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CHAPTER -01:-ENGG. MATERIAL &THEIR PROPERTIES

Engineering material:-

Engineering matcrials an
8 erials are metals and plastics. Wood is used to make p

composites such as car . .
P 1 carbon fiber are also important engineering materials. Pl
usually very strong or tough

atterns and models. Smart materials and

astics - engineering plastics are
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Ferrous Metals Exam les
All of them have different specifications, resulting in a variety of applications.

To give a better overview, we made a ferrous me

Non-Alloy Steels

1 Those elements are sul

2. Sulphur and phosphorus can a
not with such low-

3. Although the term “non
as such, our belove

4. Non-alloy stecls arc cl

5 Each has their own uses

Low Carbon Steel

1.
2.
3. The surface har

Low carbon, or
They are pretty

level content.

tals list:

mild steels contain 0.05...0.25% of carbon.
Jow-cost and very well suited for bending operations.
dness can be increased through carburizing.

phur, phosphorus, silicon and manganese.
ctually have a detrimental effect on the steel’s quality but again,

d structural steels like $235, $355 etc belong to this group.
assified by their carbon content as low, medium and high carbon steel.
and the characteristics vary.

-alloy steels” doesn’t get much mention in a typical engineering company




4.
S.
6.

The low cost and malleability low carbon steels are widely used.
Some examples include bolts and nuts, forgings, medium-loaded details etc.
Examples of low carbon steels: C101/1.1121, C15E/1.1141

Medium Carbon Steel

1

2
3
4
5

I o

/

High

Medium carbon steels contain 0.25...0.6% of carbon.
The higher carbon content increases their strength and hardness compared to low carbon steel
At the same time, the ductility decreases.
I'he increase of carbon and manganese allows tempering and quenching.
Medium carbon steels are mainly used for making different automotive industry components |
gears. axles, shafts but also bolts, nuts, screws etc.
Steels ranging from 0.4...0.6% are also suitable for everything related to locomotives and rail
Examples of medium carbon steels: C40E/1.11 86, CO60FE/1.1221
Carbon Steel

1.
2.

oA w

NoO

The carbon content numbers for high carbon steels vary according to different sources.

Some have more sub-groups, while other stop with high carbon steels that start with (.6% car!

content and end around 1%.

Another quality of high carbon steels is their tendency to keep a shape.

This is why tool steels have a lot of different applications in the field of engineering.

As a downside, the weld ability, ductility and impact toughness are all inferior to steels with |-

carbon.

The shape-keeping quality makes them useful as springs.

Other use-cases include blades, rail steels, wire rope, wear-resistant plates, all kinds of tools etc
Examples of high carbon steels: C70U/1.1 520, C105U/1.1545

Alloy Steels

1.

2.

3.

Alloy steels make up another sub-group of ferrous metals. Steel’s al loying elements are chrome.
nickel, silicon, copper, titanium etc.

Each has their own effect on material properties. Of course, they are usually combined. so the eac
products have a bit of everything.

We discuss how the most common elements affect the outcome.

Chromium

1.
2.
3.

4,

Chromium is the element responsible for creating stainless steel.

Presence of chromium at levels above 11% makes a metal corrosion-resistant.
As discussed in the material wear article, the protection takes place through creating an oxidizeo
chromium layer on top of the metal.

This means that the base metal does not get into contact with oxygen and the danger of corrosio
is greatly diminished.

Manganese

AON =

Manganese improves ductility, wear resistance and hardenability.
The latter is done through quenching where manganese has a significant impact.
Itdiminishes the danger of defect formation during the process by making it more stable.

Italso eliminates the formation of harmful iron sulfides, increasing strength at high temperatures.
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Silicon
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2. Another signific
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ametal’s magnetic properties.
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» Sstrength and corros i i
g { 0s10n resistance s auslenite grain size
Vanadium ance, limits austenite grain size.
1. The formation of v

This has an effect
It also in

2 an;‘ldium %‘arhidcs limits the grain size.

3 Creases su?jl I'nlm cas!ng a material’s ductilil)f. '

4. Because ofil; éffe ‘U'LLI 1. hardness, wear and shock impact resistance.
5 § cliveness, the amounts must be held low.

Otherwise, it can have g negative impact on material properties.
Molvbdenum
1. Molybdenum has a large effect on steel alloys at high temperatures.

2. It improves mechanical properties but also resistance to corrosion and acts as an amplifier for the
effects of other alloying elements.

Cast iron

1. Castiron is an alloy of iron and carbon, with carbon content somewhere between 1.5 and 4
percent.

2. There are also other elements present — namely silicon, manganese, sulphur and phosphorus.
3. The properties of cast iron:
e QGreat cast ability
Relatively cheap
¢ High compressive strength
¢ Good wear resistance
e Low melting point
Non-Ferrous Metal o
1. Non-ferrous metals do not contain iron.
2. They are softer and therefore more malleab!c. - . .
3. They have industrial uses as well as aesthetic purposes — precious metals like gold and silver are

both non-ferrous. . "
4. Actually, all pure metal forms, except for pure iron, are non-ferrous.
. 2

- etals’ Properties , L :
N 0[11 Fﬁrrofusolr metals’ advantages make them usable in many applications instead or iron and steel.
. Non-ferrous

2. The properties of non-ferrous metals:
i jion resistance
g:l{:: 10(? lg.;l(l):i((zzt(r:LSlmu.ch'inahilily, casting, welding etc
Great thermal conductivity
Great electrical conductivity
Low density (less mass)
Colorful

W
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e Non-magnetic

Non-Ferrous Metals List _
1. Again, we arc going to provide
non-ferrous metals:

Copper . . |
1. Copper is pretty widely spread in the industrial sphere. . \
7 Add the alloys brass (copper and zinc) and bronze (copper and tin), and you may already S€¢

e

/

some information (x cach metal and its properties. Examples of

the many uses of copper. -

i . . . . . . . p . 1
If not. we can help you out. For mechanical engineers, slide bearings and bushings may be the
most known uses. o
4. Still, copper and copper alloy properties allow more applications:

'

e High thermal conductivity - heat exchangers, heating vessels and appliances etc
e High eclectrical conductivity - used as an clectrical conductor in wiring and motors
e Good corrosion resistance — beautiful but expensive roofing

e High ductility - makes the material very easily formable and suitable for making statues
Aluminum

1. In engineering terms, a very special and important metal.

2. May not be so useful in everyday application because of the price but its combination of Imf'
weight and great machinability make it the go-to metal in yachts, planes and many automotive
parts.

3. Aluminum is also the base metal in many alloys.

4. The best known aluminum grades are probably duralumin, Y-alloy and magnesium.

5. Aluminum properties include:

¢ Corrosion resistant

e Good conductor of heat and electricity (but less than copper) — in combination with ductility and
malleability replaces copper in some instances

e High ductility and lightweight

e Becomes hard after cold working, so needs annealing
e Very heavy
e Resistant to corrosion — doesn’t react with many chemicals

e Soft and malleable

Zinc
1. Zinc on its own doesn’t mean much to the average person.
2. Asanalloying element, on the other hand, it has a wide range of purposes.
3. Itis mainly used for galvanizing steel in all kinds of fields.
4.

Galvanizing makes a material more durable against corrosion.
Properties of engineering materials

1. Mechanical properties

2. Physical properties

3. Electrical propertics

4. Chemical properties
5
6

Thermal properties
Magnetic properties




1.Mechanical py, berties:

Strength
Stiffness
Elasticity
Plasticity
Malleability
Ductility
Toughness
Weld- ability
Machinahilil_\
Fatigue
Hardness
Brittleness
Creep

¢ Resilience

'Si D - et .
2.Physical Properties of Engineering Materials

Density.
Specific gravity.
State Change temperatures.
Coefficients of thermal expansion.
Specific Heat.

Latent heat.

Fluidity.

Weld ability.

3.Electrical Properties

Resistivity

Conductivity

Temperature coefficient of Resistance
Permittivity

Thermoelectricity

4.Chemical Properties of Engineering Materials

Chemical composition.
Atomic bonding.
Corrosion resistance.
Acidity or Alkalinity.

S. Thermal properties

O K~ W N~

——"

Specific heat. .
Thermal conductivity.

Thermal expansion.
Melting point or heat resistance.

Thermal shock.

=S

N



6. Magnetic properties

Permeability

Retentively or Magnetic Hysteresis
Coercive force

Reluctance

Performance of Requirements:-

Design of electrode composites for Li-ion and Na-ion batteries
Development and characterization of improved biomedical materials
Corrosion and protection of Al alloys in aging aircraft applications
Development of new gas, thermal and bio-sensors

Properties of materials that influence large-scale manufacturing
Development of co-continuous ceramic composites

Corrosion susceptibility of emerging Al-Li alloys

Development of high-temperature coatings for carbon/carbon composites
Design of protective coatings for refractory metals.

Fatigue properties of die cast magnesium alloys.

Material Reliability:-

1.

2.

The safety and reliability of technical systems is always also a question of corrosion
protection.

Systems with reliable components play a vital role in accident prevention and occupation
safety.

Reliable surface protection increases the safety of both people and the environment.
preserves the quality of products, and increases the operational reliability of complex
technical systems and components.

This, for example, in the automotive industry, in construction, as well as fastening
technology.

The mission’s system technology offers maximum corrosion protection and hence
maximum safety and reliability of technically demanding applications even under extrem
conditions.

Since the coating diffuses into the base material, an inseparable intermetallic phase devel
between zinc and the base material.

Ductility can also be improved through targeted “tempering” during the main process to
further optimize the material properties.



CHAPTER-02:-FERROUS MATERIAL& ALLOYS

Characteristics of Fe

rrous Material:-

1.
2. Great tensile strength.

3. Usually magnetje

4. Low resistance o Corrosion

5. Assilver-like color. ‘

6. Recyclable,

7. Good conductors of clectricity

icatio ‘er ) i
AplL'LL,.!LQIm,MH,“‘,!'Li!';-

I Ferrous metals are widely used in piping.

- .
2. Although high amounts of carbon causes most of these metals an increased proneness
esm

1o rust and corrosion.
3. Met

als containing wrought iron (lack of sulfur and carbon) and chromium content can
resist oxidation and thereby provide protection against corrosion.

Classification of ferrous metal:-

Er§i1§;.Metal Alloys
I

L B i
Cast Irons j _ Plain-Carbon Steels ~ Alloy Steels
i -
— Gray lrons High-Carbon Low-Alloy Steels
] ] I
Malleable iron Medium-Carbon HSLA Steels
| A ‘ _ ?
Ductile Iron Low-Carbon Microalloyed Steels
| I
Compacted Graphite Iron Advanced High-Strength |
N Steels ,
Aus[empered Ductile |f0ﬂ AP EE ]
- Maraging Steels [
1 I
White lron 5
‘-—-~~—~v—--f~~] Stainless Steels
|
Tool Steels




Carbon percentage of steel

Carbon .
content Microstructure Properties Examples
(W1.%)
I.ow hardness and cost.
High ductility,
Low- <0.25 Ferrite, pearlite toughness, AIS1304, AST
carbon stecl machinability and A815, AISI 31
weldability
Low hardenability, ]

i 025 - ’ ST
Medium- 0.60 Martensite medium strength, AISI 409, ﬁ\%‘\
carbon steel : ductility and toughness A29, SCM435
High- 0.60 — . High hardness. AISI 440C. EN

1.25 Pearlite strength, low ductility 10088-3

carbon steel

Low Carbon Steel (Mild Steel):

1. Typically contain 0.04% to 0.30% carbon content.

2. This is one of the largest groups of Carbon Steel. ...
3. Medium Carbon Steel:
4. Typically has a carbon range of 0.31% to 0.60%, and a manganese content ranging from

060% to 1.65%.

5. They do, however, have high ductility, making them excellent for machining, welding and
low cost.

6. High-strength, low-alloy steels (HSLA) are also often classified as low-carbon steels
however, also contain other elements such as copper, nickel, vanadium and molybde;ltlm
Combined, these comprise up to 10 wt.% of the steel content. .

7. High-strength, low-alloy steels, as the name suggests, have higher strengths, which is
achieved by heat treatment. ,

8. They also retain ductility, making them easily formable and machinable.

9. HSLA are more resistant to corrosion than plain low-carbon steels.

Medium-carbon steel

Medium-carbon steel has a carbon content of 0.25 — 0.60 wt.% ¢
Wt.% and a manganese content of 0.6

~ 1.65 wt.%.

The mechanical properties of this steel are improved via heat treatment involvi L
followed by quenching and tempering, giving them a martensitic microstruct Ing autenitising
Heat treatment can only be performed on very thin sections, however additi ure. .
elements, such as chromium, molybdenum and nickel, can be added t;) dditional alloying

to be heat treated and, thus, hardened. Improve the steels ability
Hardened medium-carbon steels have greater strength than low-carh

comes at the expense of ductility and toughness. on steel, however, this




High-carbon stee]

. High-
1 gh-carbon Steel has g carbon conten of
= 0.90 wt. o ENtof0.60- 1.25 wi.% and a manganese content of 0.30
2. It has the high
€St hardnegs
carbon steels are very W(“:ra"d toughness of (he carbon steels and the lowest ductility. High-
Y Wear-resistant ac « . . .
hardened ang (empereq ESIstant as a resyl( of the fact that they are almost always
3. Tool steels and |
: Sand die steels gre o oo .. :
elements includin, . Is are types of high-carbon steels, which contain additional alloying
4. The addition of thege qpom™ **"3ium, molybdenum and tungsten.
of the formation 01“ y Lb?mc'“s results in the very hard wear-resistant steel, which is a result
carbide compounds such as tungsten carbide (WC).
Alloy steel:- ) :

Alloy steel is often cate
of the most common ad

YOI H {
8onzed based on (he type of alloy and its concentration. These are a few
. ditions to alloy steel:

Aluminum removes

Bismuth improves

machinability.
Chromium

. Increases wear resistance, hardness, and toughness.

Cobalt Increases stability and encourages the formation of free graphite.

Copper improves hardening and corrosion resistance.

Manganese increases hardenability, ductility, wear resistance, and high-temperature
strength.

Molybdenum lowers carbon concentration and adds room-temperature strength.
Nickel improves strength, corrosion resistance, and oxidation resistance.

Silicon increases strength and magnetism.

Titanium improves hardness and strength.

Tungsten improves hardness and strength.

Vanadium increases toughness, strength, corrosion resistance, and shock resistance

High-Alloy Steel

i
1.
2.
3.
4.
5.

6.

High-alloy steels are defined by a high percentage of alloying elements.
The most common high-alloy steel is stainless steel, which contains at least 12 percent

chromium. ) . ..
Stainless steel is generally split into three basic types: martensitic, ferritin. and

austenitic. . ) .
Martensitic steels contain the least amount of chromium, have a high hardenability, and

are typically used for cutlery. . ' |
Ferri>1ipn steeyls contains 12 to 27 percent chromium and are often used in automobiles

and industrial equipment. . |
. )
Austenitic steels contain high levels of nickel, carbon, manganese, or nitrogen and are

often used to store corrosive liquids and mining, chemical, or pharmacy equipment.

Low-Allov Steel

1.

2.
3.

10

L alloy steels have a much lower percentage of alloying elements, usually 1to 5

OW-

percent. Is have very different strengths and uses depending on the cllqs-en alloy. .

"{hesC (Sit'z::nelcr flanges manufacturers typically choose alloys for a specific mechanical
arge di

Fopse potential alloys makes low-alloy steel useful for a variety of projects,

'Th? \:igrietsyegrfnless rolled ring forging and studding outlet manufacturing.
including ‘



Stainless Steel

'L. ‘v [R]

1 - n

o »

i 2.1%.
¥ ith ¢ carbon content of 2.
We know that steel is an alloy of iron and c.'lrh(?n with a rnaxtinlln:hmugh o dition of alloy
Stainless steels are a group of steels that are resistant (o corrosion
Stainless steels ¢
i i ami about 200 alloys of steel with remarkab|
The term stainless steel is used to describe a family of abou
heat and corrosion resistance properties
‘ o
The carbon percentage can range from 0.03% to | -
Its distinguishing characteristic is the high amount nf.chrnmm‘ : s its cormo
Stainless steel contains aluminumof 10.5% of chromium that impre .

2%.
on resistance

and strength _ i
¢ ¢ . i, : xposed to air.
T'he chromium in the alloy creates a passive layer on oxidation when expo

: . . contiallv i ov rustproof.
This laver acts as a shield against further corrosion essentially making thc all s mp)mml
L . - - e ) o y 1ods unde
T'his mechanism allows for retaining a spotless appearance for long per od

workmg conditions.

Benefits of Stainless Steel
1.

‘42

L

n

Use-

11

1

2
3
4
5
6
7
8

-

w

W

Stainless steel has been used with phenomenal success in various infiustrles for over 70 Yef"*- )
More applications are being discovered with every passing year as its advantages become mor
widely identified.

With an increase in demand. production has increased making it more affordable thgn ever.
Besides polished finishes. a whole range of patterned and coloured surfaces are available.

This makes finding a suitable option for your needs possible.

ases

Stainless steel is an exceedingly versatile material.

Itis preferred where the properties of steel and corrosion resistance are required in tandem.

Its first use was in cutlery but due to its corrosion resistance properties.

Next. it found its way to the chemical industry.

Today. we can see stainless steel pretty much evervwhere.

I'he usecases vary from industry to industry.

For example. the uses include making minuscule parts for wristwatches.

At the same time. large panels with a certain surface finish may cover whole buildings.

Tool steel:-

Tool steel refers 10 a variety of carbon steel and alloy steel that are particularly well-suited
Lo be made into tools. -
Iheir suitability comes from their distinctive hardness, resistance
deformation, and their ability to hold a cutting edge at elevated te
As a result. tool steels are suited for use in the sh
With & carbon content between 0.5% and 1.5¢
controlled conditions 1o produce the required
Ihe presence of carbides in the
Ihe four major alloying ¢leme
aretungsten, chromium.
Ihe rate of dissolution of
determines the high-te
resistant sieel).

to abrasion and
mperatures.

aping of other materials.

/ danlo « ¥ ¥

0, logl steels are manufactured under carefull
( quality.

ir .ma!rn‘\ plays the dominant role in the qualities of tool stee!
n}.s that form carbides in ool steel

vanadium and molybdenum.

the different e e - o
dllkrm.I carbides into the austenite torm of the iron
Mperature performance

of steel (slower s better, making for a heat-



Effect of Tool steel like Cr, Mn, Ni, V, Mo

1 ThC cle s h ncre ng
. ment |Ikc chr i )
: omium (( r) mnlvhdcnnm (Mo i [ [

stee an , A . vanadium (V , Increasing
;\((tl h.)IdI]L‘SS and slrvnglh. ) ‘ ( ! (
'.xamplcs ()fq cle At : H b §
e -I 3 l . ) ktl'\ “"“‘""‘"L‘ |'L‘|1||IV(‘|,V hl}lll l‘(\ll(‘t‘ll"ﬂ“()" ()'VC(II' I(I °S h(ﬂ W()fk |0”|
steels, high Speed steels,

Manganes :

. SC R N oy . 5

Mn L‘I‘rizmin-u (7\"‘1“) 'Mproves hardenability, ductility and wear resistance.
aestormation of harmful iron sulfides. increasing strength at high temperatures.

Nickel (Ni) -~ increacec : i i i ‘

‘ : (NI) Increases strength, impact strength and toughness, impart corrosion resistance in
combination with other clements

( hromlum '(( ry — improves hardenability, strength and wear resistance, sharply increases
corrosion resistance at high concentrations (> 12%).

Tungsten (W) — increases hardness particularly at elevated temperatures due to stable carbides,
refines grain size.
Vanadium (V) - increases strength, hardness, creep resistance and impact resistance due to
formation of hard vanadium carbides, limits grain size.

Molybdenum (Mo) - increases hardenability and strength particularly at high temperatures and
under dynamic conditions.
Silicon (Si) - improves strength, elasticity, acid resistance and promotes large grain sizes, which

cause increasing magnetic permeability.

12



CHAPTER:-03 IRON-CARBON SYSTEM

Concept of Phase diagram:-

A phase diagram in physical chemistry, enginecring, mineralogy, and materials science is a type o/ &
chart used to show conditions (pressure, temperature, volume, ctc.) at which thermodynamicall: £
distinct phases (such as solid, liquid or gascous states) occur and coexist at cquilibrium.

Cooling curve:-

2. A cooling curve is a line graph that represents the change of phase of matter, typically from
gas to a solid or a liquid to a solid.

3. The independent variable (X-axis) is time and the dependent variable (Y-axis) is temperaturc.

4. The amount of energy required for a phase change is known as latent heat.

5. Cooling curve graphs are useful as they clearly show up a phenomenon of phase changes o
matter.

6. To explain this, we shall use water as our example.

7. First we start with a sealed container of steam, particles are moving at a high speed

temperature of which is, say, 150 °C. ‘

8. As we measure the temperature of the rapidly cooling gas, we see that it falls at a rate that is ¢
typical of the specific heat capacity of steam; until when it reaches 100 °C, when something ©
odd happens - the temperature stagnates.

9. Afier an amount of liquid water has collected the temperature continues to drop, again ¢
proportional to the specific heat capacity of water (different to that of steam), until again the |
temperature stagnates, this time at 0 °C. v

10. Later, the temperature again resumes falling.

11. The explanation is that different phases of matter are associated with different energy levels.

12. Steam at 100 °C is the same temperature, but contains much more thermal energy than liquid
water at 100 °C.

13. The same goes for water and ice at 0 °C.

14. This is because molecules of water are much more free to move around as a gas than as
liquid, and that freedom of movement means there is much more kinetic energy associated with
each molecule, and that energy is transferred as the substance shifts phase - explaining wh:
energy seemingly disappears when boiling a kettle. .

13
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Iron-carbon phase diagram :-

e Iron-carbon phase diagram describes the irmj-.curhun syslcr.n of alloys cnptaining up.'
6.67% of carbon, discloses the phases compositions and their transformations occurri:
with the alloys during their cooling or heating. | o

e Carbon mnlt.‘nl 0.67% corresponds to the fixed composition of the iron carbide Fe:C.

e The diagram is presented in the picture:

F Iron -carbon phase diagram LS

_ 2802°F (1539°0 6o

] 1400

9°F (1493°C)

2552°F (140Q°C)

L.+ FeaC
0.16% )

1832 ~ <1000
A3 \ 1670°F (910°C) Auste‘lite +cementite+ledeburite : Cementite + ledeburite

1472 - 800

I
1333°F(723°C) !

0.025% 0.83%
— 60C
e L=1}818"F(770"(“)\\

Log
i : § | 400
- ' '
¢ : +8 | Cementite + pearlite + transformed ledeburite
eE 2 2 | < 200
P oF Fesc
! I
32 = = | ! | | 1 4 9
0 1 2 3 4 5 6 667%

carbon alloys:

* L - Liquid solution of carbon in iron;

*  oferrite - Solid solution of carbon in iron,

* Maximum concentration of ¢
the paratactic transformatjon,

The crystal structure of d-ferrite is BCC (body centered cubic)

arbon in §-ferrite is 0.09% at 2719 of (1493°C) — temperature o

15
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Austenite - interstitial sol;

| stitial sohid solut; ¢ i
Austenite has FCC (cubic face c:m el
10 2.06% at 2097 °F (1147 )
Austenite does not exist helow 1333 ©
temperature is 0.83%, [

n y-iron
ntered 51 . ot
) erystal structure, permitting high solubility of carbon — up

" 10 .
(723°Cy and maximum carbon concentration at this

-ferrite i
a-ferrite — solid solution of carbon in a-in
‘ -iron

a-ferrite has BCC crys
K ture i
ystal structure and low solubility of carbon — up to 0.025% at 1333 “F (723°C)

a-ferrite exists at room temperature

Cementite - iron carbi ;
carbide o :
Cementite is a hard m‘:\l; termetallic compound. having fixed composition Fe:C.
- dand 3 . .
The following phase tr ”}”C su.hslancc. influencing on the properties of steels and cast irons.
phase transformations occur with iron-carbon alloys:

Allovs, inine .

Carbon Cc(:::::ll?i :“1;‘;2% ?% of carbon, start soli(.jiﬁcation with f'ormz?lion of crystals of 8-ferrite.

remisining liqiid phase aCdmscrcas_es up to 0.09% in course sohdlﬁca_tlon. and z}t 2’(19 °F (14’93“(;)

—— se and 8-ferrite perform paratactic transformation. resulting in formation of

i;‘éot:;'i;o"“a‘mpg C_arbon more than 0.51%, but less than 2.06%, form primary austgnite crystals in
ginning of solidification and when the temperature reaches the curve ACM primary cementite

stars to form.

Iron-carbon alloys. containing up to 2.06% of carbon, are called steels.
Alloys. containing from 2.06 to 6.67% of carbon, experience eutectic transformation at 2097 °F
(1147 °C).

The eutectic concentration of carbon is 4.3%.

In practice only hypoeutectic alloys are used.
These alloys (carbon content from 2.06% to 4.3%
When temperature of an alloy from this range reaches 2097
austenite crystals and some amount of the liquid phase.
The latter decomposes by eutectic mechanism to a
called ledeburite.

All iron-carbon a
The eutectoid concentration 0

) are called cast irons.
°F (1147 °C), it contains primary

fine mixture of austenite and cementite,

loys (steels and cast irons) experience eutectoid transformation at 1333 °F (723°C).

{ carbon is 0.83%.




CHAPTER:-04 CRYSTAL IMPERFECTIONS

Crystal

1. A crystalline material consists of primarily organized crystal
2. A cr:vstnl is a solid composed of atoms, ions, or molecules arr
repetitive in three-dimensions.
3. Each crystal lattice is defined by a crystal system.
Types of lattice structure or crystal structure
Basic of the crystal structure consists of space lattice pattern and basis
Crystal structure = space lattice + basis
Basis may contains one atom per lattice pattern
e.g.
1) FCC (Space lattice) + | Aluminum atom at each lattice point (basis) = FC
Aluminum (Crystal structure)
2) BCC + 1 Iron atom at each lattice point (basis) = BCC Crystal of Iron
U FCC = Face Centered Cubic
e.g. Copper, Aluminum, Nickel, Pb, Ag
00 BCC = Body Centered Cubic
e.2. W, Mo, Cr
U HCP = Hexagonal close pack
Mg. Zn. Ti, Cd, Zr
Unit Cell: The basic difference between all these pattern lies in the difference between the unit
cell which is nothing but the repeatability of each pattern in lattice space.

structure.
anged in a pattern that |

C Crystal of

SeEe = F.C.cC.

. atom

N o ] ‘ 7 H.C.p
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BoC.C ( lio('\' (‘(\n"i

® latom at ¢
center of ¢
* No.ofatoms per “;::he :‘|nd N atom each at all the ¢
K N cell = Nw . orners
of atoms at face and N = . © 3 N2 N2 Wi ‘ ' ‘
nd Ni = No o rere Ne -~ No. of atoms at center, Nf -~ No.

A fatoms inside
tomic radius |.73*“/4‘ Where a nside.

Atomic packing radius 0.68
V. Mo, Ta, W are

red Cubie

distance between two adjacent atoms

having BCC
2 BCC structure o room temperature

coordination ng i 8
The nearest distance be

tween two atoms 1.73%a/2

Cut section ot alom

il_ BCC Crystal Structure }
F.C.C (Face Centered Cubic)
« | atom at each corner of cube

1 atom at the intersection of the diagonal of each of six faces of the cube
No. of atoms per unit cell = Nc¢/8 + Nf/2 + Ni/2 = Four atoms
e Atomic radius = 1.41*a/4
e Atomic packing factor = 0.74
e e.g. Cu, Al, Pb,Ni, Coetc

e Coordination number = 12
Nearest distance between two atoms = a/l1.41
No. of atoms per unit cell shows the density parchedness

e So, FCC is more density packed than BCC
H.C.P. (Hexagonal Close Pack)

| atom at each corner of hexagon

| atom at each center of hexagon faces
enter connecting perpendicular s in three rhombuses

L
e | atomatthec .
No. of atoms per unit cell =6

e Atomic radius = a/2

« Atomic packing factor = 0.74
e Coordination number = 12

e eg.2n, Cd, Mg
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. i t temperatures,
Because of allotropes of iron, it got two different lattice structure at differen

- i C ubic
e Atroom temperature crystal structure of Iron is B(,(/(Bod.y Cel:itefed C )
e At 912 °C the crystal structure changes(Face Centered Cubic) ar} BEC)
e At 1,394 °C its crystal structure changes to a Body centered cubic (

Ideal Crystal

. i itable in real crystalg
(1) A crystal of perfect structure, with none of the structural c!cfccts 1?:;/: y
(2) The ideal crystal is a theoretical model widely used in solid-state ry.

Imperfection g ition, does not exisy
* A perfect crystal, with every atom of the same type in the c()r‘rCCt position, ot 2 sinele
® There always exist crystalline defects, which can be point defects occurring d ‘d Sling: N
lattice point; line defects occurring along a row of atoms; or planar defects occurring over .
two-dimensional surface in the crystal.
* There can also be three-dimensional defects such as voids.

Crystalline Defects:

Imperfections or defects:

® Any deviation from the perfect atomic arrangement in a crystal is said to contain
imperfections or defects.

® Oracrystalline defect is a lattice irregularity having one or more of its dimensions on the
order of an atomic dimension.

There are 4 major categories of crystalline defects:
1. Zero dimensional: Point defects occurring at a single lattice point.
2. One dimensional: Linear defects (dislocations) occurring along a row of
atoms.
3. Two dimensional: Planar (surface) defects occurring over a two-
dimensional surface in the crystal.
Three dimensional: Volume (bulk) (void) defects

#  Defects influence the electrical and mechanica] properties of solids; in fact it is the defects
that are usually responsible for the existence of useful properties :
While is it perhaps intuitive to think of defects as bad thj : : :
: , ) Ings, they are i )
crucial, to the behavior of materials: £, they n fact necessary, ey .

Almost, or perhaps all, technology i i ) )
oy ofdef:cts. p gy involving materials depends on the existence ofsome

=

v

v
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Thus some important pro i
perties of
by the nature of the host crystals crystals are controlled by as much as by imperfections and
e The conductivity of s emi
. on ome i i i
Shritics Semiconductors is due to entirely trace amount of chemical
Color, luminescence of man
¢ Atomic diffusion may be ac
¢ Mechanical and plastic pro

Y crystals arise from impurities and imperfections
cel_eratcd enormously by impurities or imperfections
perties are usually controlled by imperfections.

Crystal Defects Classification:

1. Point defects:
a. Vacancy

b. Schottky

c. Self-interstitial

d. Frenkel

e. Colour centers

f. Polarons

g. Excitons

2. Line defects

a. Edge dislocation
b. Screw dislocation

3. Surface defects
a. Grain boundaries
b. Tilt boundaries

¢. Twin boundaries

d. Stacking faults

4. Volume defects
a. Inclusions

b. Voids

Point Defects: o ' ) )
Point defects are where an atom is missing Or 1S 1n an irregular place in the lattice structure.

Vacancies : :
1. A perfect crystal with regular arrangement of atoms cannot exist.

2. There are always defects, and the most common defects are point defects.

This is especially true at high temperatures when atoms are frequently and randomly change
l . . .

their positions leaving behind empty lattice sites, called vacancies.

1. Vacancies are empty spaces where an atom should be, but is missing.
. Va

5. In most cases diffusion (mass transport by atomic motion) - can only occur because of
. In

vacancies.

20



How many vacancies are there?
e The higher is the temperature, more often atoms
toanother and larger number of vacancies can be
e Actually. the equilibrium number of vacancics, NV, ir
absolute temperature, T, and can be estimated using the equation

arc jumping from one equilibrium positic,

found in a crystal.

1creases cxpnncntially with the

(Boltzmann Distribution):
. Nv Nexp(-Qv/kT) N

2. Where N :s the number of regular lattice sites, k is the Boltzmann constant (138 x 10-2
1atom.K), and Qv is the energy needed to form a vacancy in

Using this simple equation we can estimate that at room temper

vacancy per 1015 lattice atoms, whereas at high tempcl’atul'(hjuS

point(1358 K) there is one vacancy for every 10,000 atoms.

4. These are the lower end estimations, a large numbers of additional v
introduced in a growth process or as a result of further treatment (plas
quenching from hightemperature to the ambient one, etc.).

Example:

e Calculate the equilibrium number of vacancies pe

10000C.
e The energy for vacancy formation is 0.9eV/atom; the atomic weight and densit:

10000C)for copper are 63.5 g/mol and 8.4 g/cm3, respectively.

e A Schottky defect is a type of vacancy in which an atom being free from
regularsite,migrates through successive steps and eventually settles atthe crysi:
surface. a pair of anion and cation vacancies.

a perfect crystal.
ature in copper there i+ o
{ below the melting

‘OJ

acancies can be
tic deformation.

r cubic meter for copper at

Substitutiondl lefect Vacancy - Peirt Defect

flreened o

WA - ey
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Impurities:

A pure metal consistin

atoms wil S

moms Cvlcalwg}l/s be Present, andsome

. even with relat; i

. vely g stics

In excess of()()_()t)()()“/n Y sophistieay

At thislevel, on the

of material.

Metals which have ;

e S W I.nth have Impurity called alloys
oymg is used in met "

g ofonly one type et
Y one type (.)futn.m.lusl isn’t possible; impurity or foreign

will exist as crystalline point defects.

ed techniques, it is difficult to refine metals to purity

order of 1022 . ,
2210 1023 impurity atoms will bepresent in one cubic meter

als to in s mechan; . .
The addition of impuri; Improve mechanical strength and corrosion resistance.
and/or a new second phz al(:;ns to a metal will result in the formation of a solid solution
: se.depending o : : ; ait CONG ions. ¢
thetemperature of the alloy g on the kinds of impurity, their concentrations, and
Several ter : '
ms re . -
“Solvent™ rcprrchIa“(ngIm impurities and solid solutions deserve mention.
sents . .
aforns s the element or compound that ispresent in the greatest amount host

“ .
Solute™ is u
se . . .
d to denote an element or compound presentin a minor concentration.

Solid Solutions:

A soli ) i
solid so'lutlon forms when, as the solute atoms are addedto the host material, the crystal

structure i1s maintained, and nonew structures are formed.

If two liquids, soluble in each other (such as water andalcohol) are combined, a liquid

solution is produced as themolecules intermix, and its composition is

homogeneousthroughout.

A solid solution is also compositionally homogeneous; theimpurity atoms are randomly and

uniformly dispersed within thesolid.

Impurity point defects are found in solid solutions, of whichthere are two types:

Substitutional:

There are several features of the solute and solvent atomsthat determine the degree to which the

former dissolves in thelatter, as follows:

1. Atomic size factor.

Appreciable quantities
difference inatomic radii

Otherwise the solute at

between the two atom types is less than about.

oms will create substantial latticedistortions and a new phase will form.

2. Crystal structure.

For appreciable

same.

22

solid solubility the crystal structures for metalsof both atom types must be the

of a solute may be accommodatedin this type of solid solution only when the
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3. Electronegativity.

>

lectronegative the other, the greater ;.

The > elec sitive one element and the moree e A
The more electropositive one eler 2 substitutionsolid

il f i icc instead of
the likelihood that theywill form an intermetallic compound ins

solution.

4.Valences.

»

' ; enc issolve another mety] |,
Other factors being equal, a metal will have more of a tendency to d :

higher valancy than one of a lower valency.

Interstitials -

23
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Atoms that are squeezed in between regular lattice sites. o

If the interstitial atom is of the same species as the lattice atoms, it is called sclt?— el
Foreign, usually smaller atoms (carbon, nitrogen, hydrogen,oxygen) are called interstitja|
impurities. .

An example of interstitial impurity atoms is the carbon atoms that are added to iron to m;,
steel.

Carbon atoms, with a radius of 0.071 nm, fit nicely in the open spaces between the larger
(0.124 nm) iron atoms.

They introduce less distortion to the lattice and are more common in real materials and m -
mobile.

If the foreign atom replaces or substitutes for a matrix atom, it is called a
substitutionalimpurity.

A substitutional impurity atom is an atom of a different type than the matrix atoms, whi)
has replaced one of the bulk (matrix) atoms in the lattice.

Substitutional impurity atoms are usually close in size (within approximately 15%) to the
bulk atom.

interstitis

An example of substitutional impurity atoms is the zinc atom

! : s in brass. In brass, zinc aton
with a radius of 0.133mm have replaced some of the co

pper atoms, which have a radius o

0.128mm.
Interstitial Defect
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Frenkel defect

Frenkel defect is a pair of cation
Or it may also be an anjon (ne
Or the combination of

('P sitive 1on) vacancy and a cationinterstitial.
Y 1 rac H :

s gative 1on) vacancyand anion interstitial.
 vacancy andinterstitial is called a Frankel defect.

However ani

10Ns are muc . .
tofo chlarger than cations and it is not easy fi anion i itial
m. $ asy for an anion interstitia

e —

5. In both Frenkel >
and Schottky de i i
of strong coulombic y defects, the pair of pointdefects stays near each other because

attraction ofthcir opposite charges.
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2- Linear Defects (Dislocations):

1. In linear defects groups of atoms are in irregular positions.

2 Linear defects are commonly called dislocations.
3. Any deviationfrom perfectly periodic arrangement of atoms along a line iscalled the line

imperfection.
4. A line defect is a lattice distortion created about a line formedby the solidification process,

deformation, vacancycondensation or atomic mismatch in solid solutions.

plastic
ting as boundary between the slippedand un-slipped region, lies in

5. The line imperfection ac
the slip plane and is called adislocation.
6. Dislocations arc generated and move when a stress is applied.

7. The strength and ductility of metals are controlled bydislocations.
Two extreme types of dislocations are distinguish as

1. Edge dislocations and
2. Screw dislocations.
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Edge Dislocations:

. . : icinity of the dislocan,
1. The inter-atomic bonds are significantly distorted only in theimmediate vicinity

line. -
As shown in the set ofimages below, the dislocation moves similarl

3. The dislocation in the top half of the crystal is slippingone plzfnc at ? t
from its position inimage (a) to its position in image (b) and finally ima
. Inthe process of slipping one plane at a time the dislocationpropagalcs‘i'n
S, Edge dislocation is considered positive when compressivestresses [?rc.scn .
below the dislocationline, it is considered as negative edge dislocation, an re

A schematic view of edge dislocations are shown in figure below.

ya gmall amount ata time

ime as it moves to the 1y,
ge (¢).

cross the crystal.

t above the stresses e
prc.«scnlcd by 1

EDGE DISLOCATION

(a) Model of a simple cubic lattice; the atoms are represented byfilled circles, and the bonds
between atoms by springs.

(b) Positive edge dislocation DC formed by inserting an extrahalf-plane of atoms in ABC).
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below the slip plane.
- An edge dislocation with the extr
dislocation and if the extraplane
dislocation.

a planc of %
of atoms L ﬂ::nlm above theslip plane, is called a positive edge
¢ . >S N / s ol .
clow the slip plane, the dislocation is anegative edge

(d) Dislocation moves a ; L
A pure edge dislocati long S_hp planc? in slip directionperpendicular to dislocation line CD.
It mavmove v ‘n. llloncan glide or slip in a direction perpendicular to its length.
3 ertica o
Slace y by a process known as climb, if diffusion ofatoms or vacancies can take

> The screw dislocation is slightly more difficult to visualize.
Themotion of a screw dislocation is also a result of shear stress, butthe defect line

movement is perpendicular to direction of thestress and the atom displacement, rather than

parallel.

SCREW DISLOCATION

26



> To visualize a screw dislocation, imagine a block of metal witha shear stress applied acro.
one end so that the metal begins trip.

Then the bonds are broken.

> As was the case with the edge dislocation. movement in thismanner requires a much smg]| .
foree than breaking all thebonds across the middle plane simultaneously.
» If the shear force is increased. the atoms will continue to slip.

(@) left-handed screw dislocation DC formed by displacing the faces ABCDrelative to each other

direction AB; The dislocation line is parallel to its,slip vector or (Burgers vector)
(b) spiral of atoms adjacent to the line DC in (a).

I Interfacial defects can be defined as boundaries th
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iodinm e _ rtionsthat ljc ;
atomicdiameters, J:or example: ¢ hat lic about a surface having thickness of a few

w xternal surface : .
faults, and phase boundaries rfaces, grain boundaries.twin boundaries, stacking

3. Theseimperfections -
. \ P. Ll‘lf)ns are not lhcrmudyn;,,mc.”| ab
imperfections. They arise from the ¢ @1y stable. rather they aremeta-stable
- 1C Clustery t . .
External surface: stering of linedefects into a plane.
1. The environme ‘
. cnt ol an ¢ af . . o
the number of neiph ‘_"”'" ata surface differs from that of anatom in the bulk; especially
2 Thus th tehbors(coordination) at surface is less |
. S the unsaturate . ¢ 5 1€55.
3. This result inrg}:::\uﬁ bonds ofsurface atoms give rise to a surface encrgy.
o c axation (the lattice spacing is decreas ¥ 4
structure changes). ice spacing is decreased) or reconstruction(the crystal
4.

Grain boundaries:

To reduce the .
cnerey Aterialcte o i . ) .
£Y. matenialstend to minimize, if possible, the total surface area.

28
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(‘ry.slaHmc solids are, usually, made of number of grainsseparated by grain boundaries.
(Jram. boundaries are severalatoms distances wide, and there is mismatch of orientation
ofgrains on either side of the boundary as shown in figure below.

When this misalignment is slight, on the order of few degrees (<10°), it is called low angle
grain boundary.

These boundariescan be described in terms of aligned dislocation arrays.

If thelow grain boundary is formed by edge dislocations, it is calledtilt boundary, and twist
boundary if formed of screwdislocations.

Both tilt and twist boundaries are planar surfaceimperfections in contrast 10 high angle grain
boundaries.

Forhigh angle grain boundaries, degree of disorientation is of largerange (> 15°). Grain
boundaries are chemically more reactivebecause of grain boundary energy.

At ambient temperatures, grain boundaries give strength to amaterial.

GRAIN

MINUTE
FOUNDARY INDIVIDUAL

CRYSTALS

Q]



Twin boundaries: - A
Twi 1 apecific mirror lattice symmet,
'

' " Il' Ham l'“”""‘"\ not e
(W '\' ’ (3] \Vl”‘h“““ |

¢ yne bound,y,
| . ced by ¢
es oceur in paiessuch that the orientation chinng

I lisaspe
- I'win boundari
isrestored by the other (figure below)

. Crwinned regon. _
v The region hetweenthe pair of boundaries is called the twint e mealing twin, whe
‘ ' . (' IS A W
1 Twins whichtorms doring the process ol rec rystallizntion are ¢

deformation twins form during plasticdeformation.

(e direction, both of wiy
. ; . { cific direct
q I \\illl\ill)). oceurs on o detimie |‘|'y!,'|1||;lllnplll("i'llm and 1

1 spe
depend on theerystal strocture,
6. Annealing twins are typically found in metalsthat have

o () : i armati ins are o
stacking fault enerpy), while mechanical/deformation twins i | '
' hter sides t

FCC erystal qructure (and low

hserved in BCC andlicp
:chanical 1w,
ithstrai yan mechanical tuy,
metals. Annealing twins are usually broader and withstraig,
Fwins do not extendbeyond a grain boundary.

Volume defects
I Volume defects are Voids, i.e. the absence of a number of aton
the crystal
2. They have similar properties to microcracks because of the broke
. Microcracks and Voids occur in Amorphous materials.
Effect of Imperfection on Material properties:- Jile-brittle
I Mechanical properties (such as the strength, ductility, toughness, and ductile-bri
transition) depend upon the erystal structure and imperfections. o
Point defects influence electrical conductivity, mechanical strength, and dl”USI'VI.lY.
3. Lattice, as well as bulk defects, is relevant in material processing involving solidification
deformation, and powder metallurgy.
4. For example, rimmed steel sheets are particularly susceptible to strain (within 30 day)
5. This is duc to the presence of dissolved carbon and nitrogen in steel.
6. This is eliminated by vacuum degassing and in aluminum killed steels.
7. Similarly, the strength of copper is increased by the addition of nickel owing to the
formation of a solid solution.
8. The additional imperfection tends to hinder dislocation motion and consequently the
strength increases.
9. Also, hard ceramic particles of alumina (A1203) are dispersed in a soft, ductile
aluminum.
10. These particles resist the movement of dislocations in th
increase the strength of aluminum metal.
I'l. Large grains have lower l'rcg energy than smal| grains.
12. Lowest energy state oceurs in a single crystal (without
single crystals, w!ugh In some cases are made direct|
I3. Parallel planes of high atomic dens
the crystal structure.
14. In FCC (e.g. aluminum, gold, copper), there

15 to form internal surfaces

n bonds at the surface

1]

matrix of

¢ aluminum matrix, and hence

grain boundaries). Whiskers arc
o y from vapor.
and ¢ S i ; i

\ orresponding large Interplanar spacing exist in

: are Sible slin v
deformed. '2 possible slip directions, so easily
IS In HCP (Hexagonal Close Packe inn?
 HCP (Hex 1gonal Close Packed), Winning oceuyrs 5 din FCor
slip occurs casily. ndin FCC(Face Centered Cubic). <o
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Deformation by Sjip,
l. Slip is the promine

2. Itinvolves sliding
called slip plancs.

Nt mechanism 0

{"plastic defy
~ St ~ . .
of blocks of ¢ry ! deformation in metals,

stal over one ;
fLoverone other along definite crystallographic planes,

It is anal

S analogous o g ‘

_ deck of «

adeck of cards When it is pushed from on I
‘ | ¢ end.

3
4. Slip occ
Co ceurs when shear oy
5. Mechanisms of \I: h.L-'" stress applied exceeds a critical value
i > ot plastic deformation i e
6 aton in metals

Tim oo ' Y Moves same inte : o
slip planc producing a step. bt | €8 same antegral number of atomic distances along the
-ty ||1J .‘l ut ¢ orientation of the crystal remains the same.
b ance O . . . . . . .
with planc of greatest atomic density, and the slip direction is the close
v the slip plane,

0C000000000 o)

ey [omonnon
00000000000 | 00000000000
= 00000000000 | 00000000000
OCO00000000 | 00000000000
j«OOOOOOOOOOO OOOOOOOOOOO,{
. 00000000000 | 00000000000
00000000000 | 00000000000

Undeformed Crystal | AfterSip

Deformation byTwining :
1. 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.
The twinned portion of the crystal is a mirror image of the parent crystal.

The plane of symmetry is called twinning plane.
The important role of twinning in plastic deformation is that it causes changes in plane

orientation so that further slip can occur.

7. Generally slip pl
packed direction

000
L 000U
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Effect of Deformation Material Properties

31

‘'

However, the quantitative dependences of the steel microstructure anq me:chanical
properties on strip casting parameters arc unknown and require investigation. .

The strip casting process was simulated using a Glebes 3500 thermo-mechgnlcal Simuly,
Mechanical propertics were measured using microhardness and tensile testing. '
Microstructures consisting of 40-80% polygonal ferrite with remaining martensite, bing,
and very small amount of Widmanstitten ferrite were produced. o
Deformation to 0.17-0.46 strain at 1050. °C refined the prior austenite grain size via Staty
recrystallization, which led to the acceleration of ferrite formation and the ferrite grain
refinement.

The yield stress and ultimate tensile strength increased with a decrease in ferrite fractio,
while the total elongation decreased.

The improvement of mechanical properties via deformation was ascribed to dislocation,
strengthening and grain boundary strengthening.




CHAPTER.
1. Heat treatment jg the PEE:);QS HEAT TREATMENT

ating and coql;
oli sale treimm .
Mies. g metals, using specific predetermined

ain desired
2. Both fern : iy
Ous as wel| g5 non-ferroyg mel

Over time ST, als under sert fr . .
4. E Ime, a ot of different Mmethods have b g0 hea yment before putting them to use.
. Even today, met ° Ve been developed.

these processes. antly working (o improve the outcomes and cost-efficiency of
Heat Treatment Methods:.

1. There are quj ew
2 Every 1q fIIIC a fe\\"hcal treatment techniques to choose from
“Very one of them brings along certain qualities s .

b

allurgists are const

® Annealing

. Nonnalizing

* Hardening

* Ageing

e Stress relieving
* Tempering

e Carburization

Annealing

1. In annealing, the metal is heated beyond the upper critical temperature and then cooled at a slow
rate.

2. Annealing is carried out to soften the metal. It makes the metal more suitable for cold working

and forming.

It also enhances the metal’s machinability, ductility and toughness.

4. Annealing is also useful in relieving stresses in the part caused due to prior cold working
processes. . o

5. The plastic deformations present are removed during recrystallization when the metal
temperature crosses the upper critical ten?perature.- o .

6. Metals may undergo a plethora of annealing techniques such as recrystallization annealing, full

annealing, partial annealing and final annealing.

Normalizing

]. Normalizing is a heat treatment process used for relieving internal stresses caused by processes

Iding, casting, or quenching. . | “
fuigiisp:voies:s gthe metal is heated to a temperature that is 40° C above its upper critical
n s

|98

El?l?;spg:::;;ture is higher than the one used for hardening or annealing.

holding it at this temperature for a designated pgr_iod of time, it is cooled in air.
After ho creates a uniform grain size and composition throughout the part.
Nomal!gcligsteels are harder and stronger than annealed steel.
e normalized form, steel is tougher than in any other condition.
!rnhfa‘;: \I:hl;,spang that require impact strength or need to support massive external loads will
is

almost always be normalized.

NN AW
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Hardening

0.

L »m o

The most common heat treatment process of all, hardening is used to increase the hardnes: (¢
metal.

In some cases, only the surface may be hardened. o ‘

A work picce is hardened by heating it 1o the specified temperature, then cooling it rapidly by
submerging it into a cooling medium. ( Nl brine or water may be used. .

The resulting part will have increased hardness and strength, but the brittleness increases to,
simultancously. 4
Case hardening is a type ol hardening process in which only the outer layer of the work pic
hardened.

I'he process used is the same but as a thin outer layer is subjected to the process, the resuliay,
work piece has a hard outer layer but a softer core.

This is common for shafis,

A hard outer layer protects it from material wear.

A hardened surface provides protection from that and the core still has the necessary proper
handle fatigue stresses.

Stress Relieving

=

Stress relieving is especially common for boiler parts, air bottles, accumulators, etc.

This method takes the metal to a temperature just below its lower critical border.

The cooling process is slow and therefore uniform. '
This is done to relieve stresses that have built in up in the parts due to earlier processes such -
forming, machining, rolling or straightening.

Teerring

Tempering is the process of reducing excess hardness, and therefore brittleness, induced duri--
the hardening process.

2. Internal stresses are also relieved.
3. Undergoing this process can make a metal suitable for many applications that need such
properties.
4. The higher the temperature used, the softer the final work piece becomes.
5. The rate of cooling does not affect the metal structure during tempering and usually, the meta)
cools in still air.
Surface Hardening

Nitriding

33

l.

Nitriding is a surface hardening treatment, where nitrogen is added to the surface of steel
parts either using a gaseous process where dissociated ammonia as the source or an ion or
plasma process where nitrogen ions diffuse Into the surface of components.

Gas nitriding develops a very hard case in a part at relatively low temperature, without the
need for quenching.

Also parts of different sizes and shapes may be nitrided in the same cycle allowing for
versatility of the process,

lon nitriding, on the other hand, is a more restrictive process



8. This temperature jg

G g usu
nitriding docs ney

. ally below the fina| temperin
affect the base mey
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anical properties,
Carburization
~albunzaton
1. In this heat treaty
. - treatment process;, he i i i ' e
Sy the metal s heq > presence of erial that reledses
carbon on dcconumsilion. He e presenceof anthermat
2. The released carbon ig i
. a Arvon 1s absorbed o the s
: ¢ surface of >al,
3. The carbon content of i

the surface increases, making it harder than the inner core.

4. Calrbur‘lz!n 815 a heat treat process that produces a surface which is resistant to wear, while
maintaining toughnegs and strength of the core,

5. This treatment is applied to low carbon steel parts after machining as well as high alloy steel

(4320, 8620, 9310, 17¢ tNOMo06-7) bearings, gears and other components.
6. Parts that require incre.

) ased wear resistance and fatigue strength are excellent candidates for
carburizing,

Effect of Heat Treatment on Properties of Steel

(i) Tensile Strength (T.8): is the load required to fracture unit area of the metal.

(i1) Yield Strength (Y.S): is a measure of the onset of plastic deformation. (0.2% permanent
extension).

(iii) Percentage Elongation (E.L) in gauge length: is a measure of the ductility of the material.

i ) e is also
(iV) Percentage reduction in cross—sectional area (Ra) measured at the pomt of fractur
i}
related to dl.lCtlllty

i i k.
(v) Very ductile materials are considerably reduced in cross — section before they brea
v) Very du

s A i igidity, or springiness of a material. It is
. ’ f Elasticity (E): is tht? stiffness, rigi .

(vi) ?oungf:hl:lgg:;::gmon of the stress/strain graph for the material.

the slope o

. is the energy absorbed by the material befor.e it fractures. This is the area
(viii) Tou%h ness g‘zt'zn sion or stress — strain curve up to rupture point (N.mm).
under the force —

indi hardness of the material.
er (BHN): indicates the surface
i i dness Number (
(ix) Brinell Har
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Hardenability of Steel | i |
1. The hardenability of a metal alloy is the depth to which a material is hardened after Puttin,

it through a heat treatment process.
i . ich i ¢ f a sample's resistance to
2 It should not be confused with hardness, which is a measure of a s

indentation or scratching,. .
. . : v dL . i to weld ability
Itis an important property for welding, since it is inversely proportional thy
is, the case of welding a material.
ece | o i water immediatel,

4. When a hot steel work-piece is quenched, the area in contact VYIlh the 5
cools and its temperature equilibrates with the quenching medium.

hi ; ) re throughout itg
This results in a work-picece that does not have the same crystal structu g
entire depth; with a softer core and harder "shell".

5

N . . .. ; . rlite.
6. The softer core is some combination of ferrite and cementite, such as pea

. . . . tent and o1
The hardenability of ferrous alloys, i.e. steels, is a function of the carbon con ,
alloying elements and the grain size of the austenite.

8. The relative importance of the various alloying elements is calculated by finding
the equivalent carbon content of the material.,

9. The fluid used for quenching the material influences the cooling rate due to varying ther -
conductivities and specific heats.

10. Substances like brine and water cool the steel much more quickly than oil or air.
I'1. If the fluid is agitated cooling occurs even more quickly.

12. The geometry of the part also affects the cooling rate: of two samples of equal volume, /¢
one with higher surface area will cool faster.
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Aluminum alloys

CHAPTER:- 06 NON

1.

. The typical alloying elements metal.

Aluminum
alloys (o

. r .

which aluminu (or aluminum alloys; s

m (Al) is the predominant

y o

ee spelling differences) are alloys in

are copper, m ‘
: » Magnesium, Mmanganese, silicon, tin and zi
here are two princi ' -

. pal classificati .
both of which are further :SES‘-C?"O”_S. namely casting alloys and wrought alloys,
heat-treatable ivided into the categories heat-treatable and non-

About 85% of alumi .
m .
and extrusions. inum is used for wrought products, for example rolled plate, foils

Cast alumi :
alth oughn:;\neum alloys yield cost-effective products due to the low melting point,
y generally have lower tensile strengths than wrought alloys.

l’“h_e most impogtam cast aluminum alloy system is Al=Si. where the high levels of
icon (4.0-13%) contribute to give good casting characteristics.

Duralumin
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_ It is relatively soft, ductile and easily workable under normal temperature.

The alloy can be rolled, forged and extruded into various forms and products.

 The tensile strength of duralumin is higher than aluminum, although its resistance to

corrosion is poor.

The electrical and heat conductivity of duralumin is less than that of pure aluminum
and more than that of steel.

It was initially used in rigid airship frames, and its heat-treatment methods and
composition were wartime secret.

With the introduction of new monologue construction methods in early 1930s,
duralumin was widely used in the aircraft industry.

The light weight and high strength of duralumin when compared to steel enabled its

application in aircraft construction.
However, @ special laminated form of duralumin called allay is used in the aircraft
o )

industry as it tends to lose strength during welding.

|



Chemical Composition

The chemical composition of duralumin is outlined in the following table.

ent (%
Element Contont (%)
Aluminum, Al ¢
Copper, Cu 4

Magnesium, Mg

Mechanical properties

The mechanical properties of duralumin are displayed in the following table.

Properties Metric Imperial
Hardness, Brinel| 115-135 115-135
Tensile strength 420-500 MPa 60900-72500 ps;
Elongation at break ; <22% <22%
Tensile modulus U 73 Gl;a 10600 ksi
I-zood impact, unnotched 008 02 0.150 - 0.412 ft lofin

Manufacturing process

1. Duralumin can be easily forged, casted and worked with respect to its low melting
point.

2. Itis annealed between temperatures ranging from 350 to 380°C (662 to 716°F) and
air-cooled.

3. The alloy now becomes plastic and can be readily worked and formed into desired
sections.

4. The alloy is then heat treated at 490 to 510°C (914 to 950°F) to enhance its tensile
properties.

5. Following this, duralumin is quenched and hardened.

Applications

The following are some of the major applications of duralumin:
e Aircraft frames

Frames of speedboats and automobiles

Lightweight guns like the FAMAS type 97

Surgical and orthopedic work

Manufacturing components of Mmeasuring instruments
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Y —alloy

|, Y"/\llny 19 alye

) alled Coppyer
2. The addition of ( PPer-al

inum alfe,.
OPPEr 16y oy

:llullnmunnm rense:s
Its composition cont

Copper -3.5.4 50, Ainy r"""Wi"ﬂ chemieq) contenty
Manganese | 9 1. 7%, |
Nickel ~1.8.2 3o,

Silicon, magne:s

s strength and machinability

. Sum. ron (.6,
Aluminum 97 .59,

Propertics

Ihe addition of copper in

Y-ulluy(

N =

aluminum Increases ity strength and m

an he casily cagy achinability

. and hot worked
3. Like duralumin (1 ‘ -
- L thumin, ‘ is hes
4 The oot ch | .llux alloy is heat treated and age hardened.
X . .”(, e . . , ’ . - AL L
ayg ardenimg process of Y-ﬂ”()y is carried out at room temperature for about five days
Applications
L. Y-Alloy is mainly used for Cast purposes, but it can also be used for forged componentslike
duralumin.
2. Since Y -

alloy has better strength than duralumin at high temperatures, therefore it is much
used in aircraft engines for cylinder heads, pistons, cylinder heads, crankcases of internal
combustion engines die casting, pump rods etc.

Aluminum-copper alloys :-

I. The aluminum copper alloys are composed of a solid snlg[iun of copper in a|uminu_m wh‘ich
gives an increasc in strength, but the bulk of the strength increase is caused by the formation
of a precipitate of copper a‘lur.ninum.(l‘uAlz: ot asa fincle and cven
To gain the full benefits of this ;.)r(‘:upltal'c it should hc prcscpt asa fmg y an Lv.c’n y .
distributed submicroscopic prCCIpllalc.Wllhm the grains, achieved by solution treatment
followed by a carefully controlled agcn'lg.hcal treatment. ' —
3 In the annealed condition a coarse precipitate !orms along the grain boundaries and in the
T veraved condition the submicroscopic precipitates coarsen. N
T ooth -ases the strength of the alloy is less than that of the correctly aged condition.
v In borh Ld?cl. minﬁm copper alloys contained some 2-4% of copper.
5. 1he cur.ly ; Iu- amount of copper, however, to 6% or more, markedly improved weld ability
N ||1crcuslllgll -“Ilur y¢ amounts of cutectic available to back-fill hot cracks as they formed.
f).wmg o l ]Fgolit:i solubility of copper in aluminum is 5.8% at 548 “C; at ambient this copper
& -I he I (')s.'l s‘au;rulcd solid solution with particles of the hardening phase ‘
N prcsrcrllu‘:ﬁi‘rﬁnln CuAl,, within the grains as a fine or coarse precipitate or at the grain
copper ’ '
horl’xr;darics.

N
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copper(Cu-ETP Aluminum(1350)

Property 7
Tensile strength (half-hard) 260-300 85-100
0.2% proof strength (annealed) 50-55 20-30
0.2% proof strength (half-hard) 170-200 60-65
Elastic modulus 116130 70
Composition

Element Content (%)

Copper, Cu 79-81

Aluminum, Al 19-21

Iron, Fe 0.30 max

Silicon, Si 0.15 max

Use

1. Copper and aluminum are most frequently used as the electrical conductors in electrica

cables due to their low resistance and excellent conductivity.
2. These metals are both ductile and relatively resistant to corrosion, but they also have
different properties which make them useful for various applications.
Copper tin alloys
1. Copper tin alloys or tin bronzes are known for their corrosion resistance.
2. Tin bronzes are stronger and more ductile than red and semi red brasses.
3. They have high wear resistance and low friction coefficient against steel.

J.
4. Tin bronzes, with up 15.8% tin, retain the structure of alpha co

Property

Property Cu CuSné6 .
Tensile strength [N/mm?] 220-300 [470-530 )
Yield strength at 1% elongation |[N/mm?] 120-200 | 380-460 -
Resistance (IACS) (] 01 |13

Conductivity [S*m/mm?  |585 75 — |
Resistivity [Ohm*mm?/m] | 0.0171 0.1333

Thermal coefficient of resistance | [1E-6/K] 3800-4100 | 600-700

Solder ability B |good good B
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Composition

® Thisis typical gun-metal, mog;

frcquently zinc (e.g. Admir
The structure of the ¢
of solidification

. . ~ . i xidizer
varieties of which, however, contain a dzc‘g \ ’
alty gun-metal, copper 88%, tin 10%, zinc 2%).

e
; ; . ough the rang
SUmaterial depends on the rate of cooling, both throug

and below .

Uses

The tin bronzes are used in bearings, gears, piston rings, valves and fittings.
Babbit Alloy
1. Babbitt metal is most comn
structure, but its origjn
2. Babbitt metal is ch
3. Babbitt metal is so
a bearing surface.
Uses

. " ‘
nonly used as a thin surface layer ina cnr‘r::[::a‘

al use was as a cast-in-place hqlk bearing ma

aracterized by its resistance 1o galling. . ioht be unsuitable for
ft and easily damaged, which suggests that it mig

cting
impact of the conne
Tin based Babbitt's were commonly used as they could stand up to the it 'P
rods and crankshaft.

) ical
; ost electric
. invention of low ¢
Babbitt bearings were also commonly used in factories, before the in

i ine. ble steel
motors. to distribute power throughout via a c;ntrlal :l:%l::ering bearings made of replacea
itt i d as a thin lay
Today. Babbitt is more commonly use
so that it still acts as a bearing surface.
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