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ABSTRACT
Article info: Based on an old definition, steels are alloys of iron and carbon in which the
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Received: 01 September 2024 amount of carbon va(l)"les up to 1.7% and elements SlllCh as manganese, silicon in
Accepted: 02 October 2024 amounts less than 1% and phosphorus and sulfur in small amounts as well as

elements Like chromium, nickel and molybdenum exist as alloying elements.
Having high strength and good flexibility distinguishes steels from other alloys
and non-metallic materials, and steels are very resistant to variable actions and
impacts. Their tensile strength varies from 400 to 2000. Simple carbon steels are
steeling whose alloy percentage is very small. These types of steels have the
highest amount of consumption in all types of steels. These steels are divided into
three categories, which are explained in the next sheet. Due to the wide use of
iron alloys such as cast iron and steel in the industry, we can understand the
importance of this goal in human life. Iron, which is a very soft and flexible
element in its pure form, is found in nature as iron ore, which is hard and brittle.
The tendency of iron to combine with other elements, especially carbon, which
has a great effect on its hardness, brittleness and brittleness.
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Introduction use them in temperatures below zero and
ased on an old definition, steel is  temperatures of 700 degrees Celsius.
an alloy of iron and carbon, the  Undoubtedly, among industrial metals and
amount of carbon in which is alloys, steels are the oldest family of these alloys.
variable up to 1.7%, and elements Their tensile strength varies from 400 to 2000.
such as manganese, silicon in .
comparison less than 1%, and Hypereutectoid steels
phosphorus and sulfur in small The amount of carbon in these alloys is between

quantities as elements [1-3]. There are impurity ~ 0.8-0.25 percent. In this alloy, when the

and elements such as chromium, nickel, and  temperature reaches the transformation degree,

molybdenum as alloy elements. High strength  the primary ferrite is separated from the
and good ductility distinguish steels from other
alloys and non-metallic materials [4-6]. Steels
are very resistant to variable actions and
impacts, and on the other hand, it is possible to

austenite, and due to the lower solubility of
ferrite for the carbon element [7-9], a further
decrease in temperature while increasing the
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solid amount of ferrite causes the remaining
austenite to be enriched with carbon [10-12].
This importance continues until reaching the
temperature of eutectoid and austenite will be
transformed. Due to the structure order of
several alloys, the temperature will be lower
than the eutectoid temperature of primary
ferrites with a mixture of ferrite and eutectoid
cementite called pearlite. In short, if we cool the
hypoeutectoid steel, ferrite is deposited at the
grain boundary of the ashite and it is the same
everywhere [13-15].

Investigating the fields of tool steels

In these steels, there are layers of Fe3l and
ferrite, which in total form a background of
100% pearlite, but these layers are compact in
some places and spaced in some places. Are.
Pearlite, which is hard and breaks the phase,
does not allow operations and workability in
these steels, and the production of parts with
0.8% carbon is done only through casting, which
are used in the manufacture of parts such as
cutting tools for metal [16-18],
transportation and Transportation, railways,
rolling machines.

oozing

Cementite (iron carbide)

With the chemical formula Fe3C, it has 6.67% of
carbon. Cementite is relatively hard and brittle
and is an intermediate compound. Its tensile
strength is small and around 5000 PSIL Its
compressive strength is high [19-21]. Its crystal
structure is orthorhombic and it is the hardest
phase that appears in the iron-carbon diagram.

Slow conversion of steel

An alloy that is a hypoeutectoid steel and has
20% carbon. In the stent region, this alloy
contains a solid solution between the uniform
layers. Each crystal grain has 20% dissolved
carbon, which is placed in the empty space of the
iron crystal lattice [22-25]. When this alloy is
cooled very slowly, no changes are observed
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until the x1 point on the GJ line. The GJ line is
called the high critical temperature line in the
hypoeutectoid region and is denoted by A3.
Allotropic change from F.C.C to B.C.C for pure
iron occurs at a temperature of 910 degrees
Celsius, but as it is clear from line A3, this
temperature decreases with the increase of the
amount of carbon in iron [26-28]. Therefore, at
point x1 in the grain boundary of Stint, ferrite
starts to appear. Since ferrite can dissolve a very
small amount of carbon in itself. Therefore, in
these areas, before changing the network to
B.C.C, extra carbon must be removed from it.
The carbon that comes out of the solution
dissolves in the remaining stints, so that as the
ferrite continues to cool and increase, the
remaining stint becomes richer in carbon and its
carbon content moves down along the A3 line
[29-31]. Finally, when the temperature of the
alloy reaches the point x2 on the H]J line, the
percentage of carbon composition in the stent
reaches the point J. The HJ line is called the low
critical temperature line in the hypoeutectoid
region and is denoted by Al. Al line is the
eutectoid temperature line and it is the lowest
temperature that under
equilibrium conditions as F.C.C [32-35].

At the moment when the temperature reaches
the A1l line, the microscopic structure consists of
approximately 25% sinter and 75% ferrite. The
remaining stent, which is 25% of the total alloy,
has 0.8% of carbon and undergoes eutectoid
reaction. Note that in line A1 only Stint changes
state [36-38]. Therefore, at the end of the
reaction, approximately 25% pearlite and 75%

iron can exist

ferrite will be observed in the microscopic
structure. Now we will examine the eutectoid
reaction in more detail. How does stint turn into
ferrite?

As you know, Stint is a solution with an
intermediate limit that has about 0.8% of carbon
dissolved in F.C.Cironin the Al line, while ferrite
is B.C.C iron and has a smaller amount of carbon.
Therefore, no change can occur in its crystal
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structure, unless the carbon atoms are
separated from the solution. Therefore, the first
stage of the change in sedimentation is the
deposition of carbon atoms in the form of iron
carbide synesthete plates [39-41].

Then, due to the decrease in the amount of
carbon in the adjacent areas of the cementite
plates, iron atoms are placed together in the
form of ferrite B.C.C, and thus thin layers of
ferrite grow on both sides of the cementite
plates. As the process continues, cementite and
ferrite layers can be seen as fingerprints. This
mixture is called polythene. The reaction usually
starts at the border of cement grains and pearlite
grows towards the inside of cement grains.
During slow cooling to the x3 point on the C] line,
nothing happens in the alloy [42-45].

The C] line is called the high critical temperature
line in the hypotectoir region and is denoted by
Acm. The Acm line shows the maximum amount
of carbon that can be dissolved in Stint as a
function of temperature. Above the Acm line, the
stent reaches the saturation limit in terms of
carbon content. As the temperature decreases,
the maximum amount of carbon that can be
dissolved in the stent is reduced and moves
towards point j on the Acm line. Therefore, by
reducing the temperature from x3 to x2,
additional carbon is separated from the
saturated solution of the stint and is deposited in
the form of primary cementite along the grain
boundaries [46-48].

Effect of other elements on steel

1- Sulfur: In industrial steels, the amount of
sulfur is generally kept less than 0.05%. Sulfur
combines with iron and forms iron sulfide FES.
Iron sulphide forms with iron in the form of a
eutectic alloy and is mostly concentrated in the
grain boundaries, and when steel is forged or
rolled at high temperature, it becomes brittle,
which is known as hot brittleness [49-51]. Hot
embrittlement occurs due to the melting of
eutectic iron sulphide at the boundary of the
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grains and the reduction of adhesion of the
grains and the formation of cracks. By adding
manganese, sulfur tends to be removed, or it is
distributed uniformly inside the steel structure
as impure particles. For better results, it is
recommended that the amount of manganese be
2 to 8 times that of sulfur. In well-cut steels, the
amount of sulfur is increased by 0.08 to 0.35%
to improve the machinability of the steel. The
impurities of sulphides

brittleness and reduce tool wear [52-55].

numerous cause

2- Manganese: All plain carbon steels usually
have 0.03 to 1% of manganese. Manganese
reduces the negative effects of sulfur mentioned
above. If the amount of manganese in the steel is
more than the amount required for the
formation of MNS, the additional manganese like
iron combines with carbon and forms MNsC,
which is almost similar to iron carbide.
Manganese also increases the quality of steel
during the deoxidation process in steel casting.

3- Phosphorus: In steels, the amount of
phosphorus is usually kept below 0.04%. This
small amount is dissolved in ferrite and
increases its strength and hardness.
that in some steels, the amount of 0.07 to 0.03 in
phosphorus machinability. More
phosphorus reduces the softness of steel and
makes it brittle against cold work, which is
called cold brittleness [56-58].

It seems

increases

HYPOEUTOID steels

The amount of carbon in this alloy is between
0.0025-0.8 percent. In this alloy, when the
temperature reaches the transformation degree
of 723 degrees Celsius, the primary ferrite is
separated from the austenite, which due to the
lower solubility limit of ferrite for the carbon
element [59], a further decrease in temperature
while increasing the solid amount of ferrite
causes the remaining austenite to Carbon is
enriched. This importance continues until this
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point, when the eutectoid temperature is
reached, it will change. In this way, the structure
of several alloys will be lower than the eutectoid
temperature of primary ferrites with a mixture
of ferrite and eutectoid cementite called pearlite.
In short, if we cool the hypoeutectoid steel,
ferrite is deposited at the border of the arrested
grains and it is the same everywhere. Basically,
steels are divided based on the amount of carbon
they have, and based on this, they are used in
making parts and accessories. This grouping is
as follows.

1- Very soft steels: these steels have a
maximum of 15% carbon and they are used in
making chains and nails, rivets, wires and pins
and steel strips.

2- Soft steels: these steels have between 0.3-
0.15 percent carbon and the microscopic
structure of the steels is mostly ferrite and a
little pearlite.

Hypoeutectoid steels:

v" When the amount of carbon is at most
0.1%, it is used in making construction
steels, iron bars and rebars and special
rods for reinforcing concrete and car
parts, tin and white iron.

v" When the amount of carbon is between
0.3-0.2%, this steel is used in making
gears, levers, and forging.

Medium carbon steels: these steels have
between 0.6-0.3 percent carbon and are divided
into three categories. Ferrite and pearlite can be
seen in the metallographic image of this steel.

v Steels that have a maximum of 0.4%
carbon and are used in the manufacture
of rods, connecting rods, shafts, wires,
rods and steel plates, hooks and

resistant pipes.

v Steels that have 0.4-0.5 percent of
in making

carbon and are used
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crankshafts, shafts, holders,
baskets, nets, and bicycle rings.

v’ Steels that have between 0.5-0.6 percent
of carbon and are used in making
locomotive wheels, rails and kitchen

metals and wire ropes.

gears,

High carbon steels: these steels have between
0.6-0.9% carbon and are divided into three
categories:

v Steels that have between 0.7-0.6% of
carbon and are used in making anvils,
gravity hammering and resistant screws,
wrenches and screwdrivers, seamless
pipe making and mandrels.

v" Steels that have between 0.8-0.7 percent
carbon and are used in making band
saws and hammers, wrenches, springs,
car bumpers, small forges and large
molds for cold work, car body molds, etc.
The metallographic image of these steels
is mostly pearlite.

Tool steels: steels that have between 1.4-0.9
percent carbon. The metallographic picture of
these steels is: pearlite, cementite, which are in
the form of streaks on the border of pearlite, as
it was said, the higher the percentage of carbon,
the thicker the cementite streaks in the
background.
v" Steels that have between 0.9-1% carbon
and are used in making springs and
with high strength,
packages, knives, molds and mandrels.
v Steels that have between 1-1.1% of
carbon and are used in making drills,
milling cutters, knives, irons and irons.
v' Steels that have between 2.1-1.1%
carbon and are used in making bearings

wires tensile

and drills and parts of lathes and wood
cutting tools such as saws, graters, and
lathe blades.
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v' Steels that have between 1.3-1.2%
carbon and are used in making files and
knives and lathe tools [58].

v’ Steels that have between 1.3-1.4 percent
of carbon and are used in making cutting
blades and are also used in machine
parts that require wear resistance. It is
clear that increasing the percentage of
carbon
tensile strength of steel and decreases
the flexibility of the metal, which is
directly related to changes in its life span
[59].

increases the hardness and

Definition of eutectoid and hypotactic
transformation

If a solid turns into a second or third solid, this
called eutectoid, but
hypoeutectoid is called pre-eutectoid in which
ferrite exceeds the solubility limit [60].

transformation is

Conclusion

Steel is an alloy of iron, usually made with a few
tenths of a percent of carbon to improve
strength and impact resistance compared to
other forms of iron. In the meantime, it is
possible to use the combination of some
elements in the steel structure. For example,
stainless steels that are resistant to corrosion
and oxidation usually require an additional 11%
chromium. Chemically, iron metal can take two
crystal forms depending on temperature and
heat treatment. In this way, from the interaction
of iron allotropes with alloy elements, primary
carbon is transformed into steel. This change in
the atomic arrangement of iron, in addition to
changing the volume, brings about a change in
physical and mechanical properties, which
results in its improvement. In pure iron, the
crystal structure has relatively little resistance
against the sliding of iron atoms from each other.
Therefore, it gives iron a more flexible property.
In steel, small amounts of carbon and other
elements combine with iron to form a stronger
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structure that prevents atoms from sliding. As
mentioned, iron is the base metal of steel, and
the difference between iron and steel is that the
atomic structure of both is different. Because
steel, having different
mechanical and physical behavior than iron.
What is the composition of steel alloy? Steel is an
alloy of iron and carbon that contains less than
2% carbon and 1% manganese and small
amounts of silicon, phosphorus, sulfur and
oxygen. For the production of steel, other alloys
such as vanadium, chromium, titanium, nickel,
molybdenum, tungsten or other metals may be
used, each for specific purposes. What is the
composition of cast iron alloy? Cast iron is an
alloy of carbon and silicon that contains 2 to 5.3
percent of carbon and 0.5 to 3 percent of silicon
and a small amount of manganese, phosphorus,
and sulfur, which negatively affects its
properties. The difference between steel and
cast iron is the percentage of carbon in them, so
that an iron alloy with up to 2% carbon is called
steel and an alloy with 2 to 6% carbon is called
castiron. The carbon in the structure of castiron
is in the form of graphite, while the carbon in
steel is in the form of iron in its structure. There
are different ways to name steels. One of the
most prominent of these methods is the naming
of steel based on the DIN standard. The DIN
standard, which belongs to Germany, is one of
the leading standards in the field of metallurgy.
The scope of this standard has expanded from
primary products to final steel products.

alloys, shows a
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