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Summary 

High Pressure piping is often an area which receives less attention during the lifetime of a urea plant; there is 
no logical reason for this. Paying not enough attention or wrong inspection/repair procedures can lead to 
catastrophic incidents. This paper will provide an overview of the various corrosion phenomena occurring in 
High Pressure Piping systems in urea plants. It will elaborate the corrosion phenomena from the inside 
(process side) as well as the outside (atmospheric corrosion / corrosion under insulation). Many incidents have 
illustrated the risks involved and have shown the importance to pay sufficient attention to this part of the urea 
plant.
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1. Introduction 

Corrosion phenomena of High Pressure Piping can be both from the process side as well as from the 
outside. Both are important and can be risk to assure the integrity of High Pressure Pipe Line system 
in urea plants.  

 

2. Process side 

Urea is formed in a modern urea plants according to the following two-step reaction scheme: 

Formation of ammonium carbamate: 

2NH3 + CO2  NH2COONH4 + a cal 

Dehydration of ammonium carbamate to urea: 

NH2COONH4  H2O + NH2CONH2 - b cal 

It is ammonium carbamate which is the corrosive component in the urea plants especially at higher 
pressures and higher temperatures. 

In urea plants typically austenitic stainless steels such as 316L Urea Grade or 25-22-2 are applied as 
the material of construction for High Pressure Piping systems; these materials can experience 
corrosion in the presence of ammonium carbamate. Two principle types of corrosion need to be 
distinguished: 1) passive corrosion and 2) active corrosion. 

Passive corrosion is taking place always and anywhere when carbamate is in contact with stainless 
steels in the presence of oxygen; it is in fact the formation of a passive chromium oxide layer on the 
surface which protects the stainless steel. As the oxide layer dissolved in the solution, continuously 
new oxygen need to be added to rebuild the passive layer and thus continuously a certain overall 
corrosion rate is taking place, typically between 0.02 and 0.1 mm/year depending on the 
temperatures, carbamate concentration, oxygen content etc. This passive corrosion does not form a 
threat to the integrity of the equipment and materials as this kind of corrosion is incorporated in the 
design. Maybe only in older urea plants (>20 years) regular inspections need to confirm sufficient 
margins are available to assure the integrity of the applied materials. 

More dramatic is the situation when for example the oxygen is not present anymore or when 
temperatures are too high. In that case the oxygen layer cannot be assured anymore and active 
corrosion starts with significant higher rates such as 30 to 60 mm/year. No design margins are 
available for active corrosion phenomena and specific attention need to be paid during the design, 
construction and operation of any urea plants to avoid active corrosion. 
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The pictures above show examples of passive and active corrosion in a urea plant. Passive corrosion 
(left) one can recognise by blue/reddish/brown colours indicating the oxygen layer. Active corrosion 
(right) however gives a shiny surface which is many times locally present, sometimes even with 
locally a significant reduction of the wall thickness. 

In the High Pressure Pipe lines of a urea plant active corrosion is in most of the cases caused because 
not enough oxygen is present to assure a passive layer. 
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For example between a flange connection a crevice can exist when the two flanges are not connected 
in a correct way as shown in the figures above. In this crevice the carbamate solution is stagnant. 
Oxygen in the carbamate solution is slowly consumed because of the passive corrosion, after a certain 
period active corrosion will start leading to a leak and damage of the flange face. 
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The pictures above show another corrosion phenomena, which occurs easily in gas phase High 
Pressure pipelines of urea plants is condensation corrosion. Carbamate containing gas condenses 
against cold spots and the liquid carbamate does not contain any oxygen so active corrosion readily 
starts. 

It is good practice to trace and carefully insulate gas phase High Pressure lines to maintain a 
temperature higher than 153 oC, which is the maximum condensation temperature of carbamate. 
However damaged insulation or wrong design details can cause cold spots leading to condensation 
corrosion as is shown in the pictures below. 

 

Further with austenitic stainless steels one has to pay proper attention to chlorides as these can cause 
chloride stress corrosion cracking. Using glue or paint containing chlorides can cause already trans-
crystalline cracks as in the flange face indicated in the picture below. 
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In the urea High Pressure synthesis section at several areas the pressure drops and velocities are high 
causing erosion corrosion as a passive layer cannot be maintained under these circumstances. 

 

Sensitive areas are valve bodies, stems and bends when not designed in a proper manner (refer to 
the pictures above). 

Finally dead points or other areas where stagnant flow can occur are points of attention as in these 
stagnant flow zones the refreshment of oxygen cannot be guaranteed leading again to a risk for active 
corrosion. The Pictures below show two examples of this type of corrosion. 
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The reported case during the Ammonia Safety Conference 2009 of Yara Canada of corroded drain line 
is also an example of this type of corrosion. A similar incident occurred last year in a Chinese urea 
plant and likely many other cases did occur but have not been reported. 
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Giel has written the Corrosion Engineering Guide, a valuable asset 
for any engineer working in a urea plant. 

 
This guide is available via: 
http://www.stainless-steel-world. com/  
Please find the Table of Content of this Corrosion Engineering 
Guide herebelow. 
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