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What is CALPHAD? Software

Phase-based description
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CALPHAD Method Software

» Collected experimental and computational data are used to fit functions.
» Functions are used to calculate phase equilibria, including phase diagrams.
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™ True quaternary compounds are rare in metallic systems
™ Assessment of ternary systems is usually sufficient for the description of a
multicomponent system
™ Same methodology can be applied to the description of other property data

From Dr. C. Campbell, NIST, USA
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Big idea — lattice stability Soltaers
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Multicomponent systems for practical Software

industrial application
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What is a CALPHAD Database? Software

e Different from conventional materials property databases
where various property data are stored as specifications for

engineering materials .
‘MatWeb

e Does not store thermodynamic or phase diagram data

ASN\  Alloy Phase Diagram Database ™

JANAF 3 ""”‘“"_' " Home | Explore | Search | Tools | Help

e Stores Gibbs energy model parameters for individual phases
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Advantages of CALPHAD Database Software

e Efficient and versatile

e Self-consistent and elimination of data of error. Data curation
done!

e Prediction for regions where data is not available or
difficult/impossible to obtain.

 Based on unary, binary, and ternary data, we can predict
properties of multicomponent systems that were not even
measured.
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>1000 experimental data Software

14e0 3200

S =
+Smith 1073 K 1048 i
1.35 BEEZQ 11;3 E 1N 8.45 :sBﬁt-th { 1350 : gah e 7/Gr mé ! 3e00 +
X Smith . 1274 K 1048 R A & Mehiet a1” & 1037 1 g
i LR 132¢ | 0 Hasebe et al 1984 it 2800 =
i6E 8.35 | 1258 | “Y =san
6.58 8.3 | = yze0 ] +‘ = zave Liquid + Graphite
& o I = T =
25 |
= = @8.25 o = 2200 +Cabill ot al 1954
C 87 2] : = 11se + =  Chipman st ol 1652
= = w w O Ruer et al.
- e.6e £ B.28. g 1iee 74Gr. 1 g 2000
2 = = | =
B.45 B.15 - = 1050 (7+Cem.) } T 1eee
a a
£
2.3 B.10 { 5 1eee on w600
o By 1423 K 1968 a+Gr. 1427
e.1s . SSmitd" 1475 K 1946 950 1400 7
¢ @ Ban—yn ss'ra x 1970 (a+Cem.) y+Graphite
R e ¥ Ban—ya b see L
° .58  1.00 1.5 208 250 [} .28 ©.48 0.60 zez 1.88 ® v.40 ©.60 1.28 1.68 200 B 2 4 6 8 18 12 14 16 18 20
WEIGHT-PERCENT C WEIGHT-PERCENT C WEIGHT-PERCENT C WEIGHT-PERCENT C
Fig. 3. Calculated C activities in fcc phase in comparison wi . Co s : . . ig. 5. T i i ivities in liqui 7 ison Wil
g 2 s fee p parison with Fig. 4. Calculated C activities in fec phase in comparison with F!g. 5. The emeqmd part of the stable und_ the memsmble_phg Fig. 6: Calculated C activities in liquid phase in comparison with
experimental data. experimental data. n’mgram according to the present evaluation together with «  experimental dara.
novimontal infarmatian
i . 5@ - 1988 1850 -
™ IR Pammes 2% B8 Phma e thma, i
b it al 1 ! - e . 4 *
- 45 |+ Sanbong! af T 183 1858 : Eu:ﬁ:y Exch 83 1838 Liquid O Buckley st el 1960
e 29 5 R et el 1822
48 = 1888 o < en-r B 1810
- 4 Ruer et al. 1820 i Py
@ Fuwa et al. 1860 |
e, 35 1758 ¥ Mori et al. 1960 < 1790 | &,
2.7 Liquid z | r) g X esson el iggg o
| 3] a = 1700 sEReaResas F z 177
e.6 P + = =
& o} Lo
— x S a5 @ y7se
> 8.5 . < " x lese ik
& = i o W
= G 3 = 28 = 160@ = 1730
= S = 2
o = = =
= 0.5 + TS E 1953 | 1S 5 1sse = 171e
- =
1783+/-10 K w
8.2 113K 1942 L  1see 4 1680
1823 .
2.1 - o 2 i 159 1678
’ 1873 K Liquid
B 1008 K 1972 =] 1402 / + 1658
2 & 9 19 8 2,10.20.9040.50.8870.88.91.9 ® ©61.2182430364248546%0 ? 010203040.5060.70.60.591.2
WEIGHT-PERCENT C WEIGHT-PERCENT € WEIGHT-PERCENT C

WEIBHT-PERCENT C

Fig. 7. Caleulated C activities in liquid phase in comparison with Fig. 8. The calculated solubility of graphite in liquid Fe at high Fig. 9. The eutectic part of the stable and the metastable phase  Fig. 10. The peritectic part of the phase diagram according to the

: ¢ A 5 i i valuation together with some ocont svaluntion tovether with some exnerimental data.
experimental data. temperatures in comparison with experimental data. dmgrqm according to the present evaluation tog nres. ..5B
experimental data. + Yamaguchi 975,1200.1410,1600,1800 K
9% 1200 - + Yamaguchi 1100,1300,1500,1700,1900 K
2.8 +
| 1056, 1019/ '[ T —
t ol 848 K 1071 2.45 | @ 1150 se
1.8 883 K o &
(] at+y .
6 0.40 7 1100 % 45 Lig. T 1800
o ™ +
i B.35 1858 8 L) + R 1700
g & .
8.38 . 1121 = ygee O Q1011 000 F) 3;- " 1600
{ B o = a - = + 1500
o . = * + e .
o > @.25 % ses0 a+Graphite g 38 *
>~ 1.8 = i o w u.F N =
5 Z oz = gee (a+Cementite) 12
=R T o 2
o - - x0o [~ -
= 8.1s = .
o 7 & ese & :F 20 7 s o
= +
o g 2.18 tlobo ot al. 1028 K 1876 = see o OHasobe et al. 1084/ is = . — 1300 g
- man K ; o ——— ;/:IE:;,, * 4 . 200 2
5 S0 g
2.2 o 0 Dunn et al. 1073 x 1671 o et paltom 1830 o i ~ By
s 8 700 B xStanley 194 s + . °
B 2 4 6 8 18 12 14 1 975~
@ 2 4 6 8 18 12 14 _16 18 29 16 18 28 B3 8 9 12 15 18 21 24 27 3
3 WEIGHT-PERCENT C 1@’ WEIGHT-PERCENT C 1@ ]
WEIGHT-PERCENT C #12 P 295 ®.18 ©.15 0.208 0.25
] o ) Fig. ;2. Calculated C activities in bee phase in comparison with Fig. 13. The solubility of carbon in bee phase according to the MOLE-FRACTION C
Fig. 11. Calculated C activities in bee phase in comparison with experimental ata. Ppresent evaluation in comparison with experimental data. " . .
experimental ata. Fig. 15. The metastable phase diagram plotted with an enthalpy

axis instead of the temperature axis, compared with experimental



cpep s Thermo-Calc
Phase equilibria at all temperatures and Software

compositions

THERMO-CALC I(52(](}8.06.12:19.38) :
DATABASE:TCFE®6
P=1.01325ES5, N=1, T=3000;

Click to play the video
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Multicomponent industry alloys Software
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Property diagram for a M42 high speed steel.
Shows how the fractions of the phases in the system
vary with temperature. The alloy is Fe-4Cr- 5Mo-8W-
2V-0.3Mn-0.3Si-0.9C.
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High Entropy Alloys Software

- 216 alloys in literature

- Predictions by using
TCHEA1

- 70% on target
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Mobility and Diffusivity Soltaers

* (n-1)? elements in the inter-diffusion matrix. All depending on
composition and temperature.

* n mobilities depending on composition and temperature.

Chemical Diffusivity
Atomic mobility i i

Data base D]_]_ D12 ¢ D]_g

A pbl=| ©

[M)= Self-Diffusivity
M Impurity Diffusivity
w .. . ..
Intrinsic Diffusivity

J.0. Andersson and J. Agren, J. Appl. Phys., 72 (1992) 1350.




Mobility and Diffusivity Therma-Calc
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Volume and bulk modulus — Software

Pressure dependence
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Extensions Software

To facilitate linkage among thermodynamics, processing modelling and microstructure
simulation, the following phase-based property data can be modelled in the CALPHAD-
type fashion:

Elastisity
Elastic constants
Young’s modulus
Bulk modulus
Shear modulus
Possion’s ratio

Viscosity (and diffusivity) in liquid

Thermal conductivity and diffusivity
Electric conductivity and resistivity

Thermal radiative properties: emissivity, adsorptivity, reflectivity, transmissivity
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Properties of interface Software

- essential for modelling of microstructure evolution

Interfacial energy
Grain boundary energy
Surface tension
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Estimation of interfacial energy Software
Estmstion (/m')
Al-Li o/d’ 0.011 0.004 to 0.115
Cu-Ti Cu/CudTi 0.035 0.067, 0.031
Ni-Al-Cr vy’ 0.022 0.023
Co-W-C Co/WC 0.68 0.44 to 1.09
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Limitations and Challenges Software

Relying on (at least key) experiments, which unfortunately are
supported less and less. Quite often, facing not a big data
problem, but few or no data problem.

Requiring development of high-throughput experimental
method and more accurate ab-initio calculation results

Updating of existing CALPHAD database

Thermodynamic properties for metastable and sometimes
even unstable structures

Anisotropy of inter-phase and grain boundary energy

Self-consistent description of elastic properties by using Gibbs
energy as a funciton of strains

Uncertainty quantification
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Summary Software

CALPHAD method is truly a materials genome method and it
plays a central and fundamental role in materials design

A Interfacial energy & Volume & Elastic constants

/

Thermodynamics: Gibbs energy Phase Field Method

» Diffusion: Mobility

CALPHAD-type genomic databases of thermodynamic and thermophysical as
well as kinetic properties have been and will be the only feasible source to
provide input data for simulation of materials processing and microstructure
evolution in multicomponent systems.
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