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Investigation of the High Durability of Transparent

Superhydrophobic Coatings Using Raspberry-shaped
Particles
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With advancements in transportation equipment and sensor technology, the demand for
solutions that provide superhydrophobic properties to prevent water adhesion on glass
surfaces has grown considerably. However, many conventional superhydrophobic coatings
available on the market lack weather and abrasion resistance, and their performance
deteriorates over time. In addition, their high haze and lack of transparency render them
unsuitable for applications on glass. In this solution, silica particles are utilized to achieve
superhydrophobic performance. These particles are chemically bonded in advance to form a
raspberry-like shape. We found that superhydrophobic glass can be produced using a simple
wet coating method, which combines the silica particles with a matrix to create a concavo-
convex structure. To ensure the coating is suitable for glass applications, we focused on
reducing haze and confirmed that the film structure, influenced by the dispersion state of
the matrix, plays a crucial role in haze reduction. In addition, we determined that the post-
addition of silazanes helps maintain the concavo-convex structure and improves wear
resistance. This paper discusses the particle and film synthesis methods explored in this
study, as well as the enhancements made to the film' s functions for commercialization.
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Fig. 1 (a) Silica particle modification and synthesis scheme
for raspberry-shaped silica particles. (b) SEM
images of raspberry-shaped silica particles.
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Fig. 2 (a) Synthesis scheme for concave-convex forming
coating liquid E. (b) Synthesis scheme for water
repellent coating liquid F.
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<Coating Method>
| Clean the glass |
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| Spin-coat the Water repellent coating liquid F |
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| Heat cure & cleaning |

Fig. 3 The Method for creating this superhydrophobic
layered structure.
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Fig. 4 (a) The appearance and (b) water repellency of
superhydrophobic film with raspberry-shaped
particles. (c) The SEM images of top view and side
view.
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Fig. 5 (a) Performance change with different addition
ratios of large and small particles. (b) Performance
change by the difference in the particle size ratio of
large and small particles.
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Fig. 6 (a) Performance change with different addition
ratios of particles and matrices. (b) AFM images at
37 %, 75 %, and 100 % particle addition ratio.
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Fig. 7 (a) Change in haze as a function of time left on the
coated film. (b) SEM images of cross-sectional films
at 5 %, 3 %, and 1 % haze. (c) SEM images of films
prepared with the coating solution before and after
sonication.
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Fig. 8 Schematic illustration of raspberry-shaped silica
superhydrophobic coatings with protective layer and
water-repellent layer. o
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Fig. 9 (a) Abrasion resistance test results with and without
silazane. (b) SEM images before and after abrasion
resistance test. (c) Difference in pore structure
depending on the amount of silazane.
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Fig. 10 (a) UV-vis to near-infrared spectra of raspberry-
shaped silica coating glass. (b) Durability of long-
term change in water contact angle in outdoor
conditions.
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Fig. 11 (a) TEM image of raspberry-shaped silica coating
glass cross section. (b) Applying the coating to a
curved surface.
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