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1-3 |
M azz[maol] Species Phasze TIC] Ptotal]™ Stream$t Data
[a0 Mg | | | | [1
WE JA | E | [1
* s |z | E | [1

[T Initial Conditions

Mext >»

“actSage 6.2 bet. Compound: | 1/31 databases Solution: | 1431 databases -

G’actSageT" Solidification 2 CRCT "oee!



Equilibrium cooling pat

Four-Phase Intersection Points with Liquid

PR
MNRroOoNOOARWNE

AlMgZn_Tau / FCC_A1#1 / Laves_C14#1
AMgZn_Tau / Beta_AlMg / Gamma
AlMgZn_Tau / Beta_AlIMg / FCC_A1#1
AMgZn_Tau / Laves_C14#1 / Mg2Zn3
AMgZn_Tau / Gamma / Phi
Gamma / HCP_A3#1 / Phi
FCC_Al1#1/Laves_C14#1/Mg2znll
AMgZn_Tau / Mg2Zn3 / MgZn
FCC_A1#1 /HCP_Zn/Mg22Znll
HCP_A3#1/Mg51Zn20_<mg7zn3>_oil / MgZn
AMgZn_Tau / HCP_A3#1 / Phi
AlMgZn_Tau / HCP_A3#1 / MgZn

A=Zn, B=Mg, C=A

XA  XB)
0.35365 0.18471
0.04094 0.37786
0.04248 0.36009
0.33110 0.60810
0.16296 0.66052
0.16267 0.69979
0.80148 0.07683
0.25899 0.69007
0.85034 0.05789
0.28328 0.71522
0.23357 0.70211
0.24168 0.70263

CoNoaRWNE

PR
MR o

X(C)
0.46164
0.58120
0.59743
0.06080
0.17652
0.13755
0.12168
0.05094
0.09177
0.00150
0.06432
0.05570

°’c
467.78
447.57
446.26
428.12
385.07
364.35
360.17
353.59
34754
345.23
34267
340.89

Al - Mg - Zn
Data from FTlite - FACT light alloy databases &ctsagem

T(min) = 340.89 °C, T(max) = 660.31 °C

Crystallization path for
Equilibrium cooling

> Alloy composition:
80 mol % Mg
15 mol % Al

5 mol % Zn

G0

q(}

60

BetalAIMg!

0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 n |

mole fraction
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Select all solids and solutions

F Menu - Equilib: last system - |EI|£|

File Units Parameters Help

== TIC] Platm) Energyl)] Massimel] Yolfitre] m |B‘| 15.r|

—Reactants [3]

[ 80 Mg + 154 + §7n |

— Products
— Compound species——————— — Solution zpecies — Custom Solutions
[ gas &% ideal € real 0 = | + | Base-Phase | Full Hame - 0 fixed activities
[ agueous 0 | FTlite-Liqu Liquid 0 ideal solutions
I— suns ligis 0 | FTlte-FCC FCC_AT p 0 activity cnefflcu.enm
[+ pure solids 28 | FTlite-HCP HCP_A3 ﬂl
¥ zuppress duplizates aEE'EI | FTlite-BCC BLL_AZ ~ Peeudoryms ————
| FTlite-LC1 4 Laves C14 :
3pEcies: 28 | FTlite-LC15 Lavez_C15 apply I Ll
I FTlite-LC364 Alaves_C36 ¥ include molar volumes
FTlite-LC3EE BLaves 36 ;I :
~ Target Legend Tatal SDEC.IES [max 1500] 126
- NIOKE - | - immiscible 7 IV Show & all " selected Total Solutions [max 40] 22
Estirnate TIE): |'| 0] + - zelected B species: aa
; [Ltiohs: 22 ﬂl
b azz(rnol]: IEI 0 Diefault |

— Final Conditions E quilibrium
2B <B: TIC] Flatmn] j Praduct H[J] j f* nomal " nomal + transitions
00 30010 1 ff: trandsitin:-.ns anly = open
10 sheps I~ Table 31 caleulstions Preceriant Calculate »>»
| FactSage B.2 beta S

G’actSageT" solidification 4 CRCT "oee!



F Results - Equilib 600 C (page 1/31) FactSage 6.2 beta

Cutput  Edit  Show Pages

O || A3

TIC] Platm] Energel] b asz{mol] “olllitre]

4!54}(2' 450c| 440(:| 430c| 430c| 410c| mc| 390c| 330c| 3]’0C| 3rsvuc|

600C | ss0c | ss0c| s70c| seoc| ssoc| ss0c| s30c| s20¢| s10¢| s00c| 430 | 480¢ | 470

=10l %]

Ak S

| 80 Mg + 15 21 + 5 2Zn =

Al1-R1-Va-Va
Mg-Mg-Va-Va
Zn-Zn-va-Va
L1-Mg-Va-Va
21-Zn-Va-Va
Mg-Zn-Va-Va

System component
In
Al
Mg

+ 0.00000 mol  Liguidgs
{§00.00 €, 1 =tm,
{ 0.15000 21
+ 0.80000 Mg
+ 5.0000E-02 in

100.00 mol Liguid#l

(2676.1 gram, 100.00 mol, 1.434¢ litre, 1.8654 g/ml)
{ed0.00 C, 1 atm, &=1.0000)
{ 0.15000 &l v
+ 0._80000 Mg v
+ 5.0000E-02 Zn Ll

Mole fraction of guedruplets:

-0182ZE-02
.@3255
.88lEE-03
.24855
.0724E-02
-5553E-02

m P O O R

Mole fraction Mass fraction

5.0000E-02 0.1zzl18
0.15000 0.151z4
0.80000 0.TZ853

Viscosity/Pe.s = 1.4773E-05

2=1.0000)
v
v
i

i
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F Results - Equilib 600 C (page 1/31) Fact5age 6.2 beta

|Dutput Edit Show Pages

Repeat Plot - gram vs T{C) ...

TIC] Piatm] Energuld] Mass{mal] Yalllitre]

soc| 3s0c| 3toc| 3soc|
c| s20c| s10¢c| s00c| 490c | 480C | 470¢C |

=10l x|

if == 3

1.8554 g/ml)

1.4348 litre,
a=1_0000)

21

Mg

Zn

2.018zZE-02
0_83Z55
1.8681B8E-03
0.24835
1.07Z4E-02
8.5953E-02

Mole fraction

5.0000E-02 0.12z218
0.15000 0.151z24
0.30000 0.72&53
_4773E-05
==1.0000)
Bl
Mg

Sawve or Print g
Plat k Plot Results ...
Equilib Results file ¥
Stream File v T T T
Format Fl+ 5 Zn =
Fact-xML 3 Liquid#l
100.00 mol
. » '
Fact-Optimal 0c, 1 atm
Refresh ... pan
0aa
+ 5.0000E-02
Mole fraction of guadruplets:
Al-Al1-Va-Va
Mg-HMg-Va-Va
Zn—-Zn-Va-Va
&l -Mg-Va-Va
Al-Zn-Va-Va
Mg-Zn-Va-Va
System component
Zn
Rl
Mg
Viscosity/BPa.3s = 1
+ 0.00000 mol Liguidfz
(€00.00 C, 1 atm,
{ 0.15000
+ 0.80000
+ 5.0000E-02

Zn

v
w
L' 5]

w
v
)

i
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F Results - Equilib 600 C (pag

BTN = pesults Processor: E:\FactSage\Workshop2010\Equil.res

O =]

File Help

4&nc| 45 BOMg+ 1541+ 52n -
600 C | 590
80 Mg - achivity 1.
mole 100.
1o0.0t rnale fract, 0.93906
“Rim aram 2B7E1
weight % 98827
TIC) a00. GO0,
CplJ] A 1.6352E+04
G -4. 31 36E+06 -2 3803E+06
HiJ] G.2226E+05 2. 276EE+06
"W(litre] 12473 1.4346
5] A186.4 7h47 8
- page - 1. 3.
Axes - Species Graph Display
Labels [ color v full screen
Select SiZEE ”E':E IV r1eactants € Wiewer
—_— &+ chemical [ file name ' Figue
£ integer #
+ 0.0001¢
Repeat " hone Flot > |
|Fact5age E.1 |E:'\FactSage'\WDrksthEWD'\Equi[l.res | Adapi | I zets

thtSage‘”
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Selection of axes

_ioix

Dlﬁl [t File Help

460C | 45 80Mg+ 1541+ 52n -

600C | 5904
g0 Mg - achivity ]
mole ]
10006
(2676 F Axes: gram vs T(C)

Y-variable X-varisble Swap Axes

—-awis

mnasimum 3000 mnaximum

rninimLm rinirmLm

tick every (280 tick every

Axes Cancel | Refrezh |

[0 selected | - - s full zcreen
Select S'Z'E:IE ”':':IE IV 1eactants  © Wiewer
. — " chemical [ file name ' Figure
+ 00004 " integer #
Repeat " none Flot >> |

|FactSage 6.1 | E:AFacts agetwork shop201 DME quill res | 3ap1n | 31 zets

GthSageT” Solidification 8 CRCT "o



Selection of species to be plotted
(choose all solids and elements for which Gram(Max)>0)

i
E File  Show L
4 +| # | Species | Gram [min] | Gram [max] |"I|||I"t.2 [min] | Wt X [max] | Act. [min] | Act. [max] il
6N, 126 MgB1Zn20z) 1] 1] 1] 1] 32943E-26 9.B902E-07
— SOLUTIONS
127 GAS 1] 1] 1] 1] 1] 1] =
+ 128 Liquft 1] 26761 1] 1] 0.943003 1.
129 Liquit2 1] 1] 1] 1] 0.943003 1.
130 FCCH1 1] 1] 1] 1] [.6EE03 0738147
131 FCCH2 1] 1] 1] 1] [.6EE03 0738147
+ 132 HCP#1 1] 1575.7 1] 1] 0876183 1.
133 HCP#2 1] 1] 1] 1] 0876183 1.
134 BCCH#1 1] 1] 1] 1] 0740645 [.803598
136 BCCH2 ] ] ] ] 0. 740645 0.803593
136 LC14#1 1] 1] 1] 1] 9.7821E-02 0375458 _I
137 LC14g2 1] 1] 1] 1] 4.8940E-02 0110639
138 L1581 1] 1] 1] 1] 3.84E1E-02 8. 4836E-02
139 LC1EH2 1] 1] 1] 1] 31307E-02 8.4836E-02
140 LC3BAH#T 1] 1] 1] 1] JE729E-02 8.3827E-02
141 LC3BAH2 1] 1] 1] 1] 32212E-04 8.3827E-02
142 Beta 1] 1] 1] 1] 2 4867E-11 1.5177E-02
+ | 143 Gama 1] FEraq 1] 1] 1.3865E-02 1. ;I
Mazs Order———— -
= male 'y integer i Select Top Fﬂ | 4 species selected |
 gam | | © massmax) | T
" fraction [max]
Clear | [~ source | { activity [max) Refresh | Ok |
[ Click on the "+" column to add or remove species)
=l

GthSageT” Solidification 9 CRCT "o



Amounts of Phases during Equilibrium Cooling

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

80 Mg + 15 Al + 5Zn

3000

L
uuuuuu

2500

2000

gram

1500

1000

0500 F

. 1 . 1 . 1 . . 1 .
300 350 400 450 500 550 600

th'tsagem Solidification 10 CRCT Menreal



Using the “solidification software”

F Menu - Equilib: Mg80-Al15-7n5-cooling
File Units Parameters Help

D= =

T[C] Platm] Energyld] Maszmal] olllitre]

=101 =

m=iledkd

Reactants [3]

[ 80 Mg + 15 Al + & 2n |
Solution FTlite-Liqu
— Solution species — Custom Solutions
- dear = | + | Base-Phase | Full Hame - 0 fized activities
v -l speces | FTlite-Liqu Liquid — g ||:|E~t._al_;sculutu:|frf1_s_ t
* - custom select spedes ..., | FTlite-FCT FOC_AT activity cos |C|§n z
m - merge dilute salution fram k | FTlite-HCP HCP_&3 Detals ..
- sofubion properkies ... | FTlite-BLC BCL_A2 — Pzeudornpms————
_ | FTlite-LCT4 Laves C14 -
+ -single phase | FTlte-LC15 Laves C15 apply [~ List... |
w I -possible 2-phase immiscibility | | FTlteLC36A Alaves_C36 [ include molar vol
1 -possible 3-phase immiscibility FTlte-LC36E Blaves C36 | EHEE metar valines
L 4 Total Species [max 1500] 126
v  -standard stable phase I-Ei?ruenr'n-liscil:ule - ¥ Show(® al " selected Total Solutions [max 40] 22

I -dormant (metastable) phase
F - formation target phase
P - predpitate target phase

+ - zelected 8

species: 398
solutions: 27 Select |

Drefault |

S - Scheil cooling target phase

D - soliDification calculation ... I

Equilibrium

C - composition target TIC) Platm) j Product HIJ) j & momal ¢ nomal + transitions
- = I E00 20010 1 :: tran;iti-:u.ns only £ open
2D 31 calculations HIE STt Calculate »> I
[
| FactSage F.2 beta | E:AFactSageiwiorkshop201 (6E quil DAT w

thtSage‘”
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F Solidification Calculation

Select equilibrium solidification from liquid
(click on “include molar volumes” — See Manual Advanced Equilib 8)

Helm

X

Fil=  IInits  Paramerers

For meaningful zolidification calculations:
1. the zolution phasze must be a liquid, and
2. thig liquid muzt be the only stable condenzed
phase at the initial temperature, Tlstart].

IMPORTAMT

[ Solution phase: FTlke-Liqu |

Help |

+  Equilibrium 5 olidification
" Scheil Solidification

" regular equilibrium calculation

F Menu - Equilib: Mg80-Al15-Zn5-cooling

TIC] Platm] Energull] kazz{mol] Waolllitre]

=10 %]

m @ =

| B0 Mg + 154 + 5 Zn |

I l.ul_-l_-l_ll

==

— Equilibrium zolidification
FTlite-Liqu

Cooling step T[CJ: |25
b azz(mol]; IU

— Custarn Salutions

— Solutioh species

* | + | BasePhase | Full Hame - 0 figed activities
ID FTlite-Liqu Liquid 0 ideal solutions
| ETlte-FCC FOE_AT s 0 activity u:u:ueffu:u.ants
| FTlte-HCP HCP_A3 ﬂl
I FTlite-BCC BCC A2 ~ Preudonyms
I FTlite-LC14 Laves C14 :
[ FTlite-LC15 Lavez C15 apply [ List.. |
I FTlite-LC36A Alaves C36 ¥ include molar volumes

FTlite-LC36E BlLaves C3E ;I ;

Legend Taotal Spec.les [rnawx 1500 126
|-iIE'|I'|I'I'|iSI3i|:I|E 7 ¥ Showf* all  selected Total Solutions [mas 40) 22
AL e = ] ey

solutions: 22
D efault |

Final Conditions

< <B> TIC) P{atm)] Product HiJ) = |
BO0 30010 1
10 steps ™| Tiable | E quilibrium zolidification - T[start] = GO0, T{stop) = 0% liguid|

E quilibrium
= nomal £ nomal + tranzitions
£ ranzitions only £ open

£ predominart

Calculate >3> |

| FactSage 6.2 beta

| E:4Facts age'wiorkshop201 OME quil . DAT

4

thtSage‘”
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Select starting temperature

F Menu - Equilib: MgB80-Al15-Zn5-cooling

File Units Parameters
02| &

— Reactants [3]

Help

TIC] Platm] Energul]] Masz{mol] Yalllitre]

=101 %]

ni=ildEd

| 80 Mg + 154 + 5 Zn |

— Products
— Compound species

[T gas & ideal€T el 0
|_ aqueous 1]
|_ pure iquids 1]
|+_ pure zolidz 28
¥ | supprezzs duplicates aEElEI

IpECies 28

— Equilibrium zalidification
FTlite-Ligu

Coaoling step T[C]: |5
b azs(rmal]; ID

— Solution species — Custom Solutions
= | + | BasePhase | Full Hame - 0 fived achvities
D FTlite-Liqu Liquid U ideal solutions
| ETlte-FCC FCC_AT Fr 0 activity cnefflcu.ants
I FTlite-HCP HCP A3 Details ...
I FTlite-BCC BCC_&2 ~ Pseudanyms
I FTlite-LC14 Laves C14 :
| FTlite-LC15 Laves C15 apply [ List .. |
I FTlite-LC3EA Alaves C3I6 ¥ include molar volumes
FTlite-LC36E BlLaves C36 ;I .

- Leqend Tatal Spec.les [max 1500] 126
|'iﬁ'l|'l'li$l3i|:l|E! 7 [+ Show @ all  zelected Total Solutions [max 400 22
E]- SEE?;!EEUFHESDND ! SPEFIESE e Select |

golutions: 22
Drefault |

— Final Conditions E quilibrium
< <Bx TIC] Platm] j Product HiJ] j % normal £ normal + ransitions
o0 1 £ transitions anly £ open
~ :
0 steps T Table [Equibriom soldifcation - Tistar] = 600, Tlstop] = W hqud] | F oo o culate 5 |
| FactSage 6.2 beta | E:\FactS agehwiorkshop20106E quit. DAT A

thtSage‘”
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Output for Equilibrium Solidification

Note calculation of AH, AV (for AV be sure to click on “include molar volumes”)
Calculation ends at temperature of final disappearance of liquid

F Results - Equilib Summary (page 1/54) FactSage 6.2 beta - |I:I|5|
Qutput Edit Show Pages
N ||j"| E.jl E’ll TIC] Platm) Energyld] Mass(mal] Yalllitre) "”lalm
so0c | 49761C| 495¢C |
555C | 550C | s45¢| 540C| s35¢| 530¢| s25¢| s520€| s15¢ | s10C | s05C|
Summary | Transitions | 600C | 593¢ | 530¢ | s85¢| ss0c| 575¢| s70¢ | s65¢] s60¢c|
I
SUMMARY OF REACTICNS ﬂ
Cooling
E00.00 to 437.81 C {DELTZ H = -3.2&31E+05 J, DELTR V = -Z_3331E-02 dm3)
Ligquid cooling
Constituent 1
437.61 to 404.48 C {DELTZ H = -5.5386E+05 J, DELTR V = -4_0402E-02 dm3)
Ligquid -» HCE_A3
Constituent 2
404 48 to 304.35 C (DELTA H = -4 _2335E+4+05 J, DELTA ¥V = -1_5773E-0Z dm3)
Liguid -> HCP_ A3 + Gamma
Constituent 3
364.35 C (isotherm=l) (DELTA H = -3.3405E+04 J, DELTA ¥V = -3_4803E-04 dm3) | |
Liguid + Gamma -> HCE A3 + Fhi
COMPOSITION OF PHARSES IN COMNSTITUENTS AT 364.35 C
(temperature of finael disappearance of Liguid)
Constituent 1
HCT A3
MCOLE FRACTION MASS FRACTICH
Zn 1.8532E-02 4.2934E-02
2l 5.9743E-02 &.4108E-02
Mg 5_Z37ZE-01 B.9230E-01
TOTRT, AMT/mnl  TOTAT, BMT/aram LI
|

G’actSageT" solidification 14 CRCT "oee!



Scheil-Gulliver cooling pat

Al - Mg - Zn
Data from FTlite - FACT light alloy databases GactSageT"

Zn

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

AMgZn_Tau / Gamma / Phi
Gamma /HCP_A3#1 / Phi

AMgZn_Tau / Mg2Zn3 / MgZn

i
ceNagdRrwWNR

[
[N

. AIMgZn_Tau / HCP_A3#1 / Phi

[
N

AMgZn_Tau / FCC_A1#1 / Laves_C14#1 &
AMgZn_Tau / Beta_AIMg / Gamma

AlMgZn_Tau / Beta_AlMg / FCC_A1#1
AMgZn_Tau / Laves_C14#1 / Mg2Zn3

FCC_AI#1/Laves_C14#1 /Mg2Zni1

FCC_A1#1 /HCP_Zn/Mg2Zn11
HCP_A3#1/Mg51Zn20_<mg7zn3>_oil / MgZn

: AlMgZn_Tau /HCP_A3#1 / MgZn

A=Zn, B=Mg, C=A

XA XB)  X(C)
0.35365 0.18471 0.46164
0.04094 0.37786 0.58120
0.04248 0.36009 0.59743
0.33110 0.60810 0.06080
0.16296 0.66052 0.17652
0.16267 0.69979 0.13755
0.80148 0.07683 0.12168
0.25899 0.69007 0.05094
0.85034 0.05789 0.09177
10:  0.28328 0.71522 0.00150
11:  0.23357 0.70211 0.06432
12:  0.24168 0.70263 0.05570

NN R

°c
467.78
44757
446.26
428.12
385.07
364.35
360.17
353.59
347.54

<D

. Mg2Zn11l

o Crystallization path for
N % —_—
Scheil cooling

©

Alloy composition:
80 mol % Mg

15 mol % Al
5 mol % Zn

C)'O

90

0

BetalAIMg

0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 n I

mole fraction

Solidification 15 CRC
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Scheil-Gulliver Target for liquid

(Set starting temperature at 600 °C)
(See Manual Equilib Advanced 2.3)

F Menu - Equilib: MgB0-Al15-Zn5-cooling

File Units Parameters
0| 2| I

Reactantz [3]

Help

TIC] Platm] Energul)] kazsmal] Yaolllitre]

=10 x|

m =™

[ 80 Mg + 154 + 5Zn |

Solution FTlite-Liqu

- clear

- &ll species

- custom select spedes ...
- merge dilute solution from

- solution properties) ...

3

+ -single phase
- possible 2-phase immiscibility
1 - possible 3-phase immiscibility

—

- standard stable phase
I - dormant {metastable) phase
F - formation target phase
P - predpitate target phase
5  -5cheil cooling target phase
D
C

- soliDification calculation ...
- composition target ...

— Solution zpecies — Cuztom Solutionz
= | + | Base-Phase | Full Hame - 0 fixed activities
| FTlite-Liqu Liquid 0 ideal solutions
| ETlteECL FCC AT pa 0 activity coefficients
| FTlire-HCP HCP_a3 Defals.,
I FTlite-BCC BCC_AZ2 ~ Prevdonyms
I FTlite-LCT 4 Laves C14 - :
| | FTite-LC15 Laves C15 apply [~ List.. |
l g:ltetgggg gtaves_ggg _I ¥ include malar volumes
e aves -
L 4 - Total Species [rmax 1500] 126
—Legen y
|'iﬁ'l|'l'li$l3i|:l|8 7 v Show i al  zelected Total Solutions [mag 40] 22
+ - zelected 8 o
ZpECies; a2
zolutions: 22 ﬂl
Default |

TIC)

Platm]

~||Product HIY)  ~|

Help ...

600

E quilibrium
% nomal " nomal + tranzitions
i~ hansiionz only T open

£ predominant
Calculate »>> |

| FactSage 6.2 beta

| E:MFactSagehwiorkshop201 OME quil . DAT

4

thtSage‘”
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Graphical output of Scheil target calculation

- Calculation ends at temperature of final disappearance of liquid

- Graph shows phase distribution

thtSage‘”

3000

2500
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0500 |-

80Mg+ 15Al+ 5Zn

300
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400
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“Solidification” calculation for Scheil-Gulliver cooling

F Menu - Equilib: Mg&0-Al15-7n5-cooling

File Units Parameters Help

D= =

TIC] Platm] Energuld] bMassmal] Yolllitre]

=101 =

==k

Reactants [3]

[ 80 Mg + 15 & + & Zn |

Solution FTlite-Liqu

- clear
v - all species
* - custom select spedes ...
m - merge dilute solution Franm
- solUGEN) PHOEEHES 1,

+ -single phase
v I -possible 2-phase immiscibility
1 - possible 3-phase immisdhility

- standard stable phase
I -dormant (metastable) phase
F - formation target phase
F - precpitate target phase
S - 5cheil cooling target phase

O - soliDification calculation ...

C -composition target ...

— Solution species

— Cusztam Solutions

0 fised activities

+-zelected 8

= | + | Baze-Phaze | Full Hame -
1] FTlite-Ligqu Liquid | |
I FTlite-FCC FCC_Ad
I FTlite-HCP HCP_A3
| FTlite-BCC ECC &2
I FTlte-LC14 Laves_C14
I FTlite-LC15 Laves_C15
I FTlite-LIZ36A Alaves_C36
FTlite-LIC36E BlLaves_C36
|L_Eiﬁ.lenr.?i:|:ib|e 7 v Show s all © zelected
O - Scheil zoliD'n.

species: 98
zolutions: 27 Select |

I v include molar volumes
-

0 ideal zolutions
0 activity coefficients

[etailz ..

—Pzeudonyms ———

apply I List ... |

Total Species [max 1500] 126
Total Solutionz [max 40] 22

Drefault |

TIC] Fatm]

||Product HT - -

Help ...

&0d 1

Equilibrium
% nomal ) romal + ransitions
£ ransitions only £ open

£ predominant

Calculate >» I

| FactSage 6.2 beta

| E:MFactSagethworkzhop201 DSEquil .DAT

thtSage‘”
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F Menu - Equilib: Mg80-Al15-Zn5-cooling

File Units Parameters Help

F Solidification Calculation

X

[MPORTAMT

For meaningful solidification calculations:
1. the zalution phase must be a liquid, and
2. thiz liquid muzt be the only stable condenzed
phaze at the initial ternperature, T[start].

[ Solution phase: FTle-Ligu |

Help

= Equilibrium Salidification
f+ Scheil Salidification

" reqular equilibrium calculation

TIC] Platm] Energul)] Mazsmol] Yolllitre]

=101 x|

=ik

— Schel sohdification
FTlite-Ligu

Coaling step T[C]: |5
b azz[mol): ID

+-zelected 8

TPECiEs: b o]
zolutions: 22

| 80 Mg + 154 + 5 Zn |
- Solution species — Custom Solutions
= [ + | Base-Phase | Full Hame - 0 fized activities
I FTlite-Liqu Liquid 0 ideal solutions
| FTlite-F 0 FOC &1 i 0 activity coefficients
| FTiteHCP HCP_A3 Detal: .
I FTlite-BCC BCC_AZ2 ~ Pseudonyms
I FTlite-LC14 Laves C14 :
| FTlite-LC15 Laves_C15 apply T Ll
I FTlite-LC3EA Alaves_C36 ¥ include molar volumes
FTlite-LC3RE BlLaves C36 ;I )
Legend TutaISDec.les [rmax 1500] 126
I iﬁmiscible 2 ¥ Show* all  zelected Total Sclutions [ma= 40] 22
[ - Scheil zoliD'n.

Select |

Default |

— Final Conditions E quilibrium
i Bz TIC] Platm] j Product H[J] j * nomal € normal + ransitions
B0 ]  fansitionzonly ) open
[0 steps I~ Table £ predaminiant Calculate 33 |
| FactSage F.2 beta | E:AFactS agetworkshop201 08E quil DAT y

thtSage‘”
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Output for Scheil-Gulliver Solidification

F Results - Equilib Summary (page 1/60) FactSage 6.2 beta - |EI|E|

Cutput  Edit  Show Pages

W ||j"| E._']l E’ll TIC] Platm) Energyll] Mass{mal] Yalllitre) Tnllalm
sooc | 497.61¢C| 485 |
sssc| ssoc| sasc| sa0c| s35¢| s30c| s25¢] s20¢ | s15¢| swc| sosc|
Summary | Transitions | 600C | 595¢ | 590¢ | s85¢| ssoc| s75¢| s70¢ ] se5¢| seoc |

SUMMRRY OF REACTIONS ;I
Cooling
&00.00 to 437.81 C (DELTA H = —-3_.2Z¢31E+05 J, DELTAR V = —-Z.3338E-02 dm3)

Liquid cooling

Constituent 1

437 .81 to 408.1Z2 C (DELTA H = —-5.5476E+05 J, DELTAR V = —-4_237€E-02 dm3)
Liguid -»> HCE_23

Constituent 2

40&8.12 to 384.35 C (DELTA H = -4 _1858E+05 J, DELTA V = -1.342ZE-0Z dm3)

Ligquid -» HCP A2 + CGammsa

Constituent 3

364.35 to 342.87 C (DELTA H = -2_.07Z8E+05 J, DELTA V = 3.712Z2ZE-03 dm3)
Liguid -» HCP A2 + Phi

Constituent 4

34Z .87 to 340.83 C (DELTA H = -1.7047E+04 J, DELTA V = 5.3375E-04 dm3)
Liguid -» HCF A3 + RlMgin Tau

Constituent 5

340.85% C (isocthermal) (DELTA H = -1_.7309E+04 J, DELTA V = -3_7353E-04 dm3)

Liguid -> HCF A3 + Mgin + AlMgZn Tau

COMPOSITION OF PHRSES IN COMNSTITUENIS AT 340.85% C

= == - = - . -
{temmeratnre nf Finsl dissmmesrancas nf Tamaidh J

ti'actSage‘" solidification 20 CRCT "oee!



e Solidification software

(extended Scheil cooling)

— Scheil cooling + post equilibration of Scheil microstructure
e AZ91 alloy +0.25 wt.% Mn

COlel. ZT8A§nE5 STZOZZ?II;_%Z/IT/gram Constituent 1  594.16 to 594.06 C
' Lig. -> ‘Al8Mn5’
2 1HCP 6.4599E+01 .

H . , Constituent 2 594.06 to 524.15 C
Tracklng 2 2'Al8Mn5 2.8231E-01 Lig. -> HCP + ‘AIMn5
microstructure

) IR petirol Constituent 3 524.15 to 447.46 C
constituents : Lig. -> HCP + Al11Mn4

PRSI ProSt o Constituent 4 447.46 to 431.74 C
Output . ' Lig. -> HCP + ‘AldMn’
o 5 1HCP 4.9213E+00 .
Solidification 5 2°All2Mgl7’  1.1878E+01 Egnfgta%”;i ‘ A?leﬂzgf?’ ie‘ili"‘vﬁ,
5 3 ‘Al4AMn’ 2.6558E-02 '
temperature of
340.89°C g ; ;fip 4%2222%2 1 Constituent 6 364.34 to 342.66 C
6 3 AlAMR’ 1. 7904E-05 Lig. -> HCP + Phi + ‘Al4Mn’ + Al11Mn4
6 4 All11Mn4 3.8196E-05
; ; ?gup 325£;167675EE)022 Constituent 7 342.66 to 340.89 C
7 3 Al11Mn4 ' 1 4894E-06 Lig. -> HCP + Tau + Al11Mn4
g ; I\H/Ig;n 4'208450; 1501E-02 Constituent 8 340.89 C (isothermal)
' Lig. -> HCP + MgZn + Tau + Al11Mn4
8 3Tau 2.1364E-02
8 4 All11Mn4 2.3786E-06
™ o goge . Montreal
thtSage Solidification 21 CRCT "%



Input for Scheil Solidification AZ91 + 0.25% Mn

F Menu - Equilib: A791+0.25Mn5Scheil solidif-anneal

File Units Parameters

D= &

Help

TIC] Platm] Energpl)] Masz(g] “olllitre]

=101 x|

=ik

— Heactants [4]

[ [gram] 89.75 Mg

v G A+ Zn+ 025 Mn |

Menu 'n."'a'ind-:u'.-\'l

— Products
— Compound zpecies — Solution species — Cusztom Solutions
[ g &5 idesl € redl 1] = | + | BasePhase | Full Hame - 0 fized activities
[T aqueous 0 ID FT lite-Liqu Liquid 0 ideal solution:
I— pure liquids 0 | FTlite-FO0 FOC_AT p 0 activity cuefflcu.ants
|+_ pure solids 42 I FTlite-HCP HCP_ A3 Wetails .
¥ | supprezs duplicates agglgl | FTlite-BCC BCC_AZ2 ~ Pseudonpms ———
+ FTlite-CECC CBCC A12 :
species: 42 + FTlite-CLIE CUB_A13 apply [~ '—'Ll
I FTlite-LC14 Laves C14 ¥ include molar valumes
I FTlite-LC15 Laves C15 ;I ;

— & chail solidification Legend Tatal SDEC.IES [max 1500] 186
FTlite-Liqu |- immiscible 7 [+ Showf all  zelected Total Solutions [max 40] 26
Cooling gtep TIC]: IE [ - Scheil zoliD'n. species; 144

M ; ID + - selected 12 solutions: 26 _ISE|E':t
ass(g) B |
— Final Conditions Equilibrium
s B TIC] Platm j Product H[J] j % narmal = narmal + transitions
= 1 £ ansitions only £ open
0 steps T Table [Schel solidficstion - T{start] = 600, T[stog] = 0% figad] | * 7/ 7er Calculate >> |

| FactSage 6.2 beta

| E:AFactsage\wiorkzhop201 MAEquiz. DAT

thtSage‘”
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e Solidification software

(extended Scheil cooling)
— Scheil cooling + post equilibration (annealing) of Scheil microstructure
e AZ91 alloy +0.25 wt.% Mn

CONS. PHASE TOTAL AMT/gram
1 1°AIBMn5’ 5.2241E-04
T ki 2 1HCP 6.4599E+01
racking 2 2°AIBMN5  2.8231E-01
microstructure Amount & Average Composition of the HCP phase
constituents 3 1HCP 1.5644E+01
: 4 1HCP 1.7084E+00 2 64599 9619  3.67 0.125 195 ppm
Output : 4 2°AMMN 1.7892E-02 PP
Solidification 3 15644 9225 745 0298  14.7 ppm
5 1HCP 4.9213E+00
temperature of 5 2‘Al12Mgl7’ 1.1878E+01 4 1708 8922 1034  0.440 1.2 ppm
° 5 3'AldMn’ 2.6558E-02
340.89°C 5 4921 8895 1003 1021 0.7 ppm
6 1HCP 1.9669E-01
6 2ph 40423501 6 0197 8977 514  5.086 0.1 ppm
6 3'AlaMn - 1.7904E-05 7 0024 9055 293 6519 0.2 ppm
6 4 Al11Mn4 3.8196E-05
8 0042 9057 290  6.538 0.2 ppm
7 1HCP 2.4177E-02
7 2Tau 3.5706E-02
7 3 AIl1Mn4 1.4894E-06
8 1HCP 4.2084E-02
8 2MgZn 5.1501E-02
8 3 Tau 2.1364E-02
8 4 All1Mn4 2.3786E-06
™ . o . Montreal
thtSage Solidification 23 CRCT "%



Selecting HCP phase of constituent 2 for subsequent annealing

F Results - Equilib Summary (page 1/63) FactSage 6.2 beta

Cutput  Edit Show Pages
s15¢ | s1ec| sosc|
sésc|seoc| sssc| ssoc| sasc| s40c| s35c| s30¢| s25¢ | s24.13¢| s20¢ |
Summary | Transitions | 600C | 595¢ | 594.16¢| 58407¢| ss0c| s8¢ | ssoc| s7sc] s70c]|

TIC] Platm] Energpl)] Maszz(g] “Yolllire]

=10l x|

== 73

COMSTITUENTS AND EHASES AT 340.83 C

{temperature of finel disappearance of Liguid)

CCOMS. EHASE TOTAL AMT/mol TOTAL AMT/gram TOTAL VOL/dm3
1 1 ml1s8Mn5S DE10 1.3000E-05 5.001sE-04 0_0000E+00
Z 1 HCP A3 Z2.8553E+00 &.4835E+01 3.T734BE-02
Z Z B18MnS DE10 7.5Z08E-03 Z.8488E-01 0_0000E+00
3 1 HCE A3 &.3501E-01 1.5580E+01 2.5312E-03
3 Z MndRl1ll slis) 4 ZFZ3eE-03 1.4545E-01 3.93104E-05
4 1 HCP R3 &.8B48E-02 1.&8%958E+00 9._6840E-04
4 2 Mn2l4 slis) 5.4348E-04 1.7703E-02 5.1307E-0¢
5 1 HCP 23 1.5733E-01 4_3313E+00 Z.TB40E-03
5 2 Gzamma 4.5374E-01 1.1823E+01 5.85853E-03
5 3 Mn2l4 slis) 8.0&884E-04 Z.8Z75E-02 7.8150E-0¢
@ 1 HCP 23 7.1B854E-03 1.8145E-01 1.0107E-04
[ Z Fhi 1.0837E-02 3.75%0E-01 1.3%48E-04
6 2 Mn4Rlll slis) 1.3737E-0¢8 4.7308E-05 1.2713E-08
7 1 HCP 23 T.TEZ30E-04 1.59634E-02 1.08&3E-05
7 2 B1Mgin_ Tau &.7930E-04 Z2.9033E-02 7.8Te4E-08
7 3 Mnd4Rlll slis) 3.45%40E-08 1.2032E-0%& 3.Z350E-10
=] 1 HCP R3 1.2&874E-03 3.ZZZ0E-0Z2 1.78ZeE-05
] Z? MaZn 9 N952FE-N4 3 8431FE-NZ 1 _NR9NE-N5

FactSage: Equilib

j|

Do you wish to recyde Phase 1 of Constituent 27

HCP_A3

Zn
Mni
Al

Mg

o]

MOLE FRACTION MASS FRACTION

4.7645E-04
8.3198E-05

1. 2750E-03
1.8719E-04

3.3084E-02 3.7222F-02
9.6576E-01  9.6132E-01

TOTAL AMT fmal TOTAL AMT fgram

2.6553E+00

0.4835E+01

Cancel

x|
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Imported automatically into Equilib (change mass to 100 g)

i
File Edit Table Units Data Search Help
N |E,’~| il TIC) Platm] Erergyl)] Mazs(g) Yolllire] m' B| ).g|
1-1]
Mazs[g] Species Phaze TIC] Pltotal™ Stream#t Data
100

=] | | | 12

HCP_43 Congtituent-2
Wiegight &

1.0000E +02 T atal
1.27E0E-01 Zn
1.8713E-02 Mn

A T22Z2E+00 Al
9.6132E+01 Mo

[ Initial Conditions

Mext »»

FactSage 6.2 bet. Compound: | 1/31 databazes Solutior: | 1431 databases

A

G’actSage‘” Solidification 25 CRCT "ui”
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Anneal

at 150 to 500 °C

F Menu - Equilib: A791+0.25Mn5Scheil solidif-anneal

File Units Parameters

Help

D= &

TIC)

Flatm] Energull] Mazs(g] Yolllitre)]

=101 x|

=ik

Heactants [1]

[gram] 100 [Rc £2 P1] |

Products
— Compound zpecies
[ g &5 idesl € redl 1]
|_ aqueoLE ]
|_ pure liquids ]
|+_ pure zolidz 42

¥ | supprezs duplicates agglgl

speCies: 42

— T arget
- NOne -

Estimate T[K]: ITDUU
M azs(g): IU

— Solution species

= | + | BasePhase | Full Hame -
I FTlite-Liqu Ligquid |
I FTlite-FCC FCC_Al
I FTlite-HCP HCP_aA3
I FTlite-BCC BCC_aA2
+ FTlite-CECC CBCC_A12
+ FTlite-CUBT CUB_A13
I FTlite-LC14 Laves_[C14
I FTlite-LC15 Laves_C15 ;I
|Liei|5.|:nr.:ilicih|e 7 ¥ Show s al  selected
+-zelected 12 speciez. 144
su:ull:lutiu:uns: 26 ﬂl

— Custorn Salutions

0 fixed activities
0 ideal zolutions
0 activity coefficients

[Metailz .

— Pzeudorpmzs————

apply [ Ligt ... |

v include molar wolumes

Total Species [max 1500] 186
Total Solutions [max 40] 26

Drefault |

— Final Conditions Equilibrium
L <B TIC] Platm j Product HiJ] j % narmal £ nomal + ransitions
150 500 § 1 rf: transiti-:u.ns anly £ open
[10 steps I~ Tatd= TRl Calculate >> |
| FactSage B.2 beta | E:AFact5 agewiorkshop201 04E quiz. DaT A
™ o goge . Montreal
thtSage Solidification 26 CRCT "%



Plot equilibrium products in HCP phase of constituent 2 after
annealing

F Results - Equilib 150 C (page 3/73) FactSage 6.2 beta - |EI|E|
|Dutput Edit Show Pages
s v | TIC] Platm] Energyll] Mass(g] Yolllire] m||a|-m—
Plat b Plot Results ... - - o=
— jclgjq}clgjjclgmcl
Equilib Results file ¥ Repeat Plot - gram vs T(C) ... - I 175 I 180 ¢ I 185 ¢ I 150 ¢ I 195 ¢ I 2000 I 2050 I
. 5 3 5 3
Stream File k 1 1 1 1
Format FEx 1] = ﬂ
Fact-xML * I HCoD Razl
. 3.908¢ mol, 5.4%08E-02 litre, 1.734Z2 g/ml)
Fact-Optimal *loc, 1 atm, a=1_0000)
Refresh ... 00 wt.% Rl v
24 wt.% Mg v
+ 4_3044E-11 wt.% Mn v
+ 9_8336E-0Z wt.% Zn v
System component Mole fraction Mass fraction
Zn 3_588ZE-04 5 _833cE-04
Mn 1_908BE-13 4_3044E-13
1l 1_538ZE-02 1.7700E-02
Mg 0_.9836¢6 0.98134
Lattice parameter a/nm = 0_32137
Lattice parameter c/nm = 0_.521&2
c/ae = 1.8231
+ 4.7154 gram Gamma
(4.7194 gram, 3.13%132E-032 mol, 2_3172E-03 litre, 2.0387 g/ml)
{150.00 €, 1 atm, a=1_000aa0)
{ 0.57494 wt.% MglOR1Z4R124 v
+ 1.594%2E-02 wt.% MglORAlzZ4Mgz4 v
+ 35_028 wt.% MglOMgZ4nlZzd v
+ 3.2107 wt.% MglOMgZ4Mgzd v
+ 0_.27ce6 wt.% MglO0ZInZ4hl24 v
+ 9_5182E-03 wt.% MglOZInZd4Mgzd v
+ 5.1904E-03 wt.% MglORlZ4Znzd v LI

G’actSageT" solidification 27 CRCT "oee!



F Results - Equilib 150 C (page
Cutput  Edit TS logl0{gram) vs

| |ﬁ| _E File Help

- Select axes

.75
IDE+04

"1E+04
peE-02
.42

i [LIll 2CrEEn
i Wiewer
¥ Figure

Plot >> |

210¢ | 21 100 [Rc_C2 P1] -
Smu'na.tyl T
gram) activity 1]
rniole N
95_22;
ran o . F Axes: logl0({gram) vs T(C)
‘f-yariable X-variable Swap Axes
—r-ais
log1 Ograrm
masimum =
FriirTILArT rririrLm
tick every |05 tick, even
Axes Cancel | Refrezh |
+ 4.713: log1 Ofgram) . -
{4.71: & elect size: IE o IE V' reactants
% chemical [ file name
i~ integer #t
" none
| FactSage 6.1 | E:5F actS agetwork shop201 DAE quill res | a0

| 73 sets
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Equilibrium phase distribution in HCP phase of
constituent 2 after annealing (HCP + precipitates)

100 [Rc_C2_P1]

2.00 HEP# HEP#4 HEP#1 HEP#4 HEP#4
100 |
0
£
o
2
2 100 |
Adgrzats) MrAtris) e a M AL A
TS TS ""”'d—"l‘l‘l(s)
-2.00 |-
-3.00 |-
-4.00 L ' L :
150 250 350 450
T(C)
™ o goge . RC Montreal
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e Solidification software
(extended Scheil cooling)

— Scheil cooling + post equilibration of Scheil microstructure

e AZ91 alloy +0.25 wt.% Mn
l Annealing of HCP in ‘2’
Tracking microstructure constituents R e
Annealing g Aot} A i, 3
Phases vs T for HCP in the different i
microstructural constituents
Amount & Average Composition of the HCP phase s p— o = o pre 3
at 340.89°C Temperature ('C)
2 64599 9619  3.67 0.125 195 ppm Annealing of HCP in ‘3’
3 15644 9225 745 0.298  14.7 ppm A
4 1708 8922 1034  0.440 1.2 ppm ;
5 4921 8895 1003  1.021 0.7 ppm EN:
6 0197 89.77 514 5.086 0.1 ppm
7 0024 9055 293 6.519 0.2 ppm A A A
§ 0042 9057 290 6538  0.2ppm [ S R PO
R -
thtSage‘" Solidification 30 CRCT "ui”



Enthalpy — Composition Phase Diagrams

- Mg-Al T-X diagram

T(C)

thtSage‘”

700

850

600 -

550 -

500 |-

450 -

400 -

350

300

Al - Mg

HHHHHH

G’actSage'"

aaaaa

L 1 L
0.1 0.2 0.3

mass Al/(Al+Mg)

Solidification 31
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F Menu - Phase Diagram: Mg-Al for H-X

F

— Components [2]

ile Units Parameters

O = &

Variables

Help

TIC] Pibar] Energull] Mazsz(g] Yolllitre]

(5]
==k a

[gram] Al + Mg |
— Products
— Compound species — Solution species — Custom Solutions
[ ['gas & ideal€” el 0 = | + | BasePhase | Full Hame 0 fived activities
[" aqueous a | FTlite-Liqu Liquid g Ides‘-l_SDlutlﬂfr;_S_
I— pure liquids 0 I FTlite-HCP HCP 43 activity coe |c|§nts
[~ pure solids o + FTlite-G ama Gamma ml
[~ =uppresz duplicates aEElEI — Pseudoryms ————
species 0 apply List ... |
[ include malar volumes
— Target — Tatal Spec.les [max 1500] 12
- hoRE - |- immiscible 2 [+ Show " al * selected T atal Solutions [max 0] 5
Estimate Tk}, [1000 +- selected 1 species: 12
I zolutions: 5 ml
Mass(g): |0 i Diefauilt |
—Yariables Phasze Diagram——————
T(min] Hlmax] Al A+ g] | ¥
300 30000 IRIRS] 2

[H-H300 C / [Al+bg] ()] ve Al Al+Mg)|

Calculate >>» |

| FactSage 6.2 beta

| E:%FactSagetwiorkzhop201 04%Fhaz11.DAT

thtSage‘”
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Selecting variables for H-X diagram

F Menu - Phase
File Units Parameters Wariables Help

| = H TIC] Pibar] Energyll] Mazsz(g] “olllitre]

— Components 21

F Variables: Al-Mg H - H300 C (1) vs composition #1.

T and P

. Compositionzs [mass]

— Target - .-'1'-.I + |0 Mg IK-a:-:is vI

- hokE 1. = [0.5 [max]
: -1 Al -'I |
Est * i

Tmir]
300

[H-H300 C / [&l+bda) () vs AlAl+g) |

compozsitions — Temperature — Preszure
— Produc
— Compe Ienthalp_l,l j & Plbar] In::u:nnstant

I- g Ill:lg-I D[a] jv IE Enthab}, H[J] =k i |I:Ig =]

m- | TiE)min

[Tl steps: . IsoT step .

n . ¥ plot izo-themal lines

s ll Ksteps 11 | -z, H-H(Tmin)/[&ksMg

Calculate > > |

| FactSage B.2 beta | E:\FactS agebiwiorkshop201 08P haz11. DAT

thtSage‘”
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Calculated Mg-Al H-X diagram

30000

25000

20000

15000

H - Hyg ¢ / (Al+-Mg) (J)

10000

5000

Al - Mg

LPactsoye

e — — —gunc |

—

- -'—”__"_P__“_\B&D—'C_
H_‘H_“—h-————'——ﬁ_d_—'_ﬁd_‘__l:iquid
o —— ]
\ _ﬂdd_-__—_ng—-
/ -
N / o
/ -
s

Liguid + Gamma

Liquid + HCP_AZ + Gamma

0 01 0.2 0.3 04 0.5

mass AIV/(AHMg)
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Al - Mg - Zn

Data from FTlite - FACT light alloy databases thtsagem

Zn

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

PR
NROOXX NI RARWNE

eoNoah MR

e
[

=
* e

<9

AMgZn_Tau / FCC_A1#1/ Laves_C14#1 NS
AMgZn_Tau / Beta_AlMg / Gamma
AMgZn_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
AMgZn_Tau / Mg2Zn3 / MgZn
FCC_A1#1/HCP_Zn/Mg2Zn11
HCP_A3#1/Mg51Zn20_<mg7zn3>_oil / MgZn
AMgZn_Tau / HCP_A3#1 / Phi

AMgZn_Tau / HCP_A3#1 / MgZn

. Mg2Znll

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
0.28328 0.71522 0.00150 345.23
0.23357 0.70211 0.06432 342.67
0.24168 0.70263 0.05570 340.89 N

q()

L'Q

10 mol % Zn

MgZn =< AlIMgZn_Tau FCC A1 )\ *

% BetalAIM

M g . . . . . . .3 0.2 0.1 Al

mole fraction

G’actSage‘” Solidification 35 CRC
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Mg-Al-Zn species selection for T-X diagram
(choose all solids and solutions)

F Menu - Phase Diagram: Mg-Al-10%Zn T-X.fig

File Units Parameters

D= =

Variables

Help
TIC] Platm] Energul]] Masz{mol] Yalllitre]

=101 %]

mi=ildEd

— Components [3]

| kg + Al + Zn|

— Products
— Compound zpecies
[T gas & ideald” real 0
|- aqueLs 1]
|_ pure liquids 1]
|+_ pure zolidz 28

¥ zuppress duplicates agglgl

Ipecies 28

— Target
- hiohe -

Estimate T[K]: I'IEIEII:I
M azz[ral]; IU

— Cusztom Solutions

— Solution species
= | + | Base-Phaze | Full Hame - 0 fiwed activities
| FTlite-Liqu Liquid U ideal solutions
| ETlte-ECC FCC AT g 0 activity coefficients
I FTlite-HCP HCP_A3 Details ...
| FTlite-ECC BCC &2 ~ Preudonyms
I FTlite-LC14 Laves_[C14 :
| FTlite-LC15 Laves_C15 apply I List.. |
I FTlite-LC36A Alaves C3EB I inchd | |
+ | FliteBeta Beta_AMg =) MELEE M vEmEs
L 4 - Total Species [max 1500] 126
I-Ei?nerniscil:ule 7 v Show  all % zelected Total Solutions [max 40] 22
+ - selected 8 speCies; 98
su:ulljutiu:uns: 22 ml
Drefault |

[TIC] vz Al Mg+ilZn]]

—Warnables Phaze Diagram
TIC] Al MgralZn] | ZndMg+ilzn) | y
25 725 0ng 0.1 2

Calculate >» |

| FactSage B.2 beta

| E:‘\FactSaget W orkshop201 04Phaz1.DAT

thtSage‘”

Solidification 36

CRC

Montreal
2010



Mg-Al-Zn T-X diagram at X,, = 0.1

- Selection of variables
L Henu_phas =l

File Units Parameters Mariables Help

i me e e e s e n s e R N
Qlil F Variables: Mg-Al-Zn T(C) vs composition #1. x| L

— Compo

Yariables T and P

v | fs compositiong — T emperature — Preszsure
b & (0] IY-a:-:is j & Platm] Icnnstant TI
" Produc A [logtos) =] [0 ]

€Tk ek  logP

|_ 2l steps:
I_ P steps Hext > |

Composzitions [mole]

" EI tg IX-a:-:is "’I

= (0.9 max)
T M
el g it 126
none 22
Esti
kg 1 Zh conhsztant | 7
o ] [z | =]
Mg
Variabl
‘
=
| [Tic) vs >>
| FactSage B.2 beta | E:\FactS agehwiorkshop20104Phas1 DAT A
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725

625

525

T(©)

325

225

125

25

Mg - Al - Zn
mole Zn/(Mg+Al+Zn) = 0.1

G

ctiage”

425

B Liguid

Liquid + HCP_AZ

||'v'| d au

FCC_A1 +AlMgZn_Tau

Liquid + FGC_A1

mole Al/(Mg+AlHZn)

FQQ A1+ Laves_C14
Gamma+FP %IMgZn_Tau -
HEP_A3 + Gamma + Phi
Beta_AIMg - AlMgZn_Tau
FCC A1 11 +HCP_Zn
/ HCP_A3 + Gamma + MgZn FCC_AT A Lave Ma2Zn11
1 L 1 L 1 L 1 L 1 L 1 L 1 1 ) L
0 01 02 03 04 05 06 07 08 09
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Selection of variable for H-X diagram

- In order to reduce calculation time, select only those species which
appear on T-X diagram and remove l-option where possible

F Menu - Phase Diagram: Mg-Al-10%Zn for H-X

Help

File Units Parameters Variables

=30~

TIC] Platm] Energeld] Mazs(mol] Wal(litre]

=100 =

==l

— Componentz [3]

| kg + Al + 2n|

— Products
— Compound species
[ gas & ideal € real 1]
[T agqueous 0
[~ pure liquids 0
* |+_ pure zolids 1

¥ suppress duplicates aEE'EI

* - cuztom selection
TPECIEE; 1

— Target
- FIONE -

Eztimate T[K): ITUUU
b azz[mial): IU

— Solution species

— Cuztom Solutions

0 fized activibies

+-zelected 9

IpECiEs; 41

* | + | Base-Phase | Full Name -
+ FTlite-Ligu Liquid | |
+ FTlite-FCC FCC_A1
+ FTlite-HCP HCF_A3
+ FTlite-LC14 Laves_C14
+ FTlite-Beta Beta_AlMg
+ FTlite-Garma Garnma
+ FTlite-Phi Phi
+ FTlite-tg<n i Pl o]

Legend v Show ¢ all & selected

zolubiong:; 9 ﬂl

0 ideal zolutions
0 activity coefficients

Details .. |

—Pzeudonyme————

apply [ List ... |

I [ include malar volumes
w

Total Species [max 1500] 42
T otal Solutions [max 40] 9

Drefault |

—Yanables
Timin) Himax] | Al Mostl+Ln] | 2ndMo+él+Ln)
25 30000 noAg 01

[H-HZEC/ [Mg+alZn] (] vs Al Mg+dszn]

Phasze Diagram

|l

=

Calculate > |

| FactSage 6.2 beta

| E:NFactSagehwiorkshop201 0hPhaz1 5.DAT

2
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- Selection of variables for Mg-Al-Zn H-X diagram at X,,, = 0.1

File Units Parameters Mariables  Help

4 ._ﬂl T - I Ld [y LI I 1 A l: m I g i
glil F Variables: Mg-Al-Zn H - H25 C (1) vs composition #1. Il
— Compo

VYariables T and P
v g compositiong — T emperature — Prezsure

IEr'lthah:l_'.-' j = Platm) Il:l:unstant vI
— Produc ||'3'EI1D[~3] "I IE erthaipy] HE ma 30000

" logP
||: 3' l2o-T step (100
[ : Mext >> | v plat iso-thermeal Iinr:s

Compositionz [mole]

— ., [0 Mg + [1 Ja
[ Mg

| L
[ M

_

1
-
=

2.
=

| FactSage B.2 beta | E:AFact5 agewiorkshop201 04Phas15.04T A
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Calculated Mg-Al-Zn H-X diagram at X,,, = 0.1

Mg - Al - Zn
mole Zn/(Mg+Al+Zn) = 0.1 &ctSage'”
T

30000

—

25000

20000

15000

H - Hys ¢ / (Mg+Al+Zn) (J)

10000
A1ebdrey C14

5000 FY

Gamma + P wIMgZn_Tau

Mg.Zn,,(s)

0 0.1 0.2 0.3 04 0.5 0.6 0.7 08 0.9

mole Al/(Mg+Al+Zn)

G’actSageT" solidification 41 CRCT "oee!



CALCULATING
THERMODYNAMIC
PROPERTIES
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Calculated enthalpy of mixing of liquid Mg and liquid Al at 800 °C

Delta H(J)

-0100

-0300

-0500

-0700

-0900

-1100

-1300

-1500

-1700

-1900

-2100

-2300

<A> Al + <1-A> Mg

1 . 1 ) 1 . 1
0.20 0.40 0.60 0.80

Alpha

1.00
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- Select “initial conditions” as pure Al and Mg liquids at 800 °C

TSI
File Edit Table Units Data Search Help
0 |E,.’~| il TIC) Platm] Erergyl)] Mass(mal] Valllire] m B| ).g|
1-2]
Mazz[mol] Species Phaze TIC] Pltotal]™ Steamit Data
[ ] [a) [liuid R RETNE [1
W Mg Jliquid ) oo 1 [

v Initial Conditions

Mext »»

| FactSage 6.2 bet. Compound: | 1431 databases Solution: | 1/31 databases

4
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F Menu - Equilib: Al-Mg for thermodyn properties
File Units Parameters

Help
[ =) &

— Heactants [2]

TIC] Platm] Energuld] Masz(mal] “alllire]

=10 =]

=al=3k3

<Ay Al + <14 Mg
[200C.lig.#1] [200C.lig.#1]
— Products
— Compound zpecies — Solution species — Custom Solutiong
[0 oas 65 idealC el D = | + | BasePhase | Full Hame 0 fived activities
[T aqueous 0 + FTlite-Liqu Liquid 0 ideal solutions
I— pure liquids i 0 activity coefficients
I- pure solids 0 [Metails .
¥ | suppress duplicates E'EE'EI ~ Pseudanyms
species: i apply ™ Lizt ... |
¥ include malar volumes
— Target L d Total Species [max 1500] 2
— Legen X
- Nohe - +-E*Iselected 1 ¥ Show( all * zelected T otal Solutions [mas= 40] 1
Estimate T[K]: |1 aon species: 2
golutions: 1 ﬂl
b az=[mal): IEI : Defaul |
— Final Conditions E quilibrium
LA <B: TIC] Platm) j Dela HEJ) j % nomal  © homal + ansitions
01005 200 1 £ transitions only " open
. r :
0 steps [T Tiable T ealonlations predomitiatt

Calculate »>> |

| FactSage 6.2 beta

| E:AFact5age\wiorkzhop201 MAEqui. DAT
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F Results - Equilib A=0 (page

Plot results — selection of axes

Dl q'l f File Help
A=EI'.|55| 2 <hs A+ <140 Mg -
A=0 | a=00
<h> Bl activity ]
(800,1, mole ]
1 _ooot F Axes: Delta H{1) vs Alpha
(24 .31 Y-variable X-varisble Swap Axes

where "I
The cuti

1 produc

e
DELT:

{J
FIETEREI

-4 _83588!

LR R

Axes

—-amiz

— F-anis

TR
rririrLm

bick every

-

MR
mRiFinnLIm

tick ever

01

Cancel |

[0 zelected |

Refresh |

full zcreen

Select

sizen Iﬁ (3T IE
& chemical

" integer #

" hore

v reactant: 1 Wiewer

[ file name

¥ Figure

FRepeat

Plot > |

FactSage £.1
Hl actSage

| E:‘FactSagetworkzhop201 04E quill.res

| 3Mayp10

| 21 sets
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<A> Al + <1-A> Mg

-0100

-0300

-0500

-0700

-0900

-1100

Delta H(J)

-1300

-1500

-1700

-1800

-2100

2300 , 1 , 1 , 1 , 1 .
0 0.20 0.40 0.60 0.80 1.00

Alpha

G’actSageT" solidification 47 CRCT "oee!



Solution Properties (see Manual Equilib Advanced 4)

- Select compositions for calculation of solution properties of liquid at 800 °C

Help

D= =

( do not select <A> =0 or <A>=1)

TIC] Platm] Energull] Mazz(mol] Waolllitre]

F Menu - Equilib: Al-Mg for thermodyn properties

File Units Parameters

=101 =

m =@

—Heactants [2]

<ty Al +
[B00C.lig,H#1]

<14 Mg
(200C.lig.#1]

— Products
— Compound species

[T gas (5 idealdT el 0
|_ AfqUEDLE 1]
|_ pure liquids 1]
[~ pure solids 0

[¥ suppress duplicates aEElEI

SPECiEE: 1]

— Target
- nahe -

Estimate T[K]: I'IUDU
b az(rmal); IU

— Cuztom Salutions

— Salution species

: | s | Baze-Phaze | Full Hame
+ FTlite-Liqu Liquid
FTlite-FCC FCC_A1
FTlite-HCP HCP_ &3
FTlite-BCC BCC_AZ
FTlite-LC14 Laves C14
FTlite-LC15 Laves 15
FTlite-Beta Beta Altg
FTlite-Gamna Garmma
l;?g'lsee?edcted 1 v Show ™ &l ¢ selected
species: 2
su:ulljutiu:uns: 1 _SElE':t |

0 fixed achwvities
[ ideal zolutions
0 activity coeffizients

[Metails ..

— Pzeudoryms ————

apply [ Ligt ... |

v include molar volumes

Total Species [max 1500)
Total Solutionz [max 40]

Default |

2
1

— Final Conditions E quilibrium
L B TIC] Platm] j Delta HJ) j * nomal ™ nomal + tranzitions
005 0.95 0.05 a0 1 rf: transitiu:u.ns anly " open
10 steps I~ Table Sl Calculate > |
| FactSage .2 beta | E:AFactSageworkshop201 DM quiz. DAT 4
™ o goge . Montreal
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Solution Properties

- After calculation, return to menu window and right click on
phase for which properties are to be calculated

F Menu - Equilib: last system - |I:I|5|

File Units Parameters Help

D= &

TIC] Platm] Erergyl)] Mazsimal] Yollitre) W |B| 1.;|

Reactants [2]

[ <h> A+ <1-h3 Mg |

Solution FTlite-Liqu

- clear
v  -all spedes
* - custom select species ...,
- merge diute solution fram r

- solution properties ....

v + -szingle phase
1 -possible 2-phase immisdbility
1 - possible 3-phase immisdbility

v  -standard stable phase
I -dormant (metastable) phase
F - formation target phase
F - precipitate target phase
5 - 5cheil cooling target phase
D - soliDification calculation ...
C -composition target ...

— Salution species — Cuztam Salutionz
= | + | BasePhase | Full Hame 0 fixed activities
¥ FTlite-Liqu Liquid U ideal solutions
FTlte-FCT FCC A1 0 activity coeffizients
FTite: HCP HCP_A3 Dt .
FTlite-BCC BCC_ a2 ~ Pseudonyms
FTlite-LCT4 Laves_C14 - :
FTlite-LC15 Laves_C15 apply [~ List.. |
FFT-l-l.ltltE-GBEta Bga—'&'lMg V¥ include molar volumes
ite-Gama anmma
L 4 Total Species [mam 1500] 2
— Legen X
" -E'Iselected 1 [V Show i all € selected T otal Solutions [max 40] 1
Fpecies: 2
zolubions; 1 ﬂl
Default |

E quilibrium

TIC) Platm] j Product HJ] j % nomal " nomal + transitions

Help ...

ann 1 " transitions only " open

- € predominant
19 calculations Calculate > |

| FactSage 6.2 beta

4
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- Select properties to be calculated

i1 %
File Units Parameters Help
O =l E TIC] Platm) Energyll] Mass(mal] %alllite] Iﬁ | Bl Hl
B olar arti Propeties Fite-Ligu-Ligud ﬂ
Cutput | Spedes  Standard States
Inits: TC]. Platm]. Energeld]. Mazz{mol), Wolllire]
— Products % partial properties € integral properties
— Compound zpecies————— —
[T gss 65 ideal € el D +| Property | Dezcription of Partial Property
[T agueous 0 alil activity of zpecies |
|_ pure liquids o + gammali] achivity coefficient of species | = a[il/a_ideal(i]
|_ pure solids 0 Delta_ali] = gfi] - gofi] = BT In ali] J_
¥ | suppress duplicates appl]|| |+ | Delta_hiil = hii] - hali] = hiexcess]i] |
Dela_z(i] = i) - =ali]
FpECiEs: ] oli] = hii] - T.=i] J_
hii] abzolute h of species i with respect to elementz at 25 C s
i) absolute = of species i
— Target goli] g of species i in standard state 1
= [alfis = hafi] h of species | in standard state !
E stimate TIK]: |1 oo z0li) s of species i in standard state
M asz{mol) ||:|_ a_idealj] ideal activity of zpecies | = male fraction =[]
Delta_g_idealli]l = AT Ina_ideall]
— Final Conditions ——— Delta_s ideall] = -F In a_idealli]
excrzzlil = Nealt il -Nelta a ideallil .
& - g:e,,:,: Select Al E:g[[,] Clear Close | TSItIDnS
005095005 : ; — . =
St cpli] heat capacity of species | = dh(ij]/dT
10 steps [T Table M E— |
| FactSage B.2 heta v
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- Open spreadsheet

F Menu - Equilib: last system -0 x|
File Units Parameters Help
| = E TIC] Platm] Energuld] Masz{mal] Yalllitre] I "1 | Bl Hl
UL EEL N P el F Molar Partial Propeties FTlite-Ligu - Liguid x|
m Species Standard States
Open Spreadsheet | Erergyid). Mass(mal], Vallline]
Save Excel Spreadsheet ...
— Products Save Text Spreadshest ... erties {7 integral properties 217 properties
— Compound zpecies —
|_ gaz {+ ideal €T real 0 Show Columns ’ D escription of Partial Property
|_ AquEDLIE 0 ali] activity of species i
|_ pure liquids 0 + gammali] activity coefficient of species | = alil/a_idealli]
|_ pure solids 0 Delta_ali] = gfi] - gofi] = BT In ali] J_
¥ | suppress dupficates | apply] +  Delta_Hli] = hii] - hali] = hlexcess](] -
Delta_z(i) = i) - =al]
speCies: ] oli) = hii] - T[] J_
hii] abzolute h of species | with rezpect to elementz at 25 C s
1] abzaolute = of zpecies | 5
— Target aali] q of species i in standard state 1l ;
- hone - hiai) h of species i in standard state
E stimnate T(K]: |1 nan 2] s of species i in standard state
b asz{moll ||:| a_idealj] ideal activity of zpecies | = male fraction =[]
Delta_g_idealli]l = RT Ina_ideall]
— Final Conditions ————— Delta_s ideall] = -R In a_idealli]
e <> 0_excrsaail = Nelta_gfil - Nelta 0 idrallil it
z gnc 2electAl E il Clear | Cloze | TSI s
0.05 0,95 0.05 . = — . Ell
it cpli] heat capacity of zpecies | = dih(ij]/dT
10 steps I_ T atile |—|| | Caicaraie |
| FactSage 6.2 beta S
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- Spreadsheet showing calculated solution properties

F Menu - Equilib: last system _|EI|E|
File Units Parameters Help
Oz - TIC) Platm] Energyl)] Massimoll Volfiire] m | |3| 1.5,(|
—Heactants [2] F Molar Partial Propeties FTli El Ii
F Molar Partial Propeties FTlite-Ligu - Liguid - Energy(J), (mol) - | I:Ilil
File Edit Swap rows and columns
" Produ Component 1 |Page <Alpha> TIC] Platm] =al) #[Ma) gammali] Delta_hii]
o 1 0.05 ann 1 5.00000E -02 [.95000 071032 -7BE8.7
I— F. 2 0.1 ann 1 010000 (0. 90000 [0.73064 -B8E1 .2
I— i 3 015 ann 1 015000 [0.85000 0.76130 -B220.6
I— ' 4 0z ann 1 020000 (0. 80000 0.78702 -AREE.2
u I ] 025 ann 1 025000 [0.75000 0.81245 -4978.1
I G 0.3 ann 1 0.30000 0. 70000 0.83725 -4397.0
¥ 7 035 ann 1 035000 (0. BR000 0.85110 -3844.0
a 0.4 ann 1 040000 (0. BO000 088364 33205
Al Li 9 0.45 ann 1 0. 45000 [.55000 [0.90458 -2828.3
== 10 05 800 1 0.50000 050000 | 092364 -2369.3
1 11 055 ann 1 055000 0. 45000 094083 -1945.3 2
o 12 06 800 1 0.50000 040000 | 095538  -1558.1 1
E 13 0E5 ann 1 0 BRO000 [0.35000 0.95734 -1209.7
. 14 07 ann 1 070000 [0.30000 0.97201 901 .66
15 075 ann 1 075000 0. 25000 [0.98R97 B3R 67
16 0a ann 1 0 80000 0. 20000 0.99188 -413.38
~Final | 17 085 ann 1 085000 [0.15000 0.99%94 -23E.R3
18 04 ann 1 090000 0.7 0000 0.99343 -107.08 - | ftions
M L | cpli] heat capacity of species 1= dihli]]/d]
10 sheps [l Table u = 3 I
| FactSage B.2 beta b
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- Using COMPOUND module to create compound Mg,Si in a private database with
2Mg + Si = Mg,Si AH = -68000 J/mol AS =-13.0 J/mol?
relative to Mg(s1) and Si(s1) from FS53 database
(see Manual COMPOUND, particularly section 14)

RET
File Edit Units View | Tools ViewData Help
T Sil Scale Down
Scale ...
f;:vg g:}&lJ:SOEIB;SSEE Copy data ko new Compaund JBASE
m-r 81 ELEMBASE  Fuel
o T
=@ Mg
@l St
L LT
mleal
- Si Description (79 chars max)
L: =21 FACTEI -Factzage compound database (2009) [FACTES]
m- L L —
m L G
H-r & FACTBASE
H-r B FocoppBASE
H-r & FSleadBASE
H-r B FsliteBASE
#-r B FSnoblBASE
H-r & FostelBASE
----- r B FSupsiBASE
H-r & FThalBASE
----- ¢ 61 FTheloBASE =
|Fact53g|e 6.1 |E:‘IFACT—EE‘IFACTDATA‘IFSEEbase.cdb {5.0) 4549 compounds read-only v
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- Drag and drop Mg(s1) and Si(s1) into reactants box

JRT=TEY
File Edit Units Wiew Tools ViewData Help
Formula|Si El
m-r B BINSBASE |31 properties
B r B ELEMBASE & Heat offarm. + Entropyy € Heat + Temperature of transf.
B r 0 FACTSIBASE F:D”"”' of 1 i H298 ( Joules) 5298 { J/{mol K))
= M 0 16.82
- @l 51 .
Fhase Mame Feference no.— Density gicc
i HNLE L1 _
LGl |5olid Dwa | ]2.33
=@ 5 1ol xi
=L B
F-LT LT Feactants | Fhase | Database |
m-L G _,| +2 Mg 1 FACTRS
H-r B3 FACTBASE _‘l S =1 FACTE3
H-r B FocoppBASE
#H-r & FSleadBASE El
H-r & FEliteBASE
H-r B FSnoblBASE +—’Ll
H-r & FostelBASE
_____ ¢ B FSupsiBASE F’r.uduct State
W r B FThallBASE 2| [5iMg2 |Salie ~]
----- r £ FThelgBASE '
H-r 81 FTliteBASE hd
FactSage 6.1 |E:\FACT—EE\F#.CTDATMFSEH:BSE.cdb {v5.0) 4549 compounds read-only &

thtSage‘”

Solidification 54

CRC

Montreal
2010



- Click on “PRIVBASE” and then paste compound into PRIVBASE

ol
File Edit Units View Tools ViewData Help
Formula|Si EI
#-r B FScoppBASE _a| (Information on PRIVBASE
- r 8 FsleadBASE Mickname (4 chars)
B¢ £ FsliteBASE ||::-|:{|'-..‘,.-'
F-r & FSnohlBASE
H-r €1 FSstelBASE
----- r & F3upsiBASE
- r & FThallBASE
----- ' © FThelgBASE _iix
F-r © FTliteBASE
..... v B FTmiscBASE Feactants |Phaae |Database
----- r O FToxidBASE _:J +2 Mg =1 FACTRS
----- r B FTpulpBASE _1J +1 =1 FACTHRS
----- r & FTsallBASE
----- Fige 1 HGOKBASE EI
----- i 81 LINABASE o
H-r & SGnohlBASE
----- ¢ B SGnuclBASE el Siclz
Bir £ SGPSBASE 8| [simgz |Solid ~|
F-r & SGSLBASE
----- r 01 5GsoldBASE T

FactSage 6.1

|E:‘|Fact53g|e1|.I_JSERDATA‘||:|rivate.CDE {v5.0) 3 compounds readfwrite
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- Data for Mg,Si in PRIVBASE (AH =0, AS = 0)

_io/x]
File Edit Units Wiew Tools ViewData Help

Formula|Si JEH_E%U

F-r B FScoppBASE <) 51 nroperies

EEI---: - FSIe;dpEi.ﬁ.SE B *! Heat of form. + Enfropy € Heat + Temperature of transt.

wor & FSliteBASE Form. of ST 1508 { Joules | 5298 ( Jj{mol K) )

#-r & FEnohlBASE 0 84162

H-r B FsstelBASE _

_____ ¢ B FSupsiBASE Fhase Mame |:|Heferen|:e nu.j| Density gicc

M- ¢ B FThallBASE | | [1.91784

----- - © FhelgBASE JRI-TEY
H-r B FTliteBASE

..... v B FTmiscBASE Feactants | Fhase | Database |

----- r & FToxidBASE _:J +2 Mo =1 FACTR3

..... r 81 FTpulpBASE _4| S =1 FACTE3

----- r £ FTsaltBASE

..... e B HGOKBASE el

----- B LINABASE

=Mty E1 PRIVBASE Kx

=@ Sitgz o
Li Froduct State

e B1 SGnoblBASE ] [simgz |Salid ~]

----- r B SGhuclBASE '

H- ¢ B SGFSBASE hd
FactSage 6.1 | |E:‘|FactSage‘l.lJSERD.ﬁ.T.ﬁ.‘u:hriuate.CDEl (w5.0) 4 compounds read fwrite &
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- Add AH =-68000, AS = -13.0

F Energy: Joules Pressure: atm SiMg2 - | Ellil

ViewData Help

File Edit Units View Tools

Formula|Si JEH_E;U

w-r B FScoppBASE <] =1 properies

EEI---: 2 FSIEEEjdpEEASE _I {* Heat of farm. + Entropy € Heat + Temperature of transt:
= r O FSliteBASE Form. of 141298 ( Joules) 5298 ( Jf{mol K )

H-r & FostelBASE _

_____ ¢ B1 FSupsiBASE Fhase MName Reference no.— Density gfcc
¢ 1 FThallBASE | D | ]1-9”‘34

""" r & FThelgBASE =10l x|
H-r & FTlteBASE

..... ¢ 1 FTmiscBASE Feactants IPhase | Database I

----- v & FToxidBASE _:J +2 Mg =1 FACTRS

----- r & FTpulpBASE l| +1 Ei =1 FACTES

----- r & FTsallBASE

..... "o £1 HGOKBASE el

----- e @ LINABASE "

Y £ PRIVBASE s

= Sitg2 e
‘ d Product otate
fo- L S | _

v B SGnohlBASE ] [simgz |Solid x|

----- r O =GnuclBASE :

v £ SGPSEASE Xl
FactSage 6.1 |Modified |E:‘|FactSage‘|.IJSERD.ﬁ.TA‘|priuate.CDEl (+5.0) 4 compounds read fwrite g

thtSage‘”

Solidification 57

CRC

Montreal
2010



