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Order-Disorder 2SL CEF

I. Ansara, B. Sundman and P. Willemin, Acta metall., 36 (1988), 977
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Order-Disorder 2SL CEF

I. Ansara, B. Sundman and P. Willemin, Acta metall., 36 (1988), 977
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Order-Disorder 2SL CEF

I. Ansara, B. Sundman and P. Willemin, Acta metall., 36 (1988), 977

G(f.c.c., A:Ni) = u; + 3L0/16 + 6L1/64 G(FCC, ALAAL; 0) ~ G{FCC, AL: 0) = 0.0

G(f.c.c., Ni:Al) = u + 3L0/16 — 6L1/64 G(FCC, NI AL; 0) — 0.25 G(FCC, AL; 0) — 0.75 G(FCC, NI 0) = —~40567.2642 + 6.59677= T
G(FCC, AL:NI, 0)—0.75 G(FCC, AL; 0) - 0.25 G(FCC, NL.0) = — 36728.1577 — 1.6322356+ T
) G(FCC, NINI, 0) - G(FCC.NI; 0) = 0.0
G(f.cc., Al Ni:AL 0) = 3u + 1, /2 + uy G(FCC, AL, NLAL:0) = —68657.4326 — 13.5507302+ T

G(FCC, AL, NI-AL; 1) = +16554.1328 — 185152662+ T
+9L0/16 + 27L1/64  G(FCC, AL:AL, NI: 0) = +2879.32996-6.17175537 T
_p G(FCC, AL:AL, NI; 1) = +2958.63986 — 685750611 =T
G(fe.c., AL, Ni:Ni; 0) = w2 + 3u; + 3uy G(FCC, NLAL, NI; 0) = —2879.33035 4+ 6.17175537«T
G(FCC, NLAL, NI; 1) = +2958,63895 — 685575061 « T
+9L0/16 — 27L1/64 G(FCC, AL, NL:NI; 0) = —85933.4102 + 23.4798021 » T
G(FCC, AL, NINE: 1) = + 16554.1301 — 185152662+ T
G(fcc., ALAL Ni; 0) = 14,/2 + uy + LO/16
+9L1/64
G(fc.c., Ni:Al, Ni; 0) = u, /2 + u; + LO/16
—9L1/64
G(f.c.c., Al, Ni:Al; 1) = 3u, + 27L1/64
G(f.c.c., Al, Ni:Ni; 1) = 3u, + 27L1/64
G(f.c.c., ALAL Ni; 1) = u, + L1/64

G(f.c.c., Ni, ALNi: 1) = u, + L1/64
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Split Order-Disorder 2SL CEF

88Ans: Extract of a TDB file from 1991

FCC_A1
$ THIS PHASE IS THE DISORDERED PART OF L12_FCC
EXCESS MODEL IS REDLICH-KISTER_MUGGIANU
2 SUBLATTICES, SITES 1: 1
CONSTITUENTS: AL,NI : VA

G(FCC_A1,AL:VA;0)-H298(FCC_A1,AL;0) +GHSERAL
G(FCC_A1,NI:VA;0)-H298(FCC_A1,NI;0) = +GHSERNI
TC(FCC_A1,NI:VA;0) = +633
BMAGN(FCC_A1,NI:VA;0) = +.52
L(FCC_A1,AL,NI:VA;0) = +8*U1ALNI
L(FCC_A1,AL,NI:VA;1) = +4xU4ALNI+64*L1ALNI

U1ALNI -19323.855+1.241134*T
U4ALNI +2638.7143
L1ALNI +319.92555-.6857506*T

New implementation splitting G into
~> a disordered and an ordered contribution

~~ automatically combined by the software.

Nathalie Dupin
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L12_FCC
$ THIS PHASE HAS A DISORDERED CONTRIBUTION FROM FCC_A1
EXCESS MODEL IS REDLICH-KISTER_MUGGIANU
3 SUBLATTICES, SITES .75: .25: 1
CONSTITUENTS: AL,NI : AL,NI : VA

G(L12_FCC,AL:AL:VA;0) = 0.0
G(L12_FCC,NI:AL:VA;0) = +2%U1ALNI
G(L12_FCC,AL:NI:VA;0) = +2%U1ALNI
G(L12_FCC,NI:NI:VA;0) = 0.0
L(L12_FCC,AL,NI:AL:VA;0) = +4xU1ALNI
L(L12_FCC,AL,NI:AL:VA;1) = +3%U4ALNI
L(L12_FCC,AL:AL,NI:VA;0) = 0.0
L(L12_FCC,AL:AL,NI:VA;1) = +U4ALNI
L(L12_FCC,AL,NI:NI:VA;0) = +4*U1ALNI
L(L12_FCC,AL,NI:NI:VA;1) = +3%U4ALNI
L(L12_FCC,NI:AL,NI:VA;0) = 0.0
L(L12_FCC,NI:AL,NI:VA;1) = +U4ALNI

TMS 2020, San Diego, California, USA



Split Order-Disorder 2SL CEF

I. Ansara, N. Dupin, H. L. Lukas and B. Sundman, J. Alloys Compounds, 247 (1997), 20

G = G5 (x) + G2 (y1u3) — Gt . eroey the pafate-
ters of both ordered and disordered phases can be evalu-

ated independently

LS = — 162 407.750 + 16.212965T °Grid, — 0.75°G ™ — 0.25°G 52 = 3u
'LETeAt =73 417.798 — 34.914000T Ghity — 0.75°GL A = 0.25°G 1" = 3u, 0
LY =33 471.014 — 9.837000T B i = B

SLESSAl = — 30 758,010 + 10.2530007

GLk},L{\Ii:Ni = 60
lLiHﬁ:Al =3ty
lL.[;:‘zNE:NE R LINEY
Uy = — 13415.515 + 2.0819247T 1Lki:2m.m = HypiNi
Uy = 71088.736 — 3.6868954T

1L, _
Lidaim = Uaaini
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Split Order-Disorder 2SL CEF

I. Ansara, N. Dupin, H. L. Lukas and B. Sundman, J. Alloys Compounds, 247 (1997), 20

G, =GEx) + Gy — G2,
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Split Order-Disorder 2SL CEF

I. Ansara, N. Dupin, H. L. Lukas and B. Sundman, J. Alloys Compounds, 247 (1997), 20

G, =GEx)+ Gy, y) — G2,
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Hence, the parame-

ters of both ordered and disordered phases can be evalu-

ated independently
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Split Order-Disorder 2SL CEF

I. Ansara, N. Dupin, H. L. Lukas and B. Sundman, J. Alloys Compounds, 247 (1997), 20

G = G5 (x) + G2 (y1u3) — Gt . eroey the pafate-
ters of both ordered and disordered phases can be evalu-
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Split Order-Disorder 2SL CEF

I. Ansara, N. Dupin, H. L. Lukas and B. Sundman, J. Alloys Compounds, 247 (1997), 20

G = G5 (x) + G2 (y1u3) — Gt . eroey the pafate-
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Split Order-Disorder 2SL CEF

I. Ansara, N. Dupin, H. L. Lukas and B. Sundman, J. Alloys Compounds, 247 (1997), 20

G = G5 (x) + G2 (y1u3) — Gt Hence, the parome-
ters of both ordered and disordered phases can be evalu-
ated independently

opmLly o f.c.CAL o fec Al _
Ghlz, - 075G 025G 5™ =3umm A\
om~Lly o ~fec-Al o~ foc-Al _
\ g Gaiki — 0.75°G 4 0.25°Gy; =3ty a i
E ! n_11 - i
N\ =2
NN . ey
- N 4/ The meaning of G(L12,NI:AL;0) depends on the constraints imposed
ANERS /,/' 2 to the parameters of the ordered contribution. It can be
D -~ _ = S
- . R [C]

~ the formation energy of the stoichiometric compound from the
elements if G%9(x;) = G¥*(x;),

its ordering energy from the disordered alloy if G%¢(x;) = 0,

§

or any other meaningless value.

$
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Split Order-Disorder 2SL CEF

I. Ansara, N. Dupin, H. L. Lukas and B. Sundman, J. Alloys Compounds, 247 (1997), 20

G, = G™x) + Gy, y)) — G Hence, the parame-
" v " ters of both ordered and disordered phases can be evalu- A
ated independently

Actually, the ordered and disordered phases cannot be assessed fully
independly. If the disordered phase is fixed, some energies and config-
. urations will be forbidden for the ordered state.
=}
\ -
. NS N é’. 4
. N /
N 4/ The meaning of G(L12,NI:AL;0) depends on the constraints imposed
NN o /,/ ’g" to the parameters of the ordered contribution. It can be
= @

~ the formation energy of the stoichiometric compound from the
elements if G%9(x;) = G¥*(x;),

its ordering energy from the disordered alloy if G%¢(x;) = 0,

§

$

or any other meaningless value.
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OD L12-2S5L = OD 4SL

N. Dupin, Thesis Grenoble 1995
N. Dupin, B. Sundman, Scand. J. Metall., 30, 184-192 (2001).

When coming to ternary systems, the constraints obtained from

(dG=0) , » showed limitations.
Yi =Y

A new approach using the equivalence to a 4SL model has then
been setup.
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OD L12-2S5L = OD 4SL

The fcc lattice is built on regular tetrahedra.

same occupation on the 4SL = the disorder (Al)
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OD L12-2S5L = OD 4SL

From the symmetry of the regular tetrahedra, the following configurations are equivalent.
Considering this symmetry for all the thermodynamic parameters makes the 4SL be OD.

P [ I B
> [ - B
P [ 2 B
P P I B
P P I B
> P b B
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OD L12-2S5L = OD 4SL

From the symmetry of the regular tetrahedra, the following configurations are equivalent.

Considering this symmetry for all the thermodynamic parameters makes the 4SL be OD.

N N NG N

L1, configurations : 3 SL have the same occupation

SL SL SL SL
Gz:A:A:B = G‘/lx;A;B;A = G‘,‘A:B:A;A = GE:A:A:A
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OD L12-2S5L = OD 4SL

From the symmetry of the regular tetrahedra, the following configurations are equivalent.

Considering this symmetry for all the thermodynamic parameters makes the 4SL be OD.

N N NG N

L1, configurations : 3 SL have the same occupation

SL SL SL SL
Gz:A:A:B = G‘/lx;A;B;A = G‘,‘A:B:A;A = GE:A:A:A

Also standing for excess parameters

ast _ 8L _ st _ st
LaBiewrs = Loag = Lilsiaps = Lilsivon
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OD L12-2S5L = OD 4SL

From the symmetry of the regular tetrahedra, the following configurations are equivalent.
Considering this symmetry for all the thermodynamic parameters makes the 4SL be OD.

L1y configurations

SL _ 4SL _ 4SL SL
Gihes = Ghgas = Gigsa = Ghaas = Ghasa = Ghean
also standing for reciprocal interaction parameters
4L _ g4sL _ 4st _ %St _ st _ st
AB:AB:x:x  — LABix:AB:ix = LABixix:AB T LiiaB:ABix T LixiaBix:AB T Liis:aB:AB

Nathalie Dupin Tomorrow fcc ordering model
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OD L12-2S5L = OD 4SL

L=y Y vy et RT<3Zy,.' Iy, +> v/ |ny,.“> o
i i i
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OD L12-2S5L = OD 4SL

Gt = Z Zy,lyjl/ G +RT <3Zy,.’ Iy, +> v/ |ny,.”> 4+ xsGst
i i

2SL . QSL 251 251 2$L
- 4G G, Goy, GRS and G

Jo stZS L

’ ’ " ’ ’ " !’ !’
= YaYBYA (LOAB 2t (va—yp)L15% A) + YaYsYs (LOE\%L:B + (ya—yp)L13% B)
!’ "o " 1" 7 "o "
+YaYa YB (LO,ZA%AB +(ya —vs )Lliszis) + YBYA Y8 (LOf;S:ﬁB +(ya — )L1%35543>

Az

!
+yaY¥eya Y8 Lamas
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OD L12-2S5L = OD 4SL

L=y Y vy et RT<3Zy,.’ Iy, +> v/ |ny,.“> o
i i i

G =3 N y Yy G+ RTY Y yiiny: + Gt
J s i

i
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OD L12-2S5L = OD 4SL

! ! 17 17
Gt = ZZy,yj GE'4+RT(3) yilny, + y Iny; |+ *G**
i i

F=2 D vt G4ka/+RTZZf|nf+ Gt
i

G

L Gy

~ 16 G}34., 5 indepedent: G45L G4A35, G4k A

2By’
4SL _ 14sL _ %St
> L0RB v = L0 AR e = LO5 aBw = LO* *:%:AB

ast s _ [ q4sL _ [q4sL
L1 v = L1 0p00 = LU ap = L1338

SL 4SL __ J4SL __ J4SL __ J4SL __ J4SL
LAB AB:k:ix T LAB:*:AB:* - LAB:*:*:AB - L*:AB:AB:* - L*:AB:*:AB - L*:*:AB:AB
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OD L12-2S5L = OD 4SL

Gis = Gis

G2B§LA = G§433
LOZ%a = —15GHH, +15G5, + 156 +3L0%E v +0.75 LiE ap. v
LO2E, = +1.5Gf453§+156‘)‘232—156“5 +3L0%HE . + 075 L5
L03%hs = LORH...:.
LiZEs = 405Gz, — 1565, + 115G+ 3115 ..
L1133, = —15G4% +1SG§ZB — 056K +3L15% v

S| S|
3% = E.w.
L5%, = —075L5F apn.n

SL SL
L/ZAB:AB = 3 Li\B;AB:*:*
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OD L12-2S5L = OD 4SL

Gl = Gap,
’ . Li%cc = ~3Gac, — 3 Gayc, + Gage —  Gacy Even if a rather limited amount of inde-
Ghin = Gazs —3Gaye, + Gayc + 6Ganc, — 5 Gasye pendent variables is used, many interaction
_3 . .
158 = — 3 Gas, + 3§ Gars, + $Gns 2Gagse parameters, in every binary, ternary and
5 b 282 7 2543 e 3 3 3 quaternary systems, have to be written in
LiBc = — 3 Gage =3 Gayc +3 Ganye + 53 Gazse L
Ly =+32Gan, +3Capm, — 2Gap order to allow the disordered state.
- 1 : x L5 = — % Gags — 3 Gacy + 3 Gasc, + 3 Gagsc
"Lyba=+5Gasy — 3Ga,m, + 3 Gagn They are heavy to handle for human
i e e v L§8a =~ §Gasy — 3 Gacs + 3 Ganc, + 3 Gane database managers.
C{ TR +32 =
A/B:B 7GaBy T3 GamB, — 3638
A Lihc = =3 Gage +3 Gpac — 3 Ganye + 5 Gagsc They consume computational time.
wAB = LAB
Ly%p = —3Gags + 3 Gac, = 3 Gasc, + 3 Gagse Would it be possible to work directely with
- . . " 3 a wild 4SL model?
Lpta = —3Gas; +3Gac; — 3 Gasc, + 3 Gasyc

0 _ 3 3
Ly8cp = Gagp + Gayp + Geyp — 3 Gagyp ~ 3 Gagsp

Lige=3L%3 ~3Gacyp =3 Grcp — 3 Gayen = 3 Gayep
+ 6Gazen
LyBca = +Gap, — %Q«;Bz —% Gags + Gacy -G G G 3 3
=3 Gage, — 3 Gage — 3 Gasc, — 3 Gasye s GAac G ey~ 3 Came = 3 Cnpa
G e —20acp, 73 GAzCD = EGBCDZ ~Z GBZCD
o] + 6Gapcp

- 3 3
= Gagp + Gocy + Gopy — 3 Gasc, = 3 Gazsc

g =2 -2 =2 -2 ] b
LiBce == 3Gasy =3 Gag, + Gags + Gac, 3Gasp, — 3 Gayep — 3 Gaep, — 3 Gacyp
3 3 3
=% Ga,c, = 3 Gagc = 3 Gasc, + 6Gas,c + 6Gascp
=5 Gagse

o _ 3 3
LE@p:a = Gasy + Gacy + Gap, — 3 Gasc, — 3 Gasyc
3 s 3 3
—3Gapp, = 3 Gag,p — 3 Gacp, = 3 Gac,p
+ 6Gascp
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OD 4SL CEF

PV 1 [
VAN
B P N F | |
/2 R A \ 7
/7 I W woor AN Y/

/1 1 \ W ) AN ) [

11 I \\ W[
/ 1l \ R q r

0 02 04 06 08 1ic 02 04 06 08 1C
MOLE_FRACTION B X®)

Reciprocal parameters affect the ordering temperatures and the sepa-
ration of the ordering maxima. Even for limited effect on the thermo-
dynamics, the phase diagram change is significant. It can describe the
effect of sro. It is difficult to assess when the experimental information
is available on a reduced range of composition.

Nathalie Dupin
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6= ZZZZ}’: yj )’k}’/ Giji
+RTZZZyI?|ny§
+) D Vavblasow

s r>s

+ZZV§4Y§BYQ\VBLAB;AB:*;*

s r>=s
ith =1Gup=1Gmm=1G
with €ap = 3Ga3g = 3 Gaps = 7 Gazm

Lag:ag:«:« = 0 (dashed)
LaB:AB:+:« = €ag (solid)
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OD 4SL CEF

6= ZZZZ}’: yj )’k}’/ Giji

E F i L +RTY > n y,? Inys
s i
| L 1\ Al
f 3 A / +ZZYZVSBLAB:x:x:*
b \\ / r s r>s
1 AN 7 r N ) /
Iy W\ L ] S ) r +) D VaveYaYelasas.
// \ N\ 7 s r>s
/ 3 i L
/ \ with eag = 1 Gass = 3 Gass = 3 G
0 02 04 o086 08 Ic 02 04 06 08 1C for dashed lines
MOLE_FRACTION B X(®) and Gag = 4€ap

Gaps = 3€a — 10%
Gasg = 3eag + 10%
Constant bond energy is in general not in agreement with experimental for solid lines
or DFT results. The asymmetry of the bond energy impacts not only
the ordered states but also the disordered phase.
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0 02 04 06
MOLE_FRACTION B

Interaction parameters affect the width of the two phase field. They
impact significantly the Gibbs energy of the disordered phase and thus
of the ordering energies from the disordered mixture. They describe in-
teractions between further than nearest neighbors. Sub-regular terms

can of course also be considered.

Nathalie Dupin

Tomorrow fcc ordering model
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with eap = 3 Gase = 3 Gags = 3 Guee
LaB:+:x:+« = 0 (dashed)
LaB:x:x:x = —€ap (solid)
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B. Sundman, N. Dupin, JEEP 2003, Lyon
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4SL Split in 3 (DIS_PART) G = G¥5(x)) + AG(y?) — AG(ys = x;)
B. Sundman, N. Dupin, JEEP 2003, Lyon

FCC_A1 ORD_FCC

$ THIS PHASE IS THE DISORDERED PART OF ORD_FCC $ THIS PHASE HAS A DISORDERED CONTRIBUTION FROM FCC_A1
EXCESS MODEL 1S REDLICH-KISTER_MUGGIANU EXCESS MODEL IS REDLICH-KISTER_MUGGIANU

ADDITTONAL CONTRIBUTION FROM MAGNETIC ORDERING

; . . 5 SUBLATTICES, SITES .25: .25: .25: .25: 1
Magnetic function below Curie Temperature CONSTITUENTS: AL,NI : AL,NT : AL,NI : AL,NI : VA
+1-.860338755*TAQ** (~1) -. 17449124*TAQ**3~ . 00775516624 TAD**9 o ’ ’
~-0017449124xTAD 15 G(ORD_FCC, AL:AL:AL:AL:VA;0) = 0.0
Magnetic function above Curie Temperature G(ORD_FCC NT:AL:AL:AL:VA;0) = +ALANT

-.0426902268+TAD** (-5) -.0013552453*TAO*x (~15) G(ORD_FCC. AL:NI:AL:AL:VA;0) = +ALSNT

-2.84601512E-04*TAOQ** (-25)
2 SUBLATTICES, SITES 1: 1
CONSTITUENTS: AL,NI : VA

G(ORD_FCC,NT:NT:AL:AL:VA;0) = +AL2NT2
G(ORD_FCC, AL:AL:NT:AL:VA;0) = +AL3NT
G(ORD_FCC,NT:AL:NT:AL:VA;0) = +AL2NT2
G(ORD_FCC,AL:NT:NT:AL:VA;0) = +AL2NT2
;0)-H298(FCC_A1,AL;0) = +GHSERAL G(ORD_FCC,NI:NI:NI:AL:VA;0) = +ALNI3
= *+GHSERNI G(ORD_FCC,AL:AL:AL:NI:VA;0) = +AL3NT
G(ORD_FCC,NT:AL:AL:NT:VA;0) = +AL2NT2
G(ORD_FCC,AL:NI:AL:NI:VA;0) = +AL2NI2
G(ORD_FCC,NI:NI:AL:NI:VA;0) = +ALNI3

= +1745 G(ORD_FCC,AL:AL:NI:NI:VA;0) = +AL2NI2
L(FCC_A1,AL,NI:VA;0) = +AL3NI+1.5+ALONT2+ALNI3+1 . S*RALNI+4*LOALNT G(ORD_FCC,NT:AL:NI:NI:VA;0) = +ALNI3

t(FCC_Ai,AL,NIAVA,l) +2#AL3NI-2+ALNI3 G(ORD_FCC  AL:NT:NI:NI:VA;0) = +ALNI3
(FCC_A1,AL,NI:VA;2) = +AL3NI-1.5%ALONI2+ALNI3-1.5+RALNT G(ORD_FCC. NI:NI:NI:NI:VA;0) = 0.0

L(ORD_FCC, *:#:AL,NI:AL,NI:VA;0) = +URALNI
L(ORD_FCC,*:AL,NI:#:AL,NI:VA;0) = +URALNI
L(ORD_FCC,AL,NI:%:%:AL,NI:VA;0) = +URALNI

The interaction parameters in the disordered part are ex-

pressed in function of the parameters of the ordered part. L(ORD_FCC, *:AL,NI:AL,NI:#*:VA;0) = +URALNT
L(ORD_FCC,AL,NI:*:AL,NI:*:VA;0) = +URALNT
The reference in the ordered part is not explicited. L(ORD_FCC,AL,NI:AL,NI:#:#:VA;0) = +URALNT

L(ORD_FCC,AL,NI:#:%:%:VA;0) = +LOALNT
L(ORD_FCC, *: AL, NI
L(ORD_FCC,%:%:AL,NI:
L(ORD_FCC,*:*:%:AL,NI:VA;0) = +LOALNI

Nathalie Dupin Tomorrow fcc ordering model TMS 2020, San Diego, California, USA



F-4SL Split in 3 (DIS_PART)

B. Sundman, N. Dupin, JEEP 2003, Lyon

FCC_AL

$ THIS PHASE IS THE DISORDERED PART OF ORD_FCC
EXCESS MODEL IS REDLICH-KISTER_MUGGIANU
ADDITIONAL CONTRIBUTION FRON MAGNETIC ORDERING

e aaabo e 8- “a‘faii&ﬁﬁ?’?i?f'( -15)

2 SUBLATTICES, SITES 1 1
CONSTITUENTS: AL,NI : VA

G(FCC_A1,AL:VA;0)-H298 (FCC_A1,AL;0) = +GHSERAL
G(FCC_A1,NI:VA;0)-H298 (FCC_A1,NI;0) = +GHSERNI
+633

= +.52

= -1112

= +1745

L(FCC_AL,AL,NI:VA
L(FCC_A1,AL,NI:VA;1) = +2%AL3NI-2%ALNI3

L(FCC_A1,AL,NI:VA;2) = +AL3NI-1.5%AL2NI2+ALNI3-1.5*RALNT

ORD_FCC
$ THIS PHASE HAS A DISORDERED CONTRIBUTION FROM FCC_A1
EXCESS MODEL IS REDLI STER_MUGGIANU
$ This phase has optiowet
5 SUBLATTICES, SITES
CONSTITUENTS: AL,NI

.26: .25: .26: 1
: AL,NI : AL,NI : AL,NI : VA

G(ORD_FCC,AL:AL:AL:AL:VA;0) = 0.0

G(ORD_FCC, AL = +AL3NT
G(ORD_FCC, AL = +AL2NI2
G(ORD_FCC,AL: = +ALNI3
G(ORD_FCC,AL:N = 0.0

L(ORD_FCC,AL,NI:AL,NI:#:%:VA;0) = +RALNI
L(ORD_FCC,AL,NI:%:%:%:VA;0) = +LOALNI

Nathalie Dupin

+AL3NI+1.5%AL2NI2+ALNTI3+1.5%RALNT+4*LOALNT

G:

Phase: ORD_FCC
Subl: & 0.250
Constituents: AL
+ Magnetic model

Magnetic functi
1-0.860338755*T.

-.001744912
Magnetic functi.

, Status: 130
0.250 0.250 0.250 1.000

NI: AL NI: AL NI: AL NI: VA:

by Inden, anti-ferromagntic factor: -3

on below the ordering temperature TC with TAO=T/TC:

A0** (~1)-0.17449124*TAD**3~.00775516624*TAD**9

4*TAO**15

on above the ordering temperature TC with TAO=T/TC:

Gdis(xi) +AG°"d(y?) _AGord(y’g —

-.0426902268*TAD** (-5) —. 0013552453+ TA0** (-15) -.000284601512%TAD** (-25)

G(ORD_FCC, A

G(ORD_FCC, A
G(ORD_FCC, *:
G(ORD_FCC, *:

Disordered fraction

GD(ORD_FCC,AL:VA;

I:VA;0)= 298.15 +AL3NI; 6000 N N 03SUN
:VA;0)= 298.15 +AL2NI2; 6000 N N 03SUN
I:VA;0)= 298.15 +ALNI3; 6000 N N 03SUN

:AL,NI:AL,NI:VA;0)= 298.15 +RALNI; 6000 N 03SUN

:AL,NI:VA;0)= 298.15 +LOALNI; 6000 N N 03SUN
set parameters, factor: 1.0000 ----------
0)-H298(SER,AL) = 298.15 +GHSERAL; 6000 N 91DIN

Tomorrow fcc ordering model

GD(ORD_FCC,NI:VA;0)-H298(SER,NI) = 298.15 +GHSERNI; 6000 N 91DIN

TCD(ORD_FCC,NI:VA;0)= 298.15 +633; 6000 N 89DIN

BMAGD (ORD_FCC,NI:VA;0)= 298.15 +0.52; 6000 N 89DIN
TCD(ORD_FCC,AL,NI:VA;0)= 298.15 -1112; 6000 N 95DUP
TCD(ORD_FCC,AL,NI:VA;1)= 298.15 +1745; 6000 N 95DUP

GD(ORD_FCC,AL,NI:VA;0)= 298.15 +AL3NI+1.5%AL2NI2+ALNI3+1.5*RALNI+4*LOALNI; 6000 N 03SUN

GD(ORD_FCC, AL, N

A1

298.15 +2*AL3NI-2+ALNI3; 6000 N 03SUN

GD(ORD_FCC,AL,NI:VA;2)= 298.15 +AL3NI-1.5%AL2NI2+ALNI3-1.5*RALNI; 6000 N 03SUN

The F option allows to handle only one of the configurations

that are equivalent by symmetry.

TMS 2020, San Diego, California, USA



F-4SL Split in 2 (NEVER)
B. Sundman, N. Dupin, JEEP 2003, Lyon

FCC_A1

$ THIS PHASE IS THE DISORDERED PART OF ORD_FCC

EXCESS MODEL IS REDLICH-KISTER_MUGGIANU

ADDITIONAL CONTRIBUTION FROM MAGNETIC ORDERING
Magnetic function below Curie Temperature
+1-.860338755%TAO** (1) . 17449124*TAQ**3~.00775516624*xTAD**9
-.0017449124%TAD**15
Magnetic function above Curie Temperature
-.0426902268*TAO** (~5)-.0013552453*TAQ** (-15)
-2.84601512E-04*TAO** (-25)

CONSTITUENTS: AL,NI

G(FCC_A1,AL;0)-H298(FCC_A1,AL;0) = +GHSERAL
G(FCC_A1,NI;0)-H298(FCC_A1,NI;0) = +GHSERNI
TC(FCC_A1,NI;0) = +633

BMAGN (FCC_A1,NI;0) = +.52
TC(FCC_A1,AL,NI;0) = -1112
TC(FCC_A1,AL,NI;1) = +1745

ORD_FCC
$ THIS PHASE HAS A DISORDERED CONTRIBUTION FROM FCC_A1
EXCESS MODEL IS REDLICH-KISTER_MUGGIANU
$ This phase has option F set
4 SUBLATTICES, SITES .25: .25: .25: .25
CONSTITUENTS: AL,NI : AL,NI : AL,NI : AL,NI

G(ORD_FCC,AL:AL:AL:AL:VA;0) = 0.0
G(ORD_FCC,AL:AL:AL:NI:VA;0) = +AL3NT

G(ORD_FCC, AL = +AL2NI2
G(ORD_FCC,AL:NI: = +ALNI3
G(ORD_FCC,AL:N =0.0
L(ORD_FCC, AL, N ;0) = +RALNI
L(ORD_FCC, AL, N +LOALNT

Nathalie Dupin

G = nG"5(x;) + AG°™(y3)

Phase: ORD_FCC , Status
Subl: 4 0.250 0.250 0.250 0.250
Constituents: AL NI: AL NI: AL NI: AL NI
+ Magnetic model by Inden, anti-ferromagntic factor: -3

Magnetic function below the ordering temperature TC with TAO=T/TC:
1-0.860338755+TAD** (~1) -0 17449124+ TAO**3- . 00775516624+ TAQ**9
-.0017449124+TAO**15
Magnetic function above the ordering temperature TC with TAO=T/TC:
-.0426902268%TADx (-5) - .0013552453%TAQ*x (~15) - . 000284601512+ TAD* (~25)
1;0)= 298.15 +AL3NI; 6000 N N 03SUN

298.15 +AL2NI2; 6000 N N 03SUN

= 298.15 +ALNI3; 6000 N N 03SUN

G(ORD_FCC,%:%:AL,NI:AL,NI;0)= 298.15 +RALNI; 6000 N 03SUN
G(ORD_FCC,%:%:%:AL,NI;0)= 298.15 +LOALNI; 6000 N N 03SUN

Disordered fraction set parameters, factor: 1.0000
GD(ORD_FCC,AL;0)-H298(SER,AL) = 298.15 +GHSERAL; 6000 N 91DIN
GD(ORD_FCC,NI;0)-H298(SER,NI) = 298.15 +GHSERNI; 6000 N 91DIN
TCD(ORD_FCC,NI;0)= 298.15 +633; 6000 N 89DIN
BMAGD (ORD_FCC,NI;0)= 298.15 +0.52; 6000 N 89DIN

TCD(ORD_FCC,AL,NI;0)= 298.15 -1112; 6000 N 95DUP
TCD(ORD_FCC,AL,NI;1)= 298.15 +1745; 6000 N 95DUP

130 FD

When AG™(x;) = AG(y; = x;) in the split in 3, the
interaction parameters in the disordered part disappear of
the split in 2. The split in 2 term implementation introduced
after Ringberg meeting proposition is available in TC or
OC softwares under the NEVER option as it has initially
introduced for phases that never disorder like the o phase.

Tomorrow fcc ordering model
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Wild F-4SL

B. Sundman, N. Dupin, JEEP 2003, Lyon

ORD_FCC
EXCESS MODEL IS REDLICH-KISTER_MUGGIANU
ADDITIONAL CONTRIBUTION FROM MAGNETIC ORDERING
Magnetic function below Curie Temperature
+1-.860338755+TAO** (~1) —.17449124*TAD**3~.00775516624*TAD**9
-.0017449124%TAD**15
Magnetic function above Curie Temperature
-.0426902268*TAO** (-5) -.0013552453*TAD** (-15)
-2.84601512E-04*TAO** (-25)
$ This phase has option F set
4 SUBLATTICES, SITES .25: .25: .25: .25
CONSTITUENTS: AL,NI : AL,NI : AL,NI : AL,NI

G(ORD_FCC,AL: A
G(ORD_FCC,AL:
G(ORD_FCC, AL
G(ORD_FCC, AL

5 H298(FCC_A1,AL;0)-0.25 H298(FCC_A1,NI;0) = 0.0
5 H298(FCC_A1,AL;0)-0.25 H298(FCC_A1,NI;0) = +AL3NI
H298(FCC_A1,AL;0)-0.5 H298(FCC_A1,NI;0) = +AL2NI2
5 H298 (FCC_A1,AL;0)-0.75 H298(FCC_A1,NI;0) = +ALNI3
AL;0)-0.75 H298(FCC_A1,NI;0) = 0.0

G(ORD_FCC, AL
G(ORD_FCC,NI
TC(ORD_FCC,NI:
BMAGN (ORD_FCC, NI :
TC(ORD_FCC, AL, NI

. E*GHSERAL
= +A25*GHSERNI
= +.26%TCNI
B = +.26%BMNI
+.25*TCALNIO

G= Gord(ylg)

Phase: ORD_FCC , Status: 30 F

Subl: 4 0.250 0.250 0.250 0.250

Constituents: AL NI: AL NI: AL NI: AL NI:

+ Magnetic model by Inden, anti-ferromagntic factor: -3
Magnetic function below the ordering temperature TC with TAO=T/TC:
1-0.860338755*TAO0** (-1)-0.17449124*TAD**3-. 00775516624+ TAD**9

-.0017449124*TAO**15

Magnetic function above the ordering temperature TC with TAO=T/TC:
-.0426902268*TAO** (-5) -.0013552453*TAO** (-15) —. 000284601512+ TAD** (-25)

= 298.15 +AL3NI
298.15 +AL2NI2;
= 8.15 +ALNI3
G(ORD_FCC, *:%:*:AL;0)-0.25%H298 (SER,AL) = 298.15 +0.25*GHSERAL; €000 N 91DIN
G(ORD_FCC, *:% NI;0)-0.25%H298(SER,NI) = 298.15 +0.25%GHSERNI; €000 N 91DIN
TC(ORD_FCC, *: * NI;0)= 298.15 +0.25%TCNI; 6000 N 89DIN

BMAG (ORD_FCC, *:*:*:NI;0)= 298.15 +0.25%BMNI; 6000 N 89DIN

A 2!

G(ORD_FCC,AL:AL:AL:NI;0)-0.75%H298 (SER,AL)-0.25%H298 (SER,NI)
G(ORD_FCC,AL:AL:NI:NI;0)-0.5+¥H298(SER,AL)-0.5%H298(SER,NI) =

TC(DRD_FCC,*A*A*AAL,NI,O)— 298.15 +O.25*TCALNIO; 6000 N 95DUP
TC(ORD_FCC,*:#:*:AL,NI;1)= 298.15 +0.26%TCALNI1; 6000 N 95DUP
G(ORD_FCC,*:%:%:AL,NI;0)= 298.15 +LOALNI; 6000 N N 03SUN

When all interaction parameters are taken into account in

L(ORD_FCC,AL,NI = +LOALNI th d d rt th It . t d d .
L(ORD_FCG AL NT:AL, NI +#:%;0) = +RALNI e ordered part, the split is not any more needed using
G(@,i: * :* :*;0) parameters to take into account the

lattice stabilities.

Nathalie Dupin

Tomorrow fcc ordering model
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Wild F-4SL using BE

B. Sundman, N. Dupin, JEEP 2003, Lyon

ORD_FCC

EXCESS MODEL IS REDLICH-KISTER_MUGGIANU

ADDITIONAL CONTRIBUTION FROM MAGNETIC ORDERING
Magnetic function below Curie Temperature
+1-.860338755%TAD** (-1)-.17449124*TAQ0**3-.00775516624*TAD**9
-.0017449124%TAD**15
Magnetic function above Curie Temperature

~.0426902268+TAD** (-5) —. 0013552453+ TA0** (-15)

-2.84601512E-04*TAQ** (-25)

$ This phase has option F set

4 SUBLATTICES, SITES .25: .25: .25: .25
CONSTITUENTS: AL,NI : AL,NI : AL,NI : AL,NI

G(ORD_FCC,AL: A
G(ORD_FCC,AL:
G(ORD_FCC, AL

5 H298 (FCC_A1,AL;0)-0.25 H298(FCC_A1,NI;0) = 0.0
5 H298(FCC_A1,AL;0)-0.25 H298(FCC_A1,NI;0) = +DGAL3NT
H298 (FCC_A1,AL;0)-0.5 H298(FCC_A1,NI;0) = +DGAL2NI2
5 H298(FCC_A1,AL;0)-0.75 H298(FCC_A1,NI;0) = 0.0
.25 H298(FCC_A1,AL;0)-0.75 H298(FCC_A1,NI;0) = 0.0

-0.7
-0.7!
-0.5
-0.2!
-0
) = +.25%GHSERAL
;0) = +.25%GHSERNI
;0) = +.25%TCNI

G(ORD_FCC,NI
TC(ORD_FCC,NI:
BMAGN (ORD_FCC, NI : ;0) = +.26%BMNT
G(ORD_FCC,AL:N ;0) = +UALNIZ
TC(ORD_FCC,AL,NT:%:%:%;0) = +.25¥TCALNIO
TC(ORD_FCC, AL, NI: ;1) = +.25%TCALNI1
L(ORD_FCC,AL,NI:%:%:%;0) = +LOALNT
L(ORD_FCC,AL,NI:AL,NI:#:%;0) = +RALNI

G= Gord(ylg)

Phase: ORD_FCC , Status: 30 F

Subl: 4 0.250 0.250 0.250 0.250

Constituents: AL NI: AL NI: AL NI: AL NI:

+ Magnetic model by Inden, anti-ferromagntic factor: -3
Magnetic function below the ordering temperature TC with TAO=T/TC:
1-0.860338755+TAD** (~1)-0. 17449124+ TAD**3- . 00775516624+ TAD**9

-.0017449124+TAO**15

Magnetic function above the ordering temperature TC with TAO=T/TC:
- .0426902268*TAQx (~5) - . 0013552453+ TAQ* (~15) - . 000284601512+ TAQ** (~25)

G(ORD_FCC,AL:AL:AL:NI;0)-0.75+H298 (SER,AL)-0.25+H298 (SER,NI) = 298.15 +DGAL3]
G(ORD_FCC,AL:AL:NI:NI;0)-0.5%H298(SER,AL)-0.5%H298(SER,NI) = 298.15 +DGAL2NI
G(ORD_FCC,%:%:AL:NI;0)-0.26%H298 (SER,AL)-0.75H298 (SER,NI) = 298.15 +UALNI3;
G(ORD_FCC, * AL;0)-0.25%H298 (SER,AL) = 298.15 +0.25%GHSERAL; 6000 N
G(ORD_FCC, * NI;0)-0.25%H298(SER,NI) = 298.15 +0.25%GHSERNI; 6000 N
TC(ORD_FCC,*:%:%:NI;0)= 298.15 +0.25%TCNI; 6000 N 89DIN
BMAG (ORD_FCC, % :%:%:NI;0)= 298.15 +0.25%BMNI; 6000 N 89DIN
G(ORD_FCC,*:%:AL,NI:AL,NI;0)= 298.15 +RALNI; 6000 N O3SUN
TC(ORD_FCC,*:%:%:AL,NI;0)= 298.15 +0.25%TCALNIO; 6000 N 95DUP
TC(ORD_FCC,*:%:%:AL,NI;1)= 298.15 +0.25%TCALNI1; 6000 N 95DUP
G(ORD_FCC,*:*:%:AL,NI;0)= 298.15 +LOALNI; 6000 N N 03SUN

Bond energies between pairs are useful to extrapolate

FUNCTION ~UALNI3 = ATHIRD*ALNI3 0O
FUNGTION DGALNI2 = AL2NI2-4+UALNI3 more eaS|Iy. into multlcom.ponent databases.
FUNCTION ~DGALNI3 = AL3NI-3%UALNI3 https://doi.org/10.6028/jres.123.020

Nathalie Dupin Tomorrow fcc ordering model TMS 2020, San Diego, California, USA



Wild F-4SL using BE

B. Sundman, N. Dupin, JEEP 2003, Lyon

ORD_FCC

EXCESS MODEL IS REDLICH-KISTER_MUGGIANU

ADDITIONAL CONTRIBUTION FROM MAGNETIC ORDERING
Magnetic function below Curie Temperature
+1-.860338755+TAD%* (~1) - . 17449124+TAQ**3-. 007755166 24+TAD**9
-.0017449124%TAO**15
Magnetic function above Curie Temperature

-.0426902268*TAD** (=5) - . 0013552453*TAD** (~15)

-2.84601512E-04*TAD* (~25)

$ This phase has option F set

4 SUBLATTICES, SITES .25: .25: .25: .25
CONSTITUENTS: AL,NI : AL,NI : AL,NI : AL,NI
G(ORD_FCC,AL: -0.75 H298(FCC_A1,AL;0)-0.25 H298(FCC_A1,NI;0)
G(ORD_FCC,AL: -0.75 H298(FCC_A1,AL;0)-0.25 H298(FCC_A1,NI;0)
G(ORD_FCC,AL: -0.5 H298(FCC_A1,AL;0)-0.5 H298(FCC_A1,NI;0) =
G(ORD_FCC,AL: -0.25 H298(FCC_A1,AL;0)-0.75 H298(FCC_A1,NI;0)
G(ORD_FCC,NI: -0.25 H298(FCC_A1,AL;0)-0.75 H298(FCC_A1,NI;0)

G(ORD_FCC,AL:
G(ORD_FCC, NI
TC(ORD_FCC, N
BMAGN (ORD_FCC, NI = +.25%BMNI
G(ORD_FCC,AL:NI +UALNI3 —
TC(ORD_FCC,AL,NI:%:%:%;0) = +.25%TCALNIO
TC(ORD_FCC, AL, N ;1) = +.25%TCALNI1
L(ORD_FCC, AL, NI :*:
L(ORD_FCG, AL NI+ AL, NI +#:%;0) =

+.26*GHSERAL
= +.2B%CHSERNI > <yAl +y2] +vl +yA])
= +.25%TCNI

y B
FYNIYAL

+RALNT

>

Nathalie Dupin

Y « 8 B Y
FYNiYAL FYNIYAL FYNIYAL TYNYAL

Tomorrow fcc ordering model

G= Gord(ylg)

= 0.0

= +DGAL3NT = (yleﬁ]yleﬁi +y B SR +y§iyﬁlyX1yfu)
+DGAL2NI2

- o B Y 8 « B « B

- gg (R & Xt SRRk

o B Y 8 B B
RN AL YR YAl +yNiniyA1yAl>
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Recommendations

~~ F-4SL
~> Avoid independent assessment of the disordered state

~~ Forget 3 terms split.
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Recommendations

~~ F-4SL

~> Avoid independent assessment of the disordered state
~~ Forget 3 terms split.

~> Explore wild 4SL using BEF
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Thank you
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4SL : N. Dupin, C. Desgranges, E. Menou, SafranTech CF193687, 2019
Al, L1, L1y and L6g : (A|,Ni,Pt)0_25(A|,Ni,Pt)0_25(A|,Ni,Pt)o_zs(A|,Ni,Pt)0_25
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L12-2SL=4SL : Xuan L. Liu et al., Calphad 55 (2016) 88-102

Al and L1;: (A',Ni,Pt)g_75(A|,Ni,Pt)o_25, L1y and L6g : (A|,Ni,Pt)0_25(Al,Ni,Pt)o_25(Ni,Pt)o_5
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