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The Equilib module enables you to perform cooling calculations 

and display the phase transitions and compositions during  

• Equilibrium cooling   

• Scheil-Gulliver cooling 

• Annealing of casted alloys 

  

Equilib Cooling Calculations  

1.1 Equilib Cooling Calculations 
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FeO-MnO : Phase transitions - binary phase diagram 
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FeO-MnO binary phase diagram calculated by Phase Diagram  

2.1 Equilib Cooling Calculations 
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FeO-MnO : Equilibrium phase transitions at XFeO = 0.5 

Equilib will calculate the equilibrium at XFeO = 0.5 for temperatures 

varying from 1500°C to 1700°C and will search for All phase transitions. 

2° Possible products: 

• solid solution (MONO) 

• liquid Slag (SLAG) 

3° <A> = 0.5 

T (°C) = 1500 and 1700 

1° Binary system <1-A> MnO + <A> FeO .  

2.2 Equilib Cooling Calculations 
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Equilibrium liquidus 

FeO-MnO : Phase transitions showing liquidus and solidus  

Equilibrium solidus 

2.3 Equilib Cooling Calculations 
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FeO-MnO : Simple equilibium cooling – L-Option 

1°  Right-click on the ‘+’ column to open the SLAG extended menu and select 

L– cooLing calculation.to open the Cooling Calculation Window 

2°  Cooling Calculation Window 

 

• select equilibrium cooling  

• check √ transitions + summary 

• click OK to close.  

3.1 Equilib Cooling Calculations 
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FeO-MnO : Simple equilibium cooling – step, T-auto and stop 

Enter default starting temperature ‘1650’ 

– applied when T-auto is not used  

In equilibrium cooling the 

cooling step (’10’) defines the 

pages displayed in the Results 

Window. (i.e. every 10 degrees).   

 

The cooling step has no effect 

on the transitions or when 100% 

solidification is attained. 

Equilibrium Cooling of SLAG 

  

• cooling step ‘10’  (0.1 – 250) 

• T-auto √ automatically  

     calculates the starting T 

• final mass ‘0’ (i.e. stops after 

      complete solidification) 

3.2 Equilib Cooling Calculations 



www.factsage.com 

FeO-MnO : Equilibrium cooling – Summary and Transitions  

Transitions 

Summary 

3.3 Equilib Cooling Calculations 
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FeO-MnO : Equilibrium cooling - Liquidus and Solidus  

Solidus 

Liquidus 

3.4 Equilib Cooling Calculations 
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FeO-MnO : Scheil-Gulliver cooling – L-Option 

1°  Right-click on the ‘+’ column to open the FACT-SLAG extended menu and 

select L– cooLing calculation.to open the Cooling Calculation Window 

2°  Cooling Calculation Window 

 

• select Scheil-Gulliver cooling  

• check √ transitions + summary. 

• click OK to close.  

4.1 Equilib Cooling Calculations 
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FeO-MnO : Scheil-Gulliver cooling – step, T-auto and stop 

Enter default starting temperature ‘1650’ 

– this is applied when T-auto is not used  

Scheil-Gulliver Cooling of SLAG 

  

• cooling step ‘10’  (0.1 – 250) 

• T-auto √ automatically  

     calculates the starting T 

• final mass ‘0’ (i.e. stops after 

      complete solidification) 

In Scheil-Gulliver cooling the 

cooling step (’10’) defines the 

calculation step (i.e. every 10 

degrees).   After each calculation 

any phase that precipitates from 

the solution phase is dropped 

from the total mass balance.   

 

The size of the step effects the 

calculated results. The smaller the 

step, the more precise the 

calculation and the longer the 

calculation time.  

 

4.2 Equilib Cooling Calculations 
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FeO-MnO : Scheil cooling – Summary and Transitions  

Transitions 

Summary 

4.3 Equilib Cooling Calculations 
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FeO-MnO : Scheil cooling – Start and Stop  

Start of solidification  

 at  1620.23oC 

End of solidification  

at 1403.47oC 

4.4 Equilib Cooling Calculations 
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FeO-MnO : Scheil cooling – incremental  vs. accumulated 

Incremental Scheil 

solidification at 1500oC 

Accumulated Scheil  

solidification at 1500oC 

4.5 Equilib Cooling Calculations 
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Al-Mg-Zn : Equilibrium cooling XMg=0.8,XAl=0.15,XZn=0.05  

Al-Mg-Zn polythermal liquidus projection 

calculated by Phase Diagram with data taken 

from FTlite – FACT light alloy databases 

6.1 Equilib Cooling Calculations 
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Al-Mg-Zn : Equilibium cooling – L-Option 

Equilibrium Cooling 

of Liquid Al-Mg-Zn 

• cooling step ‘10’  

• T-auto  √  

•  final mass ‘0’ 

6.2 Equilib Cooling Calculations 
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Al-Mg-Zn : Equilibium cooling – Summary of Results  

6.3 Equilib Cooling Calculations 
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Al-Mg-Zn : Equilibium cooling – Plot Results 

6.4 Equilib Cooling Calculations 
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Al-Mg-Zn : Equilibium cooling – Plot Results 
Selection of species to be plotted 

(choose all solids and elements for which Gram(Max)>0) 

6.5 Equilib Cooling Calculations 
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Al-Mg-Zn : Equilibium cooling – Plot Results 

Liquidus at about 500 oC 

Univariant at about 400 oC 

 ???   reaction at about 300 oC 

6.6 Equilib Cooling Calculations 
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Al-Mg-Zn polythermal liquidus projection 

calculated by Phase Diagram with data taken 

from FTlite – FACT light alloy databases 

7.1 Equilib Cooling Calculations 
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Al-Mg-Zn : Scheil-Gulliver cooling – L-Option 

Scheil Cooling 

of Liquid Al-Mg-Zn 

• cooling step ‘10’  

• check T-auto  √  

• enter final mass ‘0’ 

7.2 Equilib Cooling Calculations 
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Graphical output of Scheil target calculation 
- Calculation ends at temperature of final disappearance of liquid 

- Graph shows phase distribution 

7.3 Equilib Cooling Calculations 
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Scheil Cooling 

of Liquid Al-Mg-Zn-Mn 

• cooling step ‘10’  

• check T-auto  √  

• enter final mass ‘0’ 

Al-Mg-Zn-Mn : Scheil cooling AZ91 + 0.25 wt.% Mn alloy  

7.4 Equilib Cooling Calculations 
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Transitions 

Summary 

Al-Mg-Zn-Mn : Scheil cooling – Summary and Transitions  

AZ91 + 0.25 wt.% Mn alloy: 

 

89.75Al-9Mg-Zn-0.25Mg 

(wt%) 

7.5 Equilib Cooling Calculations 
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Final disappearance 

of liquid at 340.89°C 

Summary & Transitions 

Microstructure 

constituents of  AZ91 + 

0.25 wt.% Mn alloy 

after Scheil cooling. 

Al-Mg-Zn-Mn : Scheil cooling - Microstructure Constituents  

  

 

  

  

  

  

  

 

7.6 Equilib Cooling Calculations 
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• Solidification software  
(extended Scheil cooling) 

– Scheil cooling + post equilibration (annealing) of Scheil microstructure 

• AZ91 alloy  + 0.25 wt.% Mn   
 

Tracking 

microstructure 

constituents 

 

Output : 

Solidification 

temperature of 

340.89°C 

wt. % Mg Al Zn Mn 

2 64.599 96.19 3.67 0.125 195 ppm 

3 15.644 92.25 7.45 0.298 14.7 ppm 

4 1.708 89.22 10.34 0.440 1.2 ppm 

5 4.921 88.95 10.03 1.021 0.7 ppm 

6 0.197 89.77 5.14 5.086 0.1 ppm 

7 0.024 90.55 2.93 6.519 0.2 ppm 

8 0.042 90.57 2.90 6.538 0.2 ppm 

 CONS. PHASE             TOTAL AMT/gram 

   1   1 ‘Al8Mn5’          5.2241E-04 

  

   2   1 HCP               6.4599E+01 

   2   2 ‘Al8Mn5’          2.8231E-01 

  

   3   1 HCP               1.5644E+01 

   3   2 Al11Mn4           1.4638E-01 

  

   4   1 HCP               1.7084E+00 

   4   2 ‘Al4Mn’           1.7892E-02 

  

   5   1 HCP               4.9213E+00 

   5   2 ‘Al12Mg17’        1.1878E+01 

   5   3 ‘Al4Mn’           2.6558E-02 

  

   6   1 HCP               1.9669E-01 

   6   2 Phi               4.0423E-01 

   6   3 ‘Al4Mn’           1.7904E-05 

   6   4 Al11Mn4           3.8196E-05 

  

   7   1 HCP               2.4177E-02 

   7   2 Tau               3.5706E-02 

   7   3 Al11Mn4           1.4894E-06 

  

   8   1 HCP               4.2084E-02 

   8   2 MgZn              5.1501E-02 

   8   3 Tau               2.1364E-02 

   8   4 Al11Mn4           2.3786E-06 

Amount & Average Composition of the HCP phase 

7.7 Equilib Cooling Calculations 
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1°  Point mouse  to constituent 2  

HCP_A3 and double-click 

2°  Click OK to recycle HCP_A3 

Al-Mg-Zn-Mn : Selecting constituent 2 HCP phase for annealing 

7.8 Equilib Cooling Calculations 
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Al-Mg-Zn-Mn : HCP phase imported into Reactant Window  

List of components in HCP phase 

Change mass from 100% => 100 g 

7.9 Equilib Cooling Calculations 
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Al-Mg-Zn-Mn : Equilibrium calculation – annealing HCP phase  

     

Anneal at 150 to 500 oC 

7.10 Equilib Cooling Calculations 
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Al-Mg-Zn-Mn : Plotting annealed HCP phase  

7.11 Equilib Cooling Calculations 
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Al-Mg-Zn-Mn : Graph of annealed HCP phase  

7.11 

Equilibrium phase distribution in HCP phase of  

constituent 2 after annealing (HCP + precipitates) 

Equilib Cooling Calculations 
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Equilibrium phase distribution in HCP phase of  

constituent 2 after annealing (HCP + precipitates) 

7.12 Equilib Cooling Calculations 
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• Solidification software  

(extended Scheil cooling) 

– Scheil cooling + post equilibration of Scheil microstructure 

• AZ91 alloy  + 0.25 wt.% Mn  

 
Tracking microstructure constituents 

 

Annealing 

Phases vs T for HCP in the different 

microstructural constituents 

wt. % Mg Al Zn Mn 

2 64.599 96.19 3.67 0.125 195 ppm 

3 15.644 92.25 7.45 0.298 14.7 ppm 

4 1.708 89.22 10.34 0.440 1.2 ppm 

5 4.921 88.95 10.03 1.021 0.7 ppm 

6 0.197 89.77 5.14 5.086 0.1 ppm 

7 0.024 90.55 2.93 6.519 0.2 ppm 

8 0.042 90.57 2.90 6.538 0.2 ppm 

Amount & Average Composition of the HCP phase 

at 340.89oC 
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Equilib Cooling Calculations 


