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fractures (brittle, ductile), Creep & Fatigue failures. 
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Chapter 2 : Material Testing and Characterization 
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testing, X-ray Radiography testing (Principle and Applications only) 
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procedure, optical microscopy, Electronic microscopy – only SEM, 
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2.12 X-ray Diffraction (XRD) .............................................. 2-51 

2.12.1 Principle .................................................................... 2-51 
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Unit III 

Chapter 3 : Phase Diagrams and Iron-Carbon Diagram 

 3-1 to 3-52 

Syllabus : Solid solutions : Introduction, Types, Hume Rothery 

rule for substitutional solid solutions,  

Solidification : Nucleation & crystal growth, solidification of pure 

metals, solidification of alloys.  

Phase Diagrams : Cooling curves, types of phase diagrams, 

Gibbs phase rules  

Iron-Carbon Diagram: Iron-carbon equilibrium diagrams in detail 

with emphasis in the invariant reactions. 

3.1 Introduction to Solid Solution ....................................... 3-1 
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3.7.2 Solidification of a Pure Metal ..................................... 3-16 
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Solidification .............................................................. 3-20 

3.9 Effects of Structure on Mechanical Properties ........... 3-21 

3.10 Cooling Curves .......................................................... 3-22 

3.10.1 Under Cooling and Constitutional Super Cooling ....... 3-24 

3.10.2 Construction of Phase Diagram  

from Cooling Curves .................................................. 3-24 

3.11 Introduction of Phase Diagram .................................. 3-25 

3.11.1 Interpretation of Phase Diagram ................................ 3-26 

3.11.2 Classification of Phase Diagrams or Equilibrium  

Diagrams or Types of Phase Diagram ....................... 3-28 

3.12 Types of Phase Transformations or  

Metallurgical Reactions ............................................. 3-33 
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(Isomorphous Solution) ............................................. 3-35 
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Cooling of Binary Solid Solution ................................ 3-38 
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3.15.2 Limitations of Phase Diagram .................................... 3-39 
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3.16 Gibb’s Phase Rule ..................................................... 3-39 

3.16.1 Applications of Gibb’s Phase Rule ............................. 3-41 

3.16.2 Limitations of Gibb’s Phase Rule ............................... 3-41 

3.16.3 Importance of Gibb’s Phase Rule in Metallurgy: ........ 3-41 

3.17 Gibbs Free Energy for Thermodynamic  

Stability of Phases ..................................................... 3-41 

3.18 Introduction to Iron-Carbon Diagram ......................... 3-42 

3.18.1 Based on the Carbon Composition ............................ 3-43 

3.19 Phase Transformations in Iron- Iron Carbide  
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Iron –Iron Carbide Equilibrium Diagram ..................... 3-45 

3.20 Equilibrium Cooling or Slow Cooling or Phase 

Transformations of Hypoeutectoid, Eutectoid and 
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Equilibrium or Slow Cooling ....................................... 3-46 

3.20.1 Phase Transformations for  
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3.20.2 Phase Transformations for Eutectoid  
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Hypereutectoid Steels (1% carbon)  .......................... 3-48 

3.21 Critical Lines in Phase Diagram ................................. 3-49 

Unit IV 

Chapter 4 :   Heat Treatments 4-1 to 4-53 

Syllabus :  Austenite transformation in steel : Time 

temperature transformation diagrams, continuous cooling 

transformation diagrams. Retained austenite and its effect, Steps 

in Heat treatment and Cooling Medium.  

Heat Treatment Processes : Introduction, Annealing (Full 

annealing, Process annealing, Spheroidise annealing, isothermal 

annealing, stress relief annealing), Normalising, Hardening, 

Tempering, Austempering, Martempering, Sub-Zero Treatment, 

Hardenability.  

Surface Hardening : Classification, Flame hardening, Induction 

hardening, Carburising, Nitriding, Carbonitriding 

4.1 Introduction to Austenite Transformation in Steel ........ 4-1 

4.2 Time-Temperature-Transformation (TTT) Diagram ...... 4-1 

4.2.1 Importance of TTT Diagram ........................................ 4-2 

4.2.2 Construction of TTT Diagram: ..................................... 4-2 

4.2.3 Continuous Cooling Transformation (CCT)  

Diagram for Eutectoid Steels ....................................... 4-6 

4.2.4 Various Transformations of Austenite at  

Different Cooling Rates ............................................... 4-9 

4.3 Heat Treatment Processes ........................................ 4-16 
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4.4.1 Concept of Heat Treatment ....................................... 4-18 

4.4.2 Variables of Heat Treatment Process ........................ 4-18 

4.4.3 Classification of Heat Treatment Processes .............. 4-19 

4.5 Bulk Treatment Processes ........................................ 4-20 

4.5.1 Annealing Process .................................................... 4-20 

4.5.2 Normalizing Process ................................................. 4-23 

4.5.3 Hardening Process .................................................... 4-24 

4.5.4 Hardenability of Steel ................................................ 4-31 

4.5.5 Tempering Process ................................................... 4-33 

4.5.6 Martempering Process .............................................. 4-35 

4.5.7 Austempering ............................................................ 4-36 

4.6 Introduction to Surface Hardening ............................. 4-37 

4.6.1 Thermo Chemical Processes or Case Hardening 

Processes ................................................................. 4-38 

4.7 Thermal processes or Surface  

Hardening Processes ................................................ 4-45 

4.7.1 Flame Hardening ....................................................... 4-45 

4.7.2 Induction Hardening .................................................. 4-47 

4.8 Heat treatment Defects ............................................. 4-50 
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Chapter 5 : Ferrous Materials 5-1 to 5-43 
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composition, properties and Industrial application  

Alloy Steels : Classification of alloy steels & Effect of alloying 

elements, examples of alloy steels, (Stainless steel, Tool steel) 

sensitization of stainless steel  

Designation of carbon steel and alloy steels as per IS, AISI, SAE 

Standards  
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Cast and alloy Cast Iron)  Microstructure and property relationship 
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