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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. 
 

This is part 2 o2 of The Various Corrosion phenomena in High Pressure Piping of Urea Plants. 
For part 1 please refer to: 2010 10 Notten NTT UreaKnowHow.com Corrosion  HP Piping part 1of2. 
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3. Atmospheric corrosion / Corrosion Under Insulation 

Also corrosion phenomena from the outside can risk the integrity of High Pressure Pipeline systems in 
urea plants. During Asset Lifetime Studies in urea and ammonia plants several times quite severe 
external corrosion was encountered. Corrosion Under Insulation as one of the key items for further 
detailed investigation as it is the most significant concern for safety and costs of the piping systems, 
because it has the potential to affect a large amount of piping containing ammonia gas and liquid. 

Moisture is here a key pre-condition for this kind of corrosion to take place, without moisture no 
corrosion. 

There are many ways moisture can penetrate the insulation: 

• Rain water 
• Vapor resulting from “breathing” due to cyclic temperature changes, followed by dew 

formation 
• Increased water exposure resulting from: 

 - nearby cooling towers 
 - water-jetting of heat exchangers 
 - fire-fighting drills 
 - sprinkler installations 
 - leaking trace lines 
 
 
There are two main types of atmospheric corrosion (or corrosion under insulation):  

1) Overall corrosion and  

2) Stress Corrosion Cracking. 

 

Overall corrosion is maybe a somewhat misleading name as this kind of corrosion is a crate type 
attack of the material and is occurring only at critical areas such as: 

• Damage to and/or leaks (e.g. faulty overlap) in insulation jacketing; 
• Bends at the low end of vertical pipelines; 
• T-joints; 
• Supports and passages through the insulation jacketing; 
• Initial and end points of the insulation particularly for vertical pipelines; 
• Drains (dead line sections such as sampling points) and vent pipelines; 
• Location relative to, for instance, cooling towers (in the prevailing wind direction); 
• Areas where apparatus is cleaned by water-jetting; 
• Apparatus and pipe line systems with sprinkler systems; 
• Apparatus and pipe line systems affected during fire-fighting drills; 
• Lowest point of sloped pipeline; 
• Insulation covers of valves and fittings; 
• Damaged fire proofing (including water deflectors); 
• Field welds and welds in lines requiring inspection by authorized inspector; 
• All areas where any abnormality is observed, such as rust, moss growth, ice; 
• Leaking trace lines. 
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The Figure and Picture above show examples of critical areas for corrosion under insulation on an 
isometric and in practice. 

Stress Corrosion Cracking (SCC) is another corrosion phenomena often found in ammonia/urea 
complexes. The following combinations are important to pay attention to: 

• carbon steel - nitrate ions 
• austenitic stainless steel - chloride ions 
• copper/zinc alloys (e.g. brass) – ammonia 

 

Cracks caused by SCC are more difficult to see and may result in rupture before leak rather than leak 
before rupture and therefore are more critical to assure the integrity of the piping and equipment. 
Nitrate SCC in carbon steel is inter-granular of nature. Chloride SCC in stainless steels as well as NH3 
SCC in brass are typically trans-granular of nature. To initiate SCC in stainless steel and carbon steel, 
moisture needs to be present and temperatures should be higher than 50 oC. NH3 SCC in brass is 
already likely to occur at ambient temperature. 

Many incidents of Stress Corrosion Cracking are known and reported in literature. The trans crystalline 
cracks form a vicious kind of failure mechanism as the loss of integrity can come by surprise. In the 
High Pressure Pipe Line system of a urea plant the most common critical combination is austenitic 
stainless steel with chloride ions, especially in plants in coastal areas. 

The reported incidents show that the sources of chlorides are not always obvious and one should 
realize that small quantities can cause already problems. 

A less obvious example of chloride stress corrosion cracking is when a carbon steel steam tracing 
touches a stainless steel pipe line as can be seen in the picture below. 
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The next picture shows the cracks caused by chloride stress corrosion  
cracking as result of this situation. 

 

What causes this failure ? 
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In presence of moisture and air the following corrosion reactions take place: 

4 Fe -> 4 Fe++ + 8e 

2 O2 + 4 H2O + 8e -> 8 OH- 

4 Fe++ + 8 OH- -> 4 Fe(OH)2 

4 Fe(OH)2 + O2 + 2 H2O -> 4 Fe(OH)3 

4 Fe(OH)3 -> Fe2O3.H2O  + 2 H2O 

In presence of contaminants chlorides the corrosion rate is accelerated due to decrease of pH. The 
chemical reactions involved in presence of chlorides are: 

Fe++ + 2 Cl- -> FeCl2 

FeCl2 + 2 H2O -> Fe(OH)2 + 2 HCl 

The pH will decrease, which increases the risk of chloride stress corrosion cracking. 

Other pre-conditions are the presence of oxygen, chlorides, tensile stresses and a temperature above 
about 50 oC. 

Another example with a larger pipe line is presented in next picture. A carbon steel pipe line support is 
touching a stainless steel pipeline. 
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The next picture shows the crack formation as a result of the combination of chlorides, moisture, 
higher temperatures and carbon steel clamp touching an austenitic stainless steel pipe line. 
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4. Measures to increase the reliability and integrity of High Pressure Pipe Line systems 

 

 Strict control of the quality of materials of construction applied in High Pressure section (High 
Pressure Piping) of a urea plant is critical. 

 Strict control of the quality of installation and welding of High Pressure piping is critical. 

 It is never allowed to install a clamp on a leaking High Pressure pipe line in urea plants as it 
results in risks of active corrosion due to crevices formed. 

 Stagnant conditions of carbamate fluids should be avoided (remove “Dead” line sections which 
are not in use anymore). 

 Pay attention to proper tracing / insulation of gas lines. 

 

 Atmospheric corrosion is a serious threat to the safe operation of, especially older, urea plants (or 
any other petrochemical plant). 

 If a hazardous situation might arise or if there is a risk of production outage, preventive / 
predictive maintenance with respect to external corrosion, should be carried out rather than 
breakdown maintenance. 

 Conditions promoting atmospheric corrosion as well as requirements regarding preventive 
measures should be laid down in adequate standards. 

 Application of painting systems and insulation systems if necessary, should be performed 
according to the requirements in these standards regarding product quality as well as guidance 
and control. 

 It is essential that management is aware of the risk and consequences of internal and 
atmospheric corrosion of High Pressure Pipe Lines in a urea plant. That awareness should be 
transferred to the workforce via communication programmed, training and a detailed corrosion 
control plan. 

 

5. Conclusions 

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 provides an overview of the different corrosion phenomena occurring in High Pressure 
Piping systems in urea plants, elaborating the corrosion phenomena from the inside (process side) as 
well as the outside (atmospheric corrosion / corrosion under insulation). 
Many practical cases illustrate the risks involved and will show the importance to pay sufficient 
attention to High Pressure Pipelines of a urea plant. It is very important to involve reliable companies, 
with specific experience in urea, in the engineering, supply, installation and corrosion inspections of 
High Pressure Pipelines in urea plants. 
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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. 
 
 
 
 
 
 
 
About Giel Notten 
Giel is a true materials and corrosion expert 
who, before his retirement in 2004, spent 
thirty-eight years working with DSM in The 
Netherlands. After gaining his Engineering 
degree at the Higher Technical School of 
Heerlen, The Netherlands, he joined DSM’s 
central laboratory. 
He was to remain with the company for the 
rest of his career and held several positions 
as a materials and corrosion expert there. 
For the last twenty years before he retired, 
Giel worked in the Corrosion Department as 
Managing Senior Corrosion Engineer. He has 
further participated in numerous conferences spreading the word about his broad experiences as a 
corrosion and materials specialist in chemical process plants. 
For Stamicarbon, a subsidiary company of DSM, and licensing DSM’s know-how, he set up 
programmes for lifetime extension studies in urea and ammonia plants and supervised them. 
He was also involved in the development of Safurex®, the super-duplex stainless steel grade 
(developed by Sandvik in cooperation with Stamicarbon) for application in Stamicarbon urea plants. 
Giel has always enjoyed teaching so, after only five years working in the field at DSM, he already 
began to develop a Corrosion Engineering course. Since then he has taught many young engineers 
from both inside and outside DSM about the ins and outs of corrosion control in chemical plants. He 
was also a board member of NACE Benelux and a member of the Contact Group Corrosion of the 
Dutch Chemical Process Industry and the Studiekern Corrosion of the Dutch Corrosion Society (NCC). 
Since his retirement from DSM, Giel Notten has remained active as a corrosion engineering consultant. 
He has devoted much of his time to passing on his extensive knowledge and experience on the 
complicated topic of corrosion engineering to a new generation of engineers. 
He has done this in the form of numerous corrosion courses and workshops. 
Alongside his professional career, Giel has been very active in local societies and has been a Rabobank 
board member for about thirty-five years, twenty-five years of which as Chairman of the Board. 
Furthermore, he is an active cyclist. Together with his wife, Lianne, he has made trips up to 2500 km 
by bicycle to Santiago de Compostela, Spain and Rome, Italy. 
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