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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 corrosionresistant 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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Fig-19
Ferritic Stainless Steel
Ferritic stainless steel has a carbon content of
0.2% or less. Chromium content 11
11-18%
.Although it can not be heat treated and has poor
tensile and impact strength, it better corrosion
resistance than martensitic stainless steel. It is
suitable for use with strong
ong oxidizing acids such
as Nitric acid.
Ferritic steel is a grade of stainless steel alloy
that contains over 12% chromium. It differs
from other forms of stainless steel in two critical
regards: its molecular grain structure and its
chemical composition. Ferritic stainless steel is
actually defined as a straight chromium non
nonhardenable class of stainless alloys that have
chromium contents ranging from 10.5% to 30%
and a carbon content of less than 0.20%.These
steels are non-hard
hard enable by heat treatment, and
only marginally hardenable by cold rolling.
Ferritic stainless grades include.All
All types of
stainless steel incorporate chromium, which is
striking for its corrosion resistance, hardness and
extraordinary gloss when polished. Ferritic steels
are unique in the sense that they typically
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contain higher amounts of chromium than other
forms of stainless steel. For example, one of the
most commonly used types of austenitic steel —
18/10 stainless — contains 18% chromium —
however, it contains no nickel unlike austenitic.
In contrast, Ferritic stainless steels can contain
chromium levels that are as high as 27%. Not all
types of Ferritic stainless steel contain high
amounts of chromium however; in some cases
they have even less than their austenitic
auste
equivalents.
One universal difference between ferritic and
austenitic stainless steels is that Ferritic stainless
steels contain little or no nickel. They share this
trait with martensitic stainless steels, the
majority of which also contain no nickel.
nicke Lastly,
ferritic steels are typified by the fact that they
contain hardly any carbon.
The Ferritic Grain Structure
A stainless steels composition plays a large part
in how the metal is structured on a molecular
level. Those structures are
re actually what give the
various types of stainless steel their names. For
example, Ferritic steels are so called because
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they are made up of the microstructures known
as ferrite. Ferrite is a metallurgical phase of iron
effectively insoluble. Ferrite is practically absent
in quenched martensitic and austenitic stainless
steels, but its presence is what characterizes
stainless steels. It is also worth noting that
annealed martensitic
nsitic stainless steels also contain
carbide and ferrite. Without getting too much
deeper into the chemistry of metal formation, it
should be noted that the various alloys of
stainless steel mainly differ in terms of where
the iron atom is located within eeach grain.

within which metallic alloying elements
ele
are in a
solid
solution,
but
carbon
is
Ferritic steels have a body-centered
centered-cubic grain
structure. Austenitic and other types of stainless
steel, however, possess a face-centered
face
grain
structure. The body-centered
centered-cubic grain is
responsible for Ferritic steel’s magnetic nature;
this differs from all other types of stainless steel.
This distinction lies in the quantum-mechanical
quantum
aspect of the metal's microstructures — that is,
the way the electrons are arranged at the core of
the metal's grain

Fig-20
Characteristics of Ferritic Stainless Steel
Strip
There are five important characteristics to be
aware of when considering the performance
of Ferritic stainless steel. Steel with Resistance
to Stress Corrosion Cracking. Stress corrosion
cracking (SCC) is a frequently occurring type of
steel degradation which is triggered by a
combination of a corrosive environment and
tensile stress. Austenitic stainless steels are
especially vulnerable to SCC when exposed to
chlorides. However, the microstructures present
in ferritic steels, afford them a high degree of

resistance to SCC, making them a good choice
for use in environments and applications where
chlorides may be present.Stainless Grades
Which Have Good Ductility and Formability.
Steel’s hardness comes from carbon,
ca
yet carbon
also contributes to making steel less ductile and
more brittle. Because Ferritic steel contains
carbon levels as low as 0.03% they usually
possess above average ductility. This means that
ferritic steels can be shaped considerably
without risk of weakening.
Ferritic steels’ low carbon content also provides
them with exceptional formability properties,
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allowing them to be formed into numerous
shapes without having to contend with problems
necking. The benefits of Ferritic steel's lowcarbon composition do come with certain
compromises though. For example, it is not
possible to harden ferritic steels through heat
treatment. Additionally, some types of Ferritic
steel may display problems when welded, such
as unexpected cracking along the heat-affect
zone.
Types of Stainless Exhibiting Low Thermal
Expansion
Ferritic steels have a naturally low coefficient of
thermal expansion. This can be a real benefit,
and simply means that Ferritic steels will
undergo less expansion as they take on heat.
Because the metal will retain its fixed dimension
more readily, this makes Ferritic stainless steels
well suited to high temperature applications.
Stainless Steels Known to Have High
Thermal Conductivity
Ferritic stainless steels possess outstanding
thermal conductivity attributes, meaning that
heat can move through them efficiently. As a
result, ferritic steels see widespread use in
furnace and boiler heat exchangers, as well as
other applications involving the transfer of heat.
Stainless Steel with High Oxidation
Resistance
Lastly, Ferritic stainless steel is exceptionally
resistant to oxidation, notably at high
temperatures. This resistance is a result of the
formation of a protective chromium-oxide film
on the steel’s surface. It is possible to improve
oxidation resistance even more by including
silicon and/or aluminum when manufacturing
ferritic steel. Ferritic stainless steels are highly
resistant to chloride-induced SCC, but even if
ferritic grades do not crack under such
conditions, their resistance to other types of
corrosion, such as localized corrosion and
uniform corrosion, is determined by a
combination of the alloy composition and the
service environment.

such

as

cracking

or

High chromium Ferritic alloys can suffer
from embrittlement under
incorrect
and
prolonged heat treatment often referred to as
475 °C embrittlement. Even though ferritic
stainless steels exhibit excellent resistance
to stress
corrosion in chloride solutions,
sensitization or high temperature embrittlement
at 475 °C leads to cracking of these grades in a
chloride or caustic solution. Another operation
that increases the susceptibility to cracking in
ferritic grades is cold work. Alloying elements in
Ferritic grades identified as causes of SCC
include
nitrogen,
copper,
nickel,
and
carbon. Microstructure effects on increasing
cracking properties, are probably related to the
reduction of ductility which occurs where
precipitation of carbides and nitrides occur in
high temperature embrittlement at 475 °C.
Ferritic stainless steels are generally of lower
cost than the austenitic steels and are used when
good cold-formability is required. About half of
the stainless steels produced are rolled to sheet,
which is subsequently cold-drawn into articles
such as cooking utensils, sinks and automotive
trim. Martensitic stainless steels contain more C
than the ferritic and can be heated to form
austenite
then
cooled
with
excellent
hardenability to form martensite. They can then
be tempered to yield strengths in the range 550
to 1860 M Pa and can be used for cutting
implements.
Martensitic Stainless SteelsMartensitic stainless steel has a Carbon.-1.2% or
less. And Chromium.-12-18%.It has better
hardenability and strength than does Ferritic
stainless steel. It is used as cladding to carbon
steel for some process vessels.
Type of Martensite stainless steel
Martensitic steel can further be divided into two
distinct types based on its carbon content.
Low Carbon martensite stainless steel
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Low carbon martensitic steel has a carbon
content between from 0.05% to 0.25%. Low
carbon versions of Martensitic steel are stronger,
provide a higher corrosion resistance, and
enhanced potential for fabrication.
High Carbon Martensite stainless steel
High carbon martensitic steel usually has carbon
content between 0.61% and 1.50%. Increased
carbon content makes the steel stronger because
carbon strengthens the molecular structure.
However, it also makes the metal more brittle
and it cannot be welded or easily formed into
other shapes.
Martensitic grades are especially susceptible to
hydrogen embrittlement in tempered conditions.
This susceptibility to hydrogen embrittlement
can have an adverse effect on any catholic
protection of martensitic stainless steels in
applications such as in seawater. The catholic
protection sets the potential in a risk area, at low
negative potentials, for hydrogen embrittlement
to occur. Another risk scenario for martensitic
stainless steels is grain boundary precipitation
caused by tempering, which leads to an
increased risk of intergranular SCC. The
hardness of the material is often an important

factor in the selection of martensitic stainless
steels, but comes at a cost, since the mechanical
toughness decreases with increasing hardness.
This will also influence the stress levels in the
material, particularly in welded components.
Martensitic SS have a body-centred tetragonal
crystal structure (as Shon in the Figure-21. The
Cr content in martensitic SS varies from 10.5%
to 18%, and the carbon content can be greater
than 1.2%. The amount of Cr and C are adjusted
in such a way that a martensitic structure is
obtained. Several other elements, for example,
tungsten, niobium, and silicon, can be added to
alter the toughness of the martensitic SS. The
addition of small amounts of nickel enhances the
corrosion resistance and toughness, and the
addition of sulfur in this alloy improves the
machinability. They have good mechanical
properties and moderate corrosion resistance,
and they are ferromagnetic. These alloys may be
heat treated, in a similar manner to conventional
steels (e.g., tempering and hardening), to provide
a range of mechanical properties but offer higher
hardenability and have different heat treatment
temperatures.

Fig-21
Their corrosion resistance may be described as
moderate (i.e., their corrosion performance is
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poorer than other stainless steels of the same
chromium and alloy content). These stainless
tempered by heat treatment. Thus they are
capable of developing a wide range of
mechanical properties (i.e., high hardness for
cutting instruments and lower hardness with
increased
toughness
for
load-bearing
applications). Martensitic stainless steels used in
medical devices usually contain up to 1% nickel.
Although there are some martensitic grades with

steels

Fig-22
What Is The Difference Between Ferritic,
Austenitic And Martensitic Stainless Steels?
Crystalline Structure Of Stainless Steels. The
vast majority of metals have a crystalline
structure in their solid state, meaning that they
are made up of crystallized lattice structures of
atoms. By definition, all steels, including
stainless steels, are primarily made up of
crystallized iron atoms with the addition of
carbon. The iron in steel can exist in several

can

be

hardened

and

higher nickel contents, these grades are not
generally used for medical device applications.
For example, applications of martensitic SS
(Fig.22) include bone curettes, chisels and
gouges, dental burs, dental chisels, curettes,
explorers, root elevators, forceps, haemostats,
retractors, orthodontic pliers, and scalpels.

different crystalline structures, dependent on the
conditions of its creation. Ferrite, austenite, and
martensite are all examples of iron’s crystal
structures, and all are found within different
types of steel. One of the defining differences
between these crystal structures is the amount of
carbon they can absorb - a greater carbon
content generally, though not always, makes a
steel harder, but more brittle.
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As a liquid, molten iron is not crystalline, and
crystals are only formed when the material
cools. When the material cools, steel solidifies
as individual crystals forming gradually, which
can mean that any one type of steel is actually
made up of several crystal types as the metal
slowly forms crystals through multiple
temperature stages. This means that regardless
of their defining crystal structure, it is not
Ferritic Stainless Steel

uncommon for steels to contain small mixed
amounts of ferrite, austenite, and Cementite.
While the information below covers Ferritic,
austenitic, and martensitic steels, almost all of
Accu's stainless steel components have an
austenitic crystalline structure. For more specific
information on exact austenitic steel grades,
please see our article on the many different
grades of austenitic stainless steel.
Austenitic stainless steels

Ferritic steels are made up of ferrite crystals, a form of
iron which contains only a very small amount (up to
0.025%) of carbon. Ferrite absorbs such a small amount
of carbon because of its body centered cubic crystal
structure - one iron atom at each corner, and one in the
middle. This central iron atom is what gives Ferritic
stainless steels their magnetic properties.
Ferritic stainless steels are less widely-used due to their
limited corrosion resistance and average strength and
hardness.
Ferritic stainless steels are classified in the 400 series,
usually with 10% to 30% chromium content, and are
often chosen for their excellent corrosion resistance and
elevated temperature oxidation resistance. With greater
strength than carbon steels, ferritics provide an
advantage in many applications where thinner materials
and reduced weight are necessary, such as automotive
emission control systems. They are non-hardenable by
heat treating and are always magnetic. Typical
applications for ferritic stainless steels include
petrochemical, automotive exhaust systems and trim,
heat exchangers, furnaces, appliances and food
equipment to name a few.

Austenitic stainless steels contain austenite,
a form of iron which can absorb more
carbon than ferrite. Austenite is created by
heating ferrite to 912 degrees C, at which
point it transitions from a body centred
cubic crystal structure to a face centred
cubic crystal structure. Face centred cubic
structures can absorb up to 2% carbon.
When austenite cools, it generally reverts
back to its ferrite form, which makes
austenite difficult to utilize at anything
below the extreme temperatures of a
smelting furnace. Austenite can be forced to
retain its crystal structure at low
temperatures with the inclusion of chemical
additives, such as the nickel and manganese
found in many austenitic stainless steels.
Austenitic stainless steels cannot be
significantly hardened by heat treatment,
but can be hardened by cold working.
Austenitic stainless steels are widely used,
particularly in stainless steel screws, due to
their excellent resistance to corrosion.
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Fig-23
Composition of some Ferritic stainless steels (in wt %)
Type

C

Mn

Si

Cr

Ni

P

S

Other

405

0.08

1

1

11.5–14.5

–

0.04

0.03

0.01–0.03
Al

430

0.12

1

1

10.5–11.75

–

0.04

0.03

434

0.12

1

1

16

–

0.04

0.03

444

0.12

1

1

17.5–19.5

–

0.04

0.03

446

0.12

1

1

23–27

–

0.04

0.03

Table-9
Martensite and Austenite. Stability.
The formation of martensite at room
temperature may be thermodynamically
possible, but the driving force for its formation
may be insufficient for it to form spontaneously.
However, since martensite forms from unstable
austenite by a diffusion less shear mechanism, it
can occur if that shear is provided mechanically
by external forces. This happens during
deformation, and the degree to which it occurs
varies with composition.
Md30(0C)=551-462(%C+%N)
-9.2(%Si)-8.1(%Mn)-13.6(%Cr)
-29(%Ni+Cu)-18.5(%Mo)
-68(%Nb)-1.42(GS-8)----------(Eq-1)
This is the temperature at which 50% of the
austenite transforms to martensite with 30% true
strain . It should be noted that even elements that
are chromium equivalents in promoting ferrite
are austenite stabilizers in that they impede

1.75–1.25
Mo;

martensite formation. This temperature is the
common index of austenite stability. This
regression analysis was generated for
homogeneous
alloys.
If
alloys
are
inhomogeneous,
Such as occurs when they are sensitized or when
solute segregation occurs, as from welding, then
the equation applies on a microscopic scale.
Sensitized zones (i.e., the regions near grain
boundaries where chromium carbides have
precipitated) will have a much higher tendency
to transform to martensite. Figures 3(a) and (b)
show the changes in phase structure as a
function of composition over ranges that
encompass these alloys. Martensite can be
present in two different forms. The α′-form is the
bcc magnetic form, while ε is a nonmagnetic,
hcp (hexagonal close packed) version. The
formation of ε versus α′ is related to the stacking
fault energy of the alloy.
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Y300SF(mJM-2)=Y0SF+1.59Ni-1.34Mn
+0.06Mn2-1.75Cr+0.01Cr2
+15.21Mo-5.59Si
-60.69(C+1.2N)1/2
+26.27(C+1.2N)
Mechanical Properties.
The tensile properties in the annealed state not
surprisingly relate well to composition. The
0.2% yield strength and tensile strength,
respectively, are reported (Ref 10) to follow the
equations:
Yield strength (M.Pa) =15.4[4.4+23(%C) +
32(%N)
+0.24(%Cr)+0.94(%Mo)
+1.3(%Si)+1.2(%V)
+0.29(%W)+0.26(%Nb)
+ 1.7(%Ti)+0.82(%Al)
+0.16(%Ferrite)
+0.46(%d-1/1/2)…………….(eq-3)
Tensile Strength (M.Pa)= 15.4[29+35(%C) +
55(%N)
+2.4(%Si)+0.11(%Ni)+1.2(Mo)
+5.0(%Nb)+3.0(%Ti)+1.2(%Al)
+0.14(%Ferrite)+0.82(d1/2
)……….(eq-4)
In each case, d is the grain diameter in
millimetres. Another research gave the
relationships as:
Yield
strength
(M.Pa)=120+210√(N+.02)
+2Mn+2Cr
+14Mo+10Cu+(6.15-0.054δ)δ
+7+35(N+0.2)
+14Mo+1.5δ)+δd-1/2……………..(eq-5)
TS=470+600(N+0.2)+14Mo+1,5δ+8d1/2
…………………………………… .(eq-6)
Again, d is grain diameter in millimetres, and δ
is percent ferrite. The claimed accuracy for the
latter set of equations is 20 MPa and is said to
apply to both austenitic and duplex stainless
steels, but clearly the tensile strength
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(Cr+Mn+Mo)1/2
+0.61[Ni(Cr+Mn)]1/2……….(eq-2)
Stainless Steels for Design Engineers
relationship must break down for leaner alloys,
such as 301, in which tensile strength increases
with decreasing alloy content because of the
effect of increasing alloying causing less
transformation to martensite, which inarguably
produces higher tensile strengths in austenitic
stainless steels. Equation 3 must also be favored
over Eq- 5 in that it accounts for carbon
explicitly. One other hardening mechanism is
possible in austenitic stainless steels, and that is
precipitation hardening. Most precipitationhardening stainless steels are unstable austenite,
which is transformed to martensite before the
precipitation hardening takes place. One
commercial alloy, A-286, is entirely austenitic
and employs the precipitation within the
austenite matrix of Ni3 (titanium, aluminium)
for strengthening. This is dealt with in a separate
section. Austenitic stainless steels do not have a
clear yield point but can begin to deform at as
little as 40% of the yield strength. As a rule of
thumb, behaviour at less than half the yield
strength is considered fully elastic and stresses
below two thirds of the yield strength produce
negligible plastic deformation. This quasi-elastic
behavior is a consequence of the many active
slip systems in the fcc structure. Even highly
cold worked material exhibits this phenomenon,
although stress-relieving cold-worked material
will cause dislocations to “lock in place” and
form more stable dislocation arrays that break
loose at a higher and distinct yield point. The
tensile properties of austenitic stainless steels
with unstable austenite, that is, those with Md30
temperatures (Eq- 1) near room temperature, are
very
strain
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rate dependent. This is simply due to the
influence of adiabatic heating during testing
increasing the stability of the austenite. Tests run
under constant temperature conditions, either by
slow strain rates or use of heat sinks produce
lower tensile strengths. Thus, reported tensile
strengths should not be taken as an absolute
value but a result that can be significantly
changed by changes in testing procedure, even
with accepted norms and standards. Highly coldworked austenitic stainless steels are often used
for their robust mechanical properties. Few
metallic materials can match the very high
strengths they can achieve. Very lean 301 can be
cold worked to yield strengths on the order of
2000 MPa because of its unstable austenite
transforming to martensite. When cold worked

to lower degrees, it can provide very high
strength while keeping impressive ductility.
Precipitation of Carbides and Nitrides.
Carbon is normally considered as an undesirable
impurity in austenitic stainless steel. While it
stabilizes the austenite structure, it has a great
thermodynamic affinity for chromium. Because
of this affinity, chromium carbides, M23C6 ,
form whenever carbon reaches levels of
supersatura tion in austenite, and diffusion rates
are sufficient for carbon and chromium to
segregate into precipitates. The solubility of
carbon in austenite is over 0.4% at solidification
but decreases greatly with decreasing
temperature.
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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
temperature creep rupture resistance.
Using
ng duplex stainless steels and modern
corrosion abatement techniques are other
methods
that
improve
plant
plant-operating
performance.
Large-scale
scale fertilizer plants continue to be
built worldwide to meet the growing fertilizer
demand. A major factor contributin
contributing to this
achievement is the industry's success in
combating corrosion. Adopting modern
corrosion-abatement
abatement techniques and applying
new generation/improved materials of
construction effectively mitigate process
corrosion factors. Materials science is
an interdisciplinary
terdisciplinary field involving the
properties of matter and its applications to
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various areas of science and engineering. It
includes elements of applied physics and
chemistry, as well as chemical, mechanical,
civil and electrical engineering. Materials
science is also an important part of forensic
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
tions are key to
understanding, for example, the causes of
various aviation accidents and incidents. Many
issues arise over material selection and
corrosion abatement in modern fertilizer
plants. With developments of metallurgy, and
usage
of
newer
corrosion-prevention
corrosio
techniques, it is possible to cost-effectively
cost
and, more important, safely operate and
maintain large-scale
scale plants. Changes to the
ammonia/urea processes have reduced harsh
environments. New generation materials, such
as, ceramics, are resistant
nt to the rigors of
93
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processing. Life-cycle analysis and costing are
also gaining acceptability as the basis of
material selection.
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