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Transparent, Anti-Fouling and Mechanically Stable Coating
with Hybrid Architecture Inspired by Corn Bracts-Coating

Strategy

Yixue Wang, Rui Sun, Wei Zhao, Xinbo Lu, Weigiang Xiao, Fandong Meng, Xiaoli Zhan,

Jianguo Lu, Feng Gao,* and Qinghua Zhang*

In the quest for advanced coatings suitable for foldable electronics and
photovoltaic systems, there is a pressing need for materials that combine
transparency with durability. To address this, innovative special horizontal
stripes transparent (SHT) coating is prepared by capillary gravity
self-assembly methods. This coating is derived from the structural principles
of corn bracts and is created through the crosslinking of epoxy hydrophobic
modified SiO, with an epoxy organosilicon prepolymer, bridged by a double
terminal amino polydimethylsiloxane. The special pattern of the surface
makes the SHT coating more transparent than glass, and the special bionic
structure is proven to be highly durable under extreme temperature
fluctuations, withstanding tests from 150 to —20 °C over 192 h, and enduring
30 days of ultraviolet radiation exposure at 365 nm with an intensity of

30 W m~2. Moreover, even after 3000 cycles of scissors abrasion, the SHT
maintained its anti-fouling properties and mechanical resilience. It also
demonstrated remarkable chemical stability across a range of solvents. The
SHT coating can be easily applied to various flexible and rigid substrates
using a brush, the SHT coating is poised to find broad applications in the

1. Introduction

In today’s increasingly severe energy and
environmental crisis, the development of
environmentally friendly and renewable
new energy has become very urgent.l!! So-
lar energy in new energy sources is widely
considered due to its wide distribution
and pollution-free nature.’! However,
solar panels are prone to accumulating
dust and water droplets on the surface
in longterm outdoor environments,!
To ensure the efficient operation of the
battery, it is necessary to keep the sur-
face of the battery clean.l’! Currently,
rainwater erosion,”) manual cleaning,!®
mechanical cleaning,!®! and self-cleaning
coatings!®l is a common cleaning
method. Among them, anti-fouling
coatings are a more efficient, environ-
mentally friendly, and cost-effective way.['?]

realm of foldable optical devices.
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Traditionally, inorganic materials were
favored for their durability, but their brittle-
ness and inflexibility posed challenges.'’]
To overcome these, sol-gel chemistry
has emerged as a versatile technique for

crafting organic-inorganic hybrid coatings.¥ This method al-
lows for the nanoscale bonding of organic and inorganic entities,
such as functionalized silanes and metal alkoxides, yet it faces
limitations in thickness control and fabrication complexity.*! To
address this, researchers have explored the synergy between sol-
gel chemistry and photocatalytic cross-linking, offering a pathway
to flexible, durable coatings.!%]

To address this, researchers have explored the synergy between
sol-gel chemistry and photocatalytic cross-linking, however, these
often necessitate complex UV-based preparation processes, con-
straining their applicability.['!8] Recently, Zhang’s team intro-
duced a method employing epoxy-oligosiloxane nanoclusters and
amine curing, yielding multifunctional, flexible hard coatings.!*"’
This epoxy-amine reaction is advantageous for its controllable
nature, side-stepping the need for UV initiation and offering
scalability.?”) Furthermore, the integration of inorganic fillers
and polydimethylsiloxane into coatings has significantly en-
hanced their anti-fouling and anti-abrasion characteristics.?!]
Notably, Sun have shown that the addition of CaCO; nanopar-
ticles to proton exchange membrane can significantly improve

© 2025 Wiley-VCH GmbH
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