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Annealing treatments in jewellery 

manufacturingAnnealing

restore 

ductility by

re-crystallization

reduce

“orange peel” effect 
after mechanical 

working. 

Controlling the grain 
growth 

Grain refiner
(Ir, Ru, Re)

Ir

high melting 
point (2447 °C),

miscibility gap in 
the liquid phase

reduced 
solubility (less 

than 0.1 wt.%) in 
the solid phase



Ir

dispersed 
particle in 

liquid

limited 
amount

grain size 

dimension

act as 
nuclei for

crystalliz
ation 

How a grain refiner works

The more 
nuclei are 

formed in the 
liquid alloy, the 
smaller will be 
the grain size 
in the alloy. 

segregation 
of iridium 
particles

0.005 wt.% up to

0.010 wt.%

Side effect

optimization

of

processing 
parameters



AlSi7Mg0.3 alloy 

(i.e. 7 wt% Si and 0.3 wt% Mg,  Al 

balanced)

Procast

Liquidus and solidus
temperature

Solid fraction

Cp

ThermoCalc

Liquidus and solidus
temperature

Solid fraction

Cp
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TTAL8 ThermoTech

Al-based Alloys 

Database version 5.1 has 

been used for calculation. 

17 ELEMENTS

PHASES



Isothermal section of a ternary Al-Si-Mg system



Pseudo-binary phase diagram of AlSi7Mg0.3 alloy

❑ All stable phases in the system considered;

❑ No suspended phases options applied.



❑ At 616 °C, an fcc solid solution (red line)

crystallises and its amount increases at the

expense of the liquid phase (blue line).

Phase fraction vs temperature

❑ The remaining part of the

liquid phase solidifies as

silicon at 576 °C (purple line).

❑ An fcc fraction of 92 % at RT.

❑ At 475 °C, Mg2Si (green line) precipitates with a

small fraction (maximum 0.5 %) at room temperature.



Liquidus, solidus and solid fraction

Liquidus temperature / °C Solidus temperature / °C

Procast 613 548

ThermoCalc (Scheil) 616 557

ThermoCalc (Equilibrium) 616 568

Scheil Model:

➢No diffusion in solid 

phase;

➢ infinite diffusion in 

liquid phase at all T;

➢equilibrium reached 

at solid-liquid 

interface.



Enthalpy of the system

❑ ThermoCalc software calculates the thermodynamic functions

considering H=0 at 300 K as a reference.



❑ In the whole range of temperature,

Cp calculated with ThermoCalc is higher

than that obtained with Procast.

Specific heat of the system (Procast vs ThermoCalc)

❑ Stable phases are labelled in the plot;

❑ Discontinuity due to phase

transitions.
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18 K Au-based alloy 2504

Au Ag Ir Zn Cu

In millesimal

750 45 0.09 0.5 bal.

In wt. %

75 4.5 0.009 0.05 bal.

Composition TCNOBL1 Database

21 Elements

204 binary systems

61 ternary systems

321 solutions and 

intermetallic phases



Building the phase diagram

1000 °C 900 °C

800 °C 400 °C 200 °C

Ternary system

Au-Cu-Ag



Quaternary system

Au-Cu-Ag-Zn



Quinary system

Au-Cu-Ag-Zn-Ir



Phase fraction vs temperature

❑ FCC_A1, disordered

solid solution (red line).

Stable 881 °C - 370 °C.

❑ Disordered solid solution FCC_A1#2, if its amount is rather limited.

❑ Liquid (blue line) and liquidus at 889 °C

❑ Disordered

solid solution

an FCC_A1#3

(olive green

line).

❑ Ordered solid solution L10_FCC

(violet line).



Phases composition

❑ it derived from fcc structure;

❑ corners and the corresponding face

in the same plane are occupied by one

type of atoms;

❑ the other faces between two planes

are occupied by a second type of

atoms.

L10 prototype structure: CuAu

FCC_A1

FCC_A1#3 and L10_FCC



Liquidus, solidus and solid fraction

ThermoCalc Liquidus temperature / °C Solidus temperature / °C

At the equilibrium 889 881

Scheil model 889 850



Enthalpy and specific heat of the system

❑ ThermoCalc software calculates the thermodynamic functions

considering H=0 at 300 K as a reference.
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❑ ThermoCalc software was applied to calculate

thermodynamic parameters of two alloys.

➢ A standard alloy of composition AlSi7Mg0.3 was

investigated 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:

✓ good agreement found among ThermoCalc

results and Procast outputs;

✓ starting point to support results related to an alloy

of interest, never assessed with Procast, but

whose thermodynamic parameters are object of

interest.
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❑ 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:

✓ Pseudo-binary phase diagram

✓ Phase fraction vs temperature

✓ liquidus and solidus temperature

✓ Solid fraction (Scheil model)

✓ 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.

Thanks for your attention!


