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Calphad - modelling of the phase Gibbs energy

> Stoichiometric compounds G = f(T)

> Substitutional solutions G = (T, x;)
Gm = Zi X G,(T) + RT Zi x; Inx; + eXG(T,X,’) + magG(T,X,’)

If pure i not stable, lattice stability to be defined
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> Substitutional solutions G = (T, x;)
Gm = Zi X G,(T) + RT Zi x; Inx; + eXG(T,X,’) + magG(T,X,’)

If pure i not stable, lattice stability to be defined

> Compound Energy Formalism G = f(T,y3)
G=> 1L yi Gi(T) + RT >2.a° >, yi Iny; + “G(T,y7) + MEG(T,y7)

wheneg. [ =AB:CGD:E, [l y] = y(Al) y(B2) y(c3) y(DA') y(ES)
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> Compound Energy Formalism (CEF)
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Calphad - modelling of the phase Gibbs energy

> Compound Energy Formalism (CEF)
G7 =20 Il vi GT + RT X252 )2 vi Inyf + “G7(y) + ™67 (y7)
> Extended CEF (ECEF)
G =nf ;% 67 + %G (xi) + ™G (x)
+20 Il vi AGT +RT 325a° 37 y7 Iny} + %G (v) + T5G7(v7)
with nf =) _a° i.e. the total number of atoms in the formula unit i.e. 30 for the o phase

AG] =Gf =), a° G
is the ordering energy of compound / from the pure element in the phase
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The o phase - DFT = EBEF

In each binary system, the Gibbs energy of formation from the pure elements in the ¢ phase
is expressed for 30 ¢ stoichiometric compounds using the EBE, E}/, with Ef =0

AGap.cpe = EXs +ELX- +EXL +ER + BB+ EZ + B 4+ EX 4+ EX. +EX.
e.g. AGNiReReNiRe = Excre T Efire T+ Ettre + Eaeni + E2oni + Edni + ESoni + Efire
The 20 EBE are determined in order to fit the DFT values for the 30 compounds using
PARROT

Matrix inversion

In OpenCalphad or in Thermo-Calc, EX% is G(SIGMA,A:B:*:%:%;0), Efy is G(SIGMA,B:A:x:x:%;0),

They contribute to the Gibbs energy of the phase being multiplied respectively by y(Al) y(;), yg) y( )

N. Dupin (CT) What can EBEF do better ? IM2021 - October 5, 2021 10 / 17
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The o phase - DFT = EBEF using PARROT

enter-phase SIG10 , 52 4 8 8 8
NI ; RE ; RE ; NI ; RE ; NN
enter-parameter G(SIG10,NI:RE:RE:NI:RE;0)
+ NI1RE2 + NI1RE3 + NI1RE5 + RE2NI4 + RE3NI4 + NI4RE5 ;, N

CREATE 10,1
CHANGE_STATUS PHASE SIG10 =ENT 1

SET_REFERENCE Ni SIG_BEF,,

SET_REFERENCE Re SIG_BEF,,

SET_CONDITION p=1E5 t=300 n(Ni)=10 n(Re)=20
COMMENT -306236 n(Re)=20 NI:RE:RE:NI:RE
EXPERIMENT HR= -306235.99:1%

The optimised value for NI1RE2 will be used for the parameter
G(SIG_BEF,NI:RE:*:%:%:;0)

N. Dupin (CT) What can EBEF do better ? IM2021 - October 5, 2021 11 /17
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Parrot
oeo

Optimisation for the binary systems of Cr-Mo-Ni-Re

BEF values

BEF values

10°

DFT values : 15Cri Crivello, Souques, Breidi, Bourgeois and Joubert,
What can EBEF do better ?

N. Dupin (CT)

. M . M L
Cr-Mo CrNi CrRe
64 64 6 t
4q 4 4q 4q t
2 as 8 2| 8 2| L
s s
It B It
o] & o & o t
E E
24 24 2 t
44 44 44 t
10° 10°
T — T — T —————
4 2 0 2 4 4 2 4 a2 0 2 4 &
10° DFT values A 10° DFT values A 10° DFT values
L . M L
Mo-Ni Mo-Re Ni-Re
64 64 6 t
4] 4] 4] t
a 8 8 4
24 £ 2 £ 2 8
& ] g s
| o ol o ol L
0 an w0 u 0 s
4 Al
2 ES 24 24 W L
A 2,
44 44 -4 t
£ 108 108
S T — T ——————
6 4 2 0 2 4 6 4 2 4 6 4 2 0 2 4 6
10° DFT values Aty DFT values Aty DFT values

Calphad, 51 233-240 (2015)

Matrix inversion

000

The EREF

Approximation
is -CAJV‘B good
or very good
Aefeua\iua on
the systems.

IM2021 - October 5, 2021
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Advanced optimisation

20 20 L Oweight 0
OEBEF o Hweight 1

15 | ®DFT 15Cri 15 o @ DFT 15Cri
° °
£ E
3 3
> >
a a
© ©
£ £
= z
5 5
S =)
£ £
5] I}
° °
o - S -
5 5

15| F 15 F

20 T T T T 20 T T T T

N 0 0.2 0.4 0.6 0.8 1.0 R Ni 0 0.2 0.4 0.6 0.8 1.0 R
' x(Re) e i «(Re) e

When the optimisation using all the comfiguratiovs is Not kigklj
satisCactory, disregarding some configuration of higher evergy

may tllow to get EBEF description closer to CEF.
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|X |nverslon Ivanova, Fries, Hammerschmidt, 2019

Matr
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M atrlx |nVerS|0n Ivanova, Fries, Hammerschmidt, 2019

[1%0FT value']
“SDFT value']

“NIIRE3"
[TREINI3"]
['NIIRE4']
NI4.
“NIIRES®
['NI2RE3']
REINT3"
['NI2RES']

=)
o
=
S

B
Rl
I8
=
=
=

E
il
I8
=
2
G

~NI3R
“RE3NI4"

["NI3RES"]

['RE3NI5']

RE4NIS '

“3DFT value']]

NI1RE2+4NI1RE3+4-NI1RE5+RE2NI44+-RE3NI4+-NI4RE5 =NI:RE:RE:NI:RE

x=A"'-B
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0000 000 000
. . . . . . . . .
ODFT 151 Crigy ODFT15Cr crNi ODFT 15Cr e,
600 600 sk 600 Y
, ,
400 4004 , t 400 ,
, ,
200 g 200 k 8 200 o
0+ S 0q F g o
o W
i o
-2004 4 @ 200 t @ 200
,
-400 4 400 4 k -400 4
, , ,
6004 7 6004 t 600 7
, , ,
8 T T T 8 T T T T T T
800 -400 0 400 8 800 400 0 400 800 800 -400 0 400
DFT values A DFT values A DFT values
ODFT 15Ci MoNi QDFT 150 Mo-Re, ODFT 15Cr NiRe
600 ; 600 sk 600 Y
, , ,
400 ; 400 ’ L 400 o
°, 7 /
200 ® g 200 / t g 2004 £
od 2 s
04 od ER L S o d:.s’go
© 0% th b
-2004 PV @ 200 t © 200 #°
oo f o°
-400 o/ 400 k -400 4
£ , ,
600 6004 t 600
, , ,
8 T T T T T T T T T
0 -400 0 400 8 800 -400 0 400 800 800 -400 0 400
DFT values A DFT values A DFT values
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Matrix inversion Conclusion
oeo o

The same Lairly good
A very good
Agreements As with
Parrot are obtaived
for the different

laiun.vy systems.
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0000 000 000 oeo
800 . 800 . . . 800 . . .
© BEF Matrix inversion Cr-Mo-Ni o BEF Matrix inversion Cr-Mo-Re © BEF Matrix inversion Cr-Mo-Ni-Re
600 600 t 600 t
% & o

400 & 400 F 400 g F

2004 2 200 t 2 200 t
8 8
o E] El

0 o g o4 F g 04 F
w o
I Inf

2004 @ 200 t @ 200 t

©
-400 4 5 400 t -400 4 t
6
-600 - -600-| t -600 - t
-800 , , , -800 . , , -800 . , ,
800 -400 0 400 A S0 400 0 400 0 A H0 40 [ 400 800
DFT values DFT values DFT values

BEF values

-2004
-400 4
-600 4

-800 T T T
-800 -400 0 400

600
400

2004

L L L
© BEF Matrix inversion Cr-Ni-Re

DFT values

N. Dupin (CT)

BEF values

-200]
-400-|
-600-]

-800 T T
-800 -400 0 400

600+
400

2004

L L L
o BEF Matrix inversion Mo-Ni-Re

The strong correlation obtaived for
the teroary avd guaternary compounds
L between the EBEF approximation and
I the values calevlated by FT shows
| the iNterest of using the EREF for

L molticomponent f:kAses.

DFT values

What can EBEF do better ?
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EBEF Parrot
[e]e]e} oeo o

Previous formalisms

Introduction
0000

oo

000

Matrix inversion in Cr-Mo-Ni-Re

Mo

00,

The EREF approximation
seems good eNough to
get ternary extrapolatiovs
very close to the CEF

deseriptions.

15Cri CEF TDB 1143 lines
/ EBEF TDB 253 lines

IM2021 - October 5, 2021 15 /17
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Mo-Ni-Re from 3x30 binary DFT, changing only Ni-Re

Parrot Parrot

ECEF / 15Cri EBEF / 15Cri

Whatever the approach used, EBEF
extrapolates much better thaw CEF.

EBEF / 15Cri EBEF / 11Pal
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TAe.rmaAjMAMic Mcde.liua is alive !
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000

Thermoduvamic modelivg is alive !
Y 9

Thank You Lfor Your attention |
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