Equilib Cooling Calculations

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
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FeO-MnO : Phase transitions - binary phase diagram

FeO-MnO binary phase diagram calculated by Phase Diagram
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FeO-MnO : Equilibrium phase transitions at X .o = 0.5

1° Blnary system <1-A> MnO + <A> FeO.

Q Menu - Equilib:

2° Possible products:

(NI Ve

File Units Parameters Help

D || =

TIC) Platm) EneraplJ] Mass(mol] Volllitre]

—Reactants (2)

A 4

[ <14 MnD  + <A> FeD |

+—Praducts

 solid solution (MOR®
» liquid Slag (SLAG)

NI )

 Compound species -
[ gas & ideal € rea
7 aqueous
[ pure liquids
[ pure solids

[V suppress duplicates apply

3°<A>=05

T (°C) = 1500 and 1700

r Transitions - temperature

{Timber of
transitions: IA" v I

1 1 Solution species

species: 0

1 | Legend-

+-selected 2

= | + | Base-Phase | Full Name
FFdemaTHSE MTi204-spinel
% FTdemo-MONO Monoxide
+  FTdemo-SLAG Slag-liquid
demo-5EHS Spinel
FTdemo-Mel Monoxide
FTdemo-FelLO Fe-ig
FTdemo-CulLQ Cu-lig

species: 5
solutions: 2 ﬂ'

1 1 Custom Solutions
0 fized activities
0 ideal solutions

0 activity coefficients
Details

~ Pseudonyms
- apply ] List ... I

™ include molar volumes

Total Species [max 1500 5
Total Solutions [max 40 2

D efault

) 4

| FactSage 6.4

- Final Conditiens—

By <B>

T(C)

|| Platrn) \:ugmduct HIY) _] " nomal

05
|1U steps [T Table

15001700 1

2+ calculations

~E qmllhnum ‘
" normal + transitions

(“ transitions

open

e | _Coleulae ||

Equilib will calculate the equilibrium at X, = 0.5 for temperatures
varying from 1500°C to 1700°C and will search for All phase transitions.
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FeO-MnO : Phase transitions showing liquidus and solidus

F Results - Equilib 1620.23 C (page 3/4)

Cukput  Edit Show Pages

O |

1500 C | 1529.11C

@h?nnﬂ

TIC] Platm] Energull] baszzlmal] %olllitre]

=10 =]

=l E73

=10l x|

= 7

=1l-4x Mn0O + <&» Fel = -
- . . ona 0 . c
10000 mol  Slag-liguid Equilibrium liquidus
(71392 gram, 1.0000 mol)
(lez0.23 C, 1 atm, a=1._0000;)
. O_E5ooao Fel
\_ + 0.E50000 Mnio) F Results - Equilib 1529.11 C {page 2/4}
Output  Edit Show Pages
+ 0.00000 mol Monoxide
{1620.23 C, 1 atm, a=1.1 [ ||j’| i TIC) Platr) Energwll] Mazsmal] Yolllitre]
[ 0.30736 Fel
4 b e9rna - 1500C (-1529.11Q- | 162023 ¢ | 1700C |
where "A" on the reactant side is 0. &0 “l-ix Mnl + <i= Fel =
: 10000 nol Monoxide 1l 1 1
The cutoff concentration has been sped
(71.352 gram, 1.0000 mol) Equilibrium solidus
e e (1523.11 C, 1 atm, a=1_0000)
H Q T { 0.50000 Fel
[ (I (litre) + 0.50000 Mn0}
e o e e o o o e o o e o o e o e o o i o o o o o o
-1.591102E+05 -5.49403E+05 0.00000E+00 + 0.00000 mol  Slag-liguid
(1829.11 C, 1 atn, a=1_0000)
[ 0.&67&18 Fel
+ 0.3E38E M)
where "A4" on the reactant side i=s 0. 50000

The cutoff concentration has been specified to 1.0000E-75

HThkEEEEEEE ek kbbb ke etk kb bk ke e,
H G v g Cp
iy e {litre! (TR (TFE)

e o o o o i o e o e o o o o o i e i e i e e e e i o o o o ol i i e e e e o i o o o o o e e e e e e e

—-Z.32112E+0L -5_33297E+0L  0O_00000E+4+00 1.632723E+402 & 632LE65E+01
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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— coolLing calculation.to open the Cooling Calculation Window

File Units Parameters Help

0= E

= —— S = iR

TIC) Rlatm) Eneray(J] Mass(mol] Volllitre]

m s

—Reactants [2)

- standard stable phase
! - dormant (metastable) phase
F - formation target phase
P - precipitate target phase

[ Ha> M0 + <A> FeD |

— Products
— Compound species - ]
[ gas (% ideal ¢ real O

C - composition target ... [F aqueous 0
_ . [ pure liquids 0|
L - cooling calculation ... *—4—- [~ pure solids 0
[V suppress duplicates apply
species: 0
Transiti L ature

2° Cooling Calculation Window

« select equilibrium cooling

. check V transitions + summary
« click OK to close.

=]

1 Solution species

~ Custom Solutions -

0 fized activities

= | + | Base-Phase | Full Name
. Fldemo-TiSP | MTi204-spinel
+  FTHemo-MONO Monoxide
|+ &FFdemo-SLAG | Slag-liquid
FIHan.QElN Qnﬁ

0 ideal solutions
0 activity coefficients

Details .

»
G Cooling Calculation - L-Option

== Jonyms
[T

List ...

L-Option

Y'ou may choose any solution phase with the L-option.
Hawever, for Liquids the calculations are most
meaninaful since they relate to solidification.

clude molar volumes

Species [max 1500] &
Solutions [max 40 2

<B>

| Solution phase: FTdemo-SLAG |

ﬁl % equilibrium cooling |

¢ Scheill-Gulliver cooling
" normal equilibrium calculation

!! FactSage 6.4 [

ﬁl v display transitions + summary

Default |

' normal + transitions
ns only

dil Calculate >> ||

4
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FeO-MnO : Simple equilibium cooling

— step, T-auto and stop

Wl Mer - Equilit: - SN
‘ File Units Parameters Help —
o | el el TIC) Platm) EneraylJ] Mass{mol) Vollitre] mse
Equilibrium Cooling of SLAG
| <18> MnO  + <A> FeO |
« cooling step “10° (0.1 — 250)
C T-autO \/ aUtOmatlca"y "Solutinlan splecies - Custam Salutions : I
. * | + | Base-Phase -l I T ;
calculates the starting T Fremots] 1N €QUilibrium cooling the
: ‘A +  FTdemo-MON i 2 2 i
- final mass ‘0’ (i.e. stops after [ Framan| COOIlINg step (110°) defines the
complete solidification) freenssPll pages displayed in the Results
spETET U rreemorel] VV/INAOW. (i.€. every 10 degrees).
FTdema-Cul
|
by o] | je==i———={ The cooling step has no effect
[Cooing step . [10][ T-auto: W | | "=elected T on the transitions or when 100%
IMass[mol]z [0 I . . ) ]
solidification is attained.

- Final Conditions

<A> <B> TIC) "P[atm] L“ProductH[J] | v] | [ nomal € nomal + transitions
05 1650 [ T | ;
[0 steps I Table | Equilibriurn cooling - T(start) = 1650, T(stop) = 0 mole - ‘_ > ecit | Calculate >>

Enter default starting temperature ‘1650’
— applied when T-auto is not used
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FeO-MnO : Equilibrium cooling — Summary and Transitions

Output Edit Show Pages

(& Results - Equilib Summary (page-1/13) : @m‘

‘ Summary

(mol] Yolllitre)

i dE=a] e 4 B3

ol @8 )

| 1530 C | 1529.11C |

1550 Ch\1540 C
(- Sommary | Transitions | 1630¢ | 162023¢| 1620¢ | 1610¢ | 1600 | 1590 ¢ | 1580 ¢ | 1570¢C | 1560¢C |

CONSTITUENTS AND PHASES AT 15259.11 C

(temperature of final disappearance of Slag-1

CONS. PHASE TOTAL AMT/mol
5 - 1 Monoxide 2.0000E+00

("Double-Click' on any phase listed above to

SUMMARY OF REACTIONS

Ceooling

P

1630 to 1620.23 C
Slag-liquid cececling

(DELTA H

-€.3525E+02]

Constituent 1
1620.23 to 1525.11 C
Slag-liquid -> Monoxide

(DELTA H = -4.7017E+04

COMPOSITION OF PHASES IN CONSTITUENTS AT 1529
(temperature of final disappearance of Slag-

Constituent 1

Monoxide
MOLE FRACTION
Fe 2.5000E-01
Mn 2_.5000E-01
(o] 5.0000E-01
TOTAL AMT/mol TG
2_.0000E+00

N 9 99DmDmDmDmBDmm

&7 Results - Equilib Transitions (page 0/13) [ESSEEEES)

Output Edit Show Pages

D|e| RE @ Transitions |Yelir)
15500] 15 30c| 1529.11¢|
Transitions -)| 1630C | 162023C| 1620¢ | 1610¢ | 1600¢ | 1590¢ | 1580¢C | 1570C | 1560¢C |

i AL=2]  d B3

Temperature of transition -> 1620.23 C

EQUILIBRIUM COMPOSITION OF PHASEﬂ
Slag-liquid
MOLE FRACTION MASS FRACTION

Fe 2.5000E-01 3.9112E-01

Mn 2.5000E-01 3.8477E-01

° 5.0000E-01 2.2411E-01
TOTAL AMT/mol TOTAL AMT/gram

2_.0000E+00 7.1351E+01

Temperature of final disappearance of Slag-liquid -> 15259.11 C

EQUILIBRIUM COMPOSITION OF PHASES

Monoxide
MOLE FRACTION MASS FRACTION
Fe 2_.5000E-01 3.9112E-01
Mn 2.5000E-01 3.8477E-01
(o] 5.0000E-01 2.2411E-01
TOTAL AMT/mol TOTAL AMT/gram
2_.0000E+00 7-1391E+01

AVERAGE COMPOSITION OF ALL PRODUCT PHASES TAKEN TOGETHER
MOLE FRACTION MASS FRACTION
2.5000E-01 3.9112E-01
3.8477E-01
2.2411E-01

Fe
Mn 2.5000E-01
[} 5_.0000E-01

m
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FeO-MnO : Equilibrium cooling - Liquidus and Solidus

(&7 Results - Equilib 1620.23C (page 2/13)
Qutput Edit Show Pages
D || RIE

j| 1550C| 1540C| 1530C | 1528
Svmmary

TIC) Platm) Eneray[J] Mass(mol] Yolllitre)

) 1i=dl = 3

Transitions | 1630C (-162023C-)| 1620¢ | 1610¢ | 1600¢C | 1590 ¢ | 1580¢ | 1570¢ | 1560C |

<1-A> MnO + <A> FeO = [Equilibrium Cooling]

1.0000 mol Slag-liquid
(71.391 gram, 1.0000 mol)
(1620.23 C, 1 atm,
{ 0.50000 FeO

Liquidus

a=1.0000)

>

m

+ 0.50000 MnO)

- —
&7 Results - Equilib 1529.11 C (page 13/13)
Output Edit Show Pages

System component Mole fracti]

Fe 0.25000
“ o-zs00 || o3| I

TIC) P(atm) Energy(J] Mass(mol] Volflitre]

i HE=d] = 7

|| Svmmary | Transitions | 1636T| 18 3c| 1620Cl moc] 1sooc| 1s9oc| 1ssoc| 157oc| 1560CI

[Equilibrium Cecoling]

+0 mol  Monoxide 1550¢C | 1540¢ | 1530C \1529.11C-
(1620.23 C, 1 atm, a=1.0000)
{ 0.30796 FeO <1-2A> MnO + <A> FeO =
+ 0.69204 Mno)
1.0000 mol Monoxide
System component Mole fracti (71.391 gram, 1.0000 mol)
Fe 0.15338 (1529.11 C, 1 atm, a=1.0000)
Mn 0.34602 { 0.50000 FeO
° 0-50000 + 0.50000 MnoO)

Solidus

where "A" on the reactant side is 0.50000

= —

System component

Fe
Mn
[}

+ 0 mol Slag-liquid
(1529.11 C, 1 atm,
( 0.€7¢l8 FeQ
+ 0.32382 MnO)

System component

Fe
Mn
(o]

Mole fraction Mass fraction

0.25000 0.38112

0.25000 0.38477

0.50000 0.22411
a=1.0000)

Mole fraction Mass fraction

0.3380% 0.5277¢
0.16191 0.24863
0.50000 0.223¢61

where "A" on the reactant side is 0.50000

>

m

— ——

——
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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— coolLing calculation.to open the Cooling Calculation Window

File Units Parameters Help

O g TIC) Platm

F Menu - Equilib

Energyid] Mazzmol] Yolllitre]

=101

=ik

Help I

— Reactants [2
- standard stable phase eactants (2]
! - dormant (metastable) phase [ <18 MO+ <A> FeD |
F - formation target phase
P - precipitate target phase ~ Products _ _ _ _
- — Compound zpecies Salution specie Cuztom Solutions
C - composition target ... [ lgas & ideald” real D = | + | Bate-Phase | Full Hame O fixed activities
. . [" aqueous 0 +  FALT-MOND Monoxide 0 ideal solutiors
L= rooting calaulshion .- [~ pure liquids 0 + [€FACTSLAG Slag-iquid e B L
|_ pure zolidz 1] Wetails .
I¥ | suppress duplicates \aapl | G Cooling Calculation - L-Option eudonyms
speCies: 0 L-Option prly [~ List ... |
— You may choose any solution phase with the L-option. include molar volumes
o 2 = = However, for Liquids the calculations are most | Szt 700 5
2 CO 0 l In g Cal cu l at 1on WI n d ow T meaningful since they relate to solidification. A 2DeCies [mae 700
il Solutions [max 30 2
Drefault |
. . . — [ Solution phase: FTdemo-5LAG | |
» select Scheil-Gulliver cooling > % ; luilibrium
2 no <B» : ; 3 riarmnal
. check V transitions + summ ary. —> [ ScheilGuliver cooling | || crmciomiviant € open
. " normal equilibrium calculation
« click OK to close. Pl Caloulate »> |\ |
oS ] ——>| [V display transitions + summary = =
o
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FeO-MnO : Scheil-Gulliver cooling — step, T-auto and stop

e b i In Scheil-Gulliver cooling the

File Units Parameters Help cooling step (*10°) defines the

=l T(C) Platm) E : :
Scheil-Gulliver Cooling of SLAG SESUEIOR SIED (WE. GUER I
degrees). After each calculation

. cooling step 10’ (0.1 — 250) any phase that precipitates from

. the solution phase is dropped
T-auto  automatically Sawmasis 10 the total mass balance.

calculates the starting T + | FTdemoM
L FTdemo-S

« final mass ‘0’ (i.e. stops after
complete solidification)

I species: 0|

The size of the step effects the
calculated results. The smaller the
step, the more precise the
calculation and the longer the

[Lscheicetins | calculation time.

+ - selected 1

v Output accumulated (default) <

Output incremental

v Keep nothing (default) » IMass[mol] [ | il ‘ SOILNONS, ) S | | Defaul |
Keep gas phase - Final Conditions ~ Equilibrium 1
Keep FTdemo-MONO R <B> TC JPlam) v ||ProductHiy) ~| | (‘ romal € nomal + hanston:
| |1650 || | p
[0 steps T Tabie | Scheil-Gulliver cooling - T(start) = T-auto, T(stop) = 0 mole | B edt | Calculate>> || fi
Enter default starting temperature ‘1650’
2

— this is applied when T-auto is not used
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FeO-MnO : Scheil cooling — Summary and Transitions

( .
&7 Results - Equilib Summary (page-1/11)
Output Edit | Show Pages

D|=| @& F)

TIC) P(atm) Energy(J] Mass{mol)

25¢ | 162023¢| 1600¢ | 1575¢ | 1550¢ | 1525¢ | 1500¢C | 1475¢ | 1450¢C |

Vollitre)

EN I

~SeHeTT-GULLIVER COOLING

CONSTITUENTS AND PHASES AT 1403.47 C

(temperature of final disappearance of Slag-ligquid)

CONS. PHASE TOTAL AMT/mol TOTAL AMT|
1 1 Moncxide 2.0000E+00 7.1391E

{'Double-Click' on any phase listed above to recycle it

SUMMARY OF REACTICNS
Cooling

1625 teo 1620.23 C
Slag-liquid cocling

(DELTA H = -3.1022

(O]

+02 J

Summary

~ — — ~
47 Results - Equilib Transitions (page 0/11) -

Output Edit Show Pages

D|=| @IE F
1425¢ |
Svmmary

TIC) Platm) Energy(J] Mass{mol) Yollitre]

| 1625¢ | 162023¢ 1600¢ | 1575¢ | 1550¢ | 1525¢ | 1500€ | 1475 € | 1450¢C |

m e

Constituent 1
1620.23 to 1403.47 C
Slag-liquid -> Monoxide

(DELTA H = —-8.5425E+03 J)

COMPOSITION OF PHASES IN CONSTITUENTS AT 1403.47 C
(temperature of final disappearance of Slag-liquid)

Constituent 1

Menoxide

MOLE FRACTION MASS FRACTIO
Fe 2.5000E-01 3.9112E-01
Mn 2.5000E-01 3.8477E-01
o] 5.0000E-01 2.2411E-01

TOTAL AMTI/mel TOTAL AMT/g.

Ne————

AVERAGE COMPOSITION OF ALL PRODUCT PHARSES
MOLE FRACTICON
Fe 2.5000E-01
Mn 2.5000E-01
0 5.0000E-01
TOTAL AMT/mol
2_.0000E+00

REACTION BETWEEN 1620.23 C AND 1403.47 C
Slag-liquid -> Monoxide
Reactants

TOTAL AMT/mol

Slag-liquid -2 .0000E+00

Preoducts
Meonoxide

(Constituent 1)

MOLE FRACTION
Fe 2.5000E-01
Mn 2.5000E-01
(o] 5.0000E-01
TOTAL AMT/mol
2.0000E+00

CONSTITUENTS AND PHRSES AT 1403.47 C

Temperature of final disappearance of Slag-liquid -> 1403.47 C

TAKEN TOGETHER
MASS FRACTION
3.9112E-01
3.8477E-01
2.2411E-01
TOTAL AMT/gram
7.1381E+01

TOTAL AMT/gram
-7.1391E+01

MASS FRACTION
3.9112E-01
3.8477E-01
2.2411E-01

TOTAL AMT/gram
7.1391E+01

Transitions
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FeO-MnO : Scheil cooling — Start and Stop

@
G Results - Equilib Summary (page-1/11)
Output Edit | Show Pages

) |D“" mll _@I T(C) P(atm) EnergyJ] Mass{mol]
1425¢ | 140347 C|
Ssmmary | Transitions | 1625 C(| 162023 ¢| Y600 | 1575¢ | 1550¢ | 1525C T T500C [ 1875C [ 1850C |

il 3

Start of solidification

W

at 1620.23°C

SCHEIL-GULLIVER COOLING

CONSTITUENTS AND PHASES AT 1403.47 C

(temperature of final disappearance of Slag-ligquid)

CONS. PHASE TOTAL AMT/mol TOTAL 2AMT,
1 1 Moncxide 2.0000E+00 7.1391E

{'Double-Click' on any phase listed above to recycle it

SUMMRRY OF REACTICNS

Cooling

1625 teo 1620.23 C (DELTA H = -3.1022E+02 J)
Slag-liquid cocling

Constituent 1

1620.23 to 1403.47 C (DELTA H = —-8.5425E+03 J)

Slag-liquid -> Monoxide

COMPOSITION OF PHASES IN CONSTITUENTS AT 1403.47 C
(temperature of final disappearance of Slag-liquid)

Constituent 1

Menoxide

MOLE FRACTION MASS FRACTIO
Fe 2.5000E-01 3.9112E-01
Mn 2.5000E-01 3.8477E-01
o] 5.0000E-01 2.2411E-01

TOTAL AMTI/mel TOTAL AMT/g.

Ne————

Output Edit Show Pages

(7 7 —== B
& Results - Equilib Transitions (page 0/11) [ 0 e S

TIC) Platm) Energy(J] Mass{mol) Yollitre]

m e

AVERAGE COMPOSITION OF ALL PRODUCT PHARSES
MOLE FRACTICON
2.5000E-01
2.5000E-01
5.0000E-01
TOTAL AMT/mol
2_.0000E+00

Fe
Mn
0

REACTION BETWEEN 1620.23 C AND 1403.47 C
Slag-liquid -> Monoxide
Reactants

TOTAL AMT/mol
-2 .0000E+00

Slag-liquid

Preoducts
Meonoxide

(Constituent 1)

MOLE FRACTION
2.5000E-01
2.5000E-01
5.0000E-01

TOTAL AMT/mol
2.0000E+00

Fe
Mn
©

CONSTITUENTS AND PHRSES AT 1403.47 C

Temperature of final disappearance of Slag-liquid -> 1403.47 C

TAKEN TOGETHER
MASS FRACTION
3.9112E-01
3.8477E-01
2.2411E-01
TOTAL AMT/gram
7.1381E+01

End of solidification
| at 1403.47°C

=7.13%1E+01

MASS FRACTION
3.9112E-01
3.8477E-01
2.2411E-01

TOTAL AMT/gram
7.1391E+01
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FeO-MnO : Scheil cooling —incremental vs. accumulated

(& re =)

o] INCremental Scheil
Bld solidification at 15000C V& e e
smmyf Tﬂmitionsll 1625¢ | 162023¢| 1600C | 1575¢| 1550C | 1525C\_-1500C- J1475¢ | 1450¢C |

v Output accumulated (default) <

Output incremental

142

v Keep nothing (default)
Keep gas phase

<1-A> Mn0O + <A> Fe0 = [Incremental Scheil] -
il Keep FTdemo-MONO
0.223€0 mol Slag-liquid
(16.010 gram, 0.223€0 mol) @ = -
(1500 C, 1 atm, a=1_.0000) G Results - Equilib 1500 C (page 7/11)
i 832253 f:g) Output Edit Show Pages
-t
0O ||j’“ || | TIC) Platm) Engfavl)) Mass(mol] Yolllitre] "”lal]?:
System component Mole fraction Mass £y =
1425¢ | 140347¢C|
Fe 0.365¢€1 0.574
Mn 0.13439 0.204 | Svmmary | Transitions | 1625¢C | 162023 C| 1600 A 1575¢ | 1550¢ | 1525¢\ -1500C- | d475¢ | 1450¢C |
(o] 0.50000 0.2293
<1-A> MnO + <A> FeO = I°4 I[Accumulated Scheilll -
+|9.€740E-02 mol Monoxide - b
(6.9125 gram, 9.6740E-02 mol) 0.77840 mol  Monoxide
(1500 €, 1 atm, a=1_.0000 (55.381 gram, 0.77€40 mol) I d S h 'I
( 0.57467 Fel (1500 C, 1 atm, a=1.0000) ACCUI I lu ate C el
+ 0.42533 MnO) ( 0.43341 Fel . . .
+ 056653 ¥a0) solidification at 1500°C |=
System component Mole fraction Mass £y
Fe 0.28734 0.449 System component Mole fraction Mass fraction
Mn 0.21266 0.32 Fe 0.21670 0.33832
o 0.50000 0.22 Mn 0.28330 0.43838
o] 0.50000 0.22430 —
where "A" on the reactant sjde is 0.50000
+ 0.223€0 mol Slag-liquid
The cutoff concentraticn had been specified to 1.0000E (16.010 gram, 0.22380 mol)
(1500 C, 1 atm, a=1.0000)
Mass fraction precipitated Jccording te Scheil-Gullivex ( 0.73123 Fe0
+ 0.26877 MnO)
System component Mole fraction Mass fraction
Fe 0.365¢€1 0.57032
Qutput accumulated (default) Mn 0.13433 0.20623

o 0.50000 0.22345

Output incremental <
where "A" on the reactant side is 0.50000

v Keep nothing (default)

The cutoff concentration has been specified to 1.0000E-70

Keep gas phase
Keep FTdemo-MONO

Mass fraction precipitated according to Scheil-Gulliver = 0.77574
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Al-Mg-Zn : Equilibrium cooling X,,,=0.8,X,,=0.15,X,,=0.05

Al-Mg-Zn polythermal liquidus projection
calculated by Phase Diagram with data taken
from FTlite — FACT light alloy databases GactSage‘"

Four-Phase Intersection Points with Liquid T(min) = 340.89 °C, T(max) = 660.31 °C
AMgZn_Tau / FCC_Al1#1 / Laves_C14#1
AlMgZn_Tau / Beta_AlMg / Gamma
AMgZn_Tau / Beta_AlMg / FCC_A1#1
AMgZn_Tau / Laves_C14#1 / Mg2Zn3
AlMgZn_Tau / Gamma / Phi

Gamma /HCP_A3#1/ Phi
FCC_A1#1/Laves_C14#1/Mg2Zn1l
AlMgZn_Tau / Mg2Zn3 / MgZn
FCC_A1#1/HCP_Zn / Mg2Zn11
HCP_A3#1/Mg51Zn20_<mg7zn3>_oil / MgZn
AlMgZn_Tau / HCP_A3#1 / Phi

AlMgZn_Tau / HCP_A3#1 / MgZn

. Mg2Znl1l

Crystallization path for
Equilibrium coolin

PR
NRooO TR WNER

A=Zn, B=Mg, C=A
X(A) X(B) X(C) °c
0.35365 0.18471 0.46164 467.78
0.04094 0.37786 0.58120 447.57
0.04248 0.36009 0.59743 446.26
0.33110 0.60810 0.06080 428.12
0.16296 0.66052 0.17652 385.07
0.16267 0.69979 0.13755 364.35
0.80148 0.07683 0.12168 360.17
0.25899 0.69007 0.05094 353.59
0.85034 0.05789 0.09177 347.54
10:  0.28328 0.71522 0.00150 345.23
11: 0.23357 0.70211 0.06432 342.67
12:  0.24168 0.70263 0.05570 340.89

- Alloy composition:
80 mol % Mg
15 mol % Al
5 mol % Zn

50

30

cINOARWONE

\;0

g0

FCC_Al

60

Betar Mg

Mg 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 n I

mole fraction
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Al-Mg-Zn : Equilibium cooling — L-Option

-
G Cooling Calculation - L-Option

L-Option

'You may choose any solution phase with the

However, for Liquids the calculations are most
meaninaful since they relate to solidification. )

rameters Help
L-option.

TIC) Platm) EnergylJ] Mass(maol] Volllitre)

— = =T

m=e 2

| Solution phase: FTlite-Liqu |

@ equilibrium cooling
" Scheil-Gulliver cooling

[80 Mg + 15 Al + 52n |

— Custom Solutions -

" nomal equilibrium calculation cies ~ Solution species : R
eal € teal 0 = | + | Base-Phase | Full Name - g _h;edI acltw_ltles
: - 0 ite-Li iaui ideal solutions
[v display transitions + summary : - | ':‘ . EI:::::;E‘E . FEEUE 5 0 activity coefficients
e S 0 1 FTieHCP HCP_A3 peidle:
I duplicates ,mpgz,l | FTlite-BCC BCC_aA2 =
1 FTiedCld Laves_C14 Pse”dc'['fms :
species: 0 | FTlite-LC15 Laves_C15 apply Ll
I FTlite-LC38A ALaves C36 ™ include molar volumes
+ FTlite-Beta Beta_slMg LI :
— Equilibrium cooling —legend——————— 0 L o TotaISnec.les [max 1500 - 38
FTlite-Liqu I sl 7 IV Show (" all ( [selected | Iotal Solutions (max 40) 22
Cooling step: 10 T-auto: ¥ L-Eciuilibri;lmscooLing species: 98 o
+ - selecte SR elec I
Mass(mol): lg solutions: 22 Default I
“p: g 0 lons E quilibrium
Equilibrium Cooling B> TC  [Piatm)  ~|[ProductHU) ~| | @ nomal € nommal + fansiions
. . ! { tansitions only
of Liquid Al-Mg-Zn 600 [ l s S
. Table ilibri ing - =T- = gt
. COO0 I i ng S tep q 1 O, [ [ Equilibrium cooling - T(start) = T-auto, T(stop) = 0 mole| T =iy Calculate >> |
e T-auto V
- 1 bl
« final mass ‘0

I GactSage‘”
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Al-Mg-Zn : Equilibium cooling — Summary of Results

-

"Q Results - Equilib Summa
Output Edit Show Pages

D= BB F T(C) Platm) Energyld) Massimol) Vollite] EN

20| 410C | 40448C| 400c | 390C | 330C | 370C| 36435¢C| 36435¢C
Summary | Transitions | 500C | 497.61¢| 490¢ | 480C | 470¢ | 460C | 450C | 440¢ | 430¢C |

SUMMARY OF REACTIONS -

Cocling
500 to 487.€1 C (DELTA H -7.4228E+03 J)
Liquid cooling

Constituent 1
497.€l1 to 404.48 C (DELTA H —-5.8385E+05 J)
Liquid -> HCP_2A3

Constituent 2
404.48 to 364.35 C (DELTA H -4 _2333E+05 J)
Liquid -> HCP_A3 + Gamma

Constituent 3
364.35 C (isothermal) (DELTA H -5_.9422E+04 J)
Liquid + Gamma -> HCP_A3 + Phi

COMPOSITION OF PHASES IN CONSTITUENTS AT 3€4.35 C
(temperature of final disappearance of Liquid)

Constituent 1
HCP_A3
MOLE FRACTION MASS FRACTION
Zn 1.6531E-02 4 _2984E-02
21 5.9743E-02 €.4108E-02
Mg 8.2373E-01 8.9281E-01
TOTAL AMT/mcl TOTAL AMT/gram

Equilib Cooling Calculations 6.3 www.factsage.com



Al-Mg-Zn : Equilibium cooling — Plot Results

360

© - e 7 i
&7 Results - Equilib Summary (page-1/18) o ﬂ]&]
Output | Edit Show Pages
Save or Print » | TE!Sem) Enerpl i = tooll wolwel 1| | | Bl B73
Plot > | Plot Results ...
Equilib Results file » Repeat Plot - gram vs T(C) ... 430C I
Stream File > =
Eormat N {7 Plot: gram vs T(C) &
LT | File Help
Fact-XML »
B80Mag+ 1541+ 52Zn
Fact-Optimal » - — =
o Variables Minimum | M aximum
Fact-Function-Builder > ac“‘"':}' g _ 1.
mole
Refresh ... mole fract. 0 47 Axes: gram vs T(C)
—— 1 Q| Y-axis aram 0 || Y-variable X-variable Swap Axes
Liquid -> HCP_A3 + Gamma weight % 0
' Alpha 0 Y-anis — X-axis
Constituent 3 z
364.35 C (isothermal) (D=Ll %-a%is TIC) 364.33
Liquid + Gamma -> HCP 23 + I Platm) 1.
Cpl) 3098.4 maximum (2000 raximunm
COMPOSITION OF PHASES IN COM G() -3.5780H . _ -
(temperature of final disapg Yollitre) 0 inimunm D rinimunm
H[ 8.3791 : :
Constituent 1 '.."([““[e} 0 tiek exery tick every
—a 50) 5542.4
Zn - page - 1.
i; S rCias Graph Cancel | Refresh |
il T color W Tl scieen
el size:[3 no:[8 IV reactants T Viewer
‘ * chemical I filename ¢ Figure
" integer #
Hepeal {:7 hone Plot >>

‘ thtSage‘”
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Al-Mg-Zn : Equilibium cooling — Plot Results

Sefectionofspecrestobeplotted——————

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

R(=TEY
E File Show L
4 +| # | Species | Gram [min] | Gram [max] |WI.X [min] | Wt % [max] | Act. [min] | Act. [max] :I
&0C 126 MaB1En20z) 1] 1] 1] 1] 325943E-26 9 B302E-07
_ SOLUTIONS
127 GAS 1] 1] 1] 1] 1] 1] =
+ 128 Liquii 1] 26761 1] 1] 05943003 1.
129 Liquit2 1] 1] 1] 1] 05943003 1.
130 FCCH1 1] 1] 1] 1] 0.6EE03 0792147
131 FCCH2 1] 1] 1] 1] 066603 0798147
+ 132 HCF#1 1] 1575.7 1] 1] 0876183 1.
133 HCP#2 1] 1] 1] 1] 0876183 1.
134 BCCH1 1] 1] 1] 1] 0740645 0803593
135 BCCHZ 1] 1] 1] 1] 0740645 0803593
136 LCT441 1] 1] 1] 1] 97821E-02 0375453 _I
137 LCT 442 1] 1] 1] 1] 4.8940E-02 0110639
138 LC15#1 1] 1] 1] 1] JB4RTE-D2 2.4836E-02
139 LC15H#2 1] 1] 1] 1] A1307E-02 2.4836E-02
140 LC3GART 1] 1] 1] 1] A E6739E-02 8.3827E-02
14 LCIGAH2 1] 1] 1] 1] F2M2E-04 8.3827E-02
142 Beta 1] 1] 1] 1] F4B67E-11 1.5177E-02
+ 143 Gama 1] TEraa 1] 1] 1.2865E-08 1. ;I
Mazsz Order——— .
C mole | | @ integer # Select Top Fﬂ [4 species selected |
= gram " mazz [max] -
" fraction [max]
Clear | [~ source | { activity [max) Refresh | Ok |
[ Click on the "+" column to add or remove species)
=
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Al-Mg-Zn : Equilibium cooling — Plot Results

Ligquidus at about 500 °C
Univariant at about 400 °C
??? reaction at about 300 °C

80 Mg + 15 Al + 5Zn

3000

2500

2000

gram

1500

1000

0500 F

1 1 1 1
300 350 400 450 500 550 800

T(C)
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Al-Mg-Zn : Scheil cooling X,,4=0.8,X,=0.15,X,,=0.05

Al-Mg-Zn polythermal liquidus projection
calculated by Phase Diagram with data taken G’actSage'"
from FTlite — FACT light alloy databases

Four-Phase Intersection Points with Liquid ) A T(min) = 340.89 °C, T(max) = 660.31 °C

&N
&
LN
' Mg2Zn11
%
o Crystallization path for
N % -
Scheil cooling
% Alloy composition:
\ 2,

AN

AMgZn_Tau /FCC_A1#1 / Laves_C14#1 IS
AMgZn_Tau / Beta_AlMg / Gamma
AlMgZn_Tau / Beta_AlMg / FCC_A1#1
AMgZn_Tau / Laves_C14#1 / Mg2Zn3
AMgZn_Tau / Gamma / Phi

Gamma /HCP_A3#1 / Phi
FCC_A1#1/Laves_C14#1/Mg2Zn1l
AlMgZn_Tau / Mg2Zn3 / MgZn
FCC_A1#1/HCP_Zn /Mg2zn11
HCP_A3#1/Mg51Zn20_<mg7zn3>_oil / MgZn
AMgZn_Tau / HCP_A3#1 / Phi
AIMgZn_Tau / HCP_A3#1 / MgZn

PR

A=Zn, B=Mg, C=A
X(A) X(B) X(C) °’c
0.35365 0.18471 0.46164 467.78
0.04094 0.37786 0.58120 447.57
0.04248 0.36009 0.59743 446.26
0.33110 0.60810 0.06080 428.12
0.16296 0.66052 0.17652 385.07
0.16267 0.69979 0.13755 364.35
0.80148 0.07683 0.12168 360.17
0.25899 0.69007 0.05094 353.59
0.85034 0.05789 0.09177 347.54
10:  0.28328 0.71522 0.00150 345.23
11:  0.23357 0.70211 0.06432 342.67
12:  0.24168 0.70263 0.05570 340.89

80 mol % Mg
15 mol % Al
5 mol % Zn

9'0

CRINOORWNE

MgZn < 4 |

2
N

Y
\

N\
BetalSAlM
M g 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 AI

mole fraction

thtSagem Equilib Cooling Calculations 7.1 www.factsage.com



Al-Mg-Zn : Scheil-Gulliver cooling — L-Option

- —
G Cooling Calculation - L-Option

-

L-Option

You may choose any solution phase with the L-option.
However, for Liquids the calculations are most
meaningful since they relate to solidification.

[ Solution phase: FTlite-Liqu |

" equilibrium cooling
@ Scheil-Gulliver cooling
" normal equilibrium calculation

[V display transitions + summary

Help |

J

(3)

TIC) P(atm) Energy[J] Mass(mol] Yolllitre)

e == )

Parameters Help

m =@

| 80 Mg + 154l + 52Zn |

[1]

species
ideal © real

0
0
0

28

ss duplicates _apply |

species: 28

r~ Scheil cooling
' FTlite-Liqu

Options |

&Cooling step: |10 T-auto: v

Mass{mol): IU

— Solution species

= |7 I Base-Phase | Full Name
CIL - FTlite-Liqu Liquid
.| FTlte-FCC FCC_A1
| FTlite-HCP HCP_A3
| FTlite-BCC BCC_A2
1 FTiiteLC14 Laves C14
1 FTliteLC15 Laves_C15
| FTlite-LC364, &laves C36
+ | FTiteBeta Beta_AlMa |
|L _eig.mcsjcibb 7 V Show " all & selected
L - Scheil cooLin e
+-selected 8 3 szfjﬂzzz gg Select I

— Custom Solutions -

N 0 fixed activities
0 ideal solutions
0 activity coefficients

Details ..

~Pseudonyms ———————

apply | List ... I

™ include molar volumes

Total Species [max 1500] 126

Total Solutions [max 40]

22

Default |

— Final Conditions

Scheil Cooling

of Liquid Al-Mg-Zn

« cooling step 10’
 check T-auto

 enter final mass ‘0’

<B> 0 [Patm) v ||ProductHY) |
600 [1 [
kI Table | Scheil-Gulliver cooling - T(start) = T-auto, T(stop) = 0 mole |

E quilibrium

' normal

" tansitions only

" open
[T paa

" nhormal + transitions

edit | Calculate >> l

4

I GactSage‘”
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hical  Schail lculati

- Calculation ends at temperature of final disappearance of liquid
- Graph shows phase distribution

80Mg+ 15Al+ 52Zn
3000 : , : , . , . , . ,
Liegust?
2500 | -
2000 | -
£
8 1500 -
o
1000 -
0500 | -
0 \ \ \ \ \ ] \
300 350 400 450 500 550 800
T(C)
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Al-Mg-Zn-Mn : Scheil cooling AZ91 + 0.25 wt.% Mn alloy

- _
G Cooling Calculation - L-Option

a

You may choose any solution phase with the L-option.

L-Option

However, for Liquids the calculations are most
meaningful since they relate to solidification.

[ Solution phase: FTlite-Liqu |

" equilibrium cooling
@ Scheil-Gulliver cooling
" normal equilibrium calculation

[V display transitions + summary

45 Menu - Equilib

" [Parameters

Help

TIC) Platm) Energyl)] Mass(g] Volllitre)

- n:.-

B~

I
m e |
I

4)

[ [gram)8975 Mg + 9 Al + Zn+ 025 Mn

FTlite-Liqu

- Scheil cooling

Options _|
Cooling step: |5 T-auto: ¥
Mass(a): IU

— Custom Solutions -

-+ Solution species
= | + | Base-Phase | Full Name - 0 fized activities

IL FTlite-Liqu Liquid 0 ideal solutions

I 1T CETite:ECC FCC A1 e 0 activity coefficients

| FTiteHCP HCP_A3 Details .
| FTlite-BCC BCC_A2 — Pectidonins
+ FTlite-CBCC CBCC_A12 -

+ FTiteCUB1 CUB_A13 apply [ List..
I Etie 14 Lavpsatld [V include molar volumes
| | FTiteLC15 Laves C15  ~| :

L — TotaISDec.les [max 1500] 186
I-i?nmiscible 7 IV Show & all " selected Total Solutions [max 40) 26
L - Scheil cooLin e
+ - selected 12 - szfuii:re‘:; 1;2 Select | —

Scheil Cooling

of Liquid Al-Mg-Zn-Mn
« cooling step 10’
 check T-auto

« enter final mass ‘0’

ions — Equilibrium
<B> TIC) IP[atm] _vJIP;oduCt Hi) _v_I ' nomal " normal + transitions
[ " tansitions only
600 [1 | e
™ Table | Scheil-Gulliver cooling - T(start) = T-auto, T(stop) = 0 mole | ’ r f ;: et | _ Calculate >>

I GactSage‘”
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Al-Mg-Zn-Mn : Schelil cooling — Summary and Transitions

Output Edit Show Pages
D=l B&E 5
510¢| s0s¢| s00c |
s60c[3s5c| s50c| s45¢| s40c| 535¢| s30¢| s525¢
- Svmmary - |) Transitions | 595C | 594.16C| 594.07¢C| 590C

TIC) Platm]) Energy(J] Mass(g) Yolllitre)

| s2412¢] s20¢| s15¢
sgsc| ssoc| s75¢| s70c| sesc|

AZ91 + 0.25 wt.% Mn alloy

89.75Al1-9Mg-Zn-0.25Mg

Temperature of transition -> 53%4.16 C

COMPOSITION OF Liquid
MOLE FRACTION
Zn 3.7803E-03
Mn 1.1247E-03
Al 8.2441E-02
Mg 5.1265E-01
TOTAL AMT/mol
4_0461E+00

TL-GULLIVER COOLING A (Wt%)
CONSTITUENTS AND PHASES AT 340.89 C Su mn Ia-ry 3
(temperature of final disappearance of Liquid) T
CONS. PHASE TOTAL AMT/mol TOTAL AMT/gr
1 1 Al8MnS_D810 1.30552-05 5.02302-04 sults - = |
2 1 HCP a3 2.6553E400 §.48352+01 ||| Output Edit Show Pages '
2 2 Al8MnS_D810 7.5208E-03 2.8466E-01 D ID“I @ll ml T[C] P[atm] Enefgy[J] Mass[g] VO'[“[IE]
3 1 HCD_ 23 §.35012-01 1.5580E+01 s510¢| s05¢| seoc|
S Su¥meAliloalen) 422358703 TeeR8eET0s s45¢| s40c| s35¢| s30c| s25¢| s2412¢] s20¢ ] s15¢ |
4 1 HCP a3 §.88485-02 1.69565+00 s95¢ | 594.16C| s594.07¢c| s90c| s8s¢c| ssoc| 575¢| 570 sesc|
4 2 MnRl4 si(s) 5.43462-04 1.7702E-02 .
- SCHEIL-GULLIVER COOLING
S 1 HCP_ 23 1.97932-01 4.8319E+00 ;
S 2 Gamma 4.5374E-01 1.1823E+01 Starting; temperagure.:2:iS957C
S 3 MnRl4_sl(s) 8.0662E-04 2.6274E-02 Cooling step -> S C TranS |t|0 ns
6 1 HCP 23 7.18732-03 1.81502-01 COMPOSITION OF Liquid
& 2 Phi 1.0340E-02 3.7598E-01 MOLE FRACTION MASS FRACTION
& 3 Mn4Alll _sl(s) 1.37412-06 4.73182-05 Zn 3.7803E-03 1.0000E-02
Mn 1.12472-03 2.50002-03
7 1 HCD_A3 7.72502-04 1.96392-02 Al 8.2441E-02 9.0000E-02
7 2 AlMgZn Tau 6.7348E-04 2.3038E-02 Mg 9.126SE-01 8.9750E-01
7 3 Mn4Alll_sl(s) 3.4950=-08 1.2035E-06 TOTAL AMT/mol TOTAL AMT/gram
4.0461E+00 1.0000E+02
8 1 HCP_a3 1.28772-03 3.22282-02
8 2 MgZn 9.03762-04 3.9438E-02

MASS FRACTION
1.0000E-02
2.5000E-03
9.0000E-02
8.9750E-01

TOTAL AMI/gram
1.0000E+02

Temperature of transition -> 534.07 C
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Al-Mg-Zn-Mn : Schell cooling - Microstructure Constituents

Summary & Transitions
Microstructure
constituents of AZ91 +
0.25 wt.% Mn alloy

after Scheil cooling.

Output Edit Show Pages
D= BE 5
s10¢| sosc| so0c|
s60C| 555¢| s50C| s45¢| s40C | W | s30¢| 525¢| s524.12¢ 520€ 515¢C|
- Sommary - | Transitions | 595C | 59416 | 594.07¢| ss0¢ | s8s¢| ssoc| s75¢| 570

TIC) Platm] Energy(J] Mass(g] Yolllitre)

CONSTITUENTS AND DHASES AT 340.83 C
(temperature of final disappearance of Liquid)
CONS. DHASE TOTAL AMT/mol TOTAL AMT/gram TOTAL

e —_—

Final disappearance
of liquid at 340.89°C

1 1 Al8MnS_D810 1.30S5E-05 5.0230E-04 0.00y

2 1 HCP_A3 2.8553E+00 ©.4835E+01 3.7

2 2 AlsMnS_D810 7.5208E-03 2.8466E-01 0.o0ny

3 1 HCP_23 €.3501E-01 1.5580E+01 8.3

3 2 Mn4Alll_sil(s) 4.2235E-03 1.4544E-01 3.31n
4 1 HCP_A3 €.8848E-02 1.6956E+00 9.8
4 2 Mn214_sl(s) 5.4346E-04 1.7702E-02 5.1
5 1 HCP_23 1.9793E-01 4.8919E+00 2.7
5 2 Gamma 4.5374E-01 1.1829E+01 5.8
5 3 MnRl4_sl(s) B.0662E-04 2.6274E-02 7.6
13 1 HCP_A3 7.1873E-03 1.8150E-01 1.0
€ 2 Phi 1.0940E-02 3.7598E-01 1.3
€ 3 Mn4alll _sil(s) 1.3741E-06 4.7318E-05 1.2
7 1 HCP_A3 7.7250E-04 1.9639E-02 1.0
7 2 AlMgZn_Tau €.7948E-04 2.35038E-02 7.6
7 3 Mn4Alll_sil(s) 3.4950E-08 1.2035E-0¢ 3.2
1 HCP_23 1.2677E-03 3.2228E-02 1.7
3.5438E-02 1.0

(=)}

0 0 0

W

B W N e

PHASE

AlI8Mn5_D810

HCP_A3
AI8Mn5_D810

HCP_A3
MnAl4_si(s)

HCP_A3
Gamma
MnAl4_si(s)

HCP_A3
Phi
Mn4Al11_si(s)

HCP_A3
AlMgZn Tau
Mn4Al11_si(s)

HCP_A3
MgZn
AlMgZn_Tau
Mn4Al11_si(s)

TOTAL AMT/Wt.%

0.05%

6483.50%
28.47%

169.56%
1.77%

489.19%
1182.90%
2.63%

18.15%
37.60%
0.00%

1.96%
2.90%
0.00%

3.22%
3.94%
1.64%
0.00%

DESCRIPTION

Constituent 1 594.16 to 594.07 C
Liquid -> AISMn5_D810

Constituent 2 594.07 t0 524.12 C
Liguid -> HCP_A3 + Al8MIn5_D810

Constituent4 447.41t0431.70C
Liquid -> HCP_A3 + MnAl4_si(s)

Constituent 5 431.70 to 364.34C

Liquid -> HCP_A3 + Gamma + MnAl4_si(s)

Constituent 6 364.34 to 342.67 C
Liquid -> HCP_A3 + Phi + Mn4Al11_si(s)

Constituent 7 342.67 to 340.89 C
Liquid -> HCP_A3 + AIMgZn_Tau + Mn4Al11 si(s)

Constituent 8 340.89 C (isothermal)
Liquid -> HCP_A3 + MgZn + AlMgZn_Tau + Mn4Al11_si(s)

I GactSage‘”
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» Solidification software

—({exiended-S

witeIll OUCUVUITTI IH/

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

« AZ91 alloy + 0.25 wt.% Mn

CONS. PHASE TOTAL AMT/gram
1 1 ‘Al8Mnb’ 5.2241E-04
T k 2 1 HCP 6.4599E+01
rac Ing 2 2 “Al8Mnb5' 2.8231E-01
microstructure Amount & Average Composition of the HCP phase
ConStituentS 3 1 HCP 1.5644E+01
: 4 1 HCP 1.7084E+00 2 64599  96.19 3.67 0.125 195 ppm
Output : 4 2 ‘Al4Mn’ 1.7892E-02 L
Solidification 3 15.644 92.25 7.45 0.298 14.7 ppm
5 1 HCP 4.9213E+00
temperature of| s 2 ‘a112mg17/ 1.1878E+01 4 1708  89.22 1034  0.440 1.2 ppm
340.89°C Coo e OISl 5 4921 8895 1003 1.021 0.7 ppm
6 1 HCP 1.9669E-01
it 4 0493801 6 0.197  89.77 5.14 5.086 0.1 ppm
6 3 alamn L. 7904E-05 7 0024 9055 293 6.519 0.2 ppm
6 4 Al11Mn4 3.8196E-05
8 0042  90.57 2.90 6.538 0.2 ppm
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 MgzZn 5.1501E-02
8 3 Tau 2.1364E-02
8 4 Al11Mn4 2.3786E-06
thtsage"' Equilib Cooling Calculations 7.7 www.factsage.com



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

Output Edit Show Pages

D|=| GIE 5

51oc| sosc| sooc|

TIC) Platm) Energyl)] Mass(g] Volllitre)

560C | 555¢| 550C| 545¢ | 540¢| 535¢| 530¢| 525¢ | 5242¢) 520€ | 515¢C |
- Summary - | Transitions | 595C | 594.16¢| 59407¢| s90¢| s85¢ | ss0c| 575¢ | 570¢| s65¢ |

~ — 3 ™

M@=

SCHEIL-GULLIVER COOLING

CONSTITUENTS AND PHASES AT 340.89 C
(temperature of final disappearance of Liquid)

-

FactSage 6.3: Equilib

Do you wish to recycle Phase 1 of Constituent 2?7

HCP_A3

MOLE FRACTION MASS FRACTION
Zn 4,7652E-04 1.2759E-03
Mn 8.3198E-05 1.8719E-04

Al 3.3684E-02 3.7222E-02
Mg 9.6576E-01 9.6132E-01
TOTAL AMT/mol TOTAL AMT/gram
2.6553E+00 6.4835E+01

0K Cancel

‘>

CONS. PHASE TOTAL AMT/mol TOTAL AMT/gram TOTAL VOL/dm3
1 1 Al8MnS_D810 1.3055E-05 5.0230E-04 0.0000E+00
2 ©.4835E+01 3.

2 2 alshhs Dalo 7.5208E-03 2.84662-01 0.0000E+00
3 1 Hcplas 6.3501E-01 1.5580E+01 8.9318E-03
2 2 M-4M11 =1 L= 4 S22 e s a02 1 As A4 .01 3_9104E_05
o . .

1° Point mouse to constituent 2 9.6839E-04

. 5.1305E-06

HCP_A3 and double-click
= T TTUTTUS U TTUTITSTOY 2_.7840E-03
5 2 Gamma 4.5374E-01 1.1829E+01 5.8586E-03
5 3 MnAl4_si(s) 8.0662E-04 2.6274E-02 7.6148E-06
& 1 HCP_A3 7.1873E-03 1.8150E-01 1.0109E-04
3 2_Phi 1. 03840=-02 3. .75988-01 1.3552E-04
& 4 Ao . 1.2722E-08
2° Click OK to recycle HCP_A3

7 —_ — 1.0866E-05
7 2 AlMgZn Tau 6.7948E-04 2.9038E-02 7.6777E-06
7 3 Mn4Alll si(s) 3.49502-08 1.2035E-06 3.2358E-10
8 1 HCP_A3 1.26772-03 3.2228E-02 1.7831E-05
8 2 Mgzn 9.0976E-04 3.9438E-02 1.0892E-05
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Al-Mg-Zn-Mn : HCP phase imported into Reactant Window

S

File Edit Table Units DataSearch Help

D +| T(C) Platm) Eneryll) Masslg) Vollitie) ® %
Change mass from 100% => 100 g

VW Mass(g) Species Phase TIC) Pltotalj* Stream#t Data
[100 [ ] | [ [ [2

HCP_A3 Constituent-2
Weight %:
1.0000E+02 Total
1.2759E-01 Zn
1.8719E-02 Mn
3.7222E+00 Al

9.61 32E+T Mg

List of components in HCP phase

[ Initial Conditions

Next >>

255epl2 Compound: | 1/28 databases Solution: | 1/28 databases
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_Al-Mg-Zn-Mn : Equilibrium calculation — annealing HCP phase

& "
&7 Menu - Equilib.

File Units Parameters Help
0 =

—Reactants (1)

TIC) Platm) Energyl)] Mass(g] Volllitre)

| [gram) 100 [Rc_C2 P1] |

— Products
— Compound species — Solution species — Custom Solutions -
[§ gas & ideal € real O * |_+ | Base-Phase | Full Name a]| | O fixed activities
¥ aqueous 0 1 FTite-Liqu Liquid ] 0 ideal solutions
I pure liquids 0 | FTiteFCC FCC_AT Sl
[+ pure solids 42 [ FTlite-HCP HCP_A3 Details .
[7 SUPPIess d‘.xpﬁ*l ates apply | | | FTlItE'BCC BCC_AZ =
"+ FTiteCBCC CBCC_A12 Pse“dc';fms :
species: 42 +  FTie-CUB1 CUB_A13 2pply m
I EThelC14 Lavesa 14 V' include molar volumes
FTlte-LC15 Laves C15  ~| :
~ Target L pm— Total Species [max 1500] 186
- hone - |- immiscible 77 IV Show® all ¢ selected Total Solutions [max 40] 26
E stimate T(K]: |1UIJD. +-selected 12 species: 144
[ : IO solutions: 26 ﬁ_l
ass(al: 3 Default I
~ Final Conditions E quilibrium
<8 <B> 1 TIC). __IF’[atm] L”Ptodu'ct HEY) ;l @ nomal " nommal + transitions
[150 s00 5 | 1 I " tansitions only
T T C open
I10 steps. [T Table T 71 calculations - p;r; odi | _ Calculate >>
ooy Anneal at 150 to 500 °Q

I GactSage‘”
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Al-Mg-Zn-Mn : Plotting annealed HCP phase

p
G Results - Equilib 150 C (page 1/71)

="

| Output | Edit Show Pages

Save or Print
Plot
Equilib Results file »

> |

1

(G Batm) Enerayl) Massial Voie]

Plot Results ...
Repeat Plot - gram vs T(C) ...

i H=A ] B

60 C
85c| 190c| 195¢] 200¢ | 205¢ |

Stream File >

Format »
Fact-XML »
Fact-Optimal » :
Fact-Function-Builder » :

Refresh ...

Lattice
Lattice
c/fa = 1.

parameter
parameter
€231

gram HCP_A3§2
(150 C, 1 atm,
{ 1.7700 wt.%
+ 58.134 wt.%
+ 4.3044E-11 wt.%
+ S9.6335E-02 wt.%

r — TR
&7 Piot: log10(gram) vs T(C) X
s.4308z-q | File Help
a=1.000( ;
P 100 [Re_C2_P1]
ig VYariables I Minimum I Maximum
B activity 0 1.
e R
mole G Axes: logl0(gram) vs T(C) &J
Mold mole fract.
3 Y-axis aram Y-variable X-variable Swap Axes
1 weight %
- &lpha Y-auis — X-axis
1l X-axis T(C) [log1Ofgram]]
_ P(atm)]
/! =0
e Cold) e i
G[J) oy o
Vol(ltre] AR sl
HJ) tick every tick every
a=1.0004 W(litre]
o 5()
Mg
i - page - ’
- Cancel Refresh
Zn Axes Species ’ |
i) log10fgram] : . I color IV full screen -
T\{E Select size: (3 no:[9 V reactants Viewer
* chemical I” filename Figure
" integer #
Axes Repeat " hone |
\
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Al-Mg-Zn-Mn : Graph of annealed HCP phase

Equilibrium phase distribution in HCP phase of
constituent 2 after annealing (HCP + precipitates)

100 [Rc_C2_P1]

2200 N S V. PS4 8 Va o Y72 AN ¥ D21 B Tad o V72 R ¥ P27 § Vol o 972 RN V)51 & Vol o V72 AR ¥ P § Vol o VIE AN
o wigurersTi) wigurersi) wigunrors 1) wiguror i) wigunrorsTi)

1.00

Mg1oMg;.:Ak«(Gama)

-1.00

logy(gram)

-2.00

-3.00

A o e o e B pden o0 Hoop o e owe BT e s oy oop e g e g IS s oy ooy oop B o o g o
150 200 250 300 350 400 450 500

T(C)
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Equilibrium phase distribution in HCP phase of

constituent 2 after annealing (HCP + precipitates)

100 [Rc_C2_P1]

200 F

1.00 -

logis(gram)

-1.00

200

-3.00

-4.00

Al _bhA fat
FggiviizIS] !\v‘ulAlq.{-a)

N‘lly’%lﬂ(a) N‘lly’{lﬂ(a) Nhlyl"lﬁ(s)

150

250 350 450

T(C)
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o 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

Amount & Average Composition of the HCP phase

at 340.89°C
| wt% | Mg | A | 0 | Mn
2 64.599 96.19 3.67 0.125 B
3 15.644 92.25 7.45 0.298
4 1.708 89.22 10.34 0.440
5 4921 88.95 10.03 1.021
6 0.197 89.77 5.14 5.086
7 0.024 90.55 2.93 6.519
8 0.042 90.57 2.90 6.538

195 ppm
14.7 ppm
1.2 ppm
0.7 ppm
0.1 ppm
0.2 ppm
0.2 ppm

log,o(Wt.%0)

‘AlpMg,;

"AlggMn,'

Al,Mn

HCP

Annealing of HCP in ‘2’ |

Al ;;Mn,

"AlgMn’

L
200

L
250

. . . .
300 350 400 450 500
Temperature ("C)

L

logy,(Wt.%)

HCP

'AlggMn ;'

Annealing of HCP in ‘3’ |

IAl 12Mg 17I

Al,Mn

Al ;Mn,

L
200

L
250

. . . .
300 350 400 450 500
Temperature ('C)
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