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Direct Hardening – 

 Austenitizing and quench: 
• Austenitizing – again taking a steel with .6% 

carbon or greater and heating to the austenite 
region. 

• Rapid quench to trap the carbon in the crystal 
structure – called martensite (BCT) 

• Quench requirements determined from 
isothermal transformation diagram (IT 
diagram). 

• Get “Through” Hardness!!! 

 





For this particular steel want to cool from about 1400 F to <400 F in about 1 

second! 



Quenching: 

• Depending on how fast steel must be quenched 
(from IT diagram), the heat treater will determine 
type of quenching required: 

– Water (most severe) 

– Oil 

– Molten Salt 

– Gas/ Air (least severe) 

– Many phases in between!!!  Ex: add water/polymer to 
water reduces quench time!  Adding 10% sodium 
hydroxide or salt will have twice the cooling rate! 

 



• Same requirements as austenitizing: 
– Must have sufficient carbon levels (>0.4%) 

– Heat to austenite region and quench 

• Why do? 
– When only desire a select region to be hardened:

 Knives, gears, etc. 

– Object to big to heat in furnace!  Large casting w/ wear 
surface 

• Types: 
– Flame hardening, induction hardening, laser beam 

hardening 

 Selective Hardening : 



Flame Hardening: 



Induction Hardening 



Diffusion Hardening 

• Why do? 
– Carbon content to low to through harden with previous 

processes. 
– Desire hardness only in select area 
– More controlled versus flame hardening and induction 

hardening. 
– Can get VERY hard local areas (i.e. HRC of 60 or greater) 
– Interstitial diffusion when tiny solute atoms diffuce into 

spaces of host atoms 
– Substitiutional diffusion when diffusion atoms to big to 

occupy interstitial sites – then must occupy vacancies 
 





Diffusion Hardening: 

• Requirements: 

– High temp (> 900 F) 

– Host metal must have low concentration of the 
diffusing species 

– Must be atomic suitability between diffusing 
species and host metal 



Diffusion Hardening: 

• Most Common Types: 

– Carburizing 

– Nitriding 

– Carbonitriding 

– Cyaniding 



Diffusion Hardening - Carburizing: 

• Pack carburizing most common: 
– Part surrounded by charcoal treated with 

activating chemical – then heated to austenite 
temperature. 

– Charcoal forms CO2 gas which reacts with excess 
carbon in charcoal to form CO. 

– CO reacts with low-carbon steel surface to form 
atomic carbon 

– The atomic carbon diffuses into the surface 

– Must then be quenched to get hardness! 







Diffusion Hardening - Nitriding: 

• Nitrogen diffused into surface being treated.  
Nitrogen reacts with steel to form very hard 
iron and alloy nitrogen compounds. 

• Process does not require quenching – big 
advantage. 

• The case can include a white layer which can 
be brittle – disadvantage 

• More expensive than carburizing 



Tutorial 












