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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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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 (-330C) in ammonia storage to 

10000C in reformer. The pressure is as high as 
175- 350kg/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, Urea Plants 
worldwide the problem of severe erosion and 
corrosion of high pressure vessel has 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 book description of all material 
used in ammonia and urea fertilizers. 
Mani Topics 
Classification of materials 
Types of materials used in Fertilizers Industries 
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Types of Steel 
Special material used in new developments 
Material for ammonia plants 

Materials for Urea Plants 
Material for Nitric acid and Ammonium Nitrate 
Plants. 

Classification of Materials 
There is a wide variety of materials use to 
construct process equipment. The type of 
material selected depends on its compatibility 

with process conditions and cost. The materials 
of choice can be divided into the following 
general categories 

 
 

 
Fig-1 
Metal 
The metals used in the process industries can be 
generally divided into two groups, ferrous and 
nonferrous. Ferrous metals are arbitrarily 
defined as those containing at least 50% iron.As 
a group they far exceed any other group of metal 
alloys used in the process industry. 
Ferrous Alloy 
The reason for popularity of ferrous alloys is 
their relatively low cost, ready availability and 
good workability. Ferrous alloys are subdivided 
into cast irons, carbon steels , low alloy steels, 
and stainless steels. There are also tool steels, 
but these will not be discussed as they are of 
limited used in the process industry. 
Cast Iron 
Cast iron are iron alloys that have greater than 
1.5% Carbon content. These are four types. 
Grey Cast iron.-This type is used in 
applications such as construction equipment 
requiring vibration damping and wear resistance. 
Its gray appearance is caused by the graphite 

particles spread throughout its mass. Gray cast 
iron has a low tensile strength and is brittle, and 
it should not be used in high pressure process 
vessels. 
White Cast Iron.-White cast iron has a much 
lower silicon content than gray cast iron. No 
graphite particles exist in its microstructure, and 
any carbon in the cast iron is combined with iron 
in the form of iron carbide (Fe3C). The metal is 
hard, extremely abrasive, brittle . 
Ductile Cast Iron-When ductile cast iron is 
manufactured, small spherical nodules of 
graphite are produced in its micro Structure. 
This causes it to be ductile rather than brittle. 
Ductile cast iron is used for high strength pipes, 
valve bodies, pump casing, compressor casings, 
crankshaft and machine tools. 
Wrought Cast Iron-Prior to the nineteenth 
century, wrought iron was the only form of iron 
used. It is basically pure iron low in the carbon 
but with a few percent of slag remaining in the 
form of an iron silicate. The slag forms a fibrous 
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structure within the wrought iron that gives it 
excellent shock, vibration, and corrosion 

resistance. wrought iron can be used for water 
pipe, air brake pipes, and engine bolts. 

 
Fig-2 
Properties of Material 
Strength –“The resistance offered by a material 
on application of external force is called 
strength.” 
Hardness-“hardness is the resistance offered by a 
material to indentation.” 
Hardness and its measurements 
Several indentation method, give hardness value 
in terms of absolute units, briefly a given load is 

applied to a specimen for a specific time 
,removed and the area of indentation is then 
measured. 

𝑯𝒂𝒓𝒅𝒏𝒆𝒔𝒔 =
𝐋𝐨𝐚𝐝

𝐀𝐫𝐞𝐚(𝐤𝐠/𝐦𝐦𝟐
 

Brinnel Hardness Test. 
Vickers or Diamond pyramid hardness(DPH). 
Rockwell Hardness Test. 
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Fig-3 
Tensile Strength  
Tensile strength is the maximum amount of 
stretching or pulling a metal can withstand 
before it fails or is permanently damaged. 
Essentially, tensile strength is the measure of 
how much tension the metal can resist. It serves 
as a good point of reference for how a metal part 
will perform in an application. 
There are three types of tensile strength: 
Yield strength- is the stress point at which 
metal begins to deform plastically. 
Ultimate strength- describes the maximum 
amount of stress a metal can endure. 
Breakable strength- is the stress coordinate on 
the stress-strain curve at the point of failure. 
A metal’s plasticity refers to the deformation of 
the material while it undergoes 
A metal’s plasticity refers to the deformation of 
the material while it undergoes permanent 
changes as a result of applied forces. In the case 

of metal, ‘applied forces’ can include bending or 
pounding actions. Once the yield point is passed, 
some of the resulting deformation is permanent 
and non-reversible. Prior to yield, there is 
elasticity deformation where a material is 
deformed under stress but returns to its original 
state once the stress is removed. Among 
commonly used metal alloys, stainless steel and 
tempered structural aluminum have relatively 
high tensile strengths: 6327.6 kg/cm2 and 3163.6 
kg/cm2, respectively.   
Impact Strength 
Impact strength is a measure of how much 
impact or suddenly applied force a metal can 
take before it fails. The impact load and the limit 
that the metal can withstand are both expressed 
in terms of energy. So, essentially, impact 
Strength measures the amount of energy that a 
metal can absorb before it fractures. 
Compressive Strength 

As its name implies, compressive strength is the 
maximum amount of pressure or compression a 
metal can withstand. This is typically measured 

with a universal testing machine that applies an 
increased load on the material.And for your 
reference, here’s a strength comparison chart: 
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Ductility 
 

Fig-4 
Ductility is the ability of a material to be drawn 
or plastically deformed without fracture.
Ductility is when a solid material stretches under 
tensile strain. If ductile, a material may be 
stretched into a wire. Malleability, a similar 
property, is a material's ability to deform under 
pressure (compressive stress). If malleable, a 
 
 

Fig-5 
Toughness- 
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is the ability of a material to be drawn 
plastically deformed without fracture. 

is when a solid material stretches under 
ductile, a material may be 

stretched into a wire. Malleability, a similar 
property, is a material's ability to deform under 

tress). If malleable, a 

material may be flattened by hammering or 
rolling. It is the measure of the amount of plastic 
deformation a material can take under tensile 
force without fracture. Ratio elongation of 
material at fracture to original length .Brittle
is the property opposite to ductility. 
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material may be flattened by hammering or 
. It is the measure of the amount of plastic 

deformation a material can take under tensile 
force without fracture. Ratio elongation of 
material at fracture to original length .Brittleness 
is the property opposite to ductility. 
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“The amount of energy absorbed by material at 
the time of fracture under impact loading. It is 
the capacity to take impact load.” 
Toughness is a fundamental material
measuring the ability of a material
 

Fig-6 
 
 
 
--- 
Iron-Carbon Phase Diagram Explained
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The amount of energy absorbed by material at 
the time of fracture under impact loading. It is 

material property 
material to absorb 

energy and withstand shock up to fracture; that 
is, the ability to absorb energy in the plastic 
range. Tough materials can absorb a 
considerable amount of energy before fracture, 
while brittle materials absorb very little

Carbon Phase Diagram Explained 
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energy and withstand shock up to fracture; that 
nergy in the plastic 
can absorb a 

considerable amount of energy before fracture, 
very little. 
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Fig-7 
Alloy metals can exist in different phases. 
Phases are physically homogeneous states of an 
alloy. A phase has a precise chemical 
composition – a certain arrangement and 
bonding between the atoms. 
This structure of atoms imparts different 
properties to different phases. We can choose the 
phase we want and use it in our applications. 
Only some special alloys can exist in multiple 
phases. Heating the metal to specific 
temperatures using heat treatment 
procedures results in different phases. Some 
special alloys can exist in more than one phase 
at the same temperature. 
 
Phases present in an alloy at different conditions 
of temperature, pressure, or chemical 
composition. 
The diagram describes the suitable conditions 
for two or more phases to exist in equilibrium. 
For example, the water phase diagram describes 
a point (triple point) where water can coexist in 
three different phases at the same time. This 

happens at just above the freezing temperature 
(0.01°C) and 0.006 atm. 
Using the Diagrams 
There are four major uses of alloy phase 
diagrams: 
Development of new alloys based on application 
requirements. 
Production of these alloys. 
Development and control of appropriate heat 
treatment procedures to improve the chemical, 
physical, and mechanical properties of these new 
alloys. 
Troubleshooting problems that arise in 
application of these new alloys, ultimately 
improving product predictability. 
When it comes to alloy development, phase 
diagrams have helped prevent overdesign for 
applications. This keeps cost and process time 
down. They also help develop alternative alloys 
or same alloys with alternative alloying 
elements. It can help to reduce the need for using 
scarce, hazardous, or expensive alloying 
elements. Performance-wise, phase diagrams 
help metallurgists understand which phases are 
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thermodynamically stable, metastable, or 
run. Appropriate elements can then be chosen 
for alloying to prevent machinery breakdown. 
Material for exhaust piping, for example, if not 
chosen properly, may lead to breakdown at 
higher temperatures. 

. 
Fig-8(Iron-Carbon Phase Diagram) 
 
The iron-carbon phase diagram is widely used to 
understand the different phases of steel and cast 
iron. Both steel and cast iron are a mix of iron 
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thermodynamically stable, metastable, or unstable in the long 
an then be chosen 

for alloying to prevent machinery breakdown. 
Material for exhaust piping, for example, if not 
chosen properly, may lead to breakdown at 

The service life also improves as phase diagrams 
show us how to solve problems such as inter
granular corrosion, hot corrosion, and hydrogen 
damage

 

carbon phase diagram is widely used to 
understand the different phases of steel and cast 

oth steel and cast iron are a mix of iron 

and carbon. Also, both alloys contain a small 
amount of trace elements. The graph is quite 
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unstable in the long 
The service life also improves as phase diagrams 

olve problems such as inter 
granular corrosion, hot corrosion, and hydrogen 

and carbon. Also, both alloys contain a small 
The graph is quite 
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complex but since we are limiting our exploration to Fe3C; we will only be 
focusing up to 6.67 weight percent of carbon. 
This iron carbon phase diagram is plotted with 
the carbon concentrations by weight on the X-
axis and the temperature scale on the Y-axis. 
Types of Ferrous Alloys on the Phase 
Diagram 
The weight percentage scale on the X-axis of the 
iron carbon phase diagram goes from 0% up to 
6.67% Carbon. Up to a maximum carbon 
content of 0.008% weight of Carbon, the metal 
is simply called iron or pure iron. It exists in the 
α-ferrite form at room temperature. From 
0.008% up to 2.14% carbon content, the iron 
carbon alloy is called steel. Within this range, 
there are different grades of steel known as low 
carbon steel (or mild steel), medium carbon 
steel, and high carbon steel. When the carbon 
content increases beyond 2.14%, we reach the 
stage of cast iron. Cast iron is very hard but its 
brittleness severely limits its applications and 
methods for forming. 
Boundaries 
Multiple lines can be seen in the diagram titled 
A1, A2, A3, A4, and ACM. The A in their name 
stands for the word ‘arrest’. As the temperature 
of the metal increases or decreases, phase 
change occurs at these boundaries when the 
temperature reaches the value on the boundary. 
Normally, when heating an alloy, its temperature 
increases. But along these lines (A1, A2, A3, 
A4, and ACM) the heating results in a 
realignment of the structure into a different 
phase and thus, the temperature stops increasing 
until the phase has changed completely. This is 
known as thermal arrest as the temperature stays 
constant.Alloy steel elements such as nickel, 
manganese, chromium, and molybdenum affect 
the position of these boundaries on the phase 
diagram. The boundaries may shift in either 
direction depending on the element used. For 

example, in the iron carbon phase diagram, 
addition of nickel lowers the A3 boundary while 
the addition of chromium raises it. 
Eutectic Point 
Eutectic point is a point where multiple phases 
meet. For the iron-carbon alloy diagram, the 
eutectic point is where the lines A1, A3 and 
ACM meet. The formation of these points is 
coincidental. At these points, eutectic reactions 
take place where a liquid phase freezes into a 
mixture of two solid phases. This happens when 
cooling a liquid alloy of eutectic composition all 
the way to its eutectic temperature. The alloys 
formed at this point are known as eutectic alloys. 
On the left and right side of this point, alloys are 
known as hypoeutectic and hypereutectic alloys 
respectively (‘hypo’ in Greek means less than, 
‘hyper’ means greater than). 
Phase Fields 
The boundaries, intersecting each other, mark 
certain regions on the Fe3C diagram. Within 
each region, a different phase or two phases may 
exist together. At the boundary, the phase 
change occurs. These regions are the phase 
fields.They indicate the phases present for a 
certain composition and temperature of the 
alloy. Let’s learn a little about the different 
phases of the iron-carbon alloy. 
Different Phases 
α-ferrite 
Existing at low temperatures and low carbon 
content, α-ferrite is a solid solution of carbon in 
BCC Fe. This phase is stable at room 
temperature. In the graph, it can be seen as a 
sliver on the left edge with Y-axis on the left 
side and A2 on the right. This phase 
is magnetic below 768°C.It has a maximum 
carbon content of 0.022 % and it will transform 
to γ-austenite at 912°C as shown in the graph. 
γ-austenite 

This phase is a solid solution of carbon in FCC 
Fe with a maximum solubility of 2.14% C. On 
further heating, it converts into BCC δ-ferrite at 

1395°C. γ-austenite is unstable at temperatures 
below eutectic temperature (727°C) unless 
cooled rapidly. This phase is non-magnetic  
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δ-ferrite 
This phase has a similar structure as that of α-
ferrite but exists only at high temperatures. The 
phase can be spotted at the top left corner in the 
graph. It has a melting point of 1538°C. 
Fe-3 C or Cementite  
Cementite is a metastable phase of this alloy 
with a fixed composition of Fe3C. It decomposes 
extremely slowly at room temperature into Iron 
and carbon (graphite).This decomposition time 
is long and it will take much longer than the 
service life of the application at room 
temperature. Some other factors (high 
temperatures and addition of certain alloying 
elements for instance) can affect this 
decomposition as they promote graphite 
formation .Cementite is hard and brittle which 
makes it suitable for strengthening steels. Its 
mechanical properties are a function of its 
microstructure, which depends upon how it is 
mixed with ferrite. 
Fe-C liquid solution 
Marked on the diagram as ‘L’, it can be seen in 
the upper region in the diagram. As the name 
suggests, it is a liquid solution of carbon in iron. 
As we know that δ-ferrite melts at 1538°C, it is 
evident that melting temperature of iron 
decreases with increasing carbon content.  
Role of Different Element Used in Steel Alloy 
You may only know different steel grade has 
many different chemical composition and 
elements in different amount. Here in this post, 
we sort out and list 21 chemical elements 
and effects on steel properties.Steel in general is 
an alloy of carbon and iron, it does contain many 
other elements, some of which are retained from 
the steel making process, other elements are 
added to produce specific properties. We can see 

some most common chemical elements with 
important effects on steel properties. 
Carbon 
Carbon is the most important element in steel, it 
is essential in steels which have to be hardened 
by quenching and the degree of carbon controls 
the hardness and strength of the material, as well 
as response to heat treatment (harden ability) 
Types of Steel 
According to the American Iron & Steel Institute 
(AISI), Steel can be categorized into four basic 
groups based on the chemical compositions: 
Carbon Steel 
Alloy Steel 
Stainless Steel 
Tool Steel 
Classifications 
Types of Steel can also be classified by a variety 
of different factors: 
Composition: Carbon range, Alloy, Stainless. 
The production method: Continuous cast, 
Electric furnace, Etc. Finishing method 
used: Cold Rolled, Hot Rolled ,Cold Drawn 
(Cold Finished), Etc. 
Form or shape: Bar, Rod, Tube, Pipe, Plate, 
Sheet, Structural, Etc. De-oxidation process 
(oxygen removed from steelmaking process): 
Killed & Semi-Killed Steel, Etc. Microstructure: 
Ferritic, Pearlitic, Martensitic, Etc. Physical 
Strength (Per ASTM Standards).Heat Treatment: 
Annealed, Quenched & Tempered, Etc. Quality 
Nomenclature: Commercial Quality, Drawing 
Quality, Pressure Vessel Quality, Etc 
Steel Numbering Systems 
There are two major numbering systems used by 
the steel industry, the first developed by 
the American Iron & Steel Institute (AISI), and 
the second by the Society of Automotive 
Engineers (SAE). Both of 

these systems are based on four digit code 
numbers when identifying the base carbon and 
alloy steels. There are selections of alloys that 
have five digit codes instead. 

If the first digit is a one (1) in this designation it 
indicates a carbon steel. All carbon steels are in 
this group (1xxx) in both the SAE & AISI 
system. They are also subdivided into four 
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categories due to particular underlying properties among them. See below: 
Plain  Carbon Steel is encompassed within the 
10xx series (containing 1.00% Mn maximum) 
Re-Sulfurized Carbon steel is encompassed 
within the 11xx series 
Re -Sulfurized and Re-Phosphorized Carbon 
Steel is encompassed within the 12xx series 
Non-Re-Sulfurized High-Manganese (up-to 
1.65%) carbon steel is encompassed within the 
15xx series. 
The first digit on all other alloy steels (under the 
SAE-AISI system), are then classified as 
follows: 
2 = Nickel steels. 
3 = Nickel-chromium steels. 
4 = Molybdenum steels. 
5 = Chromium steels. 
6 = Chromium-vanadium steels. 
7 = Tungsten-chromium steels. 
8 = Nickel-chromium-molybdenum steels 
9 = Silicon-manganese steels and various other 
SAE grades 
The second digit of the series (sometimes but not 
always) indicates the concentration of the major 
element in percentiles (1 equals 1%).The last 
two digits of the series indicate the carbon 
concentration to 0.01%.For example: SAE 5130 
is a chromium alloy steel containing about 1% of 
chromium and approximately 0.30% of carbon. 

Carbon Steel 
Carbon Steel can be segregated into three main 
categories: Low carbon steel (sometimes known 
as mild steel); Medium carbon steel; and High 
carbon steel. 
Low Carbon Steel (Mild Steel):  Typically 
contain 0.04 
There are many different grades of steel that 
encompass varied properties. These properties 
can be physical, chemical and environmental. 
All steel is composed of iron and carbon. It is 
the amount of carbon, and the additional alloys 
that determine the properties of each grade. 
The characteristic difference between cast iron 
and carbon steel is the carbon content. Carbon 
steel has less than 1.5 % carbon. It is easy to 
fabricate and has better strength than cast iron. It 
is easier to weld than cast iron. The main 
disadvantage in using carbon steel is its 
susceptibility to corrosion.  
Types of Carbon steel 
Carbon Steel is divided into three subgroups 
depending on the amount of carbon in the metal: 
Low Carbon Steels/Mild Steels (up to 0.3% 
carbon), Medium Carbon Steels (0.3–0.6% 
carbon), and High  
Steels (more than 0.6% carbon) 

Sr. 
No. 

Carbon Steel 
Carbon 
Contents 

Microstruct
ure 

Properties Examples 

1 
Low-
carbon steel 

< 0.25 
Ferrite, 
pearlite 

Low hardness and cost. 
High ductility, toughness, 
machinability and 
weldability 

AISI 
304, ASTM 
A815, AISI 
316L 

2 
Medium-
carbon steel 

0.25 – 
0.60 

Martensite 
Low hardenability, 
medium strength, ductility 
and toughness 

AISI 
409, ASTM 
A29, SCM435 

3 
High-
carbon steel 

0.60 – 
1.25 

Pearlite 
High hardness, strength, 
low ductility 

AISI 440C, EN 
10088-3 

Table-1 
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Low-carbon steel   
Low-carbon steel is the most widely used form 
of carbon steel. These steels usually have a 
carbon content of less than 0.25 wt. %. They 
cannot be hardened by heat treatment (to form 
martensite) so this is usually achieved by cold 
work. Carbon steels are usually relatively soft 
and have low strength. They do, however, have 
high ductility, making them excellent for 
machining, welding and low cost. High-strength, 
low-alloy steels (HSLA) are also often classified 
as low-carbon steels, however, also contain other 
elements such as copper, nickel, vanadium 
and molybdenum. Combined, these comprise up 
to 10 wt.% of the steel content. High-strength, 
low-alloy steels, as the name suggests, have 
higher strengths, which is achieved by heat 
treatment. They also retain ductility, making 
them easily formable and machinable. HSLA are 

more resistant to corrosion than plain low-
carbon steels. 
Medium-carbon steel 
Medium-carbon steel has a carbon content of 
0.25 – 0.60 wt.% and a manganese content of 
0.60 – 1.65 wt.%. The mechanical properties of 
this steel are improved via heat treatment 
involving autenitising followed by quenching 
and tempering, giving them a martensitic 
microstructure. 
Heat treatment can only be performed on very 
thin sections, however, additional alloying 
elements, such as chromium, molybdenum and 
nickel, can be added to improve the steels ability 
to be heat treated and, thus, hardened. Hardened 
medium-carbon steels have greater strength than 
low-carbon steels, however, this comes at the 
expense of ductility and toughness. 

Network Material Grade 

Cooling water steam 
Condensate 

Carbon steel API 5L Gr.B 

Steam up to  3750C Carbon steel ASTM A 106Gr.B 

Steam more than 400 0C Alloy Steel ASTM A335 Gr.P11 & P22 

Table-2 
High-carbon steel 
High-carbon steel has a carbon content of 0.60– 
1.25 wt.% and a manganese content of 0.30 – 
0.90 wt.%. It has the highest hardness and 
toughness of the carbon steels and the lowest 
ductility. High-carbon steels are very wear-
resistant as a result of the fact that they are 
almost always hardened and tempered. Tool 
steels and die steels are types of high-carbon 
steels, which contain additional alloying 
elements including chromium, 
vanadium, molybdenum and tungsten. The 
addition of these elements results in the very 

hard wear-resistant steel, which is a result of the 
formation of carbide compounds such 
as tungsten carbide (WC). 
Comparison of properties and applications of 
different grades 
Examples, properties, and applications of the 
various carbon steels are compared in the 
following. 
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Type 
AISI/ASTM 
name 

Carbon 
content 
(wt.%) 

Tensile 
strength 
(M Pa) 

Yield 
strength 
(M Pa) 

Ductility (% 
elongation in 
50 mm) Applications 

Low 1010 0.1 325 180 28 
Automobile 
panels, nails, wire 

Low 1020 0.2 380 205 25 
Pipes, structural 
steel, sheet steel 

Low A36 0.29 400 220 23 Structural 

Low 
A516 Grade 
70 0.31 485 260 21 

Low-temperature 
pressure vessels 

Medium 1030 

0.27 – 
0.34 460 325 12 

Machinery parts, 
gears, shifts, 
axles, bolts 

Medium 1040 

0.37 – 
0.44 620 415 25 

Crankshafts, 
couplings, cold 
headed parts. 

High 1080 

0.75 – 
0.88 924 440 12 Music wire 

High 1095 

0.90 – 
1.04 665 380 10 

Springs, cutting 
tools 

Table-3 
Urea plant.  
Corrosion from ammonium carbamate—an 
intermediate product formed during the 
conversion of NH3 and CO2 to urea—is a major 
problem. The intensity of corrosion is greatest in 
the reaction section and the first recycle, where 
pressures, temperatures and concentrations are 
higher than downstream. The reactor liner, 
pumps, decomposers, strippers and condensers 
are more vulnerable to attack by ammonium 
carbamate. The urea reactor is a multilayered 
vessel of carbon steel with corrosion-resistant 
interior liner. Reactor-liner materials are usually 
SS 316 L (urea grade) with a lower ferrite 
content ( 0.6 % for pipes and < 1% for forging). 
SS 316 L and SS 316 L (urea grade) have 
significant difference (Table 3). American 
Society for Testing and Materials (ASTM) 
allows a large tolerance range for composition of 

316 L. For example, 316 L—urea grade—is 
produced to a well-defined composition, which 
enables maximum corrosion resistance. “After 
more than 20 years of employing the Safurex® 
super duplex material, most of the corrosion 
phenomena associated with high pressure 
synthesis sections of urea plants traditionally 
constructed from austenitic stainless steels (e.g. 
316 UG and X1CrNiMoN25-22-2) have been 
eliminated. Corrosion is hardly measurable on 
liner plates of high pressure vessels.” Very few 
other CRAs are used at Stamicarbon “Although 
titanium is a well-known corrosion resistant 
material, it is hardly ever specified as a material 
of construction in our plants, apart from being 
used to manufacture some components in 
pressure transmitters. Aside from the issues of 
cost and weldability, it is susceptible 
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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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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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