18.357: Lecture 15

Contact angle hysteresis,

The wetting of textured solids

John W. M. Bush



Fluid-Solid Contact: WETTING
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Energy differential: dW = dx (O'SG — 0g L) — dx o cosb,

Young’s relation:

o COSHe — O0SI, —0s8@

T2 0. <2
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Total wetting on a flat solid



Partial wetting on a flat solid



Plexiglas

Partial wetting






methylnaphtalene

mercury Y = 500 mN/m




Fluorinated QOil

Mercury
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Static contact angle is not uniquely

drop is stable over a range of

Increases with

advancing contact lines pinned on surface irregularities



® motion of contact line past chemical/textural irregularities is
energetically costly







Reduce contact angle hysteresis via cleaning




® liquid slug in a capillary tube

® drops stick to solids
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(Dussan & Chow 1983)

¢ small drops supported by contact line resistance

® drops grow by accretion until weight prompts rolling



The triumph of gravity over contact forces




Overcoming contact forces via vibration




® Jateral chemical force must overcome contact force



® Jateral chemical force must overcome contact force



Propulsion via contact angle hysteresis and vibration




(Dussan & Chow 1983)

small drops supported by contact line resistance

drops grow by accretion until weight prompts rolling

impinging drops roll off rather than adhering

requires large

b/

small
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® the lotu\eaf 1S superhydrophoﬁlc and self-cleaning by virtue of
its waxy surface roughness



Static contact angle is not uniquely

drop is stable over a range of

Increases with

advancing contact lines pinned on surface irregularities



(Dussan & Chow 1983)

small drops supported by contact line resistance

drops grow by accretion until weight prompts rolling

impinging drops roll off rather than adhering
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Wenzel state Cassie state

where  1s exposed/planar area

where 1s total/planar area INCREASES

INCREASES, but INCREASES DECREASES



Wenzel state Cassie state

6*

where  1s exposed/planar area

where 1s total/planar area INCREASES

INCREASES, but INCREASES DECREASES



Wenzel state Cassie state

6*

where  1s exposed/planar area

where 1s total/planar area INCREASES

INCREASES, but INCREASES DECREASES

requires the maintenance of a Cassie state



viable with new microfab techniques

Lau et al. (2003)
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Bico et al. (1999) Cao et al. (2007)



Shibuichi et al. (1996), Onda et al. (1997), Herminghaus (2000)
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Gao & McCarthy (2006)
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““The Lichao surface



Wenzel state Cassie state

6*

where  1s exposed/planar area

where 1s total/planar area INCREASES

INCREASES, but INCREASES DECREASES

requires the maintenance of a Cassie state

) Bartolo et al. (2006)
Reyssat et al. (2007)



Yoshimitsu et al. (2002)

® drops move most easily along nanogrooves
® greatest resistance to motion perpendicular to grooves
® texturing introduces anisotropy in contact line resistance



Zheng et al. (2007)

on the butterfly wing




Zheng et al. (2007)

Discontinuous TCL

-

Nanometre tips
Rolling Pinning




i1sotropic roughness provides water-repellency
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. Colocasia esculenta

® roughness provides water-
repellency

® driving leg exhibits

propulsion

(Prakash & Bush 2011)




Biomimetic unidirectional surface
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e permits drop motion in only one direction

e applications in directional draining, microfluidics






a self-assembling superhydrophobic surface

—,
10 kV , 199X 100 pym 10 kV ‘

Milot et al. (2011)






