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Lecturer: Dr. Kamal Al-Hamdani
(B.Sc., M.Sc. U.o. Baghdad — PhD. U.o. Nottingham-UK)

Recommended books
1. Materials Science and Engineering, An Introduction ( William D. Callister, Jr.)

2. Introduction to MATERIALS SCIENCE FOR ENGINEERS (James
F.Shackelford)

3. Engineering Metallurgy by E. C. Rollason, (ELBS)

4. Introduction To Engineering Materials, B.K.Agrawal (TMH )

5. Engineering Metallurgy by Lakhtin, (MIR Publishers)

6. Materials Science And Metallurgy,Dr. Kodgire ( Everest , Pune)

7. Heat treatment principles and technique, Rajan Sharma & Sharma
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Introduction

Why do we study materials?

Many of applied scientists or engineers, whether mechanical, civil, chemical, or
electrical, will at one time or another be exposed to a design problem relating to
the selection of materials.

There are, it is said, more than 50,000 materials available to the engineers. In
designing a structure or device, how is the engineer to choose from this vast menu

the best material which suits the purpose? Mistakes can cause disasters.

During World War 11, one class of welded merchant ship suffered heavy losses, not
by enemy attack, but by breaking in half at sea; why? the fracture toughness of the

steel - and, particularly, of the welds was too low.

More recently, three Comet aircraft were lost before it was realised that the
designed fatigue strength of the window frames was greater than that possessed by

the used material.

You yourself will be familiar with the poorly-designed appliances made of plastic:
their excessive 'give' is because the designer did not allow for the low modulus of

the polymer.
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Material selection

The selection of the right material from many thousands available types depends on
different factors:

Design/Geometry requirements: Stresses, movements, dimensions ....

Material Properties: The expected level of performance from the material.

Material Cost and Availability: Material must be priced appropriately.

Production process: how to make the part, for example: Casting Machining Welding.
Environment: The effect of the service environment.

Safety considerations: Flammability, explosion, fracture style, toxicity...

Properties of materials

The properties of the materials can be defined as the way that the material responds to
the environment and/or external forces. The properties that the designer must consider
when choosing a material are:

e Mechanical properties: Response to mechanical forces (Strength, Toughness,
Hardness, Ductility, Elasticity, fatigue and creep).

e Physical properties: Properties that define the behavior of materials in response to
physical forces other than mechanical (density, specific heat, melting and boiling
point, thermal expansion and conductivity, electrical conductivity, optical properties
and magnetic properties).

e Chemical properties: (Oxidation, corrosion, flammability, toxicity).
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Classification of materials
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There are different ways of classifying materials. One way is to describe five groups as

illustrated in (Figure 2). Materials in each of these groups possess different structures

and properties.

Engineering Materials

Metals Plastics Ceramics
and others
[ — [ |
Ferrous Nonferrous || Thermoplastics || Thermosets Qxlfies Reinforced pla.stlcs
I | Nitrides Metal-matrix
Acrylics Epoxies Rubbers Céi{:sl: :ss Cef an;:f ';;l:;nx
S PhePOI.lcs Silicones Glass ceramics Others
Amorphous Nylons Polyimides ~ Polyurethanes Graphite
Polyethylenes Others -
' PVC Diamond
Steels Aluminum Others
Stainless steels Copper
Tzl and i seels s Hianivm Figure 2: Classification of Materials
Cast irons Tungsten
Others

Materials Characteristics

Metals

good conductors of
electricity and heat
lustrous appearance
susceptibleto
corrosion
strong, but
deformable

Ceramics & Glasses

» thermally and
electricallyinsulating

+ resistantto high
temperatures and
harsh environments

* hard, but brittle

Polymers

+ very large molecules

* low density, lowweight

* maybe extremely
flexible
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Organising information: The materials tree

Universe Family Class Member Attributes
) '
» Ceramics /_“‘L‘H P §
& glasses Steels 1000 Al 6061
/ Vetal Cu-alloys 2000 Density
. * lMetals 3000 ]
Materials & alloys Al-alloys |/ 4000 1 Mechanical props.
data-table Ti-alloys 5000 Thermal props. structured
. Electrical props. information
\ Polymers Ni-alloys ; prop
& elastomers 7000 Optical props.
Zn-alloys 8000 Corrosion props.
* Hybrids | Documentation
\ -- specific Unstructured
J _ general information
\. 4

%—/

Material records

Materials Science and Engineering

Material science is the investigation of the relationship between processing, structure,

properties, and performance of materials.

arrangement ofinternal componerts
subatomic

atomic

micrascapic

macroscopic (bulk)

structure

- - - - -

characierization

.......................................... perEHiES

processing
+ method of preparing
material

perfor
+ behaviorina
particular application

Figure : Material science scheme
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+ mechanical, electrical,
thermal, magnetic,
optical, deteriorative
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Processing —~Structure +Properties ~Performance

Pedformance Goal: increased strength from a metallic material

In actuality, crystals are NOT perfect. There are defects!
In metals, strength is determined by how easily defects can move!

OFF

-
|
-~
g

slow cooling

quenching

Lenqgth-scales

the human scale: 1 meter

the milliscale: 1 X 107> meter
the microscale: 1 X 107° meter
the nanoscale: 1 X 107 meter

the atomic scale: 1 X 107" meter.

e Micro-structure um-scale —use optical microscopy imaging and scanning
electron microscopy (SEM imaging).

e Nano-structure nm-scale —use transmission electron microscopy (TEM) and
high resolution transmission electron microscopy (HRTEM imaging).

e Atomic structure A-scale —use X-ray diffraction.
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Atomic Structure

In order to understand bonding between atoms, we must specify the structure within the
individual atoms. For this purpose, it is sufficient to use a relatively simple planetary
model of atomic structure that is, electrons (the planets) orbit about a nucleus (the sun).
The nucleus consists of number of protons and neutrons as the basis of the chemical
identification of a given atom. Figure 2 is a planetary model of a carbon atom.

Outer orbital
(with four sp3 hybrid
bonding electrons)

o
. C@?

Inner orbital Nucleus (with
(with two 1s six protons and
electrons) six neutrons)

Figure 2 Schematic of the planetary model of a carbon atom

Atomic Bounding

There are four important mechanisms by which atoms are bonded in engineered
materials, these are
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ions surrounded by free electrons
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molecular bonding
weak electrical attraction binds molecules
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The first three types of bonds are relatively strong and are known as primary bonds
(relatively strong bonds between adjacent atoms resulting from the transfer or sharing
of outer orbital electrons). The van der Waals bonds are secondary bonds and originate
from a different mechanism and are relatively weaker

a) lonic bonding (found in Ceramics and Glass) this type is always found in
compounds that are composed of both metallic and nonmetallic elements. Atoms of
a metallic element easily give up their valence electrons to the nonmetallic atoms.

Metal Nonmetal
Outer N fonC)
orbit A AN\ SN
(O£ 0)
~— Transferred
electron
{a) lonic

Figure 3 Schematic representation of ionic bonding

b) Covalent bonding (found in Polymers) in this type electrons are shared
between adjacent atoms, each atoms contribute at least one electron to the bond, and
the shared electrons may be considered to belong to both atoms.

Outer P
orbit X/ @ e @ \”'-.
II\N"\ ,r'léx ,x'fr.}l
__H‘r S
{— Shared
electrons

(b) Covalent

Figure 4 Schematic representation of covalent bonding
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c) Metallic Bond (found in metals and their alloys) metallic materials have one,
two, or at most, three valence electrons, these valence electrons are free to drift
throughout the entire metal forming an electron cloud. The remaining non-valence
electrons and atomic nuclei form what are called ion cores, which possess a net
positive charge equal in magnitude to the total valence electron charge per atom.

Electron

(c) Metallic
Figure 5 Schematic illustration of metallic bonding

Metallic crystal structures:

Microstructure

Single Crystal Polycrystalllne

+ the periodicarrangement of many small crystals or grains
atoms extends throughoutthe « small crystals misoriented with
entire sample respectto on another

+ difficultto grow, environment must + several crystals are initiated and
be tightly controlled growtowards each other

* anisotropic materials * anisotropicorisotropic materials

. dgf?';a Ry
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Types of crystal structures

There are three main types of crystal structures of metals as follows:

1- The face-centered cubic crystal structure (FCC): some of the familiar metals
having this crystal structure are copper, aluminum, silver, and gold.

(a)

2- The Body-Centered Cubic Crystal Structure (BCC): Chromium, iron, tungsten
exhibits a BCC structure.

(a) (b)
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Atomic Arrangement: Ordered vs. Disordered

Crystalline:
atoms are arrangedin a 3D, pericdicarray givingthe material “/ong range order

N9 ""
. F— ‘

» stacking can effect
\ properties (i.e.
s ductility)

mmm 3 e
' hexagonal close-packed

Non-cgstallme or amorghous.
atoms only have short-ranage, nearesineighbororader

« viscous materials(generally complexformulas) orrapid
cooling
» isotropicmaterials
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