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11.1.0 MATERIALSTECHNOLOGYAND METALLURGY

11.1.01 Introduction
Materials technology and metallurgy is the study of
engineeringmaterialsandtheirapplicationsinengineering
field.
These engineering materials include metals,ceramics,
organics,composites,andsemiconductors.
The study involves the composition ofmaterials their
productionprocesses,mechanicalandphysicalproperties.
Themodulealsoexposesthetraineestovariousmethods
ofimprovingthepropertiesofmetalsbyheattreatment
methods

11.1.02 GeneralObjectives:
Attheendthemodule,thetraineeshouldbeableto:
a)understandvariousmaterialsandtheirapplicationsin

engineeringfield
b)understand production processes of engineering

materials
c) apply heattreatmentprocessesonmetaltoimprove

theirproperties
d)select the right engineering materials for various

applicationsintheautomotiveindustry
e)understand factorsto be considered when selecting

materialsforparticularuse.

11.1.02 ModuleUnitSummaryandTimeAllocation

MaterialsTechnologyand Metallurgy
Code Sub-Module

Unit
Content TimeHrs

11.1.1 Propertiesof
Engineering
Materials

Typesofengineering
materials

Propertiesof
engineeringmaterials

(physicaland
mechanical)

4 2 6

11.1.2 Structureof
Materials

Crystallinestate
Crystalstructures
Terminologies

2 2 4

11.1.3 Productionof
Iron,Steel
andCastIron

Typesofores,
chargingmaterials

Typesoffurnaces

4 2 6
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11.1.4 CastIrons Typesandstructures
ofcastirons

PropertiesofC.I.

2 2 4

11.1.4 Carbon
Steels

Classificationof
carbonssteels

Propertiesofplain
carbonsteel

Applicationofplain
carbonsteel

2 2 4

11.1.5 AlloySteels Alloyingelementsand
theireffects

Classificationofalloy
steels

Corrosionresistant
steelsandtheir
application

Ferritic,martensitic
andaustenitic
stainlesssteels

Welddecayandsigma
phase

Heatresistingsteels
Toolsteels

6 2 8

11.1.6 Non-Ferrous
Metalsand
Alloys

Non-ferrousmetals
Productionofnon-

ferrousmetals
Propertiesofnon

ferrousmetals
Formsofsupply
Brass,Bronze,

Cupronickels
Duralumin
CastandWrought

Alloys

6 4 10

11.1.7 Plastics,
Woodand
Rubber

Typesofplastics
Wood
Rubber

2 2 4

11.1.8 Bearing
Materials

Metals/non-metals
Bearingproperties

2 2 4

11.1.9 Corrosion
andIts
Prevention

Typesofcorrosion
Corrosionprevention

2 2 4

11.1.1
0

Heat
Treatment

Annealing
Tempering

4 8 12
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Normalizing
Hardening
Casehardening

TotalTime 36 30 66
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11.1.1PROPERTIESOF
ENGINEERING
MATERIALS

Theory

11.1.1T0 SpecificObjectives
Bytheendofthesub-
moduleunit,the
traineeshouldbeable
to:
a)identifyvarious

typesof
engineering
materials

b)describephysical
propertiesof
engineering
materials

c) definemechanical
propertiesof
engineering
materials

d)stateformsof
supply

11.1.1CCompetence
Thetraineeshouldhave
theabilityto:

i) identifyvarious
typesof
engineering
materialsfora
giventask

ii) determinevarious
materialproperties

Content
11.1.1T1 Typesofengineering

materials
i) Metals
ii) Ceramics
iii)Composite
iv)Organic
v) Semiconductors

11.1.1T2 Physicalproperties
i) Colour
ii) Thermal

conductivity
iii)Corrosion

resistance
iv)density
v) Meltingpoint
vi)Electrical

conductivity
vii)Magnetism

11.1.1T3 Mechanicalproperties
i) Tensilestrength
ii) Hardness
iii)Ductility
iv)Impactstrength
v) Malleability
vi)Brittleness
vii)Elasticity
viii)Plasticity
ix)Weldability

11.1.1T4 Formsofsupply
i) Sheets
ii) Plates
iii)Bars
iv)Tubes
v) RolledSections
vi) Granules
vii)Pellets
viii)Powder

Practice

11.1.1P0 SpecificObjectives
Bytheendofthesub-
moduleunit,the
traineeshouldbeable
to:
i) identifyvarious

typesof
engineering
materials

ii) determinevarious
materialproperties
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Content
11.1.1P1 Typesofmaterials

i) Ferrous
ii) Non-ferrous
iii)Composites
iv)Organic
v) Ceramics
vi)Semiconductors

11.1.1P2 Determinationof
materialproperties
i) Colours
ii) Density
iii)Conductivity
iv)Hardness
v) Corrosion

resistance

SuggestedLearningResources
- Variousmetals
- Sciencelaboratory

11.1.2STRUCTUREOF
MATERIALS

Theory

11.1.2T0 SpecificObjectives
Bytheendofthesub-
moduleunit,the
traineeshouldbeable
to:
a)explaincrystalline

state
b)describetypesof

crystalstructures
c) describe

terminologies

11.1.2P3Competence
Thetraineeshould
havetheabilityto:
i) Describe

crystallinestates,
structuresand
terminologies

ii) growcrystals

iii)identifycrystal
structures

iv)demonstrate
variousmaterial
states

Content
11.1.2T1 Crystallinestate

i) Cellandspace
lattice

ii) Grainandgrain
boundary

iii)Growthof
dendrites

11.1.2T2 Crystalstructures
i) Simplecubic
ii) Bodycentredcubic

(B.C.C)
iii)Facecentered

cubic(F.C.C)
iv)Hexagonalclose

packed(H.C.P)
11.1.2T3 Termsformaterial

states:
i) Mixture,

compound,alloy,
solidsolution,
liquids,eutectic,
solidus,

ii) eutectoid,thermal
equilibrium
diagrams

Practice

11.1.2P0 SpecificObjectives
Bytheendofthesub-
moduleunit,the
traineeshouldbeable
to:
a)growcrystals
b)identifyvarious

crystalstructures
c) demonstrate

variousmaterial
states
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Content
11.1.2P1 crystalgrowing(sugar,

salt)
11.1.2P2 crystalstructure

models
h.c.p,b.c.c,f.c.c,s.c
materialstates

11.1.2P3 materialstates–
compound,mixture,
alloy

SuggestedLearningResources
i) Experiments
ii) Models

11.1.3PRODUCTIONOFIRON,
STEELANDCASTIRON

Theory

11.1.3T0 SpecificObjectives
Bytheendofthesub-
moduleunit,the
traineeshouldbeable
to:
a)statevarioustypes

ofironore
b)statethe

additionalcharging
materialina
furnaceandtheir
effectsoniron

c) describethe
constructionand
operational
principlesof
furnaces

d)statethecareand
safetynecessary
inblastfurnace

11.1.3C Competence
Thetraineeshould
havetheabilityto:
i) identifyvarious

oresandcharging

materials
ii) identifyvarious

typesoffurnaces
iii)observesafety

Content
11.1.3T1 Typesofironores
11.1.3T2 Additionalcharging

materials
11.1.3T3 Featuresoffurnaces

i) Blast
ii) Cupola
iii)Openhearth
iv)Bessemer
v) Electricfurnace
vi)Oxygenprocess

(Kaldo)
11.1.3T4 Safety

Practice

11.1.3P0 SpecificObjectives
Bytheendofthesub-
moduleunit,the
traineeshouldbeable
to:
a)identifyvarious

typesoforesand
chargingmaterials

b)identifyvarious
typesoffurnaces

c) practicesafety

Content
11.1.3P1 Oresandcharging

materials
11.1.3P2 Typesoffurnaces
11.1.3P3 Safety

i) personal
ii) equipment

SuggestedLearningResources
- Variousores
- Variouscharging

materials
- Variousfurnaces
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11.1.4 CASTIRONS

Theory

11.1.4T0 SpecificObjectives
Bytheendofthesub-
moduleunit,the
traineeshouldbeable
to;
a)namevarious

typesofcastirons
andtheir
applications

b)describe
propertiesofcast
irons

c) describethe
effectsofalloying
elementsonthe
propertiesofcast
irons

d)statedefectsin
ironcasting

11.1.4C Competence
Thetraineeshould
havetheabilityto:
i) describegreyand

whiteiron
ii) describe

propertiesof
variouscastirons

iii)Identifydifferent
typesofcastiron

iv)Testmechanical
propertiesofcast
irons

v) statecasting
defects

Content
11.1.4T1 Typesofcastironand

theirapplication
11.1.4T2 Propertiesofcast

irons

11.1.4T3 Effectsofalloying
elements

11.1.4T5 Effectsofheat
treatmentdefectsin
ironcasting

Practice

11.1.4P0 SpecificObjectives
Bytheendofthesub-
moduleunit,the
traineeshouldbeable
to:
a)Identifyvarious

typesofcastiron
b)Testpropertiesof

castiron

Content
11.1.4P1 Typesofcastiron
11.1.4P2 Mechanicaltestson

castiron

SuggestedLearningResources
- Varioustypesofcastiron
- Heatingfurnace
- Castironcastings

11.1.5 CARBONSTEELS

Theory

11.1.5T0 SpecificObjectives
Bytheendofthesub-
moduleunit,the
traineeshouldbeable
to:
a)classifyvarious

typesofplain
carbonsteels
basedoncarbon
content

b)statepropertiesof
plaincarbonsteels
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c) stateapplications
ofplaincarbons
steels

11.1.5 Competence
Thetraineeshould
havetheabilityto:
i) statedifferent

plaincarbonsteels,
theirproperties
andapplications

ii) identifytypesof
plaincarbonsteels

iii)identifycold
rolled/dropforged
items

Content
11.1.5T1 Classificationofplain

carbonsteels
deadmild,mild,
medium carbon,high
carbon

11.1.5T2 Propertiesofplain
carbonsteeltensile
strength,ductility,
hardness,toughness,
malleability,
brittleness

11.1.5T3 Applicationschain,
rivets,structural,
crankshafts,hammers,
drills

Practice

11.1.5P0 SpecificObjectives
Bytheendofthesub-
moduleunit,the
traineeshouldbeable
to:
a)identifytypesof

plaincarbonsteels
b)identifycold

rolled/dropforged
items

Content
11.1.5P1 Typesofplaincarbon

steels
i) DeadMild,
ii) Mild,
iii)Medium Carbon,
iv)HighCarbonSteel

11.1.5P2 Coldrolled/drop
forgeditems

SuggestedLearningResources
- Varioustypesofplain

carbonsteel
- Coldrolled/dropforged

products

11.1.6 ALLOYSTEELS

Theory

11.1.6T0 SpecificObjectives
Bytheendofthesub-
moduleunit,the
traineeshouldbeable
to:
a)listtypicalalloying

elements
b)classifyalloy

steels
c) describecorrosion

resistantsteels
andtheir
applications

d)describeheat
resistantsteels,
theirproperties
andapplications

e)selectsteelfor
specific
application

11.1.6C Competence
Thetraineeshould
havetheabilityto
identify:
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i) Ofstainlesssteels
ii) Toolalloying

elements
iii)Usesofalloy

steels
iv)Usesmaterials

andtheir
properties

Content
11.1.6T1 Alloyingelements

i) Nickel,
molybdenum,
chromium,sulphur,
titanium,vanadium

11.1.6T2 Classificationofalloy
steels
i) Manganesesteels
ii) Nickelsteels
iii)Nickelchrome
iv)Nickelchrome

vanadium steels
v) Nickelchromium,

molybdenum
alloys

vi)Chromium steels
11.1.6T3 Corrosionresistant

steels(stainless
steels)
i) Nickel,chromium,

molybdenum
alloys

ii) Austenitic,ferritic,
martensiticsteels

iii)Welddecayand
sigmaphase

iv)Applications:
v) Cutlery,beerbarrel,

chemicalplant
11.1.6T4 Heatresistantsteels

i) Molybdenum
ii) Tungsten
iii)Vanadium

11.1.6T5 Selectionofsteelsfor
specificapplication
i) Tools

ii) Dies
iii)Kitchenware
iv)FurnaceConveyor
v) TurbineBlades

Practice

11.1.6P0 SpecificObjectives
Bytheendofthesub-
moduleunit,the
traineeshouldbeable
to:
a)identifyvarious

alloyingelements
b)identifyusesof

alloysteels
c) identify

applicationsof
stainlesssteels

d)identifyvarious
toolmaterialsand
theirproperties

Content
11.1.6P1 Alloyingelements
11.1.6P2 Usesofalloysteels
11.1.6P3 Applicationsof

stainlesssteels
11.1.6P4 Toolmaterialsand

properties

SuggestedLearningResources
- Variousalloysteels

11.1.7 NONFERROUS
METALSANDALLOYS

Theory
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11.1.7T0 SpecificObjectives
Bytheendofthesub-
moduleunit,the
traineeshouldbeable
to:
a)describemethods

ofproducingnon
ferrousmetalsand
properties

b)stateformsof
supply

c) describenon
ferrousalloys

d)statealloysfor
specific
application

11.1.7C Competence
Thetraineeshould
havetheabilityto:
i) methodsof

producingnon-
ferrousmetals

ii) formsofsupplyof
non-ferrousmetals

iii) non-ferrous
metals

iv)electrolysis
process

v) testsonmaterials
vi)non-ferrousalloys
vii)selectionofalloys

forspecific
application

Content
11.1.7T1 Nonferrousmetals

i) Copper,aluminium
ii) Electrolysisof

aluminium oxide
iii)Smeltingofcopper
iv)Properties
v) Highelectrical

conductivity
vi)Affinityforoxygen
vii)Lightweight

viii)Corrosion
resistance

ix)Highthermal
conductivity

x) Ductilityand
malleability

11.1.7T2 Formsofsupply
i) Sheets,bars,rolled

sections,tubes
11.1.7T3 Nonferrousalloys

i) Aluminium alloys
ii) Wrought,cast,non

-heattreatable,
heattreatable

iii)Copperalloys
iv)Brasses,bronzes,

cupro-nickels
Babbitt

11.1.7T4 Applications
i) Conductor,heat

exchanger,aircraft
fuselageand
structural
construction,
thrustbearing,
cartridges

Practice

11.1.7P0 SpecificObjectives
Bytheendofthesub-
moduleunit,the
traineeshouldbeable
to:
a)identifynon-

ferrousmetals
b)perform an

electrolysis
process

c) determinevarious
materialproperties

d)identifynon-
ferrousalloys

e)identifyalloying
elementsinnon-
ferrousalloys
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f) selectalloysfor
specific
applications

Content
11.1.7P0 Non-ferrousmetals

i) Aluminium
ii) Copper

11.1.7P1 Electrolysisprocess
i) Useofcopper

solvents
11.1.7P2 Propertiesof

materials
i) Hardness,heat

conductivity,
corrosion
resistance,affinity
foroxygen,
magnetism

11.1.7P3 Nonferrousalloys
i) Copperbased
ii) Brasses
iii)Bronzes
iv)Cupronickels
v) Aluminium based
vi)Castwrought
vii)Heattreatable/non

heattreatable
viii)Applications
ix)Cartridges,shell

cases,heat
exchangers,
bearings,aircraft
fuselageandseat
frames

SuggestedLearningResources
i) Copperoxide
ii) Aluminium oxide
iii)Furnace
iv)Variousnon-

ferrousmetallic
samples

v) Variousnon-
ferrousalloy
samples

vi)Sciencelaboratory
equipment

11.1.8 PLASTICS,WOOD
ANDRUBBER

Theory

11.1.8T0 SpecificObjectives
Bytheendofthesub-
moduleunit,the
traineeshouldbeable
to:
a)differentiate

thermoplastics
from
thermosetting
plastics

b)describe
propertiesof
plastics

c) classifypolymeric
materials

d)stateformsof
supply,mechanical
propertiesand
engineering
applications

e)statetypesof
polymeric
adhesives

f) explainhowjoint
designaffects
strengthofjoint

g)explainthe
structureofwood

h)explainthe
processofwood
preservation

i) describevarious
elastomers

j) statetypesof
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rubber
k) describe

propertiesof
rubber

11.1.8Competence
Thetraineeshouldhave
theabilityto:

i) Distinguish
thermoplastics/ther
mosettingplastics

ii) Explaintheeffectof
jointdesignon
strengthofjoint

iii)Distinguishdifferent
woodstructures

iv)Seasonandcure
wood

v) Applyheattestto
plastic

vi)Testplasticfor
variousproperties

vii)Identifyapplications
forplastics

viii)Identifypolymeric
adhesives

ix)Distinguishdifferent
typesofrubber

Content
11.1.8T1Thermoplasticsand

thermosettingplastics
11.1.8T2 Properties

i) Plasticity
ii) LowMelting

Temperature
iii)LightWeight
iv)Weldability
v) Strength
vi)Brittleness
vii)Durability

Toughness
viii)Corrosion

Resistance
11.1.8T3 Classification

i) P.V.C.,P.T.F.E.
ii) Thermoplastics
iii)Cellulose

derivatives,
polyethylene,
terephthylene,
nylon,poly
carbonate

iv)Thermosetting
plastics

v) Phenol–formal
dehyde,phenol,
amino
formaldelyde,
polyesters,epoxy
polyurethane

vi)Elastomers
vii)Naturalrubber,

isobutylene,
butadylene,
polysulphide,
polyurethanic

11.1.8T4 Formsofsupply
11.1.8T5 Adhesives–araldite,

epoxies,phenolic
resins

11.1.8T6 Jointdesign:butt,lap,
contactsurface,
tensionload,cleavage

11.1.8T7 Crosssectionofwood
11.1.8T8 Preservation

i) Seasoning
ii) Curing

11.1.8T9 TypesofRubber
i) Natural
ii) SBR
iii)Butyl
iv)Nitride
v) EPR
vi)Polysulphide

11.1.8T10Propertiesofrubber

Practice

11.1.8P0 SpecificObjectives
Bytheendofthesub-
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moduleunit,the
traineeshouldbeable
to:
a)distinguish

plasticsbyheat
application

b)testplasticsfor
variousproperties

c) identifyvarious
plastics
application

d)identifyvarious
polymeric
adhesives

Content
11.1.8P1 Typesofplastics

i) Thermoplastics
ii) Thermosetting

11.1.8P2 Properties
i) Weight,low

melting
temperature
strength,electrical
conductivity,
elasticity

11.1.8P3 Applications
i) Machine

operations,
bearingmaterials,
cartrims,seat
covers,tiles
handles

11.1.8P4 Adhesives
i) Araldite,epoxies,

phenolics
ii) Wood
iii)Typesofrubber

SuggestedLearningResources
i) Variousplasticmaterial
ii) Sciencelaboratory

11.1.9BEARINGMATERIALS

Theory

11.1.9T0SpecificObjectives
Bytheendofthesub-
moduleunit,thetrainee
shouldbeableto:
a)stateclassification

ofbearing
materials

b)explainbearing
properties

c)selectmaterialfor
bearingapplication

11.1.9C Competence
Thetraineeshould
havetheabilityto:
i) identifyvarious

typesofbearing
materials

ii) carryouttestsfor
bearing
properties

iii)selectbearing
materialfora
givenapplication

iv)produceaplain
bearing

Content
11.1.9T1Bearingmaterials

i)Metals
ii)Whitemetals(Tin

base,Leadbase)
iii)Copperbased
iv)Aluminium based
v)Non-metals
vi)Graphite
vii) Nylon
viii) P.T.F.E.

11.1.9T2 Bearingproperties
i) Wearresistance
ii) Shockresistance
iii)Strength
iv)Ductility
v) Corrosion
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resistance
11.1.9T3 Selectbearing
materials

i) Metals
ii) Non-metals

Practice

11.1.9P0 SpecificObjectives
Bytheendofthesub-
moduleunit,the
traineeshouldbe
ableto:
a)identifyvarious

typesofbearing
materials

b)carryouttestsfor
bearing
properties

c)selectsuitable
bearingfora
givenapplication

d)produceaplain
bearing

Content
11.1.9P1 Bearingmaterials

i) Metalbased
ii) Tinbased
iii) Leadbased
iv) Copperbased
v) Aluminium based
vi) Non-metals
vii)Graphite
viii)Nylon
ix) P.T.F.E.

11.1.9P2 Bearingproperties
i) Wearresistance
ii) Shockresistance
iii)Strength
iv)Ductility
v) Corrosion

11.1.9P3Bearingapplications
i) Endthrust
ii) Sidethrust

11.1.9P4Plainbearing
production

i) Bush
ii) Split

SuggestedLearningResources
- Variousbearing

materials
- Science

laboratory

11.1.10 CORROSIONANDITS
PREVENTION

Theory

11.1.10P0SpecificObjectives
Bytheendofthesub-
moduleunit,the
traineeshouldbe
ableto:
a)outline

mechanism of
corrosion

b)describemethods
availablefor
preventionof
corrosion

11.1.10C Competence
Thetraineeshould
havetheabilityto:
i) outlinetypesof

corrosion
ii) describemethods

ofpreventing
corrosion

iii)subjectmaterial
tocorrosive
atmosphere

iv)perform corrosion
preventive
method

v) observesafety
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Content
11.1.10T1Typesofcorrosion

Chemicalattack
- Electrolyticaction

withreferenceto
electronic
chemical–series

11.1.10 T2Corrosion
prevention

i) Electroplating
ii) Cladding
iii)Spraying
iv)Calourising
v) Sherardizing
vi)Chromizing
vii)Phosphading
viii)Painting
ix)Varnishing
x) Cathodic

protection

Practice

11.1.10P0SpecificObjectives
Bytheendofthesub-
moduleunit,the
traineeshouldbe
ableto:
a)subjectmaterials

tocorrosive
environment

b)perform corrosion
preventive
methods

c)observesafety
precautions

Content
11.1.10P1 Corrosive

conditions
Acids,salts,air

11.1.10P2 Preventive
methods
Painting,spraying,
varnishing,

electroplating,
carbonizing,
sheradisinganodizing

11.1.10P3 Safety
Personal,equipment

SuggestedLearningResources
- Supplyofvarious

corrosivemedia
- Supplyofvarious

material
- Sciencelab

11.1.11HEATTREATMENT

Theory

11.1.11T0SpecificObjectives
Bytheendofthesub-
moduleunit,the
traineeshouldbe
ableto:
a)describevarious

heattreatment
processes

b)stateadvantages
andlimitationsof
heattreatment
processes

c) selectheat
treatment
processfora
giventask

11.1.11C Competence
Thetraineeshould
havetheabilityto:
i) describevarious

heattreatment
processes
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ii) stateadvantages
andlimitationsof
heattreatment
processes

iii)observesafety
iv)identifyvarious

carbonaceous
material

v) identifyand
selectheat
treatment
process

Content
11.1.11T1Heattreatment
process

i) Annealing
ii) Tempering
iii)Normalizing
iv)Hardening
v) Surface

hardening
processes

vi)Casehardening
vii)Carburizing
viii)Refiningthecase
ix)Nitriding
x) Flamehardening
xi)Induction

hardening
xii)Advantagesand

limitationsofheat
treatment

xiii)Wearresistant
xiv)Toughness
xv)Processselection

11.1.11T2Advantagesand
limitations

11.1.11T3Treatmentprocesses

Practice

11.1.11P0SpecificObjectives
Bytheendofthesub-
moduleunit,the

traineeshouldbe
ableto:
a)identifyvarious

carbonaceous
material

b)identifyand
selectheat
treatment
process

c)perform heat
treatment
process

d)practicesafety
whenperforming
heattreatment

Content
11.1.11P1HeatTreatment
Process

i) Annealing
ii) Normalizing
iii)Tempering
iv)Hardening
v) Surface

hardening
11.1.11P2Carbonaceous
material

i) Solids
ii) Liquid
iii)Gas

11.1.11P3Surfacehardening
processes
i) Casehardening
ii) Carbonnitriding
iii)Flamehardening
iv)Induction

hardening
11.1.11P4Safetyprecautions

SuggestedLearningResources
- Heattreatmentfurnaces
- Saltbathfurnace
- Carburizingmaterial
- Safetymasks/gear
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