Oxides and Pyrometallurgy

- Copper Extraction from Sulfide Concentrates

- Using Equilib Program
« Selection of databases
* Phase selection
« ?Slag and ?Monoxide
« Transition calculation

» EXxport of results to Excel and plotting

- Phase Diagrams of Oxide Systems
* In equilibrium with metals
» At fixed or variable oxygen pressure
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Copper Extraction from Sulfide Concentrates

Copper Sulfide ~1250°C
C'i’)‘;centr o —| ROASTING SMELTING <=1 po, = 10%104
(25-30% Cu

28-34% Fe Blast Furnace
< 28-34% S Reverberatory Flash
2-6% S0, | Mitsubishi 0.2-2% Cu
(_.Small amount of Pb, Zn, Ni, Ca, etc. Noranda 02-1.3%S
Slag Discard
40-73% Cu
Matte {30_ 6% Fo or Treatment

2-8% Cu 30-20% S
25% SiO,

Slag
CONVERTING Q::I

|

Blister Copper

~1250°C
P(O,) = 106-10° atm
P(S,) = 106-107 atm

Slag
Cleaning
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Direct Smelting: Matte/Slag/Cu equilibrium

- Can all three phases Matte/Slag/Cu be in equilibriu m?
- Operating variables:
e Temperature
« Oxygen pressure
« Fe/SIO, ratio in the Slag
 Amount of CaO in the Slag
- Subjects to examine:
« Losses of Cu into Slag
 Distribution of minor elements, Pb and Zn, among Matte, Slag and Cu
- Chemical system: Cu-Fe-Si-O-S + Ca-Pb-Zn
- Does this task make sense?
- At T=const there are 4-2=2 degrees of freedom => fix P(O,), vary Fe/SiO,
- Study the effect of CaO at constant amount of CaO in the Slag

- Pb(Slag)/Pb(Cu) will approach a constant as the amount of Pb approaches zero
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Fe-Cu-O-S System
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Selection of Databases

FactSage 6.1 - Summary of Databases

Overview of databases

Compound Databases :

[FACT5E3 - FACT 5.3 compound database: Gaseous species
SGPS - SGTE pure substances database

Coupled Compound & Solution Databases :

&Cl Package:

[FToxid - oxide database for slags, glasses, ceramics, refractories Slag, Oxides

FTsalt - salt database
FThall - Hall alumium database
FThelg - aqueous (Helgeson) database

[FTmisc - miscealleneous database for suffides, alloys, etc. | Matte, SUlﬁdeS, LlCIL"d metals
FTpulp - pulp and paper database (and corrosion and combustion)

&CI Other databases :

[FTlite - Tight metal database (formerly FSiite) Metal phases
{;&Mﬂﬂg"-' Databases:

V FScopp - copper alloy database
V FSlead - lead alloy database

[FSstel - sieel database Metal phases

FSupsi - ultrapure silicon database

&
5 G T E Databases :

V' 8Gnobl - noble metal database (formerly FSnobl)
SGnucl - nuclear database

[BGTE(2007) - alloy database (formerly SGTE (2004)) Metal phases

V SGsold - solders database
BINARY - (2004) free alloy database
Other Databases:

TDNucl - Thermodata nuclear database
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FTmisc - FACT miscellaneous databases

- the system S-Fe-Ni-Co-Cr:
Liquid sulfide [FTmisc-MAT2] - from pure metal to pure sulfur
Solid sulfide phases
- the matte smelting system S-Cu-Fe-Ni-Co-Pb-Zn-As :
Liquid matte [FTmisc-MATT] — liquid sulfide, does not extend to pure metal.

It is designed for calculation of matte / slag / metal equilibria
Consistent with FToxid-SLAG, FTmisc-CuLQ and FTmisc-PbLQ

It is not consistent with solid sulfide phases
- Liquid copper or speiss [FTmisc-CuLQ] — Cu-Pb-Zn-As-Fe-Ni-Au-S-0O

- Liquid Fe [FTmisc-FeLQ] with dilute solutes Al, B, Bi, C, Ca, Ce, Co, Cr, Mg,
Mn, Mo, N, Nb, Ni, O, P, Pb, S, Sb, Si, Te, Ti, V, W, Zn, Zr

- Liquid Pb [FTmisc-PbLQ] with dilute solues Ag, As, Au, Bi, Cu, Fe, Na, O, S,
Sb, Sn, Zn

&Ctsagem Oxides and Pyrometallurgy 7 CRCT Vopea



Selection of Databases

F Data Search

Databaszes - 2/24 compound databases. 2/22 zolution databazes

aﬁ-"act

] ELEM

[0 FACT

Facth3
FToxd
] FT=sal
FTmisc
[ FThall
] FThelg
] FTpulp
[ FTilite

SGTE

[ BINS
[ sGPSs
[ sGTE
[ sGnobl
] sG=old
[0 5Gnucl

0 TDnucl
[ oLicC
1 oLiL

compounds only
zolubionz anly
no data

[0 ExaM ] sGsL

Clzar All

Select All

Add/Remowe D ata |

RefrezhD atabaszes |

ANiscelfaneolus

] SGTE=

Information -

Options

Include Lirnits
[ oaseous ions [plasmas) Organic species CxHy. ... =imax] = Ig_
afqueous species
limited data compounds [251C]

Crefault

Cancel

FMinimum solution components: CF 1 &) 2 cpts
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Input for Having Matte + Slag + Cu Iin Equilibrium

F Reactants - Equilib
File Edit Table Units Data Searchh Help
M |E,’=-| + | | TIC] Platm] Erergul)] Mass(g) Yalllitre] ™ | |3| E—f|

1-7 |

Maszs[g] Species Streamit
(100 |Cu2s 1

(100 |Cu

| |Fel

| <1008 |50z

|0 |Cal
0,001 |Pb

MMM AT

|00 |Zn

| lritial Conditions

FactSage 6.2 bet. Compound: 2/24 databazes Solution: 2/22 databazes

thtSage’" Oxides and Pyrometallurgy 9 CRCT "%



F Selection - Equilib T(C) = 1250...
File Edit Show Sort

Fixing Oxygen Pressure

- 3%

[Selected: 35/38] [GAS]  [Sorte|Page |20 —-°
+ {Code Species D ata Phase TV Achivity
+ 1 O[g] FACTH gaz AA9Z8E-10 _
+a_|2  |0Zg) FACTS)| gas Fixed Partial Pressure [X|
+ 3 03[a) FACTS gaz 3.3595E-21 —
- Enter the value of log10
+ 4 5 I[g] FALTS g3z 7.0333E-23 [znr:é%[ta]?aizgenfuvgaes[gr]ﬂer first lazt step'] for
+ A S12(g] FACTH ga= 4.1834E-40 al Cancel
+ B 5 IH[Q] FACTH g3z 3.1256E-5FR Prezs [Cancel] if the partial pressure iz no longer fixed.
+ F Si0[a) FACTH gaz £.8338E-11 4
+ g S[g] FACTE gaz FA00EE-08
+ 9 S52(a) FACTH ga= 1.9361E-06
+ 10 53] FACTH gaz 2 BFR0E-11
+ 11 S4(q] FACTH ga= 1.1440E-15
+ 12 Sh[a) FACTH gaz £ AD00E-21
+ 13 SB[g] FACTS gaz 1.4242E-24
+ 14 5 7(a) FACTH gaz 1.5679E-28
+ 15 S 8] FACTE gaz J.07R0E-33 il
Show Selected | Select Al Select/Clear. .. Clear ]
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Selection of Stoichiometric Solids from FToxid

F Selection - Equilib T{C) = 1250...

File Shiowy Sort

Edit

[Selected: 55/190 | [HENDISSET sclected. |

| SOLID |

- [O)X]

[Go[Page J20 —

+ o+ o+ o+ o+ o+ o+ o+ o+

Show Selected |

+ | Em:lel

195

Species

D ata

Phaze

v

Activity

Pb2Fe205(=]

Ph2FeSiz07(s)

MEEN PboFe2siz09s)
MER FL10Fe25i201 7(s]

HEEN Ph=nsiods)

MEEN FLrnsiz207(s)
RN PhEEnSiE0 21 ()

EEN si02(s)

RN =i0z(=2)
EEEN Si02(s3)
RN =i0z(=4)
SIS Si02(s5)
EEEN si02(=6)
BN si02(s7]
EEEN si02(=5)
EESN C=0(s)

Select All

FACTES
FACTE3
FACTEI
FACTE3
FACTES
FACTE3
FACTES
FTowmid
FTowid
FTowmid
FTowid
FTomid
FToxid
FTowid
FToxid
FTomid

zolid
pb-fe_rmelilite
melanotekite
zolid

zohd
pb-zr_melilite
zohd

quartz([l]
quartz[k]
bridyrmite(l]
tridyrnite( k)
criztobalite(l]
criztobalite[h]
coezite
stizhovite
lirne:

| Select/Clear... |

T

]

el el Al Al 000000

0.1004
0.3409
2.9347E-03
0.361E
1.2030E-02
0.3612
0.1604
1.79584E-03

)
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F Menu - Equilib:
File Units Parameters
W=

Heactantz [¥]

Selection of Solutions

comments

Help
TIC] Platm] Energyld] Mazz(g) Yolllitre)

LOX
me @ e

112
solubions; 17 %

+-zelected 3

[+ 100 Cu ¢ <b» FeO + <1004 Si02 +« OCal + 0001 Pb + 0001 Zn | |
Products
Compound species Solution species Custom Solutionz
[+ gas @ ideal " real 38 = | + | Base-Phase | Full Name ﬂ 1 fixed activities
[ 0 | FToxid-SLAGA ASlag-ig 0 ideal solutions
| pure liquids 0 FTawid-SLAGE ESlag-ig 0 activity n::u:neffn::n.ants
[+ pure solids 55 FTowid-5LAG? Slagliq Details ...
i + | FTowd-5PINA ASpinel
*:u:tipnnpr:;z:t?apr:matﬂ 2ok FTowid-Mel_a AMonovide J FEELT _
species: 93 | FToxidMe0_? Monoxide apply [ List..
| FTDH?d-CPyr Elineiepuers=iis [ include molar volumes
! FTosid-aPyr Orthopyroxene ﬂ )
Transitions - alpha <& gzt Total Spec:.les [rmax 1500] 205
| - imrnizcible 1 W Show * all { selected Total Solutions [max 40] 17
Mumber of
transitions: Al - ! - dormant 12 specie;

Default

Final Conditions E quilibrium
<Ay TIC] |F'[atrn] le‘rnduct HIJ] j ™ nomal O nomal + transitions
[0 a0 | 1250 I | " hansitions only ("
| B Calculate »> |
FactSage b.2 beta g hCAD.. metall-zaturatedsE quiCu-ME-S1_01.0AT

Oxides and Pyrometallurgy 12

ASlag or ?Slag
?Monoxide
Dormant phases

Calculate
transitions
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Transitions

F Results - Equilib A=10 (page 1/4) FactSage 6.2 be... E||E|g|

Cutput . BEdit Show Pages
[ ||;;.'=-| ) Eﬂ TIC] Platm] Energuld] Masslgl Wolllitre]

£=10 | a=s3.2758 | a=81.76% | a=50 |

+ 10&_41 oY am Cu—licg or speiss s

(108 _ 21 gram, 1.70580 mol)
(lzEo_ oo o,
[ & E704E—-041
+ ==z _oz?
+ = _SZZSoOE—0OF

+ 2_Z040E-—-0E&
+ 1_7274E—0=Z

Pk

1l atm,

wt . % Ph
Wi ok Cua
wi % Fe

+ 1 =555 ot % =

wE o % ZEn
Wt _% 0O

Ewstem Compornernt

Mole

a=1.0000;

1_97739E-0&

fraction

Mas=s fraction
E_S5704E-065

Check that t_he Matte and Cu phases contain thg_righ

+ Zz_E=E
(33I_E5885 gram, 1.754Z

+ 0O_E5E7z38

+ so0_03z2s3

+ &_4073E-—-0OL
+ 1_77EZE5E—04

+ 15_4327
(15 437 gram,

[= =t Matt o

mall

u =
1 13 _==3 we . % =

wt_ % Fe
Wi o % Cu
wh . % Zn
wz_ % Ph

Swrstem Ccompornernt

oY atm ASlaog—1icH#El
O_zZ1257 mol)

Mole

& F7ZEZE—-04

a=1.0000;)

fraction

1.7374E—-04

Ma==s fraction

Il 4. EeZ2E-07 1.77ZEE-0&
Z1 E_EEZTVSE-07 & _4073E-07
Ca o_&7195 o_s003s
Fe= L _4&572E—03 L_TFEZEE—03
= o_.z2zzED o_19zg92

(1ZE0.00 C, 1 atm, a=1.0000;

{ Z5_1z% Wt % Si0z FToxid
+ 5a4_=03 wt .3 FeO FToxid
+ 5_aass wt_.% FezO03 FToxid
+ 9.291ZE-04 wt_.% DPbO FToxid
+ &_77F1lEE—03 wt_% Zn0 FToxid
+ a_1525 wt % CuazZo FToxid
+ 0_laslz wt % SisE FToxid
+ 0O.1=0=2 wt.% Fef FToxid
+ 1_9091E-0Z wt_4% FefZsSs: FToxid
+ Z_7095E—06 wt_3% DPh= FToxid
+ Z_12Z4E—-05 wt_% ZnS FToxid
+ 1.2Z42EE-0Z wt.% Cuzs FToxid)

FTmi=c
FTmi=c
FTmi=c
FTmi=c
FTmi=c
FTmi=c)

t amount of sulphur

FTmi=c
FTmi=c
FTmi=c
FTmi=c
FTmisc)
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CRCT

thtSage'”

Oxides and Pyrometallurgy 13



A Series of Calculations

F Menu - Equilib: comments
File Units Parameters Help

== TIC) Platm) Energyl)) Massig) Yollitre] m B| o

Reactants [{]

[+ 100 Cu + <A> FeD + <1004 Si02 + DCaD + 0001 Ph + 0001 Zn | |

Products
Compound species Solution species Custom Solutionz
[+ gas (* ideal " real 38 = | + | Base-Phase | Full Hame ﬂ 1 fixed aclivities
B 0 | FTowid-SLAGA ASlag-ig g S;?Jfljtlggﬁ -
| pure liquids 0 FTomid-SLAGE BSlagig Y _
= [+ pure solids 55 FTowid-SLAG? Slagliq Details ..
™ suppress duplicates apply | + FTomid-SPIMNA ASpinel Peeud
* . cigzhom zelection FTDHid'MED_.":". AMonoxide J SET ngg List
spECies: 93 I FTowid-bed_7 T onoride PR S |
I FTomid-cPyr Clinopyroxene m
: inciude molar volumes
I FToxid-oPyr Orthopyroxens ﬂ Total Spesies (mas 1500] 205
T arget Legend i
| cible 1 W Show(* al 7 zelected Tatal Solutions [max 401 17
| I - dormant 12 o
+ - zelected 3 SpEFIESZ iz Select
| solutions: 17 Defal
Final Conditions E quilibrium
<Ak TIC) |F'[atrn] j|F‘rnduct HIJ] j o nomal O nomal + transitions
EE | [1250 I | ? bransitions anly ("
[ 20 calculations Calculate > |
FactSage 6.2 beta g:hCAaDs. metall-zaturatedhE quiCu-ME-S]_01.0DAT
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Output Results in Excel

F Results - Equilib A=63 (page 1/20) FactSage 6.2b... [= [OX

8 E Show Pages
Oy ||;,’~| A3 TIC] Platm] Erergul) Mass(g) Volflire) m | ™
4=77 | 4=78 | 4=79 | 4=80 | 4=51 | 4=52 |
=63 | A=64 | =65 | h=66 | =67 | h=68 | =82 | 4=T0 | 4=T1 | 4=72 | 4=73 | 4=74 | 4=75 | 4=76 |
({gram) 100 CuZs + 100 Cu + <=A> Feld + «<100-A- 5i0z + F.N
igram) O Cal + 0.001 Ph + 0.001 2Zn =
+ 0.81358 02
Output E
0. 00000
“_EI, Page Hange Type of Dutput
i &, v Al 20 pages ™ Printer
+ z.
+ 1. (" Curent page 1 O Teutfile [*txt)
+ 1. " Equilib Results File [Equi*.res)
t oz O =l file [* =rml]
+ 2.
+ 1. * Excel Spreadshest
I # " Open Text Spreadsheet Spreadsheet setup ...
+ 4' (" Save Text Spreadzhest
+ 1) [ Swap rows & columng
+ 1.
+ 5 Cancel | POk
+ 1.
+ 5.492Z3E-10 0 FACTES
+ 3.1404E-10 Fel FACTER
+ EZ.EZ7EEE-10 Cual FACTES
+ 7.8362E-11 210 FACTES
+ 4.91Z0E-11 Fes FACTES 3

&Ctsagem Oxides and Pyrometallurgy 15 CRCT "%



Select Species for Output

F Results - Equilib A=63 (page 1/20) FactSage 6.2 b...[= [OX

Dot Edit o Show Pages

0| 7|3

4=77 | 4=78 | 4=79 | 4=80 | 4=81 | 4=52
=63 | A=64 | =65 | h=66 | =67 | h=68 | =82 | 4=T0 | 4=T1 | 4=72 | 4=73 | 4=74 | 4=75 | 4=76 |

TIC] Platrm] Energuld] Masz(g] Yaolllire)

Ll dES

(gram) 100 Cuzs + 100 Cu +

{gram) 0 Cad + 0.001 Pb +

<A= Fel +

o.001 2Zn

<l00-4= 5i0Z +

+ 0.+ Spreadsheet Setup

0.1 System Properties

Froperty caolumng Ig il

Coalurim; -1-

Yariable:

— Species Properties

Colurmnz per species |-| ilr order species  * arder props.

Colurnr; -1-

Y ariable;

+ 3F.1404E-10
+ E.2758E-10
+ 7.8362ZE-11
+ 4.31:=Z0E-11

Fe0
Cuan
&i0
Fel

~Species
Select .. | Cancel
Default
Speciex. 5
FACTEZ
FACTEZ
FALCTE3
FACTEZ

>

bl

thtSage‘”
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Fe-Zn-SiI-O System

- [OX]

[ Spreadshest Species | |Page |i1_z|| o

F Spreadsheet - Equilib T(C) = 1...
File Edit Show

Selected: 5225

+ | Code | Species | Data | Phaze | T | v | Activity ﬂ
+ 272 Fh{Culd) FTmizc | FTmisc-Culll 5.1975E-06
273 CulCull] FTmizc | FTmisc-Cull 0.97E7
274 FelCuld) FTmizc | FTmisc-Cull E6.2170E-03
275 S[CuLl] FTmizc | FTmisc-Cull 8.4239E-05
276 Zn[Culd] FTmizc | FTmisc-Cull 1.8842E-03
277 OCula) FTmizc | FTmisc-Culll 4. 3782E-05 J
286 SMATT] FTmizc | FTmizc-MATT 8.3687E-05
287 FelMaTT] FTmizc | FTmisc-aATT £.2170E-03
283 CulMATT] FTmizc | FTmisc-aATT 06074
289 Zn[MaTT] FTmizc | FTmisc-haTT 1.8842E-03
+ 290 PhIMATT] FTmizc | FTmizc-MaATT 5.1978E-06
+ N3 SID2[SLAGA) FTowid | FToxid-SLAGA 0.2350
34 CaliSLAGA] FTowid | FToxid-SLAGA ﬂ

[ '+ denotes all the Species Properties as defined in the Spreadsheet Setup. |

Select Al e 0K |

F Spreadsheet - Equilib T(C) =
File Edit Show

Selected: 5225

[ Spreadshest Species | |Page "'I_j ol

+ | Code | Species | Data | Phaze [T|¥| Activity ﬂ

A09 All Elermentz FTmizc-MaATT

+ 520 Al Elermentz FToxid-SLAGAHT

ezl Elements FT oxid-5PIM,
A5 AllElements FTowid-ked_7
] AllElements FToxid-cPur
Ry AllElements FToxid-oPyr
h23 Al Elements FTowid-w/OLLA
523 Al Elements FToxid-bC25
530 Al Elements FToxid-aC25
k| AllElements FTomid-kdel_
h32 Al Elements FT owid-Olised
h33 Al Elements FTowid-ZHIT
h34 Al Elements FTowid-wfILL
h35 AllElements FTowid-PbO_ J
A36 Al Elements FTowxid-PCSi ﬂ

[ '+ denotes all the Species Properties as defined in the Spreadsheet Setup. |

Select Al | Clear | 0K |

G’actSage‘”
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Cu losses to Slag

W1t%-Cu_FToxid-SLAGA#1

IgP(0,)=-8

3.75

3.7

3.65

3.6

Wt% Cu in SLAG

3.55

3.5

3.45
1 15 2 2.5 3 3.5 4

Fe/SiO2
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Distribution of Pb between Slag and Cu

Wt% Pb(Slag)/Wt% Pb(Cu)

Pb(Sl/Cu)

IgP(0,)=-8

1.4

=
(N

[EEN

o
©

o
o

©
~

o
(N

0
1 15 2 2.5 3 35 4
Fe/SiO2
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Distribution of Pb between Slag and Matte

Pb(SI/Mt)

IgP(0,)=-8

Wit% Pb(Slag)/Wt% Pb(Matte)

1 15 2 2.5 3 3.5 4
Fe/SiO2
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Cu losses to Slag

Wit%-Cu_FToxid-SLAGA#1

IgP (0 2)=-7

6.9

6.85

6.8

6.75

6.7

6.65

6.6

Wit% Cu in SLAG

6.55

6.5

6.45

6.4

6.35
1 1.2 1.4 1.6 1.8 2 2.2

Fe/SiO2
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Distribution of Pb between Slag and Cu

Pb(SI/Cu)

IgP (0 2)=-7

Wt% Pb(Slag)/Wt% Pb(Cu)

Fe/SiO2
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Distribution of Pb between Slag and Matte

Ph(SI/M)

IgP (0 2)=-7

18

Wit% Pb(Slag)/Wt% Pb(Matte)
= = = =
ESN » [0} o N N »

N

1 1.2 1.4 1.6 1.8 2 2.2
Fe/SiO2
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Fe-Zn-Si-O System

O

Zn
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Fe-O System

F Components - Phase Diagram

File Edit Units [Cata Search Help

10X

0S| +| TIC) Platm) Energyl)] Massimol] Yolfiire] mis m
-2 |
Components
|Fe
0

Mext >>

FactSage 6.2 bet. Compound: | 3424 databases Solution; | 2/22 databazes

thtSage’" Oxides and Pyrometallurgy 25
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F Data Search

Databaszes - 3/24 compound databaszes, 2/22 zolution databases

‘}htt

] ELEM

[ FACT

Facth3
FToxid
[ FTsalt
0 FTmizc
[ FThall
[ FThelg
[ FTpulp
[ FTlite

Fe-O System

SGTE

[ BINS
[ sGPS
[0 5GTE
[0 5Gnobl
[] 5Gzold
[0 5Gnucl

[ TDnucl
[ oLic
O oLIL

compounds only
zolutions only
o data

0 ExamM

Clear Al

Select Al

Add/Remaowve Data

RefreshD atabazes

Information -

Optionsz

Include

Default

O =quecus species

[ limited data compaounds [25C]

[ gaszeousz ionz [plasmas)

[ sGsL

Miscellaneous

[ sGTE=

Lirmits

Organic species CxHy..., ¥[maz] = Ig_

Mimimumm zolution components: O 1 & 2 cpts

G’actSage‘”
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Fe-O System

F Menu - Phase Diagram: Fe-O phase diagrar
File Units Parameters

Ol =

Componentz [2]

Products
Compound zpecies
[+ gaz & ideal ™ real
B
[ pure liquids
= [+ pure solids

[ suppresz duplicates apply
- cushom selection

]
0
0
]

®

Wariables Help

TIC) Platm] Erergyll] Mazsimal] Yolllitre]

Solution speciesz

= | + | Baze-Phaze | Full Name
+ FSstel-FE-L Fe-LIQUID
I FTomid-SLAGH ASlag-lig
+ FTowid-SPIM A A5 pinel
+ | FTowid-Med_g Ak onowide

SPECies 10
T arget — - :
I— | - immizcible 1 W Show (* all celacted
+ - zelected 3 »
FpECiEs; 14
I— zolutions: 5 w
Yariables
| a01800 | i | |

[TIC] ws D/[Fe+)]

FactSage 6.2 beta

thtSage‘”

g hCADs.metall-zaturated \PhazFe-0_Tatm. DAT

F Selection - Equilib

File Edit Show Sort

DEREEEE sclected |  [SOLID [Sorted by Code]
+ Code Species | D ata | Phaze | T |"'|l" | Activity
Fe203[z2] FACTEZ | high-pressure-he. .. W
FER Fer0as3) FACTS3 high-pressure-he.. W
B r=204s) FACTHZ magnetite Y
R Fe=204is2) FACTSZ magnetite Y
B F=204(:3) FACTEZ high-pressure-m.. |V
B F=204(s4) FACTEZ high-pressure-m.. |V
B r-:) FSstel  bee a2
B a2 FSstel  foc_al
N Fez03s) FSstel | hematite Y
B r=c04s) FSstel  magnetite Y
B r=z04i:2) FSstel  magnetite Y
+  [EE F=2035) FToxid  hematite Y
+ B F=203(:2) FTosid  high-pressure-he.. W
+_- Fe203(s3) Floxid  high-pressurehe . Y
Show Selected | Select Al Select/Clear... Clear 4

INCIUde molar wolume:s

Total Species [max 1500] 24
T otal Solutions [mas 40] 5

Default

Phasze Diagram
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Oxides and Pyrometallurgy 27

CRCT

Montreal
2010



Fe-O System
F Variables: Fe-O T(C) vs composition #1.

VYanables T and P

y LF compostions T emperature Pressure
W |‘T’-a:-:is
& | flegiaa | 0]

| constant

* TIC) * Platm]
Mae 1800

(" (" o " logP
Bl Mir: (400

b
b

Compositions [mole]
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#1.

Fe +

Cancel

G'actSage‘” Oxides and Pyrometallurgy 28 CRCT "%



Fe-O System

1 atm
1800 T T T | T T T
[ . i i ASlag-lig + gas_ideal i
Fe-LIQUID + ASlag-liq ' \Slag-lid !
1600 .
i E i ASpinel + gas_ideal i
Fe(s) + ASlag-lig | '
1400 : .
[ N)
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- 1 x -
[ N e)
(I N
12
1200 |- 1zl s _
- Fe(s2) + AMonoxide ! El B
2 - I 2ls 1
(o ! o L
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1000 |- ! f [ .
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Fe-O System

F Variables: Fe-O T(C) vs composition #1.

VYanables T and P

y LF compostions T emperature Pressure
W |‘T’-a:-:is
& | flegiaa | 0]

| constant

* TIC) * Platm]
Mae 1800

(" (" o " logP
Bl Mir: (400

b
b
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Cancel
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Fe-O System

P=10000 atm
1800 T , T , ' I . | r
5 ASlag-lig + gas_ideal _
Fe-LIQUID + ASlag-liq ASlag-lig

1600 —
[ Fe(s) + ASlag-liq ]
1400 4

[}
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=
1200 |- < _ o -
@) i Fe(s2) + AMonoxide £ Q |
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< Fe,0,(s) + gas_ideal
1000 |- 4
800 - 4
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mole O/(Fe+0O)
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Fe-O System

Fe-lig+ Slag—— =~ |\ g N

Fe-bcc+Slag— & N

1700 5e] e
= N :

Fe-fcc+ Slag

Fe-fcct+ Wustite———=

oed P>r»roo D enmoOe@

e
&~

[31Pfe]
[35Gre]
[45Dar]
[46Dar ]
[57Egn]
[65Val]
[66Ack]
[69Lyk]
[70Cam]
[74Toul
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Dashed lines are oxygen isobars (atm).
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Fe-Zn-O System

F Components - Phase Diagram
File Edit Units Data Search Help
o= ﬂ TIC) Platm) Erergul)] Massimal] Yollitre) m B| |

1-3]

Components

F Data Search

Databases - 3/24 compound databases, 2/22 zolution databases

QCt SG TE compoutds anly Misce!!aﬂea"s

Ocetcew O O Bins solutions only Oexaw [OsGsL [0 SGTE=
O FaAcT O O sGPs ho data

Facts3 [ O sGTE

FToxid O 5Gnobl Clear Al

O FTsalt O O s5Gsold

OFimise O O 5Gnucl Select Al

[ FThall

O Fihels  Offrer [libnuer Add/Femove Daia

OFtpup Oour = Jouc

O Frite  [Jous  [Jour  RefeshDatabases |

Information -

Click on a box to include [or exclude] a database in the data search. Mormally databases are ‘coupled’ - that is both the
compound and solution databaze (when available] will be selected. To 'uncouple’ a databases click-rouse-right-buttan

[nate, thiz is NOT recommended).

If databaze iz gtored on your PC but not listed here then pou must 'add the databaze to the list’ - click on ‘add/Remove ..\

Options

FactSage 6.2 bet, Compound: | 3/24 databazes Solution:

2422 databases Inchids ) Limits
O gazeous iors [plasmas] Organic: species CxHy., Xmax) = [2
Default AQUBOUS SPecies . ! 016
limited data compaunds [25C) timirmurn salution components: O 1 2 cpts

G’actSage‘” Oxides and Pyrometallurgy 33 CRCT "%



Fe-Zn-O System

F Selection - Equilib

File Edit Show Sort
BB selected |  [SOLID [Sorted by Code]
+ | Code Species | Data | Phasze |T |\»"| Activity
F - y . ] ] Fe304(s4) FACTES highpresswiem.. |
Menu - Phase Diagram: Only O2 gas species is se |l & FACTS igh
: : : E =) FACTS3 | zincite
File Units Parameters Variables Help T FACTog oo
O 2l i g T[C] Platm] Energyl)] Massimal] Volllitre) + [ Fels) FSstel  boo_a2
+ -Fe[s2] FSatel  foc_al
Companents (3 TR
=] 3 el magnelite
E reo04s2) FSstel | magnetite W
Fe+ Zn+ O + -Zn[s] FSstel  hop_zn ]
+ [ F=203:) FToxid  hemalite W
+  [EE F=203:2) FTovid  highpressurehe.. ¥
Products + [ F=2033) FTowid high-pressuieche.. W
Corpaound species Solution species Cusztof |+ -ZnD[s] FTosid  zincite
=, gaz & ideal O real 1 = | + | Base-Phase | Full Name ﬂ
[ N + FSztel-FEZT FEZMA
[ pure liquids N + FSatelFEZZ ¢ FEZM DELTA
= [, pure solids 7 -~ FSstelFEZ3 FEZN_ZETA Show Selected | Select Al Select/Clear... Clear Ok
[~ suppress duplicates apply + FS;teI-HEF‘ HEP_ﬁ.3:M§2[E,N] B Ry E—
* - cuztom zelechion | FTomid-SLAGA ASlaglig b =
speCies: a + | FToxid-SFINA A5 pinel il B
¢ Pleiisd & AHemersls [ include malar valumes
+ FToxid-ZNIT Zincite hl .
Tereh Legend 10':-3:?3;3!3."33 [ma:-:'lfgl:ll 153
- ioriscible 1 W Show ™ &l selected otal 5 olutions [max 40)

+-zelected 12

[oo0 species;. 51
e Select
T solutions: 14 4 m

Yariables Phasze Diagram
| TIC) | 0/[Fe+Zn+0) | Znd[Fe+Zn+0] | | | £

| 1500 | 01 | 01 | [ BAE
[£=0,B=Fe,C=2r] Calculate >>

FactSage 6.2 beta b MPhazFeZn-0_1500-C_02-gas.DAT
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F Variables: Fe-Zn-O composition #1. vs comp... E

Yarnables

v ‘_'fﬁ compositions I:I
iy
log10ia) + | [0]

" steps:
. stepsa:

Compositions [mole]

Fe-Zn-O System

TandP
Temperature Prezzure

o TIC] |n:u:un3tant "rl = Platrm]

1500

" lagP

+ zn

e

|'I [rnax]
|EI [rir]

Jzn
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= |'I [rnax]
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Cancel
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Fe-Zn-0O System

1500°C

Zincite

Y Fé_LIQUIDs‘q’ Zincite

0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1

Fe : . : . : . : . : 7n

mole fraction
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FeO-ZnO System (oxide phases only)

F Components - Phase Diagram EHE|E\
File Edit Units Data Search Help
0l ﬂ TIC] Platm] Erergyl)] Massimol] Yolllitre] M= m®

1-2]

Components
[Fel

20 F Data Search

Databases - 1/24 compound databases, 1/22 solution databases

&Ct SG TE compoLlhds anly Misceffaﬂea"s

Oetcew O O eius solutions only OexaM [OsGs5L [ SGTE:
O rFacT O O sGPs no data

OFacsz O O s&TE

Floxid [] [ SGnohl Clear Al

[ FTzal O O 5Gsold

O FTmise O O SGnucl Select All

O FThall

O Frhels OFfrer O TDnuel AddRemoveData
O FTpulp [J OLIP O ouic
O FTilite O ouiG O oLiL FefreshDatabases

Information -

Mext »»

FactSage 6.2 bet. Compound: | 1/24 databases Solution: | 1/22 databases Options Include Lirits
[ gaseous ions [plasmas) Organic species CxHy.... ¥[max] = |2_
Default aqueaus species - .
limited data compounds [25C) Minimum solution components: O 1 & 2 cpts
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FeO-Zn0O System (oxide phases only)

F Menu - Phase Diagram: last system = O
File Units Parameters Varigbles Help
== TIC) Platm) Energyl)] Massimol] Yolfiire] m =@
Components [2]
| Fel + Zn0 |
Products
Compound species Solution species Custom Solutionz
B oa: 5 - 0 = | + | Base-Phase | Full Name
[ 1] I FTomid-SLAGA A5lag-hg
| pure liquids 0 +  FTosid-SPIMa, ASpinel
[+ pure zolids 4 +  FTowid-tdel_aA Ahdonoxide
v | + FTosid-=MIT Fincite RS
E——— 4 apply [ List ...
[ include molar volumes
Tatal Species (max 1500] 28
T arget .
IL-Eiienr':igcible 1 W Show all  zelected Total Solutions [max 40] a]
| +- zelected 3 T
FpECiEs 24
| solutions: h @
Default
Yanables Phase Diagram
TIC] Znl#Fel+2nd) y |
| BO0Zooo | 01 | v
[T(C] vz Zr0/iFe0+2n0]] Calculate >> |
FactSage 6.2 beta
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FeO-ZnO System (oxide phases only)

F Variables: FeO-ZnO T(C) vs composition #1. E
Yanables T and P

y ‘ ¢ | compositions T emperature Pressure
s

|‘T’-a:-:is | conztant

* T(C) 1| & Plam] —
& | flogt0ia) « | [0] Ma |2000
(" o - o " logP
Bl Mir; (200
5
5

1

Compositions [mole]

Fel +

#1.

Fel +

Cancel
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FeO-ZnO System (oxide phases only)

2000 . , : | : : . |

1800 |
ASlag-liq

1600 -

T(C)

1400 / ]

1200 .
AMonoxide Zincite

1000 |- -

800 ) ] ) ] 1 ] ) ]
0 0.2 0.4 0.6 0.8 1

mole ZnO/(FeO+Zn0O)
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FeO-Zn0O System (oxide phases only)

F 1. Show Results : EIBI
File Edit
LEE

1
htE) = 1304, mole En0f(Fel+Zn0) = 0.135c
FeD + zn0 = Phases do not have any Fe ,0,
1.4Q0ooo mol AMonoxide
(73.140 gram, 1.0000 mol)

(lz04_00 C, 1 atm, a=1.0000)
[ 0.8c444 Fel
+ 0.132E5EcE Znd)
Bystem component Mole fraction Mass fraction
Fel wastite(s) 0_Sed44 o.2431&
cnl_zincite(s) 013586 o.15024

+ 0_.000oo mol AZlag-ligfl
(lz04_ 00 C, 1 atm, a=0_30748)
[ 0.91Z0Z Fed
+ 8_79VRE-0Z Znd)

+ 0.00000 mol Aflag-ligHz
(lz04_00 C, 1 atm, a=0_20748)
[ 0.91zZ0Z FeO
+ 8_7372E-0Z Zn0)

+ 0.00000 mol Zincite
(1304_00 C, 1 atm, a=0_&30&0)
[ 0_43Z66 FeO
+ 0.EE734 Zn0)
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FeO-ZnO System (oxide phases and pure Fe)

F Menu - Phase Diagram: Metal phases are not selec... © Selection - Equilib

. . . Eile Edit Show Sort
File Units Parameters Variables Help
Belected 6/17] lected | [SOLID Sorted by Cod
Ozl g TIC) Platr] Energpl)] Massimol] Yollitre] I Belected 6/17] MENENSSEN seected| [SO0D]  [Sortedbs Coce]
+ | Code | Species | Data | Phasze |T|‘J'| Achivity
Components [2] + 13 Fels] FACTSS  boo
EL Fefs2 FACTEA foo
_ {15 Fed(z) FACTE3 | wustite W
Fe + Znll FE F=203s) FACTS3 | hemalite Y
B Fe203s2) FACTS3 | high-pressure-.. Y
Products FE Fe203s3) FACTS3  highpressure-.. Y
19 Fean4 FACTS3 it Y
Compound species Solution species Custom 5Solutig a0 F:304§12] FACTS3 ngzzt:t: v
[ gas ¥ - 0 = | + | BasePhase | Full Name 2 Fedn4is3 FACTS3 high-pressuie-.. ¥
|_ 0 I FT amid-SLAGH .&Slag-liq 22 Fea304[z4] FACTEI hig.h-pressure-... W
[+ pure liquids 1 + | FTosdSPINA ASpinel ER— e o
= [+ pure zolids 5 +  FTowid-held_g AMonowde 5 25 ZrFe204(s] FACTS3 | salid
" suppress duplicates_ag | i Zrcte Pocudoryms | |1 R foat) Mot repesue ¥
* - custom zelection - iz
eses: 7 A |
T arget Legend
| - immizcible 1 v Show & all 7 zelected
+-selected 3 specer 20 g | File Edit Show Sort -
zolutions: 5
glecteq; zelected, arke ode
Selected; 146 lected. || LIQUID | Sorted by Cod
Variables Phal | 4+ | Code | Species | Data | Phase |[T|¥| Activity
|  T1E [Zn0sFe0«zno) | | | e L + 7 Felig FACTS3 liquid
| so0zoon | 01 | | | a FeO(lig) FACTA3 | liquid
3 Fe304(liq) FACTS3  liquid
[TIC] ws Zn0/Fe0+Zn0]] 10 Zrliq) FACTS3  liquid
B =0l FACTS3 liquid
FactSage B.2 beta gt APhasFeZn0_Fel-Zn0_mpeFe203DaAT  fFT HTE =-0iliq) FTowid | liquid
o Selected | Select Al | Select/Clear... | Clear | k.

—
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FeO-ZnO System (oxide phases and pure Fe)

F Variables: FeO-ZnO T(C) vs composition #1.

VYanables

0
L
2

A

YA\

~

C

|I|:|g1 D[E]L

compostions

b

b

T and P

B s
o]

~

Compositions [mole]

#1.

Fel +

G’actSage‘”

Fel +

Cancel

T emperature
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Mae (2000

Mir: (200
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FeO-ZnO System (oxide phases and pure Fe)

2000 . I - I - T - |
Convergency problems, missing lines
1800 = ASlag-liq + Fe(lig) ]
1600 Zincite + FE("CD ]
[ ASlag-lig + Fe(s) % /
g 1400 - — Zincite + Fe(s) u
1200 - ..
. Zincite
AMonoxide AMonoxide + Zincite + Fe(s2) e
1000 - -
800 L 1 ) | L | L |
0 0.2 04 0.6 0.8 1
mole ZnO/(FeO+ZnO)
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FeO-ZnO System in Equilibrium with Metals

F Components - Phase Diagram EHE|E\
File Edit Units DataSearch Help

O = ﬂ TIC] Platm) Energel)] Maszsimal] “aolllitre) "T I B

1-3|

Components
|FeD

Zn0 F Data Search

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

&Ct SG TE compoLlhds anly Misceffaﬂea"s

OELEM O FScopp [ BINS solutions only OexaM [OsGs5L [ SGTE:
O rFacT O rsiead [ SGPS no data
O Facts3 [ rsiite [ SGTE

FToxid Fsstel  [] SGnobl Clear Al

[ FTzal O FSupsi  [J SGsold

O Fimise [ FSnobl [ SGnucl Select All

O FThall

O Fihels  Offrer [lDnuer Add/Femove Daia
O FTpulp  [JOLIP O ouic

O Frite  [JOUG ~ [JouL  RefreshDatabases |

Information -

Oxide phases

Metal phases from FSstel

Mext »> Options

Include Limnits
FactSage 6.2 bet. Compound: | 2/24 databaszes Solutior: | 2/22 datahases Defaut | gaseous ions [plasmas| Organic species Caty.... Kimax) = 2
aquenus species . . }
limited data compaunds (250 Mirimum solution components O 1 @ 2 cpts

Cancel
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FeO-ZnO System in Equilibrium with Metals

F Menu - Phase Diagram: Correct phase diagram Fe... EHE|E\

File Units Parameters Variables Help
Ol g TIC) Platm] Ererguld] Massfmal] Vollitre) W ™

Components [3]

| FeEI+ZnEI+Fe|

Products
Compound species Solution species Cuztom Solutionz
B g . 0 = | + | BasePhase | Full Hame ﬂ
[ ] + FSstelFEZ1 FEZM4
[ pure liquids 0 + FSstelFEZ2 FEZM_DELTA
* [+ pure zolids 7 + FSstel-FEZ3 FEZM_ZETA, -
[~ suppress duplicates_apply | + | FSstebHCP HCP_AZ:Me2(C.N) - . y s | "'_“ ‘&
* - custom selection I FTaowxid-SLAGA A5lag-lig Se lecltllon EqL" h b e D ||
ZpECies K + FTawid-SPIMA, ASpinel E||e Ed”: Show  Sort
+ | FToxid-bMel_s Akd onoxide
+ FTomid-ZMIT Zincite ~ Selected: 7411 selected. | [SOLID ] Sorted by Code
Target Legend v - ~ - —
| -immiscible 1 ¥ Show (4l selected + | Code | Species | Data | Phase |T|¥| Activity
+-zelected 12 o + 5 i Felz] FSztel boo_a?
epecies: 51 - | | [EEE
T i | S + B Fels2) FSstel foc_al
O Fez03s) FSstel hematite Y
i 3 Fell4z] FSztel magnetite W
|va"ah':?|:s] | ZnlFel+Znl+ IFE-'"[FED +2n0 +Fe| | | " s Fead[s2] Fastel magnetite Y
b L + 10 £hlz] FSstel hop_zn o
| @000 | Of | oom | | +  [Fl Fe203) Flowid  hematite y
+ B F=203:2) FT owid highpressur.. W
LTIC] vs Zn0/{Fe0+Zn0+Fe]] +  [FEE Fe203:3 Flecd  Chhemsn.
: + 14 Znl[z] FTomd zincite
FactSage B.2 beta b SPhazFe2n-0_Fel-2nl-Fe_uzing-FSstel DAT
Oxide phases
o Selected | Select Al | Select/Clear... | Clear | ]
Metal phases from FSstel L
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FeO-ZnO System in Equilibrium with Metals
F VYariables: FeO-ZnO-Fe T(C) vs composition #1.@

Yanables T and P

v | (s compozitions T emperature Pressure
=,

® TIC) Y-ais —1 | & Patm|
fogtois) | [0 | Max 2000 -

bin: 00 1

| cobiztant

Fel + - anls d
1.
Fel + 1 [max]
0 [rnin)

conztant

0.0m

G'actSage‘” Oxides and Pyrometallurgy 47 CRCT "%



FeO-Zn0O System in Equilibrium with Metals

FeO - ZnO - Fe
mole Fe/(FeO+ZnO+Fe) = 0.001

2000 T T T T T T T T
1800 | ASIag-Ilq + Fe-LIQUID
1600 [ —
Zincite + Fe-LIQUID
ASlag-liq + BCC_A2 /
Q1400 k .
= —~——__AMonoxide+BCC_A2
Zincite + BCC_A2
1200
| AMonoxide + FCC(c,n)
Zincite + FCC(c,n)
1000
" AMonoxide+BCC_A2 / \
800 1 | ! | ! | ! |
0 0.2 04 0.6 0.8 1

mole ZnO/(FeO+ZnO+Fe)
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FeO-Zn0O in Equilibrium with Metals vs  FeO-ZnO

FeO - ZnO - Fe
mole Fe/(FeO+ZnO+Fe) = 0.001

2000 L] I L] I L] I L) I
1800 ASlag-liqg + Fe-LIQUID
ASlag-liq
1600 [ —
Zincite + Fe-LIQUID

pASlag-iq + BCC_A2
|

1400 ——
AMonoxide+BCC_A2
| Zincite + BCC_A2

1200 b o
AMonoxide cite

T(C)

" AMonoxide + FCC(c,n)

1000 -

[ AMonoxide+BCC_A2 / / \\
800 ) 1 ] ) ] ) ]

|
0 0.2 0.4 0.6 0.8 1

mole ZnO/(FeO+ZnO+Fe)
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FeO-ZnO System in Equilibrium with Metals

F Data Search

Databaszes - 2/24 compound databaszes, 2/22 zolution databases

ﬁhct

] ELEM

[ FACT

[ Facts3
FToxid
[ FTsalt
0 FTmizc
[ FThall
[ FThelg
[ FTpulp
[ FTlite

Information -

Optionsz

Default

G’actSage‘”

SGTE

[ BINS
[ sGPS
SGTE
[0 5Gnobl
[] 5Gzold
[0 5Gnucl

[ TDnucl
[ oLic
O oLIL

compounds only
zolutions only
o data

0 ExamM

Clear Al

Select Al

Add/Remaowve Data

RefreshD atabazes

Oxide phases

[ sGsL

Metal phases from SGTE

Include

[ gaszeousz ionz [plasmas)
aquenus species
limited data compounds [25C)

Miscellaneous

[ sGTE=

Lirmits

Organic species CxHy..., ¥[maz] = Ig_

Mimimumm zolution components: O 1 & 2 cpts
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FeO-Zn0O System in Equilibrium with Metals

F Menu - Phase Diagram: Correct phase diagram Fe... EHE|E\
File Units Parameters
si=3=

Components [3]

Variables Help
TIC] Platm] Energull] kazz(mol] “olllitre]

F Selection - Equilib

| FEEI+ZnEI+Fe|

File Edit Show Sort
FralTE = _ _ Selected: 7/7 500D Sorted by Code
Compound species Solution species
[ gas ¥ - o = | + | Base-Phase | Full Name - + |Code | Species | Data | Phase |[T|V| Activity
[ 0 | FToxidSLAGA #5lag-iq + 6 Fe207[s) FToxid hematite W
[ pure liquids o + | FToxd-SPIMa ASpinel + 7 Fe203(=2) FTaxid high-prezzur... W
[+ pure solids 7 + | FToxid-MeO_a AMonoxide + 8 Fe203[=3] FToxid high-pressur... i
v + FToxid-ZMIT Zincite + 9 Znl[z] FToxid zincite
+ SGTE-LIGU LIQuiD + 10 Felz] SGTE boo a2
species: 7 + SGTE-FCCA FCC_Ad + 11 Fel=2] SGETE fec_al
+ SGTE-BCCT BCC_AZ2 + 12 Zhlz] SGTE hzp_zn
+  SGTE-HCF1 HCP_A3 ﬂ
Target L d
| -Ei?nerrn-liscil:ule i v Show f* al { zelected
+- zelected 11 .
$pECIes: ) w Selected Select Al Select/Clear.. Clear ak.
solutions: 13 E !j
| omear |
Yanables Phaze Diagram
| T(C) [Z2nD/Fe0+2n0+ [Fe/iFel+Znd+Fe | | .
| eo0z2o00 | 01 | 0om | | >

[TIC] vz Zn0/Fel+Zn0+Fe]]

FactSage 6.2 beta

gt APhazFesn0_Fel-£nl-Fe_SGTE.DAT

Calculate »>>»

Oxide phases

Metal phases from SGTE
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FeO-Zn0O System in Equilibrium with

Metals

FeO - ZnO - Fe
mole Fe/(FeO+ZnO+Fe) = 0.001
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LIQUID + Zincite -

8 /
© w00 k h
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FeO-ZnO in Equilibrium with Metals

(FSstel vs SGTE)

FeO - ZnO - Fe
mole Fe/(FeO+ZnO+Fe) = 0.001
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1800 ASlag-lig + Fe-LIQUID
ASlag-lig + LIQUID
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FeO-ZnO System in Equilibrium with Metals

F Data Search

Databaszes - 2/24 compound databaszes, 1/22 zolution databases

ﬁhct

] ELEM

[ FACT

Facth3
FToxid
[ FTsalt
0 FTmizc
[ FThall
[ FThelg
[ FTpulp
[ FTlite

Information -

Optionsz

Default

G’actSage‘”

SGTE

[ BINS
[ sGPS
[0 5GTE
[0 5Gnobl
[] 5Gzold
[0 5Gnucl

[ TDnucl
[ oLic
O oLIL

compounds only
zolutions only
o data

Clear Al

Select Al

Add/Remaowve Data

RefreshD atabazes

Oxide phases

Miscellaneous

0 ExamM [ sGsL [ sGTE=

Stoichiometric metal phases from Fact53

Include

[ gaszeousz ionz [plasmas)
aquenus species
limited data compounds [25C)

Lirmits

Organic species CxHy..., ¥[maz] = Ig_

Mimimumm zolution components: O 1 & 2 cpts
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FeO-ZnO System in Equilibrium with Metals

File Units Parameters Varigbles Help

D= &

Components [3]

| FeD+ZnEI+Fe|

TIC] Platm] EnergulJ] Masz(mal] “alllitre)]

Products

Compaound species Solutioh species Cuztorn Salutions
[ gasz (¥ e 1] = | + | Base-Phase | Full Hame
[ 1] I FToamid-SLAGA ASlagg

= [, pure liquids 1 + FTamid-SPIMA ASpinel

= [, pure zolids B + | FToxid-te0_4 AMoroxide ==
I suppress duplicates apply + FToxid-ZNIT Zincite SsmS

* - custom zelection .

TPECies: ¥ apply | List

[ include malar

File Edit Show Sort
Selected: B selected. | [SOLID] [Sorted by Code]
+ |Code | Species | Data | Phase |T|¥| Activity

+ 13 Fefs) FALCTEZ bec

+ 14 Fels2) FACTEZ foo
15 Felz) FACTRS gtite 1
FER F=203(5) FACTAZ hematite Y
HE F=20352) FACTAZ high-pressur... | |V
FER F=20353) FACTAZ high-pressur... | |V
149 Fed0d(z) FACTRS magnetite 1
20 Fed0d(z2) FACTRS magnetite 1
21 Fed0d(z3) FACTRS high-preszur... 1
22 Fel0d(z4) FACTRS high-preszur... 1
22 Znls) FACTEZ solid
B =0z FACTAZ zincite
25 ZnFe204(s) FACTEZ solid

+ B Fez03) FT owid hematite W

+ B Fe2030:2) FT owid high-pressur..

+ B Fe2030s3) FT owid high-pressur..

+  E =00 FTowid zincite

T t L] - L] L]
B |L.Eiﬁ-,enr-?i:,:ih|e i [v Show ™ al  selected G Se IECt1Dn EqL“ h b
+- zelected 3 species. 24 s File Edit Show Sort
zolubions: 5 ﬂ
Celected 1/6 selected | [LIGUIC |
Variables Phs + |Code | Species | Data | Phase |[T|¥| Activity
| TIC) [2n0/Fe0+zn0+ [Fe/Fe+zn0 +Fe] | | y L 7 Feiial : i
| BODzo00 | 01 | 000 | | 8 Fe(lig) liquid
g Fe20 4(liq) liquid
[TIC] ws Zr0/AFe0+Zn0+Fe)] 10 Zrlliq) liquid
B =0(li) liquid
FactSage 6.2 beta q:h. MPhasFeZn-0_Fel-Zn0-Fe_Fe[S-L).DAT - Zr0flig) liquid
Oxide phases
Stoichiometric metal phases from Fact53 ow Selected | SelectAl | Select/Clear... | Cear | 0K
™ . Montreal
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FeO-Zn0O System in Equilibrium with Metals

FeO - ZnO - Fe
mole Fe/(FeO+ZnO+Fe) = 0.001

2000 T T T T T | T |

1800 | ASlag-lig + Fe(liq)

Zincite + Fe(lig)

ASlag-liq + Fe(s)/ / Zincite + Fe(s)
{

1400 ;}_ I
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T(C)

1200 —
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1000 |- -
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800 1 . L . L . L .
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mole ZnO/(FeO+ZnO+Fe)
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FeO-ZnO in Equilibrium with Metals:

FSstel vs pure Fe

FeO - ZnO - Fe
mole Fe/(FeO+ZnO+Fe) = 0.001

2000 T T T T T T T
n ASlag-liq + Fe-LIQUID
1800 g1 Asgg-liq + Fe(liq)
Zincite + Fe(liq)
1600 [ —
Zincite + Fe-LIQUID
ASIag-Ii%Sligg%:gE(AS)z / N Fe(s)
© 1400 k _— 7 { _
= AMonoxide+BCC_A2
| Zincite + BCC_A2
1200 [ —
AMonoxide + Fe(s2) Zincite + Fe(s2)
" AMonoxide + FCC(c,n)
Zincite + FCC(c,n)
1000
" AMonoxide+BCC_A2
AMonoxide + Fe(s) Zincite + Fe(s)
800 ] 1 ] ) ] ]
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mole ZnO/(FeO+ZnO+Fe)
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FeO-ZnO System in Equilibrium with Metals

F Menu - Phase Diagram: FeO-ZnO in equilibrium wi...

File Units Parameters
0| = &

Components [3]

Products
Compound species
|_ gasz i
r
[ pure liquids
= [+ pure zolids

[~ suppress duplicates apply

- cuztom selechon

[ 3 R e Y s

£

Wariables Help
TIC] Platm] Energul)] Maszsmaol] Yolllitre]

| FeEI+2nEI+Fe|

Solution species

= | + | BasePhase | Full Hame
I FTomid-SLAGA, ASlag-lig
+ FTomd-SPIMA ASpinel
+  FTowid-held_g AMonowde
+ FTowid-=ZMNIT Zincite

[TIC] vz Zn0/Fel+Zn0+Fe]]

FactSage 6.2 beta

spECies: 5
T arget =] R -
T | - immiscible 1 W Show & all " selected
+-zelected 3 .
species 24
zolutions: 5 ) Select
Yariables
| TIC) | Zn0AFel+2n0+ |Fe£[FeEI +2n0 +Fe| |
| E00z000 | 01 | 0om | |

b MPhasFeZn-0_Fel-Zn0-Fe_Fe[S-L).0DAT

[+

- DX

F Selection - Equilib

Oxide phases

Only one metal phase, Fe(s), from Fact53

File Edit Show Sort
1 selected. | [5OLID ] [Sorted by Code]
+ | Code | Species | Data | Phase |[T|¥| Activity
+ 13 Felz] FACTHRS bco
14 |Felz2) FACTS3 fc
15 Fel[z] FACTRG wLiztite: W
q FE F=2030s) FACTS3 hiematite Y
B F=203:2) FACTS3 high-pressure... |
HE F=2030:3) FACTS3 high-pressure... |
| 19 Fea04z] FaCTa3 magnetite W
20 Feadd(=2] FACTH3 magnetie W
1 21 Fedl4[z3] FACTES high-pressur. .. W
22 Fell4[z4] FACTRS high-pressur. .. W
23 Zniz) FACTS3 zolid
B =n0iz) FACTS3 zincite
25 | ZnFe204]z) FACTS3 zolid
Phag |+ [EENI F=2030s) FToxid hematite W
+ B F=203:2) FToxid high-pressure... W
+ B F=203:3) FToxid high-pressure... W
+ B Zn0s) FToxid zincite
o Selected | Select Al Select/Clear... Clear k.
| |
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FeO-Zn0O System in Equilibrium with Metals

FeO - ZnO - Fe
mole Fe/(FeO+ZnO+Fe) = 0.001
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FeO-ZnO in Equilibrium with Metals:

FSstel vs Fe(s)

FeO - ZnO - Fe
mole Fe/(FeO+ZnO+Fe) = 0.001

2000 L] I L] I L) I I
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1600 [ —
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1000 [
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800 : 1 : 1 : 1 1
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mole ZnO/(FeO+ZnO+Fe)
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FeO-ZnO in Equilibrium with  Fe(s) vs FeO-ZnO

FeO - ZnO - Fe
mole Fe/(FeO+ZnO+Fe) = 0.001

2000 T T T T T | T |

1800 f-
ASlag-liq + |1_‘}§§g-liq

1600

T(C)
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1400 - / Zincite + Fe(s) ]

1200 - P
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AMond¥iRnexidss) cite
1000 - —
800 1 | 1 | ! | 1 |
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mole ZnO/(FeO+ZnO+Fe)
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FeO-ZnO System in Equilibrium with Metals

F Menu - Phase Diagram: FeO-ZnO in equilibriu F Selection - Equilib

File Units Parameters Variables Help File Edit Show Sort
=21~ TIE] Flatm] Energyld] Massimel] Vollitre) Selected: 771 selecizd] [S00ID] [Sarted by Cade|
C ts (3
omponents (3] + |Eude| Species | Data | Phasze |T|'1|I’| Aclivity
| Fed + Znd + Fe | + 13 Felz] FACTE3 boc
14 Fels2) FACTS3 foc
15 Fed(s] FACTES wiLgstite W
Products _ _ _ FE Fez03s) FACTS3 hematits Y
Compound species Solution species B Fez03is2) FACTER high-pressur. . W
[~ gas & ideal © 0 * | + | Base-Phase | Full Name HER F=203(:3) FACTS3 high-pressur... |V
[ e 0 | FTawid-5LAGA ASlaglig 14 Feld04[z) FACTSZ magnetite W
* |+ pure liquids 2 +  FToxidSPINA AS pinel 20 Fe304(s2) FACTS3 magnetite Y
* |+ pure solids 7 +  FTowidte0_a AMoncride 21 Fea04(s3) FACTS3 high-pressur.. | Y
[~ suppress duplicates apply s FTawid-ZNIT Zincite 22 Fe304[z4] FACTEZ high-pressur. . i
* - custom zelection _ + 23 Zn[z] FACTEZ zolid
species: 3 N =i (=) FACTEZ zincite
25 ZnFe204(z) FACTS3 zalid
+ [ F=2035) FToxid hematite W
T arget Legend - ~ + - Fe203[=2] FTaxid high-pres=ur. . W
|- mmiscbe | v Show &+ all 7 selected + B F=203:3) FTowid high-pressur.. Y
+ - zelecte e : R
species; 24 + B 2n0is) FTowid zincite
zolubions: 5 %
F Selection - Equilib
Variables J— :
| TIC) | Zn0/[Fel+Zn0+ |Fe£[FeEI +2nEI+Fe| | | y File Edit Show Sort
| 802000 | 01 | oo | | Celected. 275 Selected]| [LGUID] Sorted by Code
[TIC] vs Zn0/[Fel+Zn0+Fe| + |Code | Species | Data | Phase |[T|V¥| Activity
+ |7 Feilig) FACTS3 liquid
FactSage 6.2 beta b MPhasFeZn-0_Fel-Zn0-Fe_Fe[S-L).0DAT = FeDlliq] FACTES liquid
. g Fe304(liq) FACTS3 liquid
Oxide phases T FACTS3 fiquid
_______________ BN Zriilia) FACTS3 liquid
Pure Fe and Zn (sol. and lig.) from Fact53 B Zn0) Flosd [liuid
™ .
thtSage Oxides and Pyror
b Selertad Sealart All SrlertClrar Clear Mk



FeO-Zn0O System in Equilibrium with Metals

T(C)

FeO - ZnO - Fe
mole Fe/(FeO+ZnO+Fe) = 0.001

2000 T T T T T | T |
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FeO-ZnO in Equilibrium with  Fe & Zn (s,l) vs FSstel

FeO - ZnO - Fe
mole Fe/(FeO+ZnO+Fe) = 0.001

2000 . ,
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1800 ASIag-IIq + Fe-LIQUID
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~ /
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F Data Search

Databaszes - 3/24 compound databaszes, 2/22 zolution databases

ﬁhct

] ELEM

[ FACT

Facth3
FToxid
[ FTsalt
0 FTmizc
[ FThall
[ FThelg
[ FTpulp
[ FTlite

Information -

Optionsz

Default

G’actSage‘”

X

SGTE | coopoundsony Miscellaneous

[] BINS solutions only [0 ExaM [J sGsL [ SGTE=
D SGPS nio data
[] SGTE

D SEHDIJI EIE-'EI[ ."j'."
[] 5Gzold

D SGnucl Select All

O TDnucl Add/Bemave Data

O ouic
O oLiL RefreshD atabazes

Oxide phases

Metal phases from FSstel

Gaseous species from Fact53

Include Lirmits

[ gaseous ions [plasmas) Organic species CxHy..., X[max] = Ig_
aquenus species . )
limited data compounds [250] Mimimumm zolution components: O 1 & 2 cpts

FeO-ZnO System in Equilibrium with Metals and Gas
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FeO-ZnO System in Equilibrium with Metals and Gas

F Menu - Phase Diagram: FeO-ZnO at metal safi
File Units Parameters
[ | |

Components [3]

Wariables Help
TIC] Platm] Energul)] Maszsmaol] Yolllitre]

| FeEI+2nEI+Fe|

Products

Compaound species Solution species

[ gas O ideal " real B * | + | BasePhase | Full Name ﬂ
[ ] + FSstel-FEZ1 FEZM4
[ pure liquids 0 + FSztel-FEZ2 FEZM_DELTA
= [, pure zolids ¥ + FSztel-FEZ3 FEZM_ZETA
[~ suppress duplicates apply + FSstel HCP HCP_&3:Me2(CM)
* - cuztom selechon | FToxid-5LAGA ASlagig
TpECies: 13 + FTowid-SPIM A ASpinel
+  FTowid-rMed_g Ak onoxide
+ FToxid-ZHIT Zincite hal
T arget L d
I-Eiﬁ'lenr':isc:il:lle 1 [v Show ™ al  selected
+-zelected 12 e
Fpecies ]|
zolutions: 14 %
Yariables Ph:
| TIC) |ZnEIf[FeEI+ZnEI+|Fe£[FeEI+2nEI+Fe| | | y L
| so0zoon | 01 | 0om | |

[TIC] vz Zn0/Fel+Zn0+Fe]]

FactSage 6.2 beta b MPhasFeZn-0_Fel-Zn0-Fe_FSstel_gaz. DAT

Oxide phases, all Metal phases from FSstel

Gaseous species only from Fact53

G’actSage'”

OdeeS and Pern!nw Selected |

F Selection - Equilib

File Edit Show Sort
selected. | [SOLID |
+ | Code | Species | Data | Phaze |T |'1|F'| Activity ﬂ
Felld[z] FACTHRS magnetite W
E Fea04is3) FACTS3  highpressur.
E Fea04is4) FACTS3  highpressur. W
BB Znis) FACTE3  sold
E =nifs) FACTS3 zincite
28 ZnFe204fs) FACTSEZ sold
E r-i:) FSstel bec_al
E =2 FSstel foc_al
B Fe203s) F&stel hematite W
E F-a04s) F5stel magnetite W
E F-a04(s2) F5stel magnetite W
+ - Znlz] FSztel hcp_zn a
+ B F=2035) FT owid hematite W
+ BB F=203:2) FToxid high-pressure... W
+ B F=203:3) FToxid high-pressure...
N EGE FT oxid zincite v

F Selection - Equilib
File Edit Show Sort

Selected: BA6 [Gas ] [Sarted by Code]
+ | Code | Species | D ata | Phaze |T |"|F'| Activity
+ 1. 00 FACTS3 gas
+ 2 02[g] FACTSA gas
+ 3 03] FACTSA gas
+ 4 Fela) FACTSA gas
+ 5 Fel[g] FACTSA gas
+ G Zhia] FACTSA gas
Select Al Select/Clear... Clear k.




FeO-ZnO System in Equilibrium with Metals and Gas
F VYariables: FeO-ZnO-Fe T(C) vs composition #1.

Yanables T and P

v | (s compozitions T emperature Pressure
=,

* TIC) Y-ais —1 | & Patm|
fogtois) | [0 | Max  [2000 -

bin: 00 1

| cobiztant

Fel - anls d
1.
Fal] 1 [max]
0 [rnin)

conztant

0.0m
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FeO-ZnO System in Equilibrium with Metals and Gas

FeO - ZnO - Fe
mole Fe/(FeO+ZnO+Fe) = 0.001
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&Ctsagem Oxides and Pyrometallurgy 68 CRCT "%



FeO-ZnO System in Equilibrium with Metals and Gas
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e curves are calculated without gas
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\
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FeO-ZnO in Equilibrium with Metals at

Yanables

0
-
#

|I|:|g'| I:I[a];

compozitions

o]
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T and P
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~
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F VYariables: FeO-ZnO-Fe T(C) vs composition #1.
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FeO-ZnO in Equilibrium with Metals at P=100 atm

FeO - ZnO - Fe
P=100 atm, mole Fe/(FeO+ZnO+Fe) = 0.001

2000 . I , . , . I

ASlag-liq + gas_ideal

1800 . T
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ASlag-lig + Fe-LIQUID

1600

'_\

ASlag-lig + BCC_A2

1400 k
AMonoxide + BCC_A2

Fe-LIQUID + Zincite
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1200 -
AMonoxide + FCC(c,n)
Zincite + FCC(c,n)
1000 -
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Fe-Zn-0O System

1500°C

Zincite

Y Fé_LIQUIDs‘q’ Zincite

0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1

Fe : . : . : . : . : 7n

mole fraction
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Oxide Phase Diagrams under Reducing Conditions

- Metal phases must be selected

- Step a bit off an oxide section towards metals

- FSstel is needed to see the right metal phases in equilibrium

- Metal phases often have only a minor effect on  oxide phase boundaries

- If you do not have FSstel or SGTE database for meta | phases, select metals
from Fact53

- Do not forget the gas phase
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FeO-CoO System in Equilibrium with Metals

Bile Edit Units D[CataSearch Help
D +] TIC) Platm) Energy(J) Mass(mal) Vol(litre) e & |
1-3 |
Components
FeO
Co0 F Data Search
|Fe Databases - 3/24 compound databases. 2/22 solution databases
QCt SGTE Cgmpgunds Dn|y Miscellaﬂe ous
O ELEM O O eiNs solutions only [ Exam O sGsL [ sGTE*
OrFact O O scPs 0o gl
Fact53 O [ sGTE
FToxid O sGnobl Clear Al
O Frsait O O sGsold
|:| FTmisc |:| D SGnucl SelectAll
[ FThal

[ FThelg Ofher [ TDnual Add/Remave Data

O Frpulp  [JOLP O ovic

[ Fiite O ouiG d oLiL RefreshDatabases

Information -

Click on a boxto include {or exclude) a database in the data search. Normally databases are 'coupled’ - thatis bath 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 on your FC but natlisted here then wou must 'add the database ta the list' - click on 'Add/Remowe "

Options

Include Lirnits
[ g3senus ons Organic species CxHy... ¥(masd = |27

Default inlacmas)
EiEL agueous species

limited data compounds (25C)

Metal phases from FSstel
&Ctsagem Oxides and Pyrometallurgy 74 CRCT "%

FactSage 6.2 bete Compound: | 3/24 databases Solution: 2/22 databases

Oxide phases, Gaseous species

binimurn solution compaonents:Q 1 @ 2 cpts




FeO-CoO System in Equilibrium with Metals

F Menu - Phase Diagram: FeO-CoO-Fe at metal saturation using ... [= |1 [X]

File Units Parameters Wariables Help
Ol E TiC) Platm) Energy()) Mass(mal) Volllitre) m ™
Components (3)
| FeQ + CoQ + Fe |
Froducts
Compound species Solution species Custom Solutions
+ gas @ ideal” real b * | + | Base-Phase Full Name
|_ D + FSstel-FCC FCC_AT:Me(CM)
r pure liguids 0 + FSstel-BCC BCC_AZ
o |+_ pure solids 11 + FSstel-FE-L Fe-LICILID
[~ supprass duplicates apply + FS;tel—HCF" HCP_AB:ME_E(C,N) Pseudanyms
*- custom selection F Toxid-5LAGA ASlagig e :
species: 17 + | FToxid-SPINA ASpinel SRR List ...
I FToxid-ke0_A A id
i —— [ include malarvalumes
Target L 4 Total Species (max 15007 5§
egen .
- immiscible 2 v Show @ all  selected Total Solutions (masx 40) 9
+-selected 5 species. 41 Select
solutions: g Destault
efau
Yariables Phase Diagram
| TiC) |CDO,-"(FED+CDO]| || Fa/{Fe0+Co0) | || | y
101300 | 01 | 0.001 | | =
[T(C) ws CoOf(Fe0+Cao0)| Calculate >>
Factzage 6.2 beta C:h APhasCo-Fe-0_FeO-Col-Fe_FSstel DAT

&Ctsagem Oxides and Pyrometallurgy 75 CRCT "%



FeO-CoO System in Equilibrium with Metals

Yariables

‘_-:‘i
N
”

compositions
log10(a) = E

Fel +

T and P

Temperature

@ TiC)
~

Fel +

G’actSage‘”

Cancel

|”T’—axis

Bl

A Ex:

1300

100

Fressure

constant
® Platm) |

" logF 1

Oxides and Pyrometallurgy 76 CRC

Montreal
2010



FeO-CoO System in Equilibrium with Metals

FeO - CoO - Fe
mole Fe/(FeO+CoO) = 0.001
1300 - T T - T - T
1100 -
FCC(c,n) + AMonoxide
900 =

BCC_A2 + AMonoxi

e 700 —
|_
500 | FCC(c,n) + ASpinel + AMonoxide ~
FCC(c,n) + ASpinel
300 —
HCP(c,n) + ASpinel + AMonoxide
BCC_A2 + ASpinel _
HCP(c,n) + ASpinel
100 1 | | | 1 |
0 0.2 0.4 0.6 0.8
mole CoO/(FeO+Co0)

G’actSage'”
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FeO-CoO System in Equilibrium with Pure Fe and Co

F Data Search

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

tht SGTE compounds only

] ELEM [ BINS solutions only
[ scPs no data

Miscellaneous
] ExaM [] sGsL [] sGTE=

[ sGTE
FToxid [] SGnobl Clear Al

]
[ Frsalt (| [] sGsold
]

[] FTmisc [ sGnucl SelectAll

[J FThai
[J FThelg Other [ iDnuc Add/FRemove Data

OFTpulp [JOLP [ oLic
[ Friite [ ouiG [ oL

Information -

Including aquecous species is only meaningful in agueous (hydrometallurgical) calculations at or near room temperature. If

wour calculations are abowe 300 Cthere is no pointin including the aque
gaseous ions (plasmas).

ous species. This option has no effect upon

Oxide phases, Gaseous species

Metal phases from Fact53

Options

Include
I:I [Qasenus Ons

Defaul frlasmast
etault aquenus species

Limits
Organic species CxHy.. X(max) = |2_

tinimum solution componentsi O 1 @ 2 cpts

limited data compaounds (25C)

Gh(:‘tSageTM Oxides and Pyrom

etallurgy 78 CRCT "%



FeO-CoO System in Equilibrium with Pure Fe and Co

F Menu - Phase Diagram: comments B
File Units Parameters WYariables Help
== T(C) Platrm) Energy()) Mass(mal) Val(litre) W =

Components (3}

| FeO + CoD + Fe |

Products F Selection - Equilib
Compound species Solution species Eile Edit Show Sort
[+ gas @ ideal(” real B * | + | Base-Phase Full Name
B 0 || FTowid-SLAGA ASlagig Selected: 5/19 selected | [SOUD] [Saorted by Code]
|— pure liquids 0 + FToxid-SPINA ASpinel - —
* |+ pure solids B + | FToxd-kel_A Abdonoxide b |1C30de |F 7 )SPECIES |FACI:3TE;; |b Phase |T|V| Activity
+ Bl cC
[ suppress d.uplicates apply : 14 Fe(s?) FACTER foo
SCUSDMSEEEn 15 FeO(s) FACTE  wustite W
species. 12 HE F=203(:) FACTSZ  hematite v
I B F=203(52) FACTS3  high-pressur. | W
FERN Fe203(=3) FACTEZ  high-pressur. | W
Target Legend ﬂ 19 Fe304(s) FACTS3  magnetite W
|- immiscible 1 v Show @ all (" selected 20 Fe304(s2) FACTS3  magnetite v
+-selected 2 species: 29 21 Fe304(s3) FACTS3 high-pressur.. W
solutions: 4 % 22 Fe304(s4) FACTE3 high-pressur... A
+ 23 Co(s) FACTS3  solid
Yariables Phas + & EDS(EJ) Eigig; SD:?S
- allls sall
| i) |C°O” [F=0rLal) ” PRl Cle) | " | N L o Co304(s) FACTRS salid
| 1001300 | 01 | 0.001 | | >< 27 (CoO)Fe203)(s) | FACTS3  solid )
+ B F=2030s) FToxid hematite W
[T(€) vs CaO/(Fe0+CoT)]| + [ Fe2032) FToxid  high-pressur..
+  E =203 FToxid high-pressur.. %
Co0 FToxid lic
FactSage 6.2 beta C\...\PhasCo-Fe-0_FeO-CoO-Fe_Pure-Co DAT - I Co0) — —
Oxide phases
Owy Selected ‘ Select All | Select/Clear... ‘ Clear | Ok
Fe and Co from Fact53

&Ctsagem Oxides and Pyrometallurgy 79 CRCT "%



FeO-CoO System in Equilibrium with Pure Fe and Co

1300

1100

900

700

T(C)

500

300

100

FeO - CoO - Fe
mole Fe/(FeO+CoO) = 0.001

ASpinel + Fe(s) + Co(s2)

AMonoxide + Fe(s2)

AMonoxide + Fe(s2) + Co(s2)

AMonoxide + Fe(s) + Co(s2)

ASpinel + Co(s2)

AMonoxide + Co(s2)

ASpinel + AMonoxide + Co(s2)

ASpinel + Fe(s) + Co(s)

ASpinel + Co(s)

ASpinel + AMonoxide + Co(s)

0.2

0.4

0.6 0.8

mole CoO/(FeO+Co0)

G’actSage‘”

Oxides and Pyrometallurgy 80

CRC

Montreal
2010



FeO-CoO in Equilibrium with  Fe and Co vs FSstel

FeO - CoO - Co
mole Co/(FeO+CoO) =0.001

1300 | | | T |

AMonoxifle + Fe(s2)

1100 _ -

AMonoxide + Co(s2)
FCC(c,n) + AMonoxide
900 -
BCC |A2 +|/AMonoX
—~ AMonoxide + Fe(s)
9/ 700 -
|_
ASpinel + Co(s2)
ASpinef+ Fe(s)
500 |- Aspinel + Fe(s) + Co(s2) FCC(c,n) + ASpinel + AMonoxide -
FCC(c,n) + ASpinel
AMonpxidé|+ Co(s)
300 - ) ASping#+ Co(s) u
ASpinel + Fe(s) + Co(s)
HCP(c,n) + ASpinel + AMonoxide
BCC_A2 + ASpinel
HCP(c,n) + ASpinel
100 1 1 1 A 1
6 02 O 06 -6 +
™ . Montreal
G’actSage OXIdEWﬁ@CPVFG(Pﬁ eeQllu rgy 81 CRC 2010



FeO-CoO System in Equilibrium with Pure Co

FeO - CoO - Fe
mole Fe/(FeO+Co0O) = 0.001

1300 - ! - ! - ! - !

1100 | -

AMonoxide + Co(s2)

900 | -
S 700 | -
|_

00 | ASpinel + Co(s2) i

300 / -

ASpinel + Co(s)
100 L | ) | | ) | L
0 0.2 0.4 0.6 0.8 1

mole CoO/(FeO+Co0)
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FeO-CoO System in Equilibrium with Pure Fe

FeO - CoO - Fe
mole Fe/(FeO+Co0O) = 0.001

1300 . . - . - . - T
1100 AMonoxide + Fe(s2) i
900 F i
g ol AMonoxide + Fe(s) i

500

300 | :
ASpinel + Fe(s)

100 A 1 ) 1 ) 1 \ .
0 0.2 0.4 0.6 0.8 1

mole CoO/(FeO+Co0)
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Fe-Co-O System in Equilibrium with Metals

F Menu - Phase Diagram: Using FSstel for metallic phases
File Units Parameters
D= |

Components (3)

Froducts
Compound species

Yariahles

-0
mo e

Help
T(C) F(atm) Energy(J) Mass(mol) valilitre)

| Fe + Co+ Q|

Solution species Custom Solutions

|A=0.F=Fe C=Co]

FactSage 6.2 bheta

*|+ gas (e ideal(” real 1 * | + | Base-Phase Full Name
[ 0 + FSstel-FCC FCC_AT:Me(CM)
|_ pure liguids 0 + Fastel-BCC BCC_AZ
o |+_ pure solids 4 + Fastel-FE-L Fe-LIQLID
R e e e + FSsttel—HCP HCP_AE:ME?(C,N) e
B custom Selecﬁun | '__er|d'SLAGA AS|ELg-|ID| | |_ _
species: 5 +  FToxid-SPIRA ASpinel ApRYY List ...
FToxid-reld_A, Abd id
. Sl Sl [ include malar valumes
Target T d Total Species (max1600) 43
Cla]=Ty .
l-irmmiscible 1 [+ Show @ all © selected Total Solutions (max 40) 3
+-selected & species: 38 Selact
solutions: 8 Default
efau
Yariables Phase Diagram
‘ T(D) | 0/{Fe+Co+0) u Co/(Fe+Co+0) | || | A
om [ e [ o | | VAW

CACADY. AAl DiagramsPhasCo-Fe-0_700C_FSstel DAT

Calculate >>

thtSage'”

Oxides and Pyrometallurgy 84 CRCT

Montreal
2010



Fe-Co-O System in Equilibrium with Metals

F Variables: Fe-Co-O composition #1. vs composition #1. E

Yariables

. | i compositions |:|
=
A log10(z) « E

.
AN
Kr’s’ceps:
= steps:

Compositions {(mole)

+

e

T and P
Termperature Fressure

tant
& T |v:|:|ns an - & Piatm)

" lag F
700 2

+

[ Jeo

e

e

e

e

[_A-Comer_]
|1 (max)
|EI (ring
1 tmex
|EI (ring
|1 (max)
|EI (ring

Cancel
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Fe-Co-O System in Equilibrium with Metals

700°C

19

o
‘»
ASpinel
%
g

. AMonoxide
AMonoxide

/
< A

\ NIAVIERVIEN \/f“ \/ \) V3 \‘/ \VARY; \/ VEAVARVERY! \v \/ N \/\/ \
BCC A2
Fe 0.9 0.8 0.7 0.6 0.5 0.4

mole fraction

0FlCC(c,n)
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Fe-Co-O System in Equilibrium with Pure Metals

F Menu - Phase Diagram: last system EH:BI

File Units Parameters

Variables Help
O == T(C) Platm) Energy()) Mass(mal) Vallitre)

Components (3}

File Edit Show Sort

Selacted: 8/19 selected.| [SOLID] [Sorted by Code|
Products _ ) _ + |Cude | Species | Data | Phase |T|V| Activity
Compound species Solution species A 13 "Fels) FACTES boo
[+ gas @ ideal(” real B * | + | Base-Phase Full Name + 14 Fe(s2) FACTES e
[ 0 | | Floxid-SLAGA Aslagig 15 Fe0is) FACTEZ  wusite W
& |+— pure liquids 2 + FToxid-SPINA ASpinel - Fe203(s) FACTE3 hematita W
* [+ pure solids B + | FToxid-heQ_A Abdonoxide - Fe?03(s2) FACTE3 high-pressur... W
[ suppress duplicates apply ! FEN F=203(s3) FACTS3 high-pressur.. W
*- custom selection 19 Fe3Ddls) FACTES magnhetite b
Species: 16 20 Fe304is2) FACTS3 magnetite i
i a1 Fe3D4(s3) FACTES high-pressur... W
22 Fe3D4(sd) FACTES high-pressur... W
Tz Legend ﬂ + 23 Cofs) FACTS3  salid
A V¥ Show ® all (" selected PEY Co(s?) FACTSS  solid
| -immiscible 1 =
+-selected 2 species: 29 EE0N Coois) FACTSS solid
sulutiDnS'. 4 Select 2b Co3od(s) FACTES salid
' 27 (CoO)(Fe203)(s) FACTS3  solid a
+ B Fe203s) FToxid hematite W
Variables Phas| |+ |G F=203(=2) FToxid high-pressur.. W
| 7@ | 0/Fe+Cor0) | CoffFerCo:0) | | | Al s S Fe203s3) FToxid  high-pressur.. ¥
| 200 | 01 | 01 | | . + |5 Coo(s) FToxid solid
[4=0.B=Fe C=Cao]
Ow Selected ‘ Select All Select/Clear... Clear Ok

FactSage 6.2 beta

Oxide phases

Fe and Co from Fact53
thtSage’" Oxides and Pyrometallurgy 87 CRCT "%




Fe-Co-O System in Equilibrium with Pure Metals

700°C

AMonoxide

Co(s2) + AMonoxide + Fe(s)

N\
N
\/\IV\/\I\I\/\/\IV\/\/\IV\/\/\/\/\I\/V\/\I\/\/\IV\/\/\IV\/\IVV\/\/V\/

Fe 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 CO

mole fraction
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Fe,0,-Cr,05 System in Equilibrium with Air
F Menu - Phase Diagram: Fe203-Cr203-02 at P(02)=0.21 atm EOoX

File Units Parameters WYariables Help
O =& T(C) Platrn) Energy(]) Mass(mal) Vol(litre) m =
Components (3 . == (= | '
R F Selection - Equilib =13
| Fe203 + Cr203 + 02 | File Edit Show Sort
Selected: 4/23 selected.| [SOLID] [Sorted by Code|
Products
Compound species Saolution species o |Cude | Species | Data | Phase |T|V| Activity
[+ gas @ ideal(” real g - | + | Base-Phase Full Name 19 Crfs) FACTE3 zalid
[ 0 || FToxid-ZLAGA ASlagHig 20 CrOz2(s] FACTSS salid 0
[ pure liquids 0 + FTaxid-zFINA Azpinel 21 CrOS(s) FACTE3 solid
* [+ pure solids 4 + | FToxid-MeO_A AManaxide B2 Cr203s FACTE3 solid
[~ suppress duplicates apply FTaxid-CORU W20 3(Carundurn) ! -Cr304 FACTS3 solid o
%_ custom selection Cra012(s) FACTE3 salid )
species: 13 25 CrB021(s) FACTRS solid ]
26 Feis) FACTE3 bce
] 2? Feis2) FACTS3 for
Fel(s) FACTS3 wiustite K
Target
= Ilieign?itidble 1 V Show & all - selected ﬂ -Fezo3 FACTE: hematite W
oo v - sglocted 3 - -Fezoa(sz FACTS3 high-pressur.. | v
SFEF'ES_- 22 Select -Fezoa 53) FACTE3 high-prassur. | W
solutians: Fe30d(s) FACTSS magnetite W
33 Fe3D4d(s2) FACTES magnetite A
Variables Phas 34 Fe3ndisd) FACTES high-pressur... A
| TiC) | log1 O(p(0z]) ||c:r203;(|:ezo3+c:r || | YL 35 Fe304(s4) FACTES high-pressur... W
FeCr204( ) FACTE3 salid
1300 2500 167778 01
| | | | | S - Cr203(s FToxid solid
[T(0) vs Cr203/(Fe203+Cr20g)] -gﬁz%z( : gmﬁj Eﬂlid . c
+ - =] =3 el BImalie
+  E F=203(52) FToxid high-pressur.. %
FactSage 6.2 beta C\..\PhasCr-Fe-0_Fe203-Cr203-02_P(02) DAT v+ I Fe203(s3) FToxid high-pressur.. %
Gas phase must be selected
even though it does not form Seselagia ‘ Select Al | Select/Clear.. ‘ Clear | oK

&Ctsagem Oxides and Pyrometallurgy 89 CRCT "%



Fe,0,-Cr,05 System in Equilibrium with Air

F Variables: Fe203-Cr203-02 T(C) vs composition #1.

Yanables Tand P
compositions Temperature Fressure

|'“T"-EI:-:iS

:I | canstant

| o T
log10(z) e 2500
- (" o O logP
' 1300 1

® Flatm

Chemical Potentials Compositions {mole)

#1.logl10{p) = ||:Dnstant v

Felld+

oz |
gas-FACTEI = | [067778 FeZO3 +

Cancel

G'actSage‘” Oxides and Pyrometallurgy 90 CRCT "%



Fe,0,-Cr,05 System in Equilibrium with Air

Fe203 = Cr203 = Oz
p(O,) =0.21 atm
2500 . : : | ' I _ |

2300 _

ASlag-liq

2100 _

1900 [ _

T(C)

T ASpinel

1500 | M,O,(corundum)

1300 ) ] ) ] : ] . ]
0 0.2 0.4 0.6 0.8 1

mole Cr,0,/(Fe,0,+Cr,0,)
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MgO-Cr,0,; System at P(O,)=10~* atm

Miw] 4
F Selection - Equilib
File Edit Show Sort

F Menu - Phase Diagram: Mg0O-Cr203-02 at IgP(02)=-5.5,

File Units Parameters
D ==

Components (3}

Products
Compound species
[+ gos @ ideal(” real 10

[ i
[ pure liquids ]
* [+ pure solids 2

[ suppress duplicates apply

* - custom selection
Species: 12

Variables

Help
T(C) Platm) Energy(J) Mass(mal) Yol(litre)

| MgD + Creo3 + 02 |

Solution species

* | + | Base-Phase Full Name
| FToxid-SLAGA ASlag-lig
+ FToxid-SPINA ASpinel
+ FToxid-mMeO_~A Akdonoxide

Target [
T I-immiscible 1 ¥ Show ® all " selected
+-selected 2 .
Species: 17
solutions: 4 Select
Yariables
| TiC) | log10{p(02]) ||Cr203,."(MgO+Cr2| "
| 10003000 | 55 01 | |

[T(C) ws Cr203/(MgD+Cre0 3]

FactSage 6.2 beta

C..\PhasCr-Mg-0_MgO-Cr203-02_P(02) DAT

selected.| [SOLID]

[Sorted by Code|

Eile Edit Show Sort

Species | Data | Phase |T|V| Activity
FACTS3 solid
FACTS3 periclase K
FACTS3 solid
23 Cro2(s) FACTS3 solid o
24 Cro3(s) FACTS3 solid
B Cr203s) FACTE3 solid
B Cra04is) FACTE3 solid
27 Cre012(s) FACTS3 solid
28 Cr3021(s) FACTS3 solid
29 (MgO)(Cr203)(s)  FACTS3 chrarmite
+ - hgO(s) FToxid periclase i
+  EF 203 FToxid salid

thtSage‘”

Oxides and Pyrony

[Gas] [Sored by Code ]|

Pha + |C|:|de | Species | Data | Phase |T|V| Activity
| L + 1 :0{g) FACTE3 gas
Y E 02(g) FACTS3 gas
+ 3 O3 FACTE3 gas
+ 4 ki) FACTES gas
+ 5 Mo2(g) FACTS3 gas
+ B Mg O(g) FACTES gas
+ 7 Crim) FACTS3 gas
+ 8 CriO{o) FACTES gas
+ 9 CrO2(g) FACTS3 gas
+ 10 CrO3im) FACTE3 oas

Ow Selected Select All Select/Clear... Clear Ok




MgO-Cr,0,; System at P(O,)=10~* atm

F Variables: MgO-Cr203-02 T(C) vs composition #1.

Yariables

compositions

logllfa) « |

Chemical Potentials

#1_logl10{p) = ||::|:|nstant -

0z

-

gas-FACTEY w | |55

T and P
Temperature

|‘T’—ED-:i5

 T(C)

[ o

3000

~

bAin:

1000

Compositions (mole)

bAg +

bAg +

Fressure

® Platm)

{ logP

| canstant

G’actSage‘”
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MgO-Cr,0,; System at P(O,)=10~* atm

3000

Mgo = Cr203 = 02
p(0,) = 10" atm

2600

gas_ideal

ASlag-liqg

ASlag-liq

T(C)

2200

1800

1400

AMonoxide |

—

m
|

ASpinel + Cr,O,(s)

1000

0.2

0.4

0.6

mole Cr,0,/(MgO+Cr,0Oy,)

0.8

G’actSage‘”
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MgO-Cr,0; System at P(0O,)=10>* atm

F Menu - Phase Diagram: comments EOX
Bile Units Parameters WYariables Help

Ol g TIC) Platm) Energy(J) Mass(mal) Vol(litre) W ™

Components (3)

| MgD + Creo3 + 02 |

Products
Compound species Solution species e Bl
*|+ gas @ ideal(” real 10 * | + | Base-Phase Full Name F Selection - Equilib
|— 0 | FToxid-SLAGA, ASlag-lig . .
[ pure liquids 0 + | FToxid-SPINA ASpinel File Edit Show Sort
* [+ pure solids 2 + | FToxid-hMeO_A Abdonoxide Selocted 10,10 [GAS] [Saned by Code]
[ suppress duplicates apply F )
*- custom selection + {Code| Species | Data | Phase |T|V| Activity
species: 12 ! 1 O(g) FACTES fas
[ 2 02(g) FACTS3 gas
! 3 03(g) FACTSS gas
Target Legend ﬂ 14 Ma(g) FACTS3 gas
- s | v Show @ all (" selected |5 Mo FACTS3  gas
+-selected 2 - ! B MgO(g) FACTS3 gas
Species: 17
salutions: 4 E ! / Cria) FALTSS CI2S
| 8 CriO{o) FACTES gas
; ! g Croz(g) FACTSS gas
Variables Phas || 10 o3 FACTS3 gas
| TiC) | log1 O(p(0z]) ||c:r203;(rv1g0+0rz| || | YL
| 10003000 | =55 | 01 | | =
T(C) ws Cr203/(MgD+Cr203
| © (Mg )| Ow Selected ‘ Select All Select/Clear... Clear Ok
FactZage 6.2 beta Chy. APhasCr-tMg-0_tgO-Cr203-02_P02)_gas-metastable DAT |

Gas phase must be selected,
but it can be made dormant

thtSage’" Oxides and Pyrometallurgy 95 CRCT "%



MgO-Cr,0, System at P(O,)=10~> atm, Dormant Gas

Mgo = Cr203 = 02
p(0O,) = 10™° atm
3000 T T . | i : . |

2600 ASlag-liq N

Q
2
2200 | X -
o
C § ASpinel
= <
1800 -
| :
ASpinel + Cr,O4(s)
1400 -
1000 . | . | | . | .
0 0.2 0.4 0.6 0.8 1
mole Cr,0,/(MgO+Cr,0,)
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Fe-Cr-O System at 1300 C

F Components - Phase Diagram EOoX
File Edit Units DataSearch Help
DS +] T(C) Platrm) Energy()) Mass(mal) Val(litre) i = ‘ ‘

1-3 ] F Data Search

Databases - 3/24 compound databases, 2/22 solution databases

QCt SGTE Cgmpgunds Dn|y Misce!’aﬂeous

Components ] ELEM O Fscopp [ BINS solutions only [ ExAM [ sasL [ saTe-
|Fe O FacT O Fslead [JSGPS no data
Facts3 [ Fslite O scTE
|C'1 FToxid Fsstel  [] SGnobl %
OFTsalt [JFsupsi []SGsold
|02 OFTmisc [ FSnobl  [] SGnucl ﬂ

[ Frhan

O FThelg Other [OiDnuc Add/Femove Data
OFTpup  [Jour O ouic
[ Friite [ oL O oL RefreshDatabases

Information -

Oxide phases

Metal phases from FSstel

Options

Include Limits
[J gaseous 1ons Organic species CxHy..., ¥(max) = |2—

fnlaamast
Default aguenus species
limited data compounds (25C)

tinimurm solution components:Q 1 @ 2 cpts

FactSage 6.2 bete Compound:

3724 databases Solution: 2722 databases

&Ctsagem Oxides and Pyrometallurgy 97 CRCT "%



Fe-Cr-O System at 1300 C

F Menu - Phase Diagram: last system

C0[X]

File Units Parameters

O = &

Components (3}

Variables

Help
T(C) Platm) Energy(J) Mass(mal) Yol(litre)

Fe + Cr+ 002

m o e

Products . .= ‘ ”’ |§|
Compound species Solution species ¥ SEIECt'lon qu'“ hb L E el
[ oas @ (" 0 = | + | Base-Phase Full Name Bile Edit Show Sort
B 0 + FSstel-FCC FCC_AT:Me(CN)
[ pure liquids 0 . Festal-BCC BCC_A? Selected: 5/31 selected.] [SOLID] [Sorted by Code ]
* lic 5 FSstel-SIGM SIGMA
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Fe-Cr-O System at 1300 C
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Fe-Cr-O System at 1300 C
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