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Ferronickel production

After removal of moisture from the laterite,
char is added to react with calcined laterite.

Productions are Slag and Alloys(Fe-Ni).

After the calcination, the temperature of laterite is assumed as 500°C
Char is assumed to be added at 100°C in the EAF and react at 1600°C

We are considering gas, slag and Fe-alloys in this case study.

iz't‘::‘:: Wt% | Char | wt%
FeO | 81 | ALO; | 48
Fe,0; | 20.9 | Si0, | 14
sio, | 438 | C | 81.2
ALO; | 6.4
— | MgO | 16.8
CHARGE A Nio | 2.3
SLAG CaO 0.1
ALLOY Co0 | 0.1
Cr,0s | 0.8
Na,0 | 0.3
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Determine the amount of reductant

needed to produce Fe-Ni with 25% nickel
Composition Target
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Reactants Window - Laterite + Char

Reactants Window

L3 Reactants - Equilib - ESNEER

File Edit Table Units| DataSearch [Help
Q'El ll TIC) Platm) Energyl)] Mass(a) Yalllire) M
1-10 | 11-14]
Mass{g) Species Phase T(C) Pltotal)| Stream# Pata
[8.1 [Feo [solidFactPs wustte < | [500 |1 1 FactP'S
* fe0g |Fe203 fsolid-1-FToxid hematit + | [500 [1 | T oxid
* 438 |sioz fsolid1-FToxid quartzll » | 500 f1 |1 T axid
+ [4 41203 [solid-4-FTaxid corund | [500 1 [1 T awid
*+ [1es [Mg0 |solid-FTaxid periclase v | [500 |1 [ T osid
23 [HiD fsolid-FT oid + | 500 [ |1 T avid
+ o ed.8h 1203 fsolid-4-FTowid corundh ~ | [100 1 |2 T oid
R PSP T fsioz fsolid-1-FToxid quartall + | [100 [ |2 T onid
+ 81285 [ A1203: Mol. Wt. = 1019612772 5~ graphit v | [100 I |2 FactP'S
* Joa |cad [solidFTonid ime < 500 |1 1 T asid
¥ Iritial Conditions

Mext »>

FactSage B.3 Compound: | 3/19 databazes Solution: | 2419 databases 5
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Reactants Window - Laterite + Char at 1600°C

Data Search

{? Data Search

D atabases - 3/19 compound databazes, 2/19 solution databaszes

— S

SG TE compaunds only MfSCE’!EﬂEﬂ"S

[ eINS zolutionz only [] EXAM
[ sGPs no databasze

[ sGTE

O SGnabl Clardll |

] FThall [ SGsold
[] FTOxCN [ 5Gnucl Select Al |

] FTintz

L] FThelg Other

0 FTpulp [ ELEM

Add/Remove Data |

[ FTlite [1FTdemo [ TDnucl RefreshD atabases |

Information -

[ SGTE# [ SGTE-"

Click on a bow to include [or exclude] a database in the data search. Mormally databaszes are 'coupled' - that iz both the
compound and zolution database [when available] will be zelected. To 'uncouple' a databazes click-mouze-right-button

[miote, this iz MOT recommended).

If databaze iz stored on pour PC but not listed here then pou muszt 'add the database to the izt - click on Add/Remove .

Opt
plions Include

[] gaszeous ions [plazmas)

Default [0 aqueous species

[ limited data compounds [25C)

Lirnits

Organic species CaHy.... #max] = |2_

Minimum solution components ) 1 & 2 cpts

Cancel
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Menu Window

- Laterite + Char at 1600°C

fjr Menu - Equilib: comments E=aCE |_ﬂhl
Eile Units Parameters Help
] = E TIC) Platm] Energell] Mazsg] “olllitre] "' B H
Beactants [14]
[gram) 20.9 Fe + 81 Fe203 + 438 5i02 + B4 Al203 + 16.8 gl +
{EEIEIE,SE-FS ghel #11 [R00C,21-FT oxid #11 [R00C.21-FToxid, #1] [RO00C,24-FToxid #1] [B00C,2-F T owxid #11 (501
4 3
Products
Compound zpecies Solution species Custam Solutions
l * [, gas (v IidEﬂ| (" real 51 = | + | Baze-Phase Full Hame - 0 fized activities i
: . election o asS pnases
[ aqueou Gas 0 C  FSstelLigu LIQUID g Idﬁ_c‘ll_tsﬂlutmfr;ﬁ t |
" e activity coefficients
| pureliq 0 + FSstel-FLC1 G Selection - Equilib - no results - | E e .
= [+ pure zoldz 116 + FSstel-BCLCT . _
[~ suppress duplicates apply | FTD”iFI'SL-‘E'-G-":"- AGla| e Edit Show  Sort
® - custom selection | FTouid-SPINA [Selected: 51/53] [Gas]
TpECies: 167 I FTowid-tel_a | - o ressults - |
+ FT DHI'_:I-':PJ’”'&' A 1 | Codc Speccics | D ata | Phaac |T |V| Activity Minimum M aximum -
+ FToxid-oPyr L 02ia] FSstel g
Compositian target Legend B gl FSstel | gas
Elerment Mi - FSstel-LIGIL | - immizcible 4 v Show €] |+ i Cla] FactPS gas
E ztimate ALPHA: |1 C - composition target speciel | 4 C2g] FactPS  gas
- element; Ni el 5 cag FactPS  gas
Fazs(gl |0 solution) | g Clg) FactPS  gas
+ 7 CHla) FactPS gas
Final Conditions + 8 Ofg] FaclPS  gas
A <Bx TIC - +  [E 0zg) FactPS gas
| | [E] | Platr) Ra[ + 10 |0D3g) FactPS  gas
| | 11600 i [+ 11 cog FactPS  gas
10 steps I + 12 C20(q) FactPS  gas
+ 12 CO2(q) FactPS gas
+ 14 C302[q) FactPS  gasz j
FactSage 6.3 4 AEquiR eactor_Composition_T arge-10Mi-Mal-
Show Seleced | Select Al | Select/Clear... | Cear | ok |
™ : A . Montreal
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Menu Window - Laterite + Char at 1600°C

fjr Menu - Equilib: comments E=1 |_i:?-l
Eile Units Parameters Help
] = E TIC) Platm] Energell] Mazsg] “olllitre] "' B H
Beactants [14]
[gram] 209 Fe + 2.1 Fe203 + 438 5i02 + E.4 Al203 + 16.8 kgD +
{EEIEIE,SE-FS ghel #11 [500C,1-FToxid #11 [B00C,1-FToxid #11 [B00C,24-F T owid #11 [5O00C,2-FT owxid H#11] (501
4 3
Products
Compound species Solution species Custam Solutions
* [, gas {% ideal " real &1 = | + | Baze-Phaze | Full HName - 0 fixed activities Sel ectl on Of SO | | d p h ases
[ aqueous 0 C  FSstelLigu LIQUID 0 ideal solutions
[ pure liquids 1] o FSetelFOC FOC_AT 0 activity coefficients | |
* 116 + FSztal-BCCT BCC_43 Selection - Equilib - no results - 2] S|
[ suppress duplicates apply | | FToxid-SLAGA ASlagig all 4 Fie  Edit | Show | Sort
* . I FTorid-SPIMA ASpiH
Pure solids |17 | FlosidMe0_4 AMuono| Eekcted: 116/45] _ [SOIDI
+ FT awid-cPuyrds, AClinopyr o resuls -
o FTasid-oPyr Orthapyr + | Code | Species | Data | Phase |T|¥| Activity | Minimum | M aximum -
ECII'I'IDI:ISitiDr'I target L 4 220 rnMiE[s] FSstel  mnni3_mnni3 o
! £gEn + B =200 FTowid  solid-a
Element Ni - FSstel-LIGU | - immiscible 4 W' Show € all 4| B M20(:2) Flosid  solidb
Estimate ALPHA: |1 C - composition target species;  41( |+ 1SS Na20(s3) Flodid  solidc ||
Massigl ID— - element; Mi . [ — 1l |+ - tg0(z) FTn:-t?d periclase 1
ar + - A1203(z) FToxid  gamma
+ BB 2203s2) FTovid  delta
Final Conditions + [ 203:3) FTowid  kappa
i < TIC - + - Al203 (=) FToxid  corundumlalpha i
| | (E] " FlEm J | LeEtin E asinzgs) Floxid  solid-a
| | 1600 1 | + [ Nat02(52) FTosid  solidb
l_ + [ 1aei90145) FToxid  beta-alumina
il steps I [1 + SR Mazin 2019(5) FToxid  betaZ-alumina
+ B oz FToxid  quartz(] Y -]
FactSage 6.3 C:h AEquiR eactor_Compozition_T arge-10Mi-Mol-a.DAT
Show Sefected | Selectdl | Select/Clear... | Cka | o |
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Menu Window - Laterite + Char at 1600°C

fjr Menu - Equilib: comments C=Are |_ﬂhj

Ei

D2 TIC) Piatm] Energpl)] Massig) Yolfitre] M =@ =

le Units Parameters Help

Beactants [14]

1

[gram) 20.9 Fe + 8.1 Fe203 + 438 5i02 + E.4 Al203 + 16.8 MagO +
{EDDE,SE-FS stel #1] (500C.51-F T axid #11 (500C.=1-F T awid #11 (500C.24-F T owid #11 (500C,=-FToxid. #11 (500
4

Final Conditions

Products
Compound species b |10 4 o n =T =54 Cuztom Salutions
* [+ gas ©* ideal O real &1 = | + | Base-Phase | Full Mame - D fived activities
[ aqueous a C FSstel-LIQU LIQUID 0 ideal solutions
[ pure liquids i . FEstel-FOCT FLC_AT —] 0 activity coefficients
= [, pure zolids 116 + FSstel-BCCT BCC_ A2
™ suppress duplicates apply I FTomid-SLAGA ASlagiq all oxides + 5 Psoudonyms
* - cuztom selechon I FTomid-SPIMA A5 pinel -
species: 167 | | FlosidMe0_g AManovide spply [ List.. |
+ FT awid-cPuyrs, AClinopyrorene M include molar volumes
C o = e er Onthapyroxene — Total Species [max 1500] 584
Element Ni- FEeiLI0U |L_‘if:r'n'i:cib|e 4 ¥ Show C al & selected Total Solutions [max 40] 15
Estirmate ALPHA: |1 C-cd ] -
vassig: [T -« Selection of solutions

Default

E quilibrium

| b | <> | TIC) | Piatm) ~||DekaHy)  «| | | nomal O
| | 11600 1 | =
: " open
10 steps r Calculate »>>»
FactSage 6.3 C:hsEquiReactor_Composzition_T arge-10Mi-Mol-a.DAT
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Menu Window — Composition Target

G Menu - Equilib: comments [ —

File Units Parameters Help

Dl - TIC) Platm] Energyl)] Massla] Vollitre] =38 ‘

Beactants [14] E' Composition Target - — -
- [p— T T T o T g - [ B | L T B ] + 438 SIDE i
Solution FSStEl'l_IQU #1] [S00C.51-FT oxid # | Solution STE3-LIGU |
: " ~Wariable
- clear . -
v (" zpecies composition Code numbers [563-536]
- all species )
. i lect ) an species " logl0 [species composition) Fe.C.Co. ...
- custom select species ... | . | Base Phase |
m - merge dilute solution from P | C FSstel-LILL {* glement composition oBE Fe :|
- solution properties * PEsierEL] ™~ Jagl0 (el it
g prop S N FSstelBOCT 0g10 [element corposition) . ,
. emen
v+ -single phase I FT::::-uT:I-SL.-'l'«Ef-‘-. i ~ . .
. o | FTosid-5PINA RS ments C 0 Ma Al SiCa Cr M Fe Co N
I - possible 2-phase immiscibility | FT osid-Me0_& ¢ lag10species acivily] . 4
1 - possible 3-phase immiscibility + | FTouxid-cPyd Element: Ni hd
+ FT oxid-aPyr " - mone [removes targets) -
v - standard stable phase i
! - dormant (metastable) phase miscible 4 TSl
. amposition target - Yalues ]
F - formation target phase sment: i zol Enter a zingle value - or enter a range of walues first last step' '
P - prem-pltate-target phase Elemant Nil 1025 I |
5 - Scheil cocling target phase rass fraction:
TIC . Ak
D - soliDification calculation ... [E) |IF'[atm] — [25%) i
1
¥ C - composition target ...
... Cancel Help
FactSage 6.3 C:h. AEquiReactor_Compozition_T arge-100i-k
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Results Window - Laterite + Char at 1600°C

A=0.0381

£ Results - Equilib 1600 C

= [Ek !!Ei!d

Output  Edit  Show Pages

0| EE @

TIC] Platm] Energull] kMazz(g] Yalllitre]

A== Er2

{gram) 8.1 Fel + Z0.% Fe203 + 43.8 5i0Z + .4 R1Z03 +
{500,1,s-FactP5,#1) (500,1,31-FToxid, #1) (500,1,31-FToxid, 1) (500,1,
{gram) 1l6.8 Mgl + Z.3 Ni0 + <«4_8R> RIZ0O3 + «<14RA> S5i0Z +
{500,1,s-FToxid, $1) (500,1,s-FToxid,#1) {(100,1,s4-FToxid,£2)
{gram) <81.22> C + 0.1 Cal + 0.1 Col + 0.8 CrZ03 +
{100,1,51-FactDPS, $2) (500,1,s-FToxid, £1) (500,1,s-FToxid, 1)
{gram) 0.6 MnOZ + 0.3 Naizd =
{500,1,s-FToxid, $1) (500,1,s31-FToxid, #1)
0.25752 mol gasa_ideal
{7.3988 gram, 0.25752 mol, 3%9.583 litre, 1.8632E-04 gram/cms)

{1800 C, 1 atm, &=1.0000]

{ 0.55453¢8 oo

+ 4_4%912E-02 oz

+ 6.1427E-05 Fe

+ Z.843%7E-05 Ha

+ Z.1527E-05 5i0

+ &.9777E-0& Hi

+ 1_Z003E-0& Mg

+ 5.0842ZE-07 Mn

+ Z_.30&5E-07 Co

+ 1.&82Z81E-07 Fel

+ 1_0555E-07 Cr

+ Z_.T7353E-08 5i0:z

+ 1_5781E-08 Crl

+ 4 _5947E-0%9 O

+ 3_.043cE-05 Cr:z

+ 1.44&7E-05 Hil

+ 2_8185E-10 0z

Laterite 100 g vs Char 0.0381 g
Laterite 1 ton vs Char 0.381 kg

—

{100,1, s1-FToxi

{500,1, s-FToxid

FactSage 2.3

34-FTox

FactES
FactES
FactES
FactES
FactES
FactES
FactES
FactES
FactES
FactES
FactES
FactES
FactES
FactES
FactES
FactES
FactES
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Effect of change of Char - Laterite + Char at 1600°C

fj' Menu - Equilib: change of Ni with adding Char

L= =

File Units Parameters Help
[ = =&

Beactants [14]

TIC] Platm] Energyll] Masz(g) “olllie]

m e %

[aram] 8.1 Fel t
{EEIEIE,S-FactF'S,m 1

203 Fe203 + 438 5i02 + 6.4 Al203

(500C.51-FTaxid #11 (500C.51-FT axid #11 (500C.=4-F T axid #11
4

; 16.5 MgD ;

(500C.=FToxid #11 (501

]

Products

Compound species Solution species

* [+ gas (¢ ideal ™ real 51 = -
[T aqueous 0 + FSstel-LIGU LIQuID
[ pure liquids 0 +  FostelFLC] FCC_AT
* [+ pure solids 116 + FS=tel-BCCT BCC_ &2
I? Suppress duplicates apply I FTD:’:":I'SL.":".G.{"- .l':".S|E|g|-|IE| a" DHidES + S
* - custom selection | FTomid-S P A ASpinel
spECiES 167 | FToxid-Med_a AMonoxide
+ FT owid-cPuyrd, AClinopyroxens
+ FToxid-oPyr Orthopyroxens j
Target Leaend
- hiohE - l- ilg'lnmiscil:lle 4 v Show O all % selected
Estimate ALPHE; |1 +-gelected 8 species 417  cloot
Masz(g) ||:| solutions: 16 4
| T |Plam)
11600 1

FactSage £.3 CAAEquiMoB-Fe-Mi_effect_on_Co_and_Cr_composition. DAT

Custom Salutions

0 fised activities
0 ideal zolutions
0 activity coefficients

Pzeudonyms

apply [ List ...

[ include molar volurnes
Total Species [max 1500] 534

Total Solutiohs [max 401 16

~
21 calculahons epen

Drefault

E quilibrium
ﬂlDeIta HIJ] ﬂ {* normal " normal + kranzitions

" hansitions anly

Calculate »>»

l—————=

Change of Char from 0 to 0.1g based on 100g Laterite
Laterite 1 ton vs change of Char from O to 1 kg
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Effect of change of Char - Laterite + Char at 1600°C

d7 Results - Equilib A=0 (page 1/21) ™ ™ ™

L= = ——"—

Output | Edit  Show Pages
Save or Print v TIC] Platm] Energyll] Mass(g) Yolllitre) "1 B I s
Plot ] Plot Results ...
Equilib Results file 3 Repeat Plot - gram vs Alpha ... 0.045 ] A=0.05 ] A=0.033 ]
Stream File 3 FactSaoe &3 - .
02+ 43.8 Sifj Results Processor: C:\FactSage\Equil.res &J
Format r ]
1, 31-FToxid, §:
-File Hel
+ <4_8R> R1: P
Fact-XML 2 :
L, s—FToxnid, £1 81Fel+ 209Fe203 + 438502+ 644203+ -
_ D+ 0.1 Cob
Fact-Optimal Y |1,5-FToxid, ]| Asxes | Variables | Minimum | Maximum
] ) 3= activity 1] 104.58
Fact-Function-Builder b 1,s1-FToxid, & mole 0 7 R3a7
rnale fract, 1] 0.333333
Refresh ... =1 gram 0 59.429
p— ¢ mol, 3.7020 wisight % 0 99.998
{1&00 E:r 1 atm, 2=1.0000) .ﬁ.lpha |:| |:|1
t0.55373 o2 TIC) 1600, 1600
anesmemnt % v AR o et = >
47 txes: weig i WL Delta Cpl) 1962 82696
Y-variable ¥-variable SWEFI Axes Delta GlJ) -3.8924E+05 -2.73h8E+05
Wolllitre) Il 0
amic VIR Delta HJ) 1.77E9E+05 2 1164E+05
’ N ’ Drelta (it 3.702 101.96
Delta S[J) 152,43 277 63
) ) - page - 1. 2.
ER ER
100 Axes Species Graph Display
i ICI i ICI Labels v colar [ Full screen
. . zec |9 no |I T
tick every [ tick every 0,01 Select size:[9 IV reactarits Wiewer
_ * chemical v file name ™ Figure
: | [ " integer #
i *%¥| Select shecies and phases to be plotted. F
Cancel Refrezsh .......... EI K ..........
— FactSage 6.3 C:AFactSagetEquil.rez EFebl3 21 zets

‘ Liactsage
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Effect of change of Char - Laterite + Char at 1600°C

[? Species Selection - EQUILE Results: gram vs Alpha

-5

File Show Select
+ | i | Species | Gram [min] | Gram [max] | Wt % [min] | Wt % [max] | Activity [min] | Activity [max] |
43 Colg) B E271E-11 4 5397E-0R 730 8E-09 8.9375E-05 39645E-11 4 BIAFE-OF
43 Mila) 24118E-08 2 316EE-04 31296E-0R b 3523E-03 1.7062E-0A 32792E-0R J
a0 Mil[g] 2 00B5E-10 1.1828E-06 1.0732E-09 4 22R1E-0R 4 0493E-12 2 3422E-07
A1 MI[CO]4[g] ] 1.5441E-15 ] J05R1E-14 ] 5 3R05E-17
FS5stel- LIQU .
L Fe(LIGL ] 20715 2_225&? Results Processor: CA\FactSage\Equil.res &J
A3 CILIGL) 1] 0172327 1] Fil
ile  Help
A4 CofLIaU] 1] V.8E30E-02 021
B CrLIaU) 0 0224569 242 81Fel + 209F=203 + 438502 + B4 A203 + -
56 AllLIGU) 0 5.1823E-05 2,307 Axes | Yanables | Minimum | Maximum
A7 MfLICILI 1] 38302E-02 471 activity i 104.52
+ B8 Mi[LIG] 1] 1.8073 7319 rnole 0 20887
ja)s ) =) || my 1] 1.4944 1.375 mole fract, 1] 0933333
R0 MglLICIL) 1] 9.35a7E-07 B.514 _gram 0 93.423
Bl ] (W[ N 0 9,6386E-03 4.271 weight % u 33.938
B2 AD[LIGU) 0 1.66E0E 06 3131 Alpha 0 0.1
§3  AlZO[LIGU) 0 1.4529E -0 2 600 P[Tﬂ 1;3””- 1;3'3'1
atrn . .
B4 CrafLIg) 1] 36027E-04 3473 Deka Cpll] 1962 27 BE
Delta GJ) -3.8924E+05 -2.7358E+05
- Mass Valllitre) 0 g
FOUCeE
™ mole Delta HIJ) 1.7769E +05 2.1154E405
[ [page] {* gram Delta Wl 3702 101.96
Delta S[J) 152,43 277 63
Clear - page - 1. 21
[ Click on the +' column to add or remove species. | Axes Species Graph Display
L0 selected | [0 selected | peke [v color [ full screen
Select size: [ nacf4 ¥ reactants T Wiewer
* chemical v file name ™ Figure
| [ " integer #
'&'Hﬂl Select species and phases to be plotted. F

FactSage 6.3 C:AFactSagetEquil.rez

BFebl3

21 zets
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Effect of change of Char - Laterite + Char at 1600°C

{3 Figure  User: MinMet, McGill Url'wer_' - = | ——

File Add Edit View Help

Delac| Bl i@ x| o | 8|2 @ x| ] seec |

8.1 FeO + 20.9 Fe203 + 43.8 SiO2 + 6.4 Al203 +

C:\FactSage\Equi0.res 6Feb13

Ny

=

oA T

FariSanaf2  |R71 0 [ - nnesg7INtA W - 117 58242 [ [P FartRana FOI MR FIG

With addition of Change the contents of Ni dissolved in liquid iron decrease.
If then, what are amounts of Fe-Ni and Slag after each process?

thtSage'" Ferrous Processing 14 T McGill CRCT "o



Effect of change of Char - Laterite + Char at 1600°C

d7 Results - Equilib A=0 (page 1/21) ™ ™ ™

L= = ——"—

Output | Edit  Show Pages
Save or Print v TIC] Platm] Energyll] Mass(g) Yolllitre) "1 B I s
Plot ] Plot Results ...
Equilib Results file 3 Repeat Plot - gram vs Alpha ... 0.045 ] A=0.05 ] A=0.033 ]
Stream File 3 FactSaoe &3 - .
02+ 43.8 Sifj Results Processor: C:\FactSage\Equil.res &J
Format r ]
1, 31-FToxid, §:
-File Hel
+ <4_8R> R1: P
Fact- XML » i
L, s—FToxnid, £1 81Fel+ 209Fe203 + 438502+ 644203+ -
_ D+ 0.1 Cob
Fact-Optimal Y |1,5-FToxid, ]| Asxes | Variables | Minimum | Maximum
] ) 3= activity 1] 104.58
Fact-Function-Builder P 1, =1-FToxid, male 0 25887
rnale fract, 1] 0.333333
Refresh .. 21 gram ] 99.429
p— ¢ mol, 3.7020 wisight % 0 99.998
':15':“3 E:r 1 atm, a=1.':|':|':|':|:l .ﬁ.lpha |:| |:|1
( 0.53573 oz TIC) 1600. 1600.
+ Z_3510E-04 O . Platm] 1 1
47 Axes: gram vs Alpha . Deka Cpll] 1962 52,696
Y-variable X-variable Swap fxes Delta L?u[J] -3.8924E+05 -2, F3h8E+05
Walllitre) 1] I}
mis s Delta HJ) 1.77B3E+05 31154E+05
r i Drelka Wlitr 3,702 101.96
Delta 51J] 152.43 277.68
. . - page - 1. 2.
rAENIrLI rAENIrLI
Axes Species Graph Display
i D i D Labels v calar [ full screen
. . izes|3  no |I T
tick eveny |5 tick every  [0.01 Select sizer]s v reactants Wigwer
_ * chemical v file name ™ Figure
: | [ " integer #
*%¥| Select shecies and phases to be plotted. F
Cancel Refresh L 0K
— FactSage 6.3 C:AFactSagetEquil.rez BFebl13 21 zets

‘ Liactsage
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Effect of change of Char - Laterite + Char at 1600°C

ﬁ Species Selection - EQUILUB Results: gram vs Alpha

2]’

File Show Select
+ | # | Species | Gram [min] | Gram [max] | Wt.% [min] | W% [max] | Activity [min] | Activity [max] |
SOLUTIONS
oo5 345 0.770E43 18611 1] 1] 1. 1.
+  BB6 LGy 1] 24691 1] 1] 3.9934E-03 1.
T T 1] 1] 1] n A 2000F N4 N aA7R
oo =T | 0 0 DEP Results Processor: ChFactSage\Equil.res
+ ) 283 SLAGAHT BE.233 93.423 UFile Help
B han SLAGAH? 1] 1] 0
832 SPINaf2 I I O Axes | Vanables | Minimum | M aximum
233 Mel_ai1 1] 1] 0 activity 0 104.58
234 Mel_af2 1] 1] 0 mole 0 20887
R9R cPurd ] ] 0 mole fract. 1] .935333
RI6 oPyr ] ] ] gram 0 93.429
597 pPyrd, 1] 1] 0 weight % 1] 93,933
598 Olivas 0 0 0 Alpha 0 01
593 MuF 0 0 0 P[;[r'ﬂ 120 1=
500 LORLI#T 0 0 U Delta Cpll) 19.62 82696
501 |CORU#Z 0 0 G Delta GIJ) 3.8924E +05 2.7358E+05
alllitre] 0 1]
Mass Dietta HIJJ 1.77E9E +05 21154E 405
[ osouce | - il Delta it 3,702 101.95
[ [page] * gram Delta S 152.43 27768
Clear - page - 1. 2.
Axes Species Graph

[ Click an the +' column ta add or remave species. |

0 zelected

Select

Dizpla
peke [+ Iu:lzu-llrlur
size: [ nacf4 ¥ reactants
* chemical v file name
" integer #

|
'&'Hﬂl Select species and phases to be plotted. F

FactSage 6.3

C:AFactSagetEquil.rez

ey |

BFebl3

[ full screen

7 Wiewer
* Figure

‘ Liactsage

Ferrous Processing 16

21 zets

¥ McGill CRCT



Effect of change of Char - Laterite + Char at 1600°C

&7 Figure  User: MinMet, McGill University -
File Add Edit View Help e

Dl del & el X o|=|E 2] @ x| EEm ]z selected [Labd Lol =008y - 21553

8.1 FeO + 20.9 Fe203 + 43.8 SiO2 + 6.4 Al203 +

C:\FactSage\Equil.res 6Feb13

R . §

=

A4 T i

| FactSage 6.3 749 7 X = 010619048 ¥ = 116.04396 C:\FactSage\EQUILIB.FIG A

G’actSage'" Ferrous Processing 17 T McGill CRCT "o



Effect of change of Char - Laterite + Char at 1600°C

&7 Figure  User: MinMet, McGill University “ Q=R &~

File | Add | Edit View Help

Dlefdls| afslel x| | =] 2] @ x| T s

8.1 FeO + 20.9 Fe203 + 43.8 SiO2 + 6.4 Al203 +
C:\FactSage\Equil.res 6Feb13

FactSage 6.3 7 257 ¥ = -0,011587302 ¥ = 61.098901 | |C:\FactSage\N ol_Superimposec

Ferrous Processing 18 “f‘ McGill CRCT Mopuea




Determine the liquidus temperatures of
slag and alloy (Fe-25wt% Ni)

Stream / Precipitate Target

thtSageT" Ferrous Processing 19 T McGill CRCT Mo



Liquidus Temp. of Alloy — Creating Stream file

.GP Results - Equilib 1600 C, A=0.0015

A

=RR=N X

[Qu‘tpu‘t] Edit Show Pages

Save ar Print
Plot
Equilib Results file

Streamn File

Format

Fact-XML
Fact-Optimal
Fact-Function-Builder

Refresh ...

TIC) Platm] Energell] kaszz(g]l “olllitre]

== E

Recycle all streams ...

FactSage .3 -

Save stream file »

Stream file properties ...

Summary of streams *

Directory (C\FactSagel) ..

=1

0.37332

Z.8511E-0Z2
7.4343E-05
4_80&3E-05
4 _ZBO1E-05
Z.8804E-08
2.0202E-08
B8.5857E-07
Z2.0347E-07
1.1383E-07
B.74837E-08
4_3057E-08
Z.Z0B5E-08
Z.88l10E-03
1.59873E-03
3.Z2184E-10
1.4791E-10

+++++++++ -

Save gas phase ...

Save pure liquids ...

Save aqueous ..

Save pure solids ...

Save solutions 3 AlLL solutions
= mol, 1.39385% litre, 1.8501E-04 gram/cm3) |F55teI-LIQU LIQUID |
a=1.0000) FSstel-FCCL FCC A
co FactES
coz FactP3 FSstel-BCC1 BCC_AZ2
Fe FactPES . .
Ha FactDS FToxid-SLAGAEL ASlag-lig
510 FactPs FToxid-SLAGA#Z ASlag-lig
HNi FactES . .
Mg FactD5 FToxid-5PINAZL ASpinel
Ma FactBS FToxid-SPINAZ2 ASpinel
Cr FactES
Fel FactPE3 FToxid-MeD_AZ1 AMonoxide
ce FactEs FToxid-MeQ_A%2 AMonoxide
5i0z FactES
Cro FactDS FToxid-cPyr&A AClinopyroxene
4] FactES
croz FactDS FToxid-oPyr Orthopyroxene
Hid FactP3 FToxid-pPyrA AProtopyroxene
Mgl

FactES

FToxid-OlivA AOlvine
FToxid-MulF Mullite
FTowaid-CORUEL M203(Corundum)
FToxid-CORUEZ M203(Corundum)

I thtSage‘”
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Liquidus Temp. of Slag — Creating Stream file

.GP Results - Equilib 1600 C, A=0.0015

A

=RR=N X

[Qu‘tpu‘t] Edit Show Pages

Save ar Print
Plot
Equilib Results file

Streamn File

Format

Fact-XML
Fact-Optimal
Fact-Function-Builder

Refresh ...

TIC) Platm] Energell] kaszz(g]l “olllitre]

== E

Recycle all streams ...

FactSage .3 -

Save stream file »

Stream file properties ...

Summary of streams *

Directory (C\FactSagel) ..

=1

Save gas phase ...

Save pure liquids ...

Save aqueous ..

Save pure solids ...

Save solutions

¢ ALL solutions

5 mol, 1.3383% litre, 1.8501E-04 gram/cm3)

0.37332

Z.8511E-0Z2
7.4343E-05
4_80&3E-05
4 _ZBO1E-05
Z.8804E-08
2.0202E-08
B8.5857E-07
Z2.0347E-07
1.1383E-07
B.74837E-08
4_3057E-08
Z.Z0B5E-08
Z.88l10E-03
1.59873E-03
3.Z2184E-10
1.4791E-10

+++++++++ -

a=1_0000)

FactES
FactES
FactES
FactEBS
FactES
FactES
FactES
FactEBS
FactES
FactES
FactES
FactEBS
FactES
FactES
FactES
FactEBS
FactES

Fastel-LIQU LIQUID
Fastel-FCC1 FCC_AL
FSstel-BCC1 BCC_A2

| FToxid-SLAGAZ1 ASlag-lig |
FToxid-SLAGA#2 ASlag-lig
FToxid-5PINAZL ASpinel
FToxid-5PINAZ2 ASpinel
FToxid-MeO_821 AMonoxide
FToxid-MeQ_&22 AMonoxide

FToxid-cPyr&A AClinopyroxene
FToxid-oPyr Orthopyroxene
FToxid-pPyrd AProtopyroxene
FToxid-OlivA AQlivine
FToxid-MulF Mullite
FTowaid-CORUEL M203(Corundum)
FToxid-CORUEZ M203(Corundum)

I thtSage‘”
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Liquidus Temp. of Alloy — Import Stream file

ﬁ Reactants - Equilib

e —————————————— [ S

Eile [Edit] Table Units Data Search Help

D]

Add a new Reactant

Insert new reactant before ...

Delete reactant ...
Delete all blank reactants

Miztures and Streams

Re-order the reactants
Export list of reactants
Import list of reactants

Clear

Example

Ctrl+R Energyld] Mazs(g] Walllitre]

"TI 3 FSstel-LIQU LIQUID stream

J Import a mixture 2

I Import a stream (or single-line rnixture:ll 2

¥ Edit a mixture or stream »

10
k Directory (Ch\FactSagel) ..

11
12
13

14
15
16
17

[+ Initial Con

FactSage 6.3

Mext »» 73

Compound: | 3/19 databases

Solution: | 2/19 databases 24

4 FToxide Slag stream

5 Slag with A=12.12 strearn
6 Slag with A=12.62 strearn
7 Slag with A=1312 stream
8 Slag with A=13.62 stream
9 Slag with A=14.12 strearn

Slag with A=14.62 stream
Slag with A=15.12 streamn
Slag with A=16.12 streamn
Slag with A=16.62 stream
Slag with A=17.12 stream
Slag with A=18.12 streamn
Slag with A=19.12 streamn
Slag with A=2012 stream
Slag with A=21.12 stream
Slag with A=2212 streamn
Slag with A=23.12 streamn
Slag with A=24.12 stream
Slag with A=2512 stream
Slag with A=26.12 streamn
Slag with A=27.12 streamn
Slag with A=2812 stream

GactSage‘”

Ferrous Processing 22 T

McGill CRC

Montreal
2013



Liquidus Temp. of Alloy — Precipitate Target

&7 Reactants - Equilib o |

File Edit Table Units DataSearch Help

N |E,’~| il TIC] Platm] Energyl)] Mass(g) Wolilire]

ul EEAES

Mas=z(g] Species Phaze TIC)

Ptotal]*™ Streamit Data

| [Fsstelliou_Ligu » | ksteam] | 1600

|1

|1

¥ Initial Conditions

Mext >>

I GactSage‘”

Ferrous Processing 23

¥ McGill CRCT
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Liquidus Temp. of Alloy — Precipitate Target

{7 Menu - Equilib: Steel Cooling

—Heactants [1]

. | () Rl
Eile Units Parameters Help
O = E TIC) Platm] Energell] Mazsg] “olllitre]

S ®|

[gram) 100% [FSstel-LIGU_LIGQUID]
(1600C liq.#1]

Solution Fastel-LIQU

- clear
— Products v - all species
~ Compound species 5ol I * - custom select species ...
=[ gas @ ideal ¢ real 48 =|| + | BazePhase Full Name il \ution f .
I— aquenLs 0 = FoatelLIOU LguiD m - merge dilute solution from
|_ pure liquids 1] + FSztel-FCCT FCC_Ad - solution properties ..
* |+_ pure zolids 109 + FSstel-BCCT BCC_AZ
- + - single phase
* - custom selechion I - possible 2-phase immiscibility
SpECies: 157 ] ) o
1 - possible 3-phase immiscibility
. - standard stable phase
— Precipitate Target —Legend
FSstelLIQU e ¥ Show( &l & selected ! - dormant {metastable) phase
Estimate T[C]: I1 000 +-selected 2 species: 5B o F - formation target phase
Massial: [B sohdtionss: 3 ——— L g precipitate target phase
_ Final Conditions 5 - Scheil cooling target phase
s <B>» TIC] Platr] ~||DekaHy)  ~| D - soliDification calculation ...
1 C - composition target ...
M steps [ Table
Help ...
FactSage 6.3 | C:A\Fact5age'E quiSteel-cooling-Mo2-b. DAT

GactSage‘”

Ferrous Processing 24

¥ McGill CRCT
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Liquidus Temp. of Alloy — Precipitate Target

{,:,' Results - Equilibj 1599.96 C

— Elg‘

Output  Edit

Show Pages

D= EE F

TIC) Platm] Energel]] Mazsa) “olllitre]

Ll kv

{gram)

0

100%

{
{
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

[FSstel-LIQU LIQUID]

{1e00,1,liqg, £1)

mol gas_ideal

15535_5& C,
0.554585

4 _4522E-02
8.1393E-05
Z2.1523E-05
©.9743E-0%
1.2001E-0%&

o

[

(1]

L

-1

[
[}

[k
[}
[}
e
[&]
[}
[
=1 =]

-@Z55E-07
-0550E-07
-7330E-08
-9775E-08
-552Z&E-0%5
-0432E-0%5
.4453E-05
-B173E-10
-5170E-10
-3735E-12
.0BgeE-12
-4551E-13
-5318BE-13
-T334E-13

I e N o e N e ]

co
CozZ
Fe
5i0
Ni
Mg
Mn
Co
Feld
Cr
5i0z
Cxl

Croz
NiC
oz
Mgl
Cro3
5i
21
210
Cz0

C302

a=1.0000)

FactES
FactES
FactES
FactES
FactES
FactES
FactES
FactES
FactES
FactES
FactES
FactES
FactES
FactES
FactES
FactES
FactES
FactES
FactES
FactES
FactES
FactES
FactES
FactES

FactSage ©.3 -

GactSage‘”

Ferrous Processing 25

¥ McGill CRCT

ontreal
2013



Liquidus Temp. of Slag — Import Stream file

ﬁ Reactants - Equilib

e —————————————— [ S

Eile [Edit] Table Units Data Search Help

D]

Add a new Reactant

Insert new reactant before ...

Delete reactant ...
Delete all blank reactants

Miztures and Streams

Re-order the reactants
Export list of reactants
Import list of reactants

Clear

Example

Ctrl+R Energyld] Mazs(g] Walllitre]

11| 3 Fsstel-LIQU LIQUID stream

I 4 FToxide Slag stream

J Import a mixture 2

I Import a stream (or single-line rnixture:ll 2

¥ Edit a mixture or stream »

10
k Directory (Ch\FactSagel) ..

11
12
13

14
15
16
17

[+ Initial Con

FactSage 6.3

Mext »» 73

Compound: | 3/19 databases

Solution: | 2/19 databases 24

5 Slag with A=12.12 strearn
6 Slag with A=12.62 strearn
7 Slag with A=1312 stream
8 Slag with A=13.62 stream
9 Slag with A=14.12 strearn

Slag with A=14.62 stream
Slag with A=15.12 streamn
Slag with A=16.12 streamn
Slag with A=16.62 stream
Slag with A=17.12 stream
Slag with A=18.12 streamn
Slag with A=19.12 streamn
Slag with A=2012 stream
Slag with A=21.12 stream
Slag with A=2212 streamn
Slag with A=23.12 streamn
Slag with A=24.12 stream
Slag with A=2512 stream
Slag with A=26.12 streamn
Slag with A=27.12 streamn
Slag with A=2812 stream

GactSage‘”

Ferrous Processing 26 T

McGill CRC
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Liquidus Temp. of Slag — Precipitate Target

L7 Reactants - Equilib =S|

File Edit Table Units Data Search. Help
Ole| +| = TIC) Platm) Energyll] Mass(a) Valliire) VETES
1-1]
Maszz[g] Species Phaze TIC] Piltotal]*™ Streamit Data
100% [[FTovide_Slagl | |[iStream] [t1eo0 |1 [1

¥ Initial Conditions

Mext >3»

GactSage’” Ferrous Processing 27 ¥ McGill CRCT "3



Liquidus Temp. of Slag — Precipitate Target

& Menu - Equilib: Slag cooling

et o

File Units Parameters Help
O = E T[C] Platm] Energull] Mazz(g] “olllitre]
Reactants [1]
[gram] 100% [FToxide_Slag]
[1E00C,H1)
Products
DIMpOUTg Species S olfifion species
*[¢ gaz (¢ ideal  real 34 | + | Base-Phase Full Name 4
[ aqueous 1] [P FTomid-SLAGA ASlag-lig all oxides + 5
[ pure liquids 0 | FTosid-SPINA ASpinel .
* [+ pure zolids 114 | | FTaosid-tel_a A onoxide
[ suppress duplicates apply I FT owid-cPyrd, AClinopyroxens
*  cuztom selection + FTowid-oFyr Orthopyroxen:
species: 143 + FT oxid-pPyré, APFrotopyroxens
| " *" denotes custom selection -

[13
: ie - -

TS T T

Precipitate T arget Legand
FTawid-SLAGA |-i|g'll'|l'l'|iSI3i|:l|E 7 W Show T all % zelected
Estimate T[C): 1000 P - precipitate target spealEs AL o
Masslal I—D + - gelected 2 solutians: 15 elect |

Final Conditions

‘m = m ‘
Solution FTomd-5LAGA

- clear

- all species
* - custorn select species ...
m - merge dilute solution from J

- solution properties ....

+

- single phase

I - possible 2-phase immiscibility
1 - possible 3-phase immiscibility
- standard stable phase

I' - dormant (metastable) phase

- formaticn target phase

- precipitate target phase

| by B

| |
10 steps [

FactSage 6.3

1

~||DekaHE)  ~|
|

C:AFactSagetEquiSlag-cooling-MoZ-a. DAT

F
P
5 - 5chel cooling target phase
D - sclilification calculation ...
C

- composition target ...

Help ...
Calculate >»

‘ thtSage‘”

Ferrous Processing 28
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Liquidus Temp. of Slag — Precipitate Target

47 Results - Equilib| 1380.48 C

= | B |-

| Qutput | Edit Show Pages

0|z 25 5

TIC] Platm] Energyll] Masz(a) Walllitre]

Al 17

I.8LUVE-UD
Z_.T738B5E-05
T.0133%E-02
1.7320E-03
Z2_.0Z6lE-03
4_47T3E-04
0.18525

3.Z4Z0E-02
0.1048¢8

Z.4ZB1E-03

J._dggeE—-Us
T.1B8cE-05
0.17447

4.2383E-03
&_.0BZ0E-03
T.958ZcE-04
0.23174

3.8B963E-02
0.11330

Z.4804E-03

0.e0022 0.42775

{1380.48 C,

+ 0 gram 20livinegl

1 atm,

a=1.0000)

V= T
+ 5.112%

+ 12.725

+ Z3.821

+ 3_.5553E-10
+ 1.10&4E-03
+ 1.554cE-0%
+ 5.075&8E-03
+ 4_.0547E-0%
+ 1.433BE-03
+ 3_.503&E-08
+ 1.4517E-05
+ 7.2010E-07
+ 1.1247E-05
+ S5 _8334E-05
+ 1.1400E-02
+

A Q7R5E-N3

g v
Wwt.%
WE.%
wt. %
WE.%
wt.%
Wwt.%
wt.%
Wwt.%
WE.%
wt.%
WE.%
wt.%
Wwt.%
WE.%
wWt.%
wh %

oINS IS
FelFelS5ilDd4

MglFelS5i104
FelMglS5ilod
CalCalS5il0d
CalFel5ilo4d
FelCa15il104
CalMglS5ilod
MglCal5il04
MnlMnl1S5il04
MnlCal15i104
CalMnlSilod
ColColS5il04
ColMnlS5ilod
MnlCnlS5il104
MglColS5ilo4
Cn1Morl 545104

FToxid
FToxid
FToxid
FToxid
FToxid
FToxid
FToxid
FToxid
FToxid
FToxid
FToxid
FToxid
FToxid
FToxid
FToxid

Ferrous Processing 29
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Show the impact of the SiO,/MgQO (in the
range of 1 to 4) ratio on the liquidus
temperature of the slag (Primary

crystallization phase )
Stream / Precipitate Target

GactSageT” Ferrous Processing 30 ¥ McGill CRCT "o



Effect of SIO,/MgO ratio of Laterite on Liqudus Temp. of Slag

Addition of 0.381 kg of Char
with 1 tone of Laterite
SiO,+MgO = 60.6 wt%

| I

Hext »»

[ ama darabcaan Coalibimns | 23 Aabobicamn

(7 Reactants - Equilib - -— - L= ——)
File Edit Table Units DataSearch Help
D= +] TIC) Platm) Energyl)] Mass(g) Vollitre) WIEY=IE73
1-10 | 11-14]
Mass{g) Species Phase T(C) Pltotall™™ Stream# Data
X |Fe0 |solidFactPS wustite | I [ FactPs
* 209 |Fe203 |solid-1-FTowid hematit ~| [500 |1 1 FT ouid
* B0 By |siDz |sclid-1-FTowid quartall | [500 1 1 FToxid
* |54 203 |solid-4-FTaxid cound: | [500 | | FToxid
s g0 |solid-FTaxid periclase | [500 1 1 FT owid
* |23 |NiD |sclid-FT axid ~| |s00 1 1 FT owid
s 203 |solid-4-FTaxid cond: | [100 | |2 FToxid
+ <148 |5i02 |solid-2-F Towid quartat »| [100 1 E FT owid
+ |<81.28> [= |sclid-1-FactPS graphit »| [100 1 |2 FactPs
+ o0 |Ca0 |solid-FToxid lme | [500 1 1 FT axid
¥ Initial Conditions

Fl

Ferrous Processing 31
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Effect of SIO,/MgO ratio of Laterite on Liqudus Temp. of Slag

MgO = 12.12 to 30.3 wt%
SiO,/MgO =1to 4ratio

G Menu - Equilib: 37 Calculations [ = ihj
File | Units | Parameters Help
O = E TIC] Platm] Energul)] kaszs(g] Yalllitre] "1 B )EI
Reactants [14]
<B0E-Ax 5i02 + B4 Al203 + <Ax Mgl + 23 Nid + <4.8B> Al203 + <
J[EIZIIZIIZ,ﬂ FTowid H#11 [500C,24-F T owid H11 [B00C,=-FT oxid #11 [B00C,=-F T owxid #11 [100C z4-F T oxid, #2 (1000
4 [
Products
Compound specie Solutioh species Cuztomn Solutions
* [+ gas & ideal " real 51 |_+ | Base-Phase | Full Name - 0 fised activities
[0 aqueous 0 + FSstel-LIQU LIQUID 0 ideal solutions
[ pure liquids 0 + FStelFOCT FCC_AT 0 actiity coefficients
* [ pure solidz 11E + F5stel-BCCT BCC_A2
W suppress duplicates apply I FT u:u:-:if:I-SL.-'l'-.E.-’-\. ASlag-ig all.u:-:-:iu:les +5 ET s
* - cugtom selection I FTomd-5PIMA ASpinel r i
species: 167 | | FTowidheO_a AMonoxide spply [~ List.. |
+ FT owid-cPuyrd, ALClinopyroxens ml
Iud I I
+ FT owid-oPur Orthopuroxens - med e.n'u: arvelmes
Total Species (max 1500] 584
Target Legend :
- honE - |- imriscible 4 W Show " al * zelected Total Solutions [max 40] 16
Estimate T(C): 1000 +-gelected 8 s 67 "
Maszgl |0 golutions: 1B ﬂ
ak Default
E quilibrium
o B | TIC] ”F'[atm] ﬂ|DeIta HJ] j * normal " narmal + tranzitions
121230305  [0.0015 11500 1 | £ transitions only
- - " open
10 steps ¥ calculations Calculate >3
FactSage 6.3 C:hFact5agehEquiSiD2-kal_ratio-Mo3-a DAT

‘ thtSage‘”
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Effect of SIO,/MgO ratio of Laterite on Liqudus Temp. of Slag

Results - Equilib A=12.12 (page 1/38 E=NRCE X )
Gm tBEd-: Show Pages e 37 different Slags
Dutput  Edit  show Hages

[ E"'| ﬂ TIC) Platm) Energy[)] Masz(g] Wolllitre) “1 BI W and A”Oys are
A=2412 formed with Change
A=13.12] A=13.|5-2] A=19.12] A=19.|52] A=2{I'.12] A=2{I'.|52| A=21.12] A=21.E-2] A=22.12] A=22.|5-2] A=23.12] A=23.62 .
A=1212 | a=1262] A=13.12] A=1362] a=1412] A-1462] a=1512] a=1562] A=1612] A=1662] A=17.12] A=1762] of SIOZ/MgO at
1600°C.

m FactSage &.3 -
(gram) Z0.% Fe + 8.1 FeZ203 + <e0.8-RA* 5i0Z + &€.4 R1Z03 + [
{500,1,s2-FSstel, 1) (500,1,s1-FToxid, £1) (500,1,s1-FToxid, 1) (500,1,s4-FTc

lgram) <A>» Mgl + Z.3 Ni0 + <4_8(0.0015)> RA1203 + <«14(0.0015)> 5i0z +

(500,1,s-FToxid, §1) (500,1,s-FToxid, §1) (100,11, s54-FToxid, §2) (100,11, sZ-FToxi

{gram) <81_2(0.0015)> € + 0.1 Cal + 0.1 Col + 0.8 Cr203 +

{100,1,s1-FactES, £2) (500,1,s-FToxid, £1) (500,1,s-FToxid, £1) (500,1,s-FToxid

lgram) 0.& Mn0Z + 0.3 Na20 =

{500,1, s-FToxid, §1) (500,1,31-FToxid, £1)

S9_Z2135E-032 mol gas_ideal
(0.28153 gram, 9.Z2135E-032 mol, 1.41&6Z litre, 1.84&7E-04 gram/cm3)

{1600 C, 1 atm, a=1.0000)

{ 0.97654 co FactE3
+ 2.32B4E-02 coz FactPS
+ 7.4308E-05% Fe FactPS
+ £.5345E-05 Si0 FactPs
+ 3.1435E-05 Na FactE3
+ 2_6810E-0& Mi FactPS
+ 1.2820E-06 Mg FactPS
+ B.1822E-07 Mn FactPs
+ 2.1625E-07 cr FactE3
+ 9._9725E-08 Fel FactPS
+ B.7642E-08 Co FactPS
+ 5_7545E-08 5ioz FactPs
+ 2_.0547E-08 cro FactE3
+ 2.3294E-09 o FactPS i
+

1 &OZARE-NS D2 Fart PR
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Effect of SIO,/MgO ratio of Laterite on Liqudus Temp. of Slag

4 Resus - iy A=1212 age 138 || B
fgutput Edit Show Pages 0
Save or Print » Save or Print As ... itre] "ﬂlalﬂ TO export wWt% Of
Plot Repeat Open Spreadshest SlOz and MgO N

Equilib Results file y PEIT =0T =R =TI 2162 | A=2212| A=2262 | A=23.12| A=23.62 Slag phase
2 | A=1412| A=1462| a=1512| A=15.62| A=16.12]| A=1662| A=17.12] A=1762]

-

Stream File k

Format 3 FactSage &.3 -
g + <eld.g-A» 5i0Z + e.4 A1Z03 + I:]

Fact-XML » +1,51-FToxid, $#1) (500,1,s1-FToxid,$l) (500,1,s4-FTo

¢} <4_8(0.0015)> R1202 + <14(0.0015)> 5i0Z +
1, =s-FToxid, £1) (100,11, s4-FToxid, £2) (100,1, s2-FToxi

Fact-Optimal » -
0.1 Cal + 0.1 CoD + 0.8 Cri03 +
Eact-Function-Builder . }1,=E|—E'l'uxid,#1:| (500,1,s-FToxid, #1) (500,11, 3-FToxid
], 51-FToxid, £1)
Refresh ...
-2 - mit gz3_1ldezal

(0_2&153 gram, 9.2135E-0% mol, 1_4162 litre, 1.8467E-04 gram/cm2)
(1800 C, 1 atm, a=1.0000)
{ 0.37654 oo FactPS
+ Z.3ZB4E-02 ooz FactES
+ 7.4308E-05 Fe FactES
+ &.5345E-05 5i0 FactES
+ 3.1435E-05 Na FactPS
+ Z_&Bl0E-0& Ni FactES
+ 1.3BZ0E-0& Mg FactES
+ B.18ZZE-07 Mn FactES
+ Z.16Z5E-07 Cr FactPS
+ 9_59T725E-08 Fal FactES
+ B.784ZE-08 Co FactES
+ 5.7545E-08 5102 FactES
+ Z.0547E-08 Crh FactPS
+ Z_3Z94E-0%5 o FactES
+ 1 &OZRE-NS e FartPBS i
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Effect of SIO,/MgO ratio of Laterite on Liqudus Temp. of Slag

“Dutput X & Spreadshest - Equilib Page 38/38: T(C) = 1600, Platm) = 1, Alpha = 30.3 N C=ROR X
Page Range ~ Type of Dutput File Edit Show
* Al 38 pages : Prirter setup ... -
€ Pinter Belected: 2/502] [ Spreadsheet Species] Elle [ - W ipage]
" Curent page 1 ? Testfle [t | Page 38/38 : T(C) = 1600, Platm) = 1. Alpha = 30.3 [min = 1212 at p. 1. max = 30.3 at p. 3] |
-~ ;qTI:I:J Fl[xesult”s Flle (Equ’res) + | Code | Species | Data | Phase [T|¥| Activity | Minimum | M azimum |
s Esr 1050 NaZO[SLAGA) FTodid | FTowidGLAGA TEGO0E1D | 1.61R4E-12[1] | 1.8G00E-10 [3]
M 1(1R1 AT AS] ASA] FTrwid  FTowid-Sl aGs < JQQRE (12 2 OIARE (14 [3] 1 JO0RE 73 [39]
® OpenTet Spreadsheel  Spreadshest setup . + 1052 SiDZ(SLAGA) Fosid  FTosid SLAGA B.8588E-02 | 6.B588E-02[39] 08134 [
m T K[ =um) [LROA] T TR ORI ILROS BT uiniaramsiag g ol .:I‘H-‘E‘Bﬁ‘[ﬁﬁj—‘
s ‘ool 1054 | Cal[SLAGA] FTodid | FTewidGLAGA B51Z5E-05 | 379ME-OF[1] | B.5125E-06[39]
WA TOWE & COLMNS 1055 | FeD[5LAGA] FTowid | FTowid-SLAGA 02781 ans? 1] 02781 [39] [

40oCr Coararl A CT_ ol CT_ o] b A Aadn- OC LT W = |l e A A~ Ao OC [0
T T B g T . T

_MgEI[SLAGM FTowid | FTomid-SLAGA 8.0697E-02 9,2915E-03 [1] 8.0657E-02 [38]
TLOUSLAGA] FTord Pl oR0 G LEGe T MG T3 e G 1] R L
1089 MiD[SLAGA) FTowid | FTomid-SLAGA 1.1934E-04 5.0847E-05 1] 1.1954E-04 [38]

Cancel | (1] 4 | o

-Spreadsheet Setup 1060 MnO[SLAGA) FToxid | FTowid-SLAGA 2.1544E 03 5.9400E-04 [1] 2.1544E-03 [38)
1061 CrO[SLAGA) FToxid | FTowid-SLAGA 1.4742E-02 9.8533E-03 1] 1.4973E-02 [36]
~ System Properties R 1062 Cr203[SLAGA) FToxid | FToxid-SLAGA 9.9823E 04 1.8610E-04 [1] 9.9920E-04 [37]
Property columns IE_EI 1063 Mn203(SLAGA) FToxid | FToxid-SLAGA 3.7091E-10 1.1765E-11[1] 3.7091E-10[38) j
Column: -1- | -2 [+ denotes all the Species Properties as defined in the Spreadsheet Setup. |
Y aniable: Alpha

Select Al | Clear | i]8 |

—Species Properties ~ Species
Columnz per species |1 : " order species % order props.
Select ... Cancel
Calumn: -1- | |

Default |

Wariable:

Species; 2
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Effect of SIO,/MgO ratio of Laterite on Liqudus Temp. of Slag

{:F Equilib Results

Fi

= Edit

(1@ Erars B [Tttt

Alpha
1.27120000E +01
1.2620000E +01
1.3120000E+01
1.3620000E +01
1.4120000E +01
1.4620000E +01
1.5120000E +01
1.5620000E +01
1.6120000E +01
1.6620000E +01
1.7120000E +01
1.7620000E +01
1.87120000E +01
1.8620000E +01
1.97120000E +01
1.9620000E +01
2.07120000E +01
2. 0620000E +01
2.1120000E +01
2. 1620000E +01
2.2120000E +07
2.2620000E+01
2.3120000E +01
2. 3620000E +01

2. 4120000E +01

T(C)
1.5000000F +03
1.5000000E +03
1.5000000E +03
1.5000000E +03
1.E000000E +03
1.5000000E +03
1.5000000E +03
1.5000000E +03
1.5000000E +03
1.5000000E +03
1.5000000E +03
1.E000000E +03
1.5000000E +03
1.5000000E +03
1.5000000E +03
1.5000000E +03
1.5000000E +03
1.5000000E +03
1.E000000E +03
1.5000000E +03
1.5000000E +03
1.5000000E +03
1.5000000E +03
1.5000000E +03
1.G000000E +03

WtZ-SiD2[SLAGANT] WitZ-MgO[SLAGAH!)

5.9104540E +01 1.4772695E +01
5.8497343E +M1 1.538251 3E+01
5.7883336E +01 1.5932402E +01
5.7282768E+01 1.6R0Z2366E +01
5.BEVEE54E +01 1.7212402E+01
5.6063642E +01 1.7822534E +01
5.5461721E+01 1.8432746E +01
5.4854854E +01 1.9043043E +01
542481 24+ 1.96534458E +01
5.3641436E +01 2.02639345E +01
5303481 5E +01 2.0874555E +01
5.2428255E +01 2.1485276E +01
5.1821763E+01 2.2096113E+01
5.1215345E +01 2.2707032E +01
5.0603330E +01 2.3318205E+01
5.0002708E +01 2.3923470E -+
4.9396507E +01 2.4540835E +01
4.8730393E +01 2.5152504E +01
4.8184375E +01 2.57E4304E +01
4. 7578465E +01 26376 5E+01
4697267 3E +01 2.6333553E +01
4636701 2E+01 2. 7R0T056E +01
4.5761495E +01 2821383 E+M
451561 35E+01 2.8826903E +01
4. 4550342E +01 2944031 7E+01

Wt%-SiD2[SLAGANZ] WtZ-MgD[SLAGAHRZ)
591 04540F +01 1,477 2695E +11
5. 5497349E +01 1.5382513E 401
K, 7889996E +01 1.5992402E +1
57282 7ESE +01 1 BB0235EE +1
§ EE7REGAE +01 1.7212408E +01
5 GOREE42E +01 1.7822534E +11
5 5461 721E+01 1.83432745E 4011
5 4854854E +01 1.9043049E +1
542481 24E +01 1.9653445E +11
53641436 +01 2 026.3948E +11
5, 3034515E +01 2 (874555E +1
§,24282F9E +01 2 1485276 +01
51821 7E9E +01 2 2096119+
5.1215345E +01 2 2707052E +01
5. 0508990E +01 2,331 8205E +1
5. 0002703E +01 2 3929470E +1
4,9396507E +01 2 A540895E +1
4 87902593E +01 2 5152504E +011
4.5184375E +01 2 57E4304E +011
4, 7578455E +01 2 B376T15E -+
4 EI72673E +01 2 6338559E +011
4.G3R701 2E +01 2, 7601 05EE +01
4 5761 495E +01 2 821 3831E+01
4.5156135E +01 2 8326909E +1
4. 4550942E +01 2 944071 7E -+

Copy and paste in Excel file and then, you can calculate the

ratio of SiO,/MgO in Slag

Impossible to draw as a function of SiO,/MgO in FactSage

‘ Liactsage
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Effect of SIO,/MgO ratio of Laterite on Liqudus Temp. of Slag

- -
& Results - Equilib A=12.12 (page 1/38)

=NReE X

[Qutput] Edit Show Pages

Save or Print

Plot

Equilib Results file
Stream File

Forrat

Fact-XML
Fact-Optimal
Fact-Function-Builder

Refresh ...

TIC] Platm] Energel)] kasz(g] Yalllitre]

i di=al=EvE

files for Slag

D62 | A=2012| A=2062| A=2112| A=2162| A=22.12| A=2262| A=2312| A=23.62 phases

Recycle all streams ...

i] A=16.12 | A=1662| A=17.12]| A=1762 |
|

Save stream file r

Stream file properties ...

Summary of streams 2

Directory (C:\FactSagel] ..

h =

Save gas phase ... 6.3
Save pure liquids ...

Save aqueous ...

Save pure solids ...

Save solutions ¥

1, 51-FToxid, §1)

9_Z135E-03 mol gas_idezl
(0.2g153 gram, 9.2Z135E-03 mol, 1.416Z litre, 1.8487E-04 gram/cm3)

2

ALL solutions
FSstel-LIQU LIQUID
FSstel-FCC1 FCC_AL
FSstel-BCC1 BCC_A2

Create 37 stream

A
ek
52
O
oQ
(&)

Ferrous Processing 37

¥ McGill CRCT

{1800 C, 1 atm, a=1.0000) -

[ 0.37854 Cco FactES I-—I'oxld-SLAGA#lASIag-Ilq

* 2.3284E-02 coz FactEs FToxid-SLAGA#2 ASlag-li

+ 7.4308E-05 Fa FactES

+ £.5345E-05 Sic FactES FToxid-5PINAZL ASpinel

+ 3.1435E-05 Ha FactES i )

+ 2 EB10E-0E i FactDs FToxid-SPINAZ2 ASpinel

+ 1.3820E-0& Mg FactE3s FToxid-MeQ_821 AMonoxide

+ 8.18ZZE-07 Mn FactPES .

+ 2 1625E-07 cr FactDs FTomid-MeO_A#2 AMonoxide

+ 3.3725E-08 Fel FactF3 FToxid-cPyrA AClinopyroxene

+ 2.7T64ZE-08 Co FactES )

+ 5.7545E-08 5i0z2 FactES FToxid-oPyr Orthopyroxene

+ 2.0547E-08 c=o Faotks FToxid-pPyrA AProtopyroxene

+ Z2.3Z254E-0%9 8] FactES

+ 1 &NZAR-NT ornz FartDS FTowid-Olied ADlvine
FToxid-MulF Mullite
FToxid-CORUZ1 M203(Corundum)
FToxid-CORUZZ M203(Corundum)

™ ontreal

2013



Effect of SIO,/MgO ratio of Laterite on Liqudus Temp. of Slag

3 FSstel-LIQU LIQUID stream
L7 Reactants - Equilib - E@g A
4 FToxide Slag stream
File | Edit | Table Units Data Search Hel
Eile {Edit]) Table Units DataSearch Help 5 Slag with A=12.12 stream
olflitre EH -
DO AddanewResctant CuteR  plite) il EA_1E S 6 Slag with A=12.62 stream

Insert new reactant before .. 7 Slag with A=1312 stream

| & Slag with A=13.62 stream
9 Slag with A=14.12 strearn

Delete reactant ...

Delete all blank reactants

Mixtures and Streams L Import a mixture r 10 Slag with A=14,62 stream
Re-order the reactants b Import a stream (or single-line mixture) "1 | 11 Stagwith A=1512 tream
Export list of reactants 2 Edit a mixture or stream L 12 Slag with A=1612 stream
Irnport list of reactants 3 Directory (C\FactSagel] .. 13 Slag with A=16.62 stream
Clear 14 Slag with A=17.12 stream
i 15 Slag with A=1812 stream

16 Slag with A=1912 stream
17 Slag with A=2012 stream
18 Slag with A=21.12 stream
19 Slag with A=2212 stream
20 Slag with A=2312 stream
21 Slag with A=24.12 stream
22 Slag with A=2512 stream

¥ Iniial Conditions 23 Slag with A=26.12 stream
24 Slag with A=27.12 stream

25 Slag with A=2812 stream

26 Slag with A=29.12 stream
27 Slag with A=30.12 stream

Select each stream and calculate liquidus temp. 28 Slag with A=303 stream
. . .. , Slag FToxid-SLAGAZF]L stream
using ‘Precipitate Target

Steel FSstel-LIQU stream

FactSage 6.3 Compound: | 3419 databases Solutior: | 2/19 databases A
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Effect of SIO,/MgO ratio of Laterite on Liqudus Temp. of Slag

| |
10 sheps [

I

1 calculation

v||DekaHl) <] | * nomal
| ("

& Menu - Equilib: 37 calculations - - > =RRe X
o il - - il - ¢ L]
File Units Parameters Help
O = TIC] Platm] Energyull] Mazs(g] Walllitre] lﬁ B TS
Reactants [1]
Products
Compound species Solution species Cuztom Solutions
| * [+ gas % ideal © real 34 = . - 0 fined activities
[ aqueous 0 IP | FTosid-SLAGA  ASlagig all ovides + 5 0 ideal solutiots
™ pure liquid 0 T T SrTE T 0 activity coeffizients
* [+ pure sof 2 = e e
Click mouse-right-button for extended menu on FToxid-5LAGA,
B SUPpress duplcares  apply T T |u.-\.|l._| T 7T [aplom| g La mye pu =] F'SELJdDﬂ}'ITIS
* . custom selection + FT ozid-oPyr Orthopyroxene i
species. 148 + | FTosid-pPyrd, AProtopyrosene apply T M
| I FT oRid-Olis, A0lvine ™ nclude molar volumes
+ | FTosidMulF Mullite ~| _
Precipitate T arget Legend Tatal SDED.IES [rmax 1500] HE2
FT omid-SLAG - immiscible B W Show al % zelectsd Total Solutions [max 40] 15
E stimate T(C); |1000 F - precipitate target species: 434
b - + - selected 3 zolutions: 15 JSEE&
ass(g): Diefault
Final Conditions Equilibrium
| <y | B> TIC) HPmnﬂ

Calculate »>>»

| FactSage 6.3
b -

C:AFactSagetEquiMo3-a-Precipitate_Target. DAT

‘ thtSage‘”
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Effect of SIO,/MgO ratio of Laterite on Liqudus Temp. of Slag

47 Results - Equilit] 1468.00C T R ———

Primary
crystallization

QOutput Edit Show Pages
D= BBl @ TIC] Piatm] Energyl)] Massig) Yollite]

+ Z5_352 wt.% FelCri204 FToxid
+ 0.27335 wt.% CrlCrii4 FToxid
+ 1.4574E-03 wt.% CrlFeil4 Floxid
+ 9.0725E-02 wt.% CrlRhlz04 FToxid
+ Z_5B5ZE-03 wt.% ColRhlz204 FToxid
+ 4.1150E-05 wt.% ColFeil4 FToxid
+ 5.5333E-11 wt.% ColCoZl4 Floxid
+ 2_.41595E-07 wt.% FelCoZ04 FToxid
+ 2.1384E-03 wt.% NilR1204 FToxid
+ 5.0888E-05 wt.% HilFell4 FToxid
+ 5.3808E-07 wt.% MglCoZ(l4 Floxid
+ 7.73216E-02 wt.% ColCr204 FToxid
+ 9_5535E-03 wt.% NilCrzO4 FToxid
+ 1.1121E-10 wt.% HilCoZ2O4 FToxid
+ 3.1B877E-03% wt.% CrlCoZl4 Floxid)

+ 0 gram Si0Z cristobalite(h) Floxid
11468.0% C, 1 atm, 56, a=1.0000)

+ 0 gram Si0Z2 tridymite (h) FToxid
(1468.0% C, 1 atm, 54, =2=0.35935)

+ 0 gram S5i0Z2 gquartz (h) FToxid
11462.09 C, 1 atm, 52, =2=0.32034)

+ 0 gram MgSil3_proto-enstatite Floxid
(1462.0% C, 1 atm, 53, ==0.54841)

+ 0 gram MgSi03 ortho-enstatite FToxid
(1468.0% C, 1 atm, 52, a=0.54085)

" phaseis SiO,
(cristobalite)

Using Macro
function, this kind
of calculation can

be carried out

automatically.

—

———

Repeat to calculate the liquidus temp of each
slag using ‘Precipitate Target’

I thtSage‘”

Ferrous Processing 40
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The effect of SI0,/MgO and FeO and Al,O4 In

Slag on the liquidus temperature of the Slag
Phase Diagram / Equilib

GactSage”‘ Ferrous Processing 41 T McGill CRCT Monuee



Phase diagram of SiO,-MgO-Al,O,;-FeO-Fe

Actually, SiO,/MgO of Laterite is almost same as that of the produced Slag
The main system of Slag is virtually SiO,-MgO-Al,O;-FeO
G,' Components - Phase Diagram El&u

File Edit Units DataSearch Help

| ||j"| il TIC) Platm] Erergyl)] Massla) Yolllitre) "' I Bl }Il

1-5 |
Components
fsi02 Note:
- oh the phasze diagram the
IMgD unitz of mazz will be g, but
the chemical farmulae of the
|.-'1'-.I2I33 components remain molar
values. i
|Fel
IFE [

Fe-saturation condition

[T Eh-pH diagram

FactSage 6.3 Compound: | 2/19 databases Solution: | 2/19 databases -
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Phase diagram of SiO,-MgO-Al,O;-FeO-Fe

12

{5 Selection - Equilib - no results - t@g" - . .
Select pure solid and liquid of
= | Fe for Fe-saturation condition
+ |Eode| Species | Data \ Phase |T|V\ Achivity | nil | M aximum -
17 Sils] FSstel  diamond_ad o - — =
FE 02 FSstel  quartz(]) Y | PRELLI = . » .
FE sinzis2) FSstel  quartzlh) v ;
B si025:3) Fstel  ticpmite]] v Variables | Help
B si0zs4) Fostel  tidymite(h) W —
E2 si02is5) FSstel  cristobalitel] ¥ TIC] Platm)] Energul]] Mazs(q] Yalllitre | EH
B sin2is5) FSstel  oristobalitfh) W [C) P ] avll] (al Il "1 B
+ 24 Felz) FSstel  bee_ a2
+ 25 Fels2] FSstel  foc_al
B Fe=203s) FSstel  hematite y
27 Fe304(s] FSstel  magnetite W -
B Fe304sd FSdel  magnelie v | [gram] S5i02 + FeO + MgO + A203 + Fe |
29 AlSFeZ(s] FSstel  alofe2 o
30 AlB1Fe31[s] FSstel  al2fe a ﬂ
Show Selected Select Al Select/Clear... Cear | ok | Solution species Custom Solutions
: — 1 =]+ | Base-Phaze | Full Hame o 0 fixed actiities
—_—— ! | | FTowidSLAGA | ASlagliq all oxides + 5 g 'di?'_fﬁlutlﬂf??_ t
* [+ pure liquids 1 | | FToxidSPINA ASpinel el L
* [+ pure zolids 14 + | FTomid-te0_a At onozide |
G Selection - Equilib - no results - l =l ﬂ i FT ':':':id":P.'r'r"é" .":".E“r'll:ll:l_'r'fl:IHEr'lE-' PSEUE'DH_','ITIS
= + FTl:u:-.:u:I-l:uP'yr Orthopyrosens apply ™
. I |
Gelected: 1710 LIGUID I;-l_l-_w_dd pl:lFll'l" i .-“-‘-.F'ri't;?y TDHEHE
+ - .
| - ho results - | DHI, I W,me [ include malar volumes
+ | Code | Species | Data |  Phase  [T[¥]| Activity | Mini M i FT oxid-tulF Mullite: j o
T el Fooel  Touid 5 Legerd Total Species [max 1500] 173
B 11001 Fostel | liquid = ¥ - {o Total Solutions [max 407
5 Allig) Fostel  liuid 0 |.,,-,-,,-,|-,,3,3,|::lIE g W Show  al selected
5} Siflig) FSstel | liquid 0 + - zelecte H—.
I | EED FSstel | liquid SRS U Select |
« 8 Felig Fostel liquid solutions: 12 Defaul
5 Fe304(li) FSstel | liquid Bl
T 100 FToxid | liguid
11 A1203(g) FToxid | liquid Phase Diagram
= 02la) Al T FeO(Si02+Fe0 | Al20 3/ | Fe/(Si02+Fe0 | &

Show Selected |

Select Al

Select/Clear... Clear oK |

| 01 | 0 | 0.00000

shod-Si02-Mg0-A203-5i0 2-constant_1500C.DAT

B C

Calculate »>3» |

I thtSage‘”
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Phase diagram of SiO,-MgO-Al,O;-FeO-Fe

ﬁi Variables: Si02-MgO-AlI203-FeQ-Fe composition #3. vs composition #1.

Yanables

y LF compositions
% [canstant 7]
A | fleatotE) 0]
5/ Nc
Ysteps:
Xsteps:

. [ Jsioz+ [0 |MaD + [0 Jae03+ [0 [Fed + [0 |Fe

S| L= | o |-
“herguld] Massla) Yalllire) "T B.
conztant
e + MgD + A203 + Fe |
Custarm Solutions '
Ize Full Hame - 0 fixed activities L

[ sz« [ |Man « 1 Jaeos+ 1 JFe0 + I ]Fe

lﬁj max = 4

Cancel

Yariables

WGA | ASlaglig all axides + 5 0 ideal zolutions

s 2Spinel 0 activity coefficients

04 Ak onoxide _I
Co— Ot | [ PR

', AProtopyroxene apply [ List ...

i, Allwvine

[ include molar volurnes

Total Species [max 1500] 178
Total Solutions [max 401 12

ulF Mullte |

v Show " all * zelected

species: 136
solutions: 12 w

Drefault

d

Phaze Diagram

R

I Si02A5iI02+Fe0 | FeO/Si02+Fel | A1203/

| Fe/(5i02+Fe0 | A,

| 1500 | 01

| 01 | 0 | 0.000001 9 /\ c

[A =502 B =Mg0, C=Fe0|

FactSage 6.3

C:A.APhashod-Si02-Mg0-A1203-5i0 2-congtant_1500C. DAT

Calculate >>»

Liactsage
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Phase diagram of SiO,-MgO-Al,O;-FeO-Fe

fj! Variables: 5i102-Fe0-MgQ-Al203-Fe composition #1, vs composition #1.

Yanables

y . compozitions
A log10al | [0]

= conztant
1500

i I I

* sheps:;

. [ Jsioz+ [0 JFed + [0 |Ma0 « [0 Jao3+ [0 ]Fe
[ Jsioz+ I JFen + I |Ma0 « [0 a0z [0 |Fe

Yariables
i+
v
"

lﬁj max =5 A

AN
B C

Y steps:

* steps:

25|

conztant

compositions
log10fa) | [0]

[0 |sioz + |0

ﬁ! Variables: 5i02-MgO-Al203-FeQ-Fe composition #3, vs composition #1.

Tand P

& TIC)

T

Compositions [mass]

Temperature

Ternary phase diagram
of FeO-MgO-SiO,
at constant Al,O4
with Fe-saturation

Preszure or Volume

{* Platm] |constant -

conztant i
" logP
1500 © Vive)

" log W

|MgD + EIAI2D3+ ElFelj + Fe congtant

[ sz« i

Add small
amount of Fe

|MoD + [I |03+ [I |Fed « [I |Fe |

Composition #

lﬁﬂ max =4

‘ Liactsage
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Phase diagram of SiO,-MgO-Al,O;-FeO-Fe

SiO, - FeO - MgO - ALO, - Fe
Al,0/Z (g/g) =0, Fe/Z (g/g) =0.00001,
] Z=(Si0,+FeO0+Mg0), ] o
Using Sio Impossible for ‘O
‘superimpose’ ? option cause the
function, system always has
liquidus lines of Fe(s) or Fe(l) with slag
the ternary = always more than 2
system can be phases

drawn.

S ' ‘ :
ASlagdig/+ AOIlivine + Fe(s 7
9 7 ) 7)0 %oo
% (7 ¢
o % 3 Nla N

ASlag-liq +/AMonoxide + AOlivine {=)

o
o

ay

ASlag-iq + AMonoxide + Fe

AV AV .

Mgo (L) D& nv D6 [k D4 03 n2 01 Feo
mass fractions /(SiO,+FeO+MgO)
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Phase diagram of SiO,-MgO-Al,O;-FeO-Fe

ﬁ? Variables: 5i02-Fe0-MgO-AI203-Fe T(C) vs composition #1. I,iE-J

vaables 1= Ted? With change 0 to 8 wt% of

- (v Temperature Prezszure or Yolume
s
&Y

& 100 -aiz - * Platm] |constant - A|203 at Constant
A log10(a] |E| = b ™ logP S|OZ/Mg O:l
Ih: 1000 . 1 .
e L under Fe-saturation
Ysteps: " log ¥

# steps

Compositions [mass]

—_—

compaosition #1,

Prezsure or Yaolume

[T 5 gm0 [FJon]- b Joems e oo o[ o o

- = -avis - * Platm] |constan -
1 Jsioz+ [1 JFed + I |Ma0 « [1 Jae03+ I |Fe . | " E kogP

Composition # Min: W likre)

Iﬁﬂ max = 4 T log

— g+ [100 |ap03+ [0 [Fe  foonstant >
[ Jso2+ | JFed « [|__|Ma0 + [I__Jae03+ [ |Fe

Composzition #

lﬁﬂ mas =4

5
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Phase diagram of SiO,-MgO-Al,O;-FeO-Fe

Si0O, - MgO - ALLO, - FeO - Fe
Si0,-1MgO/Z (g/g) =0, 100AL,0/Z (3/g) =0, 100Fe/Z (g/g) =1,
Z=(Si0+MgO+A1,0 +FeO+Fe), 1 atm
2000 ' I ' T ' T ' T ' T ' I ' T

1900 —

1800

1700

1600

1500

T(C)

1400 |- -

1300 |- -

1200 —

1100 —

1000 1 | L ] L | L ] 1 ] L | L ] 1
0 10 20 30 40 50 60 70 80

100Fe O/(Si0,+MgO+ALO +Fe O+Fe) (g/g)
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Show the liquidus temperature of the alloy as

a function of Fe-Ni grades
Precipitate target / Phase diagram
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Ligiudus Temp of Alloy as a function of Fe-Ni grades

The alloy mainly contains Fe and Ni with small amounts of Co or Cr
Virtually, it is a binary Fe-Ni system
& Reactants - Equiie. I e

File Edit Table Units DataSearch Help

O ||;.’*| il TIC] Platm] Energyl)] Mass(a] Vollitre] mis =

1-2 |
Maszs(g) Species Phaze TIC] Pltotal™ Streamit Data
[1002 [Fe | =l | I
A TS INi | =l | i

[T Initial Conditions

Mext »»
|

| FactSage 6.3 Compaournd: | 34119 databazes Solutian: | 2119 databazes -
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Ligiudus Temp of Alloy as a function of Fe-Ni grades

G Menu - Equilib: NO5-Liquidus of Fe-Mi

File Units Parameters Help

[z &

TIC) Platm] Energuld] Maszsia] “alllitre]

—Reactants [2]

— Precipitate Target

Legend

| [gram) <100-4> Fe  + <d» Mi |
— Products
— Compound zpecies — Solution species — Cuztom Solutions

[+ gas & ideal © real 2 ———Bave-Pitare—] Faitrmme—— 0 fived activities

[F aqueous 0 P FSstel-LIOU LIQUID 0 ideal solutions

[~ pure liquids i n Foetal FLCA FCC_ A 0 activity I:I:lEffICI\.Er'ltS
[+ pure solids 5 + | F3stebBCCY BCC_42 Details ...
[~ suppress duplicates aEEIEI — Psaudonyms

species; 2 apply List ... |

[ include molar volumes
Total Species [max 1500] 14

FSstelLIGU P - el e v Show " all * zelected Total Solutions [mas 40] 3
Estimate T[C]: |1 0oo +-selected 2 SpeCiEs; E
I ! ||:| solutions: 3 ﬂl
asslg) Drefault |
— Final Conditions E quilibrium
< <B: II TIC) IP[atm] Praduct HIJ] ;I ¥ nomal € nomal + transitions
0501 II I-] :: tranzitions omly
M steps [T Table A1 calculations e Calculate 3> |
FactSage 6.3 | C:hFact5agesEquiN05-Liguiduz_of_Fe-Mi.DAT s

L
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Ligiudus Temp of Alloy as a function of Fe-Ni grades

& Results - Equilib 1537.81 C, A=0 (page 1/51) E=REER=C

Fepeat

" none

Output | Edit  Show Pages
Save or Print | TIC] Platm] Energyull] Mazs(g] Walllitre] "T BI W
Plot k Plot Results ...
Equilib Results file b Repeat Plot - T(C) vs Alpha ... 52¢.a=22 | 148254 C a=23 |
Stream File v R - o= & Results Processon Ch\FactSage\Equil.res -— . ﬁ
Format , §12.78C, A=8 | 151081 ¢, 4=9| 1508 File Help
DE86C A=2| 152708C A=3] 15231
. ] : ] <1008 Fe+ <d: Mi -
Fact-XML k
P = Axes | Variables | Minimum | M aximum
Fact-Optimal » activity 1.
i rniole 1.7907
Fact-Function-Builder b, a=3_&413E-05) miole fract. 1.
Fe gram 100,
Refresh .. weight % 100,
Mmoo oTr—
{100 gram, 1.7307 mol) Alpha a0,
{1537.81 C, 1 =tm, ==1.0000) TIC 14453 1537.8
{ 100.00 Wt.% Fe F(atm] 1. 1.
CplJ] 7hE7h 32369
System component Mole fraction Mass £ G 1.977TRE+0R -1.9378E +0R
Fe 1.0000 1.00¢ wallitre] 1 0
] Bee ns HI 1.0825E+05 1.2976E+05
gram RZ "
{1537.81 C, 1 atm, 2=1_0000) Vlltre) L 0
{ 100.00 wtb.% FelVa3 S[“I] 176.13 180.43
- page - 1. A1,
a gram FCC R1 5
{1537_.81 C, 1 atm, a=0_9544¢g) LS SDECIES Elﬂph DiSp|a_|,|
{ 100.00 Wwt.% FelVal L selected L‘_E'bE|S W colar [ full screen
N £ elect S'ZE:IE_ ”':':ﬁ v reactantzs T iewer
f I,l_gfa];ll ge_i:-c :;:’ 51 ==1_ 0000 * chemical v file name  * Figure
- - : d : - " integer #

FactSage 6.3 AFeb13 A1 etz

C:4FactSagetEquillres
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Ligiudus Temp of Alloy as a function of Fe-Ni grades

fjl Species Selection - EQUILIB Results: vs — @
File Show Select

+ | # | Species | Mole [min] | Mole [max] | Fraction [min] | Fraction [max] | Activity [min] | Activity [max] | «
Gasz Phaze
1 Felg) 0 0 0.751736 1. 4 5471E-06 3E413E-05
2 Mi[g] ] i] 1] [ 248264 0 1.5017E-06
FSstel- LIQU
3 Fe[LIGL) 0895335 1.7907 0512434 1. 047324 1.

x4 MiLIGIL 1] 0851885 1] 0.487566 0 0398546

T OstEl FLLI
) Felval[FCLC1) 1] 1] 0518634 1. = P
B Nilal[FCC1] 0 0 0 [L4G146E & Results Processor: Ch\FactSage\Equil.res _EE
F5stel- BCC1 File Help
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B Nilva3(BCC1] 0 0 0.401197 <1008 Fe + <43 Ni hd
Pure Solids - — -
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11 Mi[z) 0 0 1] ] ©
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* male * integer |
I~ [page] " gram " mass [maw) |
" fraction [rmax)
Clear (" activity (max] 1 madimum  [1540 masimum
[Click o the '+' colurn to add or remove species. | rnimirLIm 445 TinirnLIT
N - tick every  |R tick, every

Axes - Cancel | Refrezh

0 zelected —

I reactants € Wiewer
* chernical W filz name @ Figure

" integer #
" none

FactSage 6.3 CAFactSage Equil.res BFeb13 51 zetz
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Ligiudus Temp of Alloy as a function of Fe-Ni grades

A3 Figure  User: MinMet, McGill Universi
File Add Edit View Help

Dlzldle| @l ia X o 2 8/ x|
s

T <100-A> Fe + <A> Ni
I. e C:\FactSage\Equil.res 5Feb13
Al
i)
==
-
T
r
| FactSage63 1395 0 X =25 Y =1556.7033 | C:\FactSage\EQUILIBFIG ,j;
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The effect of Fe-Ni grades on the

concentration of Co and Cr in the liquid alloy
Equilib Calculation
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The effect of Fe-Ni grades on the solubility of Co and Cr

{3 Redctants - Equilib ==
File Edit Table Units DataSearch Help
D= +] TIC) Platm) Energyl)] Massla) Yollive) mis ® %
1-10 | 11-14]
Mass{g) Species Phase T(C) Pftotal™ Stream#t Data
|51 |Fe |solidFactPS wustite | [500 [1 [1 FactP5
+ 209 |Fe203 |solid1-FTaxid hematit »| [500 [1 [1 FToxid
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*|<E1.20 [= |solid1-FactPS graphit »| [100 | E FactP5
+ o1 |CaD |solidFToxd ime  «| 500 |1 | FToxid
¥ Iritial Canditions
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The effect of Fe-Ni grades on the solubility of Co and Cr

{7 Menu - Equilib: change of Ni with adding Char oo
File Units Pararmeters Help
== TIC) Platm] Erergyl)] Masslg) Yollire) m S ® %
Reactants [14]
(gram] 81 Fed  + 209 Fe203 ; 438 502 ' B.4 4203 ' 16.8 Mg0 '
{EIIIEIE,S-Fau:tPS,ﬂ'I 1 (B00C,51-FT awid #11 (B00C,51-FT axid #11 (B00C,54-F T awid #11 (500 s-F T owid #1] (501
4

[

Products

Compound species
* 4 gas & ideal{” real 51

[ aquecus
[ pure liquids
* [+ pure zolids

v zuppressz duplicates apply
* - custom selection
Ipecies

Target
- NohE -

Estirnate ALPHA: |1

Solution species Cuztom Solutions

= | + | Base-Phase | Full Hame - 0 fived achvities
0 + | FSstelLQU LQuUID 0 ideal solutions '
0 . FS stel FCCT FCC Al 0 activity coefficients |
116 + FSstel BCCT BCC_A2
I FTomd-5LAGA ASlag-ig all oxides + S Praude s
I FTomid-SPIMA ASpinel i
167 || FlasidMe0_A Ao apply I List .
+ FT owid-cPuynd, AClinopyroxens . |
+ FTomid-oPyr Orthopyroxens - L |n-:|uu:|e.m|:||ar vohmes
Legend TDta|5DED.IES [max 1500] 534
|-iIE'II'II'I'|iSI3i|:I|E 4 W Show " all * selected Total Solutions [ma= 40] 16

+-zelected 8 species

17
solutionsz: 1B w

Mass(o]: |0 Drefault
Final Conditions E quilibrium
| s <Bx I TIC] || Platrm] ﬂ | Delta HJ] ﬂ * nomal " normal + transitions
||:| 0.1 0005 | |-| E00 |-| | " transitions l:lf'll_','
s " open
0 steps [ 21 calculation: Calculate 33
FactSage 6.3 C:h AEquiloB-Fe-Ni_effect_on_Co_and_Cr_composition. DAT

With change of
Char, Fe-Ni
grade will be
changed.
The effect of Fe-
Ni grades on the
solubility of Co
and Cr can be
calculated with
change of Char.
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The effect of Fe-Ni grades on the solubility of Co and Cr

& Results - Equilib A=0 (page 1/21) ™% T W : L= B ")
Output | Edit  Show Pages
Save or Print v TIC] Platm] Energyll] Mass(g) Yolllitre) "1 B I s
Plot 2 Plot Results ...
Equilib Results file 3 Repeat Plot - gram vs Alpha ... 0.045 ] A=0.05 ] A=0.033 ]
Stream File 4 FactSage & 3 - .
02+ 43.8 Sifj Results Processor: C:\FactSage\Equil.res &J
Format r .
1, 31-FToxid, §:
-File  Hel
+ <4.5R> RL: P
Fact-xML 3 i
L, s—FToxnid, £1 81Fel+ 209Fe203 + 438502+ 644203+ -
_ D+ 0.1 Cob
Fact-Optimal Y |1,5-FToxid, ]| Asxes | Variables | Minimum | Maximum
] ) 3= activity 1] 104.58
Fact-Function-Builder b 1,s1-FToxid, & mole 0 7 R3a7
rnale fract, 1] 0.333333
Refresh ... =1 gram 0 59.429
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&7 Axes: weig Y Delta Cpll) 1962 82,695
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Delta 5[] 152,43 27768
. . - page - 1. A,
MR MR
100 Axes Species Graph Display
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The effect of Fe-Ni grades on the solubility of Co and Cr

{? Species Selection - EQUILIE Results: weight % vs Alpha I Lﬁj
File Show Select
+ | i | Species | Gram [min] | Gram [max] | W% [min] | Wt ¥ [max] | Activity [min] | Activity [max] |
53 CiLiau] n 0172327 n 0E37322 n ¥.3983E-04
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A5 CrLiau) n 0.23846E3 34297E-05 1.5579 FA17RE-N 1.3032E-02
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2 T LELE 0 1.4344 1.3751 B 1Fel s 203Fe203s 430002+ GAAZITr =]
G0 MgLIQU] n 9393707 B.5185
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alllitre] 0 1]
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[ zource ~ Drelka Wlitr 3,702 101.96
mole Dela 5(J) 152.43 27768
[ [page] | ™ gram - page - 1. 21.
Clear | Axes Species Graph Display
[ Click on the '+' column to add o remove species. | L‘.ahds v color [ full screen
Select size: (9 no:[4 ¥ reactants T Wiewer
* chemical v file name ™ Figure
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The effect of Fe-Ni grades on the solubility of Co and Cr

LF rigure  USEr: MINVIET, MCUlll UNIVErsITY — - —
File Add Edit View Help

Dllde| bl 4lal X | 2| S5 @ x| mE-]5 seectd |
s

8.1 FeO + 20.9 Fe203 + 43.8 SiO2 + 6.4 Al203 +
C:\FactSage\Equi0.res 6Feb13

A

(I =

weight %
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The effect of Fe-Ni grades on the solubility of Co and Cr

E_P Figure  User: MinMet, McGill University —— - S S———

File Add | Edit| View Help

Dlzl@o] w40 x| | S| |2 o x| [FE -] seece | Blow-up Scale of
- the solubility of
T 8.1 FeO + 20.9 Fe203 + 4'13.8 Si02 + 6.4 Al203 + Co and Cr with
-~ C:\FactSage\Equil.res 6Feb13

- change of Char

and Fe-Ni grade.

A4 T

FactSage6.3 |98 3 X = 0.0028571429 Y = 3.5076923 | C:\FactSage\No6_Effect of Fe-Ni ¢
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