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METALURGI FISIKMETALURGI FISIK

Heat TreatmentHeat Treatment
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DefinisiDefinisi PerlakuanPerlakuan PanasPanas

Perlakuan panas adalah : Perlakuan panas adalah : 
Proses pemanasan dan Proses pemanasan dan 
pendinginan material yang pendinginan material yang 
terkontrol dengan maksud terkontrol dengan maksud 
merubah sifat mekanik merubah sifat mekanik 
sesuai dengan tujuan sesuai dengan tujuan 
tertentu.tertentu.
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TradisionalTradisional ProcessProcess
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Batch ProcessBatch Process
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Modern FurnaceModern Furnace
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Continuous ProcessContinuous Process
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JenisJenis--jenisjenis ProsesProses
PerlakuanPerlakuan PanasPanas & & PermukaanPermukaan

•• TergantungTergantung padapada ::
* * TemperaturTemperatur & lama & lama PemanasanPemanasan
* Media * Media PendinginPendingin
* * MetodeMetode & & KecepatanKecepatan PendinginanPendinginan

•• KlasifikasiKlasifikasi menurutmenurut prosesproses ::
* * ProsesProses TermalTermal
* * ProsesProses ThermoThermo--KimiaKimia
* * ProsesProses ThermoThermo--MekanikMekanik
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ProsesProses TermalTermal

•• AnilAnil
•• NormalisasiNormalisasi
•• PengerasanPengerasan
•• TemperTemper
•• HomogenisasiHomogenisasi
•• RekristalisasiRekristalisasi
•• Stress RelieveStress Relieve
•• SphereodisasiSphereodisasi
•• Aging, Aging, dlsbdlsb..
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ProsesProses ThermoThermo--KimiaKimia

•• KarburisasiKarburisasi
•• NitridasiNitridasi
•• KarbonitridasiKarbonitridasi
•• DekarburisasiDekarburisasi
•• Flame HardeningFlame Hardening
•• Induction HardeningInduction Hardening
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ProsesProses ThermoThermo--MekanikMekanik

•• ThermoThermo--MekanikMekanik--
Treatment (TMT) Treatment (TMT) 
TemperaturTemperatur TinggiTinggi

•• TMT TMT TemperaturTemperatur
InterkritisInterkritis

•• TMT TMT TemperaturTemperatur
RendahRendah
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ProsesProses AnilAnil

•• PemanasanPemanasan logamlogam hinggahingga temperaturtemperatur tertentutertentu
((tergantungtergantung jenisjenis logamlogam) ) disusuldisusul dengandengan
pendinginanpendinginan lambatlambat ((dalamdalam dapurdapur pemanaspemanas) ) 
sampaisampai temperaturtemperatur kamarkamar

•• KlasifikasiKlasifikasi anilanil menurutmenurut temperaturtemperatur ::
* Anil * Anil PenuhPenuh (Full (Full AnealingAnealing))
* Anil Sub* Anil Sub--KritisKritis ((tidaktidak terjaditerjadi perubahanperubahan fasafasa,,

contohcontoh: Anil : Anil RekristalisasiRekristalisasi, Stress Relieving), Stress Relieving)
* Anil Inter* Anil Inter--KritisKritis ((SperoidisasiSperoidisasi))
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ANNEALINGANNEALING

•• Heating the steel above upper critical Heating the steel above upper critical 
temperature and then cool in furnace (very slow temperature and then cool in furnace (very slow 
cooling, cooling rate 10 cooling, cooling rate 10 ooCC / hour). / hour). 

•• Annealing reduces the hardness and improve Annealing reduces the hardness and improve 
ductility. ductility. 

•• Structure after annealing is coarse Structure after annealing is coarse pearlitepearlite..
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TujuanTujuan Anil :Anil :

•• MelunakkanMelunakkan
•• MemperbaikiMemperbaiki machinabilitymachinability
•• MemperbaikiMemperbaiki sifatsifat mekanikmekanik, , listriklistrik & & 

magnetmagnet
•• MeningkatkanMeningkatkan stabilitasstabilitas dimensidimensi
•• MempermudahMempermudah pengerjaanpengerjaan dingindingin
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STRESS RELIEVINGSTRESS RELIEVING

•• After Rough MachiningAfter Rough Machining
•• Y. S. low so unable to resists stressesY. S. low so unable to resists stresses
•• Stress Relieved, lower distortionStress Relieved, lower distortion
•• Right SequenceRight Sequence

–– Rough MachiningRough Machining
–– Stress RelievingStress Relieving
–– Finish MachiningFinish Machining
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PerubahanPerubahan FasaFasa AkibatAkibat PemanasanPemanasan Baja Baja 
HypoeutectoidHypoeutectoid
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PerubahanPerubahan FasaFasa AkibatAkibat PendinginanPendinginan LambatLambat
Baja HypereutectoidBaja Hypereutectoid
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NormalisasiNormalisasi

•• DipanaskanDipanaskan padapada suhusuhu normalisasinormalisasi, , diberidiberi
holding time, holding time, kemudiankemudian didinginkandidinginkan didi udaraudara..

•• MembuatMembuat bajabaja menjadimenjadi lebihlebih kuatkuat daridari anilanil
penuhpenuh, , karenakarena butirbutir menjadimenjadi halushalus dandan
seragamseragam

•• NormalisasiNormalisasi untukuntuk CoranCoran disebutdisebut
HomogenisasiHomogenisasi, , dengandengan tujuantujuan menghaluskanmenghaluskan
strukturstruktur dendritdendrit yang yang adaada padapada produkproduk corcor
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NORMALIZINGNORMALIZING

•• Heating the steel above upper critical Heating the steel above upper critical 
temperature and then cool in air (cooling temperature and then cool in air (cooling 
rate 100 rate 100 ooCC / hour).  / hour).  

•• Structure after normalizing is fine Structure after normalizing is fine pearlitepearlite..
•• Hardness more than the Hardness more than the AnealedAnealed steel. steel. 
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NormalizingNormalizing
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Prose Prose PengerasanPengerasan

•• DipanaskanDipanaskan sampaisampai temperaturtemperatur austenitaustenit, , 
lalulalu didinginkandidinginkan dengandengan cepatcepat keke media media 
pendinginpendingin (air, (air, minyakminyak, , larutanlarutan garamgaram))

•• Lama Lama pemanasanpemanasan tergantungtergantung ukuranukuran
sampelsampel sehinggasehingga dapatdapat melarutkanmelarutkan seluruhseluruh
karbidakarbida

•• PerubahanPerubahan fasafasa terjaditerjadi daridari austenitaustenit
menjadimenjadi martensitmartensit + + austenitaustenit sisasisa
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QUENCHINGQUENCHING

•• Heating the steel above upper critical Heating the steel above upper critical 
temperature and then cool in water or in oil temperature and then cool in water or in oil 
(very fast cooling). (very fast cooling). 

•• After quenching, steel is very hard and After quenching, steel is very hard and 
brittle and practically no use.  brittle and practically no use.  

•• Structure after quenching is fine Structure after quenching is fine martensitemartensite
which is complex, hard and brittle structure. which is complex, hard and brittle structure. 
..
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QUENCHING MEDIAQUENCHING MEDIA

•• OilOil
•• Salt BathSalt Bath
•• AirAir
•• Cooling rate depending on Cooling rate depending on HardenabilityHardenability
•• Avoid Avoid BainiteBainite FormationFormation
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THEORYTHEORY

•• Ferrite Ferrite ---- AusteniteAustenite
•• Lattice parameters changeLattice parameters change
•• Carbon & alloy elements occupy lattice Carbon & alloy elements occupy lattice 

pointspoints
•• Austenite Austenite ---- MartensiteMartensite
•• No time for C to repositionNo time for C to reposition
•• High High microstressmicrostress ---- high hardnesshigh hardness
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RETAINED AUSTENITERETAINED AUSTENITE

•• Incomplete Austenite Incomplete Austenite ---- MartensiteMartensite
TransformationTransformation

•• Increase withIncrease with
–– Increased Alloy contentIncreased Alloy content
–– Higher Hardening TemperatureHigher Hardening Temperature
–– Longer Soaking TimesLonger Soaking Times
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SUMMARYSUMMARY
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ProsesProses TemperTemper
•• BiasanyaBiasanya merupakanmerupakan kelanjutankelanjutan daridari prosesproses pengerasanpengerasan

((adaada tegangantegangan sisasisa))
•• ProdukProduk hasilhasil pengerasanpengerasan dipanaskandipanaskan padapada suhusuhu temper temper 

((didi bawahbawah suhusuhu A3) A3) kemudiankemudian didinginkandidinginkan didi udaraudara
bebasbebas

•• VariabelVariabel temper (temper (temperaturtemperatur, , waktuwaktu, , dandan lajulaju
pendinginanpendinginan) ) akanakan mempengaruhimempengaruhi besarbesar turunnyaturunnya
kekerasankekerasan, , tetapitetapi dibarengidibarengi dengandengan meningkatnyameningkatnya sifatsifat
uletulet dandan tangguhtangguh sejalansejalan dengandengan hilangnyahilangnya tegangantegangan
sisasisa

•• FasaFasa berubahberubah daridari martensitmartensit menjadimenjadi martensitmartensit-- tempertemper
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TEMPERINGTEMPERING

•• Reheat the quenched steel up to Reheat the quenched steel up to 
intermediate temperature (below lower intermediate temperature (below lower 
critical temperature) and then cool. critical temperature) and then cool. 

•• The structure is called tempered The structure is called tempered 
martensitemartensite. . 

•• After tempering, steel become tough and After tempering, steel become tough and 
looses some hardness. It become use able looses some hardness. It become use able 
now. now. 
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TEMPERINGTEMPERING

•• Reheating to relieve inherent stressesReheating to relieve inherent stresses
•• Prevent CrackingPrevent Cracking
•• Transform Retained Austenite Transform Retained Austenite ---- MartensiteMartensite
•• Immediately after hardeningImmediately after hardening
•• Microstructure consists ofMicrostructure consists of

–– Tempered Tempered MartensiteMartensite / / MartensiteMartensite
–– Carbides / Retained AusteniteCarbides / Retained Austenite

•• Tempering Dependent on Tool SteelTempering Dependent on Tool Steel
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ProsesProses AustemperAustemper
•• MerupakanMerupakan penyempurnaanpenyempurnaan daridari gabungangabungan prosesproses

pengerasanpengerasan dandan tempertemper
•• ProdukProduk dipanaskandipanaskan padapada suhusuhu austenitaustenit

kemudiankemudian dicelupdicelup cepatcepat dalamdalam bath media bath media 
garamgaram caircair dgndgn temperaturtemperatur konstankonstan (200 (200 ––
40040000C) C) sampaisampai transformasitransformasi bainitbainit selesaiselesai, , 
kemudiankemudian dikeluarkandikeluarkan dandan didinginkandidinginkan didi udaraudara
terbukaterbuka..

•• ProsesProses iniini akanakan meningkatkanmeningkatkan ketangguhanketangguhan, , dandan
distorsidistorsi dimensidimensi berkurangberkurang, , dengandengan waktuwaktu
prosesproses yang yang lebihlebih singkatsingkat..

•• FasaFasa berubahberubah daridari austenitaustenit menjadimenjadi bainitbainit


