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Course Objectives:

1. To understand the mechanism of crystallization, imperfections in crystals and factors affecting solid
solubility.

2. To study the stability of phases in different alloy systems.

3. Toacquire knowledge on properties and structure of ferrous and nonferrous alloys and to select suitable
materials for various engineering applications.

4. To learn various methods of heat treatment and surface hardening.

5. To gain knowledge on properties and applications of ceramic, composites and other advanced
materials.

Course Outcomes:

At the end of the course, the student will be able to

1. Summarize the crystallization of metals and factors affecting the solid solubility. (L2)

2. Analyze the phase diagrams of binary systems and iron-carbide diagram to identify the material
composition depending on the design requirements. (L4)

3. Summarize the structure, properties and applications of various cast irons, steels and non-ferrous
alloys. (L2)

4. Apply the various heat treatment processes, surface hardening methods depending on material
requirements and summarize the steel making processes. (L3)

5. Summarize the concepts of powder metallurgy and properties, applications of ceramic, composites.
(L2)

Unit 1 06
Structure of Metals and Constitution of alloys: Crystallization of metals, Packing Factor - SC, BCC, FCC &

HCP. Grain and grain boundaries, effect of grain boundaries — determination of grain size.
Imperfections, Slip and Twinning. Necessity of alloying, types of solid solutions, Hume Rothery’s rules,
intermediate alloy phases, and electron compounds.

Unit 2 08
Equilibrium Diagrams: Experimental methods of construction of equilibrium diagrams, Isomorphous alloy
systems, equilibrium cooling and heating of alloys, Lever rule, coring miscibility gaps, eutectic systems,
congruent melting intermediate phases, peritectic reaction. Transformations in the solid state — allotropy,
eutectoid, peritectoid reactions, phase rule, relationship between equilibrium diagrams and properties of
alloys. Study of binary phase diagrams such as Cu-Ni and Fe-Fe3C.

Unit 3 07
Ferrous metals and alloys: Structure and properties of White Cast iron, Malleable Cast iron, grey cast iron,

Spheroidal graphite cast iron, Alloy cast iron. Classification of steels, structure and properties of plain carbon
steels, Low alloy steels, Hadfield manganese steels, tool and die steels.



Non-ferrous Metals and Alloys: Structure and properties of Copper and its alloys, Aluminum and its alloys,
Titanium and its alloys, Magnesium and its alloys, Super alloys.

Unit 4 07
Heat treatment of Steels: Effect of alloying elements on Fe-Fe3C system, annealing, normalizing, hardening,

TTT diagrams, tempering, hardenability, surface - hardening methods, age hardening treatment, Cryogenic
treatment.

Metallurgy: Steel Making - Introduction, Methods of steelmaking — crucible process, Bessemer converter
process, Open Hearth Process

Unit 5 08
Powder Metallurgy: Basic processes- Methods of producing metal powders- milling atomization-

Granulation-Reduction-Electrolytic Deposition. Compacting methods — Sintering - Methods of
manufacturing sintered parts. Secondary operations, Applications of powder metallurgical products.

Ceramics and Composite materials: Crystalline ceramics, glasses, cermets, abrasive materials, Classification
of composites, manufacturing methods, particle reinforced composites, fiber reinforced composites, PMC,
MMC, CMC and CCCs.

Prescribed Textbooks:

1. S.H.Avner, Introduction to Physical Metallurgy, 2/e, Tata McGraw- Hill, 1997.

2. Donald R.Askeland, Essentials of Materials science and Engineering, 4/e, CL Engineering publications,
2018.

Reference Books:

1. Dr.V.D.kodgire, Material Science and Metallurgy, 39/e, Everest Publishing House, 2017.

2. V.Raghavan, Material Science and Engineering, 5/e, Prentice Hall of India, 2004.

3. William D. Callister Jr, Materials Science and Engineering: An Introduction, 8/e, John Wiley and Sons,
2009.

4. George E.Dieter, Mechanical Metallurgy, 3/e, McGraw-Hill, 2013.

5. Yip-Wah Chung, Introduction to Material Science and Engineering, 2/e, CRC Press, 2022.

6. AV K Suryanarayana, Material Science and Metallurgy, B S Publications, 2014.

7. U.C.lJindal, Material Science and Metallurgy, 1/e, Pearson Publications, 2011.
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