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Phase Transformation

• The development of microstructure in 
alloys involves phase transformation:
• Phase transformation need time, and 

cooling rate  greatly modify the phase 
transformation.
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Phase Transformation
Basic Concepts
• Phase transformation as well as the transformation 

rate are important to develop a specific 
microstructure which in turn affect the mechanical 
properties of materials.
• For example, the tensile strength of Fe-C eutectoid 

alloy can be 700 MPa to 2000 MPa depending on heat 
treatment condition. 
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Phase Transformation
Basic Concepts
• Three classifications of phase transformations:
• No change in composition, simple diffusion-dependent 

transformation
• Composition change, diffusion-dependent 

transformation
• Diffusionless transformation
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The 1st kind of phase transformation 

•No change in composition, simple 
diffusion-dependent transformation
• Solidification
• Allotropic transformation  (αàγ)
• Recrystallization and grain growth

• No change in composition of phases. 
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•Composition change, diffusion-dependent 
transformation
• Eutectoid reaction (γà pearlite)

The 2nd kind of phase transformation 
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The 3rd kind of phase transformation

•Diffusionless transformation
•Metastable phase
•Martensitic transformation 
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The Kinetics of Phase Transformation

• The progress of a phase transformation can be 
broken down into two distinct stages:
• Nucleation 
• Growth

• There are two types of nucleation :
• Homogeneous 
• Hetergeneous

• The growth begins once an embryo has exceeded 
the critical size, r*
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Classification of Transformations 
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Classification of Transformations 
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Fe-Fe3C phase diagram
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Allotropic Transformation in Iron 
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Effect of pressure on allotropy of Iron 

13

Fe-Fe3C phase diagram
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Fe-Fe3C phase diagram
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Ferrite (α) 
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Ferrite (α) 
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Ferrite (δ) 
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Austenite (γ)
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Cementite (Fe3C) 
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Cementite (Fe3C) 
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Pearlite 
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Definition of structures
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Schematic Picture of the formation
and growth of pearlite
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Nucleation & groth of pearlite
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Pearlite (α+Fe3C) 
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Ledeburite (γ+Fe3C) 
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Temperature-Time-Transition Diagram

28



12.11.2021

15

Martensite 
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Martensite 
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Bainite 
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Carbon solubility in Fe system
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Why concentration of carbon in α-Fe with BCC 
structure is less than γ-Fe with FCC structure? 
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Carbon solubility in Fe system
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Why concentration of carbon in α-Fe with BCC 
structure is less than γ-Fe with FCC structure? 
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Critical Temperature lines 
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Critical Temperature lines 
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