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EVALUATION OF ORGANIC COATING SYSTEMS  

FOR CORROSION PROTECTION OF INDUSTRIAL  

EQUIPMENT USING IMPEDANCE SPECTROSCOPY 

The high economic impact of corrosioncan be reduced by enhanced 

corrosion management and prevention based on appropriate means. This 

applies in particular to the protection of structures with organic protective 

coatings. Steel is subject to corrosion that reduces its service life and leads 

to destruction in most severe cases. The application of paints to metallic 

objects for corrosion control has been known for a long time and is nowa-

days the most popular technology of metal protection. Paint coatings pro-

vide the most widely used industrial corrosion protection but proper opera-

tion of industrial devices in harsh corrosive environments requires the ap-

plication of coating systems characterized by very good anticorrosion per-

formance.However, which coating is the best? There are many manufactur-

ers and protective systems on the market and usually each manufacturer 

claims that his system is the best. How to choose the best indeed? 

Short-term test methods in cabinets do not reflect the specific indus-

trial conditions [1]. Natural methods of exposure are long-lasting [1, 2]. We 

propose a simple method of eliminating the disadvantages of both methods 

using impedance spectroscopy and pull-of test [3]. This approach utilizes 

the ability to detect microscopic degradation symptoms after a short-term 

exposure in the natural desired industrial environment. 

There are essentially three important mechanisms by which organic 

coatings systems protect against corrosion: 

- barrier mechanism – consists in blocking up diffusion of corrosive 

agents, like water and oxygen, and corrosion stimulants like Cl
-
, SO4

2-
, 

- adhesional mechanism – as long as adhesion of the basecoat to the 

metal surface is unchanged no corrosion can take place under coating, 

- electrochemical mechanism – is generally connected with the pres-

ence of active anticorrosive pigments, which are added to the basecoat of 

the system. At present, the role of this mechanism is reduced. Due to the 

toxic and carcinogenic properties, highly effective pigments can no longer 



76 

�

be used for corrosion protection. Hence, the first two mechanisms will be 

taken into account. 

An evaluation of these mechanisms has been conducted as a way to 

evaluate and choose the best systems in specific corrosive industrial envi-

ronments. This has been proven in the conditions of a mining and process-

ing company at the division of copper ore enrichment. Coating systems 

samples of various manufacturers were exposed to natural conditions of 

flotation and ore enrichment facility for half a year. After this period the 

samples were tested by means of impedance spectroscopy to obtain coating 

resistance [4, 5] (Fig. 1) (the barrier properties) and measurements of adhe-

sion using pull-off method (the adhesional mechanism). 

�

Figure 1 – Equivalent circuit used to fit the impedance spectra obtained after  

a half year of exposure in harsh environment of flotation and ore enrichment  

facility. Rt – coating resistance, CPE - Constant Phase Element describing  

capacitive properties of the coating, Rs – resistance of electrolyte. 

Two basic aspects of coating protection: the barrier and adhesive 

mechanisms are characterized by these means. The results obtained are 

plotted in Fig. 2. Based on this Figure, it is possible to designate a group of 

the best, medium and the worst coatings under the circumstances of expo-

sure.High coating resistance (barrier) and high adhesion strength character-

ized the best systems. 

High-performance coatings must meet specific performance re-

quirements as well as environmental regulations. Recently, constantly in-

creasing requirements about the anti-corrosion coatings combined with cost 

and environmental awareness make the need for smart coating selection for 

corrosion protection of industrial equipment and structures. 

A new approach to select protective systems for heavy, specific in-

dustrial environments has been proposed. To achieve this aim it uses 

evaluation of barrier and adhesional aspects of coating protection after 

short natural exposure. 
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Figure 2 –Evaluation of protective properties of coatings samples on the basis  

of the resistance and adhesion of the coating to the substrate.  

Top coatings – the biggest ellipse. 
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