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“Slippery composite surface” that is “hemi-solid, hemi-liquid”
with “non-measurable” contact angle-hysteresis.
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Non-sticking drops

David Quéré

“Slippery composite surface” that is “hemi-solid, hemi-liquid”
with “non-measurable” contact angle-hysteresis.

Lubricated surfaces, a rose by any other name ...
SLIPS, LIS, Slippery pre-suffused surfaces, LubiSS



Outline

Static: droplet shape and geometry

Dynamic: oleoplaning droplet with
nearly-zero hysteresis

Comparison with lotus-effect surface

Thoughts/Open questions



Static droplet: contact angle
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Static droplet: contact angle
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Static droplet: contact angle

no cloaking with cloaking
Yl YlO Yo
Yo YO Ylo
Oapp ™ 100° Vi< Vio* Vo Vi> Vio* Vo
for water
Modified Young’s Equation

€0S 0,05 = (Vo= Vio)/ Vet
Yett = VY1 Or' Yo+ VYo
no/with cloaking

Independent of
micro-/nano-structures



Static droplet: contact angle
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Static droplet: contact angle

Thin-film
,‘ nterference
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Static droplet: nm lubricant film

Ysi > Yso + Yio and
repulsive A >0

thin film
interference



Static droplet: nm lubricant film
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Static droplet: nm lubricant film

Ysi > Yso + Yio and
repulsive A >0

interference
low pressure |AP| = v/l oy balanced by N = A/6mh3 Disjoining
in ridge =y /r. pressure
Yio /Tint

h~(rA/y)Y/3
tens of nm



Static droplet: nm lubricant film
on top of posts

%peed 4x

film thickness set by no contact line
post heights pinning



Comparison with
lotus-effect surfaces

speed 4x

air film instead with contact line
of lubricant film pinning



Droplet oleoplanes
with Landau-Levich film

static dynamic
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static dynamic

~ nm film ~um film
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Droplet oleoplanes
with Landau-Levich film

static dynamic

hip ™ Fine (NU/Y0)?3
= lint CaZ/3

= (VIO/ Vo) Fext CaZ/3



Droplet oleoplanes
with Landau-Levich film

stationary
hfilm = hp

moving
him = huio

stop motion
hfilm 9 hp




Droplet oleoplanes
with Landau-Levich film

dynamic

Viscous dissipation in
transition region / ~r,,, Ca'/3

F~n,U/hyp(2al)
= 2ay,, Ca?/3




Droplet oleoplanes
with Landau-Levich film

dynamic

Viscous dissipation in
transition region / ~r,,, Ca'/3

F~n,U/h,;, (2al)
= 2ay,, Ca?/3

Viscous dissipation in
wetting ridge (Tanner’s law)

e, ~ Cal/3

F~(n,U/6,)2a
= 2ay, Ca?/3

Keiser et al, Soft Matter, 2017



Custom-built force sensor
to measure dissipation force

F =k Ax
2 ul droplet, U =0.3 mm/s
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Contact angle hystersis
Acos 8 ~ Ca?/3
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Contact angle hystersis
Acos 8 ~ Ca?/3
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Contact angle hystersis
Acos 8 ~ Ca?/3

10°
-1 { F~n.U/hyp (2al)

2 0”/4] = 2ay,, Ca?/?
g o&oﬁw 213
o 10-2 - R Acos 6 =F/ 2ay,

K =(vio/ v)) F/ 2ay,
"’ ~ Ca?/3
1077 T r
1073 10-4 1072 1077

Acos® = 0,Ca—>0

Nearly zero hysteresis

No contact line pinning



Custom-built force sensor
currently at IMRE, A*STAR
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Comparison with lotus-effect surfaces
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Contact line pinning on
lotus-effect surface
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Contact line pinning on
lotus-effect surface




Micro-droplets after
breakup of capillary bridges




F independent of U
for lotus-effect surfaces
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F independent of U

for lotus-effect surfaces

F = k Ax
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Contact angle hysteresis

for high Ca
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Contact angle hysteresis
for different initial film thicknesses

Dissipative force for
different lubricant heights
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Contact angle hysteresis
for different initial film thicknesses

Dissipative force for
different lubricant heights
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Acos @ ~ Ca?/3independent of initial h
for thin nano-film ?



Contact angle hysteresis
for structured surfaces with thin nano-film ?

Slippery rough surfaces

(d) (e)

Boundary
lubncabon

Skppery Wenzel State

S500um

Sliding angle = 8° Shding angle = 18°

Dai et al, ACS Nano, 2015
Slippery Wenzel State
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