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Article history: In general, hydrophobic coating is termed as the coating with water contact angle
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this study, transparent self-cleaning coating of modified Polydimethylsiloxane (PDMS)
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has been successfully developed for glass panel application. 3-
aminopropyltriethoxyslane (APTES) provides a flexible amino group for reacting with
the silica structure of Polydimethylsiloxane. The hydrophobic coating is applied onto
glass plates through simple dip-coating method. The hydrophobicity of coating is
achieved water contact angle as high as 103 and the transparency of the coating is
above 80% in UV-Vis region. The prepared-coating also exhibit an excellent self-
cleaning property which the coating completely expels the mud, dilute-ketchup
solution, syrup favor, and methylene-blue dye. In addition, the coating shows great
anti-fog behavior which the tiny droplets on the coating surface are completely
disappears after 6 min at ambient temperature. The droplet impact testing has
showed the hydrophobicity of coating is slightly decreases by 4.9° only after injecting
with continuous droplet for 168h which indicated that the excellent surface durability
of coating.
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1. Introduction

Some undesirable plants such as gorse and common yard weeds were buildup of waxy leaf
which causes the surface is very difficult to wet. Lotus plant also was buildup of paraffinic wax
crystals which is containing —CH,- groups and results to high apparent WCA> 160° and nil sliding
[1,2]. Researchers have utilized various raw materials to mimicking the superhydrophobic nature
such as silanes and siloxanes for either structure construction typically sol-gel method of
tetraethoxysilane or chemical modification typically CVD modification of fluorosilane [3-6].
Fujishima group [7] have fabricated a robust transparent superhydrophobic TiO, film through
templating by employing the flame soot layer as a nanoimprint template. The hydrophobicity of the
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film was introduced through surface modification with fluorosilane, however fluorinated polymers
are limited solubility and cannot be used for direct linkage [8,9]. Besides, the fluorinated is
expensive and have highest toxicity [10-12]. Liu et al., [13] have prepared the superhydrophobic
surfaces through the first ever self-modification approach by using PDMS and candle soot.
However, the process requires multiple calcinations at 550° and 330° on the candle-soot coated
PDMS film. PDMS is not only of low surface energy but also less reactive, less toxic and cheaper
compared to low molecular weight of fluorosilanes and chlorosilanes [14-17]. In this study,
attempts have been made to prepare transparent superhydrophobic surfaces by using inexpensive
PDMS as raw materials which was served for both structure construction and surface modification.

Surface stability, transparency and wettability are closely related to the surface roughness
which the nano-aggregation can improve the water CA but cost on the transparency and the
mechanical strength. Weak adhesion between nanoparticles and substrates reduces the life-span of
the coating as the nanoparticles get detached from substrates easily [18]. Therefore, we have
developed the self-cleaning surfaces with the absence of hierarchical nano-structures. The coating
surface exhibits non-wettable surfaces like a wax as we combined the silane coupling agent with
PDMS. Silane coupling agents are being applied to the glass substrates in order to obtain maximum
adhesion and form molecular bridges between organic polymer matrix and substrates surface
[19,20]. Coupling agent not only improves the total adhesive strength but also the durability of the
adhesive join. Hence, our self-cleaning surface is being driven by strong mechanical property. We
expect the wide applications of our coating will emerge as excellent coating technology to develop
multi-functional glass in all known glass hardware industries and PV panel.

2. Experimental Procedure

The coating system was prepared through sol-gel method. 60 wt% of Polydimethylsiloxane resin
(hydroxy terminated / viscosity of 3500cSt / Sigma-Aldrich (Malaysia)) was blended inside the
250ml of ethanol solution ((C;HeO) /Evergreen Engineering & Resources Malaysia) through vigorous
stirring above the magnetic stirrer. 50 wt% of 3-Aminopropyltriethoxysilane resin (in liquid form /
Shin-Etsu Chemical Co,Ltd. (US)) (and 70wt% of 3-Glycidoxypropyl! trimethoxysilane (in liquid form /
Shin-Etsu Chemical Co,Ltd. (US)) were then dripped into the PDMS resin and the mixture resin has
been subjected to constant stirring for another 1h at 50°C. The mixture was subjected to sonicating
process at 60°C for 25min to swell the organic resin within aqueous solution. The preparation of
coating system was illustrated in Figure 1. The thin films were casted on the prepared glass slides
through simple dip-coating fabrication and subjected to condensation process at room temperature
for 20min.

3. Results

The incorporation of silicone coupling agents such as silane and siloxane groups in surface
treated polymers have controlled a various interactions involving modified chains, surface
molecules interactions among the coupling functional groups and the morphology of the polymer
[21,22]. As a result, the employed silanes have improved the hydrophobicity of PDMS surface in
which the water CA of the coating achieves as high as 103° as presented in Fig 1.



Journal of Advanced Research in Materials Science
Volume 52, Issue 1 (2019) 1-8

WCA = 103’

Fig. 1. The hydrophobicity of coating
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Fig. 2. Transparency of the coating

Anti-reflective properties of as-prepared coating are presented in Fig 2. The optical transmission
of the coated glass is above than 82% in the wavelength range of 600-800 nm which have indicated
the coating surface is transparent in the visible region. However, the transmission is reduced at
short wavelength range less than 600nm which was attributed to wavelength dependent scattering
losses in the previous report. The optical transmission is maintained at 78% in the wavelength
range of 400-500nm. Fog occurs in cold environment and hot-vapor. Vapor from the fog condense
into droplets on the glass surface and scatter the incident light. The surface then becomes
translucent or foggy surface and poor optical performances [23-25]. Coating is suggested as one of
the relevant and easy approach towards anti-fogging application. Fig 3 depicts the condensed
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droplet formed on bare glass and modified PDMS coating glass. The obtained results have showed
that the tiny droplets appear on the coated glass after condensation process where else the bare
glass plate was covered by large droplets. The tiny fog droplets absolutely disappeared on the
coated glass after 7 min for the first-test and about 10 min for the second-test under room
temperature. The droplets remain on the bare glass after 20min and completely disappear after 30
min.

Fig. 3. Anti-fog property of (a) coated glass (b) uncoated glass

Self-cleaning of coating was analyzed for further specification of our hydrophobic glass. Fig 4
shows the mud layer do not adhere and was expelled from modified PDMS coating. It was
suggested that the coating surface has relatively low surface tension than the adhered mud; as a
result the mud is suspended above the surface. Mud is cannot be removed through simple water
injection and mechanical vibration because their low force fail to remove the mud from the surface
[26]. The obtained result shows the mud adhesion left the dirt streaks on the bare glass surface
and resulting to transparency degradation. Our results have complete agreement with Quan and
Zhang [27] which the promising anti-mud performances on treated-glass slides have been achieved.
They have suggested that anti-soiling effect work well on both superhydrophobic surface and
common hydrophobic surface.
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Fig. 4. Anti-mud behavior of (a) coated glass (b) uncoated glass

Figure 5 shows the self-cleaning property against dilute tomato ketchup solution, syrup favor
solution, and methylene blue-dye solution. It was observed clearly that all the dirt solution do not
adhered on the coated glass, however all the dirt solution was covering the entire bare glass
surface as shown.

The results have a complete agreement with the self-cleaning property of non-hierarchical
scales structures. It considers the low surface tension of coating is the main factors for our effective
self-cleaning property. The wettability of applied liquids on the substrate surface can be tuned with
various surface tension. Surface tension is the result from interaction between the surface
molecules and surrounding molecules. The molecules of applied liquids are more strongly attracted
to the molecules in the bare glass surface compared to the molecules of the gas at their interface
which indicating the higher surface tension of the bare surface than applied liquids surface. As a
result, the applied liquids spread spontaneously on the substrate surface.

Meanwhile, the molecules of applied liquids are weakly attracted to the molecules in the
coating surface which indicating the lower surface tension of the coating surface than applied
liquids surface. A drop of applied liquids stay as a drop on the surface and were easily removed
through gentle vibration of glass.
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Fig. 5. Self-cleaning ability of coating against (a) methylene blue-dye (b) syrup
favor (c) dilute-ketchup solution
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4, Conclusions

Transparent self-cleaning coating of modified Polydimethylsiloxane (PDMS) on the glass
substrate have been developed with the silicone coupling agents of 3-aminopropyltriethoxysilane
(APTES) which provides a flexible amino group for reacting with the silica structure of
Polydimethylsiloxane and 3-Glycidoxypropyl trimethoxysilane (GLYMO) which provides methyl
group for silica reactive site. The modified PDMS coating has achieved water contact angle as high
as 103° with the transparency is above 80% in UV-Vis region. In terms of self-cleaning property, the
coating completely expels the mud, dilute-ketchup solution, syrup favor, methylene-blue dye. Great
anti-fog behavior of modified PDMS coating have presented that tiny droplets on the coating
surface are completely disappears after 7 min at ambient temperature.
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