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Why were long chain 
perfluoroalkyls used
for water repellence?



The contact angle of a water droplet
provides its work of adhesion on a flat surface, Wadh

θw

~72 mJ/m2



Long perfluoroalkyl chains result in a low work of adhesion
and provide very good water repellence

Long perfluoroalkyl chains



Are there possible replacements 
for long chain fluoroalkyls?



Other candidates are possible

Long perfluoroalkyl chains

Silicones



Other candidates are possible

Long perfluoroalkyl chains

Silicones

Alkyl chains (waxes)



Chemistry is not the only 
parameter one can play with



Surface roughness is another parameter
controlling the contact angle



The roughness is defined as the increase of surface area

A

A0



Surfaces of sufficiently high roughness
may become superhydrophobic

Water contact angle
θw > 150°

Droplet bouncing
Droplet roll-off

θro < ~5°

θw

θro



What is the role of fabric 
roughness in water repellence?



An experimental roughness can be measured
by profilometry and AFM



The profilometry roughness arises from the weave pattern
and the fiber packing in the yarns

Fabric pattern
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Weave pattern Fiber packing in yarns



The fiber-in-yarn roughness
dominates the roughness of woven fabrics

Weave pattern

Fiber packing in yarns

Total profilometric roughness



Static contact angle
of coated woven fabrics

θw



8 fabrics
selected

roughness

1.19

1.77



Three aqueous formulations of similar θw
are used to dip-coat our fabrics

Θw (H2O, flat surface)
(°)

Wax-modified melamin resin
(two different producers)

110

Silicone rubber 111

Perfluorobutyl (C4) -modified PUR 110



Short perfluoroalkyls raise concerns



Silicones might also rise concerns in the public



A mathematical model of wetting was developped
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Two main wetting regimes exist
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Contact angles can be predicted from roughness,
and give similar results for our three coatings



Contact angles can be predicted from roughness,
and give similar results for our three coatings

Higher roughness
=> higher amount of trapped air

=> larger contact angle



Roll-off/sliding angle
of coated woven fabrics

θro



The roll-off/sliding angle is linked
to the pinning of the droplet on the surface

Gravitational pull

Resistance to sliding

Advancing
angle

Receding
angle

𝜃𝑟

𝜃𝑎



The roll-off/sliding angle is linked
to the pinning of the droplet on the surface

Pinning parameter (N/m)

Advancing
angle

Receding
angle



The roll-off angles discriminate the different coatings



The roll-off angles correlate to roughness
and to the pinning parameter

Formulation μ (N/m)
meas.

wax 0.024

silicone 0.029

C4F 0.086

The best formulation is the wax-based
one, not the silicone or the fluorinated one



Droplet rebound



Wax-based C4F-basedsilicone-based

2010 similar videos were taken
and analyzed by automated video

analysis,
machine-learning procedures,

and principal component analysis



Rebound depends on roughness
and the kinetic energy of the droplet

𝑊𝑒 =
𝜌𝑣0
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Rebound depends on roughness
and the kinetic energy of the droplet

Weber number roughness

3.6 1.27

3.6 1.71

17.1

69.9

90.8

90.8

1.71

1.71

1.19

1.77



Rebound also depends on coating type;
wax-based coatings confirmed to be better

fabric
roughness

fabric
roughness

fabric
roughness
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Main conclusions

Weave pattern
(limited)

Fibers-in-yarn
(important)

Fiber surface
(very important)

2. Total roughness

1. Total roughness and pinning parameter are predictors
of water repellence performance (other parameters may exist)

3. Different formulations can be discriminated by the roll-off angle
and bouncing behavior
measured on a set of fabrics of different roughness 

4. Our studies show: waxes > silicones > C4 perfluoroalkyls 
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