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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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to hydrogen embrittlement in oxygen free 
ammonium carbamate and erosion corrosion. 
Nickel alloys are not suitable for use in urea 
plants due to the likely formation of nickel-
ammonia complexes which reduce their 
corrosion resistance.”Titanium and zirconium 
are used to line urea reactors. The liner is 
continuously passivated with oxygen to resist 
corrosive action by adding air (0.5–0.8%vol 
oxygen) in the CO2 feed. In urea plants, 
corrosion failures include erosion, pitting, weld 
embrittlement and cracking, crevice corrosion 
and SCC. In the reactor, the liquid/vapor 
interface is a corrosion-prone area. Attaching a 
sacrificial plate to the liner can strengthen this 
section. The multi-layer vessel may also undergo 
severe corrosion damage from the reactor 
contents when the liner becomes defective and 
leaks. Zirconium-lined reactors have good 
corrosion resistance and do not require 
passivation.Reactor-outlet piping and let-down 
valve are subjected to erosion corrosion from the 
pressure reduction across the valve and high 
fluid velocities in pipelines. For the low pressure 
downstream equipment, SS 316L and SS 304 are 
good construction materials. Aluminum alloys 
and piping are quite resistant to the corrosive 
attack by urea due to the protective oxide film. 
These alloys are used in low-pressure piping, 
floor gratings, hand rails, etc. Dead spots and 
crevices—where equipment parts are not 
continuously wetted by oxygen-containing 
liquids—are prone to severe corrosion. 
Accordingly, fabrication of this equipment 
should be done to avoid such vulnerable spots. 
The probability of process contamination with 

corrosive agents, such as, sulfur (through oil in 
liquid NH3), H2S (along with CO2) and chloride 
(from cooling water) should be minimized. 
Pitting and crevice corrosion occur by the local-
cell action on exposed surfaces and weak points 
on the surface. In threaded or flanged 
connections where the passivating effect of 
oxygen is low, this phenomenon can occur and 
is aggravated by chlorides and higher 
temperatures. Pitting resistance index (PREN)—
a means of comparing corrosion resistance of 
stainless steel—may provide a useful guideline 
for material selection in such environments. 
Pitting resistance equivalent number (PREN) or 
Pitting resistance index = %Cr + 3.3X%Mo + 
l6X%N Duplex stainless steel alloys are a 
mixture of ferritic (400 series) and austenitic 
(300 series) microstructure of approximately 
equal volume fraction after final water-
quenchingheat treatment during metalworking. 
Using this material has become popular because 
of its resistance to stress corrosion and fatigue, 
pitting resistance, suitability for a wide 
temperature range of industrial applications (–
50°C to 280°C) and cost effectiveness. In the 
urea plants, duplex stainless steel is used to 
construct strippers, decomposers, condensers 
and pipe lines. 
Cavitations corrosion occur in pumps where the 
flow conditions form bubbles on surface of 
impellers. These bubbles, upon formation break 
with enough force to rupture the protective film 
of the stainless steel. The above situation can be 
corrected through design that prevents bubble 
formation,  
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Fig-10 
Polishing rotating parts to remove bubble 
formation sites and by using alloys with greater 
corrosion resistance and strength. Besides 
selecting corrosion-resistant materials, chemical 
agents can inhibit the corrosive action in the 
NH3 process. Different corrosion i
used for CO2 removal, boiler and cooling water, 
plant effluents, petroleum products, etc. Using 
biocides in coolingwater treatment can control 
microbiological organisms and, thereby, mitigate 
corrosion in these units. In the feedwater and 
boiler systems, an alkaline pH is maintained to 
minimize corrosion. Caustic dosing should be 
controlled to maintain boiler pH control and 
avoid embrittlement of boiler steels. Epoxy
resin-based coatings are used to protect both 
metallic and nonmetallic structures. De aerators, 
naphtha storage, raw-gas pipelines, effluent 
channels, prilling towers, flooring of bagging 
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plant effluents, petroleum products, etc. Using 
biocides in coolingwater treatment can control 
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controlled to maintain boiler pH control and 
avoid embrittlement of boiler steels. Epoxy-

based coatings are used to protect both 
ures. De aerators, 
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plants, silos and conveyor gantries are areas 
where extensive usage of epoxy coatings 
provides corrosion resistance. 
Many issues arise over mater
corrosion abatement in modern fertilizer plants. 
With developments of metallurgy, and usage of 
newer corrosion-prevention techniques, it is 
possible to cost-effectively and, more important, 
safely operate and maintain large
Changes to the ammonia/urea processes have 
reduced harsh environments. New generation 
materials, such as, ceramics, are resistant to the 
rigors of processing. Life-cycle analysis and 
costing are also gaining acceptability as the basis 
of material selection. 
Production and Processing 
Carbon steel can be produced from recycled 
steel, virgin steel or a combination of both.
Virgin steel is made by combining iron ore, coke 
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(produced by heating coal in the absence of air) 
and lime in a blast furnace at around 1650 °C. 
The molten iron extracted from the iron ore is 
enriched with carbon from the burning coke. The 
remaining impurities combine with the lime to 

form slag, which floats on top of the molten 
metal where it can be extracted. The resulting 
molten steel contains roughly 4 wt.% carbon. 
This 

carbon content is then reduced to the desired 
amount in a process called decarburisation. This 
is achieved by passing oxygen through the melt, 
which oxidises the carbon in the steel, producing 
carbon monoxide and carbon dioxide 
Carbon Steel Advantages 
There are several advantages to choosing carbon 
steel over traditional steel, one of which is 
increased strength. The use of carbon makes iron  
or steel stronger by shuffling around its crystal 
lattice. While carbon steel can still stress and 
break under pressure, it’s less likely to occur 
than with other types of steel. This makes carbon 
steel particularly effective in applications where 
strength is needed. Japanese blade smiths, for 
example, produced swords out of high-carbon 
steel known as tamahagane steel many centuries 
ago. Today, carbon steel is used to make 
everything from construction materials to tools, 
automotive components and more. 
Carbon Steel Disadvantages 
But there are also some disadvantages to 
choosing carbon steel over traditional steel. 
Because it’s so strong, carbon steel is difficult to 
work with. It can’t be easily bent and molded 
into different shapes, thus limiting its utility in 
certain applications. Carbon steel is also more 
susceptible to rust and corrosion than other types 
to steel. To make steel “stainless,” 
manufacturers add chromium usually about 10% 
to 12%. Chromium acts as a barrier of protection 
over the steel itself, thereby protecting it from 
moisture that could otherwise cause rusting. 
Carbon steel doesn’t contain chromium, 
however, so it may rust when exposed to 
moisture for long periods of time. To recap, 
carbon steel is an alloy metal consisting of iron 
and carbon. Unlike stainless steel and other 

types of steel, though, it’s characterized by high 
carbon content. 
Steel, a term that actually describes an entire 
family of metal alloys, is a versatile and 
common type of metal with a wide variety of 
applications and uses. There are many grades but 
most types of steel fall into two broad 
categories, carbon steels and stainless steels. 
Though they have the same basic composition of 
iron and carbon, steel types tend to have a 
variety of alloying elements. Carbon steel tends 
to have under 10.5% chromium content, but 
steel must be at least 10.5% chromium to be 
considered stainless. These differences give each 
type of steel its respective properties. 
Stainless Steel 
“A steel that has 12% or more chromium is 
considered a stainless steel.”“Another 
criterion defining a stainless steel is its 
Passivity.” 
PASSIVITY.- “Passivity is the ability of a metal 
to form an impervious surface coating which 
inhibits corrosion resulting from the 
electrochemical reaction of the metal with the 
surrounding environment.” 
“Stainless Steels exhibit passivity in oxidizing 
environment.” 
Stainless steel refers to a type of steel which is 
defined by the addition of chromium, and some 
other alloying elements such as nickel. It is 
sometimes called inox steel as it is designed to 
protect against oxidisation and so is 
‘inexorable.’ When exposed to oxygen, iron 
oxidizes, making it rust, however chromium can 
be exposed to oxygen without undergoing this 
process. Stainless steel is therefore given a 
protective layer of chromium to create a barrier 
between environmental oxygen and the metal’s 
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iron content. This allows it to resist corrosion or 
rust and makes it ‘stainless.’ 

Types of Stainless Steel 

Different chromium levels of stainless steel will 
give it different properties, with a lower 
chromium content generally producing a cheaper 
but less durable steel. There are various types of 
stainless steel, which include: 
Austenitic, the most widely used type of 
stainless steel, with low yield strength but strong 
corrosion and heat resistance, commonly used in 
housewares, industrial piping and vessels, 
construction, and architectural facades – this is 
the largest family of stainless steel and makes up 
about two thirds of all stainless steel production 
Ferritic, a form of steel generally with no 
nickel, often possessing better corrosion, heat, 
and cracking resistance than more common 
types, and frequently used in washing machines, 
boilers and indoor architecture 
Martensitic,  which tends to be magnetic and 
less corrosion-resistant than other stainless steels 
due to its low chromium content – these metals 
are very hard and strong and are used to make 
knives and turbine blades 
Duplex, a composite of austenitic and ferritic 
steels, making it both strong and flexible, with 
twice the yield strength of austenitic stainless 
steel, used in the paper, pulp, shipbuilding, and 
petrochemical industries  
Precipitation, with the corrosion resistance of 
austenitic metals, but can be hardened to higher 
strengths, and so can be made to be extremely 
strong when other elements like aluminium, 
copper and niobium are added  
Carbon steel vs Stainless steel 
Steel is an alloy made out of iron and carbon. 
The carbon percentage can vary depending on 
the grade, and mostly it is between 0.2% and 
2.1% by weight. Though carbon is the main 
alloying material for iron some other elements 
like Tungsten, chromium, manganese can also 
be used for the purpose. Different types and 
amounts of alloying element used determine the 

hardness, ductility and tensile strength of steel. 
While in Carbon Steel, Carbon as the main 
alloying element. In carbon steel, the properties 
are mainly defined by the amount of carbon it 
has. For this alloy, the amounts of other alloying 
elements like chromium, manganese, cobalt, 
tungsten are not defined. 
Stainless steel has a high chromium content that 
forms an invisible layer on the steel to prevent 
corrosion and staining. Carbon steel has a higher 
carbon content, which gives the steel a lower 
melting point, more malleability and durability, 
and better heat distribution. 
How to Distinguish Carbon and Stainless Steel? 
Stainless steel is lustrous and comes in various 
grades that can increase the chromium in the 
alloy until the steel finish is as reflective as a 
mirror. To the casual observer, carbon steel and 
stainless steel are easy to distinguish. Carbon 
steel is dull, with a matte finish that is 
comparable to a cast iron pot or wrought iron 
fencing. 
In a nutshell, main differences between Carbon 
Steel & Stainless Steel 
There is an in built chromium oxide layer in 
stainless steel, which is not present in carbon 
steel. Carbon steel can corrode whereas stainless 
steel is protected from corrosion. Stainless steel 
is preferred for many consumer products and can 
be used decoratively in construction, while 
carbon steel is often preferred in manufacturing, 
production and in projects where the steel is 
mostly hidden from view. Stainless Steel has 
lower thermal conductivity than Carbon steel 
Alloying  Element & Materials, Role of 
Alloying Element in Steel 
Different alloying elements have particular 
effects on the properties of stainless steel. It is 
the combined effect of all the alloying elements, 
heat treatment, and, to some extent, impurities 
that determine the 
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property profile of a specific steel grade. It 
should be noted that the effect of the alloying 

elements differs to some extent between the 
different types of stainless steel.  
Chromium (Cr) 

Chromium is the most important alloying 
element since it gives stainless steel its general 
corrosion resistance. All stainless steels have a 
Cr content of at least 10.5%. Additionally, the 
corrosion resistance increases the higher 
chromium content. Chromium also increases the 
resistance to oxidation at high temperatures and 
promotes a Ferritic microstructure. 
“It is strong Carbide former and form complex 
series of carbides compound of chromium and 
iron.” 

 It is essential for formation of passive film to 
resist corrosion.It helps to raise the critical 
Temperature of steel. It improves hardness and 
wear resistance. 
Corrosion as function of Chromium 
Corrosion rate of iron-Chromium alloys exposed 
to an intermittent water spray at room 
temperature 

 
Fig-11 
The σ phase was discovered for the first time in 
1907 in the Fe-Cr system. It is nowadays known 
to be present in more than forty binary systems. 
In the Fe-Cr system, the σ phase is stable from 
~44 to ~50 at% Cr. It is formed by a congruent 
reaction BCC ↔ σ at temperatures between 
1093 and 1098 K and decomposes by a eutectoid 

reaction at T=773 K into BCC+BCC’. The σ 
phase crystallizes as a tetragonal structure in 
the P42/mnm space group. 30 atoms per unit 
cell are distributed on five different. Several 
thermodynamic models , distinguished by the 

number of sub lattices and atoms per sub lattice, 
have been proposed for the σ phase in the Fe-Cr 
system since the establishment of the compound 
energy formalism (CEF)  for non-stoichiometric 
phases. The CEF allows for the energetic 
description of interactions among different sorts 
of atoms, sharing the same sub lattice, as well as 
the combination of different sub lattices. This 
made the CEF an essential pre-requisite for the 
physically proper modelling of inter metallic 
phases with relatively complex crystallographic 
order, such as it is the case for the group of 
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topologically close-packed phases including σ 
phase. In the CEF, the mathematical model 

divides the phase into different sub lattices. 
Iron Chromium Phase Diagram 

With chromium contents between 20 and 70% 
,the “sigma” microstructure is formed. 
Following figure No-shows the phase diagram 
for iron chromium in all proportions. 
 
Sigma  Microstructure.- “This microstructure 
is hard, brittle and poor corrosion resistance.” 
The sigma phase is the prominent feature of the 
important system iron-chromium. which forms 
only slowly, after lengthy annealing found a new 
structure denoted o. X-ray and microscopic 
investigations on samples annealed up to 60 
days at 600°C confirmed 0, which is formed 

below a temperature of 832°C: Because of the 
slow equilibration rate and the small driving 
force (i.e. the small difference ) this system is a 
typical example where the phase boundaries can 
only be assessed by thermo chemical 
calculation. The then surprising result was the 
observation that the 0 phase closes at the lower 
temperature of  440°C (Fig.-12) below which the 
solid solutions in iron and chromium are in 
equilibrium, thus forming a miscibility gap 
which metastable closes at about 575°C (shown 
as a dotted curve in Fig.-12) 
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Fig-12 
A considerable amount of this book
dedicated to the Fe-Cr system due to its 
technological importance, often related to the 
occurrence of the inter metallic 
close-packed . Due to its brittlene
solubility potential for various elements, 
formation of σ phase is known to be crucial for 
materials properties and, thus, technological 
usability of many high-alloyed steel grades. 
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A considerable amount of this book has been 
Cr system due to its 

technological importance, often related to the 
 topologically 

brittleness and wide 
solubility potential for various elements, 
formation of σ phase is known to be crucial for 
materials properties and, thus, technological 

alloyed steel grades. 

Therefore, understanding and prediction of its 
temperature- and composition
stability is desirable.. A proper thermodynamic 
phase description for this aim starts with correct 
reproduction of known crystal structural 
chemistry, and more precisely, fractions of 
different sorts of atoms on different 
crystallographic sites, which often reveal a 
distinct coordination number.  
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Fig-13 
As a consequence, previous sub lattice 
suggestions for the σ-Fe Cr phase
represented only a vague approximation of its 
real crystal chemistry. Whereas rough model 
approximations may reproduce phase boundaries 
in binary diagrams well, they become 
particularly crucial at extensions to multi
component systems and applied calculations in 
technological alloys. For instance, due to 
insufficiently precise calculated chemical 
potentials associated with inaccurately modeled 
site fractions, application for thermo
precipitation simulations often tends to 
inadequate particle evolution. Only recently, 
first-principles data have become an invaluable 
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As a consequence, previous sub lattice 
Cr phase have often 

represented only a vague approximation of its 
real crystal chemistry. Whereas rough model 
approximations may reproduce phase boundaries 
in binary diagrams well, they become 
particularly crucial at extensions to multi-

nd applied calculations in 
technological alloys. For instance, due to 
insufficiently precise calculated chemical 
potentials associated with inaccurately modeled 
site fractions, application for thermo-kinetic 
precipitation simulations often tends to 

ate particle evolution. Only recently, 
principles data have become an invaluable 

source of crystal structural chemical data.
Allowing for a revision of the thermodynamic 
description of the σ phase in order to achieve a 
better agreement of phase equil
compositions and structural chemistry. For the 
model revision of σ phase in the present study, 
all to the authors´ knowledge available phase 
stability and crystal chemistry data are collected 
and critically reviewed. A modified sublattice 
description is based on structural
data and new first-principles analyses of σ phase 
compound enthalpies. Parameterization of the 
Fe-Cr alloy phases as well as liquid is re
adjusted, correspondently.  
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Fig-14 
Nickel (Ni) 
It improves toughness, ductility and ease 
welding. It improves resistance to Fatigue 
failure. It is austenitic stabilizer. 
Nickel generally increases ductility and 
toughness. The main reason for adding nickel is 
to promote an austenitic microstructure. It also 
reduces the corrosion rate in the active state and 

Fig-15 
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ductility and ease in 
improves resistance to Fatigue 

Nickel generally increases ductility and 
toughness. The main reason for adding nickel is 
to promote an austenitic microstructure. It also 
reduces the corrosion rate in the active state and 

is therefore advantageous in acidic 
environments. In precipitation 
nickel is also used to form the inter
compounds that are used to increase strength. 
Adding nickel in martensitic grades, combined 
with reducing carbon content, improves 
weldability. 
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Molybdenum 
It increases corrosion resistance in presence of
chlorides. It prevents Pitting and Crevice 
corrosion.  
Molybdenum significantly increases the 
resistance to both uniform and localized 
corrosion. It slightly increases mechanical 

Fig-16 
Carbon 
It permits the hardenability by heat treatment. 
gives the strength at high temperatures.
is a powerful austenite former that also 
significantly increases mechanical strength. In 
ferritic grades, carbon greatly reduces both 
toughness and corrosion resistance. In 
martensitic grades, carbon increases hardness 
and strength but decreases toughness.
Manganese 
Niobium (Nb) 
It prevents to form Iron Sulphide which is 
harmful in steels.It promotes forge ability of 
steel. Manganese is generally used to improve 
hot ductility. Its effect on the ferrite/austenite 
balance changes with temperature: at low
temperature, manganese is an austenite 
stabilizer, but at high temperatures, 
stabilize ferrite. Manganese increases the 
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It increases corrosion resistance in presence of  
It prevents Pitting and Crevice 

Molybdenum significantly increases the 
resistance to both uniform and localized 
corrosion. It slightly increases mechanical 

strength and highly promotes a Ferritic 
microstructure. However, molybdenum also 
enhances the risk for the formation of secondary 
phases in Ferritic, duplex, and austenitic steels. 
In martensitic steels, molybdenum increases the 
hardness at higher tempering temperatures due 
to its effect on carbide precipitation.

hardenability by heat treatment. It 
gives the strength at high temperatures. Carbon 
is a powerful austenite former that also 

al strength. In 
ferritic grades, carbon greatly reduces both 
toughness and corrosion resistance. In 
martensitic grades, carbon increases hardness 
and strength but decreases toughness. 

It prevents to form Iron Sulphide which is 
in steels.It promotes forge ability of 

Manganese is generally used to improve 
hot ductility. Its effect on the ferrite/austenite 
balance changes with temperature: at low-
temperature, manganese is an austenite 
stabilizer, but at high temperatures, it will 
stabilize ferrite. Manganese increases the 

solubility of nitrogen and is used to obtain high 
nitrogen contents in duplex and austenitic 
stainless steels. Manganese, as an austenite 
former, can also replace some of the nickel in 
stainless steel. 
Nitrogen 
It enhances pitting resistance .
of Carbon in Low Carbon Steels.It improves 
Pitting and Crevice Corrosion resistance.
Nitrogen is a very powerful austenite former that 
also significantly improves mechanical strength. 
It also enhances resistance to localized 
corrosion, especially in combination with 
molybdenum. In Ferritic stainless steel, nitrogen 
heavily reduces toughness and corrosion 
resistance. In martensitic grades, nitrogen 
increases both hardness and strength but reduces 
toughness. 
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nitrogen contents in duplex and austenitic 
stainless steels. Manganese, as an austenite 
former, can also replace some of the nickel in 
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of Carbon in Low Carbon Steels.It improves 
Pitting and Crevice Corrosion resistance. 
Nitrogen is a very powerful austenite former that 
also significantly improves mechanical strength. 
It also enhances resistance to localized 
corrosion, especially in combination with 
molybdenum. In Ferritic stainless steel, nitrogen 

ss and corrosion 
resistance. In martensitic grades, nitrogen 
increases both hardness and strength but reduces 
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Niobium is a strong ferrite and carbide former 
and promotes a Ferritic structure, just like 
titanium. In austenitic steels, niobium is added to 
improve the resistance to inter granular 
corrosion (stabilized grades). Additionally, it 
enhances mechanical properties at high 
temperatures. In ferritic grades, niobium and/or 
titanium is/are sometimes added to improve 
toughness and to minimize the risk for inter 
granular corrosion. In martensitic steels, 
niobium lowers hardness and increases 
tempering resistance.  
Copper (Cu) 
Increases strength up to about 12 %. Higher 
concentration cause brittleness. Copper improve 
the elevated temperature properties and 
machinability. Used in concentration of about 
0.5% or less, produces a tenacious self sealing 
oxide film on a metal surface.Copper improves 
corrosion resistance to certain acids and supports 
an austenitic microstructure. It can also be added 
to decrease work hardening in grades designed 
for improved machinability. Additionally, it can 
also be added to improve formability. 
Cobalt (Co) 
Cobalt is used in martensitic steels, where it 
increases hardness and tempering resistance, 
especially at higher temperatures. 
Silicon (Si) 
Silicon increases resistance to oxidation during 
casting of ingots, both at high temperatures and 
in strongly oxidizing solutions at lower 
temperatures. It promotes a Ferritic 
microstructure and increases strength. It dissolve 
in Ferrite increase strength and hardness without 
lowering the ductility. 
Sulfur (S) 
Sulfur is added to certain stainless steels to 
increase their machinability. At the levels 
present in these grades, sulfur slightly reduces 
corrosion resistance, ductility, weldability, and 
formability. Lower levels of sulfur can be added 
to decrease work hardening for improved 

formability. Slightly increased sulfur content 
also improves the weldability of steel. 
Titanium (Ti) 
Titanium is a strong ferrite and carbide former 
that lowers the effective carbon content and 
promotes a ferritic structure in two ways. By 
adding Titanium, the resistance to intergranular 
corrosion (stabilized grades) increases in 
austenitic steels, as well as carbon content and 
mechanical properties at high temperatures are 
improved. In ferritic grades, titanium is added to 
improve toughness, formability, and corrosion 
resistance. In martensitic steels, titanium lowers 
the martensite hardness in combination with 
carbon and increases temper resistance. In 
precipitation hardening steels, titanium is used to 
form the inter metallic compounds that are used 
to increase strength. 
Tungsten (W) 
Tungsten is present as an impurity in most 
stainless steels, although it is added to some 
special grades, for example the super duplex 
grade 4501, to improve pitting corrosion 
resistance 
Vanadium (V) 
Vanadium forms carbides and nitrides at lower 
temperatures, promotes ferrite in the 
microstructure, and increases toughness. It 
increases the hardness of martensitic steels due 
to its effect on the type of carbide present. It also 
increases tempering resistance. It is only used in 
stainless steels that can be hardened. 
Types of Stainless Steel 
There are four  general types of stainless steel of 
interest to the process engineerThere are three  
general types of stainless steel of interest to the 
process engineer 
Austenitic Stainless Steels. These are the most 
frequently used types of stainless steels.   
Ferritic Stainless Steels. The second most 
common form of stainless steel 
after austenitic alloys. ... 
Martensitic Stainless Steels. The least common 
category of stainless steel alloy. 
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Duplex Stainless steel  are essentially 
combinations of Ferritic and austenitic stainless 
steels. 
Overview over typical microstructures of the 
different steels in this review, produced 
conventionally (in the state intended for use) and 
after additive manufacturing. Only the 2 a.m. 
processes L-PBF and DED are depicted due to 
limited information available for E
literature. Note that depending on processing 
conditions, different microstructures may be 
 

Fig-17 
Austenitic Stainless steel 
“Austenitic stainless steel is a more complex 
material because the addition of NICKEL
22%) allows it to retain its austenitic 
microstructure at all temperature 
It has a high tensile strength and  best impact 
strength, ductility and corrosion resistance of all 
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are essentially 
combinations of Ferritic and austenitic stainless 

typical microstructures of the 
different steels in this review, produced 
conventionally (in the state intended for use) and 
after additive manufacturing. Only the 2 a.m. 

PBF and DED are depicted due to 
limited information available for E-PBF in the 
literature. Note that depending on processing 
conditions, different microstructures may be 

observed after AM. ppt.: precipitates, ret.: 
retained, α: ferrite, bcc, α’: marte
austenite, FCC. Upon plastic deformation, 
austenitic stainless steels typically show strain
induced martensite formation. The high yield 
strength, combined with a low work hardening 
rate observed in L-PBF produced 316L is due to 
the fact that the martensite formation is hindered 
in the very fine microstructure
is particularly pronounced at cryo
temperatures.   

“Austenitic stainless steel is a more complex 
NICKEL (3.5 to 

22%) allows it to retain its austenitic 

It has a high tensile strength and  best impact 
strength, ductility and corrosion resistance of all 

the stainless steel over a very wide range of 
temperatures. 
All stainless steels are susceptible to pitting from 
exposure to high chloride concentration. 
However, austenitic steel with high 
Molybdenum content(1 to 3 %)have improve 
resistance to pitting. 
Austenitic Steels in High Temperature Service 
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Upon plastic deformation, 
s steels typically show strain-

induced martensite formation. The high yield 
strength, combined with a low work hardening 

PBF produced 316L is due to 
the fact that the martensite formation is hindered 

microstructure. This obstruction 
is particularly pronounced at cryogenic 

 

the stainless steel over a very wide range of 

steels are susceptible to pitting from 
exposure to high chloride concentration. 

austenitic steel with high 
Molybdenum content(1 to 3 %)have improve 

Austenitic Steels in High Temperature Service  
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The austenitic alloys have a face centered cubic 
structure which has a better corrosion resistance
compared to the  Ferritic steels. The austenitic 
structure is normally not stable in irons below 
700 C, but adding nickel to the steel 
austenitic phase stable down to room 
temperature. These alloys are basically 
chromium nickel steels. Austenitic stainless 
steels have many advantages from a 
metallurgical point of view. They can be made 
soft enough (i.e., with a yield strength about 200 
MPa) to be easily formed by the same tools that 
work with carbon steel, but they can also be 
made incredibly strong by cold wor
strengths of over 2000 MPa (290 ksi). Their 
austenitic (fcc, face-centered cubic) structure is 
very tough and ductile down to absolute zero. 
They also do not lose their strength at elevated 
temperatures as rapidly as ferritic (bcc, body
centered cubic) iron base alloys. The least 

Fig-18 
However, the risks of these limitations can be 
avoidable by taking proper precautions
Alloy Families in Perspective. 
The fundamental criterion in the selection of a 
stainless steel is generally that it can survive 
with virtually no corrosion in the environment in 
which it is to be used. Good engineering practice 
sometimes requires that materials be selected for 
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tic alloys have a face centered cubic 
better corrosion resistance 

compared to the  Ferritic steels. The austenitic 
in irons below 

to the steel makes the 
austenitic phase stable down to room 

These alloys are basically 
Austenitic stainless 

els have many advantages from a 
metallurgical point of view. They can be made 
soft enough (i.e., with a yield strength about 200 
MPa) to be easily formed by the same tools that 
work with carbon steel, but they can also be 
made incredibly strong by cold work, up to yield 
strengths of over 2000 MPa (290 ksi). Their 

centered cubic) structure is 
very tough and ductile down to absolute zero. 
They also do not lose their strength at elevated 
temperatures as rapidly as ferritic (bcc, body-

ered cubic) iron base alloys. The least 

corrosion-resistant versions can withstand the 
normal corrosive attack of the everyday 
environment that people experience, while the 
most corrosion-resistant grades can even 
withstand boiling seawater. If these alloy
to have any relative weaknesses, they would be:
Austenitic stainless steels are less resistant to 
cyclic oxidation than are ferritic grades because 
their greater thermal expansion coefficient tends 
to cause the protective oxide coating to spall.
They can experience stress corrosion cracking 
(SCC) if used in an environment to which they 
have insufficient corrosion resistance.
fatigue endurance limit is only about 30% of the 
tensile strength (vs. ~50 to 60% for Ferritic 
stainless steels). This, combined with their high 
thermal expansion coefficients, makes them 
especially susceptible to thermal fatigue
 

However, the risks of these limitations can be 
avoidable by taking proper precautions 

The fundamental criterion in the selection of a 
stainless steel is generally that it can survive 
with virtually no corrosion in the environment in 
which it is to be used. Good engineering practice 

s be selected for 

sufficient, but finite, service life. This is 
especially true for high-temperature service, for 
which creep and oxidation lead to limited life for 
all materials. The choice among the stainless 
steels that can be used in that environment i
then based on the alloy from which the 
component can be produced at the lowest cost, 
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cyclic oxidation than are ferritic grades because 
their greater thermal expansion coefficient tends 
to cause the protective oxide coating to spall. 

y can experience stress corrosion cracking 
(SCC) if used in an environment to which they 
have insufficient corrosion resistance. The 
fatigue endurance limit is only about 30% of the 
tensile strength (vs. ~50 to 60% for Ferritic 

bined with their high 
thermal expansion coefficients, makes them 
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including maintenance, over the intended service life. The ferritic stainless 
steels are less expensive for the same corrosion 
resistance but sometimes are found lacking 
because of Lack of toughness, as is the case at 
subambient temperatures or in thicknesses 
greater than about 1.5 mm. Lack of great 
ductility, specifically if more than about 30% 
elongation is needed. Susceptibility to high-
temperature embrittling phases when moderately 
alloyed.The less-expensive martensitic grades 
are used instead of austenitic when high strength 
and hardness are better achieved by heat treating 
rather than by cold work, and mechanical 
properties are more important than corrosion 
resistance. This is also the case for the more 
expensive PH grades, which can achieve 
corrosion resistance only matching the least 
corrosion resistant of the austenitic alloys. 

Duplex grades match austenitic grades in 
corrosion resistance and have higher strength in 
the annealed condition but present the designer 
with challenges with regard to embrittling 
phases that can form with prolonged exposure to 
elevated temperatures and only moderate 
ductility like the ferritic alloys.So, the austenitic 
grades are the most commonly used grades of 
stainless mainly because, in many instances, 
they provide very predictable levels of corrosion 
resistance with excellent mechanical properties. 
Using them wisely can save the design engineer 
significant costs in his or her product. They are a 
user-friendly metal alloy with life-cycle cost of 
fully manufactured products lower than many 
other materials. 
AUSTENETIC STAINLESS STTEEL 

(Chemical Requirements) 

AISI % C % Mn % Si % Cr % Ni % Mo Others 

304 0.08 2 1 18 to 20 8 to 10.5 -  

304L 0.03 2 1 18 to 20 8 to 10.5 -  

309 0.2 2 1 22 to 24 12 to 15 -  

310 0.2 2 1 24 to 26 19 to 22 -  

316 0.08 2 1 16 to 18 10 to 14 2 to 3  

316L 0.03 2 1 16 to 18 10 to 14 2 to 3  

321 0.08 2 1 17 to 19 9 to 12 Ti >5xC  

347 0.08 2 1 17 to 19 9 to 12 Nb >5xC  

        

2-RE-69 0.02 1.7  25 22 2.1  

   0.4    N-0.12 

SS-316 
(Urea 
Grade) 

       

        

Sanicro-
25 

0.1  0.2 22.5 25  Co-1.5,Cu-
3.0,N0.23,Nb-
0.5 

Table-4 
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Properties of 2-RE-69 

Properties  Metric Imperial Uses 

Tensile strength, ultimate 580 - 780 MPa 
84100 - 113000 
psi 

The 2 RE-69, 
used for Urea 
Reactor Liner, 
Strippers 
,Carbamate 
Condenser.CO2 
and Ammonia 
Stripper Tubes 
and both dome 
top and bottom. 
Decomposers and 

Tensile strength, yield (@0.2%) 270 MPa 39200 psi 

Elongation at break 30% 3% 

Modulus of elasticity 195 GPa 28300 ksi 

Thermal expansion co-efficient 
(@30-100°C/86-212°F) 15.5 µm/m°C 8.61 µin/in°F 

Thermal conductivity (@20°C/68°F) 13 W/mK 
90.2 BTU 
in/hr.ft².°F 

Table-5 
Chromium is used in these alloys to make the 
steel corrosion resistant, whereas nickel 
stabilizes the even  more corrosion resistant 
austenitic structure. Silicon and  aluminum are 
added to increase the oxidation resistance. 
Titanium and niobium, as well as boron, 

nitrogen, tungsten, vanadium and cobalt can be 
added to increase the creep strength due to 
precipitation strengthening. Manganese can 
 be used to substitute nickel as an austenite 
former. 
Material for Carbamate Services in Urea Plant

 

Sr. No. Material Fluid Services 

1. Titanium Urea, carbamate Urea Reactor liner, Stripper 

2 Zirconium Urea, carbamate Stripper, Urea Reactors Liner 

3 2-RE-69 Urea, carbamate  Urea Reactor liner, Strippers Carbamate 
Condenser 

4 SS-316L Urea Carbamate, Carbonate Medium Pressure section, decomposer, 
ammonia receiver absorber. 
Decomposers. 

5 SS-316L(Urea 
Grade) 

 Urea Reactor, heat exchangers 

6 SS-304 Urea Carbonate Urea LP section, vacuum section and 
waste water section 

7 HK-40 High temperature heating, 
Natural gas ,steam 

Primary reformer 

8 Sanicro-25 Phosphoric Acid, Steam Phosphoric  fertilizers, Bolier etc 

Table-6 
Stainless steel 416L (Urea Grade) 
The UREA 316L grade is a fully 
austenitic stainless steel which ferrite content is 
guaranteed less than 0.5% after solution 
annealing heat treatment 1120 - 1180°C water 

quenched. The UREA 316L grade has been 
specially developed for urea plant applications. 
It is a 316L modified stainless steel with extra – 
low silicon content and substantial higher 
molybdenum contents. The low carbon content, 



www.researchgate.net                                                                                                                                        2nd Aug. 2021 
                                                                                                               Research Gate is an academic social networking site 
 
 

This is an open access article, Research Gate is a European commercial social networking site for scientists and researchers. 

combined with a well balanced chemistry (low 
silicon and nickel content close to 14%) makes 
the alloy fully austenitic, free of intermetallic 
phase precipitations. The ferrite level is kept 
under 0.5% in the solution annealing and water 

quenched conditions. The UREA 316L grade is 
designed for the fabrication of lining interiors in 
urea units for improved corrosion resistance 
properties in urea – carbonate environments or 

complementary products (pipes, fittings…). The 
alloy is not designed for nitric acid application. 
 

 
 
Mechanical Properties 

 
Comparison of SS-316L(Mod) and 2-RE-69 
Sr. 
No. 

 316L(Modified 2 RE-69 

1 Carbon  < .02 % : < .02 % 
2 Chromium 18 % 24-26 
3 Nickel >13 % 21-23 % 
4 Molybdenu

m 
2-2.6 % 2-2.6 % 

5 Manganese 1.5-2 % 1.5-2 % 
6 Silicon 0.4 % 0.4 % 
7 Sulphur 0.01 % 0.015 % 
8 Phosphorus 0.015 % 0.015 % 
9 N(Max) 0.10 % 0.1-0.15% 

 
                                                                                Table-8 
 
 

Tensile strength: 500-700 N/mm² 

Yield strength 0.2% 200 ≥ N/mm² 

Elongation: 40/30 ≥ % 

Hardness HB30: 215 ≤ HB 

    
Table-7 
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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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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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processing. Life-cycle analysis and costing are 
also gaining acceptability as the basis of 
material selection. 
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