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Abstract 

Over the past two decades, the ammonia and urea industry have witnessed spectacular metallurgical      

developments for process equipment. For example, stainless steels, modified with special materials,  

can improve high temperature creep rupture resistance. Using duplex stainless steels and modern  
corrosion abatement techniques are other methods that improve plant-operating performance. 

Materials plays very important role in any industry. Selection of material is vital at design stage itself. 
Wrong selection of material may lead to catastrophic failures and outage of plants & even loss of human 

lives; right selection of material leads to long life of plant. Over the past two decades, the  ammonia 
and urea industry have witnessed spectacular metallurgical developments for process equipment. For 

example, stainless steels, modified with special materials, can improve high temperature creep rupture 
resistance. Using duplex stainless steels and modern corrosion abatement techniques are other 

methods that improve plant-operating performance. The actual reactor has   been constructed using a 
variety of materials over the years that can resist ammonium carbamate corrosion. In the  latest plants 

specialty duplex steels, such as Sandvik’s Safurex, have greatly improved the resistance to ammonium 
carbamate  corrosion. Fertilizer  plants  employ various corrosive, hazardous and abrasive fluids and 

chemicals. The temperatures involved range from cryogenic (-33 oC) in ammonia storage to reactor 

pressure 1000 oC in reformer. The pressure is as high as 175- 350 kg/cm2 in ammonia converter and 

in urea plant reactor pressure 150-250 kg/cm2. Once equipment has been selected, the materials for 

its construction must  be established. Although a process engineer is not expected to be knowledgeable 
as a metallurgist, the engineer should have a general idea of what materials are compatible with the 

process. Therefore, this  topic  presents  some  general guidelines in the selection of material  for 
process equipment. In all ammonia and urea plants worldwide the problem of severe erosion and 

corrosion  of  high  pressure vessels  have  been  a common phenomenon. Duplex steels have also 
been adopted for piping, valves, etc. Since the advent of industrial urea processes based on the direct  

reaction  between  ammonia  and  carbon dioxide, designers and urea plant owners have had  to  deal  
with  the  problems  of  corrosion. Although  pure urea  solutions  are  not  very corrosive, ammonium 

carbamate (an intermediate in urea synthesis) is a highly corrosive liquid. For  example, carbon steel  
in contact with carbamate solutions will corrode at a rate of more than 900 mm/year. A corrosion- 

resistant layer made of a special type of stainless steel is therefore required to protect carbon steel 

pressure  vessel  walls  in  the  urea  synthesis section. In this paper all material used in ammonia and 

urea fertilizers covered. 
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of two half potentials. The half cell potential 
depends upon the concentration of the 
electrolytes. The standard half cell potential 
defined as the potential existing when the 
concentration of the ions is one gm per litre. The 
half cell potential of various system can be 
estimated by coupling with standard electrodes 
like hydrogen electrode or calomel electrode. 

The action between different metals is called 
galvanic because they form a galvanic couple ( 
two metals ). Corrosion current flowing between 
two points on the same metal surface are “Local 
“. But whether the current is due to local or 
galvanic action, it will need to understand how it 
originated before the correct preventive measure 
is decided. The galvanic series is given below :- 

Sr. No. Anodic corroded end Muntz metal 
1 Magnesium  Brasses 
2 Magnesium alloys  Copper 
3 Zinc  Bronzes 
4 Aluminium Copper -  Nickel alloys 
5 Cadmium  Nickel 
6 Alloy steels  Inconel 
7 Wrought iron  Stainless steel ( Pass. ) 
8 Cast iron  Titanium 
9 Stainless steel ( Active )  Silver 
10 Ni - Resist  Graphite 
11 Soft solders  Gold 
12 Lead Platinum  
13 Tin  Cathodic protected end 

Table-14 
Metals near the top of this series act as anodes, 
suffer corrosion when coupled with one nearer 
the bottom. Galvanic couples of metals close 
together in this series usually corrode more 
slowly than couples composed of metals from 
the extremes. Note that certain metals are 
grouped together. Couples of metals within these 
groups have the least tendency to corrode. 
As corrosion products build up at anodes and 
cathodes, the voltage differences tend to dip. 
Anode and cathode voltages drift towards each 
other showing down corrosion rate. This voltage 
change is called polarization. Polarizing at the 
cathode is usually greater than at the anode, so it 
is more likely to be concerned with it’s cathodic 
effect. Hydrogen gas, for example can blanket 
the cathode surface cutting corrosion at the 

anode. But hydrogen may soon be removed by 
combining with the oxygen to form water. Urea 
manufacture poses very complex metallurgical 
problems. Corrosion has been the biggest 
problem plaguing most of the urea plants in 
many installation. The onstream efficiency of 
urea plant has been poor due to frequent 
breakdowns caused by corrosion. This is one 
reason why till recently urea plants have been 
laid out in more streams instead of large capacity 
single stream. With developments in metallurgy 
and with acquisition of more knowledge of the 
mechanism of urea plant corrosion, as a result of 
years of operating experience, urea plants of 
large capacity were established in single stream. 
The corrosion in urea plant is mainly due to 
corrosive nature of  

1. wet CO2 gas  
2.  Urea carbamate solution mixture at high 

temperature and pressure  
3. Urea solution 

Corrosion in CO2 system In CO2 compression, 
corrosion of carbon steel is mainly due to the 
moisture condensation on the compressor valve 
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plates, piping and separators etc. This moisture 
condensation takes place when compressed CO2 
gas, saturated with water vapour, is cooled 
down. This condensed water is acidic and cause 
of all corrosion in CO2 compression system. 
This corrosion is overcome now a days by 
increasing corrosion allowances of equipment, 
using stainless steel in critical location like 
moisture separators, pipelines carrying wet CO2 
etc. Moisture separators in compressed CO2 gas 
system, immediately after the cooler are very 
efficient. 
A greater understanding of the corrosion 
phenomena caused by ammonium carbamate in 
the HP synthesis section of urea plants means 
that plant owners can now expect typical 
lifetimes of more than 20 years for critical items 
of process equipment, provided that they have 
been manufactured according to the strict 
material specifications and recommended 
fabrication procedures of the urea process 
licensors.In the early days corrosion problems 
were so serious that for many years they 
compromised not only the good performance of 
urea plants (safety, on-stream factor, product 

quality), but even further improvement of the 
process itself. Corrosion of a major item of high-
pressure equipment can result in leaks, rupture 
or even explosion.In the past, urea processes 
operating under the most severe operating 
conditions required exotic and expensive 
materials for the urea reactor lining and other 
critical services. Today the situation has greatly 
improved, but the process conditions 
(temperature, pressure, fluid composition) still 
require careful selection of construction 
materials and skillful design. Unsuitable 
selection of materials can result in increased 
maintenance due to corrosion of equipment, loss 
of production due to frequent plant shutdowns 
for maintenance and excessive investment costs 
if higher grade materials than required are 
selected. The fabrication of equipment, or 
equipment parts, must also be carded out with 
particular care and in compliance with the 
specific procedures issued by the process 
licensor. 
The most common causes of corrosion are 
summarized below: 

1. Quality of material, stainless steel or 
other, not according to best quality 
standards; 

2. High temperature; 
3. Quantity of passivating oxygen not 

according to the design standards; 
4. Composition of process fluids not 

according to design * 
5.  Dead spots where parts of equipment 

are not continuously wetted by oxygen-
containing process liquids (e.g. in falling 
film exchangers, reactor tray supporting 
rings with insufficient gap between the 
reactor wall, etc.); 

6. Presence of corrosive agents such as 
sulphur compounds in feed reactants  

Although corrosion resistant stainless steels 
developed in recent years have been 
successfully used in the urea industry, 

corrosion phenomena are still a significant 
concern for the urea plant designers and 
plant owners. Despite the fact that corrosion 
events have been studied for a long time and 
considerable data are available from 
laboratory tests and plants, these phenomena 
are still not completely understood. 
Corrosion in high pressure synthesis section 
The most severe corrosion in the entire plant 
occurs in locations where urea and 
carbamate solutions are handled at higher 
temperature and pressure. These equipment 
are HP stripper, autoclave, HP condenser 
and HP scrubber. This corrosion, however, 
can be controlled through careful selection 
of materials of construction and initiation of 
proper corrosion control procedures. The 
corrosion due to urea carbamate mixtures in 
synthesis and recirculation sections is 
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dependent on many factors but a 
generalisation can be made that rate of 
corrosion is directly proportional to 
concentration, pressure and temperature of 
urea carbamate solutions. If feed to reactor 
or stripper contains any sulphur compound, 
corrosion rate is enhanced. In view of higher 
pressure, temperature and concentration and 
two phase mixtures in urea reactor, a liner is 
used in the construction of urea reactor. In 
early years, lead and silver was used for 
liner in the urea reactors. These were good 
only in the total absence of oxygen. At 
present titanium, zirconium and stainless 
steel are used as reactor liner. The corrosion 
resistance of titanium is highly dependent on 
the formation of a continuous protective 
oxide film which is maintained by injecting 
air. However, tramp metallic iron which is 
embedded into surface of titanium during 
fabrication, repair or so, generate a galvanic 
cell during operations at elevated 
temperature and results in release of 
hydrogen into the metal causing pitting and 

crack. This happens to be a common 
problem in titanium lined reactors. Many 
urea plants are using zirconium as reactor 
lining. This zirconium also requires 
protective coating of oxygen. One 
disadvantage is its cost and complicated 
welding problem. Extra low carbon stainless 
steel is now used widely as liner in urea 
reactor after it was found highly satisfactory 
in presence of oxygen.All these stainless 
steel owe their unique corrosion resisting 
properties in presence of oxygen only. 
Types of corrosion Over the years, studies of 
corrosion in urea plants have led to the 
identification of various conditions which 
lead to corrosion. In most cases such 
corrosion proceeds in a characteristic 
fashion as follows:-   
1. Crevice corrosion   
2. Inter granular corrosion  
3. Stress corrosion   
4. Condensation corrosion   
5. Galvanic corrosion 
6. Pitting corrosion 

Crevice corrosion  Intense localized corrosion frequently occurs 
within crevices and other shielded areas on 
metal surfaces exposed to corrosion

.  
 

 
Fig-45 
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Fig-46 
Inter granular corrosion  
This type of attack is usually associated with 
small volumes of stagnant solution caused by 
holes, gasket surfaces, lap joints, surface 
deposits and crevices under bolt and rivet heats. 
As a result, this form of corrosion is called 
crevice corrosion or deposit or gasket corrosion. 
A crevice becomes filled with solution which by 
virtue of its being essentially entrapped 
gradually changes in composition so that it 
differs from that in the surrounding medium. 
Then galvanic cell action will cause corrosion. 
This has been found to occur between flanges at 
nozzles on urea reactor or stripper. 

It is agreed that crevice corrosion can be a 
damage mechanism in Urea high pressure 
section. Flanges coupled with gasket not 
properly fixed can be easily prone to this type of 
attack, due to lack of oxygen and presence of 
area with differential aeration.  However, this 
type of attack has been even more controlled 
through improvements in design aspect. 
Localized attack at and adjacent to grain 
boundaries, with relatively little corrosion of the 
grains is inter granular corrosion. Inter granular 
corrosion can occur when a micro constituent of 
the alloy of impurities concentrate at the grain 
boundaries in the metal. This alters the structure 
and also the corrosion resistance of this area. 
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Fig-47
Stress corrosion Stress corrosion cracking 
(SCC)  
A particular problem for the common austenitic 
grades (e.g. 304 and 316) is stress corrosion 
cracking (SCC). Like pitting corrosion this 
occurs in chloride environments, but it is 
possible for SCC to take place with only traces 
of chlorides, so long as the temperature is over 
about 60°C, and so long as a tensile stress is 
present in the steel, which is very common. The 
ferritic grades are virtually immune from this 
form of attack, and the duplex grades are highly 
resistant. If SCC is likely to be a problem it 

would be prudent to specify a grade from these 
branches of the stainless family tree. Refers to 
cracking caused by the simultaneous presence of 
the tensile stress and a specific corrosive 
medium. During SCC, the metal or alloy is 
virtually unattacked over most of its surface, 
while fine cracks progress through it. The 
important variables effecting SSC are 
temperature, solution composition, metal 
composition, stress and metal structure. SS 316L 
exhibit stress corrosion in the solutions 
containing chlorides. 

 
Fig-48 
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Condensation corrosion  
Urea plant equipment and exchangers may 
adequately withstand corrosive action of the 
gases in it, rapid corrosion may result if 
condensation of vapour occurs. The condensed 
vapour frequently absorbs acidic gases to form a 
weak acid which attack the metal. Carbon 
dioxide gas compression system is subjected to 
this type of corrosion.Condensation corrosion in 
gas phase areas of High Pressure Equipment and 
Piping systems plays a significant role in the 
safety and reliability of urea plants. Industry 

practice has proven that 9-bar steam tracing with 
typical insulation is inadequate to avoid 
condensation corrosion. This is especially 
evident at heat sinks such as lifting trunnions, 
supports, platforms thermo wells, Tee's, weld 
lets, etc. More attention and additional measures 
are required to avoid condensation corrosion and 
to assure safety and reliability. Controls 
Southeast Inc. provides engineered heating 
solutions to specifically address these risks, 
resulting in a higher safety standard, higher 
reliability and a longer lifecycle.  

 
Fig-49 
Galvanic corrosion  
A potential difference usually exists between 
two dissimilar metals when they are immersed in 
a corrosive or conductive solution, If these 
metals are placed in contact, this potential 
produces electron flow between them. Corrosion 
of less resistant metal is usually increased and 
attack of more resistant metal is decreased, as 
compared with behaviour of these metals when 
they are not in contact. The less resistant metal 
becomes anodic and more resistant metal 
becomes cathodic. Because of this electric 
currents and dissimilar metals involved, this type 
of corrosion is called galvanic or two metal 

corrosion. Three conditions are generally 
necessary for galvanic corrosion. 
1. Electrochemically dissimilar metals must be 

present;  
2. These metals must be in electrical contact 

and 3) 
3.  The metals must be exposed to an 

electrolyte. Galvanic corrosion occurs if all 
these conditions are present. Whenever 
moisture is present to form an electrolyte, a 
miniature battery is formed with the result 
that base metal gets corroded away by ion 
action. The driving force for current and 
corrosion is the potential developed 
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between the two metals. The dry cell battery is a good example of this. 

 
Fig-50 
Pitting corrosion  
Pitting is a form of extremely localized attack 
that results in holes in the metal. These holes 
may be small/ large in diameter, but in most case 
are relatively small. Pitting corrosion is a 
localized form of corrosion by which cavities or 
"holes" are produced in the material. Pitting is 
considered to be more dangerous than 
uniform corrosion damage because it is more 
difficult to detect, predict and design 
against. Corrosion products often cover the pits 
Pits are some times isolated or so close together 
that they look like a rough surface. Generally a 
pit may be described as a cavity or hole with the 

surface diameter about the same as or less than 
the depth. Pitting is one of the most destructive 
and insidious forms of corrosion. It causes 
equipment to fail because of perforation with a 
only small percent weight loss of entire section. 
It is often difficult to detect pits because of small 
size and the pits often covered with corrosion 
products. In addition, it is difficult of measure 
quantitatively and compare the extent of pitting 
because of the varying depths and number of pits 
that may occur under identical conditions. 
Pitting is generally associated with stagnant 
conditions such as liquid in tank or liquid 
trapped in a low part of an 

inactive pipe system. Pitting is also occurs in 
impellers of pumps due to cavitation effect or if 
the pump was shut down for extended periods
. 
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Fig-51
HOW TO GAUGE RESISTANCE TO 
PITTING 
The resistance of a particular grade of stainless 
steel to pitting and crevice corrosion is indicated 
by its Pitting Resistance Equivalent number or 

PRE, as shown in table. The PRE can be 
calculated from the composition as:  
PRE = %Cr + 3.3 %Mo + 16 %N 
PRE is also known as LCR-Localized Corrosion 
Resistance 

Rate of Corrosion as per Huey Test 
                                

S.No. 
Material Corrosion rate ( mm/yr.) 

1 ZIRCONIUM 0.005 
2 TITANIUM 0.06 
3 2 RE 69(25/22/20 0.3 
4 316 L MOD 0.6 

Table-15 
Role of oxygen and stainless steel   
High chromium stainless steel owe their high 
resistance to corrosion under oxidizing condition 
due to the formation of a surface-oxide film 
which is very adherent and highly impervious; 
thus the metal is protected from attack or we say 
it is passive. However, if the oxidizing 
conditions are lost, the metal is rapidly attacked. 
The protective film once formed is not damaged 
in normal course. The presence of sulphur 
compounds damages this protective film. It is 
essential that the protective film is not damaged 
during operation and as such continuous feeding 
of air has been incorporated in our process. It 
was found from experiments that (18-12-2) 
stainless steel requires 5 ppm of 02 for 

passivation and (25-22-2) stainless steel requires 
3 ppm. Although this value is low and in actual 
practice as high as 6000 ppm of 02 is being 
maintained and for titanium the dissolved 
oxygen is sufficient for passivation. 
Material of higher chromium content requires 
less oxygen to remain passive than low 
chromium steels. This fact also points to the 
suitability of using stainless steel with a 
chromium content of 24.5% in HP stripper. 
Chromium slows down and nickel accelerates 
the corrosion of materials in the active state. 
This is best illustrated by corrosion rates of a 
number of materials in relation to their Ni 
contents. At higher 
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temperature and pressure and where aggressive 
condition of urea carbamate mixture exists, 
stainless steel of higher chromium and nickel 
contents are found to be more effective against 
corrosion. At this condition, the influence of Ni 
is also apparent. However, the corrosion rate of 
(25-22-2) stainless steel is about 5 times as low 
as that of 18-12-2 which indicates that the 
favourable influence of Cr is much larger than 
the unfavourable influence of Ni. Since the 
liquid phase in urea synthesis behaves as an 
electrolyte, the corrosion is of an 
electrochemical nature. Stainless steel in a 
corrosive medium owes its corrosion resistance 
to the presence of a protective oxide layer on the 
metal. As long as this layer is intact, the metal 

corrodes at a very low rate. Passive corrosion 
rates of austenitic urea grade stainless steels are 
generally between When the condensation 
constitutes an essential process step - for 
example, in high pressure and low pressure 
carbamate condensers-special technological 
measures must be taken. These measures can 
involve ensuring that an oxygen rich liquid 
phase is introduced into the condenser, while 
appropriate liquid gas distribution devices 
ensure that no dry spots exist on condensing 
surfaces. Not only condensing but also stagnant 
conditions are dangerous, especially where 
narrow crevices are present, into which hardly 
any oxygen can penetrate and oxygen depletion 
may occur. 
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Fig-52 
Titanium  
Titanium offers excellent resistance to corrosive 
urea and carbamate solution at high 
temperatures. Titanium also requires protective 
oxide film and it is found by experiment that 
without presence of oxygen, corrosion resistance 
property of titanium is reduced considerably. 
Oxygen is supplied through CO2 and gives the 
necessary protection to titanium surface. 
Zirconium Zirconium can keep the passivation 

even in a low to oxygen free environment. 
Zirconium lined bimetallic tubes are used in 
Snam plants for HP stripper. Nickel in stainless 
steel Nickel is one of the most widely used 
alloying constituents in the manufacture of alloy 
steels. One of its great values lies in its ability to 
produce alloys that have good low temperature 
toughness in the quenched and tempered 
condition. Nickel increases hardening capacity 
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Conclusion 
Over the past two decades, the ammonia and 
urea industry have witnessed spectacular 
metallurgical developments for process 
equipment. For example, stainless steels, 
modified with special materials, can improve 
high-temperature creep rupture resistance. 
Using duplex stainless steels and modern 
corrosion abatement techniques are other 
methods that improve plant
performance.  
Large-scale fertilizer plants continue to be 
built worldwide to meet the growing fertilizer 
demand. A major factor contributin
achievement is the industry's success in 
combating corrosion. Adopting modern 
corrosion-abatement techniques and applying 
new generation/improved materials of 
construction effectively mitigate process 
corrosion factors. Materials science is 
an interdisciplinary field involving the 
properties of matter and its applications
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Over the past two decades, the ammonia and 
urea industry have witnessed spectacular 
metallurgical developments for process 
equipment. For example, stainless steels, 
modified with special materials, can improve 

temperature creep rupture resistance. 
ng duplex stainless steels and modern 

corrosion abatement techniques are other 
methods that improve plant-operating 

scale fertilizer plants continue to be 
built worldwide to meet the growing fertilizer 
demand. A major factor contributing to this 
achievement is the industry's success in 
combating corrosion. Adopting modern 

abatement techniques and applying 
new generation/improved materials of 
construction effectively mitigate process 

Materials science is 
terdisciplinary field involving the 

properties of matter and its applications to 

various areas of science and engineering. It 
includes elements of applied physics and 
chemistry, as well as chemical, mechanical, 
civil and electrical engineering.
science is also an important part of
engineering and failure analysis
investigating materials, products, structures or 
components, which fail or do not function as 
intended, causing personal injury or damage to 
property. Such investigations are key to 
understanding, for example, the causes of 
various aviation accidents and incidents.
issues arise over material selection and 
corrosion abatement in modern fertilizer 
plants. With developments of metallurgy, and 
usage of newer corrosio
techniques, it is possible to cost
and, more important, safely operate and 
maintain large-scale plants. Changes to the 
ammonia/urea processes have reduced harsh 
environments. New generation materials, such 
as, ceramics, are resistant to the rigors of 
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plants. With developments of metallurgy, and 
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and, more important, safely operate and 
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processing. Life-cycle analysis and costing are 
also gaining acceptability as the basis of 
material selection. 
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