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GUJARAT TECHNOLOGICAL UNIVERSITY 
B. E.  SEMESTER: VI 


Metallurgical Engineering 


 
Subject Name:  Advanced Materials and Applications 


Subject Code:   162104 


 


 
 


Sr. 


No 
Course Content 


Total 


Hrs. 


1 Special steels 


Ferritic, Austenitic, Martensitic, Duplex and Precipitation hardenable stainless 


steels, Dual phase steels, TRIP steels, Maraging steels, High speed steels, 


Hadfield steels, Free cutting steels, Ausformed steels, Tool Steels, 


manganese steels, chrome steels, electrical steels, bearing steels, spring 


steels, heat resistant steels, creep steels, HSLA steels 


14 


2 Alloy cast iron 


High silicon cast iron, Ni-hard, Heat resistant cast iron 


04 


3 Light metals and their alloys 


Aluminium, magnesium and titanium alloys, Metallurgical aspects, Mechanical 


properties and applications 


03 


4 Super alloys 


Iron base, nickel base and cobalt base super alloys, Composition, Properties 


and their applications 


04 


5 Rapid Solidification  


Techniques, Production of metallic glasses, Atomic arrangement, Comparison 


with crystalline alloys, properties & applications 


 


 


 


05 


Teaching Scheme Evaluation Scheme 
Theory Tutorial Practical Total University Exam 


(Theory) 


(E) 


Mid Sem Exam 


(Theory) 


(M) 


Practical 


(I) 


3 1 0 4 70 
 


30 50 







6 Nano materials & technology 


Definition, Types of nanomaterials including carbon nanotubes and 


nanocomposits, Methods for creating nano structures, Processes for 


producing ultrafine powders - physical synthesis and chemical synthesis, 


Physical and mechanical properties and their applications 


07 


7 Smart materials 


Shape memory alloys, Piezoelectric materials, Electro-rheological fluid, 


Magneto- rheological fluid 


05 


8 Biomaterials 


Property requirement, Concept of biocompatibility, Cell-material interaction 


and body response to foreign materials, Important biometallic alloys, Ni-Ti 


alloy, Co-Cr-Mo alloys 


05 


9 Miscellaneous Advanced Materials  


Magnetic materials, Engineering polymers, ceramics and composites, 


aerospace materials, cryogenic materials, semi conducting and 


superconducting materials 


07 


 


Text Book: 
 


1. The Science and Engineering of Materials by D. R. Askeland and P. P. Phule, 


Thomson Publication 


 


Reference Books: 


 
1. Advances in Material Science by R. K. Dogra and A. K. Sharma 


2. Material science by Van Black. 


3. Engineering Materials and Applications by R. A. Flinn and P. K. Trojan 


4. Materials, their Nature, Properties and Fabrication by R. A. Lindberg and S. D.  


Sehgal, S Chand & Co. 


5. Light Alloys: Metallurgy of Light Metals by I. J. Polmear 


6. Nano Technology by Gregory Tirp, Springer Verlag, 2005 
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GUJARAT TECHNOLOGICAL UNIVERSITY 
B. E.  SEMESTER: VI 


Metallurgical Engineering 


 
Subject Name:  Electrometallurgy & Corrosion 


Subject Code:   162105 


 


 
 
Sr. 


No 
Course Content 


Total 


Hrs. 


1 Basics of Electrochemistry 


Faradays’ laws of electrolysis, current efficiency, current density, electrode 


potentials, Thermodynamics and Kinetics of Electrode Processes- Polarization 


Curves, Concept of Over-Potential, Kinetics Of Passivity and Transpassivity, 


Nernst’s Equation, Emf Series, Evan’s Corrosion Diagram, Galvanic Series. 


Pourbiax Diagram for Metal Water System, Applications and Limitations 


12 


2 Forms of Corrosion 


The relevance of corrosion studies, forms of corrosion, Uniform Corrosion, 


Galvanic Corrosion, Crevice Corrosion, Pitting Corrosion, Intergranular 


Corrosion, Selective Leaching, Erosion Corrosion, stress cracking corrosion, 


Hydrogen Damage 


12 


3 High Temperature Corrosion 


High Temperature Corrosion in Different Atmosphere, Effect of Doping, 


Alloying Elements, Coating Methods for High Temperature Corrosion 


Protection, Pilling Bedworth Ratio and its applications 


05 


4 Corrosion Protection 


Principles of Protection, Selection of Suitable Design, Inhibition, Coating 


Methods, Anodic protection and Cathodic protection 


08 


5 Electro deposition 


Classification and mechanism of electrodeposition processes. Electroplating 


of copper, Nickel and Chromium. Principles of Alloy plating and electroless 


plating, Anodising, Galvanizing 


06 


Teaching Scheme Evaluation Scheme 
Theory Tutorial Practical Total University Exam 


(Theory) 


(E) 


Mid Sem Exam 


(Theory) 


(M) 


Practical 


(I) 


3 1 2 6 70 
 


30 50 







6 Factors affecting Corrosion 


Environment affecting corrosion, effects of soil, chemicals, moisture and 


atmospheric gases, temperature and velocity, metallurgical factors 


03 


7 Corrosion Testing  


Physical and Electrochemical Methods such as ASTM standard methods 


likeG-8, G-5, G-1 and their equivalents, Surface Preparation, Exposure 


Technique, Corrosion Rate Measurements 


04 


8 Material Selection to Combat Corrosion 


Specific Corrosion Applications Such as Marine Industry, Petrochemical 


Industry, High Temperature Service, Chemical Industry, Automobile 


04 


 


Text Book: 
 


1. Corrosion Engineering, 2nd ed., M. Fontana Mc Grew Hill, 1987 


 


Reference Books: 


 
1. Corrosion and Corrosion Control, 3rd ed., H.H.Uhlig Wiley, 1986 


2. Principals and Prevention of Corrosion, 2nd intl. Ed., D.R. Jones Prentice Hall 


International Singapore 


3. Corrosion Volume I & II, 1994, L.L.Shrier, Butterworths, London 


4. An introduction to electrometallurgy- Satya Narayan & Rajendra Sharan, Standard 


Publishers & Distributors, New Delhi 


5. Electroplating by Lowenheim 


6. An introduction to metallic corrosion & its prevention by Rajnarain 
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THEORY TUTORIAL PRACTICAL


1 Physical Metallurgy - I 4 2 2 8


2 Steel Making 4 2 0 6


3 Powder Metallurgy 3 1 2 6


4 Advanced Materials and Applications 3 1 0 4


5 Electrometallurgy & Corrosion 3 1 2 6


                                         TOTAL 17 7 6 30


GUJARAT TECHNOLOGICAL UNIVERSITY
DEGREE IN METALLURGICAL ENGINEERING


PROPOSED TEACHING SCHEME


TEACHING SCHEME(HOURS)
SR NO SUBJECT CREDITS


Semester - VI
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GUJARAT TECHNOLOGICAL UNIVERSITY 
B. E.  SEMESTER: VI 


Metallurgical Engineering 


 
Subject Name:  Physical Metallurgy – I 


Subject Code:   162101 


 


 
 


Sr. 
No 


Course Content 
Total 
Hrs. 


1.  Introduction  
Introduction to phys met, Crystal and crystal systems, miller indices planes 
and direction 
 


06 


2.  Solidification of Metals & Alloys 
Nucleation and growth phenomena, Constitutional supercooling, Eutectic 
solidification. Rules of formation of various types of solid solutions, Primary 
& Intermediate phases and their formation, Intermetallic compounds 
 


08 


3.  Phase Diagram 
Concepts of alloy system and explanation of terms like system, component, 
phase, micro  constituent and degree of freedom, structural constituent of 
an alloy, phase rule and phase equilibria, equilibrium diagrams and their 
classification based on solubility of components in liquid and solid states, 
cooling curves, morphology and distribution of phases, effect of non-
equilibrium cooling on morphology. Eutectic, peritectic, monotectic, 
eutectoid and peritectoid reactions, binary equilibrium diagrams involving 
isomorphous systems and various reactions, common binary systems viz. 
Cu-Ni, Al-Si, Cu-Sn, Al-Cu, Pb-Sn, Cu-Zn. Lever rule. Ternary diagrams-
simple systems, Analytical problems for this unit 
 


14 


4.  Iron-Carbon system  
Allotropic changes, Iron-Iron carbide equilibrium diagram, Phases, Invariant 
reactions, Critical temperatures, Plain carbon steels, Slow cooling of steels, 
Effect of alloying elements, Effect of impurities, Property variation with 
microstructure, Classification of steels, Specification of steels, Physical 
significance of grain size: Grain size effects, Grain size designation, Grain 
size measurement, Corresponding standards. ASTM 112-96 
 
 
 


12 


Teaching Scheme Evaluation Scheme 
Theory Tutorial Practical Total University Exam 


(Theory) 


(E) 


Mid Sem Exam 


(Theory) 


(M) 


Practical 


(I) 


4 2 2 8 70 
 


30 50 







5.  Steels 
Classification of steels, Plain carbon steels, Advantages and limitations of 
plain carbon steels, Effect of impurity elements on the properties of steels, 
Alloy steels, Purpose of alloying of steel, Functions of alloying elements in 
steel, Effects of alloying elements on the properties of steels, Properties 
and applications of various alloy steels such as stainless steels, Systems 
for designation of steel, Coding of steel  as per Indian Standard (IS) and 
American Standard 
 


14 


6.  Cast irons 
Classification according to graphite morphology and matrix structure, Gray, 
White, Ductile, Malleable, Mottled and Compacted graphite cast irons, Their 
properties and applications, Indian Standards applicable to cast irons 
 


10 


7.  Metallography 
Microscopic examination, Polishing techniques for different metals and 
alloys, Etching and Mounting techniques, electrolytic polishing Metallurgical 
microscope, Macroscopic & Microscopic examination methods, Non 
metallic inclusions,  
ASTM E3-01: ASTM Designation for preparation of metallography 
specimen. 
ASTM E1558-99: electrolytic polishing, ASTM E45-05: Inclusion rating 
 


08 


 


Text Book: 
 


1. Physical Metallurgy Principles - R.E. Reed Hill [East - West]  


 


Reference Books: 
 


1. Principles of Metallographic Laboratory Practice - G.E. Kehl and H.Davis[Mc.Hill]  


2. Phase Diagrams in Metallurgy - F.N.Rhines.  


3. Engineering Physical Metallurgy - Y.Lakhtin[MIR Publications]  


4. Physical Metallurgy Vol I-I.A.Gulyaev[MIR Publications]  


5. Physical Metallurgy for Engineers-D.S.Clark and W.R. Varney[CBS]  


6. Modern Physical Metallurgy - R.E.Smallman[ELBS]  


7. Heat Treatment Principles and Techniques - T.V.Rajan, C.P.Sharma and A. Sharma 


[Prentice Hall] 


8. Physical Metallurgy – Peter Hansen, Cambridge University Press  


9. Introduction to Physical Metallurgy, Sidney H. Avner, McGraw Hill Book Co. 11.  


10. Metallography Techniques: principles and practice, Vander Voort, George F., 


McGraw-Hill Book, 1984, New York 
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GUJARAT TECHNOLOGICAL UNIVERSITY 
B. E.  SEMESTER: VI 


Metallurgical Engineering 


 
Subject Name:  Powder Metallurgy 


Subject Code:   162103 


 


 
 
Sr. 


No 
Course Content 


Total 


Hrs. 


1 Introduction 
Historical and modern developments in P/M. Advantages limitations and 
applications of P/M 
 


02 


2 Characteristics of metal  powder  
Particle size, shape and size distribution, Characteristics of powder mass such 
as apparent density, tap density, flow rate, friction conditions. Properties of 
green compacts and sintered compacts 
 


06 


3 Important methods of powder production  
Machining, milling, atomization, electrodeposition, reduction from oxide, 
carbonyl process, production of alloy powders, New development 
 


12 


4 Powder  Characterization 
Powder  conditioning, fundamentals of powder compaction, density 
distribution in green compacts, types of compaction  presses, compaction 
tooling and role of  lubricants, Single and double die compaction, isostatic 
pressing, hot pressing 
 


10 


5 Powder Forming  
Powder rolling, powder forging, powder extrusion and explosive forming 
technique 
 


04 


6 Sintering  
Definition, stages, effect of variables, sintering atmospheres and furnaces, 
Mechanism,  liquid-phase sintering, infiltration process 
 


10 


7 Sintered Products 
Study of sintered bearings, cutting tools, and metallic filters, Study of friction 
and antifriction  parts and electrical contact materials 
 


10 


 


Teaching Scheme Evaluation Scheme 
Theory Tutorial Practical Total University Exam 


(Theory) 


(E) 


Mid Sem Exam 


(Theory) 


(M) 


Practical 


(I) 


3 1 2 6 70 
 


30 50 







Text Book: 
 


1. Introduction to Powder Metallurgy  :- A.K.Sinha 


 


Reference Books: 
1. Powder Metallurgy  :-  W.D.Jones  


2. Principles of Powder Metallurgy :- T.Shukerman  


3. Handbook of Powder Metallurgy  :-  H.H.Hausner  


4. Powder Metallurgy, ASM Handbook, Vol-VII. 


5. Powder Metallurgy Technology, Gopal S. Upadhyaya- Cambridge International 


SciencePublishing, Cambridge 
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GUJARAT TECHNOLOGICAL UNIVERSITY 
B. E.  SEMESTER: VI 


Metallurgical Engineering 


 
Subject Name:  Steel Making 


Subject Code:   162102 


 


 
 
Sr. 
No 


Course Content 
Total 
Hrs. 


1 General 
History of Steel Making, from Bessemer Steel Making to present day 
equipment and practices. Integrated and Mini Steel Plants in India. A present 
Scenario 


 


03 


2 Physical Chemistry of Steel Making 
Thermodynamic and Kinetics of Refining Reactions, Carbon Reaction, 
Phosphorus Reaction, Sulphur Reaction, Silicon Reaction, Refining Slags and 
its Properties. Importance and Mechanism of Decarburization Reaction. 
Reaction at Slag Metal interface 


 


12 


3 Basic Oxygen Steel Making 
BOF practice, Equipment, Operation and Process, slag Metal reactions in 
B.O.F. Raw material and flux practices. Modifications and further Development 
in Conventional BOF, Oxygen Lance: Design, Construction and Operation. Top 
and Bottom Blown processes, Its advantages and  disadvantages 


 


12 


4 Electric Steel Making 
Details of Electric Arc Furnaces, Its Variations. Sequence of EAF Operations. 
Various additions at Different Stages, Slag Control. UHP Arc Furnaces. Arc 
Furnace practices for Carbon and Low Alloy Steels 


 


08 


5 Quality Steel Making 
Introduction, Sources of Inclusions, Sulphur, Phosphorus, and Gases In Steels, 
Development of Secondary Steel Making and its Importance Under Indian 
Conditions, Thermodynamics and Kinetics of Deoxidation of Molten Steel, 
Application of Ellingham Diagrams, Metallurgical Principles in Secondary Steel 
Making: Thermodynamics of Reaction During Degassing of Liquid Steel, Fluid 
Flow and Mixing in Ladle, Kinetics and Mass Transfer, Ladle Injection 
Metallurgy, Desulphurization &  Dephosphorization 


 
 


14 


Teaching Scheme Evaluation Scheme 
Theory Tutorial Practical Total University Exam 


(Theory) 


(E) 


Mid Sem Exam 


(Theory) 


(M) 


Practical 


(I) 


4 2 0 6 70 
 


30 50 







6 Secondary Steel Making 
Secondary Steel Making Processes, Ladle Furnaces (L.F.), Vacuum Systems 
and Vacuum treatment of Steel. Gases in steel. LF-VD processes and AOD, 
VOD, VAD techniques, R-H degasers. Ladle Stirring and its Advantages. ESR-
Principle And Technology. Deoxidation – Theory and practice, Floatation’s of 
products, Modifications of Inclusions. Injection Metallurgy 


 


10 


7 Inclusions in Steel 
Influence of Inclusions on Mechanical Properties of Steel, Inclusion 
Identification and Cleanness Assessment, Origin of Non Metallic Inclusions, 
Inclusion Control 
 


03 


8 Continuous Casting (C.C.) and Ingot Casting 
Ingot Casting: Types of Moulds, Advantages and Disadvantages. Ingot Defects 
and Remedies. Continuous casting: C.C. machines with its various units and 
types.C.C. of Blooms, Slabs and Thin slabs EM S of Moulds . Reoxidation 
prevention methods during Steel Casting. Advantage of C.C. Environmental 
issues related to Steel Making, Heat Transfer & Solidification Rate in Ingot 
Casting and Continuous Casting, Distinguishing Metallurgical Aspects of 
Continuous Casting of Steel 
 


10 


 


Text Book: 
 


1. Manufacture of Iron And Steel Vol I & II Bashforth- Asia Publishing House, 


Mumbai. 
 


Reference Books: 
 


1. An Introduction To Steel Making Tupkary R.H.- Khanna Publishers, Delhi, 1980 


2. Steel Making; Kudrin V. Mir Publisher, Moscow, 1985 


3. Physical Chemistry of Metals (with a collection of problems), Darken and Gurry- Mc 


Graw Hill.  


4. Electrometallurgy of Steel & Ferro.Alloys Vol I & II:-    E.P.Edneral, MIR Publ; 


Moscow  


5. Making,Shaping and Treating of steel:-    H.M.Gannon, USS Pub. Pittsburg. 


6. Introduction to Physical Chemistry of Steel Making :-    R.G.Ward, ELBS.   
 






