
GUJARAT TECHNOLOGICAL UNIVERSITY 

 

METALLURGY ENGINEERING (21) 

POWDER METALLURGY 

SUBJECT CODE: 2162103 

B.E. 6th SEMESTER 

 
Type of course: Engineering Science 

 

Prerequisite:    Knowledge of Elements of Metallurgy and basic science skills  

 

Rationale: The Powder Metallurgy course is to prepare students for careers in metallurgy engineering where 

knowledge to provide them with an insight into the emerging technology of powder metallurgy as an 

alternative route to conventional metal processing. It is important to understand and appreciate the importance 

of powder metallurgy as an effective and profitable material processing route to produce a variety of products 

for engineering industries. The course provides detailed knowledge of powder production and processing as 

well as to choose the right method to suit application in hand. The various techniques are used for powder 

production and the versatile nature of these techniques to produce a wide range of powders. Characterization 

of powder, subsequent compaction methods and sintering knowledge is very much important in Powder 

Metallurgy. By this course to recognize technical attraction of Powder Metallurgy for Production of metals 

and alloys in the form of semi-dense finished parts or fully dense structural shapes. The major goal of program 

is to hasten development of the necessary scientific and engineering base i.e., to establish the powder 

fabrication route as a technologically and economically viable means of materials production. 

  

Teaching and Examination Scheme:  
 

Teaching Scheme Credits Examination Marks Total 

Marks L T P C Theory Marks Practical Marks 

ESE 

(E) 

PA (M) ESE (V) PA 

(I) PA ALA ESE OEP 

4 0  2  6 70 20 10 20 10 20 150 

 

Content: 

Sr. 

No. 

Content Total 

Hrs 

%  

Weightage 

1 Introduction 

Historical and modern developments in Powder Metallurgy. Advantages, 

limitations and applications of Powder Metallurgy. Basic Steps for Powder 

Metallurgy. 

04 06 

2 Characteristics of metal powder 

Chemical composition, Particle size, shape and size distribution, Characteristics 

of powder mass such as apparent density, tap density, flow rate, friction index. 

Properties of green compacts and sintered compacts. 

07 10 

3 Metal powder production methods 

Atomization, Reduction from oxide, Electrolysis, Crushing, Milling, 

Condensation of metal vapour, Hydride and carbonyl processes, Mechanical 

Alloying, New developments. 

10 18 

4 Powder Characterization 

Powder conditioning, fundamentals of powder compaction, density distribution 

in green compacts, compressibility, green Strength, pyrophorocity and toxicity. 

09 16 

5 Powder Compaction Methods 

Basic aspects, types of compaction presses, compaction tooling and role of 

lubricants, Single and double die compaction, isostatic pressing, hot pressing. 

10 18 



 

Suggested Specification table with Marks (Theory): 

Distribution of Theory Marks 

R Level U Level A Level N Level E Level C Level 

15 30 30 10 10 05 

Legends: R: Remembrance; U: Understanding; A: Application, N: Analyze and E: Evaluate C: Create 

and above Levels (Revised Bloom’s Taxonomy) 

Note: This specification table shall be treated as a general guideline for students and teachers. The actual 

distribution of marks in the question paper may vary slightly from above table. 

 

Reference Books: 

1. Introduction to Powder Metallurgy, A. K. Sinha, Dhanpatrai Publication 

2. Powder Metallurgy: Science, Technology, and Materials, Anish Upadhyaya, Gopal Shankar 

Upadhyaya, CRC Press 

3. Powder Metallurgy: Science, Technology and Applications, P. C. Angelo, R. Subramanian 

4. Powder Metallurgy, W.D.Jones 

5. Principles of Powder Metallurgy, T.Shukerman 

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

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

  

Course Outcome: 

After learning the course the students should be able to: 

1. Acquire the knowledge of Powder Metallurgy History, Applications and its importance.  

2. Measure the various powder characteristics like apparent density, tap density, flow rate, friction 

index. 

3. Acquainted the knowledge of metal powder production methods. 

4. Aware about the powder characterization techniques. 

5. Understand the basic methods of Powder compaction for green compact. 

6. Familiar about compaction tooling and role of lubricants in compacting. 

7. Explain various powder forming techniques other than the compaction. 

8. Explain the mechanism of sintering and types sintering for development of mechanical properties.     

9. Understand  the application in various fields of powder metallurgy 

10. Understand causes of defects in Powder metallurgy processed materials and method to minimize 

defects. 

 

List of Experiments: 

1. To study the introduction to Powder Metallurgy. 

2. To study the sieve analysis of metal powder. 

3. To measure the particle size and shape of metal powder by Optical Microscopy. 

6 Powder Forming 

Powder rolling, powder forging, powder extrusion and explosive forming 

technique. 

05 07 

7 Sintering 

Definition, stages, effect of variables, sintering atmospheres and furnaces, 

Mechanism, liquid-phase sintering, Secondary operations. 

09 16 

8 Sintered Products 

Study of sintered bearings, cutting tools, metallic filters, friction and antifriction 

parts and electrical contact materials.  

Defects in Powder metallurgy processed materials and their processing to 

minimize defects : Friction stir processing etc. 

06 09 

    

Total 60 100 



4. To study the powder characteristics like particle size, particle shape and size distribution on tap 

density and apparent density. 

5. To study the powder characteristics like particle size, particle shape and size distribution on flow 

rate of metal powder. 

6. To study the powder characteristics like particle size, particle shape and size distribution on friction 

index of metal powder. 

7. To manufacture Copper powder production by electrolysis method 

8. To perform powder compaction of different metal powder by hydraulic press. 

9. To study the mechanism of sintering.  

10. To study the microstructure of sintered products. 

11. To measure the mechanical properties of sintered products. 

12. To study the mechanical alloying for the production of powder alloying. 

 

Design based Problems (DP)/Open Ended Problem: 

1. Flow chart of Powder Metallurgy Process. 

2. Chart of Powder production Methods. 

3. Chart for Powder Forming Processes. 

4. Chart of Powder Compaction methods. 

5. Model preparation of Powder Atomization from waste materials. 

6. Collection of Various Metal powders. 

7. Presentation on recent application of Powder Metallurgy in several fields.  

8. Any other problem decided by faculty based on syllabus. 

 

Major Equipment:  

1. Planetary ball mill 

2. Hydraulic press 

3. Sintering furnace 

4. Hall flow meter 

5. DC Power Source of 5 to 10 amp for Electrolysis. 

6. Objective lens of square grid and horizontal grid for measuring particle size of powder. 

7. Sieve Shaker. 

 

List of Open Source Software/learning website: 

1. http://nptel.ac.in/ 

2. http://www.ipmd.net/ 

 

ACTIVE LEARNING ASSIGNMENTS:  Preparation  of power-point slides, which include videos, 

animations, pictures, graphics for better understanding theory and practical work – The faculty will allocate 

chapters/ parts of chapters to groups of students so that the entire syllabus to be covered. The power-point 

slides should be put up on the web-site of the College/ Institute, along with the names of the students of the 

group, the name of the faculty, Department and College on the first slide. The best three works should submit 

to GTU. 

 



GUJARAT TECHNOLOGICAL UNIVERSITY 

 

METALLURGY ENGINEERING (21) 

FOUNDRY TECHNOLOGY 

SUBJECT CODE: 2162106 

B.E. 6th SEMESTER 

 
Type of course: Engineering Science 

 

Prerequisite:    Knowledge of Elements of Metallurgy and basic science skills  

 

Rationale: Metallurgical engineers need to know different types of Foundry processes for production of 

intricate part in combination with the accuracy, tolerance & surface finish. The hands on skill as regards to 

Foundry Technology are must be it at a scale of mass, batch, or unit production. The present course focus on 

giving the exposure of various Foundry processes for a product whose scale ranges from miniature to extra-

large, Moulding-Coring practice, Melting inoculations practices, Quality Control of the casting. This course 

will help Metallurgical engineer understand the basic underlying principles in various casting processes & 

apply his/her knowledge in the field of metal casting.   

 

Teaching and Examination Scheme:  
 

Teaching Scheme Credits Examination Marks Total 

Marks L T P C Theory Marks Practical Marks 

ESE 

(E) 

PA (M) ESE (V) PA 

(I) PA ALA ESE OEP 

4 0  2  6 70 20 10 20 10 20 150 

 

Content: 

Sr. 

No. 

Content Total 

Hrs 

%  

Weightage 

1 Introduction  

Introduction to metal casting and foundry industry in modern industrial 

scenario. Advantages and limitations of casting methods. Classification of 

foundries. Different sections in a foundry and their functions. Important cast 

metals and alloys-their composition, properties and uses. 

3 5 

2 Patterns: Types of patterns, brief classification of pattern making materials, 

consideration in selection of pattern materials, color coding, pattern allowances, 

core boxes, types of core boxes. 

10 15 

3 Moulding and core making: ingredients of common type of moulding and core 

making sands, their properties and behavior, testing of sands and clay. 

6 10 

4 Moulding  processes 

Classification of molding processes and casting processes, brief description of 

all processes such as green sand dry sand, loam sand floor, pit and machine 

molding. 

5 08 

5 Casting processes 

Shell moulding, Co2 silicate process, Investment casting process, permanent 

moulding process, Gravity and pressure die casting, centrifugal casting process. 

8 14 

6 Melting Practice 

Melting of cast iron, Mechanical features of cupola, operational steps and 

principles of cupola operation, Advanced practices in the cupola operation, 

melting of aluminum and copper based alloys including mold treatments such 

as dressing, grain refining, and modification. 

8 14 



7 Elements of Gating system: Classification, basic consideration in gating design, 

gating ratio, gating practice for ferrous and nonferrous alloys, pouring 

equipment. 

6 10 

8  Risering Practice: function of riser, directional and progressive solidification, 

centerline feeding resistance, riser efficiency, riser design consideration, 

risering curves, Cain’s, N.R.L and modulus method, feeding distance  feeding 

aids, blind and atmospheric risers. 

8 14 

9 Quality control in foundry: Casting defects, their causes and remedies. Shop 

floor quality control tests such as composition control, Wedge test, fluidity, 

temperature measurement. Casting Modification by different methods like 

Friction stir processing.  

6 10 

 

 

Suggested Specification table with Marks (Theory): 

Distribution of Theory Marks 

R Level U Level A Level N Level E Level C Level 

15 30 30 10 10 05 

Legends: R: Remembrance; U: Understanding; A: Application, N: Analyze and E: Evaluate C: Create 

and above Levels (Revised Bloom’s Taxonomy) 

Note: This specification table shall be treated as a general guideline for students and teachers. The actual 

distribution of marks in the question paper may vary slightly from above table. 

 

Reference Books: 

1. Principles of Metal Casting, R. W. Heine, C. R. Loper and P. C. Rosenthal, (Tata McGraw Hill) 

2. Principles of Foundry Technology, P. L. Jain, (Tata McGraw Hill). 

3. Fundamentals of Metal Casting Technology, P. C. Mukherjee, (Oxford & IBH) 

4. Foundry Technology, P. R. Beeley 

5. Foundry Engineering, H. F. Taylor, M. C. Flemings,(Wiley Eastern) 

6. Foundry Technology, D. Kumar & S. K. Jain, (CBS Pub.) 

 

Course Outcome: 

After learning the course the students should be able to: 

 

1. Express Knowledge about the fundamentals of the casting, basic terminology related to casting 

process. 

2. Decide the alternative method for the manufacturing of component for engg. Applications.  

3. Prepare the methoding of the casting. 

4. Decide correct melting practice of different cast alloy & different melt-treatments. 

5. Minimize to defects generated during casting. 

6. Explain various temperature measurement and inoculations treatments  

7. Select the relevant refractory material for the foundry. 

8. Demonstrate the ability to select the proper molding material, type of furnace with relevant refractory 

material, use appropriate casting design and temperature measurement device to obtain quality cast 

products.  

 

List of Experiments: 

1. Introduction to Foundry Laboratory. 

2. To determine AFS fineness no. and distribution coefficient of given sand sample. 

3. To demonstrate the working of Sand Muller. 

4. To determine clay content of given sand sample. 

5. To prepare standard samples under identical condition for checking important physical properties of 

foundry sand. 

6. To determine compression strength of foundry sand. 



7. To determine permeability number of green sand, core sand and raw sand. 

8. To find out the hardness of dried cores made out of core sands. 

9. To find out the green mold hardness of the sand mold. 

10. To Study Aluminum Melting and Casting. 

 

 

Design based Problems (DP)/Open Ended Problem: 

1. Chart of different Patterns, Moulding boxes & core boxes. 

2. Problems based on Pattern allowances. 

3. Problems based on Gating & risering system 

4. Model preparation of cupola from waste material. 

5. Chart of casting defects with cause & remedies. 

6. Chart of different furnaces used in foundry 

7. Collection and Study of different inoculations materials. 

8. Group discussion and Presentations on recent advancement in foundry technology. 

9. Any other problem decided by faculty based on syllabus. 

 

Major Equipment:  

1. Mechanical Sieve shaker with sieve set  

2. Weighing balance  

3. Sand Muller  

4. Clay washer   

5. Sand rammer 

6. Centrifugal casting machine 

7. Universal Strength Machine  

8. Shatter Index Tester. 

9. Permeability meter 

10. Rapid Moisture teller. 

11. Core hardness tester  

12. Mould hardness tester  

13. Natural gas fired furnace 

 

List of Open Source Software/learning website: 

1. http://nptel.iitm.ac.in/ 

2. www.ocw.mit.edu 

 

 

ACTIVE LEARNING ASSIGNMENTS:  Preparation  of power-point slides, which include videos, 

animations, pictures, graphics for better understanding theory and practical work – The faculty will allocate 

chapters/ parts of chapters to groups of students so that the entire syllabus to be covered. The power-point 

slides should be put up on the web-site of the College/ Institute, along with the names of the students of the 

group, the name of the faculty, Department and College on the first slide. The best three works should submit 

to GTU. 

 

 

 

 

http://nptel.iitm.ac.in/


GUJARAT TECHNOLOGICAL UNIVERSITY 

 

METALLURGY ENGINEERING (21) 

HEAT TREATMENT 

SUBJECT CODE: 2162107 

B.E. 6th SEMESTER 

 
Type of course: Engineering & Technology 

 

Prerequisite:    Physical Metallurgy-I 

 

Rationale: Graduate of Metallurgy is expected to achieve material properties by different heat treatment 

processes. This course on Heat Treatment deals with understanding of principles and procedures for metals 

and alloys. Also, microstructure and property relations and achieving the desired properties by developing 

suitable structure by using proper heat treatment cycle. 

 

Teaching and Examination Scheme:  
 

Teaching Scheme Credits Examination Marks Total 

Marks L T P C Theory Marks Practical Marks 

ESE 

(E) 

PA (M) ESE (V) PA 

(I) PA ALA ESE OEP 

4 0  2  6 70 20 10 20 10 20 150 

 

Content: 

Sr. 

No. 

Content Total 

Hrs 

% 

Weightage 

1 Principles of heat treatment of steels: 

Phase Transformation on heating, Forming of austenite, Kinetics of 

formation of austenite, Nucleation sites in eutectoid steels, Austenitic grain size, 

Grain growth, Determination of austenitic grain size, Importance of austenitic 

grain size, Method of plotting, Types of TTT diagram, Critical cooling rate, Effect 

of alloying elements on TTT diagram, Applications, Continuous cooling 

transformation diagram. 

10 16 

2 Transformations: Pearlitic transformation:   Mechanism, Kinetics,  Effect of 

alloying elements on transformation, Interlameller spacing, Bainitic 

transformation: Mechanism, Characteristics, Bainitic structure. 

Diffusionless transformation: Mechanism, Kinetics, Ms - Mf temperatures, 

Athermal & isothermal martensites, Effect of applied stress on transformation, 

Habit planes, Bain distortion model / crystallographic theory of martensitic 

transformation, Retained austenite, Martensitic transformation in non-ferrous 

systems such as Fe-Ni and Cu-Al systems. 

10 17 

3 Heat treatment processes: 

Annealing –  Stress relieving,  recrystallization annealing, full annealing, partial 

annealing, bright annealing, diffusion annealing, Spheroidizing, Normalizing, 

Hardening and Tempering, Hardening of typical steels, cast irons and non-ferrous 

alloys. Hardenability: Significance, Measurement Grossman method, Critical and 

ideal critical diameter, Jominy End Quench method, Use/Significance of 

Hardenability data, Effect of grain size and composition, Residual stresses, 

Quench cracking. ASTM A255-02: Hardneability, Factors affecting hardenability, 

Quenchants: Characteristics of quenchants, Different quenching media, Synthetic 

quenchants, Mechanism of quenching. 

16 27 

4 Surface hardening of metals: 12 20 



 

Suggested Specification table with Marks (Theory): 

Distribution of Theory Marks 

R Level U Level A Level N Level E Level C Level 

15 30 30 10 10 05 

Legends: R: Remembrance; U: Understanding; A: Application, N: Analyze and E: Evaluate C: Create 

and above Levels (Revised Bloom’s Taxonomy) 

Note: This specification table shall be treated as a general guideline for students and teachers. The actual 

distribution of marks in the question paper may vary slightly from above table. 

 

Reference Books: 

1. Heat Treatment (Principles and Techniques) by T. V. Rajan, C. P. Sharma and A.Sharma, PHI 

2. Physical Metallurgy for Engineers by D. S. Clark and W. R. Varney, East-West Press 

3. Introduction to Physical Metallurgy by S. H. Avner, Tata Mc-Graw Hill 

4. Engineering Physical Metallurgy and Heat Treatment by Yu. M. Lakhtin, MIR Publishers 

5. Material Science and Metallurgy for Engineers by V D Kodgire and S V Kodgire, Everest Publishing 

House 

6. ASM, Metals Hand Book: Heat Treating, Vol. 4, 9th Ed., Metals Parks, Ohio 

7. Heat Treatment of Metals, Singh, Vijendra, Standard Publishers distributors, Delhi. 

 

Course Outcome: 

After learning the course the students should be able to: 

1. Understand transformation on heating, effect of alloying and grain size. 

2. Interpret TTT and CCT Diagram. 

3. Explain pearlitic, banitic and martensitic transformation kinetics and mechanism. 

4. Differentiate heat treatment processes. 

5. Explain hardenability and factors affecting it. 

6. Choose suitable quenching media. 

7. Explain different surface hardening and special heat treatment processes. 

8. Explain different types of heat treatment processes in ferrous & non-ferrous metals with requisite 

UG  level. 

9. Design heat treatment process with least heat-treatment process. 

 

List of Experiments: 

1. Introduction to Heat treatment Processes. 

2. Measurement of austenitic Grain size 

3. To examine the effect of quenching media on hardening of steel. 

4. To measure hardenability of given materials with jominy End quenched Test. 

5. To study heat treatment and microstructure of En: 8 steel. 

Principles involved in induction and flame hardening methods and 

application of selective hardening, Laser hardening, Case carburizing 

(solid, liquid and gaseous), Cyaniding, Carbonitriding, Nitriding, Plasma nitriding 

etc., Depth of penetration - its measurement and relation with time and 

temperature.  Surface composites: importance and fabrication methods.   

Special heat treatment processes: Austempering, Martempering, Ausforming, 

Patenting, Sub-zero treatment etc., Thermo-Mechanical treatments. 

5 Heat treatment of alloy steels, tools and dies steels, 

stainless steels (with reference to carbide precipitation and sigma phase formation) 

and cast irons – specific examples, Heat treatment of aluminium alloys, titanium 

alloys and copper alloys, Concept of age-hardening. 

Design for heat treatment, Heat treatment furnaces- their temperature and 

atmosphere control, Defects in heat treated parts, Causes for the defects in heat-

treated parts and remedies. 

12 20 



6. To study heat treatment and microstructure of En: 24 steel. 

7. To study heat treatment and microstructure of En: 31 steel. 

8. To study heat treatment and microstructure of tool steel. 

9. To study different surface hardening treatments and special heat treatment processes. 

10. To study defects occurring in heat treated part with their causes and remedies. 

 

Design based Problems (DP)/Open Ended Problem: 

1. Chart of different Microstructure of Plain Carbon Steel, Alloy Steel, Non Ferrous Alloys 

2. TTT and CCT Diagram for different composition 

3. Chart on different Heat Treatment Cycle. 

4. Group discussion and Presentations on given topic 

5. Any other problem decided by faculty based on syllabus. 

 

Major Equipment:  

1. Metallurgical Microscope 

2. Polishing Machine 

3. Sample Cutting and Grinding machine 

4. Rough Belt Surfacer 

5. Jominy End Quench Test Setup 

6. Hardness Tester 

7. Muffle Furnace 

8. Image Analysis System 

 

List of Open Source Software/learning website: 

1. http://nptel.iitm.ac.in/ 

2. www.ocw.mit.edu 

 

ACTIVE LEARNING ASSIGNMENTS:  Preparation  of power-point slides, which include videos, 

animations, pictures, graphics for better understanding theory and practical work – The faculty will allocate 

chapters/ parts of chapters to groups of students so that the entire syllabus to be covered. The power-point 

slides should be put up on the web-site of the College/ Institute, along with the names of the students of the 

group, the name of the faculty, Department and College on the first slide. The best three works should submit 

to GTU. 

 

http://nptel.iitm.ac.in/


GUJARAT TECHNOLOGICAL UNIVERSITY 

 

METALLURGY ENGINEERING (21) 

MATERIAL DEGRADATION AND PREVENTION 

SUBJECT CODE: 2162108 

B.E. 6th SEMESTER 

 
Type of course: Engineering Science 

 

Prerequisite:    Knowledge of Elements of Metallurgy and basic science skills  

 

Rationale: The Material Degradation and Prevention course is to prepare students for careers in metallurgy 

engineering where knowledge of processes leading to degradation of materials and Prevention can be 

applied to the advancement of technology. Knowledge of Characteristic features, causes and remedial 

measures of both mechanical and chemical degradation of materials is must for a metallurgist to select a 

candidate material for a given engineering application as well as to provide solution of a given material 

degradation problem. This course will enable students to solve different metallurgical problems upon 

graduation while at the same time, provide a firm foundation for the pursuit of graduate studies in 

metallurgy engineering.  

 

Teaching and Examination Scheme:  
 

Teaching Scheme Credits Examination Marks Total 

Marks L T P C Theory Marks Practical Marks 

ESE 

(E) 

PA (M) ESE (V) PA 

(I) PA ALA ESE OEP 

4 0  2  6 70 20 10 20 10 20 150 

 

Content: 

Sr. 

No. 

Content Total 

Hrs 

%  

Weightage 

1 Introduction and scope of the subject. Types of processes leading to degradation 

of materials viz. Oxidation, Corrosion, Wear, Creep and Fatigue. Technological 

importance of corrosion study, Corrosion as useful process, Factors affecting 

corrosion, Corrosion rate expressions. Faradays’ laws of electrolysis, current 

density, Electrochemical principles of corrosion, Cell analogy, electrode 

potential, Reference electrodes. e.m.f. and galvanic series - their uses in 

corrosion studies. Thermodynamics and Kinetics of Electrode Processes- 

Polarization Curves, Over-Potential, Passivity and Transpassivity, Nernst’s 

Equation, Pourbaix diagram for Metal Water System. 

14 23.5 

2 Characteristic features, causes and remedial measures of different forms of 

corrosion: Dry & Wet corrosion, Uniform, Galvanic, Crevice, Pitting, Crevice, 

Erosion, Intergranular, Selective leaching, Stress corrosion cracking, Hydrogen 

Damage, Liquid metal attack, Liquid metal embrittlement, Chemical degradation 

of non-metallic materials like rubbers, plastics, ceramics etc. 

10 17 

3 Introduction to high temperature corrosion, Pilling-Bedworth ratio, Oxidation 

kinetics, Prevention of high temperature corrosion, high temperature alloy 

design, Use of coatings. 

05 8 

4 Corrosion control: Principles of corrosion prevention, Material selection, Design 

considerations, Control of environment including Inhibitors and Passivators, 

Coatings – metallic, inorganic, organic, Electroplating of copper, Nickel and 

Chromium, electroless plating, Anodising, Galvanizing, Thermal spraying, Alloy 

plating, Cathodic and anodic protection. Chemical and electrochemical 

12 20 



polishing: Phosphating, Chromating, Chemical colouring. Corrosion testing 

methods. 

5 Wear of materials, Analytical methods of wear, Wear resistant materials, Wear 

resistant coatings, Surface modification to improve wear resistance. 
05 8 

6 Recent trend in surface engineering: Physical vapour deposition (PVD), 

Evaporation, Sputtering, Ion plating, Chemical vapour deposition (CVD). Use of 

Laser and plasma in surface engineering. Surface modification by directed 

energy beams. Surface modification by Friction stir processing:  Surface 

composites. Novelty of surface composition and microstructure, Specific 

industrial applications.  

14 23.5 

Total 60 100 

 

Suggested Specification table with Marks (Theory): 

Distribution of Theory Marks 

R Level U Level A Level N Level E Level C Level 

15 30 30 10 10 05 

Legends: R: Remembrance; U: Understanding; A: Application, N: Analyze and E: Evaluate C: 

Create and above Levels (Revised Bloom’s Taxonomy) 

Note: This specification table shall be treated as a general guideline for students and teachers. The actual 

distribution of marks in the question paper may vary slightly from above table. 

 

Reference Books: 

1. Emerging Trend in Corrosion Control – Evaluation, Monitoring and Solution, Editors: A. S. 

Khanna, K. S. Sharma and A. K. Sinha, Academia Books International 

2. Surface Modification Technologies - An Engineer’s Guide by T. S. Sudarshan, Marcel Dekker 

3. Electroplating and Other Surface Treatments - A Practical Guide’ by C. D. Varghese, TMH 

4. Surface Treatments for Protection, The Institute of Metallurgists  

5. Wear of Metals by A. D. Sarkar  

6. Surface Engineering, ASM  

7. Introduction to High Temperature Corrosion and Oxidation by A. S. Khanna, Quest publication 

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

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

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

Distributors, New Delhi 

11. An introduction to metallic corrosion & its prevention by Rajnarain 

 

Course Outcome: 

After learning the course the students should be able to: 

1. Explain principles and different terms of corrosion.  

2. Classify and explain Characteristic features, causes and remedial measures of different forms of 

corrosion.  

3. Explain the high temperature corrosion principles and its prevention methods. 

4. Describe the principal and different methods of corrosion protection. 

5. Understand and explain working of different metallic coating processes.  

6. Explain corrosion rate expressions and testing methods. 

7. Explain wear testing and prevention methods. 

8. Describe advancements in surface engineering.  

9. Demonstrate the ability to use the core concepts of engineering application in Material Degradation 

and Prevention. 

10. Demonstrate the ability to select the candidate material for a given metallurgical application 

considering environmental aspects.  

11. Analyze causes of material degradation problem and suggest methods of minimization it to obtain 

qualitative solutions of metallurgical operation. 



 

List of Experiments: 

 

1. To study electrochemical principles and types of corrosion.  

2. To study & observe pitting corrosion in stainless steel.  

3. To determine corrosion rate of given sample by weight loss method. 

4. To determine corrosion rate of given sample by Tafel extrapolation method. 

5. To study different types of corrosion protection methods. 

6. To study Electroplating process and perform the electroplating of copper on a given base metal. 

7. To study and perform the Anodizing of Aluminium in H2SO4 Solution. 

8. To study different hot dipping process 

9. To measure the wear rate of given specimen. 

10. To Study Ion beam implantation for surface modification. 

 

Design based Problems (DP)/Open Ended Problem: 

1. Chart of Characteristic features, causes and remedial measures of different forms of corrosion. 

2. Problems based on Faraday’s laws, Nernst’s Equation and weight loss in corrosion. 

3. Chart of different corrosion prevention methods. 

4. Chart of wear mechanism and prevention methods. 

5. Collection and Study of various samples of degraded materials (corrosion and wear). 

6. Group discussion and Presentations on Recent trend in surface engineering. 

7. Any other problem decided by faculty based on syllabus. 

 

Major Equipment: Ultrasonic cleaner, oven, single pan balance, potentiostat, electrolytic tank, anodizing 

tank, wear test unit etc.  

 

List of Open Source Software/learning website: 

1. http://nptel.iitm.ac.in/ 

2. www.ocw.mit.edu 

 

ACTIVE LEARNING ASSIGNMENTS:  Preparation  of power-point slides, which include videos, 

animations, pictures, graphics for better understanding theory and practical work – The faculty will allocate 

chapters/ parts of chapters to groups of students so that the entire syllabus to be covered. The power-point 

slides should be put up on the web-site of the College/ Institute, along with the names of the students of the 

group, the name of the faculty, Department and College on the first slide. The best three works should 

submit to GTU. 

 

http://nptel.iitm.ac.in/
http://www.ocw.mit.edu/


GUJARAT TECHNOLOGICAL UNIVERSITY 

 

METALLURGY ENGINEERING (21) 

METAL JOINING PROCESSES 

SUBJECT CODE: 2162109 

B.E. 6th SEMESTER 

 
Type of course: Engineering Science 

 

Prerequisite:    Knowledge of Elements of Metallurgy and basic science skills  

 

Rationale: Metal joining is an important manufacturing route to fabricate bulk storage and processing 

equipment & Power generation equipment. Out of Welding, Brazing & soldering processes,  Welding is one 

of the major manufacturing processes used in the fabrication of process equipment, steel structures, piping 

and ship building, Plenty of Engineering equipment like Pressure vessels, Pharmaceutical & drug Processing, 

Food & dairy equipment, Chemical Processing vessels & storage tanks, agricultural equipment, turbines etc.  

 

The subject focuses on knowledge and understanding of various joining process and equipment, the 

fundamental principles and their relative merits and demerits. Basic understanding of weldability of different 

metals and alloys is emphasised. Thus it is a key course, being important for students of metallurgy. 

 

Metallurgy of welding plays an important role for obtaining good quality welded joints. This course also 

provides the knowledge about metallurgical effect of welding in various ferrous and nonferrous metals like 

carbon steel, stainless steel, aluminium and titanium. The student will be able to apply knowledge and skills 

of welding metallurgy in producing products of quality as per the quality standard of the industries.  

 

Teaching and Examination Scheme:  
 

Teaching Scheme Credits Examination Marks Total 

Marks L T P C Theory Marks Practical Marks 

ESE 

(E) 

PA (M) ESE (V) PA 

(I) PA ALA ESE OEP 

4 0  2  6 70 20 10 20 10 20 150 

 

 

Content: 

 

Sr. 

No. 

Content Total 

Hrs 

%  

Weightage 

1 Introduction of Metal Joining Processes,  

Joining process as a manufacturing route. Relevance of joining process to 

metallurgy. Classification of joining process. Safety aspects in Metal joining 

processes. 

4 7 % 

2 Fusion welding: welding procedure, Joint design and edge preparation, welding 

codes for weld position. Welding symbols. Selecting groove geometry, fillet 

weld, bead weld, dilution, stress concentration, plug weld, weld bead geometry, 

Welding parameters, welding process, welding consumable, cleanliness, flux, 

electrode diameter. 

8 13 % 

3 Characteristics of Power Sources.  

Review of Power Sources for Fusion Welding Processes. Nature of Heat sources, 

Electrical characteristic of arc, Machine Characteristics of Arc. Different modes 

of metal transfer. 

6 10 % 

4  Physical Metallurgy of Welds. 8 13 % 



Weld CCT diagrams, Role of Carbon equivalent. Heat flow - temperature 

distribution-cooling rates, Phase transformations during heating & Cooling Gas-

metal and slag-metal reactions, evolution of gases, formation of porosity, 

inclusions in weld metal, weld pool solidification, residual stresses, , Role of 

preheating and post heating on metallurgy of weldments. 

 

5 
Fusion welding: SMAW  
Function of coatings, based on slag metal, gas metal reactions- Coding Method 

(Specification) of consumable electrode & their functions. Selection Criteria for 

electrodes. AC, DCRP, DCSP configurations, Electrode shapes, polarity and its 

effects. Submerge arc welding, Electro -slag welding Processes.  

6  

10 % 

 

 

6 Fusion welding: GTAW, GMAW, FCAW Processes 

GTAW Welding Equipment, Non Consumable electrode, Inert Gases Process 

Parameters. Plasma Welding, type of guns. 

GMAW-Welding Equipment, Shielding gases, Process Parameters & different 

metals welded. FCAW-Welding equipment, Flux cored electrode wire & its 

functions.  

5 08 % 

7 Introduction to Modern Welding Processes  

Electron beam welding. Laser beam welding. Submerged arc welding, Explosive 

Welding, Atomic Hydrogen Welding. Thermit Welding, Ultrasonic welding, 

Under water welding, Industrial applications of Modern Welding Processes, 

Friction stir techniques for material processing as; Friction Stir Welding, Friction 

stir processing, Friction stir Surfacing, Friction stir channeling etc. Use of Friction 

stir processing to increase Fatigue Resistance of Fusion Welds.  

6 10 % 

8 Resistance welding: Contact resistance, spot, seam projection, resistance butt, 

flash butt etc. Basic operational steps of Soldering & Brazing, different 

Soldering and Brazing Alloys, Role of Flux, Types of Flux, Metallurgical 

aspects of soldering and brazing.  Applications of soldering and brazing in 

Engineering.  Adhesive joining. 

4 08 % 

9 Weldability & Testing of Welded joints. 
Weldability of Carbon steels, Stainless steels,   Cast Iron, Aluminum & Titanium. 

Welding of dissimilar metals, repair welds, Welding defects, weld cracking 

Phenomena and its prevention. Review of Inspection and Mechanical testing of 

welded joints, Weld Solidification Cracking Susceptibility Test Methods.  

8 13 % 

10 A.S.M.E. Sec IX For Welding  

Interpret ASME Sec-IX codes applicable for welding. Understanding of WPS, 

PQR, WPQ Format. Cost calculations in welding. Welding procedure, 

qualification of operators, testing and inspection during and after welding. 

Welding defects 

5  

08 % 

 

 

 

Suggested Specification table with Marks (Theory): 

Distribution of Theory Marks 

R Level U Level A Level N Level E Level C Level 

15 20 30 10 20 05 

Legends: R: Remembrance; U: Understanding; A: Application, N: Analyze and E: Evaluate C: Create 

and above Levels (Revised Bloom’s Taxonomy) 

Note: This specification table shall be treated as a general guideline for students and teachers. The actual 

distribution of marks in the question paper may vary slightly from above table. 

 

 

Reference Books: 

1. The Metallurgy of Welding, Brazing and Soldering – J.F. Lancaster, George Alien and Unwin Ltd., 

London. 



2. S V Nadkarni, Modern Arc Welding Technology, Ador Welding Limited, 2010, New Delhi. 

3. Welding handbook, American Welding Society, 1987, 8th edition, volume 1 & 2, USA  

4. Manufacturing Technology (Foundry, Forming and Welding)-P.N.Rao, Tata Mc-Graw Hill. 

5. The Physics of Welding- L.F.Lancaster, Pergamon Press. 

6. Principles of Welding- R.S. Parmar. 

7. Welding Technology- O.P. Khanna, Khanna Pub.,  

8. Friction Stir Welding and Processing, Editors Rajiv S. Mishra & Murray W. Mahoney, ASM 

International, 2007 

 

Course Outcome: 

After learning the course the students should be able to: 

1. Acquire knowledge of various welding processes. 

2. Select the appropriate metal joining process. 

3. Decide the process parameters suitable for the material & processes.  

4. Interpret weld plan as per WPS / PQR. 

5. Apply knowledge of Friction stir techniques for material joining and processing 

6. Evaluate the welding defects & suggest their remedies. 

7. Decide the thermal treatments necessary for the weldments. 

8. Apply knowledge of various Mechanical testing of welded joints.  

9. Apply knowledge of various NDT testing of welded joints. 

 

List of Experiments: 

1. Identify and understand various parts of welding machines and various safety aspect of it. 

2. Understand Various Parts of arc Welding Machine 

3. To understand various parts of gas welding and performing gas welding process and  its application 

4. Understand and perform Spot welding Machine and process with its application. 

5. To study modern welding process-EBW, LBW & SAW. 

6. To study and perform Friction stir techniques for material joining and processing 

7. Perform soldering operation with applications. 

8. Identify and understand various welding defects. 

9. Perform various DT and NDT for weld joints like Tensile testing, Ultrasonic testing, and visual 

inspection. 

 

Design based Problems (DP)/Open Ended Problem: 

1. Chart of different welding codes, joint design & symbols of welds. 

2. Chart based Electrode Configurations & mode of metal transfer. 

3. Chart explaining the full specifications of welding power sources.  

4. Chart of microstructures of different regions –FZ, HAZ & PMZ of welded joint. 

5. Chart of CCT Diagram of weld. 

6. Chart of Welding defects & suggested remedies. 

7. Chart of Friction stir techniques for material joining and processing 

8. Chart of selection samples from different weld designs for Mechanical testing purpose. 

9. Preparation of different welded joints using varying Heat Input, shielding gas composition filler 

metal composition & evaluate relative changes in Microstructure & Property. 

10. Group discussion and Presentations on advancement in welding technology. 

11. Any other problem decided by faculty based on syllabus. 

 

Major Equipment:  

 

1. Electric Arc welding machine MMAW, SMAW and safety gadgets.  

2. TIG welding machine.  

3. MIG/MAG welding machine.  

4. SAW welding machine 

5. Vertical milling machine for Friction stir material joining and processing techniques   



 

 

List of Open Source Software/learning website: 

1. www.gowelding.com  

2. http://www.iws.org.in/  

3. ii. http://www.asme.org  

4. iii. http://www.aws.org  

5. iv. http://www.ewf.be  

6. v. http://www.astm.org  

 

ACTIVE LEARNING ASSIGNMENTS:  Preparation  of power-point slides, which include videos, 

animations, pictures, graphics for better understanding theory and practical work – The faculty will allocate 

chapters/ parts of chapters to groups of students so that the entire syllabus to be covered. The power-point 

slides should be put up on the web-site of the College/ Institute, along with the names of the students of the 

group, the name of the faculty, Department and College on the first slide. The best three works should submit 

to GTU. 

 

http://www.gowelding.com/

