film was 20 μm in diameter, 20 μm in height and 70 

μm in pillar space, respectively. Further, the materials were 

characterized in detail by different techniques and the obtained 

results confirm the successful formation of the siloxane 

functionalized µ-patterned PUA film. 

As shown in Fig. 2, the WCAs of the S-PG films increased 

with increasing the pillar distance and reached maximum for 100 

μm and then decreased. The WCA of the S-PG at 100 μm is found 

to be 150.3 ± 1.6°. To demonstrate the practical applicability of 

the proposed transparent superhydrophobic film, the film was 

used as a protective layer for the home-made solar cell module. 

The photovoltaic performance of a solar cell module with and 

without the protection layer was evaluated. As shown in Fig. 3 

and Table 1, the S-PG superhydrophobic film protected solar 

module showed improved power conversion efficiency (PCE) 

compared to that of bare solar cell module. The enhanced 

performance of the SP-G-protected solar cell module is attributed 

to the high optical transparency and less light reflecting nature of 

the proposed film. 

 

4. Conclusions 

In conclusions, we have fabricated optically transparent, 

flexible and self-cleanable PUA superhydrophobic film by 

siloxane functionalization through PDMS CVD. It showed high 

WCA of 150.3 ± 1.6° and high transmittance of 82% in the 400-

800 nm wavelength region. And it can be applied as protection 

layer for the home-made solar cell module. 
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Fig. 1 Field emission scanning electron microscope (FESEM) 

images of the siloxane functionalized µ-patterned PUA+GO (S-

PG) hybrid superhydrophobic film at three different 

magnifications. 
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Fig. 2 The WCA of the siloxane functionalized µ-patterned PG 

(S-PG) films as a function of µ-pillar distance. 
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Fig. 3. J–V characteristics of the solar cell module with and 

without S-PG superhydrophobic film. 

 

Table 1. Photovoltaic characteristics of the solar cell module 

covered with and without fabricated S-PG superhydrophobic film.   

Solar cell 

module 
Jsc (mA.cm-2) Voc (V) FF 

PCE 

(%) 

Bare 24.15 0.50 0.48 5.82 

S-PG protected 21.56 0.48 0.57 5.98 

 


