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Sharma et Machietto, Fouling and cleaning of plate heat exchangers: Dairy application (2020)
Ensikat et al, Superhydrophobicity in perfection: the outstanding properties of the lotus leaf (2011)

Industrial issue : Bio-inspired architecture :

Microarchitecture Nanoarchitecture

Purpose of this work :

 Creating a 
superhydrophobic 
bio-inspired textured 
stainless steel 
surface
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Context
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Mould the 
microtexture at the 

same time as the 
substrate

+

Addition of a 
nanotexture

Context and Concept

Ellinas et al, A Review of Fabrication Methods, Properties and Applications of Superhydrophobic Metals (2021)



Concept

Hydrophobicity

Atmospheric 
pressure plasma 
polymerization

Nanotexturation

3D 
printing

Vacuum-
assisted
casting

Microtexturation



Microtexturation process : Vacuum assisted casting
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Microtexturation process : Vacuum assisted casting

Difficult to implement because very reactive liquid steel

Stainless steel casting temperature 1600°C 
(Cu: 1185°C, Al: 740°C)

Very high viscosity and surface tension compared to 
materials already explored previously or in the literature

Challenges



Coupons :

• 20x15x1,5 mm3 

• 2 feeding systems
• Different types of bio-inspired surface 

architectures

Scale bar = 500 µm 8

Design a bio-inspired micro-scaled surface



Microtextured bio-inspired surfaces
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Moulding in stainless steel



Hydrophobic behavior of the casted coupons

250 um

100 um

 Quantify the chemical etching contribution 
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 Stainless steel dendritic
microstructure



Characterize surface properties

 Discerning the contributions of microtexturing in surface 
hydrophobicity 

Native stainless steel

Stainless steel etched with acid

Acid-etched flat foundry stainless steel

Acid-etched, textured foundry stainless steel

Moy : 81,7° (±11,5)

Moy : 121,5° (±7,3)

Moy : 94,7° (±1,8)

Moy : 59,2° (±1,3)

This photo by Author unknown is subject to the CC BY-SA license



Nanotexturing process
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(4) Saget et al (2021) A critical review on surface modifications mitigating dairy fouling. Comprehensive Reviews in Food 
Science Safety WILEY
(5) Thèse de Manon Saget : Surface Engineering of Stainless Steel for Dairy Fouling Management (2022)



Nanotexturing process : wettability
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 Flat stainless steel 
coated with a bilayer

143.5 ° ± 4.0° Textured SS                     84.0° ± 1.4°
Textured SS                     
+ bilayer Water repellent

 Stainless steel AFTER plasma 
coating 

 Stainless steel BEFORE plasma 
coating 



Conclusion

• Microtextured surfaces in lost-wax foundry are interesting in terms of 
wettability 

• The super-hydrophobic coating manufactured by atmospheric pressure 
plasma is a promising result

Perspectives:

Application as anti-icing coatings
Application as antifouling / anti-adhesion coating



Thank you for your attention !

Any question ?
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Information loss along the process
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Textured SS                     
+ bilayer Water repellent

 Roughness and waviness measurement to assess
the information loss



Wettability measurement
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Textured SS                     
+ bilayer Water repellent

 No correlation have been made between
roughness and wettability


