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Introduction 

The use of Polyaniline 

 
Å Pioneering reports of DeBerry (1985) 

Å Electrodeposited PANi gained attention as promising anticorrosive additives.  

a) physical barrier  

b) formation of an oxide layer  

c) shift of the electrochemical interface 

d) Anion release 

 
Å PANi containing coatings 

ïChemical oxidative polymerization Ą PANi particles 

ïContent and dispersion Ą might promote same mechanisms [1,2] 
 

1) Adhikari, A., et al., Electrochimica Acta, 53 (2008) 4239 

2)  Sathiyanarayanan, S., S. Muthkrishnan, G. Venkatachari, Electrochimica Acta, 51 (2006) 6313  



Introduction 

The use of Cerium Oxide nanoparticles 

 

 
Å  CeO2 particles for galvanized steel protection [3, 4, 5]  

 

Å At the nano scale CeO2 / Ce2O3 Ą Ce4+ / Ce3+ 

 

Å Up to the present moment, the mechanisms of protection provided are not 

well understood. 
 

3)   Sharmila, R., N. Selvakumar, K. Jeyasubramanian, Materials Letters, 93 (2013) 78. 
4)   Montemor M.F., M.G.S. Ferreira, Electrochimica Acta, 52 (2007) 6976. 
5)   Fedel M., Deflorian F., Rossi S., Kamarchik P., Prog. Org. Coat. 74 (2012) 36. 



Motivation  

PANi + CeO2 Ą synergistic effect as anticorrosive pigments 
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Preliminary observations indicated 
higher potentials when polyaniline 
and cerium oxide  nanoparticles were 
added together into sodium sulphate 
solution. 



Objectives 

The work aims at investigating the potential of the combination of ceria 
nanoparticles and conductive polymers particles as corrosion inhibition pigments 
inside organic coatings.  

 
ÅCeria nanoparticles and conductive polymers particles as pigments inside the 

polymeric matrixes were investigated both singly and in combination  
 
ÅBoth, waterborne and solventborne coatings were investigated  

 



Experimental 

  Label Polyaniline  
Cerium 
Oxide  

dft (µm) 

Solventborne 

Alkyd Emulsion 

S_Blank -- -- 13.0 ± 0.4 

S_Pani 1.0 wt.% -- 11.5 ± 0.4 

S_Ceria -- 1.0 wt.% 13.0 ± 0.5 

S_Mixture 1.0 wt.% 1.0 wt.% 7.25 ± 2.1 

Waterborne 

Alkyd Emulsion 

W_Blank -- -- 12.2 ± 0.7 

W_Pani 1.0 wt.% -- 11.2 ± 0.2 

W_Ceria -- 1.0 wt.% 14.8 ± 0.8 

W_Mixture 1.0 wt.% 1.0 wt.% 9.2 ± 2.7 

Materials 

Since the panels have been coated with a single layer, the term Primers will 

be used. In future, primers will be coated. 

Å Conductive polyaniline nanoparticles (ES), around 50 nm  
Å Ceria nanoparticles, < 10 nm  



Experimental 

Methods 

Electrochemical  

ÅOCP versus time of exposure  

ÅElectrochemical Impedance Spectroscopy 

ÅPrimers applied onto cold rolled steel (Q-Panels) - Barcoater 

ÅDrying period at room temperature of at least 3 weeks (controlled RH) 

Å0.3% Na2SO4 and 3.0% NaCl solutions 

ÅAnalyzed area of about 10 cm2 

Physical 

ÅAtomic Force Microscopy 



Results 

Solventborne Primers 



Results - Open circuit potential 

0 5 10 15 20 25 30

-0.8

-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

 S_Blank

 S_Ceria

 S_PAni

 S_Mixture

O
C

P
 (

V
 v

. 
A

g
/A

g
C

l)

Time (h)

100 200 300 400 500 600 700 800 900

Time (h)

S_PAni

S_Mixture

S_Cerium

S_Blank 

0.3 wt% Na2SO4 

0 5 10 15 20 25 30 35 40 45 50

-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

0.8

O
C

P
 [

V
 v

s
. 

A
g

/A
g

C
l]

Time (h)

 S_Blank

 S_Ceria

 S_PAni

 S_Mixture

75 150 225 300 375 450 525 600 675

S_Blank

S_Mixture

S_Cerium

Time (h)

S_PAni

0.3% NaCl 



Results – EIS evaluation on 0.3 wt% of Na2SO4 
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Results – EIS evaluation on 0.3 wt% of Na2SO4 
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Å|Z|0.015 hZ Ą Rough aproximation of the overal protection properties of the primer 

ÅOCP ĄIndication on the “state” of the interface of the metal 

Results – The remarkable behaviour of S_Ceria 
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Results – modelling data in presence of Na2SO4 
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S_Ceria S_Mixture 

Qc [pF/cm2] n Rc [MΩ.cm2] Qc [pF/cm2] n Rc [MΩ.cm2] 

0 459 0.96 1391 780 0.95 387 

6 518 0.95 74 1090 0.93 36 

12 546 0.94 145 1040 0.93 38 

20 507 0.95 124 1060 0.93 43 

24 503 0.95 80 1020 0.93 12 

72 479 0.96 49 980 0.94 22 

264 484 0.96 12 787 0.99 0.18 



Results – Atomic Force Microscopy DRY CONDITIONS 
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Results – EIS evaluation on 3% of NaCl 
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Results – EIS evaluation on 3% of NaCl 
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Results – modelling data of S_Ceria 
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Results – modelling data of S_Ceria 

In presence of 3% NaCl 
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Results 

Waterborne Primers 



Results – EIS evaluation on 0.3 wt% of Na2SO4 
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Results – EIS evaluation on 0.3 wt% of Na2SO4 
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Conclusion  

 
Solventborne systems  
 
The coatings containing the ceria particles revealed an active corrosion 
inhibition mechanism which is likely related to the presence of the 
inhibitors. The PANi containing coating and the “mixture” coatings showed 
contradictory results: a passivation of the substrate was observed but the 
overall protection properties of the coatings were not enhanced.  

Waterborne systems 
 
The corrosion protection properties of the coatings are generally, low. 
Therefore the potential healing effect of the inhibitors is partially hindered 
by the fast corrosion rate. However, it was possible to observe an increase 
of the low frequency impedance in the low frequency range when ceria 
nanoparticles and PANi is added in the polymeric matrix  
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