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3. Protective Paint Coatings for Corrosion Prevention 
 
Now that we have a firm grasp of the electrical nature of the 
corrosion of steel from Section 1, let us consider the steps to 
take in stopping the process. The most common method 
consists of breaking the external water circuit by using an 
insulating barrier or coating which adheres to the iron surface. 
In the simplest terms, this is why we apply protective coatings. 
The elements, which make up the external circuit of electro-
chemical corrosion, are water, oxygen, and ions. Remembering 
this, we can tabulate the properties, which a protective coating 
requires to be a perfect insulator. 

1. It would have to completely debar transmission of oxygen, 

not only initially, but during service. 

2. It would have to debar moisture penetration, not only initially, 

but during service. 

3. It would have to exhibit perfect ion holdout initially and during 

service. 

4. It would have to display perfect adhesion to metal initially 

and during service. 

5. It would have to be unaffected by surface contaminants or by 

products of the corrosion reaction initially and during service. 

Obviously, no coating displays all of these properties. We must 
compromise and select the coating or coatings which come 
closest to matching these ideal properties. In order to help us 
decide, it is important to tabulate the relative contribution of 
each of the three components required to bring about rapid 
rusting. The tabulation is as follows: 

1. Dry oxygen — no ions present — extremely slow rusting. 

2. Oxygen and moisture present — no ions present —  

slow rusting. 

3. Water, oxygen, and ions present — very rapid rusting. 

From this you can see that the presence of ions determines the 
rate at which a piece of iron will rust. This is true because the 
concentration of ions determines the current carrying capacity 
of the exterior corrosion circuit. Thus it can be seen that a 
marine environment with chloride ions in abundance is 
potentially very corrosive. 

3.1 Coating Types 
Starting from this point, let us examine the basic properties of 
oil and plastic type coating materials which are the major types 
in use at the present time. As representatives of the oil type, we 
are considering alkyds, varnishes, and straight oils. These 
materials as a class display poor ability to holdout either 
oxygen or water. 

 
Their ion holdout ability is fair initially but diminishes rapidly. 
This type of coating material does display good adhesion. As 
representatives of the plastic type we are considering 
chlorinated rubbers, vinyls, and epoxies. By contrast these 
display good water and oxygen holdout ability. Further, they 
permit little if any ion transmission. They display good adhesion 
but only if applied over well prepared surfaces. 
 
From this comparison we can see that we can get the best 
performance from the plastic type coating as an insulating 
barrier. Next let us examine how coatings of the oil and plastic 
type fail, which will help us know what conditions to avoid. 
Since oil type coatings have poor barrier or holdout properties, 
we cannot expect them to serve as effective insulators for long, 
or long retard the corrosion of the metal substrate. Further, they 
suffer from one other very serious defect. Oil base coatings are 
attacked by the • caustic formed as a by-product of the 
corrosion reaction. Caustic and oil react to form cheesy soaps 
and glycerin. As a result of the above, the oil type coatings lose 
their protective ability very quickly, particularly in severe 
environments. As they grow spongy and weak, water, oxygen 
and ions permeate the film with less difficulty so that rapid 
rusting occurs. As the film breaks down, pinholes are formed 
which expose bare metal to the atmosphere which further 
accelerates rusting. The inevitable consequence of this 
phenomenon is pitting type corrosion. 
 
One unique advantage that oil type paints have over protective 
coatings is their excellent adhesion over difficult surfaces. As a 
result of this, they do not fall off even when degraded to soaps. 
Indeed, in many cases, they may seem to be in good condition 
even when undercut by a layer of rust. As oil type coatings 
break down, more and more corrosion batteries are formed, 
each of which produces more caustic to attack the film further. 
 
By contrast the plastic coating materials, that is vinyls, 
chlorinated rubbers and epoxies, display excellent holdout of 
corrosion ingredients. If an unbroken, continuous, film exists, 
corrosion is completely stopped or proceeds at a very, slow 
rate. Ions in particular go through such films very slowly. 
However, if any pinholes or breaks exist in the plastic film, and 
unfortunately synthetic films often contain pinholes, rather 
dramatic failure of the film can take place, Once again it is due 
to caustic formation from the corrosion cell. Let us consider an 
example of vinyl film. The film itself is completely resistant to 
caustic attack, no film degradation will occur even following a 
prolonged period of immersion in caustic solutions: however, 
any caustic produced adjacent to a pinhole will undercut the 
film and loosen it from the steel substrate. The vinyl film is held 
to a surface because of mechanical and chemical ties. The 
chemical ties in particular are very easily broken by caustic, 
these ties in the case of a vinyl are acid in nature and as you 
might expect, are readily neutralised and destroyed by the 
spread of caustic. 
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Some of this tendency to undercut can be counteracted by 
roughening the surface to provide mechanical bonding. This is 
a partial explanation for our recommendation that surfaces be 
sandblasted to receive plastic coatings. 

3.2 Surface Contamination 
It is important to comment on the effect of surface 
contamination on both oil and plastic type films. By surface 
contaminants, we are referring to soluble salts on the metal 
surface at the time of coating. These salts could be the result of 
a splash of chemical solution, residue from metal cleaning 
operations, salt spray, etc. Another very common surface 
contaminant is rust, which can be present because of 
inadequate surface preparation. Let's assume we have applied 
a chlorinated rubber coating over a surface contaminated with 
some water soluble salt. As soon as the coating is exposed to 
the atmosphere, moisture will permeate the film and dissolve 
the salt residue forming a very concentrated salt solution under 
the film. We have then the situation of a concentrated salt 
solution and a dilute salt solution, that is water or dew, 
separated from each other by a semi-permeable membrane. 
Nature dislikes unbalanced situations and at this point pure 
water begins to migrate through the film to dilute the 
concentrated solution to a point where it matches in 
composition the moisture from dew or rain which is on the top 
surface of the coating film. The effect of this phenomenon is 
that a great deal of moisture is drawn under the film which 
ultimately results in the development of a wet blister. Obviously 
the blister will be filled with dilute salt solution, this tendency to 
draw water through a film to equalise concentrations is called 
osmosis or the osmotic effect. The blisters are referred to as 
osmotic blisters. The net result is that rupture of the film occurs 
very quickly, exposing bare metal to the atmosphere, which 
results in immediate establishment of an active anode. Once 
the anode is established, we, of course, experience caustic 
generation at the cathode and undercutting of the plastic film. 

 

Rust that is formed on metal surfaces under most conditions is 
a moist mass containing a generous amount of ions and 
caustic, where a paint or protective coating film is applied over 
such materials. We have all of the components at hand for the 
establishment of a corrosion cell. The trapped caustic will 
undercut plastic films and degrade oil based films. While pitting 
of the substrate is going on, we will also experience severe 
osmotic blistering. 

The preceding points again lead to the inevitable conclusion 
that for the best performance of a protective film it is imperative 
that remove all residual rust and soluble salts from the metal 
prior to coating application. 

What would happen if a protective coating were applied on the 
interior of a tank to a surface which was free of soluble salts but 
contaminated with film which could exceed the hydrostatic 
pressure of the contained paraffin or oil. Moisture vapor would 
permeate the film at the points of surface contamination and 
build up a pressure behind the fluid on the top side of the film. 
The inevitable result would be the generation of a blister which 
would eventually rupture and permit the formation of an active 
anode. 

3.3 Summary 
Coatings prevent steel corrosion primarily by restricting the 
availability of water, oxygen and ionic materials to the metallic 
surface underneath. Coatings are therefore barrier materials. In 
addition to the barrier effect, a coating may possess corrosion 
inhibiting pigments, which inhibit the formation of electrolytic 
cells. 

It can be seen from above that to obtain maximum benefit from 
the more expensive but effective barrier coatings, the surface 
must also be free of rust and contaminants. 

 


