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Course Objectives

• To teach the principles of physical metallurgy, i.e. crystallography of 
metals, constitution of alloys, phase diagrams.

• Expose commercially important metals and alloys (both ferrous and 
non ferrous) with engineering constraints.

• Explain the methods to change the properties of materials through 
heat treatment processes

• Familiarize properties and applications of ceramics, polymers and 
composite materials.

• Demonstrate the fundamental properties of nano-materials and their 
applications.



CourseOutcomes:
• After completing the course, the student will be able to

• Explain the principles of binary phases. (l2)

• Select steels and cast irons for a given application. (l3)

• Apply heat treatment to different applications. (l3)

• Utilize nonferrous metals and alloys in engineering. (l3)

• Choose composites for various applications. (l3)

• Assess the properties of nano-scale materials and their applications. (l2)

• Differentiate between hardening of ferrous and non-ferrous alloys. (L4)



UNIT -I
• Structure of Metals: Crystal Structures: Unit cells, Metallic crystal structures,

Imperfection in solids: Point, Line, interstitial and volume defects; dislocation

strengthening mechanisms and slip systems, critically resolved shear stress.

• Constitution of Alloys: Necessity of Alloying, substitutional and interstitial

solid solutions- Phase diagrams: Interpretation of binary phase diagrams and

microstructure development; eutectic, peritectic, peritectoid and monotectic

reactions. Iron-Iron-carbide diagram and microstructural aspects of ferrite,

cementite, austenite, ledeburite, and cast iron.



Learning Outcomes:
• At the end of this unit the student will be able to

• Understand the importance of material science in engineering.(l2)

• Recall the definitions and terminology of crystallography. (l1)

• Distinguish metals and alloys. (l4)

• Make use of the principles of construction of binary phase diagrams. (l3)

• Identify various invariant reactions in binary phase diagrams. (l3)

• Know the concept of metallography in studying the microstructures of metals 

and alloys. (l2)



Crystal structure

In crystallography,
description of the

crystal structure is a  
ordered arrangement of

atoms, ions or molecules in a crystalline  
material.

 Ordered structures occur from the intrinsic

symmetric patterns that repeat along
nature of the constituent particles to form

the
principal directions of three-dimensional space  
in matter.



The smallest group of particles in the material that constitutes this

repeating pattern is the unit cell of the structure.

The unit cell completely reflects the symmetry and structure of the

entire crystal, which is built up by repetitive translation of the unit cell

along its principal axes.

The translation vectors define the nodes of the Bravais lattice.



The lengths of the principal axes, or edges, of the unit cell and the angles

between them are the lattice constants, also called lattice parameters or

cell parameters.

The symmetry properties of the crystal are described by the concept of

space groups. All possible symmetric arrangements of particles in three-

dimensional space may be described by the 230 space groups.

The crystal structure and symmetry play a critical role in determining

many physical properties, such as cleavage, electronic band structure,

and optical transparency.





















Crystal Structures ofMetals
• All metallic elements (except Cs, Ga, and Hg) are crystalline solids at 

room temperature. Like ionic solids, metals and alloys have a very 
strong tendency to crystallize, whether they are made by thermal 
processing or by other techniques such as solution reduction or 
electroplating.

• Metals crystallize readily and it is difficult to form a glassy metal even 
with very rapid cooling.

• gallium, and mercury are the only three metals that are liquid at or 
around room temperature



• Molten metals have low viscosity, and the identical (essentially  
spherical) atoms can pack into a crystal very easily.

• Glassy metals can be made, however, by rapidly cooling alloys,
particularly if the constituent atoms have different sizes.

• The different atoms cannot pack in a simple unit cell,  
making crystallization slow enough to form a glass.

sometimes

• Most metals and alloys crystallize in one of three very common
structures: body-centered cubic (bcc), hexagonal close packed (hcp), or
cubic close packed (ccp, also called face centered cubic, fcc). In all three
structures the coordination number of the metal atoms (i.e., the
number of equidistant nearest neighbors) is rather high: 8 for bcc, and
12 for hcp and ccp.

Crystal Structures of Metals



• We can contrast this with the low coordination numbers (i.e.,
low valences - like 2 for O, 3 for N, or 4 for C) found in
nonmetals.

• In the bcc structure, the nearest neighbors are at the corners
of a cube surrounding the metal atom in the center. In the
hcp and ccp structures, the atoms pack like stacked
cannonballs or billiard balls, in layers with a six-coordinate
arrangement.

• Each atom also has six more nearest neighbors from layers
above and below. The stacking sequence is ABCABC... in the
ccp lattice and ABAB... in hcp. In both cases, it can be shown
that the spheres fill 74% of the volume of the lattice.

Crystal Structures of Metals





Imperfection in solids













































Precipitates defect

















Dislocation and slip

• In materials science, a dislocation or Taylor's dislocation is a linear

crystallographic defect or irregularity within a crystal structure that 

contains an abrupt change in the arrangement of atoms.

• The movement of dislocations allow atoms to slide over each other at 

low stress levels and is known as glide or slip.























11 Examples of Alloys in Everyday Life

• https://studiousguy.com/examples-of-alloys/

https://studiousguy.com/examples-of-alloys/




















Unary phase diagram







































Microstructure of various phases




















