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1Introduction

Main goal (task):

to understand deeply the mechanism of austenite to ferrite phase transformation (kinetics 

of ferrite growth) and study the influence of different factors on it.

Ç Moving /h tɹransformationinterface

Ç Transformation temperature Ç Chemical composition

volumefraction

size distribution

topology and 
morphology of 

phases

Mechanical properties of 
steels are determined by 

their microstructure features. 

chemical composition

heat treatment processing

solid-state phase transformations that 
take place during cooling of steel

Austenite to ferrite phase transformation



The austenite to ferrite phase transformation 
involve two main phenomena:

Ç Diffusional process: the redistribution of
interstitial and substitutional elements .

Ç The change in crystal structure .

fcc bcc

Atomistic modeling approaches:

Ç Molecular dynamic (MD) :

- atoms : solve motion equation 

- Total number of atom is limited

- Time scale second ~10 ¯¹² second

- Relaxation around equilibrium positions

Ç Monte Carlo (MK):

- Rigid lattice & difficulties to include elastic interactions

- Stochastic method & no geometric relaxation near 

equilibrium position

- Many configurations should be tested to converge to 

minimum of free energy. 

Our goal :
ü Construct atomistic model that be able to reproduce phase transformation at diffusion time scale.
ü Provide possibility of moving atoms on a smaller distance than an interatomic distance.
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a ðlattice parameter; ɲx ðIsing lattice parameter
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Fraton

Schematic representation of condensation of randomly distributed pseudo -particles ( fratons ) in atomic sphere

c(r): ocupationnumber (́r) homogeneous: liquid (́r) heterogeneousRandomfluctuations

A small parameter determining the transition from
discreteto continuumversionof the ADFmodelis:
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if site r isoutsideof anyatom
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3Atomic fragment theory (AFT)
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Free energy functional is:

The pairwise interaction energy of Ų-Ǿpair of atoms situated at r and rõ: ( ')w
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1r - length parameter determining the atomic radius

rD - width of the repulsion of fraton-fraton interaction

x - height of the repulsion part

()rqShort range potential:

Model potential
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ςthe strength of the short-range atomic interaction

ςthe strength of the long-range interaction
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Long-range potential for bcc:
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Long-range potential for fcc:
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Long-range potential for bcc:
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Long-range potential for fcc:
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Kinetic equation  assumes a linear proportionality of the evolution rate, ,
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1. Build  equilibrium state of fcc. 2. Build  equilibrium state of  bcc.

3. Put some volume of bcc in fcc.
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10Crystallography of austenite/ferrite interphase

Six crystallographic KS variants (V1 -V6) 

Typically, for ferrite in steels orientation relationship (OR) is close to
Kurdjumov -Sachs (KS) and Nishiyama-Wassermann (NW ).

Kurdjumov -Sachs (KS):                              
ρρρ ρρπ

ρπρ ρρρ

Nishiyama-Wassermann (NW ):                              
ρρρ ρρπ

ρπρ ρρρ

Bain OR:  πρπ ππρ

ρρπ ρππ

Pitsch OR:  πρπ ρπρ

ρπρ ρρρ

Sets the close packed (011)Ųplane of the bcc ferrite parallel to the (111)ǿplane 
of the fcc austenite .

Four the close-packed
{111}ɹ  planes

24 KS- ORs
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Long-range potential to model the fcc-to-bcc transition:
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Kurdjumov -Sachs (KS):                              
ρρρ ρρπ

ρπρ ρρρ

Bain OR:  πρπ ππρ

ρρπ ρππ
Pitsch OR:  πρπ ρπρ

ρπρ ρρρ

8=fcca 5.6ºbccaL=256,                     ,                  OVITO software: ωBCC; ωFCC; ωάƻǘƘŜǊέΤ ωHCC; 
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OVITO software:

ωBCC; 

ωFCC; 

ωάƻǘƘŜǊέΤ 
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30000 steps 



KS_V1:  ρρρ ρρπ

ρπρ ρρρ

KS_V2:  ρρρ ρρπ

ρπρ ρρρ

KS_V3:  ρρρ ρρπ

πρρ ρρρ

V1

(111)

V2

(111)

V3

(111)
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30000 steps 



30000 steps :  πρπPitsch OR:  πρπ ρπρ ,  ρπρ ρρρ
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