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Unit I 

Chapter 1 : Crystal Structures and Deformation of 
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FCC, HCP and lattice parameters and properties, Miller indices, 

Crystal imperfections, and Diffusion Mechanisms.  
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Deformation of Materials : Elastic deformation, Plastic 

deformation: slip, twinning, work hardening, baushinger effect, 

recovery, re-crystallization and grain growth, Fracture: Types of 

fractures (brittle, ductile), Creep & Fatigue failures. 
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Chapter 2 : Material Testing and Characterization 
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Syllabus : Destructive Testing : Impact test, Cupping test and 

Hardness test  

Non-Destructive Testing : Eddy current test, Sonic & Ultrasonic 

testing, X-ray Radiography testing (Principle and Applications only) 

Microscopic Techniques : Sample Preparation and etching 

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 

3.2 Solid Solutions and Intermediate Compounds ............. 3-3 

3.3 Hume-Rothery’s Rules for Forming  
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3.4 Intermediate Phases/Compounds ............................... 3-6 

3.5 Cooling Curves ............................................................ 3-6 
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3.5.3 Lever-Arm Principle ..................................................... 3-9 
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3.6.1 Nucleation ................................................................. 3-10 

3.6.2 Crystal growth or grain Growth .................................. 3-13 

3.7 Solidification of Metals and Alloy ............................... 3-15 

3.7.1 Solidification Mechanism ........................................... 3-15 

3.7.2 Solidification of a Pure Metal ..................................... 3-16 

3.7.3 Solidification of an Alloy............................................. 3-17 

3.8 Ingot’s Casting .......................................................... 3-17 

3.8.1 Methods to Control the Grain Structure During 

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 

3.13 Equilibrium Cooling of a Binary Solid Solution 

(Isomorphous Solution) ............................................. 3-35 

3.14 Non- Equilibrium Cooling of a Binary  

Solid Solution (Coring) ............................................... 3-37 

3.14.1 Difference between Equilibrium and Non Equilibrium 

Cooling of Binary Solid Solution ................................ 3-38 

3.15 Homogenisation ........................................................ 3-38 

3.15.1 Uses of Phase Diagram ............................................ 3-39 

3.15.2 Limitations of Phase Diagram .................................... 3-39 

3.15.3 Industrial Applications of Phase Diagram: ................. 3-39 

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  

Diagram Or Metallurgical Reactions of  

Iron –Iron Carbide Equilibrium Diagram ..................... 3-45 

3.20 Equilibrium Cooling or Slow Cooling or Phase 

Transformations of Hypoeutectoid, Eutectoid and 

Hypereutectoid Steels at  

Equilibrium or Slow Cooling ....................................... 3-46 

3.20.1 Phase Transformations for  

Hypoeutectoid Steels (0.2% carbon): ........................ 3-46 
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3.20.2 Phase Transformations for Eutectoid  

Steels (0.83% carbon) ............................................... 3-47 

3.20.3 Phase Transformations for  

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 

4.3.1 Objectives of Heat Treatment processes ................... 4-16 

4.4 Introduction to Material Treatments ........................... 4-17 
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4.8 Heat treatment Defects ............................................. 4-50 
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Chapter 5 : Ferrous Materials 5-1 to 5-43 

Syllabus : Carbon Steel : Classification, types & their 

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  

Cast Iron : Classification, types and their composition, properties 

and Industrial application of (White CI, Gray CI, SG CI, Malleable 

Cast and alloy Cast Iron)  Microstructure and property relationship 

of various ferrous Materials 

5.1 Classification of Ferrous Materials ............................... 5-1 

5.2 Plain Carbon Steels ..................................................... 5-4 

5.2.1 Low Carbon Steel ........................................................ 5-4 

5.2.2 Medium Carbon Steel .................................................. 5-5 

5.2.3 High Carbon Steel ....................................................... 5-6 

5.2.4 Limitations of Plain Carbon Steels ............................... 5-6 

5.3 Alloy Steels ................................................................. 5-6 

5.3.1 Effect of Alloying Elements in Steels ........................... 5-7 

5.3.2 Examples of Alloy Steels ........................................... 5-11 

5.3.3 Sensitization and Weld Decay in  

Stainless Steels ......................................................... 5-25 

5.4 Difference between Plain Carbon  

Steel and Alloy Steel ................................................. 5-26 

5.5 Designations of Steels ............................................... 5-27 



 Engineering Materials and Metallurgy (SPPU Sem-III) 5 Table of Contents 

 

5.5.1 Indian Standard (IS: 1762-1) Code for  

Designation of Plain and Alloy Steels ........................ 5-27 

5.5.2 AISI (American Iron and Steel Institute) and SAE  

(Society of Automotive Engineers) Standard for 

Designation of Plain and Alloy Steels ........................ 5-29 

5.6 Cast Iron.................................................................... 5-30 

5.7 Structure Property Relationships In  

Steels and Cast Irons ................................................ 5-30 

Unit VI 

Chapter 6 : Non-Ferrous Materials 6-1 to 6-26 

Syllabus :  Classification of Non-Ferrous Metals : Study of 

Non-ferrous alloys with Designation, Composition, Microstructure 

Mechanical and other properties for Industrial Applications : 

Copper and its Alloys (Gilding Metal, Cartridge Brass, Muntz 

Metal, Tin Bronze, Beryllium Bronze), Aluminium and its Alloy 

(LM5, Duralumin, Y-Alloy, Hinduminum), Nickel and its Alloys 

(Invar, Inconel), Cobalt and its Alloys (Stellite Alloys, Alnico), 

Titanium and its Alloys (α Alloys, α-β Alloys), Bearing Alloys 

(Classification, lead based alloys, tin based alloys), Age 

Hardening, Microstructure and Property relationship of various 

Non-ferrous Materials  

Recent Material used in Additive Manufacturing : Properties, 

Composition and Application only 

6.1 Introduction ................................................................. 6-1 

6.2 Classification of Non-ferrous Metals ............................ 6-2 

6.3 Importance of Non-ferrous metals ............................... 6-2 

6.4 Copper (Cu) and Copper Alloys ................................... 6-3 

6.4.1 Copper Alloys .............................................................. 6-5 

6.5 Aluminium (Al) and Al Based Alloys .......................... 6-15 

6.5.1 Aluminium Alloys ....................................................... 6-16 

6.6 Nickel (Ni) and Ni based Alloys ................................. 6-23 

6.7 Cobalt (Co) and Co Based Alloys .............................. 6-26 

6.7.1 Cobalt Alloys ............................................................. 6-27 

6.8 Titanium (Ti) and Ti based Alloys .............................. 6-30 

6.8.1 Titanium Alloys .......................................................... 6-31 

6.9 Bearing Alloys ........................................................... 6-34 

6.9.1 Lead (Pb) and Pb based Alloys ................................. 6-35 

6.9.2 Tin (Sn) and Sn based Alloys .................................... 6-37 

6.10 Age Hardening (Precipitation Hardening) .................. 6-38 

6.11 Recent Material used in Additive Manufacturing ........ 6-42 

6.11.1 Polymers ................................................................... 6-43 

6.11.2 Ceramics ................................................................... 6-44 

6.11.3 Metals ....................................................................... 6-44 

 

 

 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


