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Austenite to ferrite phase transformation

!

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. )
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[ Q Moving a/y transformation interface ]
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Introduction

Atomistic modeling approaches:

The austenite to ferrite phase transformation
involve two main phenomena:

O Molecular dynamic (MD):

V atoms : solve motion equation

Total number of atom is limited

Time scale second ~10 "2 second
Relaxation around equilibrium positions

QO 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.

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

O The change in crystal structure.

fcc bcc

!

Our goal :

» Construct atomistic model that be able to reproduce phase transformation at diffusion time scale.
» Provide possibility of moving atoms on a smaller distance than an interatomic distance.
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A small parameter determining the transition from
discrete to continuum version of the ADF model is:

AX<a

a — lattice parameter; Ax — lsing lattice parameter

Fratoh

Occupation number:
o) = {1 if site r is within any point of any atom | The occupation probability of finding a fraton at the point r: Zp fratonS(r) _ pr\ratons
0 r

if site r is outside of any atom p(r) =< C(r) >y ’

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

TR g
-

n
T
n

L
o
4
|

7| .
‘
|H -

c(r): ocupation number p(r) homogeneous: liquid Random fluctuations p(r) heterogeneous

:H:::HV I
i H
s




Introduction

Quasi-particles approach: Theory and Modeling
Application for austenite to ferrite phase transformation
Conclusions & perspectives

=
Gro

" de Physique des Matériaux

Free energy functional is:

Free energy functional

/ )
ZZZWaﬂ(r r)pa(r)pﬁ(r)+k TZZ{ (r)Inpa(r)+[1—Zpa(r)jln(1—2pa(r)ﬂ
a prr a a
\ Y \ Y )
Non-local term Local term
N\ /

The pairwise interaction energy of a-p pair of atoms situated at r and r':

w, (r—r
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Model potential
W, 5 (K) = W5 (k) + 2, (KW (K)

fﬁ
Y

Ay

— the strength of the short-range atomic interaction

ﬁz(k) — the strength of the long-range interaction

Short range potential: Q(r)

o(r
f 1 - |"1 - length parameter determining the atomic radius
Ar .
— e AT - width of the repulsion of fraton-fraton interaction

> .
r 5 - height of the repulsion part
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Gaussian function:

Long-range potential for bcc:

e () = 2, exp| — ¢

k — ke

2057

Long-range potential for fcc:

~ fcc

WLR

f(x)=exp| -

)= exp[-<

Long-range potential
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Kinetic equation assumes a linear proportionality of the evolution rate, a,oaa(r, t) ,
OF t

Sp,(r,t)
. N

dp“ ZZLaﬁrr

to the transformation driving force,

00.(r' 1
L 0,(r" 1) )

L (r-r) — the matrix of kinetic coefficients proportional to the probability of an
ap elementary diffusional jump from site the r to r' during the time unit.
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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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Typically, for ferrite in steels orientation relationship (OR) is close to
Kurdjumov-Sachs (KS) and Nishiyama-Wassermann (NW).

Six crystallographic KS variants (V1-V6) Kur'd{jlulqu}JV'”S{ﬂlclhOS}(KS):
Y a

V2 (101), 11(111),

Four the close-packed Nishiyama-Wassermann (NW):
{111} planes {111}, 1 {110},
(101), 1(111),
g
Bain OR: {010}, 11 {001},
24 KS-ORs (110), 1(100),,

Pitsch OR: {010}, 11 {101},
V4 (101), 11(111),

Sets the close packed (011), plane of the bcc ferrite parallel to the (111), plane
of the fcc austenite.
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Long-range potential to model the fcc-to-bcc transition:

Wi (k)= eXp[— %J " o.1exp£_ (k ks ) )

20
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ParaView software: =256, 8¢, =8, &, 6.5

Kurdjumov-Sachs (KS):
Bain OR: {010}, 11 {001}, Pitsch OR: {010}, 11{101}, {111}, 11 {110},

(110), 11(100), (101), 1(111), (101), 1(111),
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ParaView software: =256, 8¢, =8, &, 6.5

Bain OR: {010}, 11 {001}, Pitsch OR: {010}, II {_101}a
(110),, 11{100), (101), 1(111),

First results: structure of interface

30000 steps

Kurdjumov-Sachs (KS):

{111}, 1 {110},
(101), 1(111),

Gs)
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KS_V3: {111}, 11 {110},
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First attempt to do "High resolution image”

Pitsch OR: {010}, II {101}, , (101), 1(111),

30000 steps : {010}
30000 steps
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Potential determine elastic constants Cj :
ad JF
Cin) — -
Gl Dz ey
£ strain tensor
Orthorombic T
t%‘ 77777 1‘2‘1'\ il constants for iron
7 4 il Bl g
’ | 7 /’ bCC
e s NI R C
: T 11
#:*\ : ; !1 C fCC 1.60 y
V4 | 3 | T 11
ekt iz gingbd R ot 4 Chee
fL<| fcc z115
X < 12
Bulk modulus : Cbcc
a4
B — Cii +2Cp ' — Cin— Cpo fcc ~1.51
= 3 Caa = 5 Cua

Elactic constans, p=0.17
0=0.01 0=0.02 0=0.03 0=0.04 6=0.05
bcc  fcc  bbcffccbee  fec  bbeffccbee  fec  bbeffccbee  fec bbeffecbee  fee bbcffec
Cll  6.0328 83616 0.7215 15474 25221 0.6135 0.6624 1.1634 0.5694 05092 0535 0.9517 0.2877 0.1857 1.549
Cl2 26117 24231 1.0778 0.6745 09889 0.682 0.2652 0.4837 05484 0277 0.2286 1.2118 0.1328 0.0581 2.2856
C4d 22719 22451 1.0153 05805 05722 1.0146 0.2646 0.2552 1.0369 0.1539 0.1637 0.9404 0.1026 0.096 1.0688
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Conclusions and perspectives

Conclusions :
OR influence on :
» the structure of moving transformation interface;
» kinetics of the propagation interphase interface.
Periodic set of dislocation observed on the interface.

Perspectives:

» Characterization of the interface structure by the dislocation analysis;
» more precise investigation of K-S and N-W ORs;

» move from one to binary component system.

22)
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