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HEAT TREATMENT
Definition:

Heut Treatment is delined as an operation or a combmation of operalions which

mvolves heatng and cooling o a melal or alloy 1n sehid state o oblain desirable properiics.
2.1 PULRPOSES (OR) OBJECTIVES OF HEAT TREATMENT:

1'o harden and strengthen metals.

T'o relieve internal stresses.

To improve machinability.

To improve ductilily and wughness.

To erease wear and corrosion resistance of meials.

To improve clecirical and magnctic propcrtics,

To reline gram size.

2.2 180 = TIHHERMAL TRANSFORMATION DIAGRAM :

150 - thermal transformation diagram is otherwise known as s-curve | Bain’s curve or

T.T.T. (Tim¢ — Tamperature- Transformation) diagram.

Izsothermal transformation diagram shows the relation between temperature and time
for the transformation of decomposition of austenite when the transformation occurs

al constanl lemperature,

I Iren  lron carbide cquiibrium diagram austenilc 13 a meta stable phasce whicl s

existing above 727 c.

It has been observed through iron-iron carbide cquilibrium diagram that anstenite

des not exist at room [t‘.l'l'lpﬂ't"rl'lll.'l'ﬂ.

It gets transformed into different phase based on the cooling rate.

40



Steps to construet isothermal transformation diagram ;
Step 1 -

Prepare a large number of relatively small specimens cul from Lhe same bar,
Slep 2 -

Place the specimens in a mollen salt bath just above the austenie icmperature, The
specimens are held at (us lemperature Lor a long concugh lime 1o become completcly

auslenile,
Slep 3:

Place the specimens i1 a furnace or molten salt bath wlich 1s held at desired reaciion

lemperaiure, al 350"
step 4 -

Afer a miven specimen is Allowed o reacl isothermally for a certain Lime, 1015 cooled

{guenched) in cold water.
Slep & -

After cooling the specimens are checked tor hardness and the micrescopic

examination is carried out.
Step 6

The abowve sweps are repeated at dillerent sub enitical wemperatures until sullicient

poinls arc oblained o plol the curve, The Scnes of reaction curves [omm the T T.T curve.
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Fig 2.1 Isothermal transformation diagram

231..T DIAGRAM (TIME -TEMPERATURE -TRANSFORMATION):

Auslenile translommatiom under nom equihibniom condivon s 4 TTT dhagram. Ths
diagram ndicates the tme necessary [or ranslormnalion o lake place and the strucure tal 1s
produced when avstenite is cooled to any predetermined transtormartion teimperamiee, TTT
diagram [or euectold sweel composiion, Temperature 723% cutectoid steel comsists entirely

of stable austenite. Al high temperature, the reaction products form with increasing Lime at
cimstant temperature
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Fig 2.2 T'T'T Diagram for cutectoid steel
2.4 COOLING CURVES:

Cooling curve a shows a very slow cooling rate and this corresponds to annealing.
The transformalion produclt al that lomperalure 13 coarse poarhie. Cooling curve B s
isothermal annealing the process is carried out by cooling the material above Al line and
heolding at il lemperature 1o produce complelc (ranslormation. The ransfonmation product
15 medium pearlite. This cooling curve [ 15 of an intennediate cooling rate and austenite will
start to transform to fine pearlite from point ling is ¢rossed, the remaining avstenite will
tramslonm o martensile, Cooling curve the (inal miero siTuciure al room emperature will be
martensite of high hardness. Cooling cure I is a slower than the critical cooling rate will
produce soller ranaformation product like pearlite. Any cooling rate which 1s [asier than the

eritical cooling rate will produce harder transformation product like martensite. Cooling

curve is possible lo lorm pearliic or Martensitc by slow cooling.
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Fig 2.3 cooling curves
2.4.1 CCR (CRITICAL COOLING RATE) :

The minimum cooling rate at will avoeid the [ormation ol any ol the solier producis of
translormation @ known as critical cooling rate. This is delermined by chemical composition

ated austenile grain sizc. 1 is an properly of a stecl,
2.5 HARDENABILITY :

T'he term hardenability refers to the ease with which hardness may he attained. That is the
ease with which a steel will transferm to hardened structure on quenching is called
hardenability, The hardenalility ol a stecl 18 deline as that property which detcrmines the

depth and distmbution o hardness mduced by quenching lvom the austemtic condion.

Factors affecting hardenahility:;

The composition of the steel



The austenitic prain size.
The structure of the steel belure quenching

I'he quenching medium and the method of quenching

Determining hardenability (jominy end quench test):

'I'he most widely adopted method of determining hardenbility is the jominy end
—quench test method. The Jominy end-quench test method is universally adopted
becatse:

It is relatively casy Lo perlonn.
It is excellent reproducibility.

It gives information useful to a designer as well as manufacturer.
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Fig 2.4 Jominy end -quench apparatus

Tesling procedure:
In this test. specimen dimensions and test conditions are standard.

Specimen 15 of eylindrical shape of diameter 25 4mm (Tinch) length of

approximately 10R2mnu(4 inch), It has a machined shoulder at one of its ¢nd.

Standard specimen is austenitized at a constant temperature for a tixed amount of

lime & gquickly ranslerred w quenching g [xture,

Water is allowed to flow from the bottom end though a pipe of internal dia 12.7mm

[ur aboul 20 minules.
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The distance between the bottom end of the specimen pipe is maintained as 12,7
mm.{1/2 inch)
The pressure ol water ot 15 adjusied suclh thal the ree height ol waler jet 18 64
(2.5 inch).
At this pressure water forms a complete umbrella over the bottom surface of the
Specimall,
Temperature of water is required to maintain in between 21 to 27°C,
Cooling rate of the specimen vanes from bottom which 1s subjected to water
quenching to the lop end 1s awr cooled.
The bottom end is subjected to full hardening when the top end undergoes
nonnalizing cvele.
Thus the specimen 14 subjected W all possible rates of cosling throughoul 1ts length.

This cooling rate 15 independent ol the compaosites of the specimen.

— e

e ol

ad & B % B R " F B

Hesdness

Fig 2.5 Distance [rom Quench End

2.6 TYPES OF HEAT TREATMENT PROCESSES :
Ammealing processes.
Full annealing
Stress  Reliel anncaling
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Rcervstallisation anncaling
Spheroidisc anncaling
Dittusion anncaling
Narmalising
Mardening
Tempering
Auslempering
Marlcmpering
Case hardening
Carburising
Nitriding,
Cyaniding
carbon nitriding
Iame hardening
Induction hardening

2.0.LANNEALING :

It involves heating to a predetermined temperature, holding at that temperature and

then cooling at a very slow rate.
Annealing is classified as
Full anmealing
Slress reliel anmealmy
Recrystalhsation annealing

Spherndising anneahng
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Fig 2.6 Annculing

i} Full Anncaling :

It imaplics anncaling a ferrous alloy by austendiic and then cooling slowly theough the
transformation range, The temperature for hypo eutectoid steels is usually between 723%
and 910%. The temperature for hyper eutectoid steels is usually between 723" and
1130%.

It invalves heating steel to proper annealing temperature m the austenitic zone.Cooling
very slowly the steel object through the tramsfinmation vange m the [umance vll the
objeel acquires a low emperalure, Slow cooling with full anncaling cnables the auslenile
1o decomposc al low deorces ol super cooling so as lo lorm degrees of super cooling so as
to form

Pearlite + Ferrite structure in hypo cutectoid steels,

Pearlile + cemelile siructure in hyper eutectond steels,

It improves purpase of this treatment is refines arains, Removes straing, lmproved mach

mahility | improves fommabiily and improves elecineal and magmelic properties.
ii) Stress relief Annealing :
It relieves stresses produced by casting, quenching machining, cold working, welding ete.
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It applies equally well to ferrous and non — ferrous metals.

Thermal stress relieving requires heating relaxation of the elastic stress is brought about

by plastic delormation corresponding Lo the clastie sirai.

Stress relieving annealing , steel is healed o a lemperature belween 500 and 550%, is the

melting paint of the cast matal or alloy.
iii} Recrvstallisation Annealing ;
Cold working ol stccls mercases e hardness and sirength butl deercascs the ductility.

Il 18 carricd oul by heating the gieel 1o g lemperature below the crilical emperaiure 600

T00°C and slow covling,

The recrystallisabon annealing lemperature 15 nol Oxed. T depends on the chemmcal

composition, amount of deformation, holding time and the initial grain size.

Thiz treatment 13 vsed o sheet and wire industrics.

It is to reduce the distortions of the crystal lattice produced by cold working
iv) Spheroidising Annealing :

It is to improve the machinahility of high carbon steels.

Heating the steel to a temperature above the eritical point and holding at that temperature

followed by slow cooling (25 to 30" ¢ per howr ) to 600"c with the furnace.
Cementile alTects Lhe properties of the malenials,
Prevents cracking of steel dunmg cold firming operatons.

Betier sirength and ductidily can be obtained.
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Fig 1.7 Spheroidising annealing
2.6.2 NORMALISING :

The purpese of normalizing is to refine the grain stucture, obtain a homogzenons

struelure, decrease the residual siress and improve the machmablily.

Steel 15 healed w aboul 40 S0% above the upper eritical temperature A3 held al that
temperature for a sufficient period of time and then cooled m still air te room

lemperature,

In this process, Lthe homogeneily ol austemic inercases sinee the emperature mvolved 13

mare than that for annealing,

It results in better dispersions of ferrite and cementite in the final strucmire,

The grain size 1s liner in the pormalized sirocture than m the annealed one. This results m

a slightly higher strength and hardness but lower ductility than full annealing.

Rolled and foracd stecls posscssing coarse grains arc subjected to normalizing treatiment

for vrain refinement.
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Fig 2.8 Normalising

2.6.3 HARDENING :

I iz a heai weatment process which impact high hardness (o sieel 1o improve 11s

mechanical strength and to retain its ductilivy.

Hardening reatmient comsists ol heating the steel do hardemng temperature, holding ac that

lemperalure [or a parbicular tme followed by rabid cooling m waler . o1l solution.

Hypo cuteeloid steels are heated w about 30- 30% above the upper ertical wiperature

{A3),

Iyper cutectoid stecls are heated to about 30-50"¢ abowve the lower eritical temperature
(A1),

Rapid cooling means the cooling rate is just in exccss ot the critical cooling rate.
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By hardening slec] components Tike, gears, shalls and bearings.
The wear resislance and cutling ablily ol stee] are mercased.
Factors Atffecting [lardening process.
1.Hardening temperahire
2. Holding time
3. Quenching medium
4. Coolmg rale
5. 810 and shape ol sicel parts

6. Surface condition.
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Fig 2.9 Hardening process
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2,04 TEMPERING:

It is a heat trearment followed after hardening and involves heating the hardened steel o
some temperature below the lower eritical temperature (A1) soaking at this temperature

for sutticicnt time followed by slow cooling 1n air.

To religve the residual stresses and improve ductility and touzhness of the hardened steel.
The loss of hardness and wear resistance.

The process consists of heating the steel below the lower critical temperature 1530%¢-630%

followed by cooling in air or at any other desired cooling rate,

As marten site is a super saturated solid solution, if energy is supplied by tempering, it
decomposes to a two phase micro structure consisting of BCC alpha ferrite and small

particles ol carbide.

Depending on the rape of temperature. tempering is ¢lassiticd into following tvpes.

Low temperature tempering :

Temperature is heated about 200°¢
o Marten sile . — low carbon Marlensile + carlnde {Feza)

Reduces the brivleness ol steel and mcreases the loughness.
{ii) Medium temperature tempering :

Temmperature is heated aboul 200 400%.

Low carbon martensite — Fernte — carbide — cemenble (Fe:C)

Austenite gets transformed 1o baintic,

This structure is called frostbite

Increase of doctility and toughness.

Decrease in hardness and strength.

53



High temperature iempering :

Temperatuee is heated about 400 — 6350,

Clementite abtained.

Structure 1= known as sorhite,

This treated steel has hetter tensile yield and impact strength and is free from internal

slrosscs,

Thas strueture 15 very solt and lough.
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Fig 2.10 Tempering

2.6.5 AUSTEMPERING:
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Fig 2.11 Auslemperinz
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It is a heat treatment process which is used to obtain a bainite structure,
Heating the steel 1o proper austenitising lemperalure.

(uenching in a salt bath having temperature from 230" to 300",

Held at tlus temperature T'or a long tune as 15 needed Tor the trans formation o qustenite.,

Since the quenching bath temperature is higher than the Ms temperature . the anstenite is
translormasd i o bamite.

I has high hardness and ductility,

Fesidual 15 stress in the metal are reduced .
There i1s less of hardening eracks and wastage.
The size is restricted to him sections,

Very thick sections cannot he heat treated hy this method.

In this methad is liong hours are needed for the isothermal transformation of austenite to
bainitc,

2.6.6 MARTEMPERING:
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Fig 2.12 Martempering
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It have less tendency to crack, distort and develop residual stresses during heat treatment.,
Steel s heated 1o above the critical tange w completely become Austenile.

Temperature at 180 — 250% maintained above M3

Quenching m a liguid mediwm.

Coolmg m air o room lemperalur.

Lareg scciions canmol be heal emperaiure by mar wempering because e lme required w

obtain uniform temperature

Thiz process is more suitable for high carbon steels and allow stecls,

2.6.7 CASE HARDENING : (SURFACE HARDENING )

Hurdening by diffusion ol hardening elements {carbon, Nitrogen) m (o the surface of 4

non- hardenable steal.

These elements alter the composition of the surface by torming compounds {carbides.
Milrides ) whach are mherently hard. Thas produces a potenually hard surface skin.
The various procosscs arc |

Carburising
Mitriding
Carbon mitriding
Cyaniding

2.6.7.1 CARBURISING :

It iz a method ol carbon inle the surlace laver of low carbon stecls in order (o produce a

hard surface.
The depth of surface 15 0.5 to 2mm,

I'emperature range from 900- 930"c.
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Method of carburizing :
Pack carburizing (Solid)
Liguid carhurizing

Cias Carburising

i) Pack carburizing (or) Solid carburizing :

Pack carburizing 1s otherwise known as solid carburizine the machined componenis of

low carbon sweel whach are o be heal reated are packed with 70% charcoal and 30%

barium carbonale.

The componcnts are packed m a stecl box, The boxces are then place 1o a furnace and

heated to a temperature of 900- 9507 for 6 to & hours.

Heat to carburizing temperature
{above the trans/ormation temporaturs)

l i’ !: é t if_

v -iﬁ'

—

:{{:‘. &

1.

Fig 2.13 Pack carburizing

Cover

Asbestos gasket with
controlleg venting

Sealed stonl
container

Activated
charcoal

Aler heuting, the bux is cooled Lo the room Lemperature alonyg with the cormponenls.

The following reactions takes place in this process.

BaCod — Bao — Coz (Formation of carbon monoxide)
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Co: + O = Zeo (Dissoctation of Co2)

200+ 3Fe» Fesl! += Coz (Ennchment ol sleel)
Advantages :

This melhod s more elficient.

Il is the cheapest methaod.

Il 1= suitable for large parls.
Disadvantages :

Il 18 not suiable [or thin cases.

Il docs not provide close conlrol on wlerances,

Time is required.

Ceas earburizing:

The components are heated to a temperature of about 900°: for 3-4 hours and steel is

heated in contact with hydro carbons like methane, ethane with camier gases like N2, Hz

and Co.

The following resctions tukes place
g+ Ca+ [— Feall + 1120
e+ 2ZCo—lig:C + COn

Advantages !

It ig suitable for mass production,

Less time is required for the operation.
Closc control on tolerance can be obiained.
Floor size are less.

Labour cost 1% also less,
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Disadvantage :

Highlv skilled labours are requiced.

Liquid carburizing

It is carried out in maolten baths. containing 20 to 50'% sodium cvanide. 4% sodium

carbonate and varving amounts ol sodium or barium chloride.

The mixture iz melted and the bath 815%¢ and 900"c. The camponents are in molten bath

for a penod of 3 nunutes to 1 hour.
The Following reactions arc
Baclz | 2MacN— BaiC!M2 | 2Nacl
Ba ((CN)2 + Fe — Fec + Ba (CN)2
Advantages :

Umifinm heal transfer

Less thine is required.

Rapid rate of penetration.

Unilorm case depth and carbon contenl.

Low dhsloriion.
Disadvantages :

Coamde salls are lnghly posonous.

Parts should be thorough washing after treatment to prevent rusting.
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2.0.7.2 NITRIDING:

Q iy
1 T Aeices
Bubbes
Acrvaracaves
MM, Work
. )
Fusrate ——%-
Fig 2.14 Nitriding

It is process ol the surlace of sleel wilth nitrogen. Armnonia mag (NH3) on the surlace of

steel at termperature ranging trom 480% to 650%.

The components should hardened emperature and undereo the complete scquenee of

machining operations, including grinding,

The componenis are placed in lumace which 1y then [lled with ammonia solution. Then the

lemperature is raised from 480 to 650% and from 0.2 to 0.4 mm deep.

Niteiding iz usnally applicd to medium carbon steels and alloy steels containing Al, Ch, Mo,
Advantlages !

Iligh surtace hardness,

Increases the wear resistances of steel.
Corrosion resislant.

Ciood Fatigue resistance.

No machining is required,

™o guenching 15 oblwmed.

Hardening defects are avoided.
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Disadvanlages :

It requines more time.

Cost of ammonia is high.
Long cyele me,

Techmical control 1 required.

It 15 hard and hrittle,
2.6.7.3 CYANIDING

It is process m which both carbon and nitrogen are added to the swface laver of steel. Hx
depth ranges trom 0.1 to 0.2min.

The components are immersed in a lquid bath of 30% NaCN, 40% NaxCos and 30% Nacl
at 800 to 830"¢. Then a measured amount of air is passed through the meolten bath, The
mixture 13 then held al this temperalure [or a period of 30 minues 1o 3 hours,

Then the cyanide compounds decomposes and easily release the carbon and nitrogen

alomms.
1 Test bar
Cover
.".
. i Fire clay
T
R & Steel box
a Componenl
: e N
e ® kS Power
ot o carburiser
=
g : o
24 o N Rammed
-2 e e powder
- - - -, -
AT AR AR R

Fig 2,15 Cyaniding
ANach 1 Cos —Na Cos Co | 2N

AFe + 2eo — Feol + Cin



Fo+™ »Fe X
Advantages :
This process mereases the surlaee hardness.
This also mercases wear Tesislance and Gaugue ol
Applications :
It iz suitable tor small pacts such ag scars, pistons, pins simnall shatis cte.

2.60.7.4 CARBON NITRIDING:

The Surfaces are enriched with carbon and mtrogen using ligmd baths where as in carbon
nitriding,
Carbon mitnding 1s camed oul by heating the components in the iemperalure range [Tom

850" to 930% in a gas mixture, consisting of natural gas and animonia,

Neutral Gas \ Carburizing Uas\‘ﬂwh jNeutral Gas
e T P r‘j

Quench #
i:

Preheat Carbonitriding Zone )

| Cﬂ?wr 'n_ A A_n__elg;nmjﬁ

ﬁrw.:rm 7 ._I.;-'-"-'-:.—‘t-u_ —

Fig 2.16 Carbon Nitriding
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The gas mixture consisis ol a carburizing gas which 1s a mixture of methanc (5%)

ammania (15%) and remaining nearral gas,
The phases present in gteel at this temperature arg ferrite and austenite,

Iitrogen in the surface laver of steel incrcases harden ability and permits bardening

by o1l quench.

The hardness obtained in steel is RUEOS. The case depth obtained in nearky 0.53mmn1.
Advantages

Low hcal trealing lemperalures arc required.

Less quench 1s needad.

Reduced the distortion.

Betrer wear resistance and surface harden ability.
Applications :

It 15 used bolts | nuts, gears ete.

SELECTIVE HARDENING :

Hardening by phase lransomuabon throagh rapid heating and cooling of the surlace
of a harden able steel ix called selective hardening. This method do not alter the

composition of the steel,
The Processes are :
Flame hardening

Induction hardening
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2.6.8 FLAME HARDENING :

DIRECTION OF
TORCH MOVEMENT

Fig 2.17 Flame Hardening

Flame hardening is the process of seleetive hardening with a combustible gas Hame as

the source of heat for anstenitizing.

IFlame hardening can be performed only on steels with a sutficiently high carbon

contenl-atleast 0.4% C (o allow hardening).

Principle of flame hardening:

The surfiace to be hardened 15 heated 1o a temperature above 1ty upper entical
temperanire, by means of a travelling oxyv-acctvlenc torch.

Then il i immediately quenched by a jel of walcr issuing [kom a supply buill into (he
toreh-assembly. Thus the surface hardeming resulls when Lhe austenitized surlace 1s

quenched by the water spray that follows the flame.
Suitability:

The flame hardening technigue is switable for the plain carbon steels with carbon

contenls ranging lromm 0,.40% o 0.95% and low alloy siccls.
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Advantages:

The process ia more ctficicnt and very ceonomical for laroor works.

As heating rate 1s high the swrface of work remains clean,

Disadvantages:

very thin scclions may pel distoried cxeessively.

overheating may cause cracks.

2.6.9 INDUCTION HARDENING:

ORIFICES FOR PRESSURE SPRAYING
OF HEATED SURFACE

il
e
T
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o
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BY HYSTERESIS snd EDDY CURRENTS

Fig 2.18 Induction Hardening

PART TO BE LOCALLY
SURFACE HARDENED

The healing in this process 3s done with in a thin layver of metal surface by

high frequeney indvueed currcnts.

A high frequency current 15 passed through the primary coil. Thas generate altemate

magnetic field. This magnetic field induces eddy currents of the same fiequency in

the surtace layer which heat the surtace of the componcnts,

Within a short poriod of 2 to 5 minutes the temperature of surtace laver comes

to above the upper critical temperature of the steel.
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The compencnt iz quenched by water spray nsually withour removing the inductor
conl, Due wo fust healing and ne holding tme, Austenmite 15 ranslommed m w0 Gne
grained Martensite.

Induction hardening is cormmonly lollowed by low temperalure lempenng al 160" 1o

2007 . Steels with carban between 0.4 to 0.5%,

Advanlaoes :
Fast heating.
Mo holding time,
Increase the production rates,
l.ow alloy steels are also surface hardened.
Easy control the depth ol hardening.

Disadvantages :
Hiph eqjuipment cosl.
Irregular shapes cannot be used.
High Maintcnanee cost.
Application :
Cylinder liners, maching tool ways, pump shafts.

2.6.10 VACUUM AND PLASMA HARDENING:

2.6.10.1 VACUUM HARDENING.

During vacuum hardeming, material 1s healed in the absenee of oxyeen by convection n
the medinm of inert pas (MNa) and £ or heat radiation i the vnderpressure, Steel is hardened with a
stream o mlrogen, whereby coolmg rate can be determined by selecling lhe excess pressure.
NDepending on the workpiece shape it is possible also to choose the direction and time of nitrogen
blowing. Opumization of e and steel wemperature control are carried out during process with

the use of pilot thermocouples which can be placed on a workpiece in the heating chamber.
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Steel that 15 heat treated in a vacuum fumace obtains the specified properties of strength and
hardicss throughout the coties cross-scction, without surtace decarburization. Austenitic grain is
hne and il complics with inlemational standards.
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(hieat) shields
Advantages:

s Modom compuler-comirolled  process  regulation  which ensures a high level ol
repeatability,

s Steel 15 not carborized or decarburnised,

+ Dimcnsional changes arc minimal,

o Optimal Limes of process,

+« [lexibiliny,

s Decorative effect (clean and bright surface).

s [Covironmentally friendly process.
Applications:

s Huot- and cold-work tool steel products,

+  Tools for plastics,

s Forging tools,

« Cuiting tools,

s [ie casting tools,

« Prcasing tools,

s Cylinders, pistons, industrial knives,

*  Hipgh-speed sieel products (dalls, mmilhmg culters, ele)

2.6.10.2 PLASMA HARDENING:

Plasma hardening is a surface methed, alse knewn as ion hardening or plow
discharge hardenme. Tnerease ceonomical, cllfective and promisimg lechnology m heal reatment,
Pring plasma nitriding. in a vacuum at a temperatre between 350 °C and 600 C, in the
proscnce ol nitropen and elecirie [eld, a plasma of aceclerated aloms develops which coellide
apainst steel surface at a very high speed. A hard compound layer of nitrides is formed, followed
by a diffusion laver and tough core.

Procedurce
- Auwstenmie struelure o martensile struclure.
. No quenching medium
- Negative terminal connects to tungsten electrode and Positive terminal connect to

work picee,
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Maintain 13mm distance between nozzle and work piece. o 30 amps current torch
plasma arc 13 produced.

After arc is moved over the entire surface of the work piece. 0 Remaove all setup
and measure the hardeners values

(UL S
SontCe

H adead S
Pont

7
L e a !-,'_- :[{ S:"hd\i'l.l
Austanite Sbuchue g Ntades

Advantages:

High surface hardness, better wear resistance, lower coctlicicnt of triction,
increased corrosion resistance,

A wide range of stecls which can be nitrided - low and highalloved steels (high
speed steel, sintered steel, cast inm, stainless steel, ordinary construction steel),
Lesz surface rongliness in comparison with pas nitriding,

Anti-comosion and decorative effect {surface oxidation),

Automated process willy controlled srowil ol the white compound layver,

High level of repeatability,

Partial nitriding 13 possible through mechanical covering or covering wilh pasic,
shorter times and lower temperatures ensuring minimal dimensional changes,
Environmentally fendly process.

Applications:

Prarts for the automotive mdustry,

Heavy-duty parts in mechanical enginsering,

Tools [orplasiics,

llot-work tools,

Cutling Loals, Die casting Loos,

Vavlous machine parts: piston rods. pistons, mandeel, connecting rods, shatts,
ULHTY,
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LUNIT — 2:HEAT TREATMENT
PART: A
1.Define heat treatment process?

Heat treatment process may be defined as an operation or combinationOf operation
involving heating and cooling of a metal/alloy in the solid state to obtain desirable
properties.

purpose of heat treatment process
To relieve internal stress.
To improve machinability.
To improve hardness of the metal surface.
To increase resistance to wear, heat and corrosion
List any two factors that affect hardenability of steels.
Composition of steal
Critical cooling rate
Presance of alloying element
Presence of complex carbides
Homogeneity of austenite

What is mar tempering?

Mar tempering, also known as mar quenching, is a interrupted cooling
procedure used for steels to minimize the stresses, distortion and cracking
of steels the may be develop during rapid guenching.

4. What is quenching?

Quenching refers accelerated cooling. The cooling can be accomplished by contact
with a quenching medium which may be a gas, liquid or solid.Mast of the times, liquid
guenching media is widely used to achieve rapid cooling.

What are the different processes of surface hardening’? [N/D15]

DIFFUSION METHOD

Carburizing

Nitriding

Cyaniding

Carbonitriding

THERMAL METHCGD

Flame hardening

Induction hardening

What is meant by recrystallisation?

Recrystallisation is a process by which distorted grains of cold-worked metal are
replaced by new, strain-free grains during heating above a specific minimum
temperature.
7. Differentiate carburizing and nitriding.
Carburizing, or carburization is a heat treatment process in which iron or steel absorbs
carbon liberated when the metal is heated in the presence of a carbon bearing material,
such as charcoal or carbon monoxide, with the intent of making the metal harder.
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Mitriding is a heat treating process that diffuses nitrogen into the surface of a metal to
create a case-hardened surface. These processes are most commonly used on low-
carbon, low-alloy stegls.
What are the types of heat treatment processes?
The important heat treatment processes are
Annealing 2. Normalizing 3.Hardening 4. Tempering 5.Aus tempering 6.Mar tempering
Case hardening
What do you mean by the term case hardening?
In many applications, it is desirable that the surfaces of the components should have
high hardness, while the core or inside should be soft the treatments given to the steel to
achieve this is called case hardening.
List any two factors that affect hardenability of steels.
Grain Size and Chemical Composition
What is austempering? [A/M'15]
Austempering is a type of interrupted guenching that forms bainite structure.
It is an isothermal heat treatment process used to reduce quenching distortion and
to make a tough and strong steel.
Differentiate Annealing and normalizing [A/M'15]

Annealing narmalising
Cooling is established in the furnace Cooling is done in still air
Provides coarse grain structure Provides fine grain structure
Temperature is lower than nommalising | Temperature is higher than annealing
temperature temperature
Process is costly Process is economical

PART: B

1. Explain the short notes on Annealing
Various heat treatment processes for steels are classified as follows
Annegaling (i) normalizing (iil) hardening (iv) tempering
Annealing :

Process of heating a metal which has a distorted to structure to sufficient high
temperature remave all distortion subsegquent cooling that microstructure metal is free
from any strain and distortion at room temperature.

Full annealing, sphercidising annealing, stress relief annealing, recrystallisation
annealing
FULL ANNEALING:
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FPurpose: it is used to improve ductility, remove internal stress, enhance magnetic and

electrical and refine grain structure properties.
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Method : 1. heatling the sleel to austenilic region
Followed by slow cooling

Steel is heated above the upper critical temp for hypo eutectoid steels.
4 Abave the lower critical temp for eutectoid

Steel is heated lower critical pearlite changes to fines austenite crystal.

As temp varied courses ferrite dissolved and disappears at upper cntical
temp. oo Subseguent furnace cooling ferrite and pearlite for hypoeutectoid steel.
o Pearlite for eutectoid steel.

5 Properties based on size of pearlite and ferrite and their relation
o Small size better distribution of ferrite and pearlite
o Rate of cooling affect the size of ferrite and pearlite grains
Slow cooling large reunded ferrite crystal formed and evenly distributed.

Higher rate of cocling small ferrite crystals is preduced with fine pearlite in the
centre.

i3

e

Application:- This treatment improves the machinahility of medium carbon
steels. Limitations:-This process is not employed for hypoeutectoid steel.
SPHEROIDISING ANMNEALING:

Purpose:lmprove machinability and ductility of high carbon steel and air hardening alloy
steals.

Various methods are available to produce spheroidising structure.

First method: Heating the steel just below lower critical temperature holding at that
temperature for a prolonged.

Second method: Heating and cocling steel alternately just above and below the lower
critical temperature,

Third method: Heating a steel to a temperature ahove the lower followed by slow cooling
to temp below lower at that temp holding critical temp for a long time.
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Structural change:
No phase change takes place.
Lamellar and free cementite coalesces into tiny spheroids due to surface tension
effect.
Final structure consists of spheroids of carbide in a matrix of ferrite.

Write short notes stress relief annealing. recrystallisation annealing
STRESS RELIEF ANNEALING:
Furpose:
Residual stresses are induced during like solidification of castings, forming |,
machining, welding, grinding and phase transformation.
o Steel with residual stress fail stress corrosion cracking under corrosion
environment.
These stresses entrance war page and dimensional instability in steels.
To eliminate or reduce steel is subjected to stress relief annealing.

Steel heated uniformly below the lower critical temp and held at sufficient period of
time followed by uniform cooling.

Magnitude of stress relieved depend on temp and helding time.
o Structural change:

o Steel is heated below lower critical temp.
= Only residual stress relieved.

o No microstructure changes.
Recrystallisation annealing:

Cold working of steel increase the hardness and decreases
ductility. o Grains are deformed and residual streszes are induced.

o Necessary to soften the material to improve ductility for further cold working.
o Annealing process is employed for this is refused to as recrystallisation.

Method:

i1



Heating the steel above recrystallisation temp holding at that temp particular time
period followed by cooling. Recrystallisation temp is not fixed it depends on
chemical composition, amount of deformation m holding time and the internal
grain size.

o Layer the degree of deformation or longer the holding time lowers the
recrystallistiaon temp.
Structural change:
After this treatment property changes by cold working are

removed. o Ductility increase hardness and strength decrease,

Structural change:
After this treatment property change by cold working are removed.
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Application: manufacturing steel wires, sheets or strips.
3. Discuss the method of constructing isothermal diagrams. {APRIL/MAY 2011}
Time-Temperature-Transformation (TTT)Curve

TTT diagram is a plaot of temperature versus the logarithm of time for a steel alloy of
definite composition. It is used to determine when transformations begin and end for an
isothermal heat treatment of a previously austenitized alloy TTT diagram indicates when
a specific transformation starts and ends and it also shows what percentage of
transformation of austenite at a particular temperature is achieved.
Time-Temperature-Transformation (TTT) Curve
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The TTT diagram for AlS| 1080 steel {0.79%C, 0.76%Mn)} austenitised at 900°C

Isothermal transformation diagrams (also known as time-temperature-transformatian

diagrams) are plots of temperature versus time (usually on a logarithmic scale).
They are generated from percentage transformation-vs logarithm of time measurements,
and are useful for understanding the transformations of an alloy steel that is cooled
iscthermally. An isothermal transformation diagram is only wvalid for one specific
composition of material, and only if the temperature is held constant during the
transformation, and strictly with rapid cooling to that temperature. Though usually used to
represent transformation kinetics for steels, they also can be used to describe the
kinetice of crystallization in ceramic or other materials. Time-temperature-precipitation
diagrams and time-temperature-embrittlement diagrams have also been used to
reprasent kinetic changes in steels.

Isothermal transformation (|T)

Ciagram or the C-curve is associated with mechanical properties, micro
constijuents/microstructures, and heat treatments in carbon steels. Diffusional
transformations likeaustenite transfarming to a cementite and ferrite mixture can

be explained using the sigmoidal curve; For example the beginning of pearlitic
transformation is represented by the pearlite start (Ps) curve. This transformation

is complete at Pr curve. Nucleation requires an incubation time. The rate of
nucleation increases and the rate of micro constituent growth decreases as the

temperature decreases from the liguidus temperature reaching a maximum at the
bay or nose of the curve. Thereafter, the decrease in diffusion rate due to low
temperature offsets the effect of increased driving farce dus to greater difference
in free energy. As a result of the transformation, the
microconstituents, Pearlite and Bainite, form; Pearlite forms at  higher
temperatures and bainite at lower.

Austenite is slightly undercooled when gquenched below Eutectoid temperature.
When given more time, stable microconstituents can form: ferrite and cementite.
Coarse peardite is produced when atoms diffuse rapidly after phases that form
pearlite nucleate. This transfarmation is complete at the pearlite finish time {Pf).

Howewver, greater undercooling by rapid gquenching results in formation of
martensite or bainite instead of pearlite. This is possible provided the cooling rate

is such that the cooling curve intersects the martensite start temperature or the

hainite start curve before intersecting the Ps curve. The martensite transformation
being a diffusionless shear transformation is represented by a straight line to
signify the martensite start temperature.
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Explain the procedure of Jominy end quench test.[A/M

2009,2011,2013)} Hardenability:
The term hardenability refers to the ease with which hardness may be

attained. That is .the ease with which a steel will transform to hardened structure on
quenching is called hardenability. The hardenability of a steel is define as that property
which determines the depth and distribution of hardness induced by guenching from the

austenitic condition.
Factors affecting hardenability:
The composition of the steel
The austenitic grain size.
The structure of the steel before quenching
The guenching medium and the method of quenching

The most widely adopted method of determining hardenbility is
the jominy end —guench test method.
The Jominy end-quench test method is universally adopted hecause:

It is relatively easy to perform

It is excellent reproducibility
It gives information useful to a designer as well as manufacturer.
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Testing procedure:
In this test, spacimean dimensions and test conditions are standard.

o Specimen is of cylindrical shape of diameter 25.4mm (| inch) length of
approximately 102mm.{4 inch}. it has a machined shoulder at one of cts end.
Standard specimen is austenitized at a constant temperature for a fixed amount of
time & quickly transferred to quenching jig fixture.

Water is allowed to flow from the bottom end though a pipe of internal dia 12.7mm

for about 20 minutes.
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The distance between the bottom end of the specimen pipe is maintained as 12.7
mm.(1/2 inch}

The pressure of water jet is adjusted such that the free height of water jet is 64mm
{2.5 inch).

At this pressure water forms a complete umbrella over the bottom surface of the
specimen.

Temp of water is reguired to maintain in between 21 to 270C.

Cooling rate of the specimen varies from bottom which is subjected to water
quenching to the top end is air cooled.

The battom end is subjected to full hardening when the top end undergoes
normalizing cycle.

Thus the specimen is subjected fo all possible rates of cooling throughout its
length.

This cooling rate i1s independent of the composites of the specimen.
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Interrupted quenching:-

Continuous rapid cooling {quenching) at room temp use to form martensite has
disadvanteage of setting up severe internal stress warping of the material and crack form
in steel less costlies to achieve desired hardness to reduces stress is an interrupted
guenching process.
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PART-C

1. Explain Case hardening
Classified as carburizing, nitriding, cyaniding, carbenitriding [N/D'15]

CARBURIZING:

Introduce carbon into surface layer of low carbon steels in order to produce a hard
surface.
Old and cheapest method

=z Depth of case 0.5 t© 2mm.

o Temp range 900-9300C.

o Solubility of carbon is more in austenite state than in ferrite state, fully austenite
state is required for carburizing.

o Achieved by heating steel above critical temp

= Diffusion of carbon is made by holding the heated steel in contact with
carbonaceous material which may be a solid a liquid or a gas.

Pack carburizing
Gas carburizing
Liguid carburizing

{(i)Pack carburizing
900-95300C for 6 to & hours
o Cooled at room temperature
o Reactions takes place in the process

Haal to carburizing lemparatura
{above the ransformation lemperatura)

Fi111 0 g

paskat with
controlled
venting

la—— Scaled steel

T
]
* o %5 . ;f;

.-;'i. o conlainar
o T B T Actvatedd
SEREE
Pack carburising
BatCos Bao + Co:z (dissociation of Coz)

Coz +C —3Co (dissociation of Coz)
2Co + 3Fe— FeaC + Coz (enrichment of steel)

Advantage:
Economic and efficient



Suitable for massive

parts Disadvantages:
= Mot suitable for thin carburized cases

o Does not provide close control or tolerance
o Increase time.
{ii¥zas carburizing:
=~ 8000C for 3 to 4 hours
o Heated in contact with hydrocarbon like methane, ethane or propane with carries
gases like N2, H2 &Co.
IFe+Co+ H— Feal +H:0

3Fe + 2Co FeiC + Coz
Advantages:
Suitahle for mass

production < Decrease Time
tor operation < Low labar cost
o Low floor size.
{iiijLiquid carburizing:
It carried out in molten baths, containing 20 to 50% sodium cyanide. 40% sodium
carbonate and varying amounts of sodium or barium chloride.
Mixture is melted with 815C and 900 C in molten bath for Smins to 1 Hr.

BaClz +2NaCn—— Bai{Cn)z + 2NaCl
Ba(Cn): +tFe — FeC + Ba{Cn})
Advantages:

Uniform heat transfer

o Decrease time
o Rapid rate of penetration

Cyanic salts are highly poisonous.
Parts should be thoroughly wasted to avoid rasting

NITRIDING:
o Process of saturating the surface of steel with nitrogen.

o Ammonia gas on the surface of steel at temp 4800C 1o 6500C.
Frocess.
o Before nitriding component s hould be hafdenend |, temperad , machining
operation like grinding.
Only finishing grinding or lapping is done after nitriding.
Nitriding is suitable for medium carbon steels |, alloy steels containg Al,Mo,Sh

o

o

cantimony.
2NH3 + 3H2—— 2N + 3H2 (dissociation of ammonia)

After nitriding cooled to 200°C in a stream of ammonia.
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Schematic of & gas nitriding system

Advantages .

Hardest cases of RC70 are
obtained. ¢ Increase surface hardness

o Increase wear resistance to steel

o Fatigue limit and comesion resistant.

o Mo guenching

o Hardening defects are avoided by nitriding.

Increase more tirme for gas
carburizing ¢ Two distinct zone

o Quter zone {white layer it should be hard and brittle)
o Inner zone ( alloy nitride precipitation
= Ammonia cost is high

Technical control is required

Aircraft engine parts such as cams, cylinder,valve stems, shafts,piston rods,
crankping & joumals,zero crankshafts.

Hardening process 9 surface of steel) is carbon and nitrogen.
Cepth is 0.1 10 0.2 mm.
Cyanide components decompose release his cyan group.
Cyan group contains carbon and nitrogen atoms, iron.
2NaCn + Cor— NazCo:z + Co + 2N
3Fe + 2Co—*  Feac + Coz
Fe+M FeN
Types of cyaniding:
Pack cyaninding
= Liguid cyaniding
o Low temperature cyaniding
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Medium temperature cyaniding
> High temperature cyaniding

Powered mixture consists of charcoal and potassium ferro
cyanide. o 540 to 560 oC (1.5 to 3hrs}

> Used to improve cutting properties of steel

Molten bath in which various cyanide compounds NacN, Ca (cN)2 are
dissolved.
Advantages .
Increase surface hardness
Increase resistance and fatique limit
Application :
o Suitable for gears, Pistons |, Pins small shafts ete.
CARBONITRIDING .
= In cyaniding the surfaces are enriched with carbon and nitregen using liquid baths.
o Carbonitriding the surfaces are enriched with carbon and nitrogen using gaseous
atmosphere.
o 8b00C — 9300C (with gas mixture natural gas and
ammonia) o Process is lower than liquid cyaniding
o Nitrogen (steel surface) increase hardenability
Fermit 0:1 quench
o Hardness steel RC 65.
o Depth 0.5mm

>

| Neutral gas Carburizing Ammonia Neufral

\ gas

|

' Preheat Carbontriding 2ane Quench By

| Coveyor —may o2 @B & & & 8

173 \\
BN

Conveyor hearth carbonitriding

2.Explain Vacuum Hardening and plasma Hardening
VACCUM HARDENING:

Wacuum hardening heat treatment is carried out vacuum furnaces and it has many
advantages.

o Mo decarburization
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No axidation and hence bright surface

Uniformity in temperature and hence low distortion.
o Temperature guided by defined thermocouple.

o Fully automation of heat treatment process.
- "] = s Fora
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PLASMA HARDENING:
It is hardening surface method
Increase economical, effective and promising technology in heat treatment.
o Austenite structure martensite structure.
» No guenching medium
o Megative terminal connect to tungsten electrode.
o Positive terminal work piece.
o> Maintain 13mm distance between nozzle and work piece.
o 30 amps current torch plasma arc is produced.
o After arc is moved over the entire surface of the work piece.
o Removwe all setup and measure the hardeners values

plesme
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