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Metallurgy

Metallurgy is the science that studies the physical and chemical
behavior of metallic elements, their inter-metallic compounds, and

their mixtures, which are called alloys
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Elementary substance is made up of exceedingly small particles
called atoms Two or more atoms, either of the same kind or of
different kinds, are, in the case of most elements, capable of uniting
with one another to form a higher order of distinct particles called

molecules.
S ot IS o) s )AL e X B e Cilana (e BaLal) (ST sA bl Y) Balal)
Lo 05Se planll Lgdazmy ae (S i g 2a Calida & 53 (e g) & sill (udd (e o) ga S
bl e



Metallurgy

If the molecules or atoms of which any given material is composed
are all exactly alike, the material is a pure substance. If they are
not all alike, the material is a mixture (compound) .
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Metallurgy
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" Metallurgy

Engineering Matenials

Metallic Materials

Ferrous Non-ferrous
: — Aluminium
Steels Cast iron L Copper
+— Magnesium
— Plain — Grey — Tin
— Carbon — White +— Zinc
— Alloy — Malleable +— Lead
— Ductile — Nickel and
— Nodular their alloys

Non-metallic Materials

Organic

|

+— Plastics
— Wood
+— Paper
— Rubber
— Leather
— Petroleum
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Inorganic

|

t— Minerals
+— Cement
t— Glass
— Ceramics
— (Graphite
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Engineering Materials  Zcasgd o1 gt

Metallic Materials Zssa o15a Non-metallic Materials Zsma 4 454
| I
“ua il Ferrous Guas = s« Non-ferrous LJ'::: Organic Inorganic J;‘i:
I I — Aluminium — Plastics t— Minerals
._:: Steels Castion =0 |— Copper t— Wood t— Cement
_J _J Magnesium Paper Glass
— Plain — Grey t— Tin — Rubber t— Ceramics
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Metallurgy

Crystal structure: ¢l cus il

Solid materials may be classified according to the regularity with
which atoms or ions are arranged with respect to one another.

Some of the properties of crystalline solids depend on the
crystal structure of the material.
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There are 7 group of crystal system
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Metallurgy

System Lattice constants and angles Unit cell geometry
a
Cubic a:b:c.;:ﬁ:-‘--_-%° a d
/a
a
c
¢ a
Tetragonal a=b#ca=f=y=90° a
a
a
c
Orthorhombic azb#c a=f=9y=90° c . b
a
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Metallurgy

System Axial lengths and angles Unit cell.geometry
b}w
2 " Rhombohedral a=b=0c,a=f=7%00°
o
c
Hexagonal a=bzc,a=f= 90°, y=120° c
al @
= a
Monaclinic azbzc,a=y= 90°2f
Triclinic asbec uas firy 290
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Metallurgy

Many metals have a main types of crystal structure
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Face centered cubic FCC 42l S saia casa
body centered cubic BCC awall S paia cuata

hexagonal close-packed HCP LiSa (ol



" Metallurgy
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<y Metallic Crystal Structures

FCC (face centered cubic): Atoms are arranged at
the corners and center of each cube face of
the cell.
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Metallurgy
BCC: Body Centered Cubic

Atoms are arranged at the corners of the cube
with another atom at the cube center.
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Metallurgy
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Hexagonal Close Packed (HCP)

* Cell of an HCP lattice is visualized

as a top and bottom plane of 7 T e = ? o |
atoms, forming a regular hexagon i i
around a central atom. In o= |
between these planes is a half- i L
hexagon of 3 atoms. L e

* There are two lattice parameters -
in HCP, @ and ¢, representing the
A
basal and height parameters 3v/3 a’c
2

] Volume
respectively.

(]
L‘_f“‘-

6 atoms per unit cell
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Metallurgy

Some metals have different crystal structure
skl S il Adliag alaall any o 4T

FCC BCC HCP
Cu Cr Mg
Al Vv Zn

y-Fe o-Fe Ti
Pb 0-Fe Cd




Metallurgy

Crystallization _sL
Dendrite phenomenon and dendritic growth
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Dendrites formation in the course of crystallization presents
very general phenomenon, which is analyzed in details via
the example of ice crystals growth in deionized water.
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Stages of crystallization process during the solidification
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- Nucleus formation <l sill (<5
- Arms formation from each nucleus <L sill (s 4a Al & 3V (4 <3
- Arms meet & 3V ¢ladll
- Grain boundary formation (< sl ) Gluall 3 gas 05 S5
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Metallurgy

Four grains on a
polished and etched Fe bar

A plane

Grain 3

Fe atoms

TN

Body-centered cubic {bee)
MNames: ferrite or alpha iron (w-Fe)



Metallurgy
Allotropy phenomenon J«lill 5 jaUs

Many of the metallic elements (even some compounds such
as SiO2, quartz) exist in more than one crystal structure
form depending on the external conditions of temperature
and pressure, A crystal structure may transform into
another by the phenomenon of phase transformation if, say,
temperature is changed with the evolution/absorption of
heat, called latent heat of transformation.
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Metallurgy

Allotropy phenomenon

The best known example of allotropy is exhibited by iron is

BCC at temperatures below 910°C and above 1394°C, but
FCC between 910°C and 1394°C
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Metallurgy

Allotropy phenomenon in iron 2all 8 Jualill jals

1539°C
1400°C
|
>
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Non Magnetic
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Y (gamma) Fe - F.C.C

Non Magnetic
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Magnetic
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Metallurgy

The casting S gawal)

Starting work material is either a liquid or is in a highly plastic
condition,and a part is created through solidification of the material.
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Process in which molten metal flows by gravity or other force into a
mold where it solidifies in the shape of the mold cavity.
oo ) A e 38 aladiuly Ll Qll 8 peaiall caa (o4 d gaall (685 Ailee )
sl (<8 320 A W) Al Bk
The term casting also applies to the part made in the process
(ingots) <& suuall (13 S5 dilee o (3l ASLuil) mllaias )
Steps in casting seem simple: & suuall (3 sS3 Jal) je EOG cllia
|.  Melt the metal (el jea
2. Pouritinto a mold K&l & Gaxall cua
3. The solidification process (zall dasil 43lec



Metallurgy

Some parameters which affect the grain size in casting ( ingot)

S sannall L (lapall ) @l aaa e Sig Gl Jal gall (any

Thickness of ingot. & suuall Elaw

A mount of super cooling. il a

The rate of cooling. %l Jaxa

Chemical composition of alloy. A4Sl Al S il



Metallurgy

Effect of cooling rate on molten metal

salal) o 3l Java il

The cooling rate affects directly grain sizes, the dropping in
temperature under solidification temperature of the metal
is called (super cooling), where's the increase in super
cooling leads to a decrease in grain size of metal. The
following figure clears the effect of cooling rate on grains
size in casting.
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'Metallurgy

Columnar crystals Heat loss toward the center
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Chill layer ..
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~.7;}' Equiaxed grains

.;-u \‘.. Slow cooling rate)

’ } \§ ,.."':(. Heat loss from all
' 'i directiqns
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‘Metallurgy

Example of effect the ingot thickness on grains size in casting
10 QM‘P@EQM\M‘*\J\A

| —_—

Microstructure of ductile iron in castings with different wall thicknesses: (a) 2 mm (SMS mold), (b’
3 mm (SMS mold), (¢) 5 mm (SMS mold) (d) 13 mm (SMS mold), (e) 2 mm (LDASC mold), and (f)
13 mm (LDASC mold). Nital etched samples

In the above figure, it is clear when casting thickness increases, the grain size

increases ( be coarse) also.
Ll L ol 35 LAY (8 cala y LalS & gusall class (o)) zeual 1) (e oDle ) JSE) 8
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Metallurgy

Supercooling: L3l b 3

The speed of cooling affects the grain's size directly, where the dropping of
temperature below the solidification temperature through a certain time is
called "supercooling'.
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The increase of supercooling leads to get on the fine grain size of metal. So,
the fine grains have better mechanical properties from coarse grain size.
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Temp
°C

42 a
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Freezing
T\ ™ Point

Supercooling
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wdgl)  Time
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Metallurgy

Mechanical properties 4S5l (ol il

The mechanical properties of materials define the
behaviour of materials under the action of external

forces called loads.
T AN 88l Al it ) gal) Copeat A4S a3 gall A Gl 541
(Jlaa¥)

Mechanical properties are also useful for help to specify
and identify the metals. And the most common properties
considered are strength, hardness, ductility, brittleness,

toughness, stiffness and impact resistance.



Metallurgy
Strength

 Strength is the mechanical property that enables a metal to

resist deformation load.

The strength of a material is its capacity to withstand

destruction under the action of external loads.

* The stronger the materials the greater the load it can
withstand.




Metallurgy
Elasticity

The elasticity of a material is its power of coming back to
its original position after deformation when the stress or
load is released.

rubber

t=2t




Metallurgy

| Plasticity

. The plasticity of a material is its ability to undergo some
permanent deformation without rupture (brittle).
Plastic deformation will take place only after the elastic range

has been exceeded.
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Metallurgy
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L Hardness
 The hardness is the ability of a material to resist scratching,
__: abrasion, cutting or penetration.

The resistance of a material to force penetration is hardness.
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Metallurgy
Toughness

Joughness is a fundamental material property measuring the

ability of a material to absorb energy and withstand shock up
to fracture.

Or the ability of materials to absorb energy under impact
load.

* Toughness is the opposite condition of brittleness

BRITTLE



Metallurgy

Brittleness

~ Brittleness describes the property of a material that fractures
- when subjected to stress but has a little tendency to deform
before rupture.

*A  material that experiences very little or no plastic
deformation upon fracture is termed brittle

Generally, the brittle metals have high compressive strength
but low in tensile strength.

Brittle Fracture Ductile Fracture

¢
&y

Steel at 300 K




Metallurgy

Stiffness

The stiffness is the resistance of a metal to elastic
deformation or deflection.

In stiffness, a material which suffers light deformation
under load has a high degree of stiffness.




Metallurgy

~ Ductility

 Ductility is the ability of a material to be drawn out

~ longitudinally to a reduced section without fracture under
the action of a tensile force. In general, all metals are ductile

at elevated temperatures.

Coppe
Wire




Metallurgy
Impact Strength

The impact strength is the ability of a metal to resist
suddenly applied loads.




Metallurgy

Fatigue

Fatigue is the initiation and propagation of cracks in a
material due to cyclic loading. Once a fatigue crack has
initiated, it grows a small amount with each loading cycle.
Or it is the ability of metals to resistance the failure under

repeated loads.

Crystaline
Bumished

7
2

(1) Crack Nucleation (2) Crack Growth (3) Fracture




Metallurgy
- Creep
" oThe creep is a slow and progressive deformation of a

- material with time at a constant force.
- The force for a specified rate of strain at constant

temperature is called creep strength.




Metallurgy

Defects in crystals
The arrangement of the atoms in all materials contains imperfections

which have profound effect on the behavior of the materials.

Gl sl & gl
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By “crystalline defect” is meant a lattice irregularity having one or more
of its dimensions on the order of an atomic diameter. Classification of
crystalline imperfections is frequently made according to geometry or
dimensionality of the defect.
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Metallurgy

The importance of defects < 52! 42!

There are a lot of properties that are controlled or affected by defects,
for example:

e (sl il gl Al Gal &) e SN @l

- Electric and thermal conductivity in metals (strongly reduced by
point defects).
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- Electronic  conductivity in semi-conductors (controlled by
substitution defects).
(Al dhadil) o gaad) Ao gy L ) M gall ol 8 35 SEIV) Jaa il 418

- Diffusion (controlled by vacancies).
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Metallurgy

The importance of defects < 52! 42!

- lonic conductivity (controlled by vacancies).

- Plastic deformation in crystalline materials (controlled by dislocation).
(e SAsY) Adand o Ak ) 4 5L o) all a gl o gl

- Colors (affected by defects). (sl dasl g HiE ) o) 1Y)

- Mechanical strength (strongly depended on defects).
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Metallurgy

Lattice defects can be classified into four types:
)5 a) e Ay )l LAl 8 G geal) Cliial (Saa

|. Point defects: 4ukhdill o sl

Vacancies <l yll

interstitial defects dxinll o gl

substitution defects 4lluy! o sl

2. Line defect: 4hadll o suall

 screw dislocation 4l slll cile Sy

* edge dislocation 4dlall cile MA3Y)

3. Surface defects: Laaladl o gaall

 material surface 2 sl zhas

* grain boundaries (3,5l ) L&D 250

4. Bulk or volume defects dreaaall sl

* Porosity Slebuall

* Inclusions <) sl

* Cracks (354l



Metallurgy

Point defects 4uhiill ¢ gnll

Vacancy — An atom missing from regular lattice position.
- Vacancies are present invariably in all materials

A bl ASA) 08 Lead g (g Lgilasd i 3 a0l 4S JE ) b (e 5 ket Al -

Interstitial defect: An atom trapped in the interstitial point (a point

intermediate between regular lattice points) is called an interstitial

defect.

Lol (s A A cial) AL ) A L) ASL) B A A0S 5,300 i il gl
skl sl e (RLalsiiall 2 L) 32

Substitutional impurity: An atom at the regular or interstitial

position in the lattice is another type of point defect.

= (Al s ) bl AAN 8 5 AT 350 e Yy Al 3,00 Jiad 1 Al sl
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00060
Vacancy

e
0000
00000

Interstitial
Impurity

Substitutional
Impurity



Metallurgy
Points defects

substitutional impurity

self-interstitial

vacancy interstitial impurity



Metallurgy

Line defect: (ki) cuall
* Edge dislocation Al & 3V

* Screw dislocation sl & JAa3Y)
A dislocation is a linear or one-dimensional defect around

which some of the atoms are misaligned.
Lal) Jsha o 335880 Ol HAll 4 <8 b cue ga & A



Metallurgy

- Line defect:

o

* edge dislocation

Extra half-plane

Slip vector
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Metallurgy

Line defect:
* Screw dislocation ! slll & JAa3Y|

a dislocation in the lattice structure of a crystal in which the atoms

are arranged in a helical pattern that is normal to the direction of the

stress.
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Metallurgy

Surface defects: 4kl G gall

. Material surface 3:lall zlas

« Grain boundaries < sl 2 gaa

Material surface:The defects of material surface can be divided into two

types of imperfections, internal defects ( near from surface) such as,:
cracks, and porosity, and external defects such as: inclusion and oxides.
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Metallurgy

Surface defects: 4ahul) gl
o, Material surface sl gl
« Grain boundaries < sl 2 gaa

Material surface

Most crystalline solids are an aggregate of several crystals. Such
materials are called polycrystalline. Each crystal is known as a grain. The
boundary between the grains is the grain boundary
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Metal forming

Metal forming can be defined as a process in which the desired size

and shape are obtained through the deformation of metals plastically

under the action of externally applied forces.

e sthall aaally RGN e J paall die Ll pabadd) JiS35 dulee iy a8 (Say
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Metal forming processes like rolling, forging, drawing extrusion ...etc. are

gaining ground lately. It is due to the fact that metal forming is the

wasteless process which is highly economical.
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Metal forming processes give high dimensional accuracy, easy
formability for complex shapes and good surface finish with desired

metallurgical properties.
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Metal forming

Rolling
processes

Extrusian
processas

Bulk Forgng
deformation processes

Metal forming |7 | Wire and bar

drawing
Bending
oparations | _
AI Sheet | Deep or cup | stretc:hlng \

metaworking drawing

pProcaesses

Miscellaneous
processes

| shearing |

General classification of metal forming processes



/ Metal forming
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Metal forming
Classification of basic bulk forming processes

Dl e
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Forging

Wire drawin
Extrusion J
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Metal forming

Pressure pad

FES ST o FEETES

\-bending Edge bending

shearing
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Metal forming

ELASTIC AND PLASTIC DEFORMATIONS
SAll g el sl

Deformation is the change in dimensions or form under the action of
applied load. Deformation is caused either by mechanical action of
external load or by various physical and physicochemical processes. The
process of deformation comprises the following consecutive stages

Jand | el Jaall Hil ad Gaeall JSG 5 dlaal A st dlee 4 S5 lee
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(a) Elastic deformation ¢_ll Ju<sall

(b) Plastic deformation ¢salll Jiall

(c) Fracture J:all



Metal forming

Elastic deformation of a material is its power of coming back to its
original position after deformation when the stress or load is removed
i.e., deformation completely disappears after removal of load.
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The plastic deformation means that the material undergoes some
degree of permanent deformation without failure on application of
load. Plastic deformation will take place only after the elastic range has
been exceeded. Plastic deformation is important in case of forming,
shaping,
Jeadl iUl (JE8 G g Al 6 dS ) zadd 3 gall Gl el Galll SN cilbilee ()
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Metal forming
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ELASTIC DEFORMATION s sy

1. Initial % 2. Small load 3. Unload

®90@®bonds

....stretch
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PLASTIC DEFORMATION

e

1. Initial 2. Small load 3. Unload

planes
still
sheared

Splastic
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Metal forming

The plastic deformation of metals may occur in the
following ways
A gkl daas Jusdal) el o

(1) By slip 3Y_xY) &daul 5
(2) By formation of twins 4l sill iau



Metal forming

*The process by which plastic deformation is produced by

dislocation motion is called slip (movement of dislocations).
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*The extra |/2-plane moves along the slip plane.
BY Y Jsh e ijjad\ Lﬁ)—‘“ﬂj‘ caaill &ty
*Dislocation movement is similar to the way a caterpillar moves. The
caterpillar hump is representative of the extra /2-plane of atoms
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Metal forming

Plastic deformation occurs by slip — an edge dislocation ( extra
half — plane of atoms) slides over adjacent plane half-planes of
‘atoms
‘L";\AJ\ gAY Yy caliat — GY 1Y) ddau) ¢ Chass er\ Al adee )

_%Jﬂ\gM‘M\&Q\)Sﬂ
Shear Shear Shear

_stress _ stress - stress

Slip plane - -@ -;Unit step
Edge of slip
dislocation .
line O V9 — V. r Y ¥
(a) (b) (c)
« |f dislocations can't move, et SRS

plastic deformation doesn't occur! Chapter7 - 4 @



Metal forming

Twining : 4l sl
* )Portion of crystal takes up an orientation that is related to the
orientation of the rest of the untwined lattice in a definite,
symmetrical way.

s 5l aa Ay el AQ play (A (4o Ao sana ) Bkl (e 6 Ja A8 jay Al gl Caaa
Bl e il AN

* The twinned portion of the crystal is a mirror image of the parent

crystal. AYI ;—j;ﬂ EXJA 3 ) g dla,)'é)jl.d\ e cﬂ);ld‘ ;:)Aj\

* The plane of symmetry is called twinning plane.
Al 5ill (5 shuay ooyl (5 gl

* The important role of twinning in plastic deformation is that it

causes changes in plane orientation so that further slip can occur.

(5 simall sladl & ol s s Ll & alll gl 8 Al gill agall ) sall iy
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Metal forming

(110) Plane

[112] Twinning
Twinning in fcc Twinning Pplane
direction



Metal forming
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Metal forming
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Metal forming

Difference between slip and
twinning deformation

T

VNI RER o] g R R R s1 o7 [ a0 Te) =Y |, Different planes of atoms moves
over the same distance fractional distances depending on
their distance from the twinning
plane.

P8 01T [T g T e T oo T [To8 2, |t appears as broad lines (or)
appears as thin line. bands.

R I TR A [RE (S BT -8B 3. Lattice orientation changes in the
lattice orientation. twinned regions.

S [T [T S LAV B (TE Tl 4. [t requires higher shear stress.
stress.

5. Occurs in metals having 5. Occurs in metals having less
more number of slip systems. 111 B I[P ESI L1501
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Metal forming

Difference between slip and twinning deformation
dal gil) Aal g3 Jas&l) g 3Y 3L Jual) oy 45 jBa

I. All atoms in one block move over the
same distance

&M\MJS&\JM&J&"QUM\@A@

2. Under microscope, slip appears as thin
line.

B9 ASN) gl cat Ay A g ) el
3. There is very little change in lattice
orientation.

Aot ASedl) slad) (B )an Jasey S Guday

4. It requires lower shear stress.

Jili el dga) ks
5. Occurs in metals having more number
of slip systems.

CIBY Y (e B S dakii) elliad A1) 3 gal) A Eiaay

|. Different planes of atoms moves
fractional distances depending on their
distance from the twinning plane.

Are Al oty DA e S siue 0 s>
Al 1l (g sina e slaie YL

2, It appears as broad lines (or) bands.

s A gl Cani A g0 e Aol gil) Jaghad el

3. Lattice orientation changes in the
twinned regions.

Al ol (8 (Al 5ilS) maly il il Caaa,
4kl

4.1t requires higher shear stress.

Slle (ai ga ks
5. Occurs in metals having less number of
slip systems.

CIEY Yy AL Aaai) @llis ) ol pall b Chaa
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Cold and hot working

Strain hardening
Strain hardening (also called work-hardening) is the process of
making a metal harder and stronger through plastic deformation
that occurs by mechanism of slip and twinning.
G el daa dlee o SN alai GllXS ey gl ) alaill
Al sl 5 BY 3V AT Ayl e Jeany 5315 ) o ol JUA (ya aloal s
Due the increasing of plastic deformation, the formability of
metals decreases, so, it needs more stress to cause a movement of
dislocation.
Cilalga) G Fliag Mia abaall JiSE AL J8 all) b gl 3l 5) s
Sle syl @y jadl pS) s 58
During the strain hardening the hardness and strength increase
but the ductility decrease. After the strength reaches a maximum
point, the metal may be failure.
J s sl tie 5 ciulilaall i g 530call 5 e sliall (e JS 335 Madi¥) aloaill DA
Jaall aaall Ty Laaes G glaall ddads e} )




Cold and hot working

Hall-Petch equation g Js &ax

k
Uy:U[+_

Vd

d = Average grain Size
g; = Constant

e
k = Constant 3\ Cukes S
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Cold and hot working

Introduction:
Cold working of a metal it means the deformation process of
metals that carried out below its recrystallisation temperature
(The recrystallization temperature is that temperature at which
the crystal lattice structure of the metal becomes reoriented.
Consequently, the metal becomes more workable and ductile.).
Cold working achieves normally at room temperatures of various
types of steel.
5l adl da ja o ) stall sale) 8 ) g Aa y a5 0l e JiSal) Sllae ()
DS Gl muay dadiilly g (arall 4 sl A4S0l Ay aaa 5 Bale) Led Gy A
Sl ALK S s S bl gl S o) (bl caniyy Juaodll dLIS
A8 yal) 3 s da yy aie 3Ll

The common cold working processes are:

Rolling, forging, wire drawing, extrusion and sheet metal processes

( bending, cutting, punching....etc..)

laall B35 (@l galaall (d ol o Zaalal) oL e JSSl Sllee (e
(& ... Qe Jsaa ccbﬂ\ ¢l ) dxanall



Cold and hot working

Jasl) 38 A yganall Al i
'
OM grain . °---°-E---'- = pasda LD
structre '
e New cryslals
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/§-‘ Elongaled
Direction of —* - grains
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Difference in grain size by plastic deformation
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Cold and hot working

The main characteristics of cold working are given as under.
bl e B8l ciblaal 4a8) jal) (ailadll aal ol
* Cold working involves plastic deformation of a metal, which results
in strain hardening.

il abeat Jeany Waxie ) ailall Galll s gl Jadi Ul e JSl cildee o

* |t usually involves working at ordinary (room) temperatures, but,
for high melting point metals, e.g., tungsten, the cold working may
be carried out at a red heat.

Jie Al jleai¥) Gla py Gl Galedll (K1l gl 3 ) a dajy die Bale ST e
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* The stress required for deformation increases rapidly with the
amount of deformation.

0 i) AaS 3aL i Lay y JoS3SN < slaall Aleal! Ay e

* Cold rolling process generally distorts grain structure.

A el i) adass e Jaad ale JSG 00 e S5 Alae o



Cold and hot working

* Good surface finish is obtained in cold rolling.

L Jle JiSsl dlee L as il man e Jgeanl) o3

* The upper temperature limit for cold working is the maximum
temperature at which strain hardening is retained.
L&\M(J}M\ad\s\ﬁ‘)d)d‘)\.ﬂ\uﬂsM\QM&SJ\PQ‘)J&\ 0
i) 2l

* Excessive cold working gives rise to the formation and propagation
of cracks in the metal.

el 8 Gl 0 sSE D) gas W e JSal dlee L3 Ll 3y

* The loss of ductility during cold working has a useful side effect in
machining.

il 5 adal) illaad ke it 3 e JSE b Abbaal ot ddec o

* Spring back is a common phenomenon present in cold-working
processes.

Ao e JSaall 830 s g (Oall glasiull) 3k



Cold and hot working

Effect of cold working process on mechanical properties
LGl el pd) Jo o) Je Jasdal) ddas 00

« Cold working process increases the: (» JS &3 3 )Ll Jo Jasdal)
Ultimate tensile strength 231 Jlga) e

Yield strength g saall Jgal
Hardness 323l
Fatigue strength JISII 4. 5lae

Residual stresses ( 4diiall ) dalaiall Glalgay)
« Cold working processes decreases the: ¢« JS Jib 3L o J.gsal)

Impact strength aall 45l

Resistance to corrosion JSUll 4. slaa

Ductility 4l



Cold and hot working

Property

Hardness \ *..--'*1
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Tensile
strength

Amount of cold work




Cold and hot working

Advantages of Cold Working 2!l le Jisiall 4l (al gl

* In cold working processes, smooth surface finish can be easily
produced.

* Accurate dimensions of parts can be maintained.

Ll ghiall 488y bl e Jpanldl Sy o

 Strength and hardness of the metal are increased but ductility

decreased
i bbadl €1 Ul e JiSl 8 sadlall g dagliall S35 e

* There is no oxide would form on the surface.
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Cold and hot working

Disadvantages of Cold Working 2! le Jasal) dlead dbid) (al sAd)

Some materials, which are brittle, cannot be cold worked easily.

)Ll e A8l Haleal) S50 (S Y e

some materials, which has higher yield strength, cannot be cold
worked easily.

D e 5 o gk i elliag ) Gpaladl) S5 A gaa o

distortion of the grain structure is created.
(Oaall Ay sl diall aplasi oy

Internal stresses are set up which remain in the metal unless they are
removed by proper heat-treatment.
Al Adad 53 335 5 2,0l e JSiall Aalee aay A1l Clalgal] 0 sS5 o
A el



Cold and hot working

Hot working ) e Jusdall
Hot working is plastically deforming of the metallic material at a
temperature above the recrystallization temperature. The common
cold working processes are hot rolling, hot forging, and hot
extrusion....ect.
)t_ﬂ_AA:J\ 5 (14 g cJJM\ OJLC\OJ\‘)AﬁJJéjﬁ J\AJ\L;Q udm JaSil) dalae e.\'l
Aol e Gl Ol e salaadl Gl e 38 )l

Some characteristics of hot working process_all 1o Jsdill cliles (jal & (any

No Strain Hardening occurs during hot working. (Alzail nliai as 0 Y
Usually performed at elevated temperatures. 4lle 3l s Gila )y die 3ale o
Lead and Tin are exceptions (low melting point).

(k) 5 Legd Jleai¥lda jo ¥ ) (liiiis Gua )Wl g ala )l aea o

Lower limit of the hot working temperature: 60% of the melting
temperature.
J\.@_sa.\\}“ 2\;)& = %60 Jiad daadiiill BJ\);J\ 3\;)3 3ale J
Metal remains soft and ductile during process.
Dadl Jde Il YA Wl o) gy e



' Cold and hot working

Recrystallization Temperature skl 3ale) 3 ) ja dx )

The temperature at which atomic mobility can repair the damage

caused by the working process.

s Sl ogadl e il 2y g A8 5ally il A Tag laaie Al 350 all da jy 4
bl e Sl cillace

Table: Recrystallization Temperatures of Some Metals *

o7 \O

Metal Recrystallization Temperature [°C]
Lead, tin 10 °C (below room temperature)

Zinc 25

Magnesium, aluminium

Gold, copper and silver

[ron, low-alloy steels

Tungsten

dr.lugman ALATRUSHI



Cold and hot working

Advantages of hot working process
gall e Jgial cilialad Lulay) Ga) il

* Decrease in yield strength, therefore it is easier to work and uses
less energy or force.

¢ gl slgal Aad LaliadY ol s JCsal 5 8 LU plisg Y o
* Increase in ductility. &didaall dpals (0 2 3

* Elevated temperatures increase diffusion which can remove or

reduce chemical inhomogeneities.
w@\em@&M&\ju\Jﬂ\JM\on‘)é&Muw\a‘)\);j\a;‘)d J
sl

* Pores may reduce in size or close completely during deformation.



Cold and hot working

Disadvantages of hot working process _all o J.sill 4l (el Al

Undesirable reactions between the metal and the surrounding

atmosphere (scaling or rapid oxidation of the workpiece).
(e i) 3auS) ) SN e Sl b el g panal) (s b e all il Jelal

Less precise tolerances due to thermal contraction and warping from
uneven cooling.
Sl ) e (e Al il sl 5 (o5l ad) GELSEY) Capey laland) 8 AL 36

Grain structure may vary throughout the metal for various reasons.
L BAaxta by (’»j\j I ‘_g 4\_1}133.4 A_J‘)M\ 2\_\.\.\5\

Requires a heating unit of some kind such as a gas or diesel furnace or

an induction heater, which can be very expensive.
Adiall ol Y1 Jonall s Sl Jie deadiesall 5 ) all jlias s (peill dcaals o oS5



Cold and hot working

Aluminum is hot rolled into a coil

of desired thickness.”




Home work
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Cold and hot working

Strain hardening
Strain hardening (also called work-hardening) is the process of
making a metal harder and stronger through plastic deformation
that occurs by mechanism of slip and twinning.
G el daa dlee o SN alai GllXS ey gl ) alaill
Al sl 5 BY 3V AT Ayl e Jeany 5315 ) o ol JUA (ya aloal s
Due the increasing of plastic deformation, the formability of
metals decreases, so, it needs more stress to cause a movement of
dislocation.
Cilalga) G Fliag Mia abaall JiSE AL J8 all) b gl 3l 5) s
Sle syl @y jadl pS) s 58
During the strain hardening the hardness and strength increase
but the ductility decrease. After the strength reaches a maximum
point, the metal may be failure.
J s sl tie 5 ciulilaall i g 530call 5 e sliall (e JS 335 Madi¥) aloaill DA
Jaall aaall Ty Laaes G glaall ddads e} )




Cold and hot working

Hall-Petch equation g Js &ax

k
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d = Average grain Size
g; = Constant

e
k = Constant 3\ Cukes S
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Cold and hot working

Introduction:
Cold working of a metal it means the deformation process of
metals that carried out below its recrystallisation temperature
(The recrystallization temperature is that temperature at which
the crystal lattice structure of the metal becomes reoriented.
Consequently, the metal becomes more workable and ductile.).
Cold working achieves normally at room temperatures of various
types of steel.
5l adl da ja o ) stall sale) 8 ) g Aa y a5 0l e JiSal) Sllae ()
DS Gl muay dadiilly g (arall 4 sl A4S0l Ay aaa 5 Bale) Led Gy A
Sl ALK S s S bl gl S o) (bl caniyy Juaodll dLIS
A8 yal) 3 s da yy aie 3Ll

The common cold working processes are:

Rolling, forging, wire drawing, extrusion and sheet metal processes

( bending, cutting, punching....etc..)

laall B35 (@l galaall (d ol o Zaalal) oL e JSSl Sllee (e
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' Cold and hot working
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Cold and hot working

The main characteristics of cold working are given as under.
bl e B8l ciblaal 4a8) jal) (ailadll aal ol
* Cold working involves plastic deformation of a metal, which results
in strain hardening.

il abeat Jeany Waxie ) ailall Galll s gl Jadi Ul e JSl cildee o

* |t usually involves working at ordinary (room) temperatures, but,
for high melting point metals, e.g., tungsten, the cold working may
be carried out at a red heat.

Jie Al jleai¥) Gla py Gl Galedll (K1l gl 3 ) a dajy die Bale ST e
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* The stress required for deformation increases rapidly with the
amount of deformation.

0 i) AaS 3aL i Lay y JoS3SN < slaall Aleal! Ay e

* Cold rolling process generally distorts grain structure.

A el i) adass e Jaad ale JSG 00 e S5 Alae o



Cold and hot working

* Good surface finish is obtained in cold rolling.

L Jle JiSsl dlee L as il man e Jgeanl) o3

* The upper temperature limit for cold working is the maximum
temperature at which strain hardening is retained.
L&\M(J}M\ad\s\ﬁ‘)d)d‘)\.ﬂ\uﬂsM\QM&SJ\PQ‘)J&\ 0
i) 2l

* Excessive cold working gives rise to the formation and propagation
of cracks in the metal.

el 8 Gl 0 sSE D) gas W e JSal dlee L3 Ll 3y

* The loss of ductility during cold working has a useful side effect in
machining.

il 5 adal) illaad ke it 3 e JSE b Abbaal ot ddec o

* Spring back is a common phenomenon present in cold-working
processes.

Ao e JSaall 830 s g (Oall glasiull) 3k



Cold and hot working

Effect of cold working process on mechanical properties
LGl el pd) Jo o) Je Jasdal) ddas 00

« Cold working process increases the: (» JS &3 3 )Ll Jo Jasdal)
Ultimate tensile strength 231 Jlga) e

Yield strength g saall Jgal
Hardness 323l
Fatigue strength JISII 4. 5lae

Residual stresses ( 4diiall ) dalaiall Glalgay)
« Cold working processes decreases the: ¢« JS Jib 3L o J.gsal)

Impact strength aall 45l

Resistance to corrosion JSUll 4. slaa

Ductility 4l



Cold and hot working

Property

Hardness \ *..--'*1
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Cold and hot working

Advantages of Cold Working 2!l le Jisiall 4l (al gl

* In cold working processes, smooth surface finish can be easily
produced.

* Accurate dimensions of parts can be maintained.

Ll ghiall 488y bl e Jpanldl Sy o

 Strength and hardness of the metal are increased but ductility

decreased
i bbadl €1 Ul e JiSl 8 sadlall g dagliall S35 e

* There is no oxide would form on the surface.
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Cold and hot working

Disadvantages of Cold Working 2! le Jasal) dlead dbid) (al sAd)

Some materials, which are brittle, cannot be cold worked easily.

)Ll e A8l Haleal) S50 (S Y e

some materials, which has higher yield strength, cannot be cold
worked easily.

D e 5 o gk i elliag ) Gpaladl) S5 A gaa o

distortion of the grain structure is created.
(Oaall Ay sl diall aplasi oy

Internal stresses are set up which remain in the metal unless they are
removed by proper heat-treatment.
Al Adad 53 335 5 2,0l e JSiall Aalee aay A1l Clalgal] 0 sS5 o
A el



Cold and hot working

Hot working ) e Jusdall
Hot working is plastically deforming of the metallic material at a
temperature above the recrystallization temperature. The common
cold working processes are hot rolling, hot forging, and hot
extrusion....ect.
)t_ﬂ_AA:J\ 5 (14 g cJJM\ OJLC\OJ\‘)AﬁJJéjﬁ J\AJ\L;Q udm JaSil) dalae e.\'l
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Some characteristics of hot working process_all 1o Jsdill cliles (jal & (any

No Strain Hardening occurs during hot working. (Alzail nliai as 0 Y
Usually performed at elevated temperatures. 4lle 3l s Gila )y die 3ale o
Lead and Tin are exceptions (low melting point).

(k) 5 Legd Jleai¥lda jo ¥ ) (liiiis Gua )Wl g ala )l aea o

Lower limit of the hot working temperature: 60% of the melting
temperature.
J\.@_sa.\\}“ 2\;)& = %60 Jiad daadiiill BJ\);J\ 3\;)3 3ale J
Metal remains soft and ductile during process.
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' Cold and hot working

Recrystallization Temperature skl 3ale) 3 ) ja dx )

The temperature at which atomic mobility can repair the damage

caused by the working process.

s Sl ogadl e il 2y g A8 5ally il A Tag laaie Al 350 all da jy 4
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Table: Recrystallization Temperatures of Some Metals *

o7 \O

Metal Recrystallization Temperature [°C]
Lead, tin 10 °C (below room temperature)

Zinc 25

Magnesium, aluminium

Gold, copper and silver

[ron, low-alloy steels

Tungsten
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Cold and hot working

Advantages of hot working process
gall e Jgial cilialad Lulay) Ga) il

* Decrease in yield strength, therefore it is easier to work and uses
less energy or force.

¢ gl slgal Aad LaliadY ol s JCsal 5 8 LU plisg Y o
* Increase in ductility. &didaall dpals (0 2 3

* Elevated temperatures increase diffusion which can remove or

reduce chemical inhomogeneities.
w@\em@&M&\ju\Jﬂ\JM\on‘)é&Muw\a‘)\);j\a;‘)d J
sl

* Pores may reduce in size or close completely during deformation.



Cold and hot working

Disadvantages of hot working process _all o J.sill 4l (el Al

Undesirable reactions between the metal and the surrounding

atmosphere (scaling or rapid oxidation of the workpiece).
(e i) 3auS) ) SN e Sl b el g panal) (s b e all il Jelal

Less precise tolerances due to thermal contraction and warping from
uneven cooling.
Sl ) e (e Al il sl 5 (o5l ad) GELSEY) Capey laland) 8 AL 36

Grain structure may vary throughout the metal for various reasons.
L BAaxta by (’»j\j I ‘_g 4\_1}133.4 A_J‘)M\ 2\_\.\.\5\

Requires a heating unit of some kind such as a gas or diesel furnace or

an induction heater, which can be very expensive.
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Cold and hot working

Aluminum is hot rolled into a coil

of desired thickness.”




Home work
what are the differences
between the cold working and
hot working process!?



Recovery, Recrystallization, and Grain Growth
o5l sadll 5 elal) Bale) (Balaiud)

Strain hardening (Review) (4234 ) (Judd) Ll

Strain hardening is the phenomenon whereby a ductile metal
becomes harder and stronger as it is plastically deformed.
Sometimes it is also called work hardening, or, because the
temperature at which deformation takes place is “cold” relative to
the absolute melting temperature of the metal, cold working. Most

metals strain harden at room temperature.
e iy oalll JiSal ol Laal) Gaeall 3a3a s da slia saly ) dlee o i) aleail
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Recovery, Recrystallization, and Grain Growth

Old grain
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Direction of —»
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Cold work causes an increase in: ¢» JS &3 3l o Jasdal) dles
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» Dislocation density <ledAdN) 48Us

« Change in grain shape ( W&l ) @i ol Jo& A& padl)

* Strain energy Judi) 48

* Strength and hardness 8:3all 5 4agliall

But it causes decrease in ductility daldaal) cpa U85 ot



Recovery, Recrystallization, and Grain Growth
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Recovery, Recrystallization, and Grain Growth

These properties and structures may revert back to the precold-
worked states by appropriate heat treatment (sometimes
termed an annealing treatment).

The annealing process comprises in three different stages that
occur at elevated temperatures:

recovery and recrystallization, which may be followed by grain
growth.
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Recovery, Recrystallization, and Grain Growth

Recovery salxiuy)

During recovery, some of the stored internal strain energy is
relieved by dislocation motion (in the absence of an externally
applied stress), as a result of enhanced atomic diffusion at the
elevated temperature. There is some reduction in the number of
dislocations, and dislocation configurations
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Recovery, Recrystallization, and Grain Growth

Recovery involves the reduction of strain fields in work hardened
samples by the annihilation of dislocations.
Dislocations on the same slip plane but of opposite signs can
annihilate each other when they collide. Dislocations on different
slip planes need to change planes before annihilation can occur.
salit Gash e (saal) Adlaiy) Bl e Galddl saleiund) ds e Jedi
A Laaaal eladly @lld 5 cole MasY) 48US
GY Y (e (s sianall uii Jlo a@ g d sSall il SLEY) €3 cle MASY) ()
and G zlia ddlide il g o a8 SO o) aobadl) die AV Laaas) ali
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Dislocations of the same sign can be reorganized to form a
tilt or twist boundary and leave large volumes of the crystal
dislocation free. These recovery reactions are illustrated in
the following figures.
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Recovery, Recrystallization, and Grain Growth
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Recovery, Recrystallization, and Grain Growth
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Recovery, Recrystallization, and Grain Growth

Recrystallization Ll s

Even after recovery is complete, the grains are still in a relatively high
strain energy state. Recrystallization is the formation of a new set
of strain-free and equiaxed grains (i.e., having approximately equal
dimensions in all directions) that have low dislocation densities and
are characteristic of the precold-worked condition.

In recrystallization process the grains grow out of parent grain and
the mechanical properties restored to pre-cold worked value. So, the
recrystallization process increases with time and temperature.
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Recovery, Recrystallization, and Grain Growth

Grain growth g_std sl

After recrystallization is complete, the strain-free grains will continue to
grow if the metal specimen is left at the elevated temperature. Grain
growth associated with increase of grain size.

Grain growth occurs by the migration of grain boundaries. Obviously, not
all grains can enlarge, but large ones grow at the expense of small ones
that shrink.
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Recovery, Recrystallization, and Grain Growth

Grain Growth

Anncaling time

Deformed state Recovered Partially recrystallized Fully recrystallized Grain growth
High defect density Partial defect annihilation  Moving grain boundaries  Deformation substructure  Competitive COMsening
Hgh int stresses  and rearrangement Sweeping substructure  removed G
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Recovery, Recrystallization, and Grain Growth

COLD WORK _nmmm_
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Recovery, Recrystallization, and Grain Growth
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Stress — strain diagram

Stress-strain curves are an extremely
important  graphical measure of a
material’s mechanical properties, and all
students of Mechanics of Materials will
encounter them often
u.n\_ﬁ u\_u;.m ('“M %) d\.w‘ﬁ\ JL@A‘)(\ er.m Az
@AA‘\.@A\}J}‘\MJM LSJSU cf—\.aS.u\S.mS\ ua\);j\
atlal)

Mechanical testing plays an important role
in evaluating fundamental properties of
engineering materials as well as in
developing new materials and in
controlling the quality of materials for use
in design and construction
Dol g Lage 15 i RKAS ) Gl Al
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Classifying Loads on Materials sl 4 Jaa¥) g1 43

Normal Load (Axial load): Load is perpendicular to the
supporting material.

M\u-k‘— dgas (8 Jaluall Jaaldl oA : $dgand) Jaall

Tension Load: As the ends of material are pulled apart to make the
material longer, the load is called a tension load.

el g Aok JSdy g dakall) Ailed Ao alual) Jaal) oo tadl) Jea

Compression Load: As the ends of material are pushed in
to make the material smaller, the load is called a compression load.

Al (pe Al aby ISy g Aadal) Lilgd o Jalecall Jaall ga shaiiall Jaa

Tension
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*Torsion Loads: Angular distortion on a component, such as
a shaft, when a moment is applied. (Twisting)
e Aima Ay gl S Al 99 B geay dadall) Ao haluyy o) Jaad) g2 g 16 53N Jaa
ajadl a8 o8 Latie ¢ ) sall 2gee o haluy (5 2) Jaal

*Thermal Loads: Distortion caused be heating or cooling a
material. A normal load is created when the material is
constrained in any direction in the plane that is constrained.
dakadl) o adadud alyg & il g) Gl Guaesy Ul Jaadl 9 1is ) adl Jaadle
A cilalad) gh ola) (b Sala (985 Laaie



* Shear Load :Tangential load (cubeall Jaadl ) (aill Jaa
Lgale Jalusal) ddadll o iy (o 5ga 880 oA Jaall g2 g

pulling apart
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Stress and Strain

In order to compare materials, we must have
measures. One of them is a stress.
9 Ounlial) 038 al g (ulila 393 9 Cra & D8 3 gal) (e A jlial) LiiSay I
Agay)
» Stress :load per unit area 4alwall 32a g o haluall Jaal) ga algaV)

F :load applied in pounds
A : cross sectional area in in?
O :stress in psi




Stress and Strain

e Strain: Juwiy!

- Ratio of elongation of a material to the original length
- unit deformation
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Elongation: AUxiny)

e=L-L,
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: elongation (Uaicy))(Jsh <lia )
Lo :unloaded(original) length of a material

: strain ((unit less) <laay oo
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Hydraulic Machine for Tension & Compression test S5 4¢d) kil g cad) Slga
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Stress-Strain Diagram

eIt will study the following topics through stress — strain diagram
Jxad¥) alga¥l Jadie JOA e 00N o glall 4l )y Sliue
« A plot of Strain vs. Stress. Juii¥) — Jgal) habia
*The diagram gives us the behavior of the material and
material properties.
Judiyl-algay) dade PA e ASial) al gl g 3 gal) il glas A o
 Each material produces a different stress-strain
diagram.
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Stress-Strain Diagram
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=3 Elastic region
w J : slope=Young’s(elastic) modulus
= yield strength
4 : Plastic region
—— : ultimate tensile strength
: strain hardening
_’ ‘_ (]
—E : fracture
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Stress-Strain Diagram

- Elastic Region (Point | =2) &gl ddkic
 The material will return to its original shape after the material
is unloaded( like a rubber band).

(Solkaal) (Jia ) 8 jfipall 5 gal 9 day Lea¥) LSS L) g2 Cigau BALAY

* The stress is linearly proportional to the strain in this region.
Alhaial) oda B Jud) aa A JSE Quullly JgaY) .

(o)
o=E¢ or E=—

&
O :Stress (N/m?)(Pa)
E :Elastic modulus (Young’s Modulus) (Pa)
& :Strain

- Point 2 : Yield Strength : a point at which permanent deformation

occurs. ( If it is passed, the material will no longer return to its

original length.)
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Stress-Strain Diagram
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=3 Elastic region
w J : slope=Young’s(elastic) modulus
= yield strength
4 : Plastic region
—— : ultimate tensile strength
: strain hardening
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Stress-Strain Diagram

The ELASTIC Range Means: (-2 45 sall dahis

- The strain, or elongation over a unit length, will behave linearly (as
in y=mx +b) and thus predictable.

Lt )55 i gus a¥1 Jshll e Jshll il o eyl

-The material will return to its original shape (Point 1) once an
applied load is removed.

lele el Jaall J1g ) 2ie 1 28 ddadill I 3alal) 2 gatian

- The stress within the material is less than what is required to
create a plastic behavior (deform or stretch significantly without
increasing stress).
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Stress-Strain Diagram

Plastic Region (Point 2 —3) 4 salll ddlai
e If the material is loaded beyond the yield strength, the material will not
return to its original shape after unloading.
oW L s g sl sall) aobios Gl Al o3a Jaal) lad dic o
* It will have some permanent deformation.
(ol Akl oda o gl (j Sy o
* If the material is unloaded at Point 3, the curve will proceed from Point 3
to Point 4.The slope will be the as the slope between Point | and 2.
M\Qﬁkﬂgj\ygjsﬁc453w\wkse.u)ezgé3w\gsjﬂ\d\jje:\b\ .
251
* The distance between Point | and 4 indicates the amount of permanent

deformation.
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Stress-Strain Diagram
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=3 Elastic region
w J : slope=Young’s(elastic) modulus
= yield strength
4 : Plastic region
—— : ultimate tensile strength
: strain hardening
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Stress-Strain Diagram

Strain Hardening
* If the material is loaded again from Point 4, the curve will
follow back to Point 3 with the same Elastic Modulus(slope).
A e 3 Akl N dgra Aadall Gl 4 AL Cra g A B pe Adad) G a3 1)
g el Jalaa Jaa (udin g
 The material now has a higher yield strength of Point 4.
4 AR (e S) p guad daglia dagd Lgd ¢ oS Balall

* Raising the yield strength by permanently strain in the
material is called Strain Hardening.
Llaill y» ou Balall adlall s eddll Gk (o § gadll da gl8a @ Bl .
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Stress-Strain Diagram
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=3 Elastic region
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Stress-Strain Diagram

Tensile Strength (Point 3)
The largest value of stress on the diagram is called Tensile Strength(TS) or
Ultimate Tensile Strength (UTY).

23 dlgal oadl 5l 2all slgal) e bbadl b lead dad el

* It is the maximum stress which the material can support without breaking.

iy o) Sy ) e Baldll g azall aleaty dlgal el 2y o
Fracture (Point 5)
* |f the material is stretched beyond Point 3, the stress decreases as necking
and non-uniform deformation occur.
¢ il Al fasi s Jay alga) 8 ¢ 3 Akl dey (anall ) Jadly ol salall ) el 131
phiie e o sdill (58

 Fracture will finally occur at Point 5. (5) 4kaill xie juSl) Gasy pal



Stress-Strain Diagram

Steel Stress - Strain A36 Steel
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Stress-Strain Diagram

Strain



Stress — strain diagram

Summery: 4adAll

Engineering Stress is obtained by dividing the load by
the original area of the cross section of the specimen.
Stress O = P/Ao ( Load/Initial cross-sectional area)
Strain = e = Al/lo (Elongation/Initial gage length)

phie dalis e dbludl 348l dad Juala g8 wdiglh AleaV!

Al
0 = P/Ao : dgaY!
e = Al/lo : J=ay!
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Stress — strain diagram

Elastic deformation is recoverable. In the elastic region,
stress and strain are related to each other linearly.

9 o ha¥) LlSa Al & sa )l dilall JS3N g4 ¢ el JoSll
Aokl A8%e JladiV g algal¥) pu AdMall o <5 ddhaiall s2a

Hooke’s Law: g = Ee



Stress — strain diagram

Plastic Region: The part of the stress-strain

diagram after the yielding point.

Saie (A& gadl) ddadi (348 Jia Al ¢ jadl oo 1A pall) dalaia
Ay aleay!

At the yielding point, the plastic deformation starts.
Plastic deformation is permanent. At the maximum
point of the stress-strain diagram (Outs), necking
starts.
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Stress — strain diagram

Tensile Strength is the maximum stress that the
material can support.

outs = Pmax/Ao

Because after this strength, material will start to
failure.
GUtS = Pmax/Ao

Call Lf‘ padilly Al K daaall 628 2ag



Stress — strain diagram

Proof stress

The proof stress of a material is defined as the amount
of stress it can endure until it undergoes a relatively
small amount of plastic deformation. Specifically, proof
stress is the point at which the material exhibits 0.2% of
plastic deformation.As seen in the following figure.
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Stress — strain diagram
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Stress — strain diagram

Ductility is the degree of plastic deformation that a material can

withstand before fracture. A material that experiences very little or
no plastic deformation upon fracture is termed brittle.
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" Stress - strain diagram

N Brittle

Stress

o Strain




Stress — strain diagram

Ductility may be expressed quantitatively as either percent
elongation or percent reduction in area. The percent elongation
%EL is the percentage of plastic strain

at fracture, or
o=aldi dud y 5 «BEL 4 siell AUaTaY) Ay 4y Apbihaall e el (s

« %RAL s1all adaiall dalise

Iy — Iy
% EL = X 100

where is the Lf fracture length Lo and is the original gauge length as
above.
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Stress — strain diagram

Percent reduction in area %RA is defined as:

g ) 5SE %RA adaiall dalie (ualill 4 sial) 4ol Ll

A{] — A_,I'-
% RA = (A—) > 100

0

where is the Af cross section area after fracture, Ao and is the original
cross section of specemin as above.
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Stress — strain diagram
DUCTILE FRACTURE (L) jus!

Ductile fracture surfaces will have their own distinctive features on
both macroscopic and microscopic levels. The following Figure shows
schematic representations for two characteristic macroscopic fracture

profiles.

Sl JSal s Loease o) Line Lie (IS (S dime Glawy Lihadll sl Caay
gl sl A8V Ldadll sl e (e 55 i s

Ductile materials typically exhibit substantial plastic deformation with
high energy absorption before fracture. On the other hand, there is
normally little or no plastic deformation with low energy absorption
accompanying a brittle fracture.
OenSl) J A8l e [aliaial pe ) S Ll s s Adidaall o) gall el Lo 3ale
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Stress — strain diagram

(a) (b)
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‘Stress - strain diagram

l [ l Stages in the cup-and-cone
fracture. (a) Initial necking. () Small
cavity formation. (¢) Coalescence of
cavities to form a crack. (d) Crack
propagation. (e) Final shear fracture at a

O¢’0 0 AR
45° angle relative to the tensile direction.
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" Stress — strain diagram

(b)

(a) Cup-and-cone fracture in aluminum. (b) Brittle fracture in a mild steel.



Stress — strain diagram

Ductile-brittle Transition Temperature

Many steels exhibit ductile fracture at elevated temperatures
and brittle fracture at low temperatures. The temperature above
which a material is ductile and below which it is brittle is known as
the ductile-brittle transition temperature (DBTT), nil ductility
temperature (NDT), or nil ductility transition temperature.
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Stress — strain diagram

Ductile-brittle Transition Temperature

Brittle Ductile

Transition
Temperature
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‘Stress - strain diagram

Elongation (Elastic) Computation

A piece of copper originally 305 mm (12 in.) long is pulled in tension with a
stress of 276 MPa (40,000 psi). If the deformation is entirely elastic, what will
be the resultant elongation?

e =(3)e
lo

The values of o and [ are given as 276 MPa and 305 mm, respectively, and
the magnitude of E for copper from Table 6.1 is 110 GPa (16 x 10° psi). Elon-
gation is obtained by substitution into the expression above as

;_ (276 MPa)(305 mm)
110 x 10° MPa

= (.77 mm (0.03 in.)
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Fatigue Jis!!

Fatigue is a form of failure that occurs in structures subjected to dynamic
and fluctuating stresses (e.g., bridges, aircraft, and machine components).
Under these circumstances it is possible for failure to occur at a stress
level considerably lower than the tensile or yield strength for a static
load. The term “fatigue” is used because this type of failure normally
occurs after a lengthy period of repeated stress or strain cycling.
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Fatigue

Fatigue is important in as much as it is the single largest cause of

failure in metals, estimated to comprise approximately 90% of all

metallic failures. polymers and ceramics (except for glasses) are also

susceptible to this type of failure.

Fatigue is occurring very suddenly and without warning.
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CYCLIC STRESSES 45 <lagay)
The applied stress may be axial (tension-compression), flexural (bending), or

torsional (twisting) in nature. In general, three different fluctuating stress—

time modes are possible.
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I. reversed stress cycle: The maximum tensile stress to a minimum

compressive stress of equal magnitude showing in this type.
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2. Repeated stress cycle the maximum and minimum stresses are
asymmetrical relative to the zero stress level.
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3.Random stress cycle:The stress level may vary randomly in amplitude

and frequency,
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THE S—-N CURVE /<3 & 238 aa (Gahal) alga¥) Adada

As with other mechanical characteristics, the fatigue properties of
materials can be determined from laboratory simulation tests
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Data are plotted as stress S versus the logarithm of the number N of

cycles to failure for each of the specimens. The values of S are normally

taken as stress amplitudes on occasion, or values may be used.
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Two distinct types of S—N behavior are observed, As these plots
indicate, the higher the magnitude of the stress, the smaller the
number of cycles the material is capable of sustaining before failure.
For some ferrous (iron base) and titanium alloys, the 5—N curve
becomes horizontal at higher N values; or there is a limiting stress
level, called the fatigue limit (also sometimes the endurance limit),

below which fatigue failure will not occur.
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The second type of the S—N curve continues its downward trend at
increasingly greater N values. Most nonferrous alloys (e.g., aluminum,
copper, magnesium) do not have a fatigue limit, Thus, fatigue will
ultimately occur regardless of the magnitude of the stress. For these
materials, the fatigue response is specified as fatigue strength,
which is defined as the stress level at which failure will occur for
some specified number of cycles.
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Another important parameter that characterizes a material’s fatigue
behavior is fatigue life It is the number of cycles to cause failure at
a specified stress level, as taken from the S—N plot.
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Crack initiation and propagation JiS!l 2 J&dl) L&) g g

The process of fatigue failure is characterized by three distinct steps:
(1) crack initiation, wherein a small crack forms at some point of high
stress concentration; (2) crack propagation, during which this crack
advances incrementally with each stress cycle; and (3) final failure,
which occurs very rapidly once the advancing crack has reached a
critical size.
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Factors That Affect Fatigue Life JiSll je o 3 sisall Jal all

Mean Stress ga¥) b gia

The increasing of the mean stress level leads to a decrease in fatigue life.
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Design Factors axaill clalra

The design of a component can have a significant influence on its fatigue
characteristics. Any notch or geometrical discontinuity can act as a stress
raiser and fatigue crack initiation site; these design features include

grooves, holes, keyways, threads, and so on.
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Surface Treatments 4ahed) dallaal)

During machining operations, small scratches and grooves are

invariably introduced into the workpiece surface by cutting tool

action. These surface markings can limit the fatigue life. It has been

observed that improving the surface finish by polishing will enhance

fatigue life significantly.

gl die (55 jaall g 2IAY) Gany Ui (oalaall ada g Jaandi cililee JA

Sl Ao Jaxd o) 8 2a) 555 0 L8V 038 5 adaill 2381 8 A sadiall adadll

Cligall s ) sl cudadill cllee o Daa gl 8y JSI daglia jec
IS A glae e (e G ac i A sridial)

Environmental effects 4l <l il



Creep <}

Creep is time-dependent plastic deformation, which is usually significant

only at high temperatures. Deformation under such circumstances is
termed creep.
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The typical creep behavior as shown in the following figure includes

three different stages.

- JKE 8 e WS g Jad pe 3O Jaddy Ul Caa 31 & gl o)
. 0 Ui Ly (A e 8



oia 3 Jeidy Creep strain, e

|

gﬁﬂi 5 gl
|
Y

Rupture
diajh g/

X

=i Time, ¢

a3l adal A ) Ja) jall a5 JSi

dr. lugman ALATRUSHI



Creep

As soon as the load is applied, there is an instantaneous elastic
response, followed by a period of transient creep (Stage I)
(primary). Initially the rate is high, but it gradually decreases to a
steady state (Stage IlI) (secondary). Finally the strain rate may
increase again (Stage lll) (tertiary), accelerating until failure occurs,
as shown in the previous figure.
e O o588 anily Aaad O o088 Joang ¢ Ganall o 8 8l Ll dylay die
Lo ,yxs oalll o gl Jo Waamyg o oY) s jall) Jiad ol g juad iy A
80 08l Jaxa 223 | il (AUl Ala yall) Jiai 038 5 Loy i el () 5Sa5
Gl U 8 e ge LS5 ¢ Jidll Jumny o ) (AN A all ) L8 5 A



Creep

The most important parameter from a creep test is the slope of
the secondary portion of the creep curve Ae/Af (as shown as
below); this is often called the minimum or steady-state creep
rate It is the engineering design parameter that is considered for
long-life applications, such as a nuclear power plant component
that is scheduled to operate for several decades, and when failure
or too much strain are not options.
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Creep

Creep rates increase with higher stresses and temperatures.
With lower stresses and temperatures, creep rates decrease,
but failure usually occurs at lower overall strains, as shown in
the following figure.
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Phase diagrams J)skY¥) cilhabia

Phase Equilibrium Diagrams:- Phase equilibrium diagram is a
graphic relationship between temperature and weight ratios of
elements and alloys contribute to the built of the diagram.

Phase diagrams provide information on the following :
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Melting point. _leai¥! adas:

Casting condition. (cxall ) x il oy h

Crystallization condition. _slill cay )k

phase transformations (changes). ) sh¥! <l yas




Phase diagrams_ skl cllakhina

Introduction: 4saial)

The understanding of phase diagrams for alloy systems is extremely
important because there is a strong correlation between
microstructure and mechanical properties, and the development of
microstructure of an alloy is related to the characteristics of its
phase diagram. In addition, phase diagrams provide valuable
information about melting, casting, chemical composition
,recrystallization and other phenomena.
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Phase diagram

Definitions and Basic Concepts 4xubul atliag iy jlas

It is necessary to establish a foundation of definitions and basic
concepts relating to alloys, phases, and equilibrium before delving
into the interpretation and utilization of phase diagrams. The
term component is frequently used in this discussion;
components are pure metals and/or compounds of which an
alloy is composed. For example, in a copper—zinc brass, the
components are Cu and Zn
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Figure Making of alloy

Another term used in this context is system, which means to the

series of possible alloys consisting of the same components, but

without regard to alloy composition (e.g., the iron—carbon

system).
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Phase diagram

The concept of a solid solution: it consists of atoms of at

least two different types; the solute atoms occupy either

substitqutional or interstitial positions in the solvent lattice,

and the crystal structure of the solvent is maintained.
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Intermetallic compound: that forms an ordered solid-

state compound between two or more metallic elements.

Intermetallic is generally hard and brittle,
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Phase is a uniform part of an alloy, and a homogeneous
aggregation of mater having a certain chemical composition and
structure, and uniform physical and mechanical properties. and
which is separated from other alloy constituents by phase
boundary. Every one notes that H2O can exit as a gas, a liquid
and a solid. These are three different phases of water.
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Solvent: component of a solution present in the greatest
amount in alloy .
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Solute: component or element of solution present in lowest
concentration in alloy .
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SOLUBILITY LIMIT ¢budl) 2

For many alloy systems and at some specific temperature, there
is 2 maximum concentration of solute atoms that may dissolve
in the solvent to form a solid solution; this is called a solubility
limit. To illustrate this concept, consider the sugar—water
system.
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Some examples:

System I;.t}aﬂl Components Phases Jk;h‘ﬂ
Sligsal
Water ¢l H,0 Liquid Jikd!
Water + ice gl + 5l H,0 Liquid + solid wla + Jilu
Brine uala Jplaa NaCl + H,0 Liquid solution Jilu | saa
Mild steel waall (aidis 2 Fe, C a, Fe,C




Phase diagrams

There are many types of phase diagrams (alloying systems)
which they are:
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Unary system 2! alkill

Binary system | S\l oUaill

Ternary system 24l ol
Multi system 22a%dl) ol
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In this chapter it will be taken the binary system only.
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Phase diagrams

Binary system ~Uil albillf

It means that alloying have two metals only, it extremely

common phase diagram is one in which temperature and

composition are variable parameters, and pressure is held

constant—normally (latm.)
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Binary phase diagrams are helpful in predicting phase

transformations and the resulting microstructures, which

may have equilibrium or non-equilibrium character.
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Phase diagrams

Binary Alloy: when tow metals or a metal and a small

amount of a nonmetal are mixed in their molten states and

allowed to cool the result is a binary alloy.
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Phase diagrams

In general, binary alloy system can be classified into the following types.
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|- Solid solution type () cilall folaall £ 4i
The two components are completely soluble in each other both in the
liquid state and in the solid state.
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2- Simple eutectic type L/ Lol £ o
The two components are soluble in each other in the liquid state but are
completely insoluble in each other in the solid state.
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3- Combination type </ £ s/
The two components are completely soluble in the liquid state, but are
only partially soluble in each other in the solid state
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Phase diagrams

|- Solid solution type (+laJl) clall Jslasl £ 4

In this type the two or more components are completely
soluble in each other in liquid and solid states.
for example :- gold- silver alloy , cupper- nickel alloy.
Two types of solid solutions may be formed by substitution
and interstitial atomic mechanisms for diffusion
Al 3 ol Lgiany ge gliaeall 5 O peaiall Gighy g ool 138 3
saalall Aall a, Al
S5 el A Aucmdl) g Can ) A 13 e Ui
Ao ATl Ll 3l L) Al Jads (55 A Sl Al () G
il Ayl o el Al Ly
saladl Jslaall ¢ 55 (e il (55 Jhay ) aladidl




Phase diagrams
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Figure illustrates a solid solution type
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- Phase diagrams

-
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Figure illustrates a solid solution type
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Solidification(cooling) curves il ki

Pure metal s Alloy
/ Soldification
begins
T, s
+ S
Tm
TS ----------------------------
Solidification,~” \ s
complete

Figure illustrates a cooling curve of pure metal and another of
homogeneous of solid solution type
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Microstructural changes during solidification

Pure metal




Microstructural changes during solidification




Lever rule is a formula used to determine the amount of each phase

present by applying its to the phase diagram of each phase
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In this figure, the tie line CL-Cs represent the line of liver at temperature T; that
passes into two phases ( liquid and solid a), and it can be calculated the percentage of

liquid and solid as shown in the following:

Cols _ 9040 _ 50 _ ) 633x100 = 63.3%
C,C. _90—11 79 ~ 22 TR = 0o

%S =100 — 63.3 = 36.7%

%L =
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Possibly the easiest type of binary phase diagram to understand and

interpret is the type that is characterized by the copper—nickel system

as shown in the following figure.
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Temperature (°C)
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Phase compositions and amounts. An example
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Temperature (°C)

Mechanical properties of solid solution type alloys
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Tensile strength (MPa)

Elongation (% in 50 mm [2 in.])

Mechanical properties of solid solution type alloys
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TD 8,a 4
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TB. 5J0a 420

1. %L at TA= 100%

2. %o atTD = 100%

x100—43_35x100—72 7%
R+S 43 — 32 — A

- %a=100-72.7=27.3%

Quiz: 1. Determine the %L at T,, 2. Determine the %S at
Ty, 3. determine the % of liquid and solid at Tg?

3.% L atTB =




2- Simple eutectic type L/ Liigl £ 4

Two metals completely soluble in the liquid state but completely insoluble in the solid state
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In this type of phase diagram, it can be noted the two metals are completely insoluble
in the solid state, i.e under the eutectic temperature, all alloys consist of insoluble
two metals of A&B as shown in the figure. Also, it can be shown in this phase diagram
that all alloys have two points of start and end of solidification except unique alloy
which is similar to pure metal in terms of melting point, and has one point of
solidification or melting, which is called *“ Eutectic alloy”. The eutectic alloy has the
lowest melting point and transforms from liquid to solid ( two phases) directly. The
microstructure of Eutectic alloy consists of two layers whic represents the two
constituent metals.
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2- Simple eutectic type L) i gl £ 4
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Cd —Bi system alloy 5432 — a g2l A Jasaad) li gl allai to Jlia

Example: two metals of Cadmium and Bismuth are completely soluble in liquid state
and insoluble in solid state, from the following data:

Melting point of Cd: 321°C

Meting point of Bi: 271°C

Eutectic Temperature: 140 ,C

Eutectic composition: 60%Bi — 40%Cd

|. Draw the phase diagram

|. Determine the (composition, temperature and microstructure of alloy no. | at
points a,b &c)

2. Determine the % of liquid and % of Bi of alloy no. 2 at 200°C



Cd —Bi system alloy 5432 — a g2l A Jasaad) li gl allai to Jlia
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3- Combination type <<l £ 4/l
The two components are completely soluble in the liquid state, but are only partially
soluble in each other in the solid state
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EX. The following data is for Pb-Sn alloy system : (Lead-Tin Solder) Melting
point of lead (Pb) - 3272C Melting point of Tin (Sn) - 232°C Eutectic alloy
is formed at 183°%C with 62% Sn —38% Pb Maximum solid solubility of tin in
lead at 1832C —19% Maximum solid solubility of lead in tin at 1832C —3%
Maximum solubility of tin and lead at room temperature is negligible. (1) Draw
the phase diagram with the help of above data and label all the points, lines
and regions on it.

(2) For 70%Pb — 30%Sn alloy composition, determine the amounts of

eutectic and eutectic constituents at 100°C.
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Pb 18% % Sn — 62% 97% Sn

Eutectic reactionat 183°C—— L — a + P
62%Sn — 18%Sn + 97%Sn




Microstructural Characteristics of Eutectic System
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Example: For a 40%Sn — 60%Pb alloy at 2200C, find the percentage of phases o and liquid if the

composition of phases are:
C, =40%Sn
C, =46%Sn
C, =17%Sn

Ce A Sl ASud) 1l
%60 (e s %40
818 Aa 0 die g (alia
4 sial) il ax ¢220°C
13 Dl 5 o aelall Jslaall

S
C, =40%Sn
C, =46%Sn
C,=17%Sn
— Solution:
S 46 — 40
0 = ——x 100 =
S+R 46 — 17

= %l=100 - 20.7= 79.3%

Femperature ("C)

Pb-Sn Phase Diagram

L (liquid)

él i 1 L
%0 1720 ”20 16 60 80 100%,
( g

X 100=20.7%



Example: For a 40%Sn — 60%Pb alloy at 1500C, find the percentage of phases o and B if the

composition of phases are: Pb-Sn
Co =40%Sn T(°C
C, =11%Sn ( ) =ystem

C; =99%Sn

3o 43 551 Al b 1tk
%605 Ora)d %40

$J\J;:‘\;Jddlcju4LAJ 200;
aﬁjm‘ w‘ A « | 50°C 150 -
Jsladll 5 o 2ladl J glall 100
S 13 B elal
C, =40%Sn | i :
Ca =11%Sn %0 11 20 40 60 80 99100%
CB =99%Sn CG’ CU % Sn f
solution —_——
S 99 — 40 59
Bot=——X100=—X100=—X100=67%
5+R 99 - 11 a8

2% =100-67=33%



Another example of eutectic alloy, application of lever rule in eutectic phase
Adind) ¢y il gadati g (i3 5al) ) S pall ALY ghall Jadada Jo Badat A Jla

1 200 I | I | J [ I I I
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_ Liguidus -
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s
i 8.0
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&
2 600
E -
=
o+ B
410
| Copper — Silver phase diagram
) I | | l | | | |
200 20 40 &0 80
{Cu) Composition, wit%e Ag (A

Three single phase regions (o - solid solution of Ag in Cu
matrix. B = solid solution of Cu in Ag matrix. L - liquid)

Three two-phase regions (o + L. p +L. o +B)

Solvus line separates one solid solution from a nuxture of
solid solutions. Solvus line shows limit of solubility
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CLASSIFICATION OF EQUILIBRIUM DIAGRAMS
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Intermetallic compound

For some systems, discrete intermediate compounds rather than solid solutions may be
found on the phase diagram, and these compounds have distinct chemical formulas; for
metal-metal systems, they are called intermetallic compounds. For example,
consider the magnesium—lead system. The compound Mg,Pb has a composition of 19%
Mg—81% Pb, and is represented as a vertical line on the diagram, rather than as a phase
region of finite width; hence, Mg,Pb can exist by itself only at this precise composition.
Several other characteristics are worth noting for this magnesium—lead system. First,
the compound Mg,Pb melts at approximately (550°C ), as indicated by point M in
Figure.Also, the solubility of lead in magnesium is rather extensive, as indicated by the
relatively large composition span for the —phase field. On the other hand, the solubility
of magnesium in lead is extremely limited. This is evident from the very narrow
terminal solid-solution region on the right or lead-rich side of the diagram. Finally, this
phase diagram may be thought

of as two simple eutectic diagrams joined back to back, one for the Mg—Mg,Pb system
and the other for Mg,Pb—Pb; as such, the compound Mg,Pb is really considered to be a
component. interpretation.
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The magnesium—lead phase diagram
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(eutectic-like in Greek) reaction similar to eutectic reaction
One solid phase to two new solid phases

Jdo¥) ushll oo (pilida Gnosh A galal jsh (e dalad) Jglaall Jsad g8 & 4T gl

Upon cooling, a solid phase transforms into two other solid phases (0 <> y + & below)

I | I
T+L
700 —
y _
@
% 600 [— Y ® P 598°C
2
E 560° O +e
T E
. € e +L
<00 L_EUtECtOi D,
| l |
60 70 80 90

Composition (wt% Zn)



Temperature

Eutectic
temperature

Eutectoid
temperature

Eutectoid Eutectic
compaosition composition

Composition
3 980 gl 9 Gl g} (J gatll (pilaia pda gy JS

228



- solid phase + liquid phase will together form a second solid phase at a
particular temperature and composition upon cooling

L+taop

Reactions are slow as product phase will form at boundary between two reacting phases
separating them
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hypoeutectoid

Hypoeutectoid contains proeutectoid ferrite formed above eutectoid temperature
and eutectoid perlite that contains ferrite and cementite.

FPearlite

FEEC

N
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Ranges of temperature where Annealing. Normalizing and Spheroidization treatment are

carried out for hypo- and hyper-eutectoid steels.
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Alloy steel:

It may be defined as steel | S5=5
in which elements other |jjyaai¥
then carbon are added in *SANAg
sufficient amounts to| "~ 4NN
Improve properties. B

In general, alloy steel can give better strength, ductility and
toughness than carbon steel.

It is ideal for structural components, automotive applications,
chemical processing, pipes and power generating equipment.

The disadvantages, however, are that alloy steels usually have lower
machinability, weldability and formability.




Stainless steel: J

It 1s a family of iron-based alloys
that contam a mimimum of
approximately 11% chromium, that
prevents the iron from rusting &
providing heat-resistant properties.

It is used to make common household items. It is also used in
medical equipment as it’s easily sterilized and resistant to corrosion,
piping, cutting tools, and food processing equipment.

It 1s used to make containers for transportation of chemicals &
liquids. It’s high strength allows thinner containers, saving fuel costs
while its corrosion resistance reduces cleining & maintenance costs.




Tool steel:

Tool steels are a family of carbon
and alloy steels having distinct
characteristics such as hardness,|| |
wear resistance, toughness, and|
resistance to softening at elevated
temperatures.

Tool steels comprise carbide-forming elements such as chromium,
vanadium, molybdenum and tungsten in different combinations.

It is used to make excellent cutting and drilling equipment for
increasing heat resistance and durability,




Stainless Steels are a large group of special alloys developed primarily to
withstand corrosion. These steels contain chromium in excess of 12% by weight
which imparts “stainless” characteristics to iron alloys.

Stainless steels are frequently classified according to their microstructure into
three groups: austenitic, ferritic,and martensitic stainless steels

Chromium, which is the main alloying element in stainless steels



- Classification :

Stainless Steels
Martensitic SS | ‘ | Duplex SS

Ferritic SS Austenitic SS Precipitation Hardened SS

Martensitic Stainless Steels

< These are primarily straight chromium steels with 11.5 to 18% Cr.<l1 % ¢ , 1.25% Mn.
and 1%S1.

< Used for turbine blades and corrosion resistant applications

< Heat Treatment
v Process Annealing — 650 - 760°C. 1 ductility and machimability

v Austenitizing — 925 -1065°C followed by o1l quenching or air cooling. T corrosion
resistance and strength




Austenitic Stainless Steels

o These are chrome-nickel (3xx type) or chrome -nickel- manganese(2xx type) alloys.
< Total content of Niand Cr is at B%Ni and 18%Cr
< Difficult to machine but can be improved by addition of selentum of sulfur.
< Best high temperature strength and scaling resistance. Hence shows best corrosion
resistance
< Used in chemical mdustry and for household and sanitary fittings.
d Heat Treatment
v Cold working causes work hardening but hot working can easily be done.
v Annealing at high temperatures — Recrystallization and carbide solunon
v Solution treatment — Dissolution of chromium carbides 950 ~ 1150 C

* Non—-Magnetic SS

250



Ferritic Stainless Steels

o Ferritic stainless steel is actually defined as a straight chromium non-hardenable
class of stainless alloys that have chromium contents ranging from 10.5% to 30%
and a carbon content of less than 0.20%

o These steels can be cold formed easily and hence are used for deep drawn parts such as
vessels for food and chemical mdustries and for architectural and automotive trim.

Jd Heat Treatment
< Can be cold or hot worked.

< Annealing — 760 - 966°C. Recrystallization of cold-worked structures — achieves
maximum softness, ductility and corrosion resistance.

* Magnetic SS

251
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