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Background and aim  

EU project  
Development of green anticorrosion coatings for steel protection based 
on environmentally friendly nanoparticles and conducting polymers 
 
WP5 (in collaboration with Trento University, Italy) 
Enhanced fundamental understanding of corrosion protection systems 

 
At KTH (Royal Institute of Technology, Sweden) 
In-situ study of micro- and nano-structure and defects of the coatings 

and their changes during exposure in corrosive solutions.  
 
Aim of this study  
In-situ study of several polymer clear coatings on carbon steel exposed 

in pure water and 3% NaCl solution, aiming at selection of suitable 
coating system for making composite coatings with nanoparticles 
and conducting polymer. 



Coating samples: ca. 50 um thick coating on carbon steel  

Coating sample code Chemical nature 

Waterborne alkyd Alkyd emulsion  

Waterborne acrylic latex Acrylic latex, high barrier type 

Waterborne styrene-acrylic latex H Styrene-acrylic latex, high Tg  (310C), 
low barrier type 

Waterborne styrene-acrylic latex L Styrene-acrylic latex, low Tg (70C),  
low barrier type  

Solventborne alkyd Oil oxidizing alkyd 

All samples were supplied by Arkema, France 

Experimental  

In-situ AFM: Agilent 5500 SPM, electrochemical cell 

Etched silicon cantilever, operate in contact mode  
Sample exposed in pure water and 3% NaCl solution  
Exposure time: up to 100 h.  Scan size: a few to 80 mm.  
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    Waterborne Alkyd coating in pure water 

80 min 

Exposure in 3% NaCl, ca 5 hours Observation: 
fast change occurs in 3% NaCl,  
defects open up, degradation  

Results and discussion 

Defects, particle-like features, changes occur when exposed in water 
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    Waterborne Acrylic latex coating in pure water 

28h 

13× 13 mm 

There are micron-sized shallow pinholes and crack-like defects in the coating  

Slight change over a long time, the coating is stable in pure water  



Shallow pinholes, a few micron in size, change slightly with time 
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Scan size: 20 x 20 mm  
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    Waterborne Acrylic latex coating in 3% NaCl 

High stability of the coating in 3.0% NaCl solution  



Scan size: 11 x 11 mm  

Nano-structure (latex) can be seen during long time immersion. 
         Nanoparticles of ca. 100 nm in size 
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    Waterborne Acrylic latex coating in 3% NaCl 



Nano-structure, uniform nanoparticles, ca. 100 nm in diameter.  

Stable in water, the nano-structure could be seen after 4 days.  

Top-to-bottom height difference ca. 200 nm for 50 mm size (rough substrate).  
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    Waterborne Styrene-acrylic latex H coating in pure water 



Surface changes slightly, nano-ǎǘǊǳŎǘǳǊŜ ǾƛǎƛōƭŜ ŀŦǘŜǊ п ŘŀȅǎΩ ŜȄǇƻǎǳǊŜΦ 

Line profiles indicate swelling of surface (water penetration).  
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    Waterborne Styrene-acrylic latex H coating in 3% NaCl 

Another sample: many crack-like micron size defects! 



Rough on micro scale, top-to-bottom difference ca. 0.9 mm (smooth substrate) 
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    Waterborne Styrene-acrylic latex L coating in air 

Smooth on nano scale, nano-structure, uniform particles of ca. 100 nm   
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Stable in water and NaCl solution? 
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    Waterborne Styrene-acrylic latex L coating in water 

Many small particles appeared on surface shortly after exposure, 
           seems like release of some species from the coating.  

The nano-ǎǘǊǳŎǘǳǊŜ ŎƻǳƭŘ ōŜ ǎŜŜƴ ŀŦǘŜǊ ф ƘƻǳǊǎΩ ŜȄǇƻǎǳǊŜΦ   


