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How a grain refiner works

dispersed
particle in
liquid

act as
nuclei for

crystalliz
ation

grain size
dimension

limited

amount

segregation
of iridium
particles

The more
nuclei are
formed in the
liquid alloy, the
smaller will be
the grain size
in the alloy.

optimization
of

processing
parameters



AIS17Mg0.3 alloy
(l.e. 7 wt% Si and 0.3 wt% Mg, Al
balanced)

Liquidus and solidus Liquidus and solidus
temperature temperature

Solid fraction Solid fraction
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Thermo-Cale Database Description Forms

Thermo=Cale Database Description Form

Producer:

Contact persomn:

Description:

TTAIS

TT Al-based Alloys Database
(Version 5.0, Jan. 2006)

ThermoTech Ltd., Surtey Technology Center, Guildford UK

Nigel Saunders, ThermoTech Ltd., Sumey Technology Center, Guildford, UK

Pingfang Shi, Thermo-Cale Software AR, Stockholm, Sweden

This database has been developed by ThermoTech, and presents a comprehensive database for Alalloys
with a proven track record. It can be used for all major types of commercial Alalloys ranging from
commercial pure Al to complex alloys such as AA339.1, AATOTS. Nove that it is eriginally called as
Al-DATA.

The database successfully predicts precipitation hardening reactions and provides excellent results for
solution phase treatment temperatures and the formation of the “insoluble” compounds formed as part
of the solidification process.

One of the strking nflhe‘—"' prediction of the non=equilibriuvm selidification
behavior of Al-alloys. Es i the caleulated results (f; vs T) and experimental
dmﬁmfwmsmBnehﬂudﬂd (1986) can be obtained using the SCHEIL medule i the TCC
and TCW software. The simulation alse allows properties like heat evolution and the segregation
patterns to be successfully predicted.

The phases predicted to form during the solidification process are well matched (as illustrated below). It
is clear that the database provides very accurate predictions for the solidification behavior of Alalloys
in conditions that are well away from those associated with equilibrium. This provides a stringent test
of the capabilities of the TTA| database that it passes remarkably well.
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Systenis:

Applications:
Availability:
References:

From TTAIZTTAN to TTALS, waork has been done to take into model the various structural forms of
AlIM compounds, DO2Z, DO2Y and L12 that form with combinations Se, Ti, V and Zr.  Also
beginning work on the addition of Rare Earth elements to Al-DATA.

The database (Version 5.0) contains the following 17 elements (from TTAI 10 TTAIS, LasSc are added):

Al B C Cr Cu Fe La Mg Mn Ni
S S S Ti V Zn Zr

The phases that are included in the database are list below:

Liguid, Al(fce), Si; Graphite, SiC, (ALTi)B;, ALCs, ALCr, ALCu, ALCuMg,
AlL(Fe,Mn,Ni,...), AbMgs, Al(Mn,Fe,Cu,...), ALNi, ALINi,Cu) AlSr, ALSiSr,
AL(TLV,Er,...), Mg;Si, Mg,Zn, MC_carbide, Alj(Cr,Mn);Mgs, Al;Cr,Siy, Al:Cu;Fe,
AlyCusMny, AlCuyNi, Aly(FeNi);, o-AlFeSi, p-AlFeSi, o-AlFe,Mn,Cu,Cr,...);Si,
AlLMgsZns, ALSICy,  ALSIC;,  ALCuMgsSic, AlLFeMgsSi;, Laves, Al,CuMg,
Alg(Fe,Mn,...), Mg(AlCuZn);, E_AICrMgMn, T_AlCuMgZn, TiC. From TTAM to
TTAIS, added new REE phases are: Al RE; AL;RE_DO19.

The AFCu-Mg-Zn quaternary has been reassessed based on its early version, so that is it fully
compatible with the TTMg database.

Al-based alloy design and engineering.

Commercially available for uses with TCC and TCW.

Backerud L., Krol E., and Tamminen J. {1986} Solidification Characteristics of Aluminium Alloys, Vels

1 and 2, Tangen Trykk A'S, Oslo.
Saunders N. and Miodownik AP. (1998) CALPHAD (Calculation of Phase Diagrams): A
Comprehensive Guide. Cambridge.

TTAL8 ThermoTec
Al-based Alloys

Database version 5.1

been used for calculati

Thermo-Cale Software System 32




Isothermal section of a ternary Al-Si-Mg system
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Pseudo-binary phase diagram of AlSi7Mg0.3 aIIo;j
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crystallises and its amount increases at the

0O At 616 °C, an fcc solid solution (red line) Phase fraction vs temper

expense of the liquid phase (blue line).
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Liquidus, solidus and solid fraction

Solid fraction

Liquidus temperature / °C Solidus temperature / °C
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Enthalpy of the system \
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0 ThermoCalc software calculates the thermodynami

considering H=0 at 300 K as a reference.



Specific heat of the system (Procast vs ThermoCAIc)
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18 K Au-based alloy 2504

Composition

TCNOBL1 Database

Au Ag Ir Zn Cu

750 45 0.09 0.5 bal.

75 4.5 0.009 0.05 bal.

21 Elements |

204 binary systems
61 ternary systems

321 solutions and
Intermetallic phases

TCNOBL1: TCS Noble Metal-based Alloy Database

TCS Noble Metal-based Alloy

Database name: Thermodynamic Database

Database acronym: TCNOBL

Database owner: Thermo-Calc Software AB Database version: 1

TCNOBL1 is a thermodynamic database developed by Thermo-Calc software for noble (or precious) metal-
based alloys. It is intended for applications in jewelry, dental alloys, decoration industries, and delicate
components in scientific instruments.

Included Elements (21)

Ag Al Au Co Cr Cu Fe Ga Ge In Ir

Mn Ni Pd Pt Re Rh Ru sn Ti Zn

A hybrid approach of experiments, first-principles calculations and CALPHAD modeling are used to obtain
thermodynamic descriptions of the constituent binary and ternary systems over the whole composition and
temperature ranges.

In total, 204 binary systems and 61 ternary systems are assessed. These assessed binary and ternary
systems can be calculated with the BINARY module and the TERNARY module in Thermo-Calc, respectively.

} TCNOBLI Assessed Binary Systems

} TCNOBLI Assessed Ternary Systems

TCNOBL1 contains 321 solution and intermetallic phases in total, which includes nearly all stable phasesin
the assessed systems that may form in as-cast and aged noble-based alloys. A full list of the phases and
their models and constituents can be found in Included Phases in TCNOBLL.

The database can be used to calculate various phase diagrams and property diagrams in the assessed

systems or even extrapolated higher-order systems. The extrapolation to higher-order systems helps to
understand the phase equilibria in multi-component industrial noble alloys, so as to predict the phase

formation, phase fractions and phase compositions or to calculate the driving force of forming a phase. The
database can also be used for predicting solidification behavior of noble alloys with the SCHEIL_GULLIVER
module in Thermo-Calc and simulating general diffusion controlled phase transformations with the
Diffusion Module (DICTRA) or multi-particle precipitations during aging treatment with the Precipitation
Module (TC-PRISMA).




Building the phase diagram \

Ternary syste

0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Mass percent Ag Mass percent Ag

AN

0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 70 80 90 100
Mass percent Ag Mass percent Ag

0

Mass percent Ag



Temperature [°C]
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Phases composmon
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Figure 11.1. Schematics of (a) fcc and (b) L1, structures.




Liquidus, solidus and solid fraction
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Enthalpy of the system / kJ kg’

Enthalpy and specific heat of the system \
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0 ThermoCalc software calculates the thermodynami

considering H=0 at 300 K as a reference.



d ThermoCalc software was applied to calculate

thermodynamic parameters of two alloys.

» A standard alloy of composition AlSi7Mg0.3 was
iInvestigated and results have been compared with
outputs obtained by the Procast software for the
same alloy.

» This validation step was an useful exercise to match
the two softwares:

v good agreement found among ThermoCalc
results and Procast outputs;

v’ starting point to support results related to an alloy
of Interest, never assessed with Procast, but
whose thermodynamic parameters are object of
Interest.




d The alloy of interest is an 18 carats alloy, named 2504,
containing a limited amount of Ir for grain refining.
Thermodynamic parameters calculated by ThermCalc:

v Pseudo-binary phase diagram

v Phase fraction vs temperature

v liguidus and solidus temperature

v Solid fraction (Scheil model)

v Enthalpy and specific heat of the system

 These parameters are a first step forward to study the
thermodynamic conditions for the formation of Ir
precipitates in 18 K gold alloys for a better control of the
grain size.
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