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Most phase transformations involve a change in composition  

redistribution via diffusion phase transformation involves: 

 Nucleation - formation of small particles (nuclei) of the new phase. 

Often formed at grain boundaries. 
 

 Growth of new phase at the expense of the original phase. 

S-shape curve: percent of material 

transformed. the logarithm of time.  

Rate of transformation 
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Fixed T 
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By convention      rate = 1 / t0.5 

maximum rate reached – now amount  
   unconverted decreases so rate slows 

t0.5 
rate increases as surface area increases  

   & nuclei grow 

The rate of transformation and the time required for the transformation 

(say 50%) is inversely proportional to one another.  

• Rate of transformation : r = 1/ t0.5 
• t 0.5 is time required for half way to completion. 



Rate of phase transformations 
Rate = Reciprocal of time halfway to completion: 

           r  =   1 / t0.5  

Arrhenius equation: thermally activated processes:  

r = A exp (-QA/kT) =  A exp (-Qm/ RT) 

Per atom Per mole 

Percent recrystallization of pure copper at different T 



Phase transformation 
• Phase transformation – Formation of a new phase 

having a distinct physical/chemical character and/or a 

different structure than the parent phase. 

• It involves two phenomena – Nucleation and Growth 

• Nucleation – formation of a nucleus or tiny particles 

of the new phase. 

• A nucleus is formed when the Gibbs free energy, G, of 

the system decreases i.e. G becomes negative. 

• Two types of nucleation – Heterogeneous and 

Homogeneous 

• Growth – Increase in size of the nucleus at the expense 

of the parent phase. 



Metastable versus Equilibrium states 
Phase transformation is a time-dependent process, long time is required 

to reach equilibrium stage.  

• Speed or rate of cooling is designed to produce specific 

microstructure which the phase may 

 not the  equilibrium one                metastable phase.  
• Supercooling or superheating happens very often in practical 

purpose.  

Microstructure and Property Changes in Fe-C Alloys 

Isothermal Transformation Diagrams 

• Eutectoid reaction, at 727°C 

• γ               pearlite (α+ Fe3C) 

• The lower the temperature, the fast the phase 

transforms.  



• T~< 727°C (slightly lower): 
• Phase transformation needs longer time 

• Microstructure becomes coarse pearlite. 

• T << 727°C (much lower): 
• Phase transformation is quick. 

• Microstructure is fine pearlite. 
 

From the Isothermal Transformation Diagrams 

See Fig. above which is called isothermal 

 transformation diagram.  

(Time-temperature-transformation, T-T-T plot) 



Transforming one phase into another takes time. 
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How does the rate of transformation depend on time and temperature? 



Isothermal Transformation Diagrams 



Cooling curve ABCD in T-T-T plot for eutectoid reaction 
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Eutectoid steel (0.8%C) 
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Different cooling treatments  

M = Martensite 

P = Pearlite 

Coarse P  

P  M M + Fine P  


