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MATERIALS & METALLURGICAL ENGINEERING
The Booster of Civilisation
As one of the cradles of civilisation,
Indian contributions to the field has been
profound and pioneering Examples
abound from the metal-work and
jewellery of the Indus Valley civilisation
to the unaffected iron pillar at New Delhi
(4th century A.D.) in substantial
quantities. The Copper and Bronze Age
followed by the Iron Age transformed
the ancient civilisations across the world
in the Indus-Valley, China, Egypt,
Mesopotamia and Babylon. In other
words, the civilisations were cast in metals.
The Engineering as the Backbone
The word metallurgy is said to have
originated from Greek words and it
means metal and working. Metallurgy
as a branch of engineering is concerned
with the extraction and production of
metals and alloys, their adaptation to
use, and their performance in service.
As a science, metallurgy is concerned with
the chemical reactions involved in the
processes by which only metals are
produced and extends to the chemical,
physical and mechanical behaviour of
metallic materials.
Material science on the other hand
embraces a wider spectrum to include
detailed aspects of both metals and nonmetals. In material science the finer details
of materials in terms of bondage
between atomic particles are searched for
and the extrinsic properties and gross
behaviour in application are quantified
in terms of their intrinsic properties. The
marriage of metals and non-metals for
specific applications has been possible
for a penetrating understanding and
knowledge of the behaviour of
materials through the innovative steps
in material science.
Branching of a Tree
The field of metallurgy may be
divided into process metallurgy
(production metallurgy, extractive
metallurgy) and physical metallurgy. Metal
processing is a part of process metallurgy
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and the mechanical behaviour of metals,
a part of physical metallurgy.
The emergence of material science and
engineering is the result of developments
that have occurred through the years. The
most significant among these are—
research in the materials-related basic
sciences and the materials discipline,
scientific and technological innovations,
and organisational plus infrastructural
developments in industry, educational
institutions and the government R & D
sectors.
Many disciplines and subdisciplines,
in particular, metallurgy, ceramic
technology, polymer and condensed
matter sciences, and their engineering and
industrial applications, exist as distinct
identities within the broader concept of
material science and engineering.
Many Faces of Materials
The lesson that energy can neither be
created nor be destroyed applies also to
the materials which man receives from
Nature. Yet for the sake of gross
utilization, the materials are categorised
as naturally occurring or man-made,
extracted or synthesized, inorganic or
organic, structural or nonstructural,
depending upon their origination or use.
But a finer detailing is called for as the

associated science and technology differ
widely due to the individual nature and
application of the material. Thus, the
materials are classified as metals and alloys,
ceramics and glasses, polymers and
elastomers, fibre and composite materials
on the one hand based upon their nature
and as industrial, electrical, electronics
superconducting, nuclear, magnetic,
optical, biomedical and the likes based
upon their applications. Each face, at times
overlapping, gives rise to dimensions in
its own right.
Indian Stride
Formal study of metallurgy in recent
times started when the Banaras Hindu
University established the College of Mining
and Metallurgy in 1923. Such courses were
also started early at the Bengal Engineering
College, Sibpore, the Indian Institute of
Science, Bangalore and the University of
Roorkee. Realising the need for research and
development for the sake of selfsufficiency
and for exploiting Indian minerals which
have unique characteristics, The National
Metallurgical Laboratory was set up in 1950.
Other institutions known for their work in
allied field are at the Regional Research
Laboratories at Bhubaneswar and Bhopal,
the Central Glass and Ceramic Research
Institute, Kolkata, etc.

Iron Pillar of Delhi
IEI EXAMINATIONS

RULES & SYLLABI

MM 431 Polymer Materials and Technology
MM 432 Welding and Allied Processes
MM 433 Advanced Physical Metallurgy
MM 434 Foundry Engineering
MM 435 Mechanical Working Processes

MM 421 Polymer Materials and Technology
MM 422 Electrometallurgy and Corrosion
MM 423 Advanced Physical Metallurgy
MM 424 Materials Characterisation
MM 425 Ceramic Materials

MM 411 Mineral Engineering
MM 412 Fuels, Furnaces and Refractories
MM 413 Ferrous Extractive Metallurgy
MM 414 Non-ferrous Extractive Metallurgy
MM 415 Instrumentation and Control
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Project Work
and
Laboratory Experiments
[10 (ten) experiments are to be undertaken from the prescribed list]

Group III Materials Processing

Group II Materials Science

Group I Extractive Metallurgy

(Any three from any one group)

Optional Subjects

IC 402 Engineering Management
MM 403 Metallurgical Thermodynamics and Kinetics
MM 404 Extractive Metallurgy
MM 405 Mechanical Behaviour of Materials
MM 406 Physical Metallurgy
MM 407 Metallurgical Design

Compulsory Subjects
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ENGINEERING MANAGEMENT

MC 432

(See page 13, subject IC 402)

METALLURGICAL THERMODYNAMICS
AND KINETICS

IC 404

Group A
State of a system. Extensive and intensive properties. First
law of thermodynamics, capacity of gases and solids. Hess’ law,
enthalpy, Kirchhoff ’s laws.
Second law of thermodynamics. Entropy. Entropy changes
in gases. Trouton’s and Richard’s combined statement of first
and second laws of thermodynamics. Helmholtz and Gibb’s
free energies.
Concept of equilibrium. Thermodynamic potential
conditions equilibrium. Maxwell’s equations. Activity, activity
coefficient and equilibrium constants for homogeneous and
heterogeneous systems. Clausius-Clapeyron equation.
Third law of thermodynamics. Partial molar quantities.
Gibbs-Duhem equation. Raoult’s and Henry’s laws. Standard
states. Gibbs phase rule.
Group B
Electrolytic solutions, electrode potential, chemical and
electrical energy, standard reference electrode, polarisation, over
voltage, EMF and galvanic electrodeposition of metals and
alloys.
Adsorption and absorption. Gibb’s equation.
Arrhenius equation. Activation energy.
Homogeneous and heterogeneous reaction. Orders and
molecularities of reactions. Activated state. Nucleation and
growth. Diffusion.
Recommended Books
.. D R Gashell. Introduction to Metallurgical
Thermodynamics. McGraw-Hill International.
.. G S Upadhyay and R K Dubey. Problems in Metallurgical
Thermodynamics and Kinetics. Pergamon Press, USA.

EXTRACTIVE METALLURGY

Group A
Formation of ores and minerals. Classification of ores and
minerals. Definitions of various unit operations. Typical flow
sheets for metal extraction processes.
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Thermodynamics: Molten systems, slags and electrolytes.
Kinetics: Gas-solid, liquid-solid, liquid-liquid and gasliquid
reactions.
Group B
Fuels and ores preparation: Fuels used in extraction—drying,
calcination, roasting and agglomeration.
Reduction of metal oxides: Thermodynamics of oxide
reduction with emphasis on ores of iron, lead and zinc. Blast
furnace operations. Smelting and converting.
Refining process: Study with emphasis on steelmaking,
vacuum degassing, distillation and zone refining.
Hydrometallurgy: Introduction to different unit processes
like leaching, precipitation, ion exchange, solvent extraction,
gaseous reduction and cementation.
Electrometallurgy: Current and energy efficiency. Examples
from aqueous (Cu and Zn) and fused salt (AI) processes.
Recommended Books
.. A Ghosh and H S Ray. Principles of Extractive Metallurgy.
New Age International (P) Ltd., New Delhi.
.. T Rosenquist. Principles of Extractive Metallurgy. McGrawHill International.

MM 405

IC 402

MATERIALS & METALLURGICAL ENGINEERING

MECHANICAL BEHAVIOUR OF
MATERIALS

Group A
Elasticity. General state of stress and strain. Hooke’s law,
elastic constants and their relationships. Anisotropic elasticity.
Elastic strain energy. Measurements of Young’s modulus for
metals, ceramics, polymers and composites. Non-elasticity.
Mechanism of elastic deformation. Atomic bonding and
atomic packing in metals, polymers, ceramics and intermetallics.
Energy distance curves for different materials. Effect of bonding
and packing characteristics on elastic module of materials.
Plasticity. Yield criteria. Flow curve and work hardening.
Constitutive relationships.
Mechanism of plastic deformation. Plastic deformation by
slip, twinning, diffusional flows and grain boundary sliding.
Crystallographic character of slip, critical resolved shear stress
and theoretical shear strength of crystals.
Testing of metals. Tensile, compressive, hardness and impact
of testing methods.
Group B
Elements of dislocation theory. Vacancies, interstitial and
planar defects in crystals. Edge, screw and mixed dislocations
and dislocation loops. Conservative and non-conservative
IEI EXAMINATIONS
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MM 406

PHYSICAL METALLURGY

Group A
Fundamentals of physical metallurgy: Lattices, unit cells,
indexing of direction planes. Weiss zone law. Closepacking of
equal spheres. Common metallic structure. Atomic size. Voids
in close-packed structures. Packing of unequal sphere.
Substitutional and interstitial solid solutions. Hume-Rothery’s
rules. Introduction to amorphous material, liquid crystals, quasicrystals, fullerness.
Diffusion in metals and alloys: Fick’s laws and Kirkendall
effect. Diffusion along dislocations and grain boundaries.
Fundamental concepts of diffusional and martensite
transformations.
Phase diagrams: Binary system. Isomorphous system, Lever
rule, congruement minima and maxima, miscibility gap. Eutectic,
peritectic, monotectic, syntectic and metatectic systems.
Equilibrium and non-equilibrium solidification. Intermediate
phases. Elements of ternary phase diagrams. Typical phase
diagrams: Fe-C, Cu-Ni, Cu-Zn, Al-Cu, Al-Si and Pb-Sn.
Group B
Heat treatment of ferrous alloys: Heat treatment of plain
carbon and alloy sheets. Hardening, annealing, normalizing and
RULES & SYLLABI
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tempering of steels and their effect on properties. Hardness and
hardenability. Quenching media.
Isothermal transformation diagrams, martempering,
austempering and managing. Surface hardening— carburizing,
nitriding, carbonitriding, flame and induction hardening.
Heat treatment of non-ferrous alloys: Annealing of cold
worked metals and alloys. Heat treatment of common copper
alloys. Precipitation and age hardening. Temper designations
for aluminium alloys.
Pyrometry: Thermocouples, resistance, optical and radiation
pyrometers and their applications.
Recommended Books
.. V Raghavan. Physical Metallurgy. Prentice-Hall of India (P)
Ltd., New Delhi.
.. R E Smallman. Physical Metallurgy. Butterworths, London.

MM 407

movements of dislocation. Stress required in move dislocation.
Stress field and strain energy of dislocation. Line tension and
forces on dislocation, forces between dislocations. Dislocation
in FCC and BCC crystals and in ordered structures. Stacking
fault energy and anti-phase boundary energy. Dislocation
multiplication and pile-ups. Yield point phenomena and strain
aging.
Strengthening mechanism. Strain hardening, deformation
behaviour of polycrystals. Grain boundary, solid solution,
precipitation, dispersion and fibre strengthening.
High temperature deformation and creep. Superplasticity.
Primary, secondary and tertiary creeps, secondary creep rate
deformation mechanism maps and plots. Creep resistance
materials. Creep testing methods.
Fracture and fracture toughness of materials. Griffth’s theory,
critical energy parameter, critical stress intensity factor and fracture
toughness.
Fatigue. Fatigue of uncracked and cracked components. Crack
propagation rate in fatigue and its mechanism. Creep fatigue
interactions. Fatigue testing methods.
Recommended Books
.. G E Dieter. Mechanical Metallurgy. McGraw-Hill
International.
.. Brick, Gordon and Philips. Structure and Properties of
Metals and Alloys. McGraw-Hill International.

METALLURGICAL DESIGN

Group A
Elements of design: Elementary design of machine
components as applied to metallurgical equipment. Elements
of cupola design. Design of recuperators and regenerators.
Heating furnaces: Design of fuel hearth, flues and passages.
Design of arc roof, suspended roof and furnace binding.
Estimation of heat losses, heat balance and fuel requirements.
Group B
Electric furnaces: Design of heating elements in electric
resistance furnaces. Efficiency and performance of induction and
arc furnaces.
Advanced metallurgical design: Design of metallurgical
furnaces—open hearth, blast furnace and LD converter.
Recommended Books
.. M W Thring. Science of Flames and Furnaces. Chapman
and Hall, London.
.. Paschkis and J Pearson. Industrial Electric Furnaces and
Appliances. Wiley Interscience, New York.
.. T Rosenquist. Principles of Extractive Metallurgy. McGrawHill International.
.. W M Kayes and A L London. Compact Heat Exchangers.
McGraw-Hill International.

MM 411
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MINERAL ENGINEERING

Group A
Mineralogical investigations. Role of microscope,
spectroscope, microchemistry and other determinative methods.
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MM 412

Liberation and severance—methods of obtaining severance,
determination of liberation.
Comminution. Broad classification. Primary breaking
operations. Intermediate crushing by crushers, cone, roll and
impact crushers. Ball and fumbling mills—fine grinding. Closed
and open circuit grinding. Determination of power
consumption.
Sizing. Screen analysis, sizing curves, industrial sizing,
screening—revolving and vibrating screens. Screen efficiency and
capacity. Classification: Laws, wet and dry methods. Types of
classifiers—stationary, mechanical, centrifugal and hydraulic.
Cyclones.
Gravity concentration. Jigging, bedding and shaking. Riffled
tables, vanners and tilting tables. Heavy liquid and heavy media
separations. Spiral concentrators and other slime recovery units.
Group B
Flotation. Physico-chemical principles. Chemistry of
flotation reagents and their functions. Flotation processes. Froth
flotation machines. Concentration of copper, lead and zinc ores
by flotation. Flotation of non-sulphide ores of copper and
lead, dolomite, fluorspar, gypsum, phosphates, manganese,
silica, silimanite, graphite and coal.
Electrical and magnetic concentration. Electrostatic and
magnetic separations, dry and wet type separators. Applications
to mineral beneficiation.
Dewatering. Draining, thickening and sedimentation.
Filtration by continuous vacuum and pressure filters. Centrifuges.
Elements of drying—description and application of hearth and
rotary dryers.
Other concentration methods. Handpicking, amalgamation
and thermal processes.
Recommended Books
.. A M Gaudin. Principles of Mineral Dressing. Tata McGrawHill Publishing Co. Ltd., New Delhi.
.. A F Taggart. Elements of Ore Dressing. John Wiley and
Sons, New York.

FUELS, FURNACES AND
REFRACTORIES

Group A
Fuels. Constitution, classifications and washing of coal.
Composition of ash, comparative study of solid, liquid and
gaseous fuels, selection criteria of coal for metallurgical purposes.
High and low temperature carbonization and bi-products.
Combustion theory and problems. Producer gas and water gas.
Regeneration, recuperation and waste heat boilers. Fuel efficiency.
Furnaces. Combustion devices for solid, liquid and gaseous
fuels. Various methods of firing and modes of combustion of
82
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coal and coke in all cases. Natural, induced, forced and balanced
draft. Theory and calculation of natural draft and capacity of
chimney. Regulation of primary, secondary and excess air and
furnace draft for efficient combustion.
Group B
Methods of firing of liquid and gaseous fuels. Principles of
burner design for liquid and gaseous fuels. Pulverized fuel firing.
Sources of heat losses in furnaces and methods to prevent
insulation. Fuel economy and thermal efficiency of furnaces.
Simple numerical examples. Different furnaces used in
metallurgical industries and materials of construction.
Elementary treatment of use of flow modes to study furnace
characteristics.
Refractories. Refractory materials and their physical and
chemical properties. Raw materials, manufacture, properties and
uses of silica, fire-clay, basic composite and natural refractory
materials. Refractory aspects of furnace construction with
reference to important metallurgical industries like iron and steel,
copper and aluminium.
Recommended Books
.. S Sarkar. Fuels and Combustion. Orient Longman Ltd.,
New Delhi.
.. J D Gilchrist. Fuels, Furnaces and Refractories. Pergamon
Press, USA.

MM 413
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FERROUS EXTRACTIVE
METALLURGY

Group A
Ores and preparation. Indian iron ores and their
composition. Location and evaluation. Benefication of ores and
operations like calcination, concentration and agglomeration.
Preparations and properties of fuels and fluxes.
Iron production. Blast furnace accessories, construction of
blast furnace and layout. Blast furnace operation. Physical and
chemical principles of furnace operation. Economy of hot and
dry blasts. Furnace charge calculations. Control of slag, handling
of products and utilisation of by-products like gas and slag.
Group B
Recent developments in blast furnace. Desulphurization,
carbon lining, lime injection, high top pressure and steam
injection. Instrumentation and control in blast furnace.
Production of iron in low shaft and electric furnaces. Electric
smelting and production of ferro-alloys.
Steelmaking. Various steelmaking processes. Use of oxygen
in steelmaking. Selection of refractories for steel manufacturing.
Casting pit practice methods of teeming, care and protection of
ingot moulds. Defects in steel ingots, their causes and prevention.
Continuous steel casting. Recent developments in steelmaking.

IEI EXAMINATIONS

MM 414

Recommended Books
.. R H Tupkary. Modern Iron Making. Khanna Publishers,
Delhi.
.. R H Tupkary. Modern Steel Making. Khanna Publishers,
Delhi.
.. A K Biswas. Principles of Blast Furnace Iron Making. S B A
Publications, Kolkata.

NON-FERROUS EXTRACTIVE
METALLURGY
Group A

Introduction. General flow-sheet for metal production from
non-ferrous ores. Definitions and applications of various unit
operations and unit processes involved in pyroprocessing.
Unit processes in pyrometallurgy. Reduction and smelting,
including physical chemistry and Ellingham’s diagrams.
Converting, halide metallurgy—high temperature refining—
distillation, vacuum degassing and zone refining.
Group B
Unit processes in hydrometallurgy. Leaching— mechanisms
and kinetics, types and techniques of leaching. Solution
purification—chemical precipitation on exchange, solvent
extraction. Recovery of metal values—gaseous reduction of
solutions, electrolysis, solvent extraction, cementation.
Electrometallurgy. Bourbaix diagram. Electrowinning.
Electrorefining.
Recommended Books
.. K P Abraham, H S Ray and R Sridhar. Extraction of
Nonferrous Metals. Affiliated East-West Press (P) Ltd., New
Delhi.

MM 415

.. J Newton. Extractive Metallurgy. John Wiley and Sons, New
York.

INSTRUMENTATION AND
CONTROL

MM 421

(See page 16, subject CH 415)

POLYMER MATERIALS AND
TECHNOLOGY

(See page 17, subject CH 431)

RULES & SYLLABI

MM 422
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ELECTROMETALLURGY AND
CORROSION

Group A
Principles of electrochemistry. Laws of chemical and
electrochemical equilibriam. Interpretation and measurement of
current—voltage curves, emf of galvanic cells. Nerquist equation.
Bourbaix diagram. Electrode potentials, decomposition
potential, polarization, overvoltage and practical utilities.
Passivation phenomena.
Electroplating, electrotyping and anodizing. General
principles of code position and plating from aqueous and nonaqueous baths, methods of plating of Cr, Cd, Zn, Sn, Cu, Ag,
Ni and bright Ni, code position with reference to plating of
brass and alloys of tungsten. Electrotyping of metals.
Anodizing and plating Al, methods of testing of electrode
deposit with reference to porosity, thickness and microhardening.
Group B
Electrorefining of metals. General principles and practice of
electrowinning of Cu, Ag, Pb, Ni, Fe, Zn and Sn from aqueous
solutions and Al, Be, Ce, Mg and Na from fused salts.
Electroanalysis. Electrogravimetric analysis. Principles of
potentiometric, conductometric and trace analysis by
polarography and amperometry. Electrophoresis as a method
of separation of isotopes.
Forms of corrosion. Uniform, localised and galvanic
corrosion, oxygen and hot corrosion, hydrogen embrittlement.
Corrosion control by design, environmental change, and coating.
Cathodic and anodic protection. Corrosion properties of
materials. Analysis of corrosion failure. Engineering trends in
corrosion studies.
Recommended Books
.. S Narayan and R Saran. An Introduction to
Electrometallurgy. Standard Publishers and Distributors, Delhi.
.. W A Koehler. Principles and Applications of
Electrometallurgy. John Wiley and Sons, New York.
.. Raj Narayan. An Introduction to Metallic Corrosion and Its
Prevention. Oxford and IBH Publishing Co. (P) Ltd., New Delhi.

MM 423

Study Material & Admission
for AMIE Exams

ADVANCED PHYSICAL
METALLURGY

Group A
Solidification of pure metals—phenomena of under cooling.
Solidification of alloys—cooling curves. Introduction to
thermodynamics of phase transformations. Kinetics and
mechanism of phase changes in solid state.
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MATERIAL
CHARACTERISATION

Group A
Stereographic projection. Generation of X-rays, continuous
and characteristics spectrum. Absorption of X-rays. Bragg’s law,
diffraction methods, diffraction under non-ideal conditions.
Intensity of diffracted beam, powder method, indoxing of
cubic and non-cubic crystals.
Precise lattice parameter determination, solus curve
determination, chemical analysis, preferred orientation and
texture determination of particles, sizes, etc.
Group B
Electron microscopy—principles, thin film and replication
techniques, nature of contrast from dislocations, stacking faults
and second phase particles.
Other methods of detecting phase changes, thermal analysis,
dithermetic resistivity and magnetic methods.
Recommended Books
.. G Thomas. Transmission Electron Microscopy of Metals.
John Wiley and Sons, New York.
.. A Taylor. An Introduction to X-ray Metallography. John
Wiley and Sons, New York.
84
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CERAMIC MATERIALS

Group A
Characteristics of ceramic solids. Introduction to ceramics,
common ceramic crystal structures, silicates, clay minerals, graphite
and carbides.
Structural imperfections, solid solutions, Frenkel and
Schottky defects, dislocations, non-stoichiometric solids,
diffusion in crystalline and non-stoichiometric solids.
Group B
Development of microstructure in ceramics. Ceramic phaseequilibrium diagrams. Nucleation, grain growth, sintering and
vitrification, microstructure of ceramics.
Properties of ceramics. Elastic behaviour, toughness,
strength, creep, and plastic deformation, thermal properties,
optical properties, electrical conductivity, dielectric and magnetic
properties.
Recommended Book
.. W D Kingery, H K Bowen and D R Uhlmann. Introduction
to Ceramics. Wiley Interscience, New York.

MM 431

MM 424

Metastable equilibrium-iron-carbon diagram.
Transformations in steel under non-equilibrium conditions.
Eutectoid and matensitic transformations to austensite—both
in isothermal manner and during continuous cooling. Heat
treatment of steel. Hardenability. Quenching and transformation
stresses. Surface hardening processes. Thermo-mechanical
treatment of steel.
Group B
Physical metallurgy of cast iron and its heat treatment.
Important solid state transformations during equilibrium and
non-equilibrium conditions in non-ferrous systems.
Precipitation phenomena in solid solutions. Age hardening—
its theories. Quench and strain aging. Phenomena of tamper
brittleness.
Preparation of metallographic examination. Mechanical
polishing, electrolytic polishing. Macroexaminations,
interpretation of micro structures. Methods of detection of
phase changes. Construction of equilibrium diagrams by various
methods and ternary diagrams for Fe-alloys with reference to
altering of microstructure and mechanical properties. Isothermal
transformation in steel. Order-disorder reaction.
Recommended Books
.. R E Smallman. Physical Metallurgy. Butterworths, London.
.. R W Cahn (Ed). Physical Metallurgy. John Wiley and Sons,
New York.

MM 425
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POLYMER MATERIALS AND
TECHNOLOGY

(See page 17, subject CH 431)

MM 432

Study Material & Admission
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WELDING AND ALLIED
PROCESSES

Group A
Classification of welding processes; Basic fusion operations;
Gas and arc welding; Welding equipment and materials.
Various arc welding techniques (TIG, MIG, submerged arc,
etc); Resistance welding; Special welding processes (thermit, laser,
electron beam, explosive, etc); other solid state welding processes;
Welding of special metal alloys.
Group B
Heat flow in welding: Pre-heat and post-heat treatment;
Residual stresses; Weldability; Strength of weld joints;
Inspection and testing of weld joints.
Principles of brazing and soldering; Wetting phenomenon;
Capillary flow, pre-cleaning and use of fluxes; Application to
important ferrous and non-ferrous alloys. Design considerations
in welding.
Recommended Books
.. R S Parmar. Welding Processes and Technology. Khanna
Publishers (P) Ltd., Delhi.
IEI EXAMINATIONS
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MM 433

.. R L Little. Welding and Welding Technology. Tata McGrawHill Publishing Co. Ltd., New Delhi.
.. P N Rao. Manufacturing Technology. Tata McGraw-Hill
Publishing Co. Ltd., New Delhi.
.. A C Davies. Welding. Cambridge University Press, USA.

ADVANCED PHYSICAL
METALLURGY

MM 434

(See page 75, subject MM 423)

FOUNDRY ENGINEERING

Group A
Casting processes. Classifications, applications, advantages
and limitations.
Pattern making. Requirements, pattern materials, machines
and tools for pattern–making, allowances, types of patterns,
design of patterns.
Moulding. Moulding sands—properties, preparation and
testing; Moulding processes; Machine moulding; Core and core
making.
Gating system. Elements of gating system; Design of gating
system—spruce, choke and gates.
Melting and pouring. Melting equipment for foundries.
Metallurgical characteristics of cast metals, pouring time and
temperature.
Group B
Solidification. Principles of solidification; Estimation of
solidification time.
Risering. Design of risers and their placements.
Quality considerations. Casting defects; Inspection and
testing of casting; Design of castings.
Special casting processes. Investment and shell casting;
Permanent mould casting; Die casting; Centrifugal casting;
Continuous casting.
Recommended Books
.. B W Taylor, M C Flemingo and J Wulff. Foundry
Engineering. New Age International (P) Ltd., New Delhi.
.. P L Jain. Principles of Foundry Technology. Tata McGrawHill Publishing Co. Ltd., New Delhi.

RULES & SYLLABI
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.. R W Hein, C R Laper and Rosenthal. Principles of Metal
Casting. Tata McGraw-Hill Publishing Co. Ltd., New Delhi.
.. P N Rao. Manufacturing Technology. Tata McGraw-Hill
Publishing Co. Ltd., New Delhi.

MM 435

Study Material & Admission
for AMIE Exams

MECHANICAL WORKING
PROCESSES

Group A
Elastic and plastic deformation of single crystal and
polycrystalline aggregates. Slipping, twinning, work hardening,
flow and fracture, annealing, recovery, recrystallisation and grain
growth.
Hot and cold working, orange peel effect, stretcher, strength,
strain, yield point phenomena. Aging—strain and quench aging;
strain age hardening.
Group B
Elementary analysis and metallurgical principles involved in
various working operations like rolling, forging, wire drawing,
deep drawing, stamping and extrusion, and their applications.
Polymer materials, mechanical behaviour of polymer
materials, forming and shaping of polymer materials (blow,
vacuum, compression, transfer and injection moulding,
extrusion, etc.)
Process description, production of metal and ceramic
powder. Reduction, atomisation, mechanical comminution and
electrolysis process.
Blending of powder. Briquetting, sintering, sizing, coining,
machining, impregnation, infiltration, plating. Heat treatment.
Properties of metal powders and finished parts. Application
of powder—metallurgy techniques in the field of porous
bearing, machine parts, friction material, tungsten filaments.
Design considerations in powder metallurgy.
Recommended Books
.. G E Dieter. Mechanical Metallurgy. McGraw-Hill
International.
.. A V K Suryanarayana. Testing of Metallic Materials. PrenticeHall of India (P) Ltd., New Delhi.
.. J R Fried. Polymer Science and Technology. Prentice-Hall of
India (P) Ltd., New Delhi.
.. G S Upadhyay. Powder Metallurgy Technology. Cambridge
University Press, USA.
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