Metal Treatment (Al & MQ)

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

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

« Example #0: Vapg
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Metal Treatment (Al & MQ)

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

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

F Menu - Equilib: last system
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Metal Treatment (Al & MQ)

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

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

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

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

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

F Menu - Equilib: last system
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Metal Treatment (Al & MQ)

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

F Results - Equilib 350 C, 1.544E-06 atm (page 1/46) FactSage 6.2 beta

Qutput  Edit  Show Pages
O | 5| o T(C) Platm) Energyl)) Mass(g) Volllitre)

m l3|l?

550 C, 4.731E-04 atm I 560 C, 5.279E-04 atm I 570 €, 5.834E-04 atm I 580 C, 6.375E-04 atm I 500 C, 6.871E-04 atm

500 €, 2.026E-04 atm l 510 €, 2.557E-04 atm l 520 C, 3.208E-04 atm l 530 C, 3.694E-04 atm l 540 €, 4.200E-04 atm
450 C, 5.731E-05 atm I 460 C, 7.481E-05 atm I 470 C, 2.695E-05 atm I 430 C, 1.248E-04 atm I 430 C, 1.595E-04 atm
400 C 1. 265F-05 3 I 410 C, 1.824E-05 atm I 420 C, 2.459E-05 atm I 430 C, 3.287E-05 atm I 440 C, 4.357E-05 atm

350 C, 1.544E-06 atm | 360 C, 2.420E-06 atm | 370 C, 3.736E-06 atm | 330 C, 5.685E-06 atm | 390 C, 8.535E-06 atm |

0. 00000 ol gazs ideal

| (gream) O1.06 a1 + 5.52 Mg + 3.21 @n + 0.21 Mn =

[(350.00 =, 1.5342E-06 atm, | a=1.0000}
{ 0.95557 in 4———
+ 4.447Z5E-02 jils
+ 7.0551E-12 Mgl
+ 1.619ZE-15 Al
+ 4.3004E-19 Mn
+ 1.1Z5ZE-Z6 alz
[+ 96. 465 gram  FCC Al#1 |
196,466 gram, 3.55340 mol)
[350.00 <, 1.544ZE-06 atm, ==1.0000)
[ 93.053 wt. % Al
+ 4.9963 wt.% Mg
+ Z2.156ZE-0Z wt.% Mn
+ 1.9206 wt.% Zn
Fystem component Mole fraction Mass fraction
Zn 8.0096E-03 1.9296E-02
Mn 1.0653E-04 2.1562E-04
Al 0.93609 0.93053
My 5.5798E-02 4.9983E-02
H Z.7368 gram  AlMgEn Tau
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Metal Treatment (Al & MQ)

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

F Results - Equilib 350 C, 1.544E-06 atm (page 1/46) FactSage 6.2 beta

Stream File
Format

Fact-=ML
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gas_ideal
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[96.466
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[330.00 c,
0.

+ + 4+ + 4+ —
o ] e

95557 Zn
. 443 5E-02 Mg
.0551E-12 M2

5.52 Mg + 3.1

1.5442E-06 s

.EB192E-15
.3004E-19
L1252E-26

al
n
alz

grem FCC_Al#1

gram,
[350.00 c,
[ 93.053
+ 4.9963

3.5540 mwol)
1.5442E-06

wk.% Al
wk. % Mg

+ 2.1562E-02 wt.% Mn

+ 1.9Z9&

wk.% Zn

System component

an
In
Al
Mg

gram  AlMgEn Tau

Axes

activity

F Axes: P(atm) vs T(C)

Y-variable X-variable  Swap Axes

-Eis

Frinirmum

tick every nons

FrEXIrIL 0095

FrEXIrIL a00

Frinirmum

i

L

350
tick every E

UL

Fepeat

IFal:tSage 6.1

" none

Cancel Refresh 0K
Select size |4 noc|d [ reactants Viewer
® chemical [v filename & Figure
" integer #

chworkshop\Equil.res

hday10

4h sets
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Metal Treatment (Al & MQ)

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

F Figure User : FactSage Workshop |:||E||Z|
File  Add Edit Wiew Help

olslalo] alilalx | =] s]o] o mST et

91.06 Al + 552Mg + 3.21Zn + 0.21 Mn
c:\workshop\Equi0.res 7TMay10

N

k=

0.00900

0.00800

0.00700

B A T 0

0.00800

£ 0.00500
=

N 610 ?!?

0.00400

0.00300

0.00200

0.00100

550 700
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Metal Treatment (Al & MQ)

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

F Results - Equilib 350 C, 1.544E-06 atm (page 1/46) FactSage 6.2 beta =]
F  Plot: P(atm) vs T(C)
Ele Help

M06Al+ 5E2Mg+ 321 Zn+ 0.21 Mn -

Stream File v 1 e | |
Format y |460C,7.48 activity 0 1.
10 C, 1.8248 maole 36549
Fact-xML ’ =
0 C, 2.420E- . -
F Axes: weight% wvs T(C)
Fact-Cptmal r
P 5.5 Mg ¥-wariable  m-variable  Swap Axes
Refresh ... )
gas_ides .
(350.00 c, 1.54a00 O L 3
{ 0.85557
+ 4, 4425E-02 04
+ 7.0551E-12 maximum Ej maximum  [300 *
+ 1.6192E-15
+ 4,3004E-19 minimum n minirmurm 350 +05
+ 1.12532E-26
tick every 7] tick every
+ 06,466 gremn FCC_RAL#E
(96.466 gram, 3.5540 mol)
[330.00 2z, 1.5443
[ 93.053 Wt g Cancel Refresh 0K
+ 4,9963 wt . § —
+ 2.156ZE-0Z wt.j _ |¥ color v full screen
+ 1.9206 k. § I_ r [v reactants (T Wiewear

v filename (& Figure

System component

an
Tqn O i
Al
Mg :
FactSage 6.1 chyworkshopyEquillres a0
+ Z.7868 gram  AlMgEn Tau b/
L1
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Metal Treatment (Al & MQ)

\ /1 N

o Example #0: VaRgimass S ot AL 20

F Species Selection - EQUILIB Results: weight % vs T(C)

F Results - Equilib 350 BEEE=gll
+| # | Species | Mole (min) | Mole (max) | Fract. (min) | Fract. (max) | Act. (min) | Act (max)
Gas Phase
F Plot: weigh 1 kol 1] 1] 44033E-02 02131 G.B601E-08 1.9952E-03
2 ho2(g) 1] 1] 70551E-12  2.5896E-07 1.0894E-17 2.4282E-049
File  Help 3 Alig) 0 0 16192E-16  B4152E-08 2 5004E-21 6.0153E-10
91.06 Al + 552 Mg + 3 4 Al2(g) 0 0 11262E-26  9.336EE-14 1.7375E-32 8.7547E-1R
5 hdrfig) 1] 1] 4.3004E-19  9.0289E-11 6.B407E-25 3.4661E-13
| B nigl 0 0 .786599 [1.955967 1.4756E-0R 7.3785E-03
activity FTlite- Ligu
male AllLiqugl) 1] 33749 1554364 0923354 0466456 0.924435
maole fract. Mo(Licf#1) 1] n.2z27114 G.2139E-02  0.291655 3.8326E-02 0114068
grarm i 1] 3.8225E-03 36279E-06 | 1.283BE-03 2 GRIBE-04 2.4638E-06
waight ¥4 1] 4.9090E-02 1.3431E-02 0136261 2.3939€E-02 011342
X-axis TI(C)
Fiatm)
Co(J)
Gl
H(J) 15 AlFCCH#T) 1] 33749 0923354 0.977435 0773693 0.975758
S
-page - Mass Order = -
® mole @ integer# Select Top 15 j [3 species selectad |
i " gram (" mass (max)
Axes snecies (" fraction (max)
wigight % Clear [ source | activity (max) | Bk
W
T(C) Selact [Click on the "+" coluran to add or remove species]
" integer #
Repeat (" none Plot >>»
FactSage 6.1 chworkshop\Equil.res hday10 46 sets i
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Metal Treatment (Al & MQ)

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

F Figure User : FactSage Workshop
Ele Add Edit Vew Help

D‘@‘H‘G‘ ‘%‘E‘X‘JE@JﬂMvj Selected |

91.06 Al + 5.52Mg + 3.21 Zn + 0.21 Mn
c:\workshop\Equi0.res TMay10

I ! I ! I ! I ! I ! I ! I ! I
48 -
14 | .
T 40 -
e 3k . . .
® Sharp rise in
32 -1
%Mg over few
. 28 =
z degrees
o
: ]
20 -
E single-phas
E liquid y
03 -1
! ety
o4 , v S ]
1] 1 : { L‘u#,‘)j [ 'v‘ T 1 Boi il 'v‘ e 1 MW
350 400 450 500 250 B00 B50 700 750 800
T(C)
FactSage &.1 |B79 313 ¥ =843.125 ¥ = 28557692 ¢ hworkshop\EQUILIB FIG

=l |
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Metal Treatment (Al & MQ)

o Examples
1) Solubility of hydrogen (H,) in liquid alloys
a) Mg alloys : AZ91 @ fixed P(H,)
b) Degassing AZ91 with Ar

2) Comparison of 2 salt fluxes for alkali removal

a) Al-5%Mg with (40 ppm Na and 20 ppm Ca) treated with 2 fluxes
based on NaCl-KCI-MnCl,

G’actSageT” Metal Treatment (Al & Mg) - 17 CRCT Venred



Metal Treatment (Al & MQ)

 Examples
1) Solubility of hydrogen (H.) in liquid alloys
a) Mg alloys : AZ91 @ fixed P(H,)

G’actSageT” Metal Treatment (Al & Mg) - 18 CRCT Venred



Solubility of H, in Liquid Alloys

1
2Al +3H,0 - AlLLO,+3H, iH,-H SOPR;
+ +
Mg HZO - MgO H2 Temperature, °F
iH 1000 1200 1400 1600
2112 22 | T
. 2.0 . /
1.8 /
2 s /
§ 1'4 Liquid /
5o /
Z /
3 10 ,
5 /
8 08 '
S 4
2 06 i
a
.00 0.4
Porosity in Al alloys as a R T e | "
i - ili e
function of the H,-solubility 500 550 600 650 700 750 80O 850 900
iIn mL/100 g , Temperature, °C
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Metal Treatment (Al & MQ)

« Example #1: Solublility of hydrogen (H ) in liquid alloys
a) Mg alloys: AZ91 @ fixed P(H,)

9% Al
1% Zn
Bal. Mg

700°C

F FactSage

Slide Show  Programs  Tools  About

FactSage Workshop

Manipulate

General

Databases

Fact XML
Figure
Sage

@ 1976
Thermta

Mixture

o www.facts age.com

FactSage(TM) 6.1
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Metal Treatment (Al & MQ)

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

F Data Search

F Reactants - Equilib

Data Search | Help

Databases - 2/24 compound databases. 1/22 solution databases

Lact SGTE wmonisomy Miscellaneous

File Edit Table Units

D +| =

TiC)

O [1BINS salutions only Oexam  Oses. [ seres
O O scPs no data,
| O []sGTE

O O sGnobl Clear All |
O [] sGsold

Mass(mol) Specis ] [J SGnucl Select All |

1
Other [JTonue Add/Remave Data|
O our J ouic
FTlite O ouG O oL |

Information -
Click on & box to include (or exclude) a database in the data search. Mormally databases are 'coupled' - that is both the

compound and solution database (when available) will be selected. To 'uncouple' a databases click-mouse-right-buttan
(naote, this is NOT recommended).

If database is stored on wour PC but notlisted here then wou must 'add the database to the list' - click on 'Add/Remaove ..

Options

Include Lirnits
D gaseous 1ons
fnlasmash

Organic species Sy Ximas) = |2_
Default [ aqueous species

[ limited data compounds (250) binimum solution components Q) 1 @ 2 cpts

2724 databases Solution: 1/22 databases

= P(tatal) is the

FactsSage 6.2 bete Compound:
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Metal Treatment (Al & MQ)

 Example #1a: Solubility of hydrogen (H

F Reactants - Equilib

=y

Oz +| E

|

Mass(mol)

File Edit Table Data Search Help

TC) Platm) Energy(]) Mass(mol) Yol{litre)

Species

R =

EIDOX

Temperature Fressure Energy

T Kelvin, K " bar I

® Celsius, "C ® atm " cal

" Fahrenheit. "F O psi " Btu
" Pa " kwh
" GPa

Tniversal gas constant:

8.314510 J/mol-K
8.314510/4.184 cal/mol-K
22.4141/273.15 l-atwm/mol-E

Cancel sl

Eng

) in liquid AZ91

FactSage 6.2 beta

bass Yolume
" mol o litre
® g 3
Ik “Yolume
Lhits are
set by
pressUre
Lnits.

X

[ Initial Conditions

FactSage 6.2 bete Compound:

2724 databases

Solution:

1/22 databases
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Metal Treatment (Al & MQ)

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

F Reactants - Equilib

File Edt Table Units DataSearch Help
0| +] TIC) Platm) Energy(J) Mass(g) Vol(litre) il | |
1-4 |
Mass{g) SpEeCIES Stream#
20 Ma | = | i
i A | =l | | i
il 2n | [ | i
* o H2 | = | i

[ Initial Conditions

FactSage 6.2 bete Compound: | 2/24 databases Solution: | 1/22 databases
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Metal Treatment (Al & MQ)

) in liquid AZ91
LoX

 Example #1la: Solublility of hydrogen (H

F Menu - Equilib: last system

File Units Farameters
O &

Reactants (4)

Help

T(C) Piatm) Energy(d) Mass(g) Yol(litre)

| (grarm) 90 Mg

QA+ Zn+ 0H2 |

Products

Compound species Solution species

"o e

Custom Solutions

[+ gas @ ideal real 9 * | + | Base-Phase Full Name -
[ 1] FTlite-Liqu Licuid
|_ pure liguids 0 FTlite-FCC FCC_AT
|+_ pure solids 38 FTlite-HCF HCF_A3
| suppress duplicates apply FTlite-BCC BCC_AZ Beeud
FTlite-LC14 Laves_C14 FeHamns
species: 47 FTlite-LC15 Lewes_C15 apply | List...
FTlite-LE36A Alaves 36 [ include molar volumes
FTlite-LC36E Blawes_C36 ﬂ
Total Species (max 15000 47
Target Legend .
all " selected Total Solutions (max 40) n
species: 0
: Select
salutions: 0

Final Conditions Equilibrium
| | || TIC) || P(atm) ~||ProductHil) ~| | @ nomal
| | o0 i | 2 c

-

—
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1 calculation
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Calculate >>»
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Metal Treatment (Al & MQ)

 Example #1la: Solublility of hydrogen (H

F Menu - Equilib: last system

File Units Parameters Help

Duplicate Compounds

) in liquid AZ91

Ol & T(C) Piatm) Energy(d) Mass(g)
When you click (mouse left button) on & "gas", "liquid", oK
Reactants (4) "aqueous" or"solid" compound check box, then all the -
compounds in that group are selected. Cancal
| (gram)30 Mg+ 9 Al + Zn + _ _ _ _
To avoid selecting duplicate compounds, wou can specify a
database priority list - the most important database is first
Products and the least important is last. For duplicate compounds in a
. d . Solut . given graup, only those compounds from the maost imponant
Dmpoun SPEC'ES Df 10N SHECIES database will be selected. Not all the databases need be
[+ gas @ ideal( real 4 | + | Base-Phase Full | entered - far example if only one database is specified. then
|_ 0 FTlite-Liqu Lif duplicate compounds from the ather databases will anly be
|— pure liguids il FTlite-FCC FC Zu?pbressed for those compounds found in this one
. purs solids 38 FTlite-HCP S
[v suppress duplicates apply FTlite-BCC BCy Mote:a compound is considered a duplicate if a pure
FTlite-LC14 Lawe substance in another database has the same chemical
species: a7 FTlite-LC15 Lave f;rrtr_]ullz? in t_he sacr;nefpjhallset (solid, qu;i_d or gas) I—:nu |
L istinction is made for allotropes and isormers. For exarmple,
FTlite-LCI6A ALavl Eorot)in databank A is duplicate of Fe(s1), Fa{s2) and
FTlite-LC36E BlLawl Fe(s3) (butnat Feig) in databank B.
Target L d
=g [v Show all | Enterthe compound database priority list (most imporant
I— first) fro
species:
T I — FTlite FACTS3
Final Conditions Equilibrium
| | || TIC) || P(atm) ~||ProductHil) ~| | @ nomal
| | 1000 i | - -

[0 M

FactSage 6.2 beta

= " predominant
1 calculation Calculate »>»
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Metal Treatment (Al & MQ)

 Example #1a: Solubility of hydrogen (H

Ble Units Parameters Help
D=
Reactants (4)
v

Products
Compound species
[+ oas @ ideal (™ ree

.

[ pure liquids
* [+ pure solids
v suppress duplicate:

*- custom selection
Species:

F Menu - Equilib: last system

v

F Selection - Equilib

Fle Edit Show Sort

) in liquid AZ91

[GAS] [Sorted by Code|
TiC) Platm) Energl
+ |Cude | Species | Data | Phase |T|V| Activity
+ 1 Hig) FACTE gas
2 H2(g) Y Fe) FACTE gas |
+ 3 EEIE)] FACTS gas
- Clear + 4 Mo (o) FACTS gas
+ - select i 5 bgH(g) FACTSE gas
+ G Allg) FACTE gas
- standard stable phase + 7 Al2(g) FACTE gas
I - dormant (metastable) phase + i AlH(D) FACTE gas
F - formation target phase + 4 Znlg) FACTS gas
F - precipitate target phase
5 - Scheil cooling gas phase
< - composition target ...

Ideal Solution r

Tt Help ...
arge - CEGEnN
| -immiscible 7 i
- selected 8 w Selected | Select Al ‘ Select/Clear.. Claar oK
Final Conditions Equilibrium
| | | 1o |Pam ~v|[ProductHi) v | @ nomal  ©
| | 1000 i | " | "
’— r (" predominant Calculate >>
Factsage 6.2 beta
Montreal
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Metal Treatment (Al & MQ)

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

F Selection - Equilib

File Edit Show Sort
[Gas] [Sored by Code ]|
+ |C|:|de | Species | Data | Phase |T|V| Activity
+ 1 Higg) FACTS gas
2 Hz2ig) L e © H2(g) FACTS gas |
+ 5 % [ET{E)] FAL TS gas
- Clear + 4 kg2 (i) FACTE gas
v + -select + H FgH(g) FACTE gas
+ B All) FACTS gas
v - standard stable phase + 7 Al2(0) FACTE gas
I - dormant {metastable) phase + g AlHIE) FACTE gas
F - formation target phase S 4 Znigy) FACTE gas
P - precipitate target phase
5 - Schel cocling gas phase
C - composition target ...
Ideal Solution 4

X|

’ activity ‘ Fixed Partial Pressure

log 10 (actvity)

Help ...
Enterthe value oflog10(p) Ok
(orfora range of values enter 'first last step’) for
D Selected ‘ SalectAll 2 H2io). Cancel

Fress [Cancel] if the parial pressure is no longer fixed.

5 -0.5 0.1

-5 < log,,P(H,) <-0.5 by step of 0.1
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Metal Treatment (Al & MQ)

 Example #1la: Solublility of hydrogen (H

F Menu - Equilib: last system

) in liquid AZ91
-EOX

File  Lnits Parameters
Ol & &

Reactants (4)

Help

T(Z) Platm) Energy(d) Massig) Vaolllitre)

| fararm) 30 Mg

+ A+ Zno+ 0 H? |

mo e

Products
Compound species Solution species Custarn Solutions
[+ gas @ ideall” real g - | + | Base-Phase Full Name - 1 fixed activities
I 0 | FTlite-Licu Liquic! U ideal solutions
™ pure liquids 0 | FTlite-FCC FCC_A1 0 activity coefiicients
oy |+— pure solids 33 | FTlite-HCF HCF_A3
v suppress duplicates apply | l—_I'I.ite-EICC Summary ...
*- custom selection | FTlite-LC14 rTE—
species: 42 || FTite-LCT5 Bale 28 K
| FTite-LL36A mEER [ include molarvolumes
FTlite-LC36EB Blawves_C36 ﬂ
T Total Species (max 15001 148
o1 Legend v & s Total Solutions (max4d) 22
|- immiscible 7 Show (@ all selected
+-selected & species: 108 Select
solutions: 2z
Default
Final Conditions Equilibrium
| | ” TIC) ||P(atm) ﬂ|PdeudH(J) ﬂ @ normal " normmal + transitions
| | |?IZ|D |1 | (" transitions only i
M 46 calculations Calculate >> |
_———a
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Metal Treatment (Al & MQ)

 Example #1la: Solublility of hydrogen (H

F Results - Equilib a=1.00E-05 (page 1/46) FactSage 6.2 beta

) in liquid AZ91

A=T D4F.[5

Qutput  Edit  Show Pages

D] | [ 5

a=n_nnnﬁ] a=D.EIDE|8| 2=0.001 ] a=n_nm3] a=D.EIDlﬁ| a=n_nnzl a=n_nt|25]

T(C) Piatm) Energy(d) Mass(g) Yol(litre)

a=1.IZIDE—D4| a=u.uum] a=u.uuuzl a=u.uuD:a] a=u.uuuzl a=u.0003] a=u.uuu4| 2=0.0005

a1.00E-05 | d=1 26E-05 | a=1.58E-05 | a=2.00E-05 | a=2.51E-05 | a=3. 16E-05 | a=3.98E-05 | a=5.01E-05

=BX

m l3|l?

a=6.31E-05 |

+ 1.1586E-05 HZ

[gram) 90 Mg + 59 A1 + Zn + 0 HZ =

s=8.6843E-03)

an
al
My
H

(100.00 grem, 4.0518
(700.00 ¢, 1
[ 9.
+ 1.
+ 90.000
+ 1.

[]u]u]n]
1586E-05

oooo

System component

Al
H

My
an

0.0oo0oa mol gas_ideal
(700.00 <, 1 atm,
[ 8.5864E-03 Moy
+ 8.7010E-03 Zn
| + 1.0000E-D5 H |
+ 1.1779E-07 MoH
+ 5.7019E-08 M2
+ 3.4127E-12 H
+ 9.7874E-13 Al
+ 8.85316E-14 AlH
+ 1.6869E-20 AlZ
+ 100.00 gram Liguid#l

x=1.0000)

Mole fraction
3.7743E-03
8.2324E-02
0.91390
2.8370E-06

Mass fraction
1.0000E-02
0.0000E-02
0.30000
1.1586E-07

FACTS3
FACTS3
FACTS3
FACTS3
FACTS3
FACTS3
FACTS3
FACTS3
FACTS3)

FTlite
FTlite
FTlite
FTlite!
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Metal Treatment (Al & MQ)

 Example #1la: Solublility of hydrogen (H

F Results - Equilib a=1.00E-05 (page 1/46) FactSage 6.2 beta

) in liquid AZ91

Qutput  Edit  Show Pages
O e = T(C) Platrn) Energy()) Mass(g) Vol(litre)

a=n_nnnﬁ] a=D.EIDE|8| 2=0.001 ] a=n_nm3] a=D.EIDlﬁ| a=n_nnzl a=n_nt|25]

a=7.04E-05 ] a=1.IZIDE—D4| a=u.uum] a=u.uuuzl a=u.uuD:a] a=u.uuuzl a=u.0003] a=u.uuu4| 2=0.0005
a=1.00E-05 | a=1.26E-05 | a=1.58E-05 | a=2.00E-05 | a=2.51E-05 | a=3. 16E-05 | a=3.98E-05 | a=5.01E-05

m l3|l?

a=6.31E-05 |

=BX

[gram) 90 Mg + 59 A1 + Zn + 0 HZ =
+ 1.1586E-05 HZ
0.0oo0oa mol gas_ideal

(700.00 ¢, 1 atm, s=8.6843E-03)
[ 8.5864E-03 Mg
+ 8.7910E-05 Zn
+ 1.0000E-05 HZ
+ 1.1779e-07 MgH
+ 5.7019E-08 Mg2
+ 3.4127E-12 H
+ 9.787T4E-13 Al
+ B.8516E-14 AlH
+ 1.6869E-20 AlZ

+ 100.00 gram Liguid#l

(100.00 grem, 4.0518 mol)

(700.00 ¢, 1 atm, s=1.0000)
[ 9.0000 wk.% Al
+ 1.1586E-05 wt.% H
+ 90.000 wk. % Mg
+ 1.0000 wk.% Zn
Fystem component Mole fraction Mass fraction
Zn 3.7743E-03 1.0000E-02
Al 8.2324E-02 0.0000E-02
Mg 0.91390 0.90000
H 2.8370E-06 1.158cE-07

FACTS3
FACTS3
FACTS3
FACTS3
FACTS3
FACTS3
FACTS3
FACTS3
FACTS3)

FTlite
FTlite
FTlite
FTlite!
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Metal Treatment (Al & MQ)

 Example #1la: Solublility of hydrogen (H

F Results - Equilib a=1.00E-05 (page 1/46) FactSage 6.2 beta

) in liquid AZ91

Qutput  Edit  Show Pages
O e = T(C) Platrn) Energy()) Mass(g) Vol(litre)

a=n_nnnﬁ] a=D.EIDE|8| 2=0.001 ] a=n_nm3] a=D.EIDlﬁ| a=n_nnzl a=n_nt|25]

a=7.04E-05 ] a=1.IZIDE—D4| a=u.uum] a=u.uuuzl a=u.uuD:a] a=u.uuuzl a=u.0003] a=u.uuu4| 2=0.0005
a=1.00E-05 | a=1.26E-05 | a=1.58E-05 | a=2.00E-05 | a=2.51E-05 | a=3. 16E-05 | a=3.98E-05 | a=5.01E-05

m l3|l?

a=6.31E-05 |

=BX

[gram) 90 Mg + 59 A1 + Zn + 0 HZ =
+ 1.1586E-05 HZ
0.0oo0oa mol gas_ideal

(700.00 ¢, 1 atm, s=8.6843E-03)
[ 8.5864E-03 Mg
+ 8.7910E-05 Zn
+ 1.0000E-05 HZ
+ 1.1779e-07 MgH
+ 5.7019E-08 Mg2
+ 3.4127E-12 H
+ 9.787T4E-13 Al
+ B.8516E-14 AlH
+ 1.6869E-20 AlZ

+ 100.00 gram Liguid#l

(100.00 grem, 4.0518 mol)

oo on C, 1 atm, s=1.0000)
[ 9.0000 wk.% Al
+ 1.1586E-05 wt.% H
+ 90.000 wk. % Mg
+ 1.0000 wk.% Zn
Fystem component Mole fraction Mass fraction
Zn 3.7743E-03 1.0000E-02
Al 8.2324E-02 0.0000E-02
Mg 0.91390 0.90000
H 2.8370E-06 1.158cE-07

FACTS3
FACTS3
FACTS3
FACTS3
FACTS3
FACTS3
FACTS3
FACTS3
FACTS3)

FTlite
FTlite
FTlite
FTlite!
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Metal Treatment (Al & MQ)

 Example #1a: Solubility of hydrogen (H

Qutput | (Ses
Save or Print

Equilb Results file

Shiow Pages
|
Plot Pesults ...

Repeat Flot- ...

F Results - Equilib. a=1.00E-05 (page 1/46) FactSage 6.2 beta

) in liquid AZ91
- EX

T(C) Platm) En

_nnlﬁ] a=0.002

A hdg + G4+ Zn+ OHE -

+ 1.1586E-05 wt.% H
+ 90.000 wt. % Mg
+ 1.0000 wt.% Zn

3ystem component
an
Al
Mg
H

e s Ty 2=0.0002 | 2=0.1
Format y | a=1 58E-05 | a=2.00E-05 | a=2 51E-05 |
Fact-xML b Al + Zn + 0 HZ =
Fact-Cptimal 4
Refresh .. gas_ideal
c, 1 atm, 5=8.6845E-03)
[ 8.5864E-03 Mg
+ 8.7910E-05 Zn
+ 1.0000E-05 H2
+ 1.1779E-07 MorH
+ 5.7019E-08 Mg
+ 3.4127E-12 H
+ 0.7874E-13 al
+ 8.8516E-14 AlH
+ 1.6869E-20 alz
+ 100.00 gram Licgquid#l
(100.00 grswm, 4.0318 mol)
(700.00 ¢, 1 atm, ==1.0000)
[ 9.0000 wb. % Al

Mole fraction

3.7743E-03
8.2324E-02
0.913590

2.8370E-06

Axes

[ selectec

maole frd y-variable

mole

mole fract,
gram
weight O
Alpha

Cpld)
G
H(T)

5(0)
- page -

Axes

FactSage 6.1

F Axes: mole vs log10(activity)

“-ais

MAEXImUm
rinirmum

tick every

Lil.res

w-variable 3

Cancel

Graph

425

!
i

025

Lakels

nc::l‘T
(& chemical

" integer #
" none

size: |4

ap Axes

M -axis

MAEXImUm
rinirmum

tick every

(1o D{activity)

Refresh

Display
[v color
[v reactants

[v file name

Ok

[ full screen
" Viewer
® Figure

Bhdae10

46 sets
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Metal Treatment (Al & MQ)

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

F Results - Equilib. a=1.00E-05 (page 1/46) FactSage 6.2 beta
el |Edit  Show Pages

" |

Sawve o Print

Plot Pesults ...
Repeat Flot- ...

_nmﬁ]s

A bdg + A+ In+ DHZ -

Equilb Results file

b e Tl 1 - | . y§2=0.000
= - = - = £ - - T . =
Format | a=1.58E-05 | a=2.00E-05 | a=2.5 X-axis S F Axes: weight % vs log10(activity) @
Fact-xML p (&L + Zn + 0 HI= S ¥-variable | d-variable  Swap Axes
_ activity
Fact-Cptimal ¢ Yoax  mole ‘g _ —axis —
Rafrash ... gas_ideal mole fract, log 1 D{acthyi
C, 1 atm, a=8.6845E
[ 8.5864E-03 Mgy FrEi U 0.004 FrEi U I:l
+ 1.0000E-05 HZ MINmMUm 0 :I MINmMUm
+ 1.1779E-07 MorH . .
+ 5.7010E-08 g2 tickevery  [0.000f :| tick every
+ 3.41Z7E-12 H
+ O.7874E-13 Al Cp)
+ 8.8516E-14 AlH 50
+ 1.8869E-20 a1z Cancel Refresh (0] 9
H(J)
+ 100.00 gram Licgquid#l
(100.00 gram, 4.0518 mol) Axes Graph .
_ S Display
(700.00 ¢, 1 atm, ==1.0000} = e | Labels ~ v
{ 9.0000 wb. % Al - page - . ’9_ |4_ colar full screen
+ 1.1586E-05 wt. % H o A Siz8: no. v reactants  ( Viewer
+ 90.000 wk. % Mg w Y ® chemical [v file name  ® Figure
+ 1.0000 wt.% Zn — 1 oglodh " integer#
IRy at " none
System component Mole frad —
zZn 3.7743F ,f\?m
B 1
Al 823248 e e quill.res Bitday10 46 sets
My 0.91390 3 _ nhases
H 2.8370E-08 1.1586E-07
'
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Metal Treatment (Al & MQ)

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

v
"]- e gle O ) = 1= og10( 3 ;
File  Show
+| # | Species | Mole (min) | Mole (max) | Fract. (min) | Fract. (max) | Act. (min) | Act (max)
Flo 18 0g810(a Gas Phase
Fle  Help 1 Hio) 1] 1] 39296E-10 B7EVIE-04 34127E-12 G.OGEYE-10
— — 2 H2(g) 1] 1] 11515E-03  0.973255 1.0000E-05 0316228
0 Mg+ FAI+ Zn+ DH2 5y i) 1] 1] 2 RANGE-02 09876 8 GA0AE-03 8 5AR4E-03
| | 4 hMo2ig) 1] 1] 1.7526E-07  BABREE-OR 5.6345E-08 5.7013E-08
VIR m— 5 haH () 1] 1] 1.3563E-05  1.9973E-04 1.1779E-07 2.0933E-05
mole B Allg) 1] 1] 30154E-12  1.1270E-10 9.7874E-13 9.7977E-13
mole fract 7 Al2(g) 1] 1] 5.2026E-200  1.9424E-18 1.6869E-20 1.6904E-20
rarﬁ 8 AlH(g) 1] 1] 1.0192E-11 15013E-10 B.8516E-14 15757E-11
. .g . g Znlg) 1] 1] 27087E-04  1.0123E-02 8.7910E-05 3.8011E-05
Y-axis weight ¥ ; ;
Aloha FTlite- Liqu
P AllLiqu#) (1.333561 (1.333561 §.2283E-02 | §.2324E-02 5.5451E-02 5.5509E-02
HiLiqu#1) 1.1495E-05 2.0396E-03 28370E-06 | HO31Z2E-04 4.2900E-09 7 6288E-07
Cpt) MalLigu#l) 3.7029 3.7029 0.913442 0.913599 0.909946 0.910535
Gp(J) ZniLigqu#l) 15293E-02 15293E-02 37724E-03 | 37743E-03 1.0976E-03 1.0959E-03
HiJ ;
() 1 iLic ]
F; hA iy (Liqu#)
a0 15 MoLigu#2)
- page-
Y weight % »: log10{activity) Mass Order . -
Axes Species Gr select species enter ane species # ® mole ® integer# Select Top |15 j 1 species selected |
igght 0 selected L -use "+t o " gram (" mass (max)
WEIE:'E % [0 selected] " fraction (max)
log1 0{activity) Selact ® g H2(g) ™ source | ( activity (me) | oK
_ C
4 |C|IC|‘{ onthe "+" colur =TT HEL! ES.|

Axes ‘ Fepeat  hone |

FactSage 6.1 chworkshop\Equil.res Bhday10 46 sets
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Metal Treatment (Al & MQ)

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

F Species Selection - EQUILIB Results: weight % vs log10{activity)

File  Show
+| # | Species | Mole (min) | Mole (max) | Fract. (min) | Fract. (max) | Act. (min) | Act (max) ]
F  Plot: weight % vs logl0(activity) Gas Phase
Fle  Help 1 Hii) 1] 1] 39296E-10 B7EVIE-04 34127E-12 G.OGEYE-10
— 2 H2(g) 1] 1] 11515E-03  0.973255 1.0000E-05 0316228
0 Mg+ FAI+ Zn+ DH2 3 ko) 1] 1] 2 RANGE-02 09876 8 GA0AE-03 8 5AR4E-03
| 4 hMo2ig) 1] 1] 1.7526E-07  BABREE-OR 5.6345E-08 5.7013E-08
m— 5 haH () 1] 1] 1.3563E-05  1.9973E-04 1.1779E-07 2.0933E-05
mole B Allg) 1] 1] 30154E-12  1.1270E-10 9.7874E-13 9.7977E-13
mole fract 7 Al2(g) 1] 1] 5.2026E-200  1.9424E-18 1.6869E-20 1.6904E-20
rarﬁ 8 AlH(g) 1] 1] 1.0192E-11 15013E-10 B.8516E-14 15757E-11
weight°/ g Znig) 1] 1] 2.7087E-04  1.0123E-02 8.7910E-05 8.8011E-05
e FTlite- Liqu
P 10 AlLinu#1 0.333561 0.333561 8.2283E-02 | 8.2324E-02 5.5451E-02 5.5509E-02
+ M HiLiqu#1) 1.1495E-05 2.0396E-03 28370E-06 | HO31Z2E-04 4.2900E-09 7 6288E-07
oot [ L e 3.7029 3.7029 0.913442 0.913599 0.909946 0.910535
Gp(J) 13 ZniLigqu#l) 15293E-02 15293E-02 37724E-03 | 37743E-03 1.0976E-03 1.0959E-03
HiJ ;
() 1 (Lic |
G hAg(Liqu#t?)
a0 HuuLn u#e)
- page-
Y weight % »: log10{activity) Mass Order . -
Axes Species select species enter ane species # ® mole ® integer# Select Top |15 j 1 species selected |
igght 0 selected L -use "+t o " gram (" mass (max)
WEIE:'E % [0 selected] " fraction (max)
log1 0{activity) Selact ® g H2(g) ™ source | ( activity (me) | oK
| C
A [Click on the "+" coluran to add or remove species]

Axes Fepeat  hone |

FactSage 6.1 chworkshop\Equil.res Bhday10
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Metal Treatment (Al & MQ)

 Example #1la: Solublility of hydrogen (H

F Plot: weight% vs log10(activity)

Fle Help

) in liquid AZ91

Q0Mg+ FAl+ Zn+ OHZ -

Aoes

weight %4
WS
log 1 0factivity)

activity
mole
rmole fract.
grarn
weight %2
Alpha

Species

Select

Repeat

FactSage 6.1

chworkshoph\Equil.res

1382
-1.9302E+05

1.1101E+05

224
1.

Graph
Lakbels

size: |9_ na: |4_
® chemical

(" integer #
" none

Display
[v color

1.
4.0538
0.991706
100.
951
0

135.24
-1.9285E+05
1.1109E+05

3249
4.

[v full screen

v reactants T wIEWET
v flename  (® Figure

Plot >>

{
|
> |

Bhay10 46 sets
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Metal Treatment (Al & MQ)

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

F Figure User : FactSage Workshop |__||E”Z|
File Add Edit ew Help

D‘@‘H‘D‘ ‘ Mg\x\ﬂ@@J ﬁ M'j Selected |

90Mg+ 9AI+ Zn+ 0 H2
c:\workshop\Equi0.res 6May10
0.00400 T T I T I T I

0.003s0

0.003z20

0.00Zs0

AT

0.00240

0.00200

0.00160

000120

0.00030

0.00040

-3.00
log ol activity) H2(g)

FactSage 6.1 502 376 W =-2.5666667 Y =0.0018 ¢ \workshophEQUILIB.FIG
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Metal Treatment (Al & MQ)

 Example #1a: Solubility of hydrogen (H

F Results - Equilib. a=1.00E-05 (page 1/46) FactSage 6.2 beta

) in liquid AZ91
AL
1| |3‘|1?sf

a=6 31E-03 |

Ouput  Edit
0| BIE 3 v Pages 1- 25 [a=1.00E-05 - a=0.0025]
00005l F 46 [8=0.0032 - 3=0.3162]
! et Page ; ; '
a=7 B4E-D5 | o to a=0.0002 | a=0.000% | a=0.0003 | a=0.0004 | a=0.0005
page ...
a=1.00E-05 | as | a=2.51E-05 | a=3.16E-05 | a=3.98E-05 | a=5.01E-05
____ Delete page 'a=0.3162" .
| tgram) 90 Delete al 'Abort pages ...
+ 1.1586E -Wappages .
0.00000 ol gas_ideal
(700.00 ¢, 1 atm, a=%.6845E-03)
[ 8.58648-03 Mg FACTS
+ §.7910E-05 Zn FACTS3
+ 1.0000E-05 HZ FACTS
+ 1.1779E-07 MoH FACTS3
+ 5.7019E-08 M2 FACTS
+ 3.4127E-12 H FACTS3
+ 9.7874E-13 Al FACTS
+ £.8516E-14 AlH FACTS3
+ 1.6869E-20 AlZ FACTS3)
+ 100.00 gram Licguid#l
(100.00 gram, 4.0518 mol)
(700.00 €, 1 atm, &=1.0000}
{ 9.0000 wt.% Al FTlite
+ 1.1586E-05 wt. % H FTlite
+ Q0,000 Wt % Mg FTlite
+ 1.0000 wk.% Zn FTlite)
System component Mole fraction Mass fraction
Zn 3.7743E-03 1.0000E-02
Al 8.2324E-02 9.0000E-02
Mg 0.91390 0.90000
H 2.8370E-06 1.1586E-07

>

s
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Metal Treatment (Al & MQ)

 Example #1la: Solublility of hydrogen (H

) in liquid AZ91

F Results - Equilib. a=0.01 (page 31/46) FactSage 6.2 beta

Output Edit Show Pages

D || )5

a=n_1995| a=n.2512] a=D.3162|

T(C) Platm) Enercy(d) Mass(g) Wolllitre)

a=0.0251 | a=0.0316 | a=0.0398 | a=0.0501 | a=0.0a30] a=0079

a=0.0032 | a=0.004 | a=0.005 | a=0.0063 | a=0.0079 | - &=0.01 - |

+ 3.6624E-04 HZ

o000 ¢ 1 =t

0.00000 ol gas_ideal

Jdystem component
an
Al
Mg
H

[
{ 1.0000E-02 H2
+ 5.5854E-03 Ty
+ 8.7928E-05 Zn
+ 3.7245E-06 MgH
+ 5.7006E-08 M2
+ 1.0792E-10 H
+ 2.7996E-12 AlH
+ 0.7802ZE-13 al
+ 1.68758-20 a12
+ 100.00 gram Licgquid#l
(100.00 gram, 4.0522 mol)
(700.00 ¢, 1 atm,
{ 9.,0000 ut % AL
[+ 3.6624E-04 w2 5 |
¥ 90.000 e 8 Mg
+ 1.0000 wt.% Zn

a=0.0126

4]a=Dl a=0.1259
a=0 0158

a=0.1585

COX
NEILE

| (grem) 90 My + 9 A1 + 2Zn + 0 HZ =

==1.8677E-0Z)

==1.0000}

Mole fraction Mass fraction

3.7740E-032
8.2317E-02
0.91382

8.9670E-035

1.0000E-02
9.0000E-02
0.90000

3.6624E-06

FACTS3
FACTS3
FACTS3
FACTS3
FACTS3
FACTS3
FACTS3
FACTS3
FACTS3)

FTlite
FTlite
FTlite
FTlite}
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Metal Treatment (Al & MQ)

 Example #1a: Solubility of hydrogen (H

F Results - Equilib a=0.01 (page 31/46) FactSage 6.2 beta

) in liquid AZ91

Nl |ECit  Show Pages
e o Print 4
Plot ¢

te file

Fact-XML 4

Fact-Cptimal 4

Recycle all steams ...

Directory (c:workshoply ...

T(C) Platm) Enercy(d) Mass(g) Wolllitre)

Team fe propertes ..

Summary of streams

Save gas phase ...

Refresh ...

.0000E-02
LS8 34E-032
L T9ZBE-05
.T245E-08
.7006E-08
L0792E-10
. 7996E-12
LTEOZE-13
. BBT73E-20

+ 4+t -
=IO ) (A L 0D 00

+ 100.00
[100.00 gram, 4.0522
(700.00 ¢, 1

[ 9.0000
+ 3.6624E-04

+ 90.000

+ 1.0000

an
Al
ey
H

gram Liguid#l

mol)
atm,

Wt

Wt
Wt
Wt

%

.3
L%
.3

Jdystem component

gas_ideal
Z, 1 atm,

HZ
Moy
an
Mo H
M2

AlH
Al
AlZ

Al
H

ey
Zn

==1.8677E-0Z)

==1.0000)

Mole fraction Mass fraction

3.7740E-032
8.2317E-02
0.91382

8.9670E-035

1.0000E-02
9.0000E-02
0.90000

3.6624E-06

- 'F94] a=D.ll a=D.1259I a=D.1585‘
1

iuz]

ALL solUtons

FTite-FCC#1 gas
FTlite-FCC#2 gas
FTite-HCF#1 gas
FTite-HCP#2 gas
FTite-BCC#1 gas
FTite-BCC#2 gas
FTite-LC 144 1 gas
FTite-LC 1442 gas
FTite-LC15#1 gas
FTite-LC15#2 gas
FTiite-LC3EA#1 gas
FTlite-LC3EA#2 gas
FTlite-Beta gas
FTlite-Gama gas
FTiite-Fhi gas
FTlite-MgZn gas
FTiite-cF 32 gas
FTite-mC11 gas
FTiite-Taul gas

>
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Metal Treatment (Al & MQ)

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

F Results - Equilib. a=0.01 (page 31/46) FactSage 6.2 beta

M Edit  Show Pages
Save or Print ’ TiC) Platm) Energy(J) Massig) Valilire) m = M 73
Flot
" —0.3162 |
Equiit Resutts fle » p 0
— 94 | a=0.1 | a=0.1259 a=IJ.1585‘
Sfream File ;
Format Save gas phase ... i'm l
Stream file propertes ...
Fact-XML g PP "
Summary of streams 4 .
Fact-Cptimal 3 ) Save pure solids ... —
Directory (c:workshoply ... : y AL solutions
Refrash .. gas_ideal ey p—
¢, 1 atm, a=1.8677E-02} FTite-Liqu# 1 gas
{ 1.0000E-DZ HZ FTiite-Liqu#2 gas
+ 8.5834E-03 Mgy FTlite-FCC#1 gas
+ B.79Z8E-03 Zn FTlite-FCC472 gas
+ 3.7245E-06 MogH Fiite-He
+ 5.7006E-08 MgZ _ ™ .
+ 1.0792E-10 H Sy Save Fili: in c:\workshop\Mixt*. dat
+ 2.7996E-12 AlH FTlite-BC o -
+ 0.7807E-13 Al S FTlite-Liqu#1 Liquid
+ 1.6875E-20 al2 FTite-LC)] Enter a stream file number Cancel
" 1-59499
+ 100.00 gram  Liguid#l FTlire-Lc] )
(100.00 gram, 4.0522 mol) FTiteLCY or enter & straam file name (up to 26 characters), for example
(700.00 ¢, 1 atm, &=1.0000} FTlite-LC
( 9.0000 wt. % Al FTii by sery fansarite stream
ite-LC by Sl
+ 3.66Z4E-04 wt.% H
+00.000 we.$ Mg FTite-LCY _ unid the special charagiers 7@/ 1™, &%+ [
+ 1.0000 wt. % Zn FTite-Bed
Fite-call |-AZ91_H2_D1atm_700C
System component Mole fraction Mass fraction FTiite-Phile
Zn 3.7T40E-03 1.0000E-02 )
al 8.2317E-02 9.0000E-02 FTlite-MgZn gas
Mg 0.01382 0.20000 FTlite-cP 3% gas
H 8.9670E-05 3.6624E-06 FTlite-mC11 gas
b
FTiite-Taul gas —
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Metal Treatment (Al & MQ)

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

F Results - Equilib. a=0.01 (page 31/46) FactSage 6.2 beta

M Edit  Show Pages
Save of Print ’ T(C) Platrn) Energy() Massig) Valllitre) m ™| 7
Flot
) —0.3162 |
Equit Results fle  » | —————————
p—— 94 | a=0.1 | a=0.1259 a=IJ.1585‘
Stream File ;
Format Sawve gas phase ... i'm l
Stream file properties ...
Fact-xML g Prep "
] Summary of streams .
Fact-Optimal 3 ) Save pure solids ... =
Directory (c:workshoply ... : y AL solutions
Refresh ... gas_ideal T p—
¢, 1 atm, a=1.8677E-02) FTite-Liqu# 1 gas
{ 1.0000E-DZ HZ FTiite-Liqu#2 gas
+ §.5854E-03 My FTlite-FCC#1 gas
: 223?}?;‘32 fan FTlite-FCC#2 gas
. - [=} -
+ 5.7006E-D8 M2 FTiite-HCP #1 gas
+ 1.0792E-10 H FTiite-HCP #2 gas
+ Z.7996E-12 AlH .
+ O,780ZE-13 al Save File c:\workshop\Mixt_AZ91_H2_01atm_700C.DAT R|
+ 1.6875E-20 alz —
Sawving file _AZ91_HZ2_01atm_700C
+ 100.00 gram Licguid#l
[100.00 gram, 4.032Z mol) Entar one line of comments e
(700.00 ¢, 1 atm, a=1.0000)
[ 9.0000 wh. % Al
+ 3.6624E-04 wt.% H
+ 90.000 Wt & Mg 8% Al 1% Zn @ 7000C with P(H2) = 0.01 atm
+ 1.0000 wt.% Zn
FTlite-Gama gas
System component Mole fraction Mass fraction FTlite-Fhi gas
Zn 3.7T40E-03 1.0000E-02 )
al 8.2317E-02 9.0000E-02 FTlite-MgZn gas
Mg 0.01382 0.20000 FTlite-cP 3% gas
H 8 .9670E-05 3.6624E-06 FTiite-mC11 gas
b
FTiite-Taul gas —
™ Montreal
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Metal Treatment (Al & MQ)

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

Save File c:\workshop\Mixt_AZ91_H2_01atm_700C.DAT [

Saving file _AZ91_H2_01atm_700C

Enter one line of comments Cancal

|9% Al 1% Zn @ 7000C with P(HZ) = 0.01 atm

The liquid AZ91 saturated with H at P(H,) = 0.01 atm & 700°C is now
stored in the stream file

C:\workshop\Mixt_ AZ91 H2 0latm_700C.dat

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

G’actSage'” Metal Treatment (Al & Mg) - 43 CRCT Venred



Metal Treatment (Al & MQ)

 Examples
1) Solubility of hydrogen (H.) in liquid alloys

b) Degassing AZ91 with Ar

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

 Example #1b: Degassing AZ91 with Ar

F Reactants - Equilib

Table Units Data Search Help
TIC) Platm) Energy(J) Mass(g) Vol(litre) m o | |

Qpen .. Chl+0
Directories ... Col+D
ChemSage fles 4
Macro procegging » | SpECiES Stream#
Exit M | [ | 1

- A | ] | i

T 2n | [ | i

gt H2 | [ | i

[ Initial Conditions

FactSage 6.2 bete Compound: | 2/24 databases Solution: | 1/22 databases
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Metal Treatment (Al & MQ)

 Example #1b: Degassing AZ91 with Ar

F Reactants - Equilib

Table Units Data Search Help
TIC) Platm) Energy(J) Mass(g) Vol(litre) m o | |

Qpen .. Chl+0
Directories ... Col+D
ChemSage fles 4
Macro procegging » | SpECiES Stream#
Exit - M | [ | 1

- A | ] | i

T 2n | [ | i

gt H2 | [ | i

New Reaction 8|

:) This will clear army current system.
-

Is this what yoL want?

Yesg | ----------------- uo ------------------- Cancel

[ Initial Conditions

FactSage 6.2 bete Compound: | 2/24 databases Solution: | 1/22 databases

thtSage’" Metal Treatment (Al & Mg) - 46 CRCT Venred



Metal Treatment (Al & MQ)

 Example #1b: Degassing AZ91 with Ar

F Reactants - Equilib

FiII Edit Iible Units  Data Search  Help

O Add a new Reactant Ch+R  [(C) Platm) Energyid) Mass(g) Volllitre) ‘ ‘
Insert new reactant before .,

Delete reactant ...

Import a mixhure

Re-arder the reactants

Export list of reactants P Edit a mixture or stream ’ | |
Import list of reactants ¥ Directory (clwiorkshoph) ...

Clear
Example

[ Initial Conditions

Factsage 6.2 bete Compound: | 2/24 databases Solution: 1/22 databases
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Metal Treatment (Al & MQ)

 Example #1b: Degassing AZ91 with Ar

F Reactants - Equilib

Fle Edit Table Units DataSearch Help

Ol TIC) Platm) Energy(J) Mass(g) Valflitre) m | |

Massiol Snecies Stream#
100% [LAZ91_Hz_0latm w ||| | | fi

t | [-] | |

[ Initial Conditions

FactSage 6.2 bete Compound: | 2/24 databases Solution: | 1/22 databases

thtSage’" Metal Treatment (Al & Mg) - 48 CRCT Venred



Metal Treatment (Al & MQ)

 Example #1b: Degassing AZ91 with Ar

F Reactants - Equilib

Fle Edit Table Units DataSearch Help
0| +] T(C) Platm) Energy(J) Mass(g) Yol(lite) m ‘ ‘
1-2 |
Massig) Species Stream#
|1.0E+06 [LAZ91_Hz_Olatm w | || | | f
*| <1783 3934 (Ar | = | 2
.'t-i,;'\. ™ B + Bookl - MicrosoftE.. —_ M X
J) Home | Insert | Page | Formi| Data | Revie| View | @ - & X
A7 v £ | =n6/A5 ¥
1.0E+06 g = 1.0 ton of AZ91D . L A 1: B - c Db | E
ey . E r
— 0 | L
equilibrated with P(H,) = 0.01 atm @ 700°C 2 39088 g/mol  Ar =
3 | 0.025033 mol Ar
<1783.393A> g Ar=1m 3Ar @ STP 4 | 22.4 L/mol Ar "@ 273.15; 1 atm"
5 Q50720 | Ar
6| 1000L
_7| 1?83.393!3
4 | 2

o
w
&

FactSage 6.2 bete Compound:

2724 databases Solution: 1/22 databases
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Metal Treatment (Al & MQ)

« Example #1b: Degassing AZ91 with Ar

F Menu - Equilib:
File Units Parameters

Ol &

Help

Reactants (2)

T(Z) Platm) Energy(d) Massig) Vaolllitre)

m o e =

<1783.3934> Ar |

Custom Solutions

| (grarn) 1.0E+06 [ AZ51_H2 0latm_700C] +
Products
Compound species Solution species
[+ gas @ jdeal real 10 * | + | Base-Phase Full Name -
[ 0 I FTlite-Ligqu Liquid
|_ pure liguids 0 | FTlite-FCC FCC_Al
|+_ pure solids 35 | FTlite-HCF HCFE_A3
| suppress duplicates apply ! FTlite-BCC BCC_AZ
| FTlite-LIC14 Lawves_C14
Species: 45 | FTlite-LIC15 Lawes_C16
I FTlite-LC30A, Alaves C36
FTlite-LC36E Blawes_C36
Target Legend
I-iEnmisu:ibIe 2 [V Show @ all  selected
+-selected species: 108
solutions: 22
Final Conditions
| <A | | 1@ ]PEm ~ |lPracuctHiy ~ |
085 | 700 I

[l0 M

FactSage 6.2 beta

[

e

Fseudonyms

apply [ List ...

[ include molarvolumes

Total Species (max 15007 156
Total Solutions (maex 407 22

Default

Equilibrium
@ normal o
" " open

(" predominant

Calculate >>»
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Metal Treatment (Al & MQ)

« Example #1b: Degassing AZ91 with Ar

F Menu - Equilib:

File Units Parameters Help
Dl - TIC) Platm) Energy(J) Mass(g) Vol(litre) W ™| ¥
Reactants (2)
| fgram) 1.0E+06 [ AZ91_H2_01atm_700C] +  <1783.393A> Ar |
Products
Compound species Solution species Custom Solutions
[+ gas @ ideal” real 10 * | + | Base-Phase Full Name -
[ 1] I FTlite-Ligu Licuid
|_ pure liguids 0 | FTlite-FCC FCC_AT
|+_ pure solids 38 | FTlite-HCF HCP_ A3 ‘
[ suppress duplicates apphy I FTlite-BCC 14 ”
ool | | FTlteLC4 open
species: 43 | FTlite-LC15
I FTlite-LC364 L
FTlite-LC366 <A> =1 (corresponds to 1 m 3) Ar is injected every step
Target Legend
|-immisciale 7 5 st :
[ioo0 N — spec After each step the gas phase is removed
salutio
50 steps will be performed
Final Conditions -
| > | " TiC) ” Fiatm) ﬂ|Pdeuc‘c HiJ) ﬂ (" normal i
|1 | E |1 | 2 vausitsrs oy | D s
| steps [ predorminant Calculate »>» ‘

FactSage 6.2 beta
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Metal Treatment (Al & MQ)

« Example #1b: Degassing AZ91 with Ar

F Results - Equilib Step 1 (page 1/50) FactSage 6.2 beta

Qutput  Edit Show Pages

O|=| | & T(C) Patm) Energy(l) Mass(g) Vol(litre) m = | W

Step 25 |
Step=3 | Step 14| Step 15| Step 16| Step 17 SteplSl Step 10| Step 20 | Step 21 | Step 22 Step23‘ Step24|
Step 1 ] tep 2 | Step 3| Step 4 | Step 5| Step 6| Step 7| Step 8| Step 9| Step 10] Step 11| Step 12]

{gram) 1.0E+06 [ AZ01 HZ Olatm 700c] + <1783.303a> ArTotal <A> = 1.0000 ~
[25.345  wol gas_ideal
T1/93.0 gram, fo..%20 mol, -621.0 litre, 4.9534E-04 g/ml)
(700.00 ¢, 1 atm, 5=1.0000)
{ D.98446 Ar FACTS3
+ 8, 585EE-03 o FACTS3
| + 6.8652E-03 Hz | FACTS3

T §.7003E-05 Zn FACTS3
+ 3.0860E-06 MgH FACTS3
+ 5.7008E-03 Mg FACTS3
+ 8.041BE-11 H FACTS3
+ 2.3106E-12 AlH FACTS3
+ 9.7890E-13 al FACTS3
+ 1.6874E-20 a1z FACTS3)

0.9999E+05 grem Liguid#l

1. 0O ETOg gram, Zoozo. mol)

[700.00 ¢, 1 atm, a=1.0000)

[ 9.0001 wt. % AL FTlite

+ O Jo00FE-0F wt % Ar FTlite
| + 3.0348E-04 wt.3 H | FTlite

+ 90,000 wk. % Mg FTlite

+ 0.99998 wt.% Zn FTlite)

Gystem component Mole fraction Mass fraction

Zn 3.7740E-03 9.999B8E-03

Ar 6.0Z93E-08 9.7599E-08

Al 8.2319E-02 9.0001E-02

Mot 0.591383 0.50000 he
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Metal Treatment (Al & MQ)

« Example #1b: Degassing AZ91 with Ar

F Results - Equilib Step 1 (page 1/50) FactSage 6.2 beta
@ Edlit.  Show Pages

Save of Print ] T(C) Platm) Energy(l) Mas$g) Vollitre) m ™| %
SRl L L SRR F Results Processor: c:\workshop\EquiO.res &‘
Siream File » | | I (SO : Lid
—— , SIEp 4 | Siep o | Siep 0 | oiep 4 Fle  Help
1.0E+06 [_AZ91_HZ2_DMatm_700C] + <17833.3934> Ar -
——— , BZ01 HZ Olatm 700C] + [ ]
Fact-Optimal v | gas_ideal o | |
P 5.345 mol, 3621.0 litrs ad"”'lly 401520E i
z, 1 atm, a=1.000d mole : +
Refresh .. » ar mole fract 0.991706
+ B.5856E-03 My gram 9.9999E+05
+ 6.8652E-03 HZ weight 22 99 4k1
+ §.7923E-05 Zn
+ 3.0860E-06 MgH
+ 5.7008E-08 Mg2
+ 8.9418E-11 H
+ 3.31068-12 AlH 1.2124E+06 1.3840E+06
+ 0.7800E-13 Al -1.9360E+049 -1.6965E+09
+ 1.6874E-20 212
9.7314E+08 1.1109E+049
+ D.,9999E+05 graw Liguid#l 38922 36166
{0.0000E+05 grem, 40520. mol) 2 7433E+06 3.1309E+06
{700.00 ¢, 1 atm, &=1.0000 1 B0
[ 9.0001 wt.% Al
+ 0.7599E-06 wt.% Ar
+ 3.034BE-04 wt.% H Axes Species Graph R
+ 90.000 wk. % Mg _ Lakel
+ 0.95998 Wb % Zn 0 selected .a EIS_ |_ [v color [v full screen
Salect size: 3 noc )4 v reactants  ( iewer
System component Mole fn & chemical v flename (% Figure
Zn z;; (" integer #
Ar -0z Fepeat ' |
al 8.23 P none
Mo 0.913

! FactSage 6.1 chworkshoph\Equil.res Bhay10 50 sets
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Metal Treatment (Al & MQ)

« Example #1b: Degassing AZ91 with Ar

' F
1.0E+06 [_AZ91_HZ2_Dlatm_700C] + <1783.3934> Ar -
Aty -
F Axes: weight% vs - page -
male ff v ariable Swiap Axes

activity

mole Y-Exis . —eExis

maole fract,

gram . . _

weight % maximum (0004 maimum

tick every  [0.0002 tick every
Cp)
G(I)
Cancel Refresh Ok
A HO) G h
s yitre) o Esem Display
[0 selectec 5(1) E . [» colar [v full screen
size:[3  no: |AT [v reactants Viewer
® chemical [v file name ® Figure
v R " integer#

1010 t (" none

Ingx)

exp(x) _

FactSage 6.1 1% uill.res Bhdae10 50 sets
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Metal Treatment (Al & MQ)

« Example #1b: Degassing AZ91 with Ar

F Axes: weight % vs - page -

Y-variable X-variable  Swap Axes

S

PRI
Frinirmum I:l

—H-ais
—

Cancel Refrash (0]4
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Metal Treatment (Al & MQ)

« Example #1b: Degassing AZ91 with Ar

F Species Selection - EQUILIB Results: weight % vs - page -

File  Show
F Plot: weight% vs - page - +| # | Species | Mole {min) | Mole (max) | Fract (min) | Fract (max) | Act (min) | Act (max)
1 Hia) 1.2078E-10 4.0547E-04 26820E-12  B.9418E-11 2 6A20E-12 B.9418E-11
T.0E+06 [_AZ31_H2 2 H2(o) 2 7814E-04 0311304 B17B3E-06 A HRREE-03 6.1763E-06 b.8E52E-03
| 3 bo(o) 0386681 0.389316 B5856E-03  B.58ESE-03 B.5856E-03 B.5865E-03
activity g b2 2 GE7BE-OF 2 GAS0E-OF 57003E-08  5.7020E-08 5.7003E-08 5.7020E-08
p—— 5 bgH () 41689E-06 1.3994E-04 9.2573E-08  3.08E0E-U6 9.2573E-08 3.0860E-06
o ole fract B Al 4.4077E-11 4 4388E-11 97875E-13  9.7890E-13 9.7875E-13 9.7890E-13
aram 7 Al2(g) 7 596BE-14 76515E-14 16869E-20  1.6874E-20 1 6BE9E-20 1.6874E-20
weight % 5 AlH() 31328E-12 1.0518E-10 GO5EEE-14  2.319BE-12 b.9565E-14 2 319BE-12
g A 4464 44,643 0984458 0991314 0984458 0991314
10 Zn{g) 39531E-03 3.9863E-03 87781E-05  8.7923E-05 5.7781E-05 5.7923E-05
FTlite- Liqu
Catd 11 AlLigu#1) 2922, 33356 82319E-02 | 8.237BE-02 55451E-02 5 54G0E-02
G 12 Ar(Ligu#1] 2.1556E-03 2 4431E-03 6.0293E-08  B.O731E-O8 6.2732E-08 6.3169E-08
+ 13 HiLigu#1) | 7.9136E-02 30108 2229BE-06  7.4304E-05 3.3715E-08 1.1240E-07
H AL [ GINETE:R] 3.2438E+04 | 37029E+04 0973833 0.913903 0.91045 0910541
vilire) 15 Zn{Liqui) 133.77 152.92 37688E-03  3.7740E-03 1.0960E-03 1.0978E-03
— e I e A R A N Y
Axes Species Mass Order | [1 species selected |
T ® mole | @ integer# SelectTop 15—
S (" gram ((: ;’na;_s (WEED())
- - FACIan [max
page Select Clear [ source | activity (max) | 818
Repest [Click on the "+ column to add or remove species)

FactSage 6.1 chyworkshopyEquillres Bhdan10 50 sets
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Metal Treatment (Al & MQ)

« Example #1b: Degassing AZ91 with Ar

F Plot: weight% vs - page -

File Help

1.0E+06 [_LAZ91_H_Matm_s00C] + <1783.393A> Ar -

Axes

wight 5
W
-page-

AxEs

activity
rrale
maole fract.
rarn
weight ¥

Species

Select

Fepeat

FactSage 6.1

chworkshop\Equil.res

1.2124E+06
-1.9360E+09

9.7314E+08
3b822
2.7433E+06
1.

Graph
Lakels

size: ’9_ no: |4_
® chemical

" integer #
" none

Display
[+ colar
[+ reactants
[v filz name

1.
4.0520E+04
0.991706
9.9995E+05
99.461

1.3840E+06
-1.6965E+09

1.1109E+09
JB16.6
3.1309E+06
a0.

[v full screen
O Wiewer
® Figure

Bhday10 50 sets
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Metal Treatment (Al & MQ)

 Example #1b: Degassing AZ91 with Ar

F Figure User : FactSage Workshop
Fle Add Edit View Help

- OX

%|E|E|E| Bl y@lx]| | 2| 8] Qx| R S |

1.0E+06 [_AZ91_H2_01atm_700C] + <1783.393A> Ar
c:\workshop\Equi0.res 6May10

N

=

0.000400

0.000360

0.000320

This is the optimum removal efficiency

0.000250

B A4 v T i

0.000120

0.000080

0.000040

0

Real process will require a larger input of Ar

0 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00

50.00

Page = m3 of Ar injected at STP

FactSage 6.1 |642 422 ¥ = 38,333333 ¥ = 000014461538 | e tyworkshop\EQUILIE FIG

B
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Metal Treatment (Al & MQ)

 Example #1b: Degassing AZ91 with Ar

F Figure
File Add Edit View Help

Dll@le| ®sja|x| |2 &ls) o x|HEN-: seleced |

User : FactSage Workshop

oA T

1050000

1030000

1010000

950000

970000

£
© 950000
[a2)

930000

910000

§50000

570000

850000

1.0E+06 [ _AZ91_H2_01atm_700C] + <1783.393A> Ar
c:\workshop\EquiQ.res 6May10

Losses of Mg !
Metal too hot @ 700°C

5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00

- page -

FactSage 6.1 B76 569 W =54.583333 ¥ =865769.23 ¢ yworkshophEQUILIB.FIG
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Metal Treatment (Al & MQ)

 Example #1b: Degassing AZ91 with Ar

F Figure User : FactSage Workshop
Fle Add Edt Vew Hep

D|ale] ms]e] x| | 2| 82 a| x| FEN<]] Seected |

| >

1.0E+06 [ _AZ91_H2_01atm_700C] + <1783.393A> Ar
c:\workshop\Equi0.res 6May10
1050000

1030000

om0 | Less Mg is lost !
_— Recalculated at 680°C

oA T

970000

g 950000
o

930000

310000

§20000

570000

850000 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L 1
5.00 10.00 15.00 20,00 25.00 30.00 35.00 40.00 45.00

- page -

=]

FactSage 6.1 794 11 ¥ =48.888389 ¥ = 1080384.6 < hworkshop EGUILIB.FIG

thtSage‘”
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Metal Treatment (Al & MQ)

 Examples

1) Comparison of 2 salt fluxes for alkali removal

a) Al-5%Mg with (40 ppm Na and 20 ppm Ca) treated
with 2 fluxes based on NaCI-KCI-MnCl|

thtSage‘” Metal Treatment (Al & Mg) - 61 CRCT Venred



Metal Treatment (Al & MQ)

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

KMgClI ; is used to remove Na & Ca from liquid Al alloys

KMgCl; + 2 Na — (KC|+2NaC|)“quid + Mg
or MgCl, + 2 Na — (2NaCl) i, jquid ko + Md

For kinetic purposes, the removal efficiency is better if the flux is
melting faster (i.e. lower T eciic, IOWEr Tyiguiqus, lOWer AHg o)

Can we replace KMgCI ; by a NaCI-KCI-MnCl , mixture that will
potentially melt faster but will keep its ability to remove Na and Ca ?

What would be a good composition ?

MnCl, + 2 Na — (2NaCl) i, jiquia ki + MN

G’actSage'” Metal Treatment (Al & Mg) - 62 CRCT Venred



Metal Treatment (Al & MQ)

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

Strateqy:

1) Liquidus projection — NaCl-KCI-MnCl , :
GOAL : identify 1 or 2 low melting compositions
PHASE DIAGRAM

2) H:-H, for the mixture(s) — enthalpy requirement for melting
GOAL : identify the lowest melting enthalpy
EQUILIB

3) Same for KMQCI g
GOAL : compare the mixture(s) with the reference fl  ux
EQUILIB

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

G’actSage'" Metal Treatment (Al & Mg) - 63 CRCT Venred



Metal Treatment (Al & MQ)

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

Strateqgy :

1) Liquidus projection — NaCl-KCI-MnCl , :
GOAL : identify 1 or 2 low melting compositions
PHASE DIAGRAM

G’actSage'” Metal Treatment (Al & Mg) - 64 CRCT Venred



Metal Treatment (Al & MQ)

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

Liguidus Projection

e NaCl
e KCI
« MnCl,

FTsalt

F FactSage

Slide Show  Programs  Tools  About

FactSage Workshop

General

Databases

 Scimanaion |
"~ Viewpein
I convon | Phase Disgram

| | Opiisege

www.facts age.com

£ [E=2 005
I C

IE) E-2003
Thermfact Zme LGTT-Teshnalogies FactSage(Th) 5.1

thtSage‘”

Metal Treatment (Al & Mg) - 65 CRCT "5



Metal Treatment (Al & MQ)

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

F Data Search

F Components - Phase Diagram Databases - 1/24 compound databases. 1/22 solution databases

Fle Edit Units| DataSearch [Help Lact SGTE [wrmonsony Miscellaneous
D= +] OELEM  [J [ BINS solutions only [JexaM  [JIsesL  [JSGTE*
OrFact O [ sGPs no data
| [] Facts3 O [ sGTE
D D SGnobl Clear All |
O [ sGsold
O O] SGnucl Selectal |
[ FThan
I:I FThelg ather I:I TDnucl Add/Femowve Data|
OFrpulp  [JOLIP O oLic
[ Friite O oLiG O oLiL |
Information -
Compound: chworkshop\FACTDATAYFTsaltb3base.cdb
-FTsalt-FACT salt compounds (2009)
Solution: chyworkshop\FACTDATAVFT=salt53s0ln.sda

-FTsalt- FACT salt solutions (2004)

Options

Include Limits
[ Jaeeoue one Organic species CxHy. . X{max) = |2_

Dafaul fhlasmas )
efault aguenus species

limited data compounds (250)

1/24 databases Solution: 1/22 databases

binimum solution components Q) 1 @ 2 cpts

FactSage 6.2 bete Compound:
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Metal Treatment (Al & MQ)

« Example #2: Comparison of 2 salt fluxes for alkall removal

F. Components - Phase Diagram ‘__H_,[X‘
Fle Edit Data Search  Help
0= TIC) Platm) EnergylJ) Mass(mol) Vol(litre) | |

Components

F Units: T(C), P(atm), Energy(J), Mass(mol), Vol(litre) FactSage 6.2 beta g|

Temperature Fressure Energy Mass Yolume
(" Kehin, K (" bar (I " mal i |itre
® Celsius, *C ® &t (" cal @i " #3

(" Fahrenheit, °F (" psi (" Bitu b walume

" Pa (" kwh units are

(" GPa set by

pressure

units.

Universal gas constant:

E = 8.314510 J/mol-K
§.314510/4.184 cal/wmol-K
22.4141/273.15 l-atm/mol-K

Cancel Sl Eng | (0]

FactSage 6.2 bete Compound: | 1/24 databases Solution: | 1/22 databases

thtSage’" Metal Treatment (Al & Mg) - 67 CRCT Venred



Metal Treatment (Al & MQ)

« Example #2: Comparison of 2 salt fluxes for alkall removal

F Components - Phase Diagram

Ele Edit Units DataSearch Help

0|2 T(C) Platm) Energy(J) Mass(g) Valilitre) i ‘ ‘

1-3 |

Components
MnCI2

|NaCI

KCl

Factsage 6.2 bete Compound: | 1/24 databases Solution: 1/22 databases
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Metal Treatment (Al & MQ)

« Example #2: Comparison of 2 salt fluxes for alkall

F Menu - Phase Diagram: last system

Ble Units Parameters “ariables Help
D= T(C) Platm) Energyi)) Mass(o) Vallitre)
Components (3)
| (gram) MnCl2  + MNaCl + KCI |
Products
Compound species Solftion spedes
B oG r 0 1 | + | |Base-Phase Full Name
|_ 0 | FTsalt-ACL_B BalkClss_rocksalt
|_ pure liguids 0 | FTaalt-Akdxdh, Al 2 A
o |+_ pure solids 7 | FTaalt-FRVEA Abn3-Perovskite
i + FTsaltSALTE BSalt-liquid
*- custom selection
Species: 7
Target Legend
I-iEnmisu:ibIe 3 [V Show @ all  selected
+-zelected 1 o
species: 17 Salact
solutions: I
Yariables
| T | NaClfiMnCl2+MNa || MRCIZ fMnCIZ+ 1 || |
| Projection | 01 | 01 | |

[A=NaCl B = Kl € = knCIZ]

Factsage 6.2 beta

removal

T OX

m o e

Custom Solutions

e

Fseudonyms

apply [ List ...

[v include molarvolumes

Total Species (max 15007 24
Total Solutions (maex 407 7

Diefault

Phase Diagram

A, [v univariants
A [v isotherms
B C
Projection

Calculate >>»

thtSage‘”

Metal Treatment (Al & Mq) - 69
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Metal Treatment (Al & MQ)

« Example #2: Comparison of 2 salt fluxes for alkall

F Menu - Phase Diagram: last system

File Units Parameters
Ol & &

Components (3)

Products
Solution FTsalt-SALTE

- Clear
v -l species
* - custom select species ...

v+ -single phase
I - possible 2-phase immiscibility
J - possible 3-phase immiscibiity

v - standard stable phase

Yariables

L dorrpant (metastable mibase

Help ...

Yariables

Help

T(Z) Platm) Energy(d) Massig) Vaolllitre)

[ (gram) MnCI2  + NaCl + KCI |
Solution species
* | + | Base-Phase Full Name
| FTsalt-ACL_B BalkClss_rocksalt
| FTsalt-Ax4A AN 24
FTsalt-FRWVEA AltR3-Perovskite
FTsalt-5ALTE BSaltliquid

Legend
| -immiscible 3

[v Show @ all

species: 17 Salact
solutions: 7

i selected

mo e

Custom Solutions

e

Fseudonyms

apply [ List ...

[v include molarvolumes

Total Species (max 15007 24
Total Solutions (maex 407 7

Default

Phase Diagram

| T©

| NaCl/(tnCl2+Ma || hNCIZ/(MNCI2+ N | || |

| Projection | 01

[4 = NaCL B = KCI, C = hnClz]

FactSage 6.2 beta

01 | |

& v univariants

BAC

Frojection

[v isotherms

B

removal
LOX

thtSage‘”
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Metal Treatment (Al & MQ)

 Example #2: Comparison of 2 salt fluxes for alkali

F Variables: MnCl2-NaCl-KCl composition #1. vs composition #1.

F Menu - Phase Diagzram: last system Variables T and P

removal

Fle Units Parameters v - compositions D Temperature Pressure
u rojection - constant -
O | = toom E ® T(C) Rl ® Platrm)
ngllia) -
Components (3) lso- hda: - calculated C logP
thermal | Iiin: - calculated
sections .
; i)
g [ define min and maxisotherms
Products #steps: [isotherrmal sections ewveny 20 C|
Compound species Solution species
|_ (= i 0 Compositions (mass)
[ 0 I
[ pure liquids i l Mncizf [0 Naci+ [0 kol
* [+ pure solids 7 | #1 ] =
0 bAnCIZ + |1 MaCl + |1 KCl
[] _epply | 0 frmin)
*-custom selectian
Species: 7 ==
[0 Jmnciz 4 Nacl | [0 ko
2. =
1 (max)
1 1 1
Target Legend MnClZ + MNaCl + KCl 1l (i)
I-immiscible 3
#3.
1 (max)
1 bAnCI2 + MNaCl + KCl
] -
| T |NaOHMnCE+Na”MnCEHMnCE+N
| Frojection | 01 | 01 -
Cancel
[A=Natl B=KCL C=MnClZ
Factsage 6.2 beta
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Metal Treatment (Al & MQ)

« Example #2: Comparison of 2 salt fluxes for alkall removal

F Parameters - Phase Diagram

F Menu - Phase Diagram: last syste Phase Diagram

File Units = Variables  Help Display Labels & Lines Iso-T Section Polythermal Projection
full L i - Col

e :; 8 labelsize5-20 | [l lebel ;Em v list Trmin) and T{mas

o ™ [ bold | italic [ underline v | listintersection phases

Components (3) e v . v :Jl'yscale v lisTintersecton compositions
subtitle |v IE_ line width 1-20 line calar | and temperatures
01-20 li | Lahel ]
( mms) __ linestyle WaTevSalue [v label phase suraces

v lakel intersection # @

Sh v T unit v
Products ow Compound Source m v T units artemperature i
status: - phase

i v " never # ortemperature color

Compound species =0 M L & chemical Enthalpy line i p : : [ |
B (& " S By — s  numatical ] allen [ |ahel intarsection points
labels: [v " only multiple data. intersection paint colar

Diefault style

[ pure liquids
* [+ pure solids

i aopl |

*- custom selection

0
B 0
0
7

Dimensions

species: 7 Target Limi_ts
Description Used Max « min. e
FReactant components: 3 24 T(K): |1 |1IJIJDEI
Species retriesved from databanks: 37 nolimit .
Torgst kMagnetic species retrieved from databanks: 0 nolimit Flbar) |1'DE_35 |1'DE+DB
’— I- Species selected for products: 24 1500 KB |1.DE-DE |1.DE+35
Components (elements + electron phases): 4 43
Mumber of Gibbs energy/Cp equations for a constituent: 20 Alphe: |1 D=5 |1 0
Total number of Gibbs energy/Cp equations: 44DDﬂ Dfault
Yariables
| T(C) | MNCIZ{(MnCIZ+1 || MNal
— Default settings for new systems Stop Window
| Projection | 01 3 frosh: IE_
Temperature Fressure Energy Mass [ Zutﬂ'it:ﬂ I T -

[4 = MnCI2, B = KCI. C = NaCl]

|notset ﬂ |notset ﬂ |notset ﬂ |notset ﬂ L e

Help

FactSage 6.2 beta

thtSage'" Metal Treatment (Al & Mg) - 72 CRCT Venred




Metal Treatment (Al & MQ)

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

Fle Add Edt Wew Help

olzl@lo| =lslex| | 2] &8s ax|mR
»

MnCl, - NaCl - KCI
Projection (BSalt-liquid) Liactsye

MnCl,

Four-Phase Intersection Points with BSalt-liquid T{rmir) = 380.95 °C, T(max) = 800.68 °C

A=MnCl2, B=KCl, C=MNaCl
Wgﬁ? WW(E WY(C) C
1:0.67945 0.09209 D.22846 410.70
2:065382 0.22868 021750 39957
3041036 0.49602 009362 39545
& Doyias b0 15075 01716/ a9 0n
28 Flux #2
-0
9.0
0:0.

Selected |

Ll

N

=

s
&

oA T

g

[
MnCi =

58683 0.18042 0.23276 388.77
46170 0.428%5 0.10935 357.596 Ex
P A A z o

E3237 015069 021693 33154 VTV I
42839 0.48135 002963 380,95 b W b n - CI,

o
o

1

Flux #1

2 low-melting compositions
wt.fractions

0.42899 MnCl, + 0.48138KCl + 0.08963NaCl |
@ 380.95°C e

0.63232 MnCl, + 0.15069KCl + 0.21698NaCl
@ 381.64°C

Q
=
o
o
oo
=
it}
]
[=7}
o |
[, ]
o
F=
sy [t
(%)
o
]
]

<

Q

Q

%

£
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Metal Treatment (Al & MQ)

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

2) H:-H, for the mixture(s) — enthalpy requirement for melting
GOAL : identify the lowest melting enthalpy
EQUILIB
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Metal Treatment (Al & MQ)

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

F Data Search g|

F Reactants - Equilib Databases - 1/24 compound databases. 1/22 solution databases

E|”§ Edlt Iable dni &Ct SGTE cgmpgundg Dnly MiSCE’laﬂeaﬂs
_lg J [J ELEM O [0 BINS solutions anly [ ExaM [ sGsL O sGTeE*
OrFact O [ sGPs no data
| [JFacss [J [] scTE
] . D D SGnobl Clear All |
O [ sGsold
Mass(a) O ] SGrucl Selectal |
[ FThan
D FThelg thel' D TDnucl Add/Femove Data|
OFTpulp [JOLIP [ oLic
[ Frlite O oLG O oL |
Information -
Compound: chworkshop\FACTDATANFTsalt53base.cdb
-FTsalt- FACT salt compounds (2004)
Solution: chyworkshop\FACTDATAVFT=salt53s0ln.sda

-FTsalt- FACT salt solutions (2004)

Options

Include Limits
[ Jaeeoue one Organic species CxHy. . X{max) = |2_

fhlasmas

ﬂ O agueous species

[ limited data compounds (25C)

2724 databases Solution: 1/22 databases

binimum solution components: ) 1 @ 2 cpts

FactsSage 6.2 bete Compound:

G’actSage'” Metal Treatment (Al & Mg) - 75 CRCT Venred



Metal Treatment (Al & MQ)

« Example #2: Comparison of 2 salt fluxes for alkall removal

F Reactants - Equilib ‘:H:Ig‘
File Edit Table Units D[DaftaSearch Help
D +] TIC) P(atrn) Energy(J) Mass(g) Vol(litre) m | |
1-3 |
Massio) apecies Stream#
042699 MnCi2 | =l | | [
048318 KCl | =1 ] | 1
- |0.08363] INaCl | =] | [
I
2 low-melting compositions
wt.fractions
0.42899 MnCl,, + 0.48138KCI + 0.08963NacCl
@ 380.95°C
0.63232 MnCl, + 0.15069KCI + 0.21698NacCl [ Initial Conditions
@ 381.64°C

FactSage 6.2 bete Compound: | 1/24 databases Solution: 1/22 databases
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Metal Treatment (Al & MQ)

« Example #2: Comparison of 2 salt fluxes for alkall

removal

F Reactants - Equilib

File Edit Table Units D[DaftaSearch Help

EIDX

D= +] TIC) Platm) Energy(J) Mass(g) Volllitre) m |
1-3 |
Massigl Species Stream#
<0.42899A> MnCI2 | =] I
+ |[<0.48318A> KCl | ~|] i
* ||<0.083634> MaCl | =l | I
| <A> is added

2 low-melting compositions
wt.fractions

0.42899 MnCl, + 0.48138KCI + 0.08963NacCl
@ 380.95°C

0.63232 MnCl, + 0.15069KCI + 0.21698NacCl
@ 381.64°C

[ Initial Conditions

FactSage 6.2 bete Compound:

1/24 databases Solution: 1/22 databases
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Metal Treatment (Al & MQ)

« Example #2: Comparison of 2 salt fluxes for alkall removal
F Reactants - Equilib |:”:|g|
Fle Edit Table Units DataSearch Help
0| +] TIC) Platm) Energy(J) Mass(g) Valflitre) m | |

1-6 |
Massig) Species Stream#
|<0.428994> MnCi2 | = | I
* |<n4B318A> [ | = | I
*+ |<0.089834> INaCl | =1 | I
+ |«n6323zE> MnCI2 | =1 | I
+ [«0150698> [ | = | I
*+ |«n.216988> INaCl | =1 | I
<B> is added

2 low-melting compositions
wt.fractions

0.42899 MnCl, + 0.48138KCI + 0.08963NacCl
@ 380.95°C

0.63232 MnCl, + 0.15069KCl + 0.21698NaCl
@ 381.64°C

<A>=1 <B>=0 1St flux (1 g)
<A>=0 <B>=1 2" flux (1 g)

[ Initial Conditions

nd: | 1/24 databases

Solution:

1/22 databases

thtSage‘”
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Metal Treatment (Al & MQ)

« Example #2: Comparison of 2 salt fluxes for alkall

F Reactants - Equilib

removal

i

Fle Edit Table Units DataSearch Help

D= 4+ T(C) Platm) Energy(J) Mass(g) Volilitre)
1-7 |

Mass(g) Species Streamd#
|<0.428994> MnCI2 | =1 | [

+ [«0.4g318A> [ | = | f
* [<0.089634> EE | =] | [
*+ |«n63232E> MnCI2 | =1 | [
+ [«0150698> [ | = | f
* [«0.216988> EE | =] | [
"I fvgord | = | |

The reference flux (KMgCI ) is also
entered with O grams

This amount can be changed later on...

FactSage 6.2 bete Compound: | 1/24 databases Solution: | 1/22 databases

[ Initial Conditions
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Metal Treatment (Al & MQ)

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

Strateqgy :

2) H:-H, for the mixture(s) — enthalpy requirement for melting
GOAL : identify the lowest melting enthalpy
EQUILIB

In order to calculate H — H,:- (a AH in fact), the final equilibrium state
contributes to H ., but the initial state (reactants) contribute to H = ...

The “Initial conditions” option must now be activated
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Metal Treatment (Al & MQ)

« Example #2: Comparison of 2 salt fluxes for alkall removal

F Reactants - Equilib
Ble Edit Table Units CataSearch Help

D +] TIC) Platr) Energy(J) Mass(g) Vollite) i ‘ ‘
1-7 |
Mass(g) Species Phase T(C) Plotaly™* Steam# Datg

|<01.426394> MnCI2 \salid scacchite ~| & 1.0 I
* |endg3taA> K salid syhite (nac_roe v | 25 10 I
* [«n.08963A> INaCl solid halite (rock salt_ w | [25 1.0 I
* |«n63z3ze> MnCI2 \solid scacchite x| |5 1.0 I
* |«0.150698> [ salid syhite (nac_roe v | 25 10 I
*+ |«nz16988> INaCl solid halite (rock salt_ w | [25 1.0 I
* o [KMgCI3 salid peravskite v | 26 1.0 I

= P(tatal) is the hydrostatic pressure abowve the phase.
For a gaseous stream this is the sum of the
parial pressures of the species in that stream.

[v Initial Conditions

Factsage 6.2 bete Compound: | 1/24 databases Solution: 1/22 databases
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Metal Treatment (Al & MQ)

« Example #2: Comparison of 2 salt fluxes for alkall

F Menu - Equilib: last system

File Units Farameters
O &

Reactants (7}

Help

T(C) Piatm) Energy(d) Mass(g) Yol(litre)

removal

= OX
"o e

(gram) <0.428994> MnCI2

+ <0.48315A> KCI +

<0.089634> MNaCl + <0.63232B8> MnCIZ +  <0.1506396>
[Z6C s #1) [(26C.s.#1) (25C.s.#1) [(26C.s.#1) (25C.s#
<« | »
Products
Compound species Solution species Custom Solutions
[ ] (’“ 1] * | + | Base-Phase Full Name
|_ 1] J FTsalt-ACL_B BalkCl-ss_rocksalt
pure ligyid J FTsaltAk=44, Ad|kZhxd
J | FTsaltPRVKA | AAMX3-Perovskite
I FTsaltR-3m MCI2_SOLID Pseudonyms
I FTsalt-5ALTE BSalt-liquid
apphy [ List ...

Target

Final Conditions

Legend
|- immiscifle 2 v Show @ all " selected
J-FHimmiscible 3 specie: 8
: Select
solutions: 13

Equilibrium
| Ay | <B» " TiC) ||P(atm) ﬂ|DeIta HiJ) ﬂ & normal ~
|05 I 1000 i | - | L
l— 8 " predaminant

FactSage 6.2 beta

[ include molar volumes

Total Species (max 15007
Total Solutions (mae 40

b5
13

Detault

Calculate >>»

thtSage‘”

Metal Treatment (Al & Mq) - 82

Montreal
2010

CRC



Metal Treatment (Al & MQ)

« Example #2: Comparison of 2 salt fluxes for alkall

F Menu - Equilib: last system

Fle Units Parameters

O =

Help

Reactants (7]

T(C) Platm) Enercy()) Mass(g) Vol(litre)

removal

0%
mo|e

{gram) <0.42533A> MnCI2

+ <0.483184A> KCI +

<0.089634> MNaCl + < R32328> MnCIZ +  <0.15065E>
| (25C.5.#1) [2hC.s.#1) (25C.5.#1) [2hC.s.#1) [2aCs#
L] 3
Products
Compound species Solution species Custorn Solutions
[ ] c‘“ 1] = | + | Base-Phase Full Name
|— 1] J FTsalt-ACL_B BAlkCl-ss_rocksalt
|— pure liquids 0 J FTsalt-AkxdA Adk2hdxd
|+— pure salids 17 J FTsalt-PRWKA Al I-FPerowvskite
[ I FTsalt-R-3m MCIE_SOFID Pseudonyms
| FTsalt-5ALTE BSalt-liguid
species: 17 apply | List..

Transitions - temperature

Mumber of
transitions: Al -

Legend
| -irmmiscible 2 [¢ Show & all  selected
J-FHmmiscible 3 .
spe.mes. 48 Selact
solutions: 13

Final Conditions

| e | <B> | TiC) | Patm) ~||petaHy  ~]
I [ 257506 i
| =

<A>=1 <B>=0 15t flux

FactSage 6.2 beta

Equilibriim
" normal
(" transitions only [

[ include molar volumes

Total Species (max 16001 65
Total Solutions (max 40) 13

Default

3

open

Calculate »J

thtSage‘”
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Metal Treatment (Al & MQ)

 Example #2: Comparison of 2 salt fluxes for alkali

F Results - Equilib 60 C (page 8/152) FactSage 6.2 beta

removal

Qutput  Edit  Show Pages
O = &)= T(C) P{atm) Energy()) Mass(g) Vol(litre)
1350] 1400] 1450]

SDC]850]900]gsclmnclmsclnnc 1150]1200]1250]1300]
sc|aoc|3sclanc|asc|soc|ssc 6sc|7oc|7sc]

[gram) <0.428994> MnCli + <0.48318A> Kcl + <0.08963A> Nacl + <0.63232(0)> ...
125,1,s,#1) (23,1,s5,#1) (23,1,s5,#1) (23,1,5,#1)

lgram) <0.1506800)> Kcl + <0.21688(0)> NaCcl + 0 KMgCl3 =

125,1,s,#1) (23,1,s5,#1) (23,1,5,#1)

0.47738 gram AAMEI-Perovskite#l
(0.47798 grem, 2.3852E-03 mol)
(60.00 <, 1 atm, a=1.0000)
[ 100.00 wt. % EMncl3

+ 1.0016E-16 wk.% NaMnCl3)

Mole fraction of sublattice constituents:

Na 1.0892E-18 Stoichiometry = 1.0000
K 1.0000

Mn 1.000a0 Stoichiomwetry = 1.0000
cl 1.000a0 Stoichiomwetry = 3.0000
Fystem component Mole fraction Mass fraction

Mn 0.z0000 0.27415

K 0.20000 0.19511

cl 0.e0000 0.53074

Na 2.1784E-19 1.249cE-19

+ 8.9713E-02 grem BAlkCl-ss_rocksalt#l
[8.9713E-02 gram, 1.5348E-03 mol)
[60.00 <, 1 atm, a=1.0000)

Qg an7 Tk % W=
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Metal Treatment (Al & MQ)

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

F Results - Equilib 60 C (page 8/152) FactSage 6.2 beta
Wl Elit  Show Pages

| TIC) Piatm) Energy(d
Flot Results ...
Repeat Plot - gram ws - page - ...

Save or Print

Equiilt Pesults file
Seam e 4
Format v

125
||450] S:ZICI 550 -ﬁDIC-IﬁSIC] ?ulcl

<0.42539A> MnCIZ + <0.48318A> KCl + <0.089634> NaCl -

activity n 1.

MnClZz + <0.48318a> ECl + «<0.089634
1,=,#1) (25,1,=,#1) (25,1,=,#1)

Fact_optlmal [ ECcl + <0.21698(0)> Nacl + 0O KM
1,=,#1) (25,1,=,#1)

Fact-XML 4

rral Axe Delta

Refresh ...

Y-variable  M-variable  $wap Axes

o AAMEI-Perovskite#l
(0.47798 grem, 2.3852E-03 mol)
(60.00 <, 1 atm, a=1.0000)
[ 100.00 wt. % EMncl3
+ 1.0016E-16 wt.% NaMnCl3)

-ais

maximurm E
minimurm E

Delt
Del FExirmLm 750

rinirmum -
Y-axis Del IE

Mole fraction of sublattice constituents:
Ha 1.0892E-18 Stoic

L]
N

K 1.0000

““““““““““““““““““““““““““ tick every E tick every IE

I 1.0000 Stoic De

zl 1.0000 Stoic

System component Mole fraction Mass(l s, oc Cancel Refresh Ok

Mn 0.zoo0o0 0.1

K 0.20000 a. DEH\?SH(J) [w calor [v full screen
cl 0. 60000 o. 1) . |_ v reactants  © iewer
Na 2.1784E-19 1

v filename (& Figure

T W

+ 8.9713E-02 grem BAlkCl-ss_rocksalt#l
[8.9713E-02 gram, 1.5348E-03 mol)
[60.00 <, 1 atm, a=1.0000)

Qg an7 Tk % W=

Axes

Plot >> |

: FactSage 6.1 chyworkshopyEquillres Bhdan10 152 sets
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Metal Treatment (Al & MQ)

« Example #2: Comparison of 2 salt fluxes for alkall

F Figure User : FactSage Workshop
Fle Add Edt View Help

D‘ﬁ’v‘ﬂ‘ﬁl‘ ‘%‘E‘X‘JE@J&,@:‘ Selected |

99A> MnCI2 + <0.48318A> KCI + <0.08963A> NaCl + <0.63232B>

c:\workshop\Equi0.res 6May10

¥ A4 T

H.-H,sc is not = 0 at 25°C !

Stable products at 25°C are in fact

Reactants were the pure salts (MnCl,, NaCl

nCl;, K,MnClg

FactSage 6.1 860 311 X =850208333 ¥ = 358.75

chorkshopEQUILIE.FIG

removal
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Metal Treatment (Al & MQ)

« Example #2: Comparison of 2 salt fluxes for alkall

F Figure User : FactSage Workshop

EEX

removal

Fle Add Edt View Help Edit Li &|
it Line
3 & B x = % v= . — —
n ‘ D‘ H‘ ‘ ‘ Ch ‘ E“ ‘ J ﬂ @J ﬂJ Czm— Selected Line Description
index |U marme [ use symhal o
99A> MnCI2 + <0.48318A> KCI + <0.0§ _
c:\workshop\Equi0.res| Lines & Points
o Line #1 -
' ' ' ' ' ' ' D x=25 y=-62.731 3
700 |- . .
® Foint# 3:x=35y=-55379
[ ® Point# 4:x=40v=-51.7M
< BOO = ® Point# 5:x=45 y=-43.023
® Foint# B:x=50v=-44344
e o L ® Point# 7:x=55 y=-40664
s ® Point# 8 x=60 v=-36953
® Point# 9:x=865y=-33.30
amo b @& Foint# 10 x=70 yv=-29618
= ® Foint# 11:x=75 yv=-25.934
T ® Foint# 12 x=80 y=-22.249 R
E a0 Point Coordinates Theme
- < s x oeee |
double-click
om Template
|
100 | Splitfrom Selected Line Attributes
[v disahle dragging calor -
change selected point
o L Insertbefore | siyie[splig v | widh 03 mm
=100 L 1 L 1 L 1 L 1
] 100 200 300 400 " OK X Cancel
T(C)
FactSage &1 860 311 W =802.08333 ¥ = 388.75 cywork shop EQUILIE. FIS
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Metal Treatment (Al & MQ)

« Example #2: Comparison of 2 salt fluxes for alkall

F Figura llzer : FactSage Workshop

9! > Delete

)
Al 4

i Frame and Scale... F5
i
£

Selectad

Fig file... Cl+E

B A4 T

Change Scale

Axis operations are performed first (< then % in the order set by the user

removal

| X-Axis Operations Y-Axis Operations
I ﬂ =ipe =

Orcler Apply ||TCtDTK Ty ||TCtu:|TK
=lh =

m scale type |>'<
12&2'.:‘(‘;}]00';" m multiplication factar |1 |2

scale type |Y

~| | multiplication factor |1

T m trans|ation (dx) |':I |3 ﬂ

translation (dY)

[62.731|

# operations are performed after Axis operations

Change Scale...

400

Delta H(J)

300

200

100 -

= Operations
& none O Alip (147 " swap axis
T Alip (1) (" rotate around (<=7
Gibbs Triangle Operations
(s Acfeis multiplicator |
o B-4uis multiplicator |
~
~ C-Auds multiplicator |

o OK

X Cancel
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Metal Treatment (Al & MQ)

« Example #2: Comparison of 2 salt fluxes for alkall removal

F Figure User : FactSage Workshop |:||E”Z|
Ele Add Edit Mew Help
o|e|alo) & s]e|x| of =] s a | EEE1] s
'
7 FB99A> MnCI2 + <0.48318A> KCI + <0.08963A> NaCl + <0.63232B>
< c:\workshop\Equi0.res 6May10
= 1 ' 1 ' 1 ' I ! I ! I ! I
762731
B L The line is now translated in y by 62.731
. B =7 (onalgram basis of calc.)
- _
B 562.731
== | The y-axis labeling now looks strange
§ 362731
262.731
162.731
062.731
-037.269
FactSage £.1 B89 531 X =623.95833 ¥ =91.865615 | |c:\workshop\EQUILIB.FIG AI

thtSage‘”
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Metal Treatment (Al & MQ)

« Example #2: Comparison of 2 salt fluxes for alkall removal
Cox

F Figure User : FactSage Workshop

Eile Add Edit Mew Help
|| alo] ] s]e] x| o| =/ 6] ol T .
Frame & Axis R|
99A> MnCI2 + <0.48318A> | Theme Template
c:worl I ——
T T T T Figure Titles Info
762731 | [ date [ filename
: : |<D.42899A> MnCIZ + <0.4583184> KCI+ <0.089534> MaCl + <0.63232B>  font
te @ Frame
- [ subtitle [v |chworkshopiEquil.res Bhay10 font
) 662,731 | | J v left v R right v
L | logo  |v |UserElitmap ﬂ font v hottarn
T 55273 b dOUble‘C“Ck X-Axis Y-Aods
D tside th fitle T(C) font il Delta H() fort
outsiae e i 7510 Line Properies . 900 Line properties
“Tr figure frame | g o Fom | o e [ape o =]
Solid . Solid
g minimum |0 stle =01 a minimum |0 style |01 T
217 I— 150
increment 190 length rmm EE——| 1 [ length i
labelsat /100 font | | width |4 mm | japeleat 100 fant | | wicth |4 mm
(e 0000 « | | colar _ A no0###ED v | | calor _
i Grid Grid
182731 |- [ onfoff |v both stde |Dot - [~ ra style
) gridat |1 width |1 Frifm grid at A wiclth Frifm
052.731
057269 . . ) . ) Save as Template ‘ Fead Template ‘  OK X Cancel ‘
0 100 200 300 400 ] [=I0] 700
T
FactSage 6.1 683 531 ¥ =62395833 ¥ =31.855615 c:horkshop\EQUILIE.FIG
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Metal Treatment (Al & MQ)

« Example #2: Comparison of 2 salt fluxes for alkall removal

F Figure User : FactSage Workshop |:||E”z|
Fle Add Edt Wew Help

b|@l@e| slax| o =] &|x] al x| EREN-1] sl |
7
99A> MnCI2 + <0.48318A> KCI + <0.08963A> NaCl + <0.63232B>

i = N\ =

v T

700 F

H

Delta H(J)

a0 E
200 F

100 E

900 ¢

c:\workshop\Equi0.res 6May10

g0 E

500 F

500 E

a0 E

] E

The y-axis labeling now looks OK

FactSage 6.1 |558 568 X = 487.5 ¥ = 72692308 | |eyworkshop\EQUILIE.FIG Y

thtSage‘”
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Metal Treatment (Al & MQ)

« Example #2: Comparison of 2 salt fluxes for alkall removal

F Figure User : FactSage Workshop Edit Line

Fle Add Edt Wew Hep Selected || Basic colors:
Ol@|@le| = sle|x| o 2 &)= o=/, o (B B EEE

B [ &N

Lines & Po
99A> MnCI2 + <0.48318A> KCI + <0/ o 7, I [°0 [ I I I B B
c:\workshop\Equi( : ﬁo@ | R | - - B | <
. . . . o
i ' ' ' M er{ HINIENINNENENEN
3 eril NN N
&00 ® Foi
e E & Foi
+ ® Foi Custom colors:
700 1
E ®F
1 EH-HHH - s
- 500 — : ﬁc'? Sat: 240 Green: |0
F ]

F ® Foi | ColotiSglid | 120 Blue: [255
500 F .

E Pl 6] | Cancel ‘ Help ‘ Add to Custom Colors ‘

< W Iﬁ

Delta H(J)

o | double-click on v [eron — ———
| | cory | |
; the line | B

0 E Splitfrom Selected Line Attributes
E [v disahle dragging cojor -

UL change selected point kb chan
3 Insertbefore || style|Solid | widh 13—

100 ;—
: " OK X cancel

D -
0 500 500 7ao
FactSage &1 558 568 X =487.5 ¥ = 72692308 c:hworkshop\EQUILIB FIG
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Metal Treatment (Al & MQ)

« Example #2: Comparison of 2 salt fluxes for alkall removal

F Fisure User : FactSage Workshop . |__||ﬁ|§|
hdd  Edit View Help Save File Ii“g‘

T Ciri+r Bl X v =| 4 . [z SR
S | [P = rRew
Coi+S B [1ChemSage

=) " ! ==

312 + <0.483 LD Ceempes
v Pecent IFs010
[ Documents CIFACTDIATA
= . . i iF ISIFactHep
=, SUperimpose.., T T @ EFigures
Deskto :
& Print... Cirl+p P IMACROS
. [EIMemoHASP
REACTION ; IiMetal Treatrent
57 METSIM
Exit My Documents | &) DirBox. fig
o %) Equillb. F15
T ri-_ _!
r B00 by Computer
= 500 ey N etwork.
- Flaces
=
S 4m File name: Flux1 FIG | Save |
Save as type: FACT figures (“fig) ﬂ Cancel
300
200 . .
Save the file ter compare with flux #2
100
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Metal Treatment (Al & MQ)

« Example #2: Comparison of 2 salt fluxes for alkall

F Menu - Equilib: last system

removal

E DX

Fle Units Parameters Help
b= & T(C) Platrn) Energy(J) Mass(o) Vol(litre) il ™| %
Reactants (7]
tgrarm) <0.428394> MnCI2 +  <0483184> KO + <0.089634> MNaCl + <0632328> MnCIZ +  <0.15065E>
| 25C 5 #1) (20C.5.#1) 25C 5 #1) (20C.5.#1) 2aCs#
L] »
Products
Compound species Solution species Custom Solutions
[ ] (’“ 1] * | + | Base-Phase Full Name
|_ 1] J FTsalt-ACL_B BalkCl-ss_rocksalt
|_ pure liguids J FTsalt-AkdxdA, Ab k2R
|+_ pure solids 17 J FTsalt-FRWKA, Abbx3-FPerovskite
I FTsalt-R-3 MCI2_SOLID
5 4 8 m T Pseudonyms
| FTsalt-5ALTE BSalt-liguid .
species: 17 apply | M

Transitions -tempearature Legend Total Species (max 1500) 65
Sl [v Show @ all  selected Total Solutions (max 401 13
[-immiscible 2
Murnber of J-FHmmiscible 3 :
transitions: A W species: 45 Select
salutions: 13
Detault
Final Conditions Equilibrium
| <A | <B> " TIC) || P(atm) ﬂ|DeIta H(J) ﬂ " normal (@ normal +fransitions
|D |1 |25 7E05 |1 | (" transitions anly " open
[ - 146+ calculations

<A>=0 <B>=1 2" flux

FactSage 6.2 beta

[ include molar volumes

Calculate >>

thtSage‘”
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Metal Treatment (Al & MQ)

 Example #2: Comparison of 2 salt fluxes for alkali

F Results - Equilib Abort (page 1/152) FactSage 6.2 beta
Qutput  Edit  Show Pages

O || | & TiC) Piatm] Energy(J] Mass(g) Yolflire) m ™| ¥
1300] 1350] 1400]
?sc]nc]ssc]mc]gsc]mnc]msc]nnc]nsc]unc usc\
ahort [2fc] 30c| 3sc)|d0c|4sc) soc| ssclenc|6sc|roc
igram) <0.42800a> MnCl2 + <0.48318a> Kcl + <0.089632> Nacl + <0.63232(1)> ... ~

125,1,=,#1) (25,1,=5,#1) (25,1,s,#1) (25,1,s5,#1]
[gram) <0.150620(1)> KECl + <0.21628(1)> Nacl + 0O EMgCld =
125,1,=,#1) (25,1,=5,#1) (25,1,s,#1)

removal

P = 1.00000E+00 =atm

Target calculation shorted, no
275.00 to 280.00 C

P = 1.00000E+00 atm

STREAM CONITITUENTS
Mnlé scacchite(s) AMon
ECl sylvite [nacl roc(s) AMOU
NaCl halite [rock salis) AMCOT

One calculation aborted when calculating a

transition. This sometimes happens.

The TAB will bear the name “Abort”

In order to obtain a nice H-H,s- curve, that abort

TAB must be deleted

STREAM CONITITUENTS TEMPERATURE/C
Mnlé scacchite(s) Z5.00
Kl sylvite [nacl rocis) 25.00
Natl halite [rock sal(s) Z5.00
MnClZ scacchite(s) 25.00
ECl sylvite [nacl roc(s) Z5.00
HaCl halite [rock salis) 25.00
ETer 17 warmsrolkd o io! 75 NN

PREZSURE/atm 3ITREAM
1.0000E+00 1
.0000Ee+00
.0000E+00
.0000Ee+00
.0000E+00
.0000Ee+00

annnwe4+nn

]
]
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Metal Treatment (Al & MQ)

« Example #2: Comparison of 2 salt fluxes for alkall

F Results - Eauilib Abort (page 1/152) FactSage 6.2 beta

oufput  Edit

O || 5|
1300]135

?50]300]
short | 25¢] |

Mext Pages »»
Go to page ...

et P e PR Y
™

rt!

T(Z) Platm) Energy(d) Massig) Vaolllitre)

]1100]1150]1200

1250]
sclenc]esc|roc

L EX

LRI [ Celere al 'abort!
[25,1,=

(gram) <0  ="aP Pages..

(25,1,=5,81) [25,1,s,#1

P = 1.00000E+00 atm

275.00 to Z80.00 C

P = 1.00000E+00 =atm

STREAM CONSTITUENTS

KCl + <0.08963A> NaCl + «<0.63232 (11> ...

[25,1,=5,81)
[1)> Nacl + 0 FMgCl3 =

[23,1,=5,#1)

Target calculation sborted, no solution found within the interwal

MnClZ scacchite (s) AMOUNT /mol = 5.0247E-03
ECl sylvite (nacl roc(s) AMOUNT /mol = 2Z.0213E-03
NaCl halite (rock sal(s) AMOUNT, roo L = 3.71Z7E-03
STREAM CONSTITUENTS TEMPERATURE/C PRESSURE /atm STREAM
MnClZ scacchite (s) 25.00 1.0000E+00 1
ECl sylvite (nacl roc(s) Z5.00 1.0000E+00 1
NaCl halite (rock sal(s) 25.00 1.0000E+00 1
MnCld scacchite (=) Z5.00 1.0000E+00 1
ECl sylvite (nacl roc(s) 25.00 1.0000E+00 1
NaCl halite (rock sal(s) Z5.00 1.0000E+00 1
T 17 e crroldito fol 35 AN 1 NNNNR4+N0 1

m I3‘|1?

removal
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Metal Treatment (Al & MQ)

« Example #2: Comparison of 2 salt fluxes for alkall

F Results - Equilib 25 C (page 1/151) FactSage 6.2 beta

Save or Print v

T(C) Piatm) Enercyl(d) Mass(g) Yol(litre)

Pl »

Plot Results ...
Repeat Plot - Delta HI) vs TC) ...

1

1251 1300]

1 1 1 1 1
asc|sac|ssc|enc|esc|oc| s

m l3|l?

Equilb Resuits file
i - P = S
Format 4
Fact-xML r A
Fact-Cptmal 4 1
Refresh ...
=
(0.40506 gram, 2
[25.00
{ 100.00
+ 1.6485
HNa
K
In
cl
Aystem o
In
K
cl
HNa
+ 0.00000 oram
[25.00
{ 100.00
4+ O nE72

MnclZ + <0.48318A> KC1l + «<0.08963A> NaCl + <0.63232(1)> ...
.5, 8#1) (25,1,5,#1) (25,1,s5,#1

> KCl + «0.21683(1)> NaCl + 0 KMgCl3 =

,5,.81) (25,1,3,#1

AAMX3I-Perovskite#l

L0Z13E-03 mwol)

. 1 atm, a=1.0000)
wt. % KMncl3

E-16 wt.% NaMnCl3)

Mole fraction of sublattice constituents:

1.7926E-18 Stoichiometry = 1.0000

1.0000

1.0000 Stoichiometry = 1.0000

1.0000 Stoichiometry = 3.0000
owponent Mole fraction Mass fraction

0.20000 0.274135

0.20000 0.19511

0.e0000 0.53074

3.5852E-19 2.0565E-19
AR1kZMESH]
, 1 atm, a=0.99999)

wt. % Nailncld
R0 vab & E3Mn~ 144

>

|

removal
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Metal Treatment (Al & MQ)

« Example #2: Comparison of 2 salt fluxes for alkall

F Figure

User : FactSage Workshop

File Add Edit View Help

|| afe| ] s]a] x| | =| 8]:] o] mm—-

Edit Line

Selected Line Description

removal

index |0 name | [ use symhal =
Lines & Points
99A> MnCI2 + <0.48318A> KCI + <0J -5 .cs 3
c:\workshop\Equi0. t_Euim# 1:x=25 y=-36.329 | 3
I r I r I r I L1 | A e | § BT T e
® Foint# 3 x=35 v=-28.033
wr ® Point#  4:x=40 y=-25394
® Foint# 5 x=45 v=-21.743
- s b ® Foint# 6 x=580yv=-18.104
T ® Foint# 7:x=585v=-14.453
T ® Foint# 8 x=80 v=-10.514
s B ® Foint# 9 x=85 v=-71694
r @ Point# 10: x=70y=-35245
® FPoint# 11:x=75 w=0120437
a0 b ® Foint# 12: x=80 v=737654 >
= Point Coordinates Theme
T
. X s X oelete | | [
= Yo |-3p.329 Template
200 | |
Splitfrom Selected Line Attributes
B . [v disable draggin I -
0o Sam sue as change selected point 29 s
Inserthefare | gyie[5alid v | width [0.3 mim
fore
X cancel
FactSage 6.1 702 3 X =6375 Y =89221154 c:horkshop\EQUILIE.FIG
™ - —~=T Montreal
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Metal Treatment (Al & MQ)

« Example #2: Comparison of 2 salt fluxes for alkall

F Figure

B Paste

9! X Celete

3 Undo
Al

£ Frame and Scale...
iy
(3

Selectad

Fig file...

—hange Scale...

User : FactSage Workshop

Cirl+C
Cirl+3
Cirl+¥

Dl

F5

Cirl+E

18A> KCI +
c:\workshop\E|

400

Delta H(J)

300

200

100

removal

Change Scale

Axis operations are performed first < then rder sét by the user
¥-Axis Operations Y-Axis Operations

Order Apply ||TCtDTK ﬂ Order Apply ||TCTDTK ﬂ
1 ¥ | | scaletype |>< ﬂ |1 ﬂ scale type |Y j
2 | | multiplication factar |1 2 «| | multiplication factar |1

3 x| | translation (d) o I3 ~||kansiation (d) 36324

> operations are performed after Axis operations

=i Operations
(® none " Alip (1) (" swap axis
" Alip (1/%) (" rotate around (%=

Gibbs Triangle Operations

] A-bxis multiplicator
B-Axis multiplicator
CrAxis multiplicator

W OK

(_.
(_.
~

X Cancel
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Metal Treatment (Al & MQ)

« Example #2: Comparison of 2 salt fluxes for alkall removal

Frame & Axis

F Figure User : FactSage Workshop

Theme Template

le fad Edt dew tep I | - |
D|@|d|e) =4 x| | 2| &)= 9

Figure Titles Info

[ date [ filename
99A> MNCI2 + <0.48318A> [ ite v 0428384 MnCi2 + <0.48318A> KCI + <D.08%63A> NaCl + <0632328> _font | —
c:\worl subtitle [v |c:\wnrkshap\EquiD.res Bhdan10 M > ot 3 tap I
! ) T ' logo [ |UserEIitmap ﬂm v battam c
73639 F e m—
ie 1O ot | e [Detta H( ot |
3 Bl i 750 Line Properties SN Line prapeties

T | double-click im0 | syle |Solid 0 | B =]
* OUtSlde the incrernent | lengih "7 mm increment |10 length 15" mm
labels st 1100 M wicith | mm labels st 100 ﬂL width |4 mm

=®= I figure frame

P format (D000 w coior NN format o0l | ooy R
Grid Grid

336.329
/_ ™ onfoft [ both | style |Dot ~| [ [ style
gidat |1 width |1 mm gridat |1 wiclth mm

236.329

136.329

Save as Template | Read Template | « OK X Cancel |

036.329

FactSage 6.1 |63 2891 |[{=-28.125 ¥ =457.77131 c:yworkshop EQUILIB.FIG
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Metal Treatment (Al & MQ)

« Example #2: Comparison of 2 salt fluxes for alkall removal

F Figure User : FactSage Workshop |:||E”z|
File Add Edit View Help

ElElEIEI ilﬁlil il EI @I ﬁl mj Selected |Line: starting atx =25y =0
£
99A> MnCI2 + <0.48318A> KCI + <0.08963A> NaCl + <0.63232B>

N

=

B A T

40 E

200 F

c:\workshop\Equi0.res 6May10

200 F
500 E
700 :
500 E

s00 E

o E

100 F

o0 E

The y-axis labeling now looks OK

The line color has also been changed
It will be easier to comapre
blue line used for Flu

FactSage 6.1 3086 556 ¥ = 308.33333 ¥ = 93.461538 | letworkshop\EGUILIE F16 A

thtSage‘”
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Metal Treatment (Al & MQ)

« Example #2: Comparison of 2 salt fluxes for alkall

F Figure
\dd  Edit

= Superimpose...

User : FactSage Worl

Wiew  Help
coiel | @l x|
Cirl+C —]

Cirl+5

212 + <

& Frint... Cirl+P
REACTION
Exit

[pLsls)
T
» ]
= 0D
T
=
o
2 o

Save File

Save in Il;':'?wurkshup

: !
My Recent
Documents

=
Desktop
by Documents

Wy Computer

hly Metwork
Flaces

k3

. Ef( v

removal

ird

3ChemSage
D Examples
(CIF90IO
[CIFACTDATA,
[CFactHelp
D Figures
CIMACROS
DMemoHASP
(aMetal Treatment:
IMETSIM
|#]DirBox. fig
| Equilb.FI5
|%] FiLe¢ 1. FIG

IFluxe|FIG

File name:

Save as type: |FACT figures (“fig)

=
[

SEVE

L s |
Cancel

Save the file to compare with flux #1

thtSage‘”
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Metal Treatment (Al & MQ)

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

3) Same for KMQCI g
GOAL : compare the mixture(s) with the reference fl  ux
EQUILIB

G’actSage‘” Metal Treatment (Al & Mg) - 103 CRCT Monrea



Metal Treatment (Al & MQ)

« Example #2: Comparison of 2 salt fluxes for alkall removal

F Reactants - Equilib ‘:H:,g‘
File Edt Table Units DataSearch Help
D +] TIC) Platm) Energy(J) Mass(g) Volflitre) m o | |
1-7 |
Mass{g) Species Phase T(C) Pitotal)*™ Stream# Data
<0.428994> MnCi2 |solict scacchite x| fes i [

* 04831845 Kel [solid syhite (nacl_roc ¥ | [25 o L

* |«n.083634> INaCl |solidt halite (rack salt_ | [25 0 L

* [<0.63232B> MnCi2 |solict scacchite x| fes i [

+ [<0.150698> KCl |salid syhite (nacl_roc | 25 i 1

* [<0.21698B> MaCl |solict halite (rock salt_ | 28 o [

* i KMgCI3 |salid peravskite x| fes i [

[ Pitatal) is the hydrostatic pressure above the phase.

Change Value from O tO 1 for the For & gaseous stream this is the sum of the

partial pressures of the species in that stream.

input of KMgC|3 (ref. ﬂUX) ¥ Initial Canditions

FactSage 6.2 bete Compound: | 1/24 databases Solution: | 1/22 databases
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Metal Treatment (Al & MQ)

« Example #2: Comparison of 2 salt fluxes for alkall

removal

F Menu - Equilib: last system

File Units Parameters Help
O &

Reactants (7}

T(C) Piatm) Energy(d) Mass(g) Yol(litre)

E=al=2k"

(gram) <0.428994> MnCI2

+ <0.48315A> KCI + <0.08963A> MacCl +

<0B32328> MnCI2 +  <0.150636>

(25C.s#1) [25Cs#1) [25C.5#1) [25Cs#1) [25Cs#
<« | »
Products
Compound species Solution species Custorn Solutions

[ ] c‘“ 1] = | + | Base-Phase Full Name

|— 1] J FTsalt-ACL_B BAlkCl-ss_rocksalt

|— pure liquids J FTsalt-AkxdA Adk2hdxd

|+— pure salids 17 J FTsalt-PRWKA Al I-FPerowvskite

a I FTsalt-R-3m MCIZ_SOLD Pesud

| FTsaltSALTE BSaltliquid SEdlli

species:

Transitions - temperature

Mumber of
transitions: Al -

Legend
[-immiscible 2
J-FHmmiscible 3

[v Show @ all  selected

species: 43
solutions: 13 seledt

Final Conditions

| LA | B>

| 1@ | |rem ~|[oetaty v

0 i

1257505 L |

146+ calculations

FactSage 6.2 beta

<A>=0 <B>=0 Ref. flux

apphy | List ...

[ include molar volumes

Total Species (max 16001 65
Total Solutions (max 40) 13

Default

Equilibrium
(" narmal (® normal + transitions
(" transitions anly (" open

Calculate >>»

thtSage‘”
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Metal Treatment (Al & MQ)

 Example #2: Comparison of 2 salt fluxes for alkali

removal

X " D page 3 = G D 3 .

it Show FPages Plot: Delta
s ae mad oIn = Tor | Fle  Help
Equilb Results fle  » | Repeat Plot - Delta H(T) ws
Sfream File 4 1 1 1 1 |
Format P lemclz + <0.483184> EC

1,=,#1) (Z5,1,s,#1) (25 F Axes: Delta H(J) vs T(C)
Fact-AML P h> el + «0.2169%(0)> ) ,

: 1=, #1) (25,1,8,#1) Y-variable X-variable  Swap Axes _
Fact-Cptimal 4 0
Refesh AMMEI-Perovskitefl -Eis —#-Exs

efrash ... -
C, 1 atm, ==1.0000; ¥-axis Delta H(. h.
{ 100.00 wt. % EMgCl3)
+ 0.00000  gram AAMX3-Perovskite#z mesarmum mexamum - [750 22?83
(25.00 ¢, 1 atm, &=1.0000) T — D T — D
[ 100.00 Wt % EMgCl3)
Y-axis tick every | [50 tick every  [50 .52
+ 0.00000 grarm  AAMEI-Perovskite#3 _ _
[25.00 ¢, 1 atm, a=1.0000}) 746
{ 100.00 wt. % EMgCl3) T3
+ 0.00000  gram MClZ SOLIDHL Comcel | [ AEIESD ol
[25.00 ¢, 1 atm, 5=0,999990 Axes T By
{ 100.00 we.§ Myl DE”\?SH(JJ [0 selected] [v color [v full screen
+ 0.00000 gram MClI SOLIDHZ TIC) Solast ’_ |_ [v reactants  ( Viewer
(z5.00 ¢, 1 atm, &=0.00000 0 [v filename & Figure
{ 100.00 wt. % Mgcli) e~
Axes Repeat e Plot >>
+ 0.00000 gram  BIalt-ligquid#l
[25.00 ¢, 1 atm, ==0. 16708
[ 54.770 wt.% ECl : :
+ 45,230 wt. % MgClz) FactSage 6.1 chworkshophEquil.res Bhdae10 148 sets
w

G’actSage'
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Metal Treatment (Al & MQ)

« Example #2: Comparison of 2 salt fluxes for alkall removal

F Figure User : FactSage Workshop |:||E”z|

Fle Add Edt View Help
o|s|alel 6 sla|x| | 2| 8|5 | BRI s
Vd
7 F899A> MnCI2 + <0.48318A> KCI + <0.08963A> NaCl + <0.63232B>
i c:\workshop\Equi0.res 6May10
A |00 T T T T T T T T T T T T T T
o B00
-
= 700
T
= B00
500
400
300
200
100
0
FactSage 6.1 869 340 X =511,45833 ¥ = 467,30769 | ewrorkshop\EQUILTE FIG A
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Metal Treatment (Al & MQ)

« Example #2: Comparison of 2 salt fluxes for alkall

E Fisurg

User : FactSage Workshop

12 + <0.48318

C.

T

Cl+o
& save Chl+s
B save as
e
—_—
=
&5 Print Cl+F
REACTION
Exit
[ =)
T
» BOD
= 00
T
i
E
=2 4w
300
1
200
1N =

Open File

X‘ T - :II Selected

Look i |E}wnrkshup

D

hdy Recent
Documents

Desktop

£

hy Documents

hdy Computer
oy Metweark,
Flaces

removal

C)ChemSage
IIExamples
IFS0I0
CIFACTDATA
ICIFactHelp
ICFigUres
CMACROS
CMemaoHASP
ICMetal Treatment
IMETSIM

%] DirBo. fig

%] Equiib.FIG
NS
|#]Fluix 2 FIG

File name:

Flu FIG

Files of type:

[FACT figures (“fig)

[~
[

Open

[ Geer |
Cancel

/

thtSage‘”
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Metal Treatment (Al & MQ)

« Example #2: Comparison of 2 salt fluxes for alkall

Open File

F Figure User : FactSage Workshop
l File Hd Edt View Help
ERE = _

e x| | = g D

& Open...

Laok in: |@wurkshup

removal

GChemSage
CIExamples
IF90I0
CHFACTDATA
[EIFactHelp
[CIFigures
DMACROS
CIMemoHASP
(iMetal Treatment
CIMETSIM

%] DirBox.fig
%) Equilb. F15
%] FlLix 1.F16

File name: |Fqu2.FIG

Files of type: |FACTfigures *fig)

[~
[

Open

[ Geer |
Cancel

E save Cul+s iy Recent
B5 Save as... ™~ Documents
212 + <0.48318- -
c:\\ @
Deskiop
SUperimpose. .. I T T T
& Print... Cirl+F ,-—/
REACTION My Documents
Euxit =%
rag
T ty Camputer
o 600 ‘g
i Iy [N Etwreorle,
Flaces
= 500
T
=
o
2 4w f
300
200 B
100

thtSage‘”
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Metal Treatment (Al & MQ)

« Example #2: Comparison of 2 salt fluxes for alkall removal

F Figure User : FactSage Workshop
File  Add Edit Wiew Help

D|D”|H|CI| | %|3|X|J§@Jﬂmj Selected|

JA> MnCI2 + <0.48318A> KCI + <0.08963A> NaCl + <0.63232B>
c:\workshop\Equi0.res 6May10
00 T T T T T T T T T T T T T T

2 low-melting compositions
wt.fractions

Sl 800 |- Ref Flux 5

0.42899 MnClI, + 0.48138KCI + 0.08963NaCl i _
@ 380.95°C — i

! new Flux 1 \ .

Flux 2 g0 lower Tion _

0.63232 MnCl, + 0.15069KCl + 0.21698NaCl

@ 381.64°C L lower H +-H,sc \ ]

Ref. Flux 40 | .
KMgCl,
@ 487°C

300

200

100

a

FactSage &1 769 331 W =707.29167 Y = 482.88462 c:hworkshop\EQUILIB.FIG
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Metal Treatment (Al & MQ)

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

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

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

Strateqy :
4)  Calculate the alkali removal from a Al-5%Mg alloy  with the fluxes
GOAL: check if the capability to remove Na and Cai s similar

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

As a light metal alloy is used, the  FTlite database must be now activated

G’actSage'” Metal Treatment (Al & Mg) - 112 CRCT Monrea



Metal Treatment (Al & MQ)

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

F Data Search

Databases - 2/24 compound databases. 2/22 solution databases

fact SGTE [wmonion Miscellaneous

[J ELEM [0 BINS salutions only [0 ExaM [0 sasL [J sGTE*
O FacT [ sGPs no data
[ Facts3 [ sGTE

] SGnob ClearAl |
FTsalt [ sGsold

O] SGnucl SelectAll |

[ Frhan
[ FThelg [ Tonucl Add/Remave Data ‘
O ouc

[ oL ‘

Information -

Click on a box to include {or exclude) a database in the data search. Normally databases are 'coupled' - that is both the
compound and solution database (when available) will be selected. To 'uncouple' a databases click-mouse-right-button
(note, this is NOT recommended).

If database is stored onwour PC but notlisted here then you must 'add the database to the list' - click on 'Add/Remowve ..

Options

Include Lirnits
[ Fgeeoue one Organic species CxHy. #X(max) = ’2_

Dietaul fhlasmash
efault [ aqueous species
[ limited data compounds (25C)

binimum solution components: (O 1 @ 2 cpts
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Metal Treatment (Al & MQ)

« Example #2: Comparison of 2 salt fluxes for alkall

F Reactants - Equilib

Dl +| =

Ble Edit Table Units CataSearch Help

T(C) Platm) Enercy(d) Mass(g) Wolllitre)

Al-5%Mg with (40

ppm Na and 20 ppm Ca)

removal

Mass(g) Species Streamit
|<0.428994> MnCi2 | =] | [
* |<n4B318A> [ | = | I
*+ |<0.089834> INaCl | =1 | [
* [«0.632328> MnCi2 | =] | E
* |<0150698> [ | = | 2
*+ |«n.216988> INaCl | =1 | 2
|94.994 Al | =] | 3
5 Mg | E | 3
= N | A T |F
= e | A T |F
[ Initial Conditions

FactsSage 6.2 bete Compound:

1/24 databases

Solution: 1/22 databases

thtSage‘”
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Metal Treatment (Al & MQ)

« Example #2: Comparison of 2 salt fluxes for alkall

Warning
message due
to the addition
of the new
element Ca

The selection
of phases
might have to
be updated

F Reactants - Equilib

Ble Edit Table Units CataSearch Help

Dl +| =

1-10]

T(C) Platm) Enercy(d) Mass(g) Wolllitre)

removal

EIDX)

Massig) Species Stream#

|<0.428994> MnCi2 | = | I
¥ |endB3taAs - | I
rramm Missing phases E| | fi
* |<ve32aE The following soltion phiases could not be located: | | 2
* <0 15069B> | 2

FTsal-SALTE

* |0.216958> | 2
S s [ v =i ;
3 | I3
= N | A F
* |o0E-4 |Ca | =1 | I3

Factsage 6.2 bete Compound: | 1/24 databas

= Solution: 1/22 databases

[ Initial Conditions

thtSage‘”
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Metal Treatment (Al & MQ)

 Example #2: Comparison of 2 salt fluxes for alkali

removal

F Menu - Equilib: last system

File  LUnits Parameters

O | =

Help

Reactants (10)

T(C) Platm) Enercy(d) Mass(g) Wolllitre)

[gram) <0.4258994> MnCI2 + <0.48318A> KCI + <0.089634A> MNall + <0.63232B> MnCI2 + <0.150698>
< | »
Add al solutions containing 4
Products A Sl I iHmme fiomn Agl—nlnase »
Compound species Solution species
[ 0 - 0 = | + | Base-Phase Full Name
|— 0 | FTlite-Liqu Ligquid Trare A o TS0 s dormant
| pure ”qu_idS 0 ' "_”_”e":CC FCL_Al Clear all solutions containing ’
[+ pure solids i ! e (E AleF = Clear all solutions from database g
[v ! FIEAECEE BEC A Clear all solutions
+ FTlite-CBCC CBCC A12 .
} - Clear all dormant solutions
Species: 70 + FTlite-CLIB1 CUB_A13
| FTite-LC14 Laves_C14 [ include molarvolumes
| FTlite-LC15 Laves_C15 |
Target L 4 Total Species (max 15001 271
=aen [V Show & all  selected Total Solutions (meax40) 37

I -immiscible 10

J-3-immiscible 3 I
+-selected & species: 2] gy
solutions: 3
- Default
Final Conditions Equilibrium
| Aot | <B> ” TIC) ||P(atm) v ||ProductHi)y v | || ® normal ¢ nomal + transitions
|IZI |IZI |25 7505 |1 | " fransitions anly (" open
[ 146 calculations Calculate >>
Factsage 6.2 beta

O
ms e =

G’actSage‘”
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Metal Treatment (Al & MQ)

F Menu - Equilib: last system

 Example #2: Comparison of 2 salt fluxes for alkali

removal

EIDX)

File Units Parameters
Ol & &

Reactants (10)

Help

T(Z) Platm) Energy(d) Massig) Vaolllitre)

m o e

(gram) <0.428994% MnCl2

+  <0.453184> KCI +

<0.08963A> MNaCl +

<0.632326> MnCIZ +

<0.150698>
4

Products

Compound species
[ (e i 0
H 0
[ pure liquids 0
[+ pure solids 70
[l _appl |

Species: 70
Target

Einal Canditions

Solution species

Custom Solutions

* | + | Base-Phase Full Name
| FTlite-Liqu Liquid
| FTlite-FCC FCC_Al
| FTlite-HCP HCF_A3
| FTlite-BCC BCC_AZ
+ FTlite-CBCC CBCC AlZ
+ FTlite-CLB1 CUB_A13
| FTlite-LIC14 Lawes_(C14
| FTlite-LIC15 Lawes_C15
IL-EiEn?iil:ible 10 [V Show @ all  selected
J - FHimmiscible 3 species: 201

+-gelected 8

Select

solutions: a7

—
—

N > | T@ [P | [PrecuctHiy ~]

00.20.005 0 720 I |

| —
FactSage 6.2 beta

[

-

e

Fseudonyms

apply [ List ...

[ include molarvolumes

Total Species (mawx 15007 271
37

Total Solutions (maex 407

Default

Equilibrium

(& normal (" normal + transitions

(" transitions only " open

Calculate >>»

G’actSage‘”
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Metal Treatment (Al & MQ)

 Example #2: Comparison of 2 salt fluxes for alkali

removal

F Results - Equilib A=0.03 (page 7/41) FactSage 6.2 beta E|E|B|

Output  Edit Show Fages
Q O @ & T(C) Patm) Energyll) Mass(g) Yol(litre) m ™ | W7
E A=0.12]
+ A=0.06 | 4=0.065 | A=0.07 | A=0.075 | A=0.08 | A=pugasds | 5=0.095 | 4=0.1| 4=0105| A=0.11 | A=n.115|
0] 4=0.005 | A=0.01] &=0.015] a=0.02] a=0.02] - &4-0.03 - ||a=0.035 | 4=0.04 | a=0.045| 4=0.05 | A=0.055 |
—
(&) [gram) <0.42899A% MnClZ + <0.48318A> EC1 + <0.08963A> NaCl + <0.63232(0)> ... ~
ks lgrem) <0.15063(0)> Kcl + <0.2Z1698(0}> Nacl + 94.994 a1 + 5 Mg +
=3
c [gram) 40E-4 Na + Z0E-4 Ca =
-: —
- | 100.00 grem Ligquid#l |
= TIO0. 00 Grem, 3. 266 mol]
e [720.00 €, 1 atm, &=1.0000)
Py [ 04.903 wt.% Al FTlite
O + 1.5711E-03 wt.% Ca FTlite
0] + 2.0515E-18 wt.% CL FTlite
+ 1.6323E-05 wt.% K FTlite
2 + 4.9997 wt. % My FTlite
N . . + 5.6183E-03 wt.% Mn FTlite
N L|qU|d Alloy _ + 2.0448E-04 wt.} Na FTlite)
100 Jystem component Mole fraction Mass fraction
gl‘al ns Mn 2.7443E-05 5.6183E-05
¢a 1.0520E-05 1.5711E-05
4y} K 1.1203E-07 1.632Z3E-07
2 ¢l 1.5528E-20 2.0515E-20
Al 0.94476 0.94993
o My 5.5201E-02 4.9997E-02
Na Z.386BE-D6 Z.0448E-06
+ ~
4-'2.88 EBE-02 gram CSalt-liguid#l I
o T2.00b0E-UZ grem, 3.20000-0% mol)
— {720.00 ¢, 1 atm, a=1.0000)
‘ , [ 4Z.738 wt. % NaCl FTzalt
MOIten Salt + 50.105 wt.d ECl FTsalt
: — + 3.0434 wt. % MgCl2 FTsalt
O 0288 rams + 4.1130 wk. % Cacls FTsalt
E . g + 5.9107E-13 wt.% Mncld FTsalt -
| + 1.8303E-10 wt.% ALC13 4coord FT=alt
+ 2.3247E-24 wt.% Alicle FTsalt
+ 3.5110E-19 wt.% ALC13 Scoord FTsalt) J
™ | | Montreal
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Metal Treatment (Al & MQ)

 Example #2: Comparison of 2 salt fluxes for alkali

F Results - Equilib A=0.03 (page 7/41) FactSage 6.2 be F: Results Processor: c:\workshop\Equi0.res

Qutput Wse 8

Show Pages

Save or Print

> |

Flot Results ...

T(C) Platm) Energ

System component

n
Ca
K
zl
21

w O oo lbe £l 3 =Tt o o P I =1 =T P b T
Stream File r | = = = . l
Formmat , |4=0.015] a=0.02] a=0.025 - =003 |
Fact-xML p | MnclZ + <0.48318a> Ecl + <0.0896
Fact-Optimal y 1> ECL + <0.21698 (0)> Nacl + 94
Refresh ... 20E-4 Ca =
100.00 gram Liguid#l
[100.00 gremn, 3.72Z266 wol)
(720.00 ©, 1 atm, &=1.0000]
[ 94,993 wk.% Al
+ 1.5711E-03 wt.% Ca
+ Z.0515E-18 wt.% C1
+ 1.6323E-05 wt.% K
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 Example #2: Comparison of 2 salt fluxes for alkali
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« Example #2: Comparison of 2 salt fluxes for alkall
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