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➢ Materials are so important in the development of human civilization that the historians have identified early

periods of civilization by the name of most significantly used material. Materials constitute foundation of

technology.

➢ The history of human civilization evolved from the Stone Age to the Bronze Age, the Iron Age, the Steel

Age, and to the Space Age (contemporaneous with the Electronic Age). Each age is marked by the advent of

certain materials.

Historical Perspective
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➢ From the historical point of view, it can be said that human civilization started with Stone Age where

people used only natural materials, like stone, clay, skin, and wood for the purposes like to make

weapons, instruments, shelter, etc.

➢ However, the increasing need for better quality tools brought forth exploration that led to Bronze Age,

followed by Iron Age.

➢ When people found copper and how to make it harder by alloying, the Bronze Age started about 3000

BC.

Bronze Age tools and materials Stone age tools and materials 
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➢ The use of iron and steel, a stronger material that gave

advantage in wars started at about 1200 BC. Iron was

abundant and thus availability is not limited to the affluent.

➢ This commonness of the material affected every person in

many aspects, gaining the name democratic material. One of

the most significant features of the democratic material is

that number of users just exploded.

➢ The next big step in human civilization was the discovery of

a cheap process to make steel around 1850 AD, which

enabled the railroads and the building of the modern

infrastructure of the industrial world.

Iron age tools 
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➢ The Iron Age brought tools and utensils.

➢ The Steel Age brought railroads, instruments, and

the Industrial Revolution.

➢ The Space Age brought the materials for stronger

and light structures (e.g., composite materials).

➢ The Electronic Age brought semiconductors, and

thus many varieties of electronic gadgets.

➢ We are presently in Space Age marked by many

technological developments towards development

materials resulting in stronger and light materials

like composites, electronic materials like

semiconductors, materials for space voyage like high

temperature ceramics, biomaterials, etc.

3D printed space fabric material

Lightest wheel chair material
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Materials Science

Interrelation between four components of Materials Science.

➢ As engineering materials constitute foundation

of technology, it’s not only necessary but a

must to understand how materials behave like

they do and why they differ in properties.

➢ This is only possible with the atomistic

understanding allowed by quantum mechanics

that first explained atoms and then solids

starting in the 1930s.

➢ The combination of physics, chemistry, and the

focus on the relationship between the

properties of a material and its microstructure

is the domain of Materials Science.
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Variation of specific strength as a function of time of use of materials
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Why Study Materials Science and Engineering?

➢ All engineers need to know about materials. Even the most "immaterial", like software or system

engineering depend on the development of new materials, which in turn alter the economics, like software-

hardware trade-offs.

➢ Increasing applications of system engineering are in materials manufacturing (industrial engineering) and

complex environmental systems.

➢ Thus it is very important that every engineer must study and understand the concepts of Materials Science

and Engineering. This enables the engineer

• To select a material for a given use based on considerations of cost and performance.

• To understand the limits of materials and the change of their properties with use.

• To be able to create a new material that will have some desirable properties.

• To be able to use the material for different application.
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Classification of Materials

materials can classify based on many criteria, for example crystal structure (arrangement of atoms and bonds 

between them), or properties, or use. 

• Metals,

• Ceramics, 

• Polymers, 

• Composites, 

• Semiconductors, and 

• Biomaterials.
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Metals:

These materials are characterized by

• High thermal and electrical conductivity;

• Strong yet deformable under applied mechanical loads;

• Opaque to light (shiny if polished).

➢ These characteristics are due to valence electrons that are detached from atoms, and spread in an electron

sea that glues the ions together, i.e. atoms are bound together by metallic bonds and weaker vanderwalls

forces.

➢ Pure metals are not good enough for many applications, especially structural applications. Thus metals

are used in alloy form i.e. a metal mixed with another metal to improve the desired qualities. E.g.:

aluminum, steel, brass, gold.

Dr. Swati Gangwar, Mechanical Engineering Department, MMMUT Gorakhpur



Dr. Swati Gangwar, Mechanical Engineering Department, MMMUT Gorakhpur



Ceramics: 

➢ These are inorganic compounds, and usually made either of oxides, carbides, nitrides, or silicates of 

metals. Ceramics are typically partly crystalline and partly amorphous. 

➢ Atoms (ions often) in ceramic materials behave mostly like either positive or negative ions, and are 

bound by very strong Coulomb forces between them. 

These materials are characterized by 

• Very high strength under compression, 

• Low ductility; 

• Usually insulators to heat and electricity. 

Examples: Glass, porcelain, many minerals.
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Polymers: 
➢ Polymers in the form of thermo-plastics (nylon, polyethylene, polyvinyl chloride, rubber, etc.) 

consist of molecules that have covalent bonding within each molecule and van der Waals forces 

between them. Polymers in the form of thermo-sets (e.g., epoxy, phenolics, etc.) consist of a 

network of covalent bonds. 

➢ They are based on H, C and other non-metallic elements. 

➢ Polymers are amorphous, except for a minority of thermoplastics. 

➢ Due to the kind of bonding, polymers are typically electrical and thermal insulators. 

➢ However, conducting polymers can be obtained by doping, and conducting polymer-matrix 

composites can be obtained by the use of conducting fillers. 

➢ They decompose at moderate temperatures (100 – 400 C), and are lightweight. 
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Composite materials: 

➢ Composite materials are multiphase materials obtained by artificial combination of different materials to 

attain properties that the individual components cannot attain. E.g. lightweight brake disc obtained by 

embedding SiC particles in Al-alloy matrix, Reinforced cement concrete, a structural composite obtained 

by combining cement (the matrix, i.e., the binder, obtained by a reaction known as hydration, between 

cement and water), sand (fine aggregate), gravel (coarse aggregate), and, thick steel fibers. 

➢ However, there are some natural composites available in nature, for example – wood. 

➢ In general, composites are classified according to their matrix materials. The main classes of composites 

are 

• Metal-matrix composites, 

• Polymer-matrix composites and 

• Ceramic-matrix composites.
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Biomaterials: 

➢ These are any type material that can be used for replacement of damaged or diseased human body parts.

Primary requirement of these materials is that they must be biocompatible with body tissues, and must not

produce toxic substances.

➢ Other important material factors are:

• Ability to support forces;

• Low friction,

• Wear,

• Density,

• Cost; and

• Reproducibility.

Typical applications involve heart valves, hip joints, dental implants, intraocular lenses.

Examples: Stainless steel, Co-28Cr-6Mo, Ti-6Al-4V, ultra high molecular weight poly-ethelene, high purity
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Advanced Materials

➢ These are materials used in High-Tech devices those operate based on relatively intricate and

sophisticated principles (e.g. computers, air/space-crafts, electronic gadgets, etc.).

➢ These materials are either traditional materials with enhanced properties or newly developed materials

with high-performance capabilities. Hence these are relatively expensive.

➢ Typical applications: Integrated circuits, lasers, Liquid crystal display’s (LCDs), fiber optics, thermal

protection for space shuttle, etc. Examples: Metallic foams, inter-metallic compounds, multi-

component alloys, magnetic alloys, special ceramics and high temperature materials, etc.
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Future Materials

➢ Group of new and state-of-the-art materials now being developed, and expected to have significant

influence on present-day technologies, especially in the fields of medicine, manufacturing and defense.

➢ Smart/Intelligent material system consists some type of sensor (detects an input) and an actuator (performs

responsive and adaptive function).

➢ Actuators may be called upon to change shape, position, natural frequency, mechanical characteristics in

response to changes in temperature, electric/magnetic fields, moisture, pH, etc.

➢ Four types of materials used as actuators:

• Shape memory alloys,

• Piezo-electric ceramics,

• Magneto-strictive materials,

• Electro-/Magneto-rheological fluids.
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Shape memory alloys
➢ Shape memory alloy is an alloy

➢ SMA is one of the type of smart material

➢ SMA are materials that remember their original shapes

➢ If deformed,  they recover their original shape upon heating

➢ Different shapes like bars, wires, plates and rings etc. could be made from SMA.
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➢ Materials / Devices used as sensors:

• Optical fibers,

• Piezo-electric materials,

• Micro-electro-mechanical systems (MEMS), etc.

Typical applications:

➢ By incorporating sensors, actuators and chip processors into system, researchers are able to stimulate

biological human-like behavior; Fibers for bridges, buildings, and wood utility poles;

➢ They also help in fast moving and accurate robot parts, high speed helicopter rotor blades; Actuators that

control chatter in precision machine tools; Small microelectronic circuits in machines ranging from

computers to photolithography prints; Health monitoring detecting the success or failure of a product.
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Modern Materials needs

➢ Though there has been tremendous progress over the decades in the field of materials science and

engineering, innovation of new technologies, and need for better performances of existing technologies

demands much more from the materials field. More over it is evident that new materials/technologies are

needed to be environmental friendly. Some typical needs, thus, of modern materials needs are listed in the

following:

• Engine efficiency increases at high temperatures: requires high temperature structural materials

• Use of nuclear energy requires solving problem with residues, or advances in nuclear waste processing.

• Hypersonic flight requires materials that are light, strong and resist high temperatures.

• Optical communications require optical fibers that absorb light negligibly.

• Civil construction – materials for unbreakable windows.

• Structures: materials that are strong like metals and resist corrosion like plastics.
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MATERIALS AND PACKING
• The materials classified into two categories:

Crystalline materials

• The atoms are ordered

• Short range and long range order

• Deviations from the perfect order are of importance for 
the properties of the materials.

Examples: Metals, some ceramics and polymers etc.

Amorphous materials/Non-crystalline materials

• The atoms are ”randomly” distributed in space.

• Not quite true, there is short range order.

• Complex structures

• Rapid cooling

Examples: Glass, polystyrene etc. 
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• Crystallography describes and characterize the structure of crystals.

• Basic concept is symmetry

• Translational symmetry: if you are standing at one point in a crystal, and
move a distance (vector) a the crystal will look exactly the same as
where you started.

Introduction to crystallography
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The lattice

• A periodic pattern of points in space, such that each lattice point has 
identical surroundings.

• Each of these points represents one or a group of atoms, basis.
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Unit Cell
• Unit cell is the smallest unit of volume that permits identical cells to be 

stacked together to fill all space.

• By repeating the pattern of the unit cell over and over in all directions, 
the entire crystal lattice can be constructed.
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Crystal

• A CRYSTAL is any solid material in which the component atoms are
arranged in a definite patter and whose surface regularity reflects its internal
symmetry.
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Crystal Systems

• Goal is to Quantitatively Describe

• (a) Shape and Size of the Unit Cell (point symmetry).

• (b) Location of the Lattice Points (translational symmetry).

• What we will do ?

• For (a) to specify the Crystal System and the Lattice Parameters.

• For (b) to define the “Bravais” Lattice.
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The Crystal Systems

• In turn these symmetry classes, because some of them show similarities among each

other, are divided among the different Crystal Systems.

Crystal System

1. The CUBIC (also called Isometric system)

2. The TETRAGONAL system

3. The HEXAGONAL system

4. The ORTHORHOMBIC system

5. The MONOCLINIC system

6. The TRICLINIC system

7. The RHOMBOHEDRAL System

Every Crystal System involves a number of Crystal Classes.
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CRYSTALLOGRAPHIC AXES
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Bravais Lattices

• By means of unit cells we managed to reduce all 
possible crystal structures to a relatively small 
numbers of basic unit cell geometries.

• Now let us consider the issue how atoms (viewed as 
hard spheres ) can be stacked together within a 
given unit cell.

• Lattice points are theoretical points arranged 
periodically in 3-D space, rather than actual atoms.

• There is a limited number of possibilities, referred 
to as Bravais lattice.
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The 14 Bravais Lattices

• Where Can I Put the Lattice Points?

• The French scientist August Bravais,
demonstrated in 1850 that only these 14
types of unit cells are compatible with the
orderly arrangements of atoms found in
crystals.

• These three-dimensional configurations of
points used to describe the orderly
arrangement of atoms in a crystal.

• Each point represents one or more atoms
in the actual crystal, and if the points are
connected by lines, a crystal lattice is
formed.
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Crystal Structure

• In crystallography, crystal structure is a description of the ordered arrangement of atoms, ions or 

molecules in a crystalline material. 

Metallic Crystals

• It tend to be densely packed. 

• have several reasons for dense packing: 

-Typically, only one element is present, so all atomic radii are the same. 

-Metallic bonding is not directional. 

-Nearest neighbor distances tend to be small in order to lower bond energy. 

• These metallic crystals have the simplest crystal structures. We will look at three such structures...



Cubic Unit Cells

SIMPLE CUBIC 

STRUCTURE (SC) 
BODY CENTERED CUBIC 

STRUCTURE (BCC) 

FACE CENTERED CUBIC 

STRUCTURE (FCC) 



Atomic Packing Factor (APF)

• It can be defined as the ratio between the volume of the basic atoms of the
unit cell (which represent the volume of all atoms in one unit cell ) to the
volume of the unit cell it self.

• For cubic crystals, A.P. F its depends on the radius of atoms and
characterization of chemical bonding.

Coordination number 
• It is define as the number of nearest neighbors in the unit cell.



Simple Cubic (SC) Structure

• This structure is rare due to poor packing (only Polonium has this 
structure).

• Close-packed directions are cube edges.

Coordination number = 6 



Atomic Packing Factor for Simple Cubic

APF for a simple cubic structure = 0.52



Body Centered Cubic Structure (BCC)
• Close packed directions are cube diagonals.

• Coordination number = 8

• Close-packed directions: length = 4R = 3a 

• Unit cell contains: 1 + 8 x 1/8 = 2 atoms/unit cell

• APF for a body-centered cubic structure = 0.68



Face Centered Cubic Structure (FCC)
• Close packed directions are face diagonals.

• Coordination number = 12

• Close-packed direction length = 4R = 2a 

• Unit cell contains: 6 x 1/2 + 8 x 1/8 = 4 atoms/unit cell

• APF for a face-centered cubic structure = 0.74



Hexagonal Close-Packed (HCP) Structure
• Coordination number = 12

• Close-packed direction length = 2R = a

• Unit cell contains: 2 x 1/2 + 3 + (6 x 2) x 1/6 = 6 atoms/unit cell

• ABAB... Stacking Sequence



• HCP crystal structure contains 6 atoms per unit cell.

• C= 1.633 a

• A=2r

• Volume of HCP unit cell = Area of the hexagonal face x 

height of the hexagon.

• Area of the hexagonal face= area of each triangle x 6

• APF for a HCP crystal structure = 0.74



Theoretical Density (ρ)





Problem 1



Problem 2
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Miller Indices

• Miller Indices are used to refer to specific lattice planes of atoms.

• These directions and planes could be in lattices or in crystals.

• These are reciprocals of the fractional intercepts (with fractions cleared)
that the plane makes with the crystallographic x, y and z axes of three
nonparallel edges of the cubic unit cell.

• The number of indices will match with the dimension of the lattice or the
crystal.

• E.g. in 1D there will be 1 index and 2D there will be two indices etc.



Importance of Miller Indices 

In Materials Science it is important to have a notation system for atomic 
planes since these planes influence 

• Optical properties 

• Reactivity 

• Surface tension 

• Dislocations 



Notation Summary 

•(h,k,l) represents a point – note the exclusive use of commas 

• Negative numbers/directions are denoted with a bar on top of the 
number 

• [hkl] represents a direction 

• <hkl> represents a family of directions 

• (hkl) represents a plane 

• {hkl} represents a family of planes 



Miller Indices for Planes: Procedure 
Choose a plane that does not pass through origin

Step 1: Identify the plane intercepts on the x, y and z-axes.

Step 2: Specify intercepts in fractional coordinates.

Step 3: Take the reciprocals of the fractional intercepts.

Step 4: Fractions?

a. If Yes, Clear fractions by multiplying by an integer to determine smallest
set of whole numbers, then go to b

b. If No, Place a “bar” over the Negative indices

Step 5: Enclose in parenthesis (hkl) where h,k,l are miller indices of cubic crystal
plane for x, y and z axes.

Note: if the one of axis value was negative then move the center of cubic to negative
value direction .



Miller Indices for Planes: Illustration 
• Consider the plane in pink, which is one of an infinite 

number of parallel plane each a consistent distance (“a”) 
away from the origin (purple planes)

• The plane intersects the x-axis at point a. It runs parallel 
along y and z axes. 

• Thus, this plane can be designated as (1,∞,∞). 



• Likewise, the yellow plane can be designated as

(∞,1,∞).

• And the green plane can be written as (∞,∞,1).

• Miller Indices are the reciprocals of the

parameters of each crystal face.

Thus:

• Pink Face

= (1/1, 1/∞, 1/∞) = (100)

• Green Face

= (1/∞, 1/∞, 1/1) = (001)

• Yellow Face

= (1/∞, 1/1, 1/∞) = (010)



Example 1:  What’s the Miller Index of this plane?

The plane of interest cuts two of the crystallographic 

axes. 



Example 2:  What’s the Miller Index of this plane?

This plane cuts all three crystallographic axes. 

• Intercepts = (1,1,1) = (111) 



Example 3:  What’s the Miller Index of this 

plane?

This plane cuts two of the reference axes, but 

not equidimensionally. 

•Intercepts: (½, 1, 0) = (210) 





Miller Indices of different planes: 



Miller Indices of different planes: 



Crystallographic Directions 

Step 1: Identify the plane intercepts on the x, y and z-axes.

Step 2: Take the reciprocals of the intercepts. No fraction needed.

Negative direction has a top bar on the (h k l) value.





Inter-planer Distance between parallel planes

• The space lattice consist from many crystal planes which separated by inter-planer 
smallest distance

• The distance can be calculated by using x- ray diffraction , by using the law below :-

• Where      = interplanar spacing between parallel closest planes with Miller indices h, 

k, and l

• a = lattice constant (edge of unit cube).

• h, k, l = Miller indices of cubic planes being considered.

𝑑ℎ𝑘𝑙



Angles between crystal planes

• The crystal consist many from plane which contact with them in varity

angles , The angle between crystal planes (h1 k1 l1) and (h2 k2 l2) can be

calculated by using the following equation :-







Example: (H.W)

Copper has an FCC crystal structure and a unit cell with a lattice constant of 0.361 nm. 

What is its interplanar spacing d220?
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FUNDAMENTALS OF DIFFRACTION

• A beam of X-rays consists of a bundle of separate waves, the waves can interact with

one another. Such interaction is termed interference.

• If all the waves in the bundle are in phase, that is their crests and troughs occur at

exactly the same position (the same as being an integer number of wavelengths out of

phase, nλ, n = 1, 2, 3, 4, etc.), the waves will interfere with one another and their

amplitudes will add together to produce a resultant wave that is has a higher

amplitude (the sum of all the waves that are in phase. )



BRAGG’S LAW

• Two such X-rays are shown here, where the spacing between the atomic planes occurs over the distance, d.

• Ray 1 reflects off of the upper atomic plane at an angle θ equal to its angle of incidence. Similarly, Ray 2

reflects off the lower atomic plane at the same angle θ. While Ray 2 is in the crystal, however, it travels a

distance of 2a farther than Ray 1.



Condition for constructive interference to occur is

nλ = 2a

but, from trigonometry, we can figure out what the 

distance 2a is in terms of the spacing, d, between the 

atomic planes.

a = d sin θ

or 2a = 2 d sin θ

thus, nλ = 2d sin θ

This is known as Bragg's Law for X-ray diffraction.

If this distance 2a is equal to an integral number of wavelengths (nλ), then Rays 1 and 2 will 

be in phase on their exit from the crystal and constructive interference will occur. If not 

destructive interference will occur and the waves will not be as strong as when they entered the 

crystal. 



X RAY CRYSTALLOGRAPHY

• X-ray crystallography is a method of determining the arrangement of atoms within

a crystal, in which a beam of X-rays strikes a crystal and causes the beam of light to

spread into many specific directions.

• From the angles and intensities of these diffracted beams, a crystallographer can

produce a three-dimensional picture of the density of electrons within the crystal.

• Because X-rays have wavelengths similar to the size of atoms, they are useful to

explore within crystals.



USES

• Used to study many materials which form crystals like salts, metals, minerals, semiconductors, as well

as various inorganic, organic and biological molecules.

• Determine electron density, the mean positions of the atoms in the crystal their chemical bonds, their

disorder and various other information.

• Size of atoms, the lengths and types of chemical bonds, and the atomic-scale differences among

various materials, especially minerals and alloys. The method also revealed the structure and function of

many biological molecules, including vitamins, drugs, proteins and nucleic acids such as DNA.

• Characterizing the atomic structure of new materials and in discerning materials that appear similar by 

other experiments.

• X-ray crystal structures can also account for unusual electronic or elastic properties of a material, shed light 

on chemical interactions and processes, or serve as the basis for designing pharmaceuticals against diseases.



X-RAY DIFFRACTION

• X-Ray Crystallography uses the uniformity of light diffraction of crystals to determine

the structure of a molecule or atom.

• Then they use an X-ray beam to “hit” the crystallized molecule. The electrons

surrounding the molecule diffract as the X-rays hit them. This forms a pattern, this type

of pattern is called the X-ray diffraction pattern.
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Crystal Imperfection or defects

• Any deviation from the perfect atomic arrangement in a crystal is said to

contain imperfections or defects.

• A crystalline defect is a lattice irregularity having one or more of its

dimensions on the order of an atomic dimension.

• A perfect crystal, with every atom of the same type in the correct

position, does not exist. There always exist crystalline defects.

• Crystal imperfections have strong influence upon many properties of

crystals, such as strength, electrical conductivity and hysteresis loss of

ferromagnetism.



• Adding alloying elements to a metal is one way of introducing a crystal defect. Thus some

important properties of crystals are controlled by as much as by imperfections and by the nature

of the host crystals.

➢ The conductivity of some semiconductors is due to entirely trace amount of chemical impurities.

➢ Atomic diffusion may be accelerated enormously by impurities or imperfections

➢ Mechanical and plastic properties are usually controlled by imperfections.







Crystal Defects Classification

1. Point defects (Zero Dimension):

a. Vacancy

b. Interstitial atom or interstitialcy

c. Schottky

d. Frenkel

2. Line defects (One Dimension)

a. Edge dislocation

b. Screw dislocation

3. Surface defects (Two Dimension)

a. Grain boundaries

b. Tilt boundaries

c. Twin boundaries

4. Volume defects (Three Dimension)

a. Cracks     b. Voids  c. Inclusions

• For ease of their characterization, defects are classified on the basis of their geometry,

which is realistic as defects are disrupted region in a volume of a solid.



1. Point defects

• Point defects, are imperfect point-like regions in the crystal, where an
atom is missing or is in an irregular place in the lattice structure.

• Typical size of a point defect is about 1-2 atomic diameters.

a. Vacancy

• A vacancy is a vacant lattice position from where the atom is missing.
It is usually created when the solid is formed by cooling the liquid.

• There are other ways of making a vacancy, but they also occur
naturally as a result of thermal excitation, and these are
thermodynamically stable at temperatures greater than zero.



• At equilibrium, the fraction of lattice sites that are vacant at a

given temperature (T) are:

where n is the number of vacant sites in N lattice positions,

k is gas or Boltzmann’s constant,

T is absolute temperature in kelvins, and

Q is the energy required to move an atom from the interior of a

crystal to its surface.

• It is clear from the equation that there is an exponential increase in

number of vacancies with temperature.

• When the density of vacancies becomes relatively large, there is a

possibility for them to cluster together and form voids.



b. Interstitialcy

• An interstitial atom or interstitialcy is an atom that
occupies a place outside the normal lattice position.

• It may be the same type of atom as the rest surrounding it
(self interstitial) or a foreign impurity atom. Interstitialcy
is most probable if the atomic packing factor is low.

• Another way an impurity atom can be fitted into a crystal
lattice is by substitution. A substitutional atom is a
foreign atom occupying original lattice position by
displacing the parent atom.

• In the case of vacancies and foreign atoms (both
interstitial and substitutional), there is a change in the
coordination of atoms around the defect. This means that
the forces are not balanced in the same way as for other
atoms in the solid, which results in lattice distortion
around the defect.



Frenkel defects

- When an ion displaced from a regular position to an interstitial position
creating a vacancy, the pair of vacancy-interstitial is called Frenkel defect.
Cations are usually smaller and thus displaced easily than anions.

- Closed packed structures have fewer interstitials and displaced ions than
vacancies because additional energy is required to force the atoms into the
interstitial positions.

Fig. Frankel defect for NaCl structure



- A pair of one cation and one anion can be missing from an ionic crystal, without
violating the condition of charge neutrality when the valency of ions is equal. The pair of
vacant sites, thus formed, is called Schottky defect.

Schottky Defects 

Fig. Schottky Defects



2. Line defects or Dislocations

• In linear defects groups of atoms are in irregular positions. Linear defects are commonly

called dislocations. Any deviation from perfectly periodic arrangement of atoms along a

line is called the line imperfection.

• A line defect is a lattice distortion created about a line formed by the solidification process,

plastic deformation, vacancy condensation or atomic mismatch in solid solutions.

• The line imperfection acting as boundary between the slipped and un-slipped region,

lies in the slip plane and is called a dislocation.

• Dislocations are generated and move when a stress is applied. The strength and ductility of
metals are controlled by dislocations. They are characterized by the Burgers vector (b),
whose direction and magnitude can be determined by constructing a loop around the
disrupted region and noticing the extra inter-atomic spacing needed to close the loop.



Two types of dislocations are distinguish as

1. Edge dislocations and

2. Screw dislocations.

1. Edge dislocation or Taylor-Orowan dislocation 

• It is characterized by a Burger’s vector that is perpendicular to the

dislocation line.

• Edge dislocation is , a row of atoms is absent or is displaced by a unit

distance within a crystal structure. It may be described as an edge of an

extra plane of atoms within a crystal structure. Thus regions of

compression and tension are associated with an edge dislocation.

Because of extra incomplete plane of atoms, the atoms above the

dislocation line are squeezed together and are in state of compression

whereas atoms below are pulled apart and experience tensile stresses.



Edge dislocations

• Edge dislocation is considered positive when compressive stresses present above the dislocation

line, and is represented by ┴.

• If the stress state is opposite i.e. compressive stresses exist below the dislocation line, it is

considered as negative edge dislocation, and represented by ┬. A schematic view of edge

dislocations are shown ahead.



2. Screw or Burgers dislocation

• Screw dislocation or Burgers dislocation has its

dislocation line parallel to the Burger’s vector.

• A screw dislocation is like a spiral ramp with an

imperfection line down its axis.

• Screw dislocations result when displacing

planes relative to each other through shear.

• Shear stresses are associated with the atoms

adjacent to the screw dislocation; therefore extra

energy is involved as it is in the case of edge

dislocations.



• Screw dislocation is considered positive if

Burger’s vector and t-vector or parallel, and

vice versa. (t-vector – an unit vector representing

the direction of the dislocation line).

• A positive screw dislocation is represented by

• a dot surrounded by circular direction in clock-

wise direction”,

• whereas the negative screw dislocation is

represented by a dot surrounded by a circular

direction in anti-clock-wise direction”.

Negative screw dislocation



3. Surface defects

• These defects can be defined as boundaries that have two dimensional imperfections in

crystalline solids, and have different crystal structures and/or crystallographic orientations on

either side of them. They refer to the regions of distortions that lie about a surface having

thickness of a few atomic diameters.

• These imperfections are not thermodynamically stable, rather they are meta-stable

imperfections. They arise from the clustering of line defects into a plane.



a. Grain boundaries

• Crystalline solids are, usually, made of number

of grains separated by grain boundaries. Grain

boundaries are several atoms distances wide,

and there is mismatch of orientation of grains

on either side of the boundary as shown in

figure.

• When this misalignment is slight, on the order

of few degrees (< 10°), it is called low angle

grain boundary. These boundaries can be

described in terms of aligned dislocation arrays.
Schematic presentation of grain boundaries



Tilt boundaries

• If the low grain boundary is formed by edge dislocations, it is called tilt boundary, and

• twist boundary if formed of screw dislocations.

• Both tilt and twist boundaries are planar surface imperfections in contrast to high angle grain

boundaries.

• For high angle grain boundaries, degree of disorientation is of large range (> 15°).

• Grain boundaries are chemically more reactive because of grain boundary energy. In spite of

disordered orientation of atoms at grain boundaries, polycrystalline solids are still very strong as

cohesive forces present within and across the boundary.



Twin boundaries
• It is a special type of grain boundary across which there is specific mirror lattice symmetry. Twin boundaries

occur in pairs such that the orientation change introduced by one boundary is restored by the other (figure).

• The region between the pair of boundaries is called the twinned region.

• Twins which forms during the process of recrystallization are called annealing twins, whereas deformation

twins form during plastic deformation.

• Annealing twins are typically found in metals that have FCC crystal structure while mechanical/deformation

twins are observed in BCC and HCP metals.



Bulk or Volume defects

• Volume defects as name suggests are defects in 3-dimensions.

• These include pores, cracks, foreign inclusions and other phases.

• These defects are normally introduced during processing and fabrication steps. All these defects

are capable of acting as stress raisers, and thus deleterious to parent metal’s mechanical behavior.

• However, in some cases foreign particles are added purposefully to strengthen the parent material.

The procedure is called dispersion hardening where foreign particles act as obstacles to movement

of dislocations, which facilitates plastic deformation.

• The second-phase particles act in two distinct ways

- particles are either may be cut by the dislocations or

- the particles resist cutting and dislocations are forced to bypass them.

• Strengthening due to ordered particles is responsible for the good high-temperature strength on

many super-alloys.


