Phase transitions



Structural phase transitions

Some materials make a transition from one crystal structure to another.

Two allotropes of tin: gray tin (a-Sn) 1s stable at temperatures
below 13.2°C and white tin (3-Sn) 1s stable above.

The phase with the lowest free energy prevails. (White tin
can be stabilized below 13.2 C by adding impurities.)

F=U-TS



Structural phase transition in Sn
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Structural phase transition in Sn
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Structural phase transition in Sn
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Structural phase transitions
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The crystal structure with the lowest free energy will be observed.
Softer phonons >> lower Debye frequency >> more modes occupied >> higher entropy
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Strain

Strain displaces the atoms and the band structure needs to be recalculated.

This changes the density of states and the thermodynamic properties.

Make Legendre transformations from
the internal energy to the enthalpy
that has temperature and pressure as
independent variables. The crystal
structure with lowest enthalpy will be
observed.

Enthalpy i1s calculated from the
microscopic states of electrons and
phonons.
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Structural phase transitions
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Structural phase transition in Si
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Structural phase transition in Si
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The surprising role of magnetism on the phase stability of Fe (Ferro)

1. Introduction

The phase stahility of many elements shows the following pattern:
1. A lowe enthalpy is mainly responsible for the choice of structure at low temperatures.

2. At higher temperatures, structures (phases) are stable which have higher entropies.

This often translates into the low termperature phase being a close packed one and the high
termperature phase having a mare open structure, thatis, a less close packed structure. For
example, the low termperature phase of Tiis close packed hexagonal (HCP)Y while the high

temperature phase is BCC.

G=U+pV -TS
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Structural phase transitions in iron
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Structural phase transitions in iron
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Iron alloy phases

Ferrite (a-iran, 4-iron)
Austenite (y-iron)
Pearlte (88% ferrite, 12% cementite)
Martensite
Bainite
Ledeburite (austenite-cementite eutectic, 4.3%
carbon)
Cementite (iron carkide, Fesic)
Beta ferrite (F-iron)
Hexafterrum (=-irom)
Steel classes
Crucible steel
Carbon steel (22.1% carbaon; lowe alloy)
Spring steel (owe ar no alloy))
Alloy steel (contains non-carbon elements)
Maradging steel (contains nickel)
Stainless steel (contains 210.5% chromium]
Weathering steel

Tool zteel (alloy steel for tools))

Other iron-hased materials
Casztiron (=2.1% carbon)
Cuctile iron
Gray iran
Malleable iron
Wyhite iron
Wirought iron (contains slag)
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Metal-Insulator Phase Transitions

Sometimes a material undergoes a metal-insulator phase
transition that 1s not associated with a structural phase

transition.

Electron screening 1s responsible for this transition.



