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Like some plants, the wings of many large-winged insects remain dirt-free (e.g., butterflies,
moths, dragonflies, lace wings), an obvious advantage for effective flight, and they do so
without using chemical detergents or expending energy. This is accomplished by the interaction
between the high surface-area multi-scale micro- and nano- topography on their wing surfaces
and the physical properties of water molecules.

While a variety of specific structures appear in this wing surface topography, all share a
similar mathematical set of proportions in the size and distance of protrusions that are associated
with superhydrophobicity (extreme non-wettability). For example, butterfly wings show two
key repeating structures: the individual scales or squama (roughly 40x80 microns each) and the
micro-relief of raised ridges covering each scale, each between 1000-1500 nm wide.

Because water and air adhere less well than water and solids, rough, high surface-area
folded textures can reduce adhesive force on water droplets, as trapped air in the interstitial
spaces of the roughened surface result in a reduced liquid-to-solid contact area. This allows the
self-attraction of the polar molecule of water to express more fully, causing it to form spheres.
Dirt particles on the wing’s surface stick to these droplets, both due to natural adhesion between
water and solids and because contact with the wing surface is reduced by the wing’s
micro-topography. The slightest angle in the surface of the wing then cause the balls of water to
roll off due to gravity, taking the attached dirt particles with them, cleaning the wing without
using detergent or expending energy. Micro- and nano- surface finishes inspired by self-cleaning
biological surfaces have now been applied to paints, glass, textiles, and more, reducing the need
for toxic chemistries and costly labor.

Multi-scale texturing is also providing a model for dramatically increasing the surface area
of many materials.
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“Many biological surfaces are hydrophobic because of their complicated composition and
surface microstructure. Butterflies were selected to study their characteristics by Confocal Light
Microscopy, Scanning electron Microscopy and Contact Angle measurement. The contact angle
of the water droplets on the butterfly wings surface consistently measured to be more than 140
degrees. The dust on the surface can be easily cleaned by moving spherical droplets when the
inclining angle is larger than 3 degrees. It can be concluded that the butterfly wing’s surface
possess a water-repellent, self-cleaning, or ‘Lotus-effect’ characteristic.” (Collins 2004: 245)

R kT B BELE S (REFERENCE LIST)

Collins, M. W. (2004). Design and Nature II: Comparing Design in Nature With Science and
Engineering. WIT Press. UK.




LA FIFE: Harvard 5 APA %, (B H AskNature J53C; A AREEMT, Eari)

AskNature Team. (2020). Air Filtration System Inspired by Butterfly Wings. AskNature.
Retrieved 20 April, 2021 from:

https://asknature.org/innovation/air-filtration-system-inspired-by-butterfly-wings/

Banwell, E. (2018). Brochosomes Offer Protection From Sticky Liquid. AskNature. Retrieved
20 April, 2021 from:

https://asknature.org/strategy/brochosomes-offer-protection-from-sticky-liquid/

AW SR A (i FUERS (LEARN MORE ABOUT THE LIVING SYSTEM/S)

https://asknature.org/system/insects?post-type=Biological%20Strategies

e R RN S A B 4

HENEFRENZE (2021/03/28) ; FEEIEHRME (2021/07/13) ; A BEFRIE (2021/11/21) ; BAATHRIE
(2022/01/02)

AskNature5 SCHE S

https://asknature.org/strategy/wing-surface-self-cleans/



https://asknature.org/innovation/air-filtration-system-inspired-by-butterfly-wings/
https://asknature.org/strategy/brochosomes-offer-protection-from-sticky-liquid/
https://asknature.org/system/insects?post-type=Biological%20Strategies
https://asknature.org/strategy/wing-surface-self-cleans/

