No more laundry?

An innovative and economical fabrication technique
developed by HKU Scientists could make the dream come
true!
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Microfluidics & Materials
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Material property depends on substance and structure; we develop microfluidic technology to precisely
tailor/create structures at micro/nano- scales.
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Zhu & Wang, Lab on A Chip, 2017

Artificial blood vessels
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Embolic microparticles
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Liquid-repellent surfaces
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Micro/nano-droplet-manipulation surfaces
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Spider-web-like microfibers
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Liquid-repellent surfaces B 7K 5 bR
In nature HAF-EH

Superhydrophobic lotus leaf Water strider Fog collection by desert beetles
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https://www.youtube.com/watch?v=D1lhOvjNFdk https://www.youtube.com/watch?v=4CU8gYYkwSw Planet Earth Il, Episode 4: Deserts, BBC
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Daily life H & A% Military equipment B 55 5% |
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https://www.youtube.com/watch?v=rEEdyBkD1YE https://buzzorange.com/2017/01/12/aircraft-carrier-liaoning/ 3



Background®

Requirements for high-performance liquid-repellent surfaces
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* Robust liquid repellency
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* Long-term durability
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e Large-scale fabrication
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 Low-cost fabrication
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Challenges PkEk

U Trade-offs between liquid repellency and mechanical durability
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Low mechanical stability Weak liquid repellency
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breakage at the bottom LS EEEe SN0 NS

Roughing surfaces
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Chem. Soc. Rev., 2016, 45, 323 Adv. Mater., 2014, 26, 2029
O Mutually exclusive fabrication of large-scale manufacturing and precise control over
surface structures KRR MENBHEHRO&GSB _FLF
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Large-scale —.. Well-ordered structures
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Low-cost Laborious
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Random structures Difficult to scale up
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Proc. Natl. Acad. Sci. U.S.A., 2008, 105, 18200
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Bio-inspired design of surface structure {4 2R H X5

Cuticles of springtails Bk&i%
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PloS One, 2011, 6, e25105

Our design: interconnected micro-cavities with re-

entrant profiles.
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Bio-inspired design resolves effectively the conflict
between mechanical stability and liquid repellency:
interconnectivity endows the surface with enhanced
mechanical stability; re-entrant structure yields robust
liquid repellency.
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Droplet microfluidics ¥R EMIIEHHT High-throughput droplet
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Fabrication of functional materials S ThEe 41 %} generation (1.5 L h™)
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Liquid crystal shells Multiphase particles L
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Mater. Today, 2008, 11, 18 Lab Chip, 2015, 15, 4387

Droplet microfluidics enables low-cost fabrication of large-scale surface structures with high
precision and controllability.
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Microfluidic Droplet Generation

Microfluidic droplet generation 4 E R IR TE

Double emulsion (single-core)

Single emulsion B3 @ E I ()
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Double emulsion (double-core)
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Double emulsion (triple-core)
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Microfluidic Droplet Generation

Diverse microfluidic emulsions LA
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Fabrication process S B

PVA solution
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Glass substrate
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Large-scale well-ordered porous surface




Liquid-repellent Surfaces

B3 7K B3 1 R T

Robust liquid repellency B IF 185 7K B v 4
Contact angle >90°for both water and oils 7K Ry B/ A 15 5 12 90°

Rening

Cassie state

Water 133.6°|| Glycerol 131.8°|| Olive oil 126.2°||Soybean oil  124.9°| (2% SDS 109.0°

Paraffin oil 103.3°|| DMC 97.3°| |[Hexadecane  94.8°|| 1,4-dioxane 90.8°| | 2-octanol 90.7°
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Enhanced mechanical stability
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Liquid-repellent Surfaces
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—+ PDMS cavity 11.5 kPa
—O— PDMS bead
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Abrasion test (over 21-fold enhancement)
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Concluding Remarks &84k

Fabrication 3li&
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® Bioinspired design resolves ® Microfluidic-droplets-based
effectively the conflict between the fabrication offers low-cost and
liquid-repellency and the scalable production of well-defined
mechanical stability structures with precision and
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AN FH VB 7 & ® TRl A% VRN AT B BAIR Rl AS K T A
Sl fh A R | Y SR 1D

13



Many Thanks




