
Metal Treatment (Al & Mg)

• Example #0: Vapor Pressure of Al-Mg-Zn-Mn

5.52% Mg
3.21% Zn
0.21% Mn
Balance Al
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MontrealMetal Treatment (Al & Mg) - 1



Metal Treatment (Al & Mg)

• Example #0: Vapor Pressure of Al-Mg-Zn-Mn

2010
MontrealMetal Treatment (Al & Mg) - 2



Metal Treatment (Al & Mg)

• Example #0: Vapor Pressure of Al-Mg-Zn-Mn
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FTlite = solid & liquid phases
FACT53 = gaseous species
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• Example #0: Vapor Pressure of Al-Mg-Zn-Mn
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Metal Treatment (Al & Mg)

• Example #0: Vapor Pressure of Al-Mg-Zn-Mn

Click to select all gas species (FACT53 only)
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Metal Treatment (Al & Mg)

• Example #0: Vapor Pressure of Al-Mg-Zn-Mn
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Dbl-Click on “pure solids”



Metal Treatment (Al & Mg)

• Example #0: Vapor Pressure of Al-Mg-Zn-Mn

At this point, I would like to calculate 
the vapor pressure of this alloy as a 
function of T.

Independent variable = T

Dependant variable = P

2010
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Dependant variable = P

A “formation target ” on the gas 
phase will be used



Metal Treatment (Al & Mg)

• Example #0: Vapor Pressure of Al-Mg-Zn-Mn

Right-Click
Right-Click
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Metal Treatment (Al & Mg)

• Example #0: Vapor Pressure of Al-Mg-Zn-Mn
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F = “formation target”
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• Example #0: Vapor Pressure of Al-Mg-Zn-Mn

2010
MontrealMetal Treatment (Al & Mg) - 10



Metal Treatment (Al & Mg)

• Example #0: Vapor Pressure of Al-Mg-Zn-Mn
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• Example #0: Vapor Pressure of Al-Mg-Zn-Mn
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Metal Treatment (Al & Mg)

• Example #0: Vapor Pressure of Al-Mg-Zn-Mn
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610 ?!?
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• Example #0: Vapor Pressure of Al-Mg-Zn-Mn
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Metal Treatment (Al & Mg)

• Example #0: Vapor Pressure of Al-Mg-Zn-Mn
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Metal Treatment (Al & Mg)

• Example #0: Vapor Pressure of Al-Mg-Zn-Mn

Sharp rise in 

2010
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Sharp rise in 
%Mg over few 
degrees

single-phase 
liquid



Metal Treatment (Al & Mg)

• Examples
1) Solubility of hydrogen (H2) in liquid alloys

a) Mg alloys : AZ91 @ fixed P(H2)
b) Degassing AZ91 with Ar

2) Comparison of 2 salt fluxes for alkali removal
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a) Al-5%Mg with (40 ppm Na and 20 ppm Ca) treated with 2 fluxes 
based on NaCl-KCl-MnCl2
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Metal Treatment (Al & Mg)

• Examples
1) Solubility of hydrogen (H2) in liquid alloys

a) Mg alloys : AZ91 @ fixed P(H2)
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Solubility of H2 in Liquid Alloys
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Porosity in Al alloys as a 
function of the H2-solubility 
in mL/100 g



Metal Treatment (Al & Mg)

• Example #1: Solubility of hydrogen (H 2) in liquid alloys
a) Mg alloys : AZ91 @ fixed P(H2)

9% Al
1% Zn
Bal. Mg

2010
Montreal

700oC
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Metal Treatment (Al & Mg)

• Example #1a: Solubility of hydrogen (H 2) in liquid AZ91

2010
MontrealMetal Treatment (Al & Mg) - 21



Metal Treatment (Al & Mg)

• Example #1a: Solubility of hydrogen (H 2) in liquid AZ91
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Metal Treatment (Al & Mg)

• Example #1a: Solubility of hydrogen (H 2) in liquid AZ91
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Metal Treatment (Al & Mg)

• Example #1a: Solubility of hydrogen (H 2) in liquid AZ91
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-5 <  log10P(H2)  < -0.5   by  step  of  0.1



Metal Treatment (Al & Mg)

• Example #1a: Solubility of hydrogen (H 2) in liquid AZ91
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• Example #1a: Solubility of hydrogen (H 2) in liquid AZ91
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• Example #1a: Solubility of hydrogen (H 2) in liquid AZ91
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• Example #1a: Solubility of hydrogen (H 2) in liquid AZ91
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• Example #1a: Solubility of hydrogen (H 2) in liquid AZ91
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• Example #1a: Solubility of hydrogen (H 2) in liquid AZ91
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Metal Treatment (Al & Mg)

• Example #1a: Solubility of hydrogen (H 2) in liquid AZ91
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Metal Treatment (Al & Mg)

• Example #1a: Solubility of hydrogen (H 2) in liquid AZ91
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Metal Treatment (Al & Mg)

• Example #1a: Solubility of hydrogen (H 2) in liquid AZ91
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Metal Treatment (Al & Mg)

• Example #1a: Solubility of hydrogen (H 2) in liquid AZ91
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Metal Treatment (Al & Mg)

• Example #1a: Solubility of hydrogen (H 2) in liquid AZ91

The liquid AZ91 saturated with H at P(H2) = 0.01 atm & 700oC is now 

2010
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2
stored in the stream file  

C:\workshop\Mixt_AZ91_H2_01atm_700C.dat

A stream file can be automatically retrieved as an input for the next 
calculation where Ar will be injected to remove soluble H

Metal Treatment (Al & Mg) - 43



Metal Treatment (Al & Mg)

• Examples
1) Solubility of hydrogen (H2) in liquid alloys

b) Degassing AZ91 with Ar

2010
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In-line Degassing Unit
for Al-Treatment
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Metal Treatment (Al & Mg)

• Example #1b: Degassing AZ91 with Ar
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Metal Treatment (Al & Mg)

• Example #1b: Degassing AZ91 with Ar
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Metal Treatment (Al & Mg)

• Example #1b: Degassing AZ91 with Ar
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Metal Treatment (Al & Mg)

• Example #1b: Degassing AZ91 with Ar
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Metal Treatment (Al & Mg)

• Example #1b: Degassing AZ91 with Ar
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1.0E+06 g  =  1.0 ton of AZ91D 
equilibrated with P(H2) = 0.01 atm @ 700oC

<1783.393A> g Ar = 1 m 3 Ar @ STP



Metal Treatment (Al & Mg)

• Example #1b: Degassing AZ91 with Ar
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Metal Treatment (Al & Mg)

• Example #1b: Degassing AZ91 with Ar
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“open”

<A> = 1 (corresponds to 1 m 3) Ar is injected every step

After each step the gas phase is removed

50 steps will be performed



Metal Treatment (Al & Mg)

• Example #1b: Degassing AZ91 with Ar
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Metal Treatment (Al & Mg)

• Example #1b: Degassing AZ91 with Ar
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Metal Treatment (Al & Mg)

• Example #1b: Degassing AZ91 with Ar
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• Example #1b: Degassing AZ91 with Ar
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Metal Treatment (Al & Mg)

• Example #1b: Degassing AZ91 with Ar
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Metal Treatment (Al & Mg)

• Example #1b: Degassing AZ91 with Ar
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Metal Treatment (Al & Mg)

• Example #1b: Degassing AZ91 with Ar

This is the optimum removal efficiency

Real process will require a larger input of Ar
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Real process will require a larger input of Ar

Page = m3 of Ar injected at STP



Metal Treatment (Al & Mg)

• Example #1b: Degassing AZ91 with Ar

Losses of Mg !
Metal too hot @ 700oC
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Metal Treatment (Al & Mg)

• Example #1b: Degassing AZ91 with Ar

Less Mg is lost !
Recalculated at 680oC
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Metal Treatment (Al & Mg)

• Examples

1) Comparison of 2 salt fluxes for alkali removal

2010
Montreal

1) Comparison of 2 salt fluxes for alkali removal
a) Al-5%Mg with (40 ppm Na and 20 ppm Ca) treated 

with 2 fluxes based on NaCl-KCl-MnCl 2

Metal Treatment (Al & Mg) - 61



Metal Treatment (Al & Mg)

• Example #2: Comparison of 2 salt fluxes for alkali removal

KMgCl 3 is used to remove Na & Ca from liquid Al alloys

KMgCl3 + 2 Na → (KCl+2NaCl)liquid + Mg
or MgCl2 + 2 Na → (2NaCl) in liquid KCl + Mg

For kinetic purposes, the removal efficiency is better if the flux is 

2010
Montreal

For kinetic purposes, the removal efficiency is better if the flux is 
melting faster (i.e. lower Teutectic, lower Tliquidus, lower ∆Hfus)

Can we replace KMgCl 3 by a NaCl-KCl-MnCl 2 mixture that will 
potentially melt faster but will keep its ability to remove Na and Ca ?
What would be a good composition ?

MnCl2 + 2 Na → (2NaCl) in liquid KCl + Mn

Metal Treatment (Al & Mg) - 62



Metal Treatment (Al & Mg)

• Example #2: Comparison of 2 salt fluxes for alkali removal
Strategy:
1) Liquidus projection → NaCl-KCl-MnCl 2 :

GOAL : identify 1 or 2 low melting compositions
PHASE DIAGRAM

2) HT-H25C for the mixture(s) → enthalpy requirement for melting
GOAL : identify the lowest melting enthalpy
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GOAL : identify the lowest melting enthalpy
EQUILIB

3) Same for KMgCl 3(s)

GOAL : compare the mixture(s) with the reference fl ux
EQUILIB

4) Alkali removal from a Al-5%Mg alloy with the flux es
GOAL: check if the capability to remove Na and Ca i s similar

Metal Treatment (Al & Mg) - 63



Metal Treatment (Al & Mg)

• Example #2: Comparison of 2 salt fluxes for alkali removal
Strategy :
1) Liquidus projection → NaCl-KCl-MnCl 2 :

GOAL : identify 1 or 2 low melting compositions
PHASE DIAGRAM

2) HT-H25C for the mixture(s) → enthalpy requirement for melting
GOAL : identify the lowest melting enthalpy
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GOAL : identify the lowest melting enthalpy
EQUILIB

3) Same for KMgCl 3(s)

GOAL : compare the mixture(s) with the reference fl ux
EQUILIB

4) Calculate the alkali removal from a Al-5%Mg alloy  with the fluxes
GOAL: check if the capability to remove Na and Ca i s similar
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Metal Treatment (Al & Mg)

• Example #2: Comparison of 2 salt fluxes for alkali removal

Liquidus Projection
• NaCl
• KCl
• MnCl2

2010
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FTsalt
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Metal Treatment (Al & Mg)

• Example #2: Comparison of 2 salt fluxes for alkali removal
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• Example #2: Comparison of 2 salt fluxes for alkali removal
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• Example #2: Comparison of 2 salt fluxes for alkali removal
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• Example #2: Comparison of 2 salt fluxes for alkali removal
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• Example #2: Comparison of 2 salt fluxes for alkali removal
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• Example #2: Comparison of 2 salt fluxes for alkali removal
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Metal Treatment (Al & Mg)

• Example #2: Comparison of 2 salt fluxes for alkali removal
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Metal Treatment (Al & Mg)

• Example #2: Comparison of 2 salt fluxes for alkali removal

Flux #2

2010
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2 low-melting compositions
wt.fractions

0.42899 MnCl 2 + 0.48138KCl + 0.08963NaCl
@ 380.95oC

0.63232 MnCl 2 + 0.15069KCl + 0.21698NaCl
@ 381.64oC

Flux #1



Metal Treatment (Al & Mg)

• Example #2: Comparison of 2 salt fluxes for alkali removal
Strategy :
1) Liquidus projection → NaCl-KCl-MnCl 2 :

GOAL : identify 1 or 2 low melting compositions
PHASE DIAGRAM

2) HT-H25C for the mixture(s) → enthalpy requirement for melting
GOAL : identify the lowest melting enthalpy
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GOAL : identify the lowest melting enthalpy
EQUILIB

3) Same for KMgCl 3(s)

GOAL : compare the mixture(s) with the reference fl ux
EQUILIB

4) Calculate the alkali removal from a Al-5%Mg alloy  with the fluxes
GOAL: check if the capability to remove Na and Ca i s similar
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Metal Treatment (Al & Mg)

• Example #2: Comparison of 2 salt fluxes for alkali removal
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Metal Treatment (Al & Mg)

• Example #2: Comparison of 2 salt fluxes for alkali removal
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2 low-melting compositions
wt.fractions

0.42899 MnCl 2 + 0.48138KCl + 0.08963NaCl
@ 380.95oC

0.63232 MnCl2 + 0.15069KCl + 0.21698NaCl
@ 381.64oC



Metal Treatment (Al & Mg)

• Example #2: Comparison of 2 salt fluxes for alkali removal
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2 low-melting compositions
wt.fractions

0.42899 MnCl 2 + 0.48138KCl + 0.08963NaCl
@ 380.95oC

0.63232 MnCl2 + 0.15069KCl + 0.21698NaCl
@ 381.64oC

<A> is added



• Example #2: Comparison of 2 salt fluxes for alkali removal

Metal Treatment (Al & Mg)

2010
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<B> is added

<A>=1 <B>=0  1st flux (1 g)
<A>=0 <B>=1 2nd flux (1 g)
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2 low-melting compositions
wt.fractions

0.42899 MnCl2 + 0.48138KCl + 0.08963NaCl
@ 380.95oC

0.63232 MnCl 2 + 0.15069KCl + 0.21698NaCl
@ 381.64oC



Metal Treatment (Al & Mg)

• Example #2: Comparison of 2 salt fluxes for alkali removal
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The reference flux (KMgCl 3) is also 
entered with 0 grams

This amount can be changed later on…



Metal Treatment (Al & Mg)

• Example #2: Comparison of 2 salt fluxes for alkali removal
Strategy :
2) HT-H25C for the mixture(s) → enthalpy requirement for melting

GOAL : identify the lowest melting enthalpy
EQUILIB

In order to calculate H T – H25C (a ∆∆∆∆H in fact), the final equilibrium state 
contributes to H T, but the initial state (reactants) contribute to H 25C.  
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The “ Initial conditions” option must now be activated
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Metal Treatment (Al & Mg)

• Example #2: Comparison of 2 salt fluxes for alkali removal
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Metal Treatment (Al & Mg)

• Example #2: Comparison of 2 salt fluxes for alkali removal
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Metal Treatment (Al & Mg)

• Example #2: Comparison of 2 salt fluxes for alkali removal
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<A>=1 <B>=0  1st flux
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• Example #2: Comparison of 2 salt fluxes for alkali removal
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• Example #2: Comparison of 2 salt fluxes for alkali removal

Metal Treatment (Al & Mg)
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• Example #2: Comparison of 2 salt fluxes for alkali removal

Metal Treatment (Al & Mg)

HT-H25C is not = 0 at 25oC !

Reactants were the pure salts (MnCl2, NaCl, KCl)

Stable products at 25oC are in fact  KMnCl3, K4MnCl6 
and NaCl

2010
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and NaCl



• Example #2: Comparison of 2 salt fluxes for alkali removal

Metal Treatment (Al & Mg)
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double-click



• Example #2: Comparison of 2 salt fluxes for alkali removal

Metal Treatment (Al & Mg)
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• Example #2: Comparison of 2 salt fluxes for alkali removal

Metal Treatment (Al & Mg)

The line is now translated in y by 62.731 J 
(on a 1 gram basis of calc.)
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The y-axis labeling now looks strange



• Example #2: Comparison of 2 salt fluxes for alkali removal

Metal Treatment (Al & Mg)

double-click 
outside the 

2010
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outside the 
figure frame



• Example #2: Comparison of 2 salt fluxes for alkali removal

Metal Treatment (Al & Mg)

The y-axis labeling now looks OK
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• Example #2: Comparison of 2 salt fluxes for alkali removal

Metal Treatment (Al & Mg)
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double-click on 
the line



• Example #2: Comparison of 2 salt fluxes for alkali removal

Metal Treatment (Al & Mg)
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Save the file to later compare with flux #2



• Example #2: Comparison of 2 salt fluxes for alkali removal

Metal Treatment (Al & Mg)
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<A>=0 <B>=1 2nd flux



• Example #2: Comparison of 2 salt fluxes for alkali removal

Metal Treatment (Al & Mg)

One calculation aborted when calculating a 

2010
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One calculation aborted when calculating a 
transition.  This sometimes happens.

The TAB will bear the name “Abort”

In order to obtain a nice HT-H25C curve, that abort 
TAB must be deleted



• Example #2: Comparison of 2 salt fluxes for alkali removal

Metal Treatment (Al & Mg)
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• Example #2: Comparison of 2 salt fluxes for alkali removal

Metal Treatment (Al & Mg)
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• Example #2: Comparison of 2 salt fluxes for alkali removal

Metal Treatment (Al & Mg)
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Same issue as 
before



• Example #2: Comparison of 2 salt fluxes for alkali removal

Metal Treatment (Al & Mg)
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double-click 
outside the 

• Example #2: Comparison of 2 salt fluxes for alkali removal

Metal Treatment (Al & Mg)

2010
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outside the 
figure frame

Metal Treatment (Al & Mg) - 100



• Example #2: Comparison of 2 salt fluxes for alkali removal

Metal Treatment (Al & Mg)

The y-axis labeling now looks OK

The line color has also been changed
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The line color has also been changed
It will be easier to comapre with the 
blue line used for Flux #1



• Example #2: Comparison of 2 salt fluxes for alkali removal

Metal Treatment (Al & Mg)
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MontrealMetal Treatment (Al & Mg) - 102

Save the file to compare with flux #1



Metal Treatment (Al & Mg)

• Example #2: Comparison of 2 salt fluxes for alkali removal
Strategy :
1) Liquidus projection → NaCl-KCl-MnCl 2 :

GOAL : identify 1 or 2 low melting compositions
PHASE DIAGRAM

2) HT-H25C for the mixture(s) → enthalpy requirement for melting
GOAL : identify the lowest melting enthalpy
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GOAL : identify the lowest melting enthalpy
EQUILIB

3) Same for KMgCl 3(s)

GOAL : compare the mixture(s) with the reference fl ux
EQUILIB

4) Calculate the alkali removal from a Al-5%Mg alloy  with the fluxes
GOAL: check if the capability to remove Na and Ca i s similar
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• Example #2: Comparison of 2 salt fluxes for alkali removal

Metal Treatment (Al & Mg)
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Change value from 0 to 1 for the 
input of KMgCl3 (ref. flux)



• Example #2: Comparison of 2 salt fluxes for alkali removal

Metal Treatment (Al & Mg)
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<A>=0 <B>=0  Ref. flux



• Example #2: Comparison of 2 salt fluxes for alkali removal

Metal Treatment (Al & Mg)
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• Example #2: Comparison of 2 salt fluxes for alkali removal

Metal Treatment (Al & Mg)
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• Example #2: Comparison of 2 salt fluxes for alkali removal

Metal Treatment (Al & Mg)
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• Example #2: Comparison of 2 salt fluxes for alkali removal

Metal Treatment (Al & Mg)
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new Flux 1
lower Tfusion

Ref Flux

• Example #2: Comparison of 2 salt fluxes for alkali removal

Metal Treatment (Al & Mg)

2 low-melting compositions
wt.fractions

Flux 1
0.42899 MnCl 2 + 0.48138KCl + 0.08963NaCl

@ 380.95oC

Flux 2
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lower Tfusion
lower H T-H25C
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0.63232 MnCl 2 + 0.15069KCl + 0.21698NaCl
@ 381.64oC

Ref. Flux
KMgCl 3
@ 487oC



Metal Treatment (Al & Mg)

• Example #2: Comparison of 2 salt fluxes for alkali removal
Strategy :
1) Liquidus projection → NaCl-KCl-MnCl 2 :

GOAL : identify 1 or 2 low melting compositions
PHASE DIAGRAM

2) HT-H25C for the mixture(s) → enthalpy requirement for melting
GOAL : identify the lowest melting enthalpy
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GOAL : identify the lowest melting enthalpy
EQUILIB

3) Same for KMgCl 3(s)

GOAL : compare the mixture(s) with the reference fl ux
EQUILIB

4) Calculate the alkali removal from a Al-5%Mg alloy  with the fluxes
GOAL: check if the capability to remove Na and Ca i s similar
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Metal Treatment (Al & Mg)

• Example #2: Comparison of 2 salt fluxes for alkali removal
Strategy :
4) Calculate the alkali removal from a Al-5%Mg alloy  with the fluxes

GOAL: check if the capability to remove Na and Ca i s similar

The alloy to be treated is Al + 5% Mg + 40 ppm Na + 20 ppm Ca

As a light metal alloy is used, the FTlite database must be now activated
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As a light metal alloy is used, the FTlite database must be now activated
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• Example #2: Comparison of 2 salt fluxes for alkali removal

Metal Treatment (Al & Mg)
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• Example #2: Comparison of 2 salt fluxes for alkali removal

Metal Treatment (Al & Mg)

Al-5%Mg with (40 ppm Na and 20 ppm Ca)
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• Example #2: Comparison of 2 salt fluxes for alkali removal

Metal Treatment (Al & Mg)

Warning 
message due 
to the addition 
of the new 

2010
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of the new 
element Ca

The selection 
of phases 
might have to 
be updated



• Example #2: Comparison of 2 salt fluxes for alkali removal

Metal Treatment (Al & Mg)
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• Example #2: Comparison of 2 salt fluxes for alkali removal

Metal Treatment (Al & Mg)
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• Example #2: Comparison of 2 salt fluxes for alkali removal

Metal Treatment (Al & Mg)

2010
MontrealMetal Treatment (Al & Mg) - 118

Liquid Alloy
100 grams

Molten Salt
0.0288 grams



• Example #2: Comparison of 2 salt fluxes for alkali removal

Metal Treatment (Al & Mg)
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• Example #2: Comparison of 2 salt fluxes for alkali removal

Metal Treatment (Al & Mg)
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• Example #2: Comparison of 2 salt fluxes for alkali removal

Metal Treatment (Al & Mg)

The new Flux #1 seems effective 
to remove Na; 
more difficult to remove Ca
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Alkali Treatment
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