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The functional surface is a new concept, which refers to the
modification Physical-Chemical properties to equip surface with
properties that the original material cannot have such as anti-wetting,
anti-reflection, avoiding the deposition of substances, anti-ice, etc.
However, the fabrication process requires complicated, expensive, and
time-consuming technologies for further applications. This study
presents a cheap and facile method to fabricate the functional surface
on Tole substrate for water repellent and dust removal application. Bare
Tole substrate was initially ground using sandpaper to generate the
microscale structures and followed by the wet etching method using an
acid solution to create the hierarchical structure. The treatment process
was followed by the chemical compound coating to ensure the
hydrophobicity of the rough surface. After being treated, the surface
introduced a complete hydrophobicity, and anti-fouling properties and
can be observed by a high-speed camera. The research results will
suggest solutions for the fabrication of functional surfaces oriented to
outdoor applications.
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An mon w6t

Chirc niang hoa bé mat 1a mot khai niém méi dung dé chi su tac dong,
thay ddi cac tinh chat Ly — Hoa dé bé mat c6 nhitng dic tinh ma vat liéu
ban dau khong thé co dugc nhu: chdng dinh wét, chéng phan xa, tranh
Iéng dong cac chat, chéng dong bang.... Tuy nhién, cac phuong phéap
ché tao cac bé mat chirc nang ké trén doi hoi cac ki thuat phuc tap, ton
kém, va mét nhiéu thoi gian. Nghién ciru nay sé& trinh bay mot phuong
phap don gian va ré tién duoc sir dung dé chic ning hoa bé mit cua dé
Tén cho tng dung khong dinh w6t va chdng bam ban. Cac dé ton sau
khi rira sach s& dugce mai bang gidy rép dé tao nén cac cau tric micro va
tiép ndi bang qua trinh An mon w6t dé tao nén céu tric da 16p micro-
nano. Qué trinh xur 1i duoc tiép tuc boi son phii hop chat hoa hoc ki
nude dé dam bao tinh khong dinh uét cia bé mat. Sau khi dugc xir 1y,
bé& mit ton chuyén sang trang thai hoan toan khong dinh wet, chéng bam
ban va dugc quan sat bang camera toc d6 cao. Két qua nghién ciru 1a co
s dé dé xuit cac giai phap ché tao cac bé mit chirc nang hudng dén cac
ng dung ngoai troi.
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1. Introduction

Functional surfaces have been focused on in recent decades owing to their urgency and
important applications [1], [2]. The functionalization process allows modifying the material
surface for specific orientations such as anti-reflection [3]-[5], anti-ice [6]-[15], and anti-
biofouling, which the original surface might not have. Various materials such as steel, aluminum,
plastic, and glass can all be objects of surface functionalization. The surface treatment
approaches are very flexible, ranging from generating structures on the surface or depositing the
particles/ layer on the original surface [7], [16], [17]. The application of different techniques to
achieve different properties strongly depends on the intended use of each application.

Recently, wetting-controlled surfaces have proposed great potential for outdoor applications
such as windshields, self-cleaning glass [18], [19], anti-icing substrates, etc. The ultra
hydrophobic surface has been named the strong candidate for mentioned applications owing to its
unique properties containing the extremely high contact angle (normally over 155°) and high
liquid mobility. An ideal ultra hydrophobic surface can be generated by the etching method or by
spraying functionalized particles on the original surface to enhance its hydrophobicity.
Superhydrophobic surfaces have revealed the outstanding performance in anti-icing criteria by
minimizing the ice-surface adhesion strength [20]-[23], the freezing time [8], [10], and ice
repellency aspect [9], [12], [24], [25].

Tole is a compound of iron with zinc and has been used very widely because of its properties
such as flexibility, ease of laminate, weather resistance, etc. To the best of our knowledge, the
studies so far have never mentioned the fabrication of water repellent, and anti-ice surfaces on
Tole material for additional applications.

In this work, nanostructures will be fabricated by the wet etching method using an acid
solution. The fabricated surface will be followed by a chemical compound coating to
significantly enhance the non-wetting properties. The final Tole sample presented very high
hydrophobicity thanks to the combination of nanostructures with hydrophobic chemical
compounds, demonstrating the potential for further applications.

2. Materials and fabrication process

Figure 1 describes the fabrication process of the ultra hydrophobic surface generated on the
tole plate. Tole substrate was cut by 2 cm, 2 cm, and 0.2 cm in length, width, and thickness,
respectively. After being appropriately roughened by sandpaper, the Tole substrate was dipped
into the Hydrochloric acid in 15 minutes for the wet etching routine. The concentration of
hydrochloric acid was carefully calculated and maintained at 20% (wt.%). The process was
followed by cleaning etched surfaces with De-ionized water for at least 30 minutes. After
cleaning and drying using nitrogen, the Tole surface was obtained with the hydrophobic chemical
compound coating by a vapor deposition method and subsequently presented the extremely high

hydrophobicity.
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Figure 1. The fabrication process of ultra hydrophobic surface on Tole plate
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The surface morphology was investigated by Scanning Electron Microscopy (SEM) with
different magnifications. FOTS (Fluoro-octa-trichloro-silane) is a water-repellent chemical
compound with a long carbon chain with one end being the carbon that will be tightly bound to the
tole atom, while the other end being the hydrophilic SCl; molecule, which is a water-resistance
molecule. The wetting ability was evaluated by using a contact angle meter (Model DM-50, Kyowa
Interface Science Co. Ltd. - Japan) to measure the contact angle and sliding angle of water droplets.
Contact angle measurement is one of the most typical methods to test the wettability of a solid-
liquid surface pair at the solid-liquid-gas interface. The contact angle is measured by the 3-point
tangent algorithm (tangent) method and provides accurate results depending on the surface energy.
Each surface was measured in at least 5 locations and took the average.

3. Results and discussion

From the physics point of view, because the molecules’ attraction at the solid-liquid surface
(adhesion) is much larger than the attraction between water molecules (cohesion), water droplets
will tend to spread out on the surface. The hydrophilic surface (high surface energy) leads to a
larger solid-liquid area. Conversely, the hydrophobic surface (small surface energy) allows water
droplets tend to condense to minimize the liquid-solid contact area. A completely ultra
hydrophobic surface can only be formed when two factors micro/nanostructure and chemical
compounds are combined to minimize surface energy. If only the micro/nanostructure is present,
the wetting state will be a completely wet (superhydrophilic) state, while if only the chemical
compound is present (on an unstructured surface) the liquid will be hydrophilic or hydrophobic.
The combination of micro/nanostructures and hydrophobic compounds results in a Cassie-Baxter
state of liquid-surface, meaning that the liquid only contacts the top of the micro/nanostructures
and could not penetrate deep into the space between the surface features.

a l b I

Figure 2. The contact angle before (a) and after functionalize process (b);
The SEM of surface before the etching (c) and after etching (d,e)

Figure 2a shows the SEM images of the Tole surface after etching. The nanostructure was
randomly generated on the surface with the highest height of about 500nm. Such a small and

http://jst.tnu.edu.vn 31 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 227(11):29-33

dense nanostructure was sufficient to facilitate an underneath layer for an ultra hydrophobic state.
The etched surface was then functionalized by FOTS coating through the vapor deposition
method. Figure 2b presents the formation of the water droplets on the surface after chemical
modification with a contact angle of about 160°. The wetting state of ultra hydrophobic was
compared with the as-received Tole plate and the etched surface to emphasize the importance of
surface energy (Table 1). The bare Tole plate (smooth) revealed the hydrophilic state while the
etched Tole presented the wultra hydrophilic formation owing to the presence of
micro/nanostructure. Such micro/nanostructure after FOTS coating illustrated very high water-
repellent properties with high contact angle and low sliding angle (2°).

To investigate the self-cleaning ability for functional applications, we used water to deposit on
the ultra hydrophobic Tole surface. Fine sand with different diameters was used to simulate the
actual surface. Figure 3 demonstrates the good quality of the fabricated surface when the water
has completely removed the impurities in its path. Samples are tested for self-cleaning at least 40
times and prove the high repeatability, illustrating the potential for functional applications and
industry as well.

Table 1. Information on investigated surfaces

Name Contact angle (°) Sliding angle (°) Note

Bare Tole 68 24 As-received Tole plate
S.Philic 35 36 Etching

U.Phobic 160 2 Etching and FOTS coating

Figure 3. The water repellent test on an ultra hydrophobic surface

4. Conclusion

In this work, we proposed an economic and facile method to prepare ultra hydrophobic on the
Tole surface. The micro/nanostructure was generated by the wet etching method using
Hydrochloric acid. The surface roughness was combined with the hydrophobized chemical
compound to present the water-repellent properties. Subsequently, the functionalized Tole sample
illustrated the high hydrophobicity and demonstrated the potential for further applications.
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