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Introduction 
Materialscienceandengineeringplaysavitalroleinthismodernageofscienceand 

technology.Variouskindsofmaterialsareusedinindustry,housing,agriculture, 
transportation, etc. to meet the plant and individual requirements. 

Theknowledgeofmaterialsandtheirpropertiesisofgreatimportanceforadesign engineer 

Adesignengineermustbefamiliarwiththeeffectswhichthemanufacturing processes 

and 
heattreatmenthaveonthepropertiesofthematerials 

Theengineeringmaterialsaremainlyclassifiedas 
Metalsandtheiralloys,suchasiron,steel,copper,aluminiumetc. Non- 

metals such as glass, rubber, plastic etc. 

Metalsmayfurtherbeclassifiedas- 
Ferrousmetals- 

Theferrousmetalsarethosewhichhavetheironastheirmainconstituent,suchascast 

iron,wroughtiron etc. 

Non-ferrousmetals. 
Thenon-ferrousmetalsarethosewhichhavemetalotherthanironastheirmainconstituent, 
such as copper, aluminium, brass, tin, zinc etc. 

 

 

Physicalproperties 
Physicalpropertiesareemployedtodescribetheresponseofamaterialtoimposed stimuli 

underconditionsinwhichexternalforcesarenotconcerned.  

Physical propertiesinclude. 

a) Dimensions, 
b) Appearance, 
c) Colour 
d) Density, 

e) Meltingpoint, 
f) Porosity, 
g) structure,etc. 

Dimensions 
Dimensionsofamaterialimpliesit’ssize(length,breadth,width,diameter,etc.)and 
shape(square,circular,channel,anglesection, etc.) 

Appearance 
• Metalsthemselveshavegotdifferentappearancese.g.,aluminiumisasilverywhitemetal 
whereascopperappearsbrownishred. 
• Appearanceincludelusture,colourandfinishofamaterial. 
• Lustureistheabilityofamaterialtoreflectlightwhenfinelypolished.Itisthe 
brightness of 
asurface. 

Colour 
• Thecolourofthematerialisveryhelpfulinidentificationofametal.Thecolourofametal 
dependsuponthewavelengthofthelightthatthematerialcanabsorb. 

Density 
• Thedensityistheweightofunitvolumeofamaterialexpressedinmetricunits. 
• Densitydependstosomeextentonthe 
a) Purityofmaterial 
b) Pourvolume 
c) Treatment,thematerialhasreceived. 
• Densityhelpsdifferentiatingbetweenlightandheavymetalseveniftheyhavesameshape 
andanyouterprotectivecoating. 

Meltingpoint 
• Meltingpointofamaterialisthattemperatureatwhichthesolidmetalschangeintomolten 
state. 
• Onemetalcanbedistinguishedfromtheotheronthebasisofitsmeltingpoint. 

Porosity 
• Ametalissaidtobeporousifithasporeswithinit. 
• Porescanabsorblubricantasinasinteredself-lubricatingbearing. 
• Itistheratiooftotalporevolumetobulkvolume 

Structure 
• Itmeansgeometricrelationshipsofmaterialcomponents. 

• Italsoimpliesthearrangementofinternalcomponentsofmatter(electronstructure, 
crystal 
structure,andmicrostructure) 

Chemicalproperties 
• Astudyofchemical propertiesofmaterialsisnecessarybecause mostofengineering 
materialswhentheycomeincontactwithothersubstanceswithwhichtheycan react, 
tend 
tosufferfromchemicaldeterioration. 
• Thechemicalpropertiesdescribethecombiningtendencies,corrosioncharacterstics, 
reactivity, solubilities, etc.of a substance. 
• Someofthechemicalpropertiesare 

1. corrosionresistance 
2. chemicalcomposition 
3. acidityoralkalinity 

Corrosion 
It is the deterioration of a material by chemical reaction with its environment. 

Corrosiondegradesmaterialpropertiesandreduceseconomicvalueofthematerial. 

 

Engineeringmaterialsandtheirproperties 



Corrosionattacksmetalsaswellasnon-metals.Corrosionofconcretebysulphatesin 

soilsis a common problem 

 

Performancerequirement 
Thematerialofwhichapartiscomposedmustbecapableofembodyingorperforminga 

part’sfunctionwithoutfailure. 

forexample–acomponentparttobeusedinafurnacemustbeofthatmaterialwhichcan 
withstandhightemperatures. 

While it is not always possible to assign quantitative values to these functional 

requirements,theymustberelatedaspreciselyaspossibletospecifiedvaluesofmostclosely 

applicable mechanical, physical, electrical or thermal properties. 

Material’sreliability 
Reliabiliyisthedegreeofprobabilitythataproduct,andthematerialofwhichitismade, 

willremainstableenoughtofunctioninservicefortheintendedlifeoftheproduct without 
failure. 

Amaterialifitcorrodesundercertainconditions,then,itisneitherstablenorreliable for 
thoseconditions. 

Safety 
Amaterialmustsafelyperformitsfunction,otherwise,thefailureoftheproductmadeoutofit 
maybecatastrophicinair-planesandhighpressuresystems.Asanotherexample,materials 
that 

givesoffsparkwhenstruckaresafetyhazardsinacoalmine. 
 
 
 
 

 

Characteristicsofferrousmaterials: 
• Ferrousmaterialsaremetalsormetalalloysthatcontaintheironasabase 
material. 

• Steelisaferrousalloy,andthereareanumberofotheralloysthatcontainiron. 
• Ferrousmetalsaregoodconductorsofheatandelectricity. 
• Metalalloyshavehighresistancetoshear,torqueanddeformation. 
• Thethermalconductivityofmetalisusefulforcontainerstoheatmaterialsover 
a flame. 
Theprincipaldisadvantagesofmanyferrousalloysistheirsusceptibilityto 
corrosion. 

Application: 
• Duetothestrengthandresilienceofmetalstheyarefrequentlyusedinhigh- 
rise building and 

bridgeconstruction,mostvehicles,manyappliances,tools,pipes,non-illuminated 
signs and 
railroad tracks. 
• Corrosionresistancepropertymakesthemusefulinfoodprocessing 
plants, e.g., steel. 
• Castironisstrongbutbrittle,anditscompressivestrengthisveryhigh.Soused 
in castings, 
manholecovers,enginebody,machinebaseetc. 
• Mildsteelissoft,ductileandhashightensilestrength.Itisusedingeneral metal 
products like 

structural,workshop,householdfurnitureetc. 
• Carbonsteelsareusedforcuttingtoolsduetotheirhardness,strengthand 
corrosion resistance 
properties. 

Classification: 
 
 

 

 
Steel-Itisanalloyofironandcarboninwhichcarboncontentisupto2%.Itmay 

contain other alloying elements. 

Castiron-Incastironcarboncontentis2%to6.67% 

Lowermeltingpoint(about300°Clowerthanpureiron)duetopresenceofeutecticpointat 

1153 

°Candmorecarboncontent. 

Typesofcastiron:grey,white,nodular,malleableandcompactedgraphite. 

Lowcarbonsteel-Carboncontentintherangeof0–0.3%. 

Mostabundantgradeofsteelislowcarbonsteel(greatestquantityproduced;andleastexpensive). 

Notresponsivetoheattreatment;coldworkingneededtoimprovethestrength.Ithas 

good weldability and machinability 

Mediumcarbonsteel-Carboncontentintherangeof0.3–0.8%. 

 
FerrousMaterialsandalloys 



Itcanbeheattreated-austenitizing,quenchingandthentempering.Most 

often used in tempered condition – tempered martensite Medium 

carbon steels have low hardenability 

AdditionofCr,Ni,Moimprovestheheattreatingcapacity Heat 

treated alloys are stronger but have lower ductility Typicalapplications–

Railwaywheelsandtracks,gears,crankshafts. 

 

 

Highcarbonsteel-Highcarbonsteels–Carboncontent0.8–2%HighC 

content provides high hardness and strength. 
Hardestandleastductile. 
Usedinhardenedandtemperedcondition 
StrongcarbideformerslikeCr,V,Wareaddedasalloyingelementstofrom 
carbides of these 

metals. 

Usedastoolanddiesteelsowingtothehighhardnessandwearresistanceproperty 

Toolsteel-Toolsteelreferstoavarietyofcarbonandalloysteelsthatareparticularlywell- 

suited 

tobemadeintotools.Theirsuitabilitycomesfromtheirdistinctivehardness,resistanceto 
abrasion,theirabilitytoholdacuttingedge,and/ortheirresistancetodeformation at 
elevated 
temperatures.Toolsteelisgenerallyusedinaheat-treatedstate.Manyhigh 
carbon tool steels are 
alsomoreresistanttocorrosionduetotheirhigherratiosofelementssuchasvanadium. 
With a 
carboncontentbetween0.7%and1.5%,toolsteelsaremanufacturedunder 
carefully controlled 
conditionstoproducetherequiredquality. 

Stainlesssteel-Stainlesssteeldoesnotreadilycorrode,rustorstainwithwateras 

ordinary steel 

does,butdespitethenameitisnotfullystain-proof,mostnotablyunderlow- 
oxygen, high-salinity, 
orpoor-circulationenvironments.Therearedifferentgradesandsurfacefinishesof 
stainless steel 
tosuittheenvironmentthealloymustendure.Stainlesssteelisusedwhereboth the 
properties of 
steelandcorrosionresistancearerequired. 
Stainlesssteeldiffersfromcarbonsteelbytheamountofchromiumpresent. 

PlainCarbonSteel 
PlainCarbonSteelisanalloyofironandcarbonwithcarboncontentupto1.5% although 
otherelementssuchasSilicon,Manganesemaybepresent.Thepropertiesof carbon 
steel are 
mainlyduetoitscarboncontent. 
CarbonSteelisclassifiedinto 
i) LowcarbonsteelorMildsteel 
ii) Mediumcarbonsteel 
iii) Highcarbonsteel 

LowcarbonsteelorMildsteel: 
Lowcarbonsteelormildsteelisfurtherclassifiedintothreetypesbasingontheir 
composition i-e percentage of carbon. 
a) Deadmildsteelormildsteelcontaining0.05to0.15%ofcarbon. 
b) Mildsteelcontaining0.15to0.2%ofcarbon. 
c) Mildsteelcontaining0.2to0.3%ofcarbon. 

ApplicationofMildSteel: 
i) Deadmildsteelisusedformakingsteelwire,sheet,rivets,screws,pipe,nail,chain, 
etc. 
ii) Mildsteelcontaining0.15to0.2%carbonisusedformakingcamshafts,sheets,strips 
forblades,weldedtubing,forgings,draglines,etc. 
iii) Mildsteelcontaining0.2to0.3%carbonisusedformakingvalves,gears,crankshafts, 
connectingrods,railwaysaxles,fishplatesandsmallforgings,etc. 

MediumCarbonSteel 
Steelcontaining0.3to0.7%carbonisknownasMediumcarbonsteel. 
Mediumcarbon steel are of three categories. 
i) Steelcontaining0.35to0.45%carbonisusedforconnectingrod,wires&rod,spring 
clips,gearshaft,keystock,shafts&brakeslever,axle,small &mediumforgings, etc. 
ii) Steelcontaining0.45to0.55%carbonisusedforrailwayscoachaxles,axles&crank 
pinsonheavymachines,splinesshafts,crankshafts, etc. 
iii) Steel containing0.6 to0.7%carbonisusedfor dropforgingdie &dieblocks, 
clutch 
discs,platepunches,setscrews,valvesprings,cushionring,thrustwashers,etc. 

Highcarbonsteel 
Steelcontaining0.7to0.1.5%carbonisknownashighcarbonsteel. 
Uses 
i) Steelcontaining0.7to0.8%carbonisusedformakingcoldchisels,wrenches, jaws 
for 
vice,pneumaticdrillbits,wheelsforrailwayservice,wireforstructuralwork,shearblades, 
automatic clutch disc, hacksaws, etc. 

 

 

ToolSteel: 
Toolsteelmaybedefinedasspecialsteelwhichareusedtoform,cutorotherwise 
change 
theshapeofamaterialintofinished0rsemi-finishedproduct. 

PropertiesofToolsteel: 
i) Slightchangeofformduringhardening. 
ii) Littleriskofcrackingduringhardening. 
iii) Goodtoughness 



iv) Goodwearresistance 
v) Verygoodmachinability 

vi) Adefinitecoolingrateduringhardening 
vii) Adefinitehardeningtemperature 

viii) Resistancetode-carburization 
ix) Resistancetosofteningonheating 

ClassificationofToolsteel: 
TheJointIndustryConference,U.S.A.hasclassifiedtoolsteelasfollows: 

SymbolMeaning 
TW-High speed steel 
MMo-Highspeedsteel 
DHighC,highCrsteelA 
Air hardening steel O 
Oil hardening steel 
WWaterhardeningsteelH 
Hot work steel 
SShockresistancesteel 
CompositionofToolSteel: 
1) W-High speed steel 
T1:C0.7Cr4V1W 18 
T4:C0.75Cr4V1W18Co5 
T6:C0.8Cr4.5V1.5W20Co12 
2) Mo-Highspeedsteel 
M1:C0.8Cr4V1W1.5Mo8 
M6:C0.8Cr4V1.5W4Mo5Co12 

3) HighC,highCrsteel 
D2: C 1.5 Cr12 Mo 1 
D5:C1.5Cr12Mo1Co3 
D7:C2.35Cr12V4Mo1 
4) Airhardeningsteel 

A2: C 1 Cr 5 Mo 1 
A7:C2.25Cr5.25V4.75W11Mo1 
A9:C0.5Cr5Ni1.5V1Mo1.4 
5) Oilhardeningsteel 
O1:C0.9Mn1Cr0.5W0.5 
O2:C1.45Si1Mo0.25 

6) Waterhardeningsteel 
W2:C0.6/1.4V0.25 
W5:C1.1Cr0.5 
7) Hotworksteel 
H10:C0.4Cr3.25V0.4Mo2.5 
H12:C0.35Cr5V0.4W1.5Mo 1.5 
8) Shockresistancesteel 
S1: C 0.5 Cr 1.5W2.5 
S2:C0.5Si1Mo0.4 
S5:C0.55Mn0.8Si2Mo0.4 
S7:C0.5Cr3.25Mo1.4 

StainlessSteel: 
When11.5%ormorechromiumisaddedtoiron,afinefilmofchromiumoxide 
formsspontaneouslyonthesurfaces.Thefilmactsasabarriertoretardfurther 
oxidation, rust or 
corrosion.Asthissteelcannotbestainedeasily,itiscalledstainlesssteel. 
Thestainlesssteelbasing 
ontheirmicro-structurecanbegroupedintothreemetallurgicalclassessuchas 
Austenitic stainless 
steel,Ferriticstainlesssteel&Martensitestainlesssteel. 

AusteniticStainlessSteel: 
Properties: 
1) Theypossessausteniticstructureatroomtemperature. 
2) Theypossessthehighestcorrosionresistanceofallthestainlesssteels. 

3) Theypossessgreateststrengthandscaleresistanceathigh 

temperature. 
4) Theyretainductilityattemperatureapproachingabsolutezero. 
5) Theyarenon-magnetic. 

Composition: 
C0.03to0.25%Mn2to10%Si1to2% 
Cr16to26%Ni 3.5to 22% 
P&SNormalMo&Tiinsomecases 

Uses: 
1) Aircraftindustry(Engineparts) 
2) Chemicalprocessing(heatexchangers) 
3) Foodprocessing(Kettles,tanks) 
4) Householditems(cookingutensils) 
5) Dairyindustries(milkcans) 
6) Transportationindustry(Trailers&railwayscars) 

Ferriticstainlesssteel: 
Properties: 
1) Theypossesamicrostructurewhichisprimarilyferritic. 
2) Theyaremagnetic&havegoodductility 
3) Theydonotworkhardentoanyappreciabledegree. 
4) Theyaremorecorrosionresistantthanmartensiticsteel. 

5) Theydeveloptheirmaximumsoftness,ductility&corrosionresistanceinthe 

annealed 
condition. 

Composition: 
C0.08to0.20%Si1%Mn1to1.5%Cr11to27% 

Uses: 
1) Liningforpetroliumindustry. 
2) Heatingelementsforfurnaces. 
3) Interiordecorativework. 
4) Screws&fittings. 
5) Oilburnerparts. 

Martensiticstainlesssteel: 
Properties: 
1) Theypossesmartensiticmicrostructure. 

2) Theyaremagneticinallcondition&possessthebestthermal 
conductivity of the 
stainlesstypes. 



3) Hardness,ductility&abilitytoholdanedgearecharacteristicsof 
martensitic steels. 
4) Theycanbecoldworkedwithoutdifficulty,especiallywithlowcarbon 
content, can be 
machinedsatisfactorily. 
5) Theyhavegoodtoughness. 
6) Theyhavegoodcorrosionresistancetoweatherandtosomechemicals. 
7) Theyareeasilyhotworked. 

Composition: 
C0.15to1.2%Si1%Mn1%Cr11.5to18% 

Uses: 
1) Pumps&valveparts 
2) Rules&tapes 
3) Turbinebuckets 
4) Surgicalinstruments,etc. 

 
EffectofAlloyingElements: 
Chromium:Itjoinswithcarbontoformchromiumcarbide,thusaddstodepth 

hardenability 
withimprovedresistancetoabrasion&wear. 

Manganese: 
1) Itcontributesmarkedlytostrengthandhardness. 

2) Itcounteractsbrittlenessfromsulphur. 

3) Lowersbothductility&weldabilityifitispresentinhighpercentagewith 
high carbon 
contentinsteel. 

Nickel:It 
1) increasestoughness&resistancetoimpact. 
2) lessensdistortioninquenching. 
3) Lowersthecriticaltemperaturesofsteel&widenstherangeof 

successful heat treatment. 
4) strengthenssteels. 
5) Rendershigh-chromiumironalloysaustenitic. 
6) doesnotunitewithcarbon. 

Vanadium:It 
1) promotesfinegrainsinsteel. 
2) increaseshardenability. 
3) impartsstrength&toughnesstoheat-treatedsteel 
4) causesmarkedsecondaryhardening. 

Molybdenum:It 
1) promoteshardenabilityofsteel. 
2) makessteelfinegrained. 
3) makessteelunusuallytoughatvarioushardnesslevels. 
4) counteractstendencytowardstemperbrittleness. 
5) raisestensile&creepstrengthathightemperatures. 
6) enhancescorrosionresistanceinstainlesssteels. 
7) formsabrasionresistingparticles. 

Tungsten:It 
1) increaseshardness. 
2) promotesfinegrains. 
3) resistsheat. 
4) promotesstrengthatelevatedtemperature. 

 
 
 

Conceptofphasediagram 
Aphaseinamaterialisdefinedasaregionofspatiallyuniformmacroscopicphysical 
propertieslikedensity,atomicarrangement,crystalstructure,chemicalcompositionetc. 
Example 

Ironinbccstructure,fccstructure,inliquidformandingaseousstatearedifferentphasesof 
iron. 
Inonecomponentmaterialsaphaseisstableoverarangeoftemperatureandpressure.A 
homogeneoussolutionof twoormorecomponentsthatmayexistsoverarangeof 
composition, 
temperatureandpressureisconsideredasthesamephase. 
Equilibriumphasediagramarenormallyusedtoshowthestabilityofdifferentphasesina 
material as function of temperature, pressure and composition. 
Generalfeaturesofphasediagramsarecostrainedbyconditionsofthermodynamic 
equilibrium.Whennochemicalreactionsoccur betweendifferentcomponentsisa 
system, then 

the phase rule can be started as f = C - P + 2 

Where,Cisnumberofcomponentsinthesystem;Pis number 

of phases in equilibrium, 
2representstemperatureandpressureasindependentvariables, 

fisdegreeoffreedom.Itisthemaximumnumberofvariablesthatmaybeindependentlyvaried 

without changing the number of phases in equilibrium. 

 
Iron–Carbonsystem 



 
 

 

Chalk,BlackboardandPPT 
Thefig.3.1showsphasediagramsoftwoonecomponentsystem,H2Oandcarbonasafunctionof 
temperature and pressure. In a single phase regions both P and T may be independently 
varies. 
Intwocomponent(binary)systems,therearethreeindependentvariablesi.e,temperature, 

 pressureandrelativeconcentrationofoneofthecomponent 

 
 

 
Chalk,Blackboard 
CollingCurves 
Durringheattreatmenttherephasetransfermatingtakenplacebycollingthesteel. 
Example 
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3.2-FeaturesofirononcarbondiagramwithsilentMicro-constituentsofiron 
and steel 

Fig-3.3–Iron–Carbonphasediagram 

Atalltemperatures,thefollowingreactiontakesplace:Fe3Ccooling3Fe+C(graphite) 
Athighertemperatures,thegraphitizationoftheiron-carbideoccurs. 
Theabovefigureisaniron-carbonphasediagram.Astheliquidalloycoolsto11530C 
dendrites 
ofaustenitephasestartsformingintheliquid.At11530C,theliquidreaches 
eutectic composition 
andsolidifiesasaeutecticmixtureofausteniteandgraphite.Uponsubsequentslow 
cooling, additional 
graphiteformsfromtheausteniteandeutectoidgraphiteisformedinthetemperature 
interval from 
7380Cto7230C. 
Ifausteniteissupercooledbelow7230Citdecomposeswiththeseparationofa 
ferritecementite 
mixture.Rapidcoolinginhibitsprecipitationofgraphitepartiallyorcompletelyand promotes 
formationofcementite.If liquidcastironissupercooledbelow11470Ccementite is 
precipitated. 
Theprecipitationofgraphitefromtheliquidphaseispossibleonlyatveryslowcooling 
rates i.e 
whenthedegree ofsupercoolingdoesnotexceed50C. 
Therapidcoolingpreventsgraphitizationofcementiteinwhitecastiron,butifthecastingis 
reheatedtoabout8750Candheldthereforlongtime,thengraphiteisslowly 

produced in the form 

oftempercarbon.Thisiscalledmalleablecastiron. 

 

CRYSTALIMPERFECTIONS 



Definitionofcrystal 

Wheneveratomsarrangethemselvesinanorderlyrepetitivethreedimensional 

pattern a 
crystalisformed. 
Itisasolidwhichconsistsofatomsarrangedinapatternin3-D. 

Aperfectcrystalisconstructedbytheinfiniteregularrepetitioninspaceofidentical 
structural 
unitsorbuildingblocks. 
Thesymmetryisanimportantcharacteristicofmostofthecrystals. 
e.gcubeandoctahedronsaresimpleformofthecrystal. 
Allmetalsarecrystalline,whereatomsarearrangedinadefiniteperiodicorder. 
ClassificationofCrystals 

Onthebasisofperiodicarrangementofatomscrystalsaregroupedintoseven systems. 
Thesystemsare: 
Cubic,tetragonal,orthorhombic,rhombohedral,hexagonal,monoclinicand 
triclinic. 
Inthepresentcontext,onlycubicandhexagonalcrystalstructuresareconsideredas 

most 
ofthemetalsandalloysbelongtothesetwosystems. 
Incrystalstructure,thesmallestunitisoneunitcellwhichcharacterizesthe 
specific 
arrangementandlocationofatoms. 

TherearethreetypesofunitcellswithcubiccrystalstructuresuchasSC,BCC,FCC 
 

 

Simplecubic (FCC) [FCC 

 

EX----Be,Tc,Zn (Hexagonalcrystalstructure) 

 
 

 

IdealCrystals 
Inidealcrystals,theanglesbetweenthefacesrequiredtodeterminethecrystalformaresame. 
CrystalImperfections 

Crystals are not perfect. An important characteristic which determines some important 

propertiesofcrystallinematerialsisthepresenceofimperfections.Exceptsomeidealcrystalsmostof 
thecrystalshavesometypeofdefectsorimperfections.Allcrystalsarenotcomposed of 
identicalatomsonidenticalsitesthroughoutaregularlyrepeating3Dlattice.Theseimperfection or 
defectsareusedtodescribeanydeviationfromanorderlyperiodicarrayofatomsand influence the 
characteristics like mechanical strength, electrical properties and chemical reactions. 
4.2Classificationofimperfections 
Defectsoneclassifiedintopoint,lineorplaceandvolumeimperfections 

 

TypesandcausesofpointdefectsPoint 
Defects 

Incrystallattice,pointdefectiscompletelylocalinitseffect.Whenpointdefect 
gets introduced 
incrystallattice,internalenergyofthecrystalincreases. 
Types 

Vacancies,interstitialciesandimpuritiesareexampleofpointdefctes. 
Causes 

Avacantlatticesiteisapointdefect. 
Vacancies 

Thenumberofvacanciesatequilibriumpresentinacrystalatagiven temperature 
can be 
determinedbytheequation. 

n0=Ne- E/KT 

Wheren0=numberofvacanciespermoleN= 

totalnumberof atomic sites permole. 

E=activationenergyforformationofvacancy.K= 

Boltzman’s constant. 

T=Temperatureinabsolutescale. 
Vacanciesareatomicsitesfromwhichtheatomsaremissingandexistin 
metal at all 
temperaturesaboveabsolutezero.Itplayagreatroleindiffusionofatomsin 
the crystal lattice. It 
arisesfromthermalvibrationsandintroducedduringsolidification. 
Interstitialcies 

Whenanatomisdisplacedfromaregularsiteandoccupiesaninterstitialsite, 
an interstitialcy 

isformed.Italsogivesrisetolatticedistortionbecauseinterstitialatom tends 
to push the surrounding 
atomsapart.Thesmallerthesizeofinterstitialatomssmallerthedefect 

 
 
 

 
mpurities 



Impurities are foreign atoms which are present in the crystal lattice. Impurity atoms may 
occupyeitherinterstitialorsubstitutionalposition.Itisasmallatomoccupiesaninterstitialvoid space 
between atoms at lattice points of the crystal 

 
Fig3.5Varioustypesofpointdefects.(a)Vacancy,(b)Schottkydefect,(c)Interstitialcy,(d) 
Frankel 
defect. 
4.4.Typesandcausesoflinedefects,Edgedislocationandscrewdislocation. Line 
Deffects 

Line defects are also known as dislocations. Dislocation is the region of localized lattice 
disturbancebetweenslippedandunslippedregionsofacrystal.Duetolatticedisturbances,elastic 
strainfieldsandstressesareassociatedwithdislocations 

. 

 

 
Types 

Dislocationsareoftwotypes:(1)Edgedislocation(2)Screwdislocation 
Edgedislocation 

Inthefigureofedgedislocationinwhichaburger’svectorliesperpendiculartothedislocationline.A 
burger circuit isdrawn around the dislocation line and the vector required to close the circuit 
RSisknownastheburgervectorofthedislocation.Anedgedislocation movesinthedirectionof the 
burger vector. It hasan extra rowof atomseither above orbelow the slip plane in crystal. 

Whentheextrarowofatomsisabovetheslipplaneitiscalledpositiveandisdenotedbysign

Whentheextrarowof atomsisbelowtheslipplane, it iscallednegativeedgedislocation and is 

representedbysignT .Here theatomsabovetheedgesare in compressionandthosebeloware in 

tension. 

Screwdislocation 
Here the burger vector is parallelto the dislocationline and distortionis of shear type. It 
followsahelicalpathandit mayfollowrighthandorlefthand screwrule.Positiveandnegative 
dislocationsareshownbyclockwiseandanticlockwisesigns,respectively.Itshowscrossslip,where 
it moves from one slip plane to another. 
Eitheredgeorscrewofoppositesignsifpresentinthesameline,attracteachotherandcanannihilate 
each other. 

 

 

s.Effectofimperfectionsonmaterialproperties. 
Itaffectsorinfluencethecharacteristicslikemechanicalstrength,electricalproperties 
and chemicalreactions.Theroleofimperfectionsinheattreatmentisveryimportant. 
Imperfections 
accountforcrystalgrowth,diffusionmechanism,annealingandprecipitation,besides 
this, other 
metallurgicalphenomena,suchasoxidation,corrosion,yieldstrength,creep, fatigue 
and fractures’ 
aregovernedbyimperfections.Imperfectionsarenotalwaysharmfultometals. 
Sometimesthey 
aregeneratedtoobtainthedesiredproperties.Forexample,carbonisaddedto steel 
as interstitial 
impuritytoimprovethemechanicalpropertiesandthispropertiesarefurtherimproved 
by heat 
treatment. 

deformationbyslipandtwinning 
Slip-Metalsdeformplasticallybyslip.Slippingisfacilitatedinthepresenceofdislocation. 

Slip isdefinedastheprocessormechanismbywhichalargedisplacementof one 
part of the 
crystalrelativetoanotheralongparticularcrystallographicplanestakesplace. 

Theremaybeoneormoreslipplanesandoneormoreslipdirectionsineachcrystal. 
Slip 
beginswhentheshearingstressactingalongtheslipplanesinthedirectionofslip exceeds a 

certainvalueknownascritical slipplanesareplanesof highatomic densities while the 

direction ofslipalongtheseplanesisalwaysthedirectionofhighestatomicdensity. 
TwinsandTwinning 
Otherthanslip,twinningalsogivesrisetoplasticdeformationincrystals.Itmay be 
called as 

aspecialcaseofslipmovement.Intwinning,insteadofwholeblocksofatomsmoving 
different 
distancesalongtheslippingplanes,eachplaneofatomsconcernedmovesadefinite 
distance and 
thetotalmovementatanypointrelativetothetwinningplaneisproportionaltothe 
distance from 



thisplane.Inbccandhcpitoccursfrequently. 
Effectofdeformationonmaterialproperties 

Themechanicalpropertiesaregreatlyaffectedbydeformationi.eplastic 

deformation. The 
deformationprocesslikerolling,forging,extrusion,drawing.Strainhardening takes 
place, so 

 
hardnesschanges.Elasticitychanges,crackingtakesplace,graingrowth 

 
 
 
 

 

 
 
 

 
Purposeofheattreatment 

Definition-Itmaybedefinedasheatingandcoolingoperationsapplied 

tometalsandalloysinsolidstatesoastoobtainthedesiredproperties. 

Theobjectofthisprocessistomakethemetalbettersuited,structurallyand 
physically, for 
somespecificapplications.Heattreatmentmaybeundertakenfor the 
following purposes. 
(i) Improvementinductility 
(ii) Relievinginternalstresses 
(iii) Refinementofgrainsize 
(iv) Increasinghardnessortensilestrengthandachievingchangesin 
chemical composition 
ofmetalsurfaceasinthecaseofcase-hardening. 

Alsocompressmachinability,alterationinmagneticproperties, 
modification of electrical 
conductivity,improvementintoughnessanddevelopmentofre- 
crystallized structure in cold-worked 
metal. 

 

 

Processofheattreatment Annealing 

Annealinginvolvesheatingtopredeterminedtemperature,holdingatthis 
temperature and 
finallycoolingataveryslowrate.Thetemperaturetowhichthesteel is 
heated and the holding time 
aredeterminedbyvariousfactorssuchaschemicalcompositionof steel, 
size and shape and final 
propertiesrequired.Thevariouspurposesforthistreatmentareto 
(i) Relieveintervalstressesdevelopedduringsolidification, 
machining, forging, rolling or 
welding. 
(ii) Improveorrestoreductilityandtoughness. 
(iii) Enhancemachinability. 
(iv) Eliminatechemicalnon-uniformity. 
(v) Refinegrainsize. 
(vi) Reducethegaseouscontentsinsteel. 

Chalk,BlackboardandPPT 
Normalizing 

Normalizing isaprocessofheating steeltoabout40-500Caboveuppercriticaltemperature, 
holding for proper time and then cooling in still air or slightly agitated air to room 
temperature. After 
normalizingtheresultantmicrostructureshouldbepearlite.Thisisimportantforsomealloy steels 
whichareairhardeningbynature.Betterdispersionofferriteandcementite inthefinal structure 
resultsinenhancedmechanicalproperties.Thegrain sizeisfinerandrefinementofgrain size. 
Rolledandforgedsteelspossessingcoarsegrainsduetohightemperaturesinvolvedare 
subjected 
tonormalizing.Normalizedsteelsaregenerallystrongerandharderthanfullyannealed steels. 
criticaltemperature. 

 

 
Hardening 

Hardeningconsistsofheatingtohardeningtemperature,holdingatthat 
temperature, followed 
byrapidcoolingsuchasquenchinginwateroilorsaltbaths.Highhardness 
developed by this 
processisduetophasetransformationwithrapidcooling.Forplain 
carbon steels, it depends on 
carboncontent.Hypoeutectoidsteelsareheatedtoabout30 –500C 
above the critical temperature 
whereaseutectoidandhypereutectoidsteelsareheatedtoabout30– 
500C above the lower 
 criticaltemperature. 

Tempering 

Theprocesswhichconsistsofheatinghardenedsteelbelowthelower 
critical temperature, 

followedbycooling inairoratanyotherdesiredrate, isknownas 
tempering. This treatment lowers 
hardnessstrengthandwearresistanceofthehardenedsteelmarginally. 
The higher the tempering 
temp,themoreistherestoredductilityandtoughenthesteel. 
Propertemperingtreatmentresults 
isoptimumcombinationofmechanicalproperties.Elasticpropertiesis 
affected by this. Hardening 
followedbytemperingwillimproveelasticity. 

5.3-SurfaceHardening 

Inordertoprocessconsiderablestrengthtowithstandforcesacting on 
them and to withstand 

wearontheirsurface,thepartsmustbemadeoftoughmaterials and 
provided with a hard surface 
byintroducingcarbonornitrogenonitssurfacewithcoreremainingsoft. 
Surfacehardeningor 
case-hardeningprovidesusahandandwearresistantsurfaces, 

 

 

HeatTreatment 



closetoleranceinmachining 

partsandtough-corecombinedwithahigherfatiguelimitandhigh 
mechanical properties in core. 
Itiscarriedoutbyfollowingoperations 
(a) carburising(d)Cyaniding 
(b) Nitriding(e)Inductionhardening 
(c) Carbonitriding(f)Flamehardening. 

 

 
Carburising 

Itistheprocessofproducingahardsurfaceonlowcarbonsteelparts. 
Therearethree 

methodsofcarburisingsuchas(a)packorsolidcarburising(b)Gas 
carburising (c) Liquid carburing. 
Liquidcarburisingisperformedinactivatedbathofcalcium cyanamide, 
sodium or potassium 
cyanideandothercontrollingchemicalswhichgovernthe decomposition 
of the cylinders. The 
bathsareoperatedat815.50Cto898.850Cproduceacaseofdepth of 
0.5mm in 90 minutes. The 
processextremelyflexibleandeasilycontrolled.Thereactioninthe bath 
is 2Na2CO3 + SiC – 
Na2SiO3+Na2O+2CO+C. 

 

Nitriding 

Theintroductionofnitrogenintotheoutersurfaceofsteelpartsin order to 
give an extremely 
hard,wearresistingsurfaceiscallednitriding.Itisprovidedbyplacingthe 
article in ammonia 
vapouratemperaturebetween4500Cand5500Cfor10hours.The core 

should be brought to its 
originaltoughnessbeforenitridingbyquenchinginoilfromabout 9000C 
and tempering from about 
6000Cto6500C.Itisusedforvariousautomotives,airplaneand diesel 
engine parts like cylinders, 

sleeves,linersetc.- 

 
Hardenability 

Itisdefinedaspropertyofasteeltobehardenedbyquenchinganddeterminedthedepthand 

distributionofhardnessthroughoutasectionobtainedbyquenching. 
Factors are as follows 
Themainfactorsaffectinghardenabilityare: 
(a) Alloyingelements 
(b) Carboncontent 
(c) Grainsizeofsteel 
(d) Thehomogeneityofstartingsteel 
(e) Homogeneityobtainedintheaustenitebeforequenchingbyincreasingcarboncontent, 

hardnesscanbeincreased. 

 

 
 
 

 
Duralmin 

It is one of theoldestandbest knownalloysof aluminium widelyusedforaircraftparts. Its 

compositionis3.5-4.5%copper,0.4-0.7%manganese,0.4%siliconandsometimescontain0.4- 

0.7%,magnesiumandbelow0.5%iron. 
Itdevelopedmaximumpropertiesasaresultofheattreatmentandagehardeningwhichcan be 
workedreadilyabout5000Candafterquenchingagesoveraperiodof4to5days.Its tensile 
strengthincreasefrom1.55-1.86ton/cm2yieldpointfrom1.04-2.325t/cm2andhardnessfrom 65 
brinellto95brinell. 
Usedforhighlystressedstructuralcomponents,aircraftsandautomobilepartslikefront 
axle,levers,bonnets,connectingrods,chassisfrom,girdersforships,aeroplaneairscrews, 
spares, 
clips,fitting,leversetc. 

Alsousedforsurgicalandorthopaedicsworksfornonmagneticandotherinstrumentparts 

.Y-alloys 

Y-alloysareofthebestalloysofthisgroupsisahigh strength costingalloywhich retainsits 
strength and hardness at high temperature. 
Itspercentagecompositionis4%copper,1.5%magnesiumand2%nickel,eachofsilicon, 
manganese is0.6%.Inthe costandheattreatedfromitsultimatestrength is2.12tons/cm2 but 
chillcostingafterheattreatmentshowastrengthof3.1tonnes/cm2.Heattreatedforged alloys 
giveanultimatestrengthof3.565–4.185ton/cm2anelongationof17–22%andbrinell hardness 
of100-105. 

Itisextensivelyusedforpistons,cylinderheadsandcrankcaseofinternalcombustionengine 

Copperalloys 

(a) Copper-Aluminiumalloys 

Aluminiumgetshardenedandstrengthenedbytheadditionofcopper.Themostextensivelyused 
alloysfor castings are those containing4,5,7,10and12%of copperand withultimate strength 

rangingfrom1.12–4.185t/cm2.Itisemployed inindustryforlightcastingrequiringgreater 
strength 

andhardnessthanordinaryaluminium. 

Itisusedforautomobilepiston,crankcases,cylinderheads,connectingrods 

 
 

 
. 
(b) Copper-Tin 

Thesebearingalloyscontaininggreaterproportionoftinwithcopperandantimonyandknown 

 

NON-FERROUSALLOYS 



aswhitemetals. 
Anotheralloysofthistypehavingcompositionof86%tin,10.5%antimony,3.5%copperhasa 
tensile strength of 0.996 t/cm2, elongation 7.1% with brinell hardness of 33.3 and 
compressive 
yieldpointof4.3. 
Itisusedinmainbearingsofmotorsandaero-engines. 

(c)Babbot 

It is a general white metalalloywith soft lead andtin base metalscovering a range of alloy 
havingsimilarcharacteristicsvaryingcomposition.Itsactualcomposition is82.3%tin,3.9% 
copper, 
7.1%antimony. 
A cheaperbabbitmetalusedforbearingssubjected to moderate pressurehascomposition 

as59.54%tin,2.25to3.75%copper,9.5 to 11.5%antimony, 26%lead,0.08%iron, 0.08% 
bismuth. 

Theyareuseaslinersinbronzeorsteelbackingandarepreparedforhigherspeed,excellent 
embedability,conformability,abilitytodeformplasticallyusedinICenginebearing,general 
machinery 
purposebearings. 
(d)Phosphorousbronze 

Thephosphorousbronzesarethealloysof  copperandtinwith0.1to1.5%phosphorous. 
Phosphorousisaddedbothfordeoxidising thetinoxideanddeveloping thestructureand 
general 
propertiesofthemetal.Intheformofcastingphosphorousbronzegivesandultimatestrength of 
about18tonnes/cm2withelongationof4%brinellhardnessnumber80-100.Itisusedforheavy 
compressiveloadsandisusedforgearwheelsandslidevalues.Phosphorousbronzeinwrought 
alloyformcontaining10%tin,0.1–0.35%phosphoroushasatensilestrength3.72t/cm2, 

Bhn100 
–130.Ithasgoodcorrosionresistancetoseawaterandisusedforspringandturbineblades. 

 
 
 
 

 
(e) Brass 

These are the alloys of copper and zinc with varying percentage of two metals. If small 
amountofoneormoremetalsareaddedtheyprovidemorespecificpropertieslikecolour, strength, 
ductility,machinability. 

-brasses-36%zincand64%cu. 

–brasses–40to44%znand64to55%cu. 

–brassespossessgoodtensilestrength,goodductility,suitableforproducingsheet,strips, 

tubes, wires etc. 

–brassesareusedforhotpressings,stampings. 
Copper-Nickel 

Nickelformswith copperinvaryingpropertiesalargenumberofalloys.Theadditionofeven a 
smallamountofnickeltocopperhasamarkedeffectuponitsmechanicalpropertiesand 
increase 
itscorrosionresistance. 
Cupro-Nickelhasanickelcontentbetween10–30%hasremarkabledrawingpropertieswith 
tensile strength of 6.2 t/cm2 used forsheathsor envelopes of rifle bullet. 
A70/30cupronickelusedforcondensertubesproducedbyextrusionprocess.8t/cm2elastic 
limit, 5.9 t/cm2 ultimate strength, Bhn 140. 

. 

Leadalloys 

Thetinisreplacedbyleadbasealloysandcontains10–15%antimony,15%Cu,20%Tinand60% 
Lead. These alloys are cheaper than tinbase alloys, but not strong and do not possess 
theleadcarryingcapacitystrengthdecreaseswithincreasingintemperature.Analloy 
containing 
80%lead,15%antimonyand5%tinor20%antimonygenerallyusedforlongbearingswithmedium 
loads. 
Binarycopperleadalloys-lead10–20%,20–30%andabove30%. 
Zincalloys 

Thesealloysusedintheformoftoolingplateandeasyandspeedoffabrication.Brasses– 
Alloys of Cu and Zn. 

 
Nickelalloys 

Nickelisoneofthemostimportantmetalswhichisusedasapuremetalandalloyedwithother 
elements. 
Nickelcopper,nickelcoppersiliconalloys. 
Nickelcoppertin,sometimeswithlead. 
Nickel chromium- with iron or cobalt. 
Nickelmolybdenum-alsowithchromium. 
Nickel silicon. 
Nickelmanganese,nickelaluminium. 
Lowalloymaterialslike P-91,P-22forpowerplantsandotherhightemperature 
services, 
highalloymaterialslikestainlesssteelgradesofduplex,stiperduplexmaterials. Low 
alloy materials 

Whichpossessslowlycooledmicrostructures,similartothoseofplaincarbonsteelinthe 
sameconditionnamelypearlite,pearliteplusferrite.Theselowalloyalsoknownaspearlite alloy 
steel. 
Highalloysteel 

Whichpossessslowlycooledmicrostructure,consistingeitherofmartensite,austeniteorferrite 

plus carbide particle. It is more than 8% in the case of steel. 
 
 
 

 

 
 
 

 

Introduction 
Whenalubricantfilmcannotcompletelyseparatethemovingpartsofabearing,friction 
andwearincrease.Theresultingfrictionalheatcombinedwithhighpressure promotes 
localized 
weldingofthetworubbingsurfaces.Theseweldedcontactpointsbreakapartwith 

BearingMaterial 



relativemotion 
andmetalispulledfromoneorbothsurfacesdecreasingthelifeofthebearing.This friction 

and 

weldingismostcommon whenlikemetals,suchassteel orcastiron,areusedas 
bearings – they 
easilyweldtogether.Compatibilityofbearingmaterials,therefore,andabsorptionof 
lubricant upon 
the bearing surface,is necessaryto reduce metallic contact and extend bearinglife. 
Babbitt In 1839, Isaac Babbitt received the first patent for a white metal alloy that 
showedexcellentbearingproperties.Sincethen,thenamebabbitthasbeenusedforother 
alloys 
involvingsimilaringredients.Babbittsofferanalmostunsurpassedcombinationof compatibility, 
conformability,andembedability.Theyeasilyadapttheirshapestoconformtothe bearing 
shaftand 

willholdalubricantfilm.Foreignmatternotcarriedawaybythelubricationisembedded 
below the 
surfaceandrenderedharmless.Thesecharacteristicsareduetobabbitt’shard/softcomposition. 
High-tinbabbitts,forexample,consistofarelativelysoft,solidmatrixoftininwhichare 
distributed 
hardcopper-tinneedlesandtin-antimonycuboids.Thisprovidesfor“goodrun-in” 
which means the 
bearingwillabsorbalubricantonthesurfaceandholdthelubricantfilm.Evenunder severe 
operatingconditions,wherehighloads,fatigueproblems,orhightemperaturesdictatetheuse of 
otherstrongermaterials,babbittsareoftenemployedasathinsurfacecoatingtoobtain 
the 
advantagesoftheirgoodrubbingcharacteristics. 

 
 
 
 

 

ClassificationofBearingMaterial 
1. TinBasedBabbitt 
2. LeadbasedBabbitt 
3. CadmiumBasedBearingMaterial 
4. CopperbasedBearingMaterial(CinteredMetal) 

Composition&usesofdifferenttypeofBearingmaterial. 
NameComposition(Wt%)Uses 

TinBasedBabbitt85Sn-10Sb-5CuHighspeedbearingbushesinsteam 
and gas turbine, electric 
motor,blower,pumpsetc. 
Lead Based Babbitt 80Pb-12Sb-8Sn Railway Wagon bearing. 
CadmiumBased95cd-5ag&smallamountofiridiumMediumloaded 
bearing 
subjectedtohightemperature 
CopperBased80Cu-10Pb-10SiHeavydutybearing. 

 
 

 

PropertiesofBearingMaterial 
Abearingmetalshouldpossessthefollowingimportantproperties. 
i) Itshouldhaveenoughcompressiveandfatiguestrengthtopossess 
adequate load 
carryingcapacity. 
ii) Itshouldhavegoodplasticityforsmallvariationsinalignment&fittings. 
iii) ItshouldhavegoodwearResistancetomaintainaspecifiedfit. 
iv) Itshouldhavelowco-efficientoffrictimtoavoidexcessiveheating. 
v) Thematerialshouldresistvibration. 

vi) ItshouldhavehighThermalconductivitysoastotakeawaytheheat 

produced due 
tofrictionbetweentwomovingparts. 
vii) Itshouldhavethepropertiestofromacontinuousthinfilmoflubricant 
between the 
shaft&bearingtoavoiddirectcontactbetweentworotatingsurface. 



 

Introduction 
Springsarefundamentalmechanicalcomponentsfoundinmanymechanical 
systems. Developments 
inmaterial,designproceduresandmanufacturingprocessespermitspringsto be 
made with longer 
fatiguelife,reducedcomplexity,andhigherproductionrate.Mostspringsarelinear 
which means the 
resistingforceislinearlyproportionaltoitsdisplacement.Linearspringsobeythe 
Hooke's Law, F = k 
×DxWhereFistheresistingforce,kisthespringconstant,andDxisthe 
displacement. Depending 
onloadcharacteristicsspringmaybeclassified as 
: 

 
 
 
 
 

 
compression 

 

Tension 
 
 
 
 
 
 
 
 

 
compression 

 
1SpringMaterial 

Mostspringsaremadewithiron-basedalloy(high-carbonspringsteels,alloyspring 
steels, stainless 
springsteels),copperbasespringalloysandnickelbasespringalloys. 
.1.1Iron-basedalloy 

i) HighCarbonSpringSteel–(C0.7-1.0,Mn0.3-0.6&remainingFe)These 

spring steels are the most 

commonlyusedofallspringmaterialsbecausetheyaretheleastexpense,areeasily 
worked, and 
arereadilyavailable.Theyarenotsuitableforspringsoperatingathighorlow 
temperature or for 
shockorimpactloading. 
ii) AlloySpringSteel–EN-45(C0.5,Mn1.0,Cr0.2-0.9,V0.12&remaining 
Fe),EN-60(C0.5-0.75,Mn0.6- 
1.2&remaningFe).Thesespringsteelsareusedforconditionsofhighstress, and 
shock or impact 
loadings.Theycanwithstandawidertemperaturevariationthanhighcarbonspring 
steel and are 
availableineithertheannealedorpre-temperedconditions. 
iii) StainlessSpringSteel–(Cr18,Ni8,C0.1-0.2&remainingFe)Theuseofstainless 
spring steels has 
increasedandtherearecompositionsavailablethatmaybeusedfortemperatures 
up to 288°C. 

Theyareallcorrosionresistantbutonlythestainless18-8compositionsshouldbe 
used at sub-zero 
temperatures.Theyaresuitableforvalvesprings. 

CopperBaseSpringAlloys 

Copperbasealloysaremoreexpensivethanhighcarbonandalloysteelsspring 

material. However 

theyarefrequentlyusedinelectricalcomponentsbecauseoftheirgoodelectrical 
properties and 
resistancetocorrosion.Theyaresuitabletouseinsub-zerotemperatures. 
i)Brasses(Cu67,Zn33):Switch control, electrical application. 
ii) NickleSilver(Cu56,Ni18,Zn18):Electricalrelays. 
iii) Pb Bronze (Cu92,Sn8,Pb0.1):Bushes. 
Iv)BerylliumCopper(Cu98,Be2.0):RelaysandBushes 
Nickel Base Spring Alloys 

Nickelbasealloysarecorrosionresistant,andtheycanwithstandawide 
temperature fluctuation. 
Thematerialissuitabletouseinpreciseinstrumentsbecauseoftheirnon-magnetic 
characteristic, 
buttheyalsoposesahighelectricalresistanceandthereforeshouldnotbe used as 
an electrical 
conductor. 

 
 

 

i) Monels(Ni68,Cu27&remainingFeandMn 

ii) Inconels(Ni76,Cr16&Fe8) 
iii)Chromels(Ni80,Cr20) 
iv) Nichrome(Ni60,Cr16&Fe24) 

Springmaterials 



v) Elinver(Ni36,Cr12&restFe) 
vi) Inver(Ni35,Fe65) 

 
 

 

PropertiesofSpringMaterials 
1. Itshouldpossesshighmodulusofelasticity. 
2. Itshouldhavehighelasticlimit 

3. Itshouldhavehighfatiguestrength 
4. Itshouldhavehighcreepstrength 
5. Itshouldhavehighnotchtoughness 
6. Itshouldhavegoodresistancetocorrosion 
7. Itshouldhavehighelectricalconductivity 

SpringResonance 
Thedynamicbehaviorsofspringshavetobeanalyzedwhentheyareusedina 
moving mechanism. 
Thenominalfrequencyofoperationshouldbewellunderthespring'sfirst 
resonant frequency; 
typicallyabout15-20timeslowerforsafetyreason.Theforcethespringexertsas 
it approaches its 
resonantfrequencywilltendtodecrease,whichcouldhavedisastrous 
implications for the spring 
assembly. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Polymer: 

Theplasticisanorganicsubstanceanditconsistsofnaturalorsyntheticbindersorresins 
withorwithoutmouldingcompounds.Theplasticismanufacturedbythe 
polymerization. 
Apolymerconsistsofthousandsofmonomersjoinedtogether. 
Monomer: 

Thesimplestsubstanceconsistingofoneprimarychemicalareknownasthe 
monomer. 
Polymerization: 

Monomersaretobecombinedtoformpolymersbytheprocessknownas 

polymerization. 
Thepolymermoleculeisalsocalledamacromolecule. 
Apolymericmaterialconsistsofalargenumberoftheselongchainmolecules. 

 
 

 
Thepropertiessuchasstrength,rigidityandelasticityareconsiderablyimprovedby 
the 
polymerizationanditfurtherleadstothemanufactureofplasticsinaneconomyway. 
CLASSIFICATIONOFPLASTICS 

Theclassificationofplasticscanbemadebyconsideringvariousaspectsandforthe 
purpose 
ofdiscussion,theycanbeclassifiedaccordingtotheir 
1. Behaviourwithrespecttoheating. 
2. Structureand 
3. Physicalandchemicalproperties. 
Ascase-1isthetopicofourdiscussionwewillconcentrateonthat. 
1. Behaviourwithrespecttoheating 
Accordingtothisclassificationtheplasticsaredividedintotwogroups: 

(i) Thermo-Plastic 
(ii) Thermo-Setting 
Theaboveclassificationisbasedontheinherentcharacteristicsofeachgroup. 
These two 
groupscanfurtherbedividedintoseveraldistinctsub-divisions.Thesesub- 
divisions are based on 
therawmaterialsfromwhichplasticsareprepared.Itisinterestingtonotethateachof 
above 
groupcontainsseveralhundreddifferentproductsandwiththeadvanceofplastic 
industry, the 

numberofsub-divisionsundereachcategoryisconstantlyincreasing. 
 

 
(i) Thermoplasticpolymer 

Thethermo-plasticorheatnonconvertiblegroupisthegeneraltermappliedtotheplastics which 
becomesoftwhenheatedandhardwhencooled.Theprocessof softeningand hardening 
mayberepeatedforanindefinitetime.Providedthetemperatureduringheatisnotsohighas to 
causechemicaldecomposition.Itisthuspossibletoshapeandreshapetheseplasticsby means 
ofheatandpressure.Oneimportantadvantageofthisvarietyofplasticsisthatthescrap obtained 
fromoldandwarn-outarticlescanbeeffectivelyusedagain. 
(ii) Thermosettingpolymer 

Thethermosettingorheatconvertiblegroupisthegeneraltermappliedtotheplasticswhich 
becomerigidwhenmouldedatsuitablepressureandtemperature.Whentheyareheatedin 
temperaturerangeof1270Cto1770C,theysetpermanentlyandfurtherapplicationofheat does 
notalteredtheirformorsoftenthem.Butattemperatureofabout3430C,thecharringoccurs. 
This 
charringisapeculiarcharacteristicoftheorganicsubstances. 
Properties 

Thethermosettingplasticsaresolubleinalcoholandcertainorganicsolventswhentheyare 
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inthermo-plasticstage.Thispropertyisutilisedformakingpaintsandvarnishesfromtheseplastics. 

Theseplasticsaredurable,strongandhard.Theyareavailable inavarietyofbeautifulcolours. They 
are mainly used in engineering application of plastics. 
Propertiesofplastics 
1. Appearance:Transparent 
2. Chemicalresistance:Theplasticsoffergreatresistancetomoisture,chemicalsand 
solvents, excellent corrosion resistance. 
3. Dimensionalstability. 
4. Ductility:Theplasticlacksductility.Henceitsmembersmayfailwithoutwarning. 
5. Durability:Theplasticsarequitedurable,iftheypossesssufficientsurfacehardness. 
6. Electricinsulation:Theyarefarsuperiortoordinaryelectricinsulators. 
7. Finishing:Anysurfacetreatmentmaybegiventotheplastics. 
8. Fireresistance:Allplasticsarecombustible. 
9. Fixing:Canbeeasilyfixedinposition. 
10. Humidity:PVCplasticsoffergreatresistancetothemoisture. 

11. Maintenance:Itiseasytomaintainplasticsurfaces.Theydonotrequireanyprotectivecoatof 
paints. 
12. Meltingpoint:MostoftheplasticshavelowmeltingpointandMPofsomeplasticsisonlyabout 
500C. 
13. Opticalproperty:Severaltypesofplasticsaretransparentandtranslucent. 

14. Recycling:Itdoesnotgiveaseriousproblemtopollutionasgeneratedbyahostofother 
industries. Theplasticsusedforsoftdrinkbottle,milkandjuicebottles,breadbags, syrup 
bottles, 
coffeecups,plasticutensilsetccanbeconvenientlyrecyclesintocarpets,detergentbottles, drainage 
pipes,fencings,handrails,grocerybags,carbatterycasespencilholders,benches,picnic tables,roadside 
posts etc. 

 
 
 
 
 

 

15. Soundabsorption:Theacousticalboardsarepreparedbyimpregnatingfibre-glasseswith 
phenolic resins. This material has absorption co-efficientof about 0.67. 
16. Strength:Thetensilemembersaregenerallymadeofplasticsastheirstrengthtoweight 
ratiointensionverynearlyapproachestothatofmetals. 
17. Thermalproperty:Thethermalconductivityofplasticsislowanditcanbecomparedwith 
that of wood. 
18. Weatherresistance:Certainplasticsareseriouslyaffectedbysunlight,butotherplastic 
canresistweatherwhichaspreparedfromphenolicresins. 
19. Weight:Theplastics,whetherthermo-plasticorthermo-settinghavelowspecific 
gravity. 

 

 
Applications: 

Thetypicaluseofplasticsinbuildingareasfollows: 

1. Bathandsinkunits. 
2. Cisternballfloats. 
3. Corrugatedandplainsheets. 
4. Decorativelaminatesandmouldings. 

5. Electricalconduits. 
6. Electricalinsulators. 
7. Floortiles. 
8. Foamsforthermalinsulation. 

9. Jointlessflooring. 
10. Lightingfixtures. 
11. Overheadwatertanks. 
12. Paintsandvarnishes. 
13. Pipestocarrycoldwater. 
14. Rooflights. 
15. Safetyglass. 
16. Walltiles. 
9.2PropertiesofElastomers 

Theseplasticsare softandelasticmaterials withalowmodulusofelasticity. Theydeform 
considerably underload at roomtemperatureandreturn to theiroriginalshape, when the 
load is 

 
released.Theextensionscanrangeuptotentimestheiroriginaldimensions. 

 
 
 

 

Classification 

Thecompositematerialsareshortenedascomposites.Theyareformedbycombiningtwoor 
more different materials to make better use of their virtues and by minimizing their 
deficiencies. 
Eachmaterialretainsitsphysicalorchemicalpropertiesseparateanddistinctwithinthefinished 
product. 
Composition 

Thecompositesaremadefromtwomainconstituentmaterials. 
1. Strongloadcarryingmaterialknownasreinforcementorreinforcingfibres. 
2. Weakermaterialknownasmatrix. 
1. Reinforcingfibres 

Followingarethefunctionsofreinforcingfibres: 
(i) Itprovidesstrengthandrigidity. 
(ii) Ithelpstosupportstructuralload. 
Therearethreemostcommontypesofreinforcingfibres. 

(i) Glassfibres 
(ii) Carbonfibres 
(iii) Aramidfibres 
Glassfibersaretheheaviesthavinggreatestflexibilityandthelowestcost.Aramidhas moderate 
stiffness and cost. 
Carbonismoderatetohighincost,slightlyheavierthanaramidbutlighterthanglassfibres.Carbonis 
the strongest. 
2. Matrix 

Followingarethefunctionsofmatrix. 
(i) Itworks asabinder 
(ii) Itmaintainsthepositionandorientationofthereinforcement. 
(iii) Itbalancestheloadsbetweenthereinforcement. 
(iv) Itprotectsthereinforcementdegradation. 
(v) Itprovidesshapeandformtothestructure. 
Themostcommontypeofmatrixisthermosettingresins. 

CompositesandCeramics 



Epoxy resins are the most widely used thermo setting resins in advanced composites. 
Othersresinsusedasmatrixarepolyester,vinylester,phenolic,bismaleimade,epoxyno volar. 
Examples: 
Compositesnatural 
Wood-Cellulosefibrespluspolysaccharide. 
Bones,teethandmolluscshells=Hardceramic+organicpolymer 
Manmadecomposites 

1. Mud+straw 
2. Bricksmadeupstraw+mud 
3. Plywood 
4. Concrete,plastic,MMC,CMC 

 
 
 

 
ClassificationandUsesofCeramics 

Thetermceramicsisusedtoindicatethepotter’sartorarticlesmadebythepotter. 
Theceramicsaredividedintothefollowingthreecategories. 
1. Clayproducts 
2. Refractories 
3. Glass 
Clayproducts 

Theclayproductswhichareusedaretiles,terra-cotta,porcelain,bricks, 
stoneware’s & 
earthwares. 
Tilesareoftwotypes 
(1) Commontile 
(2) Encaustictiles 
Typesofcommontiles 

(i) Draintiles 
(ii) Floororpavingtiles 
(iii) Rooftiles 
Typesofrooftiles 

Allahabadtiles,Corrugatedtiles,Flattiles,Flemishtiles,Gunatiles,Mangaloretiles, 
pan 
tiles. 
Refractories 

Thetermrefractoriesisusedtoindicatesubstancesthatareabletoresisthightemperatures. 
Classification 

(i) Accordingtochemicalproperties. 
(ii) Accordingtoresistancetotemperature. 
Accordingtochemicalproperties 

(a) Acidic 
(b) neutraland 
(c) Basic 
(a) Acidic 

Fireclay:Itisusedforthemanufacturedoffirebricks,crucibles,hollowtiles. 
Quarizite- For making the silica bricks. 
Silica-Cokeoverandliningforglassfurnaces. 
(b) Neutralrefractorymaterials 

Bauxite-Fortirebricks 
Carbon-Liningmaterialforfurnaces 

Chromite-Powerfulneutralrefractorymaterial. 
Forsterite-Usedinfurnacesformeltingcopper. 

 

 
(c) Basic Refractory materials 

Dolomite-Formakingrefractorybricks. 
Magnesia- Magnesia bricks. 
Accordingtoresistancetotemperature 
(a) Lowquality 
(b) Highquality 
Highquality-Usedinmodernaeroplanes,rockets,jetsetc.Molyblendum,tungsten, 

zirconium and their alloys are used as the refractorymaterials. 
Cermet-Refractorymaterialcontainingacombinationofclayandmetal. 
SurfacePreparationandIndustrialPainting 
11.1–Reasonsofcorrosionandsurfacewear. 

Thetermcorrosionisdefinedasanactorprocessofgradualwearingawayofametaldue to 
chemicalorelectro-chemicalreactionbyitssurroundingssuchthatthemetalisconvertedintoan 
oxide. 
Thecorrosionindicatesthedeteriorationandlossofmaterialduetochemicalattack.Following 
are the factors responsible for corrosion : 
(i) Congestedreinforcementinsmallconcretesections. 
(ii) Excessivewater-cementratio. 
(iii) Improperconstructionmethods. 
(iv) Inadequatedesignprocedure 
(v) Incompetentsupervisingstafforcontractor. 
(vi) Initiallyrustedreinforcementbeforeplacingconcrete. 
(vii) Insufficientcovertosteelfromtheexposedconcretesurfaces. 
(viii) Presenceofmoistureinconcrete. 
(ix) Presenceofsalt. 
(x) UnequalO2distributionoverthesteelsurfaces. 
Factorsinfluencingcorrosion 

(i) Blowholes,inclusionstrappedgases. 
(ii) Chemicalnatureofthemetals. 
(iii) Eddyelectriccurrents. 
(iv) Presenceofdust,dirt. 
11.2-Purposeofpaintingandmethodsofindustrialpointing: 
Purposes 

(i) Toprotectthesurfacefromweatheringeffectsoftheatmosphereandactionsbyother 
liquids, fames and gases. 
(ii) Topreventdecayofwoodandcorrosioninmetal. 
(iii) Togivegoodappearancetothesurface.Thedecorativeeffectsmaybecreatedby 
paintingandthesurfacebecomeshygienicallygood,clear,colourfulandattractive. 
(iv) Toprovideasmoothsurfaceforeasycleaning 
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