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Scaling of parameters in
multicomponent systems

e Typical binary system: 10-30 parameters
e Al-Co-Ni-Y: ~200 parameters

e NIST Superalloy database (10 components):
2000+ parameters!

e What if one binary is remodeled?
— Everything is connected

— The entire parameter set may have to be re-

optimized to be self-consistent
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Inverse data pyramid of
multicomponent materials

n components
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ESPEl: Extensible, Self-optimizing Phase
Equilibrium Infrastructure

e Crystallographic:
atomic positions

* Thermochemical:
heat capacity,

Databases Input Data enthalpy, free
energy

* Phase equilibrium:
phase boundary

e Gibbs energy
Database Model Data models linked to

input data used in

Automation A
_ / evaluation of model

parameters
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ESPEI: integration of input data,

model, and model parameters

e |nput data
— Thermochemical data from first-principles calculations
— Thermochemical data from experiments
— Phase equilibrium data from experiments

e Models

— Stoichiometric phases: pure elements and end-members in
sublattice models

— Solution phases
e Model parameters

— Coefficients of functions for stoichiometric phases

— Interaction parameters of solutions phases in and between
sublattices SEEAES
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Live Demo (Al-Mg)
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ESPEI: Starting Window

& ESPEI 1.3 C=roa X
— -

File  Edit Search | Autornation | Tool View  Database Help

[ . -
“Tdb Specitic (g) | Stull Automation for Binary |
Automation for Ternary
System — Function | Tdb Phase | Tdb Parameters
4 4 s 0

Al-Mn-Mg 3 |:|
Ca-Mg-Sn 3 $
Ca-Mg-Sn 3 5 Al-cu-Mg-Zn System, alcumgzn.tdb

s
Mg-Y 2 £ Last updated: 01-07-19%%7 by H. Liang
Ca-Ce-Mg 3 =l s
Ma-Pr 2 5 Based on: Al-Mg-Cul[%6Chen], Zl-Mg-Zn[%&Liang], Rl-

Cu-Zn[%6Liang],
Mg-Zn-2r 3 =} Cu-Mg-Zn[S6Liang]
ALCaKLi-MgMNa |6 s
AlCa-Mg-5r-Zn 5 5 GQuaternary: 2% phases
ACuMg Zn P s & quaternary phases: Liquid, FCC(&l,cu), Hep

I (Mg, Zn), EPS(&l,Cu,Mg, Zn),

A-Mg 2 s Sigma (21, Cu, Zn) 2Mg, T
B-C-Mg 1 (&l,Cu,Zn)45Mg32
B-C-Mg 3 s S ternary pha=zes:

s S({al2MgCu), Q(RA17Mg&Cul), V(R1SMg2Cut)-——From
B-L-Mg 3 Al-Cu-Mg
Al-Mg 2 = Tao (Al13ZnZ2Cus, Gamma (&1,Cu, Zn), Beco(kl,Cu,2n),
Al-Mg 2 = GammaH (&1, Cu, &n) ———From &Z1-Cu—-Zn
As-Mg 2
B-Mg 2 -

| = ] - Select Thi= TDB
Bl




Al-Mg: Collect Thermodynamic Data

lal AutomationbyThermoCa
File  Lead Config

Wizard | UseTC

Phase Selecting | Parameter Optimizing | Expt. Data Sheet | Parameter Definition | Run Bax | Set weight | Manual Optimization |

Define System |AI—Mg| ‘ Ac ~

Solutio Mo. Sublattice

ar of f Sublattice formula

Collect Thermodynamic Data ...

Define Phases/Setup Gibbs
Energy Model __.

Run Optimizing ‘ Save Model to Database




Al-Mg: Collected thermodynamic data

u-! CollectingThermodynamicDataBina

{ Thermodynamic Data || PhaseEquilibrium Data | ThemoChemical Data | Run Grid |

All found phases

OFE ‘ Cancel H Apply Save to excel file StruclD NickNan ~
- Choose ThermoChemical Data N FCC_AT

Mick Name weight = @ Al Data HCP_A3 HCP_A3

© GorF Liquid Liquid

@) Hand 5 5244 3 ALMG_G/|_|

() Cp, AC, H298 and 5298 s290 ALMG_EI

=741 BIMG RIT
3

1 [ T

phase with selected data

StruclD Mick Name EqTypelD Eq ~
3 FCC_A1 11 Entt

HCP_A3 HCP_A3 11 Entt| =
Liquid Liquid 11 Entt
Liquid Liquid 19 Acti
5244 3 ALMG_GAMMA |10 Erttt

5244 3 ALMG_GAMMA

~ O Al KA CDC
L1}

—_

ALMG_EPS
ALMG_EPS
ALMG_GAMMA,
ALMG_GAMMA
ALMG_BETA
ALMG_BETA
Liquid

Liquid

Liquid

Liquid

Liquid

Liquid

Liquid

ST T % 5 T T % Y 6 T 0 B T S R S I

L I = = TS L N 1 S A - O WS L . R % R

Nick Name dettaT

Liquid
Liquid
ALMG_BETA
ALMG_BETA
Liquid
Liquid




Al-Mg: ESPEI single phase optimization
model and model parameters

o=l DefinePhaseFromThe

odynamiclDatabaseBinary

Setlp Mode! | Running DataGrds | Macros | tabPaged

Make Sublattice by
@ TC+FP

(7) TC+FP+ESPEI

Defeine Initial Variables

@ Define by user

() Load Thermchemical
() Load TC+First-principles
(7) Load TC+FP+ESPEI

Phase
(Mick Name)

ALMG_EPS

B ~.vcBeTA

Solution(1) Mo, of
or not{d)

sublattice

Sublattice
fraction

Sublattice farmula

StruciD

Stable
Endmember

V]

2

140:39

Al Mg;

529

30:23

Al Mg;

5250

Cancel

ALMG_GAMMA

51212

Mg: Mg.Al; Al.Mg:

5244 A

FCC_A1

AlMg;

FCC_A1

Apply

HCP_A3

AlMg;

HCP_A3

LiquiD

]
a
1
1
1

AlMg;

LiguiD

ESFEI single
rhase
optimization

ESPEI test

StruclD

Solution{ Mo.of

ar

Sublattic  Sublattice
sublattice fraction

formula

LO-T*Ln( LO-T=2 LO-T=3

LT L1122 L11 L1-T L1-T*Ln( L

Ol veec |

5291

2

140:89

Al:Mg

ALMG_EPS

5250

3023

Al:Mg

ALMG_GAMMA

5244 A

51212

Mag:Mg:Al

ALMG_GAMMA

5244 A

51212

Mg:ALAl

ALMG_GAMMA

5244 A

51212

Mg:Mg AlL:AI

ALMG_GAMMA

5244 A

Bi2:12

Mg:Mg:Mg

ALMG_GAMMA

5244 A

B12:12

Mg:AlMg

ALMG_GAMMA

5244 A

51212

Mg:Mg.Al:Mg

ALMG_GAMMA

5244 A

51212

Mg:Mg:AlMg

ALMG_GAMMA

5244 A

=R =R -~ =R —-RE -]

[ 8 R FE Iy 5 B 75 B L R P S IR R ]

Bi2:12

Mg:AlLALMg

L)




PEN

Al-Mg: Results of single phase

o-! ESPEInonSt

|| FPData | RunGrd |

optimization

Fitting to J/Mal:

Loy | [ | [ 0K

{LLJ

phase EndMember L 1 0 T*LN(T)
5291 Al:Mg 0 -203385 105.238
5250 Al:Mg 0 -170832 -2.047
s2dd 3 MG:MG:MG 0 135371 -27.315
s2dd 3 MG:MGE:AL MG 0 113100.01727 -14 5000152383
s244 3 MG:MG:AL 0 -103596 22121
s2d44 3 MG:AL:MG 0 180556 -132.065
s2dd 3 MG:AL:AL MG 0 11 3100.01727 -14 5000152383
s2dd 3 MG:AL:AL 0 2380 20.335
Liquid ALMG 2 454 00013571
Liquid ALMG 1 -1063.00080775 | 1.41200052462
Liquid ALMG 0 -5019.000514 4 794000605994
HCP_A3 AL MG 2 -1963
HCP_A3 ALMG 1 -445 0138
HCP_A3 ALMG 0 4336 -2.336
FCC_A1 ALMG 2 73
FCC_A1 AL MG 1 1014 068
4 FCC_A1 ALMG 0 1593 2143
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Al-Mg: Automation window

o= Automationb

File

Load Config

Wizard | UgeTC

Load Model+Data

Calculate Equilibria

| Rewsgh |
Run Cptimize

Phase: 5291

XMg) 05

Plot Cp
Flot deltaH
Plot Gibbs Energy
Tdmin: 300

T/max: 1000

Phase Selecting | Parameter Optimizing | Expt. Data Sheet | Parameter Defintion | Run Box | Set weight | Manual Optimization |

Select

Phase
(Mick Mame)

Solutio No.

ar

Sublattice

of fraction

Sublattice formula

StruciD

Stable
Endmember

ALMG_BETA

140:89

Al Ma;

529

ALMG_EPS

30:23

Al Ma;

5250

ALMG_GAMMA

Ma; Ma.Al; AL Ma;

5244 A

MG:MG:AL

FCC_A1

Al Mg;

FCC_A1

HCP_A3

Al Mg;

HCP_A2

T i

Liguip

0
0
0
1
1
1

2
2
3 51212
1
1
1

Al Mg;

LiguiD

Run Optimizing ‘

l Save Model to Database

<

Evaluate FPhase
3 E 5291

Sublattice formula

fieed LO-1

foeed  LO-T

Al:Mg

-803385

105.238

5230

Al:Mg

-170832 O

-3.047

5244 A

Mg:Mg:Al

5244 A

Mg:AlAl

5244 A

Mg:Ma:Mg

5244 A

Mag:Al:Mg

5244 A

Mg:Mag:Al.Mg

5244 A

Ma:A:AL Mg

FCC_AT

AlLMg

-1035%6 &

2214

ficed L1-1

HEEEEEERE

E EEERE

EH EE

HCP_A3

AlLMg

| EEE E | | = E|

Liquio

Al.Mg
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Al-Mg: Results of automation

EHDJI .Autnmaﬁnnbllw

File Load Config

Wizard | UseTC

mac Al-Ma_SetUp tem
compile Al-Mg.POF |,
mac Al-Ma_lnitV tcm

mac Al-Mg_InitC tcm

mac Al-Ma_OptAll tem
mac A-Mg_PD_head tcm
mac Al-Ma_PD tcm

mac A-Mg_PD_head tcm
mac Al-Ma_FPD tcm

| Load Model+Data |

[ Calculate Equilibria ]

Automation

Clear TC Window

[ Reweght |

Run Optimize

XMg) 05

Phass: 5291 -

Quit ThermoCale

Flot Phase Diagram

Plot Cp
Plot deftaH

Plot Gibbs Energy

lir il

T/min: 300

T/mae: 1000

File Edit Help

Frase Sclecing | Parameer Opamang ||

THERMO—-CRLC

1A memo-cok ot

(12.683.11: 14.24)

Phase
Select (Nick Name) | 1EEE ! ] 1 |
> ALMG_BETA 0
O |ALMG_EPS SEE - ~
[ |ALMG_GAMMA = A
—
> 2@6 - -
[ |Foc_alt > i
[ |Hcr_ a3 o
I YEE A —
[ |uauio Ly -
= X
= coe X -
[l I
]
T soa- X B
SoS HAS CHANGED FEREOM H b
I
. 4638 i B
Run Optimizing ‘
Evaluate Phase @ 208 & o.2 3.4 @.6 3.3 1.8
> 5291 MOLE _FRACTIOM MG
5290
5244 A
5244 A
5244 A ki
5244 A Mg:&:Mg
5244 A Mg:Mg:Al Mg
5244 A Mg:&l:AL Mg
FCC_AT A.Mg &
HCP_A3 A.Mag =
LIGuID A.Mg ]
< | m | v
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st AutomationbyThermoCa

File Load Cenfig

Wizard | UseTC

mac A-Zn_SetUp tcm
compile Al-Zn POP |,
mac A-Zn_Inity tcm

mac A-Zn_InitC tem

mac A-Zn_COptAll tom
mac Al-Zn_PD_head tcm
mac A-Zn_PDicm

mac A-Zn_PD_head tcm
mac A-Zn_PDicm

| Load Modsl<Data

)

| Calculate Equilibria |

Automation

Clear TC Window

[ Rewsght |
[ Run Optimize ]

41

A

|-Zn

, Thermo-Calc Graph

File Edit Help

Phase Selecting

¥ Juauof

THERMO-CALC

1868

tl1zZ2.8=2.11: 14,342

s "

2EaE

TEEA

5808

SEE

TEMPERATURE _KELVIM

4 -

T
@B, =2

T T T
8.4 d.6 8.3
MOLE_FRACTION ZM

1.




. adl Au;a;aﬁu b ermoCa
File Load Cenfig
Wizard | UseTC

mac Mg-Zn_SetUp tcm
compile Mg-Zn.POP |,
mac Mg-Zn_InitVtcm
mac Mg-Zn_InitC tcm
mac Mg-Zn_OptAll tem
mac Mg-Zn_PD_head tcm
mac Mg-Zn_PD tcm

mac Mg-Zn_PD_head tcm
mac Mg-Zn_PDicm

Phase: HCP_A3

Xz 05

PENNST,

-

Load Model+Data mation
[ Caloulate Equilbria | —
[ Feneight |

Cuit

Plot Phase Diagram

Flot Cp

Plot deltaH

ik 1 i

T/min: 300

T/max: 1000

Mg-Zn

Phese Seectng

Phase

Select ik Name)

, Thermo-Calc Graph

File Edit Help

HCP_A2
LiQuIiD
MGZZN11
MG2ZZN3
MG7ZN3
MGZN
MGZNZ

O0OoooD Ol

SoS HAS CHANGED FRC

Run Optimizing |

Phase
53m
5300
5239
52m

Evaluate

THERMO—-CALC

186838

tl1z2.@3.11: 14,382

sEE -

@ -]

TEMPERATURE _KELVIN

T
|

T T
g. 4 d.6 3.9

MOLE_FRACTIOMN ZM

HCP_A3

Mg.Zn

-1.600486...

SEHEREHENERS &

LiQuio

OO e

Mg.Zn

-8.143781..

1
% 3
[
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