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Cold Wall Effect 
 

 
Cold Wall Effect is a condition that exists in structures such as tanks, vessels, buildings, and other 

structures that have coatings / linings applied on areas where their opposite sides have a temperature lower 
than the face of the side that is being coated / lined.  In other words, when there is a thermal gradient 
between one side of a contained area and another.  Blisters may occur between the liner and the surface. An 
example is a steel tank that holds a heated liquid inside, and outside the tank it is a lower or cold 
temperature.  This is forced condensation of moisture on the back-side of the liner system. 

 

 
 

The water vapor pressure is higher on the warm side of 
the lining than on the cool side.  This vapor pressure gradient 
causes moisture vapor to pass into and through the lining, by 
osmosis, more rapidly than it egresses. There is a continuous 
force drawing liquid from the warm side to the cold side and 
blisters occur at weakly bonded areas beneath the liner. The 
greater the thermal gradient between the hot and cold sides, the 
larger and more numerous the blisters. A temperature spread of 
100°F, 38°C  (Example: 140°F, 60°C inside and 40°F, 4.5°C 
outside) will produce more blisters than a difference of 50°F, 
10°C.  Where there are soluble salts present on the 
substrate the process is greatly accelerated! 

 
 

Example of Cold Wall Effect 
Blistering in a Steel Tank 
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Studies indicate that lining systems with the lowest permeability (perm rating) are more resistant to 

Cold Wall Effect than systems with higher permeability.  Compared to many systems, polyurea spray 
elastomers have a very low perm rate but not as low as the flake or carbon filled vinyl esters on the market.  
 

The phenomenon of Cold Wall Effect occurs more often on un-insulated steel tanks rather than 
concrete because the concrete acts as insulator (but it CAN still happen!).  Open top tanks are less 
vulnerable. Cold wall effect can also occur where a cold liquid is inside and the exterior is very warm 
 
 The presence of soluble salts on the substrate act as a hydrophilic point and will actually “pull” 
moisture vapor through the coating / lining system.  This then will create a corrosion cell resulting in the 
blister formation and disbondment of the polyurea coating / lining system.  Inspection of the blister may 
show the contents of water as well as gas generated from the corrosion cell. 

 
 
Testing:  
 

There is no real field testing that can be used to test for cold wall effect. A safe rule of thumb would 
be to avoid a thermal gradient of no more than 10% for un-insulated steel tanks.  There is testing however 
for soluble salt contamination on a substrate.  This should be verified and the following substrate surface 
soluble salt content should be used: 
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 Soluble salts must be removed to an acceptable level for the coating / lining application.  These 
contaminants are directly related to osmotic blistering of the coating system and subsequent delamination.  
In general, the following soluble salt levels are noted: 

 
  chloride (Cl-) level should be < 5 µg/cm2 
  sulfate (SO4

-2) level should be < 10 µg/cm2 
  nitrate (NO3

-) level should be < 10 µg/cm2 

 (of which the above combined combination of all three should not exceed a total of 20 µg/cm2) 
 
Note: 
 
• Similar blistering can occur from the same phenomenon in other structures where a polyurea spray 

elastomer system would be applied on the cold side of a cavity wall if the opposing side of the wall were 
subject to warm, humid air. (Example: clean rooms, food processing facilities, etc.) 

• A good barrier coating / lining system should have good electrical barrier properties; i.e. “insulative” 
- Electrical Impedance Spectroscopy 

 
Solutions: 
 
• Check for soluble salt content, remove as required;  
• Insulate steel tanks and check the gradient for adequacy; 
• Verify insulation and vapor barrier in cavity walls; 
• When in doubt, avoid the application! 
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