Case 3: llmenite (FeTiO;) Smelting
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llImenite Smelting

limenite is a mixture of FeO and TiO,. Canada currently has one of the largest
iImenite deposits. This ilmenite is processed by Rio Tinto Iron and Titanium (QIT)

in Sorel, Quebec.

The main reactions occurring during ilmenite smelting is the reduction of FeO

from slag to metal:
FeO(l)+C(s) — Fe(l)+CO(qg)
and the partial reduction of TiO, in the slag:
TiO,(I)+0.5C(s) — TiO, (1)+0.5CO(q)

The ideal product would be a pure TiO2 slag and pure Fe metal.

e

In the following slides, we will study this reaction and analyze the smelting
products.
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llImenite Smelting

1. We will assume that the ore is
composed of pure ilmenite

F Reactants - Equilib

File Edit Table Units Data Search F Data Search
QE‘ ﬂ Databazes - 3/19 compound databases. 2/19 solution databazes
1-2 l &Ct SGTE compounds only MFSCEl'aﬂEﬂus
O O Bins solutions only O exad [ SGTE# [J SGTE-
O O sGPs no database
Mazz[g] V Species O O sGTE
100 FeTioa O [J SGnobl Ceartll |
O O SGsold
+ [ean c O [ SGnucl Select Al |
Add/Remove Data |
Oeen Other
: [ FTdemo [J TDnucl RefreshD atabases |
2. We Wl” make the Inforjation -
. . . . ‘coupled’ - that iz both the
amount of carbon 3. Select FTmisc for the liquid iron s elekmouserightbuiton
variable solution and FToxid for the slag ¢ ik o e

Options

|riziude Lirnitz
[ oaseous ions [plasmas] Organic species CxHy.... *[max] = |2_
Drefault O aqueous species . .
[] limited data compounds [25C) Minimum zolution components; 3 1 & 2 cpts

_
FactSage 6.3 Compound: 3/19 databaszes Solutio
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llImenite Smelting

1. Select all gas and pure

solid phases (remember to 2. Select all possible solution phases (out
suppress duplicates). of the slags, select only SlagA)
File  Units  Parameters  Help
Ol TIC) Platm) Erergul)] Massla) Volllive) me ™ 5
Reactants [2]
I (gram)100 FeTiD3  + &> C |
Products
Compound species Snluticur?necies Cuztom Solutions
> [+ gas ¢ ideal " real 17 = | | Baze-Phase | Full Hame -
[ 1] + FTmizc-Fell Fe-lig
[ pure liquids 0 I FToxid-SLAGA ASlaglig all oxides + 5
SF [+ pure solids 141 + FTamid-SPIMA ASpinel Q
¥ suppress duplicates appiy + FTDHiFI-MeD_.ﬁ. Ak onoxide e e
* _ = stom selectan + FToxid-CORU # 20 3 Corundurm) -
species 58 + | FTowdTi02 Rutile apply [~ Lit.. |
+ FTowid-ILMEA, Allmenite ™ include molar volumes
+ FTo=id-PSEU Pseudobrookite ﬂ )
T aret Legend Total Species [max 1500] 36
] = W Show " all % elecied Total Solutions [max 40] 10
[ - He 1 |™ 2howt &l b ssleciec
3. We will select 10g +Selected 8 pecies 3
— o Select
carbon to start solions: 10 Defeui
Final Conditions E quilibrium
| @ ] | 1@ |Pam v ||ProductHY) ~| | & nomal  ©
3 10 | 1675 b | lf:
o r e Calculate >> |

4. The average temperature of an ilmenite smelter is 1650-1700C, so we will select
1675 as the final temperature.
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lImenite Smelting

1. After
Calculation |t iS F Resulis - Equilib; 1675 C

f d th t Id Outpuk  Edit 2
oun a SO | . N ||i_’>-| || ﬂ TIC] Platm] Energyll] Mazz(g) Wolllitre] "1 BI s
pseudobrookite is
preCIpItated. Site fraction of sublattice constituents: bt
FeZ+t 7.4Z46E-0Z
Faz+ 1_E0EEE-04
2 |t iS Tiz+ 0.E5573E
' Tig+ 0.35767
necessary to 0 1 oooo
SeIeCt the rlght Svystem component Mole fraction Mass fraction
Fe Z.8lE8E-0Z E_EENEE-0Z
amount Of Ti 0.3&50328 0_59z30
carbon to avoid ’ uoeene oot
2 8 = B+ 17.850 gram TDPseudobrocokite
preCIpItatlon Of (17.850 gram, 7.9747E-0Z mol)
. (1675 C, 1 atm, a=1.0000)
pseudobrookite { 1.4500  we.3 FeTizos(z-] Floxid
+ 49.307 wt.% Ti305[+] FToxid
+ 1.53262 wt.% FeTiZzZ0E FToxid
3 Th b + 47.107 wt.% Tiz0L5[-] FToxid)
. IS Can pe
. Site fraction of sublattice constituents:
done using Fe z. 2863E-02
“ . TI3 0.37114
Formation - T
target” TIZ 0.4%E57
Svstem compohnent Mole fraction Mass fraction
Fe 2_6072E-03 ?.Z0LlZE-03 w
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Calculating the optimum amount of carbon addition:
Pseudobrookite formation target
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llImenite Smelting

1 Right—click on This example can be found
in EquiCase3-1.dat
the
: F Menu - Equilib: last system
pseudobrookite Ach =
) File Units Parameters Help
selection sl TIC) Platr] Energyld] Massig) Vollire] " =@
Reactants [2]
[ | [gram] 100 FeTiDa  + <104 C |
2. Select
“Formation target Flees
” Compound species Solutionlzpecies Custorn Solutions
phase Solution FToxid-PSEL = | - | Baze-Phaze | Full Hame -
| 3 FTmizc-Felll Fe-lig
- Clear FTomid-SLAGA A5lag-lig all oxides + 5
w - dll species b FToxid-SPINA ASpinel
* - custom select species ... | FTowid-Mel_4 Abdonoxide
: Pzeudonyms
3 FToxid-CORL kA 20 3[Coarundum) i
- solution properties ... v FToxid Tioz2 Rutile apply | M
v + - single phase v FTowid-ILRE & Allmenite ™ include molar volumes
} o F FToxid-PSEL Pseudobrookite j )

1 - possible Z-phase immiscibility L . Total Species [max 1500] 96
1 - possible 3-phase immiscibility I-Ei?nerrn.liscil:ule 1 W Show al * selected Total Solutions [max 401 10

F - formation target

- standard stable phase +-selected 7 SII:'EFiESE 38 & elect
I - dormant {metastable) phase salutions: 10 Diefault
ey v - formation target phase
P - precipitate target phase Equilibrium
5 - scheil cooling target phase TIC) " Fiatr] ﬂ | Praduct H[J) j  nomal O
L - soliDification calculation .. 1675 |1 | ::
C - composition karget ... Calculate 3>

Help ...

I Fact5age 6.3
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llImenite Smelting

1. Leaving <A>
blank, a solution
will be found for
the value of <A>,
where the activity
of pseudobrookite
will be 1, but its
amount will be 0.

2. Note that the amount of carbon was changed to
<10A> to allow carbon amount to change from 0 to 10g
during the calculation.

D= =

Reactants [2]

T[C] Platm] Energull] Mazz(g] Folllitre]

=k

| fgram] 100 FeTiO3  + <104 C |

Products
Compound species Solution species Cuztom Solutions
[+ gas @+ ideal  real 17 = | + | Base-Phase | Full Hame -
[ 1] + FTrmisc-Fell Fe-lig
[ pure liquids 1] I FToxid-5LAGA, ASlag-lig all oxides + 5
= [+ pure zolids 4 + FToxid-SPIMNA ASpinel Q
v suppress duplicates apply +  FT DHiFI-MeD_.ﬁ. Ardonaxide ol
* _ cuztom selection + FToxid-CORL 20 3(Corundun) - i
species ] + FTaoxid-TiO2 Fiutile apply M
+ FTozid-ILME2, Allmenite ™ include molar vaolumes
F FTowid-PSEL Pseudobrookite j )
Sl Teie= Legend Total SDEC.IES [rax 1500] 96
FTawid-PSEL |- iroriccible 1 W Show (" al * zelected Total Solutions [max 401 10
Estimate ALFHA: |05 F- f-:urlmatic-dn tgrget species 29 g
+ - zelecte o elec
>Mass[g]: N solutions: 10 4 Defaul
Final Conditions Equilibrium
| @ ] | ™ |Pem  v||PoducthE) ~|  # nomal O
| | 11675 1 | f‘f
r Calculate >>

FactSage 6.3
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llImenite Smelting

1. The solution is
9.7419g carbon \1:

F Results - Equilib 1675 C, A=0.9741

Cutput  Edit 5
2. Note that the 0| RE) @ TIC) Platm) Energyld) Massla) Vollive) = o
amount of
i i + 8.1261E-04 wt_% Til FTmisc ~
pseUdObrOOklte IS + 1_g0Z5E-06 wt_% TiZ0 FTmisc)
Og’ bUt ItS aCtIVIty IS System component Mole fraction Mass fraction
it 1 Fe 098324 0939758
1' SO It IS ready to Ti F.6544E-05 8. 34E0E-05
u] Z.9180E-04 8.4306E-05
form aS Soon aS We C 1.0270E-02 Z.2490E-032
add just a little more S o v Peendobrontivaly
(1&75 C, 1 atm, a=1.0000;)
Carbon i 1.4&00 wt_% FeTiZ0E[2-] FToxid
+ 453207 wt_ % Ti30E[+] FToxid
+ 15362 wt_% FeTiZ0& FToxid
+ 47.107 wk_o% TiZ0E[-] FToxid)
Bite fraction of sublattice constituents:
Fe E.8863E-02
TI= 0.37114
TI4 0.51443
TIz O.48587
System component Mole fraction Mass fraction
Fe 2.6072E-03 7.Z01ZE-03
Ti 0.37139 0.&632540
u] O.&E500 0.3&5740
+ 0 gram Putile
(175 C, 1 atm, a=0_54353) w
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llImenite Smelting

1. Looking at the slag composition, it can be
noted that the slag contains about 7% FeO

2. The iron phase,
however, is
composed of 99.8%
Fe

3. It would be
interesting to see
how the slag and
metal composition

changes with carbon
addition

Re ] h ™
output  Edit o
M ||;,'*| || ﬂ TIC) PfT.tm] Erergul)) Mass(g)] Vollitre) m ||B| e
PHARE: AS5lag-lig#l gram Mrss FRACTION ACTIVITY o
Fe0 2.7983E4+00 9 7.138ZE-0Z Z_644E5E-0Z
FeZ02 Q_1272E-032 1.71E54E-04 3.1229E-08
TiZ0z Z.90&632E+0L1 E_4E18E-01 Z.E612E-01
Ting Z.0341E+01 3.8BEZZYE-0L 3.3921%E-01
TOTAL: E_3Z11E+01 1. 0000E+00 1_0000E+00
PHARE: A8lag-ligq#z oY am MAasS® FRACTION ACTIVITY
Fel O.0000E+00 7.138ZE-0ZF Z.644E5E-0Z
FeZ03 O.0000E+00 1.7154E-04 3.18z3%E-08
Tiz0z 0. 0000E+00 E_45123E-01 Z_Z613E-01
Tinz O.0000E+00 S.BZEZ7E-0L 3.391%E-01
TOTAL: O.0000E+00 1. 0000E400 1.0000E400
PHARE: Fe-lig o am Mrss FRACTION ACTIVITY
Fe =T el 1 T u | ) 9_97E3E-01 9_S8884E-01
C FOEZARE-0Z 2.2490E-03 7_.EEO1E-032
u] Z.7903%3E-03 2. EZEBE-0E 3.E9232E-068
Ti Z.6EZ3RE-03 7.T7345E-0& 3.1673E-0&
Ti0 Z.7587E-04 2_1Z81E-0& 7_043ZE-08&
TiZz0O L_43&6ZE-07 1. &0ZE5E-08 7.9290E-02
TOTAL: 3.39Z4E401 1. 0000E400 1.0000E400
PHARE: Pseudobroockite o am Mas: FRACTION LACTIVITY
FeTizZz0E[Z2-] 0. 0000E+00 1. 4500E-0Z Z_67E7E-03
Ti30E[+] 0. 0000E+4+00 4_9907E-0L1 2. E028E-01
FeTizZz0k O.0000E+00 1. E36ZE-0Z 1.2843E5E-0Z
Tiz0&[-] 0. 0000E+00 4_ T7107YE-0OL Z.3541E-01
TOTAL: 0. 0000E+00 1. 0000E+00 1_0000E+00
PHAZE: Putile gram Mass FRACTION ACTIVITY
TiZ0z O.0000E+00 1.88ZE5E-01 3.7712E-01
Ting O.0000E+00 8.1175E-01 4_ 3ZZ8E-01
TOTAL 0. 0000E+00 1. 0000E+00 L _4353E-01 i
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Visualizing the change in metal and slag composition
with carbon addition
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llImenite Smelting

A series of calculations at different carbon addition is performed to see how
carbon content affects the composition of metal and slag.

Parameters Help

Products
Compound zpecies

F Menu - Equilib: last system
File  Units

[0 | =

Reactants [2]

TIC) Platm] Energell] kaszs(g] “alllitre]

| fgram] 100 FeTi3  + <1043 C |

Solution speciesz

m e

Custorn Solutions

[+ gaz ¢ ideal ™ eal 17 = | + | Base-Phase | Full Hame ﬂ
| 1] | FTomid-SLAGA A5lag-lig all oxides + 5
[ pure liquids 0 + FTowid-SPIM A ASpinel
=4 pure zolids 41 + | FTowid-med_s &b anoxide Q
WV suppress dgplicates apply + FT::::-:in?I-EE.IFILI I'-.-12I:I3[Eu:u.runu:|um] ot
% cyztom selection + FTowid-TiO2 Rutile o List
TpECies: e + FTowid-ILKE & Allmenite apply I_IS
+ FTomid-PSEU Fzeudobrookite ™ include molar volumes
+ FTowid-TiSp Titania_Spinel - i
e Legend Total Species [max 1500] 96
|riecble 1 W Show al & zelected Total Solutions [rmax 401 10
+ - zelected 8 -
Tpecies 33
golutions: 10 % Default
efaul
Final Conditions E quilibrium
| L | TIC] || Platm] j|F'r|:u:|u|:t HIJ] j * narmal O nomnal + hansitions
———> 01001 | 11675 M | :: tranzitions anly
B 101 calculations Sl Calculate 33
Fact5Sage 6.3
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llImenite Smelting

1. For a graphical representation, we will plot the results

Oukput W

F Results - Equilib A=0 [page 1/101)
Show Pages

FRHE S

weight %
WE
Alpha

Aues

Species

4 zelected

Select

Repeat |

FactSage 6.3

C:hFactSagehEquil.res

Save o Print » TIC] Platm] Energuid] Mazsia] Wolllitre]
Equilib Results File »
Skream File »
Farrmak k
Fact-xrL b 100 FeTiD3 + <10&: C
Fact-Cptimal 3 VYariables | Minimum
achivity 0
Fact-Function-Builder  » miale 0
Refrash .. rnole fract, 1]
gram ]
+ 2.681F Y -axis weight 3 0
+ 4.0213 X-axiz Alpha 1]
0
. oo | 2. Select wt% as e
t1e0-oo the Y-axis and 1. 258EE +06
Alpha as the X-axis £ 037E+05
+ 4_0377 : 0
+ 48156 SH) 281
- page - 1.

Graph
Labels

ziZE: IEI_ o |I

* chemical
" integer &
" none

F Species Selection - EQUILIB Results: weight % vs Alpha

File Show Select

+ | # | Species | Mole [min] | Mole [max] | Fraction [min]
15 Felg) 1] 1.7057E-D4 7 9178E-06
16 Fel(g) 1] 2 242507 . 8B03E-08
17 Fe[CO15(g] 1] JA46ZE-25 1]
FTmizc FelQ
18 FelFell] n NE22743 0.80506
19 ClFeld] n B.5279E-03 1]
20 Q[FeLd) n B.7345E-04 28478E-04
21 TifFelLd] n A.E330E-05 7. 2890E-10
22 TiO[FelLd] n 4 43REE-0B IETTZE-O7
23 Ti20[Feld) n 4.9333E-09 7E410E-19
FToxid- S5LAG
24 FelQ[SLAGAHT) 3.3863E-02 0649634 0103701
2h Fe2035LaGAHT) | 3BE1ZE-0R 28092E-02 11212E-04
26 Ti203[5LaGART) | 28092E-02 0201271 2. 22h8E-02
A 27 TiD2[5LAGAHT) 016313 0.E02965 0375718
1% FTozid- SLAG
28 Fel[SLAGAHZ) 1] 1] 0103701
29 Fe2035LaGAH2) 1] 1] 11212E-04
Mazs Order
3. Select all SlagA owee | Ma | Ouder
Components I [page] { gram ? I:I'I'IEIS':S.
racti
Clear " activ

[ Click on the '+' column to add or remove species. |

Ferrous Processing 13
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llImenite Smelting

100 FeTiO3 + <10A>C

C:\FactSage \Equil.res 5Feb13

60 : . . .
1. FeO content is
decreased as carbon ©
Is added. Ti,Oq =
. )
Increases at almost g
the same rate.
U T > T
FeOSTaGa11
10 |
0 : . . .
0 0.20 0.40 0.60 0.80 1.00
Alpha

2. The compositions remain constant after a certain point. This is
when pseudobrookite precipitates.

thtSage‘” Ferrous Processing 14 B McGill CRCT Mo



llImenite Smelting

100 FeTiO3 + <10A>C

1. In the ||qU|d metal’ CiFactSage Equil.res 5Feb13
the percentage of >2 ' ' '
iIron remains close to _
100% ol
X -2f
= _
=
g 41 R Tr{t. 5
6 2. Ti, however, rises with
? carbon addition.
-8 H .
-10 . . . .
0 0.20 0.40 0.60 0.80 1.00

Alpha

3. Because TiO, slag is the more important product of ilmenite smelting, we will
select the amount of carbon to be 9.7g to keep wt%FeO at a minimum

thtSage‘” Ferrous Processing 15 T McGill CRCT Mo



Visualizing the distribution of elements between phases:
The “List” window
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liImenite Smelting

1. A good way of seeing the distribution of the elements between phases is by
clicking on the “List” button...

F List - Equilib  T(C) = 1675, Platm) = 1 (Page 1/101)

File Edit Help
Ol = TIC) Piatm] Enerayl)] Massig] Yolflire) = m %
| Code | | Data | | Mole | Gram | PerCent | Cumulate |T | j
e Totals 0.0000 0.0000 0.0000 %
TOTALC 0.0000 0.0000
! ! ! /| /[ | ||
ELEMEMNT Fe Mole Fe Gram Fe Per Cent Cumulate
GAS PHASE ]
Totals 0.0000 0.0000 0.0000 %
FTmizc-Fel
Totals 0.0000 0.0000 0.0000 %
FToxid-5LAGA
37 Fed FTaxid 06030 IAET 91.48 % 16% T
Fe 53  Fe203 FT oxid REIB4E-02 3138 B524 % mn% T
Totals 06552 3681 1000 %
FToxid-5LAGA
Totals
ETouid SBIMA : 4. ...100% of Fe is in the slag
3. It is now possible to
see that at <A>=0 0.0000 0.0000 0.0000 % \1' |
o Format F"agt:J
peCies " male r I_ -
I_ gaz 1? '7_ i gram i 1 |:|f ﬂ
. [ liquid 0 ¢ pound 3
2. ...and selecting e g [ oseloted 3 S5 s e
“distribution” e T ks o | possCaion
[ soluion 38 W properties Post-Calculate
- oK |

thtSageT" Ferrous Processing 17 T McGill CRCT Mo



llImenite Smelting

<A>=0.49

1. And this is the distribution at

2. A convenient way
to see the
distribution of Fe for
all values of <A> is
to export the data
into an Excel file

F List - Equilib  T(C) = 1675, Platm) = 1, Alpha - 0.489999999999999

B=)E3

(Page 50/101)

File Edit Help
0| = TIC] Platm] Energyl)] Mass(a] Volitre] mi=m %
| Code | | Data | | Mole | Gram | PerCent | Cumulate |T | j
ELEMEMT Fe Mole Fe Gram Fe Per Cent Cumulate
GAS PHASE
15 Felg] FactPs 8.4798E-05  4.73R4E-03  1.28B4E-02 % 1.28BE-02 %
16 Fel[g) FactPs 2238907 1.2503E-05 3 396VE-0B E 1.290E-02 %
17 FelCO15(g) FactPs 1.4702E-25  8.2104E-24  2230BE-23 % 1.290E-02 %
Totals 8h019E-05  4.7479E-03  1.2893E-02 & J
FTmizc-FelQ
91 Fe FTmizc 0. 2968 1657 4502 % do0x (T
Fe Totals 02968 1657 4502 %
FToxid-SLAGA
97 | FeO FTomid 03594 20.07 452 % P\EE (T
98 | Fe203 FTomid 29178E-03 | 01629 04427 % 1000% [T
Totals 03623 20.23 b49E %
FToxid-SLAGA
Totals 0.0000 0.0000 00000 %
FToxid-SPINA
Totals 0.0000 00000 00000 %
FToxid-MeO_A ~|
o Format F"arl_:lfzJ
pecies ™ mole (= -
[ gaz 17 I?_ ff: aran i Ifﬂ
iaqui T
I': Iaid g ¥ selected 96 ~ ﬂgf;d | ~
. f*  digtribution
osoid 41 AlClear | -
™ solution 38 W properties Poszt-Calculate
= 0K |

‘ thtSage‘”

Ferrous Processing 18
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llImenite Smelting

F Results - Equilib A=0 ([page 1/101)

0 Edit  Show Pages

Save or Print Save or Print &5 ... w @ 0 o
o > i ol aom|| L. Press“Save or PrintAs...
Equilib Resulks file (- 1 1 ’ e T T T T T
Stream File , 42003 | 4=004| 4=005| 4=006 | 4=007 | 4=00% | 4=002 | 4=01| 4=011] 4=012] |
' 2. Select “Open Ti dsheet” and
S~ I . Select “Open Text Spreadsheet” and press
7] ”
Fact-Cpkimal b5 SpreadSheet Setup
Fact-Function-Builder  » put E
[age Range Type of Dutput
Refresh ...
¥ AI101 pages  Printer |
+ 3
+ 4, | O Curentpage " Textfile [*t)
+ E " Equilib Results File [Equi®.res)
" ¥l file [*amil)
+ 1l00.00 q
£100.00 grar " Excel Spreadshest v
(16 O Dpen Test Spreadshest Spreadsheet setup .. ‘
[ 4] ~
+ a4l Save Text Spreadshest -
+ 4] [ Swap rows & colurins Spreadsheet Setup
+ 4}
System Properties
Site Cancel Property columns ,1_j‘
Fagz- - =N
Felt 4 ZE18E-0Z EDI.umn' | AI;ha 4 S I t th =
Tiz+ 4 ZGE13E-0E . e eC e SpeCIeS
Tid+ 0. 45738

3. Select “Alpha” as the system
property and “g” as the species Cou_|
property.

Species Properties

-1-
|

Columns per species |4 j‘ " order species * order props.

Select ... | Cancel

SpeciHl

Species; 3

Default

I thtSage‘”
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llImenite Smelting

1. Because Fe gets distributed in

gas, metal and slag phases, all elements
from these phases must be selected.

the

Spreadsheet - Equilib; Page 1/101

Fik Edit Show

[5Hlected: 3/112] [ Spreadshest 5 pecies |

: T(C) = 1675, Pfatm) = 1

Fﬂ N =101 W [page]

Page 1107 : T[C) = 1675, Platm] =1

+ | Code | Species | Data | Phase |[T|¥| Activity | Minimum | M aximum -~
160 Solution FTawid-PSELI 02905 02041 1.000
VvV Solution FTawid-TiSp 014597 4 2514E-02 01787
+ 162 All Elerments A5
+ 1EE All Elerments FTmizc-Fel
+ 167 All Elerments FTomid-SLAGAH
170 All Elerments FTowid-SPIMA
171 All Elerments FTowid-pMel_aA,
172 All Elerments FTowd-CORU
173 All Elerments FTowd-TiO2
174 All Elerments FT owid-1LME,
175 All Elerments FTowid-PSEU

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

Select Al

Clear k.

L[

2. Press “OK” in all windows

‘ thtSage‘”
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llImenite Smelting

- - 100 -
1. The window with the amount of alll o0 |
. . m %Fe in Metal
elements in each phase will appear. 80 - oo
—— S 70 - erefn>iag
e 3 w [=]
F Equilib Results L”E'E' E 60 - B %Fein Gas
File Edit Swap rows and columns é 50 -
Alpha g-Fe_GAS g-Ti_GAS g-0_GAS g-C_GAS - E 40 -
0.0000000E+00 | 0.000000CE+00 | 0.0000000E+00 | 0.0000000E+00  0.0000000E+00 & 5
1.0000000E-02 = 4.0364224E-06 24064555611 | 21365509E-01 | 1.0000000E-O1 °
20000000E-02  1.2742725E-05  7.3638352E-11 | 3.9713850E-01 2 000000CE-O1 20 1
30000000E-02  28197135E-05  1.5878802E-10  5.568290%E-01  30000000E-O1 10 -
40000000E-02  53171052E-05 = 2.9045652E-10  7.0012011E-01 | 4.0000000E-O1 0 e
5O000000E-02 | 91190691E-05  4.8186466E-10 | 8.3272130E-01 | 50000000E-O1 O G O O O OO OO O
E.O000O0CE-02 | 1.4703233E-04 74978548610 9.5858400E-01 6 0000000E-O1 =
70000000E-02 | 22727793E-04 | 1.1158442E03 | 1.0803834E+00  7.0000000E-O1 f <A>*100
4 [
2. Copy all the values in Excel and keep only the columns with Fe 4. It is now
convenient to
A \ C D E F G
1 | Alpha pg-Fe GAS g-Fe FTmisc-FelQ g-Fe FToxid-SLAGAHL %Fein Gas %Fein Metal %FeinSlag pIOt the Fe
2 |0.00E+00 0.00E+00 0.00E+00 3.68E+01 0.00E+00  0.00E+00  1.00E+02 distribution as
3 | 1.00E-02 4.10E-06 0.00E+00 3.68E+01 1.11E-05  0.00E+00  1.00E+02 an area plot
4 |2.00E-02 1.27E-05 0.00E+00 3.68E+01 3.46E-05  0.00E+00  1.00E+02 plot.
5 |3.00E-02 2.82E-05 0.00E+00 3.68E+01 7.66E-05  0.00E+00  1.00E+02 It can be seen
6 4.DDE-02[5.32E-D5I 0.00E+00 I 3. =100*B6/($Bp+SC6+5D6) 1.00E+02 that Fe in the
7 |5.00E-02 9.12E-05 0.00E+00 3.68E+01 2.48E-04  0.00E+00  1.00E+02 _
slag is reduced
as carbon is
3. Add columns to calculate the %Fe in each phase added

T McGill CRCT "%
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Calculating the liquidus of slag and metal:
“Precipitate target” calculation
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llImenite Smelting

1. As mentioned in
slide 13, we will
now calculate the
equilibrium at 9.79g
addition to reduce
as much as
possible the FeO
content in the slag,
but avoid
pseudobrookite
precipitation.

F Menu - Equilib: comments

File Units Parameters Help
[ =

Reactants [2]

TIC] Platm] Energeld] kaszsia] “olllitre]

m S @7

| [gram] 100 FeTid3  + <104 C |
Products
Compound zpecies Solution species Custam Solutions
|+ gaz & ideal " real 17 = | + | Base-Phase | Full Hame -
| 0 + FTmisc-Fel O Fe-lig
[ pure liquids 0 I FToxid-SLAGA ASlag-ig all oxides + 5
=y pure zolids 41 FToxid-5LAGGE G5lag-iq with CAACH
[v suppress duplicates apply FTosid-3LAGY 3lag-ig Pseudonyms
* - custom selection + FToxid-SFIMA ASpinel o - =
FpECies s +  FTowid-teld_s Abdonoxide appY IS_I‘”
+ FToxid-CORU b 203 Coorundunm] ™ include molar volumes
+ FToxid-Ti0 2 Fiutile hd Totsl Species [max 1500] 95
atal Species [man
Tange! Lz = W Showfe all © zelected Total Salutions [max 401 10
| - immizcible 1 O € SElECle
+-zelected 8 s
FpeCies: 33
golutions: 10 %

Drefault

Final Conditions E quilibrium
& | | 1@ |Pam | [ProductHIl +| || % nomal
. |0.97 | 11675 11 | -
- OpEr
r g Calculate »>
FactSage 6.3 C:hFactSage\EquiCaze3-1.DAT

‘ thtSage‘”
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llImenite Smelting

We would now like to see if our temperature is well chosen. For this, we want to see
what is the liquidus temperature of the slag and the metal.

1. Press “Output” —
“Stream File” —
“Save solutions”

and select the
solution you would
like to save. In this
case, we want to
save the metal and
slag solutions.

2. In the pop-up
window, enter the
name of stream file

3. In the next
window, enter any
comments you
might have.

F Results - Equilib 1675 C
(lldali[ Eclit =

Sawve or Prink 4
Plok: » ‘
Equilib Resulks File »
[
]

Skream File Recycle all streams ...

Farmat Save stream file

Stream file properties ...
Fack-xML 4

Summary of streams

TIC] Platm] Energeld] kaszsia] “olllitre]

4. In the same

| way, save the
FToxid-SLAGA#1
, solution

Save pure solids ...

Save gas phase ...

Save solutions ALL solutions

Fact-opkimal »
F Direckory {C:\FactSagel) ...
Fact-Funckion-Euilder  # [E—DS cns
E-04 Fa
Refresh ... E-05 Fel
+ 1.32084E-0%8 Ti0

Sawve File in C:\FactSage\Mixt®. dat

FTmizc-Fel O Fe-lig

Enter a stream file number

(1-3339)

ar enter a stream file name [up to 26 characters), far
example

by wer favarite stream

- avoid the special characters AT, 88+

+ —
}|LIE|L,IIE| Metal

[ 7.353z2 wt. % Fel
+ 1.814cE-0Z wt_ % FaZO3

T Oy L) e S e g

FTmisc-FelQ Fe-lig

FToxid-3LaGA# 1 Aslag-lig
FToxid-3LaGARZ Aslag-lig
FToxid-3PIMA A Spinel
FTaxid-MeD_A aMonoxide
FToxid-CORU M203{ Corundum)
FToxid-TioZ Rutile
FToxid-ILMEA Allmenite
FToxid-PSEL Pseudobrookite
FTowid-Tigp Tikania_Spinel

E o= RE S

Cancel

Save File C:\FactSage\WWixtLiguid_Metal.DAT

Saving file Liguid_Metal

Enter one line of commentz

Cancel

I thtSage‘”
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llImenite Smelting

1. Set up a new reaction in the reactants window
by pressing the “new reaction” button.

F Reactants - Equilib
File B8 Table Units Data Search  Help
Chrl+R

&dd a new Reactant
Insert new reactant before .,

C1 Platm] Energell]

Delete reackant ...

stream” and select the saved
stream. Here we will start with

2. Press “Edit” — “Mixtures
and Streams” — “Import a

liquid metal.

Delete all blank reactants

Mixtures and Skreams Import a mixture

Re-order the reactants
Edit a mixkure or stream
Directory {Ci\FackSagel)

Export list of reactants
Import list of reactants

Impark a stream (ar single-line mixture)

3 |
3 Fe_LtaI FTmisc-Fel() Fe-liq skream

Liquid_Metal FTmisc-Fel ) Fe-lig stream
Liquid_slag FToxid-3LAGA#1 ASlag-lig st

Tio2_slag FToxid-SLaca#1 Aslag-lig st

File Edit Table Units [DataSearch Help

bl +/ =

T[C] Platm] Energull] Mazz(g] “olllitre]

(=13
" Ed

4. Clicking on the arrow
beside the name of the
solution will show the
composition of this solution.

3. The “Liquid ikl
Metal” solution l
. Masz([g] Species
Wl” be 1100% - i - jq_
SeIeCtEd as FTmisc-Feld_Fe-lic
one of the
reactants. 5 1705E-01 C
£.5417E-02 0
FAGHED3TI ™
FdiCladye o.a UpaArig. ¢ 1.3 UudududEes S LIALAr L. L8010 UdidudsEes

I thtSage‘”
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llImenite Smelting

1. In the “Menu” window, we will select the liquid metal
solution and all the solids as possible products.

F Menu - Equilib:
File Units Parameters Help
[ =) &

Reactants [1]

TIC] Platm] Energel)] Masz(g]l “olllitre]

m e %

[ [gram] 100% [Liquid Metal] |

3. We will calculate only

2. To make a
“cooling”
calculation, we
will select
1675C as the
starting
temperature
and 1000C as
the final
temperature.

Products the transitions.
Compound species Solution] species ST
[ gas ¥ f'“ 0 = |\ | Base-Phase | Full Hame -
[ n + FTrisc-FelQ Fe-lig
[ pure liquids 1] FTomid-SLAGA ASlagig all oxides + 5
2 [, pure solids 41 FToxid-SLAGG G5lag-iq with CAACH Q
v suppress duplicates apply FToxid-5LAG? #Slagliq Pseudoryms
* - cugtom selection FToxid-SFINA ASpinel w List
FpECiEs 41 FTowid-tel_a AMonoxide appY 15 _I
FTomid-CORU b 20 3[Corundurm) ™ include molar volumes
FTomid-TiO 2 Futile bl )
Transitions - bermperature Legend S SDED_IES e (A
v selected 1 [V Show & al  zelected Total Solutions [mawx 407 1
MNumber of
transitions: |4l - speg::iesi 5 Select |
solutions: 1 Defaul
efau
Final Conditions E quilibrium
| | | TIC] " Platrn) ﬂ|F'n:u:|u|:t HIJ) j W roimal " normal + bransitions
: : ; |.| 75 1000 |.| | {'-'_;: tranzitions only
r Calculate >>
FactSage 6.3

‘ thtSage‘”
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llImenite Smelting

1. In the “Results”
window, it is seen
that Ti;O; is ready
to precipitate at
1674.17C (its
activity is 1). So
this is the liquidus
temperature of our
liquid metal.

F Results - Equilib 1674.17 C (page 1/27)
Qutput  Edit Show Pages

0= BB ﬂ TIC] Piatm] Energyl)] Massig) Yollite] m |||3| e

131089 C ] 1241.54 C ] 1209.12 C ]
145626 C | 1449.59c] 1449.13c] 1443.33c] 1443.5c] 1434.?3(:] 1432.91c] 1395.49c] 1394.32c] 1394.32-:] 1354 54
-167417C- | 151699 C | 150195C | 150071 C | 149383C | 149288 C | 1480.73C | 147994 C | 1468.04 C | 146738 C | 1456.8

2. At 1516.99C,
solid iron starts to
precipitate.

|
Factlfage &.32 L
(gram) 100% [Licuid Metal] =
33,806 gram Fe-lig
(33.806 gram, 0.61l02%8 mol)
1167417 C©, 1 atm, a=1.0000})
[ 99 765 wt_% Fe FTmi=o
+ 0_Z170& wt_% C FTmisc
+ 28.E5413E-032 wt_% 0O FTmisc
+ 7_.1492E-03 wt_% Ti FTmisc
+ 7_9054E-04 we_% Tio FTmi=o
+ 1_4538E-06 wt_% TiZ0 FTmisc)
Bystem Component Mole fraction Mass fraction
Fe 0.929360 0.99768
Ti 2.9511E-05 7.7435E-05
u] Z.0zZE2E-04 2.730EE-0E
C 1.0010E-0& Z.1708E-03
+ 0 gram Ti305_solid-b ¢ FToxid
(le?4.17 C, 1 atwm, SE, a=1.0000)

131059 C | 124154 C | 120912
145626 C | 1449.59C | 1449.13C | 1443383 C | 14435C | 143473 C | 143291 C | 139649 C | 139432C | 139432 C | 1354.54
167417C -151699C- | 150095C | 150071 C | 149383C | 149285 C | 1480.73C | 147994 C | 146804 C | 146738 C | 14363
|

+ %.E331E-03 gram Ti305 solid-b FToxid Py
{%.E331E-03 gram, 1.5801E-05 mol)
{1516.99 C, 1 atm, 82, a=1.0000)

+ 0 gram Fe_beoc ¢ FactDE
(1516.593 C, 1 atm, 31, a=1.0000)

‘ thtSage‘”
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llImenite Smelting

1. An easier way to find the liquidus of the liquid metal solution is by using the

“Precipitate target” calculation.

2. Right-click on
the Fe-liq selection
and select
“precipitate target
phase”

F Menu - Equilib:

File Units Parameters Help
[ =| =

Reactants [1]

TIC) Platm] Energell] kaszs(g] “alllitre]

3. Leave the
temperature
field blank. This
calculation will
find the
temperature at
which the first

Solution FTmisc-Fel()

- clear
v - all species
- custom select species ...

- solution properties ...

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

- standard stable phase
I - dormant {metastable) phase
F - Farmation target phase
- precipitate target phase
5 - 5cheil cooling target phase

[ [gram) 100% [Liguid Metal] |

Solution}zpecies

= | | Baze-Phaze | Full Name -
F FTmizc-Felll Fe-lig
FTomid-SLAGA A5lag-lig all oxides + 5
FTomid-5LAGG (G 5lag-lig with C/MACH
FTowid-SLAG? ?5lag-lig
FToxid-SPIMA ASpinel
FTomid-bde0_, Akl onoxide
FToxid-CORL kA 20 3[Coarundurm)
FTowid-Ti02 Rutile |
Legend

P - precipitate target W Show @ al 7 selected

Tpecies B
golutions: 1 skl

m e

Custorn Solutions

[Deie

Pzeudonymz

apply | List ...

[ include malar volumes
Total Species [max 1500] 47

Total Salutions [max 0] 1

. . D - soliDification calculation ... Drefault
SOIld Wl” C - composition karget ... Fom— Q
.. quilibrium
precipitate from Help ... TE)  |Pam  ~||PodwtHg) v| | © nomal O
the Fe-li | | i | s
<ol t'onq - A Calculate >>
utl
Fact5Sage 6.3

‘ thtSage‘”
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llImenite Smelting

1. The liquidus
temperature found ‘l,
Is the same as in

F Results - Equilib 1674.17 C

Sllde 23, bUt Only Outpuk  Edit 2
one calculation had N ||:i-”| || ﬂ TIC) Platn) Energyl)) Masslg) Volllire] m B|1§

to be performed.

FactSage &.3 L
{gram) 100% [Licguid Metal] =

33.806& gram Fe-lig
(33.806 gram, 0.610Z%8 mol)
11674 17 C, 1 atm, a=1_0000)
[ 93_ 766 wt.% Fe FTmisc
+ 0O.Z170k5 wk.% C FTmisc
+ 8.E5413E-03 wt_.% 0 FTmisc
+ 7.1498E-03 wt.% Ti FTmisc
+ 7.90E54E-04 wt_ % TiO FTmisc
+ 1. 4588E-06 wt. % Tiz0 FTmi=zc)
Svystem component Mole fraction Mass fraction
Fe 0_9583&0 0.33766
Ti 8_9611E-05 7.7435E-05%
ul 3_0ZG58E-04 8.7395E-05
C 1_0010E-0Z Z.1705E-032
+ 0 gram TiZ05_=solid-b FToxid
(1e74.17 C, 1 atm, 32, a=1_0000)
+ 0 gram Fe_beoc T FactPs

{1674.17 ©, 1 atm, 51, a=0.92730)

+ 0 gram Fe_fecco T FactP2
(167417 C, 1 atm, 352, a=0.31777)

+ 0 gram Tid07_=solid FToxid
(167417 C, 1 atm, 21, a=0_552&693) .

thtSageT” Ferrous Processing 29 T McGill CRCT Mo



llImenite Smelting

1. The same
calculation can be
performed on the

liquid slag to find its
liquidus
temperature.

2. Select all the
solids and FToxid
solutions, because

they can all
precipitate out of
the slag phase

F Menu - Equilib:

File Units Parameters Help
[ = E

Reactants [1]

TIC) Platm] Energell] tazsla) “olllitre]

[ [gram)100% [Liguid slag] |

Products
Compound zpecies Solution species
[ gas ¥ e 0 * | + | Base-Phase Full Hame
[ 0 IP | FTomd-SLAGA ASlag-ig all oxides + 5
[ pure liquids 1] + FTomid-SPIMA ASpinel
* [+ pure zolids 35 + | FTawid-tel_aA At onoside
W suppress duplicates apply +  FTowd-CORU M 20 3 Corundurm)
* . cuztom zelection + FTomd-TiO2 Rutile
IpECIiEE: 35 > + FTowid-ILMEA, Allmenite
+ FTomd-PSEU Fzeudobrookite
+ FTomd-TiSp Titania_Spinel
Frecipitate T arget
P FToWdSLAGA e ¥ Show al & selected
E stimate T[C]: IW P - precipitate target specias: 72
l— +- selected 7 solubions: 3 Select
Final Conditions
| 1@ |Pam ~||Product HiJ) |
| I I I |
[io -
FactSage 6.2

W =@ =

Custarn Salutions

Loz

Pzeudanurs

apply [ List ...

[ include molar volurmes
Total Species [max 1500] &7

Total Solutions [max 40] 9

E quilibrium
* nomal f_“

D efault

Calculate 3>

‘ thtSage‘”
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llImenite Smelting

1. The results show
that pseudobrookite \l,
will precipitate out

F Results - Equilib 1672.53 C

at 167253C Qukput  Edit 2
D || EE ﬂ TIC] Platm] Enerayl)] Mass(a) Yolllire] m ||B‘| e
2. The last two
results show that F T -
Our Smeltlng System compohnent Mole fraction Mass fraction
temperature is X P L
quite close to both - i‘f’ma P
the metal and the " PR, A
o = i 1.544]1 wk_ % FeTizZOE[Z-] FToxid
Slag IIqUIdUS + 45 838 wh_ % TiSI;I5[+] FT-::x:i.d
temperatures. It b ieaie wele Tisesto FTosid
WOUId thus be Site fraction of sublattice constituents:
o . Fa 2.0200E-0Z
wise o Increase TIZ 0.36320
the smelting 114 0. 51540
TIZ O.4234&0
temperature, to
. .. . Svstem cComponent Mole fraction Mass fraction
avoid precipitation re 3.84398-03  7.68398-03
of solid phases. 3. With this calculation at hand, it would be
+ 0 - . o o o
interesting to calculate the viscosity of this slag.
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Calculating the viscosity of the slag:
“Viscosity” calculation
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llImenite Smelting

F FactSage 6.3.1

Slide Show  Programs

1. Open the
“Viscosity” module.

ctiage 6.3

Calculate

Tools  Abouk

Databazes

HE Calculate ==

MinkMel. Mcuill University

Mamipulate

2. The viscosity
window will
appear.

Databaze: | Melts Gla$$es| | |hiziudesR emove Fluoride Components | | Clear ALL |

Enter the amounts of the congtituents in the rows below, Then presz on Calculate to zhow the vigcosgity,

A B C o E F G H | J K L hd M O oA
Si02 | ARRO3 | Cad Mgl | MnQ Znd Fed Hi Pl | Ha2d K20 Ti02 | Ti203 | B203 |Fe20
1 [meol] | [mol] | [Imel] | [mel] | [mol] | [mel] | [mel] | Imel] | [mel] | [mel] | [mel] | [mol] | [mol] | [mel] | [Imo
2 1 H| 1
3 1 2 1 1 0 0
4 1 1
4
E
T
3 i
< | >
0% Selected database

Ferrous Processing 33
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llImenite Smelting

F Results - Equilib 1672.53 C

output  Edit o
.y 2| = TIC] Platm] Energull] Mazz(g] “olllitre] Eh B
1. In the Equilib | | Bl=/ ElE 5 o) Mass S
results window, :
+ 53_375 gram ARlag-lic#l LS
check the R (PR . |
composition of the > 1 50308-02 w4 7a203 fTorid
slag. } 36,359 we.s Tios FTonsal
o 2. Select “grams” as the mass unit, “Celsius” as the
iscosity of liguid oxides ) ) . . )
e Edt QRGN Options Help temperature unit, and your favorite unit for viscosity.
& Cal i;n;;trjture : FE: Melts |3|333|33| | Include/Remove Fluoride Components | | ClearALL |
Enter the m rrual 2 press on Calculate to show the viscosity,
3 H | mal* (cations) M I o P a R 5 T N v | W | X |~
Fel HiCy PLO ¢ | Ti203 | B203 [Fe203 | CaF2 HaF KF MgF2 AlF3 FeF2 | MnF2 | PhF2 ZnF:
1 [al [al [g] ¥ [a] [l [al [ ! .
EEE B | 542 wime— 3. Enter the slag composition.
'q
4. On the far-right, select the desired temperature. m
= = Lo s SPuors  Le
B Calculate == D atabaze 2| b eltz Glassesl | Include/Femave Fluoride Components | | ClearALL | l
Enter the amontz of the constituents in the fjows below. Then presz on Calculate to show the viscozity,
o] P ] R s T i} i W i Y z A A, ~
Fe203 )| CaF2 HaF KF MgF2 | AIF} FeF2 | MnF2 | PbF2 | ZnF2 HiF2 FeF3 |Temperature
1 [a] [a] [a] [a]l [a] [a] [a] [a] [a] [a] [a] [a]l [eC]
167253
5. Make sure the “Melts” database is selected, and press “Calculate” | s

I thtSage‘”
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llImenite Smelting

1. The result will be
given on the far
right.

F ¥iscosity of liguid oxides
File Edit Unis

Cpkions  Help

B Calculate == Database: | Melts Glazzes | | Include/Remave Fluoride Compaonents | | ClearALlL |
Enter the amounts of the constituents in the rows below. Then prezs on Calculate to show the vizcozity,
I W Wy hd ki il o0 AH A A »
FeF2 | MnF2 | PhF2 ZnF2 HiF2 FeF3 |Temperature | visc[log{poise)]
1 [0l [a] [a] [a] [al [a] [£C]
167253 -0.182 Melt=

2. To calculate the
viscosity at different
temperatures, enter

the same
composition
several times and
use a different
temperature for
each calculation.

F. Viscosity of liquid oxides

3. Copying the
results to Excel, it
IS possible to plot

these results

File Edit Units Options Help
B Calculate == Database : | Melts Glasses | | Include/Femaove Flusride Components | | ClearALL |
E niter the amountz of the constituents in the rows below. Then press on Calculate to show the wiscogity.
0 p I o I r [ = T 1 T 0 [ w T w | w W 7 v an AR 2
Fe203 CaF: -0.15 HiF2 FeF3 | Temperature | visc[log{poise)]
1 Lal [al [al [a] [C]
3 0.01805 1675.00 -0.185
4 001803 -0.17 1700.00 -0.210
5 0.01805 p— 172500 -0.235
6 | 001803 @ * 1750.00 -0.260
7 ‘S -0.19 w
=%
< -5 »
w -0.21 Selected database @ Melks., :
2 -0.23
oD
E N 4. As expected, the
> 0.25 \ i itv d
'027 T T T T 1

1660 1680 1700 1720 1740 1760

Temperature (C)

with increasing
temperature

I thtSage‘”
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Temperature-Pressure relationship at fixed slag
composition:
“Composition target” calculation
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llImenite Smelting

Next, we would like to calculate the relationship between Temperature and partial
pressure of oxygen at a constant slag composition.

F Menu - Equilib: llmenite Smelting with variable carbo F Composition Target

File Units Parameters Help
[ ==

Reactants [2]

TIC] Platm] Energull

[Solution 0353-5LAGA ]
Species

WYariahle

* species composition Code numbers [37-100]

" log10 [species composition) Fe0. Fe203, Ti2D3,

ram] 100 FeTiO3j >
1 ! SeIeCt | Loram] 7 element composition 37 Fell
11 LA
CompOSItlon Products " logl0 [element compasition)
targ et" for the Corpound species Solution species & sozoies adliily
v gas & ideal  real 17 * [+ BasePhase [| o
S I ag p h ase . |— i n FTrisc-Feld logl Q[zpecies activity) I—_|
e o > I FloxdSLAGA {7 - none [removes targets] -
* [+ pure zolidz 41 + | FToxid-5PINA
2 ] We W|” Select [v suppress duplicates apply + | FToxdMel_4
* - custam selection i FToxid-CORU Values
10% Feo aS EPECIEE &3 + FTo=id-Tio2 Enter a single value - or enter a range of values 'first last step’
.. + FTaxid-ILMEA, Species Fal
our composition + | FTowidPSED s faction:
CoOMpOeion targe Cegend —> [10%]
target. Species FeO - FTowdSL || |- piecitle 1 v
E stimate P[atm): |1.0 L - composition target
l— - species: Fel |
Cancel Help
Final Conditions S
3 Leave the | <Ay | TIC] || Platm] ﬂ|F‘deuct HIJ1 j o pomal
. _ 097 | 67517251 | | lf:
Pressure fleld B T 51 calculations s Calculate 33
blank.
FactSage 6.3 C:hFactSagetEquiCazed-1.0AT

‘ Liactsage
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llImenite Smelting

F Results - Equilib 1675C, 15.3 atm ([page 1/51)

TIC] Platm] Energueid] kass(g) “olllire

Repeat Plat - weight Foovs TIC) L,

{8 Edit  Show Pages
Sawve or Prink L
Plat g
Equilib Resulks File »
Stream File r
Farmat p 405 154 ate
Fack-xML k
Hjﬂm]
Fact-Ophimal »
Fact-Function-Builder » |*  “L10A%
Refresh ... gas_ide
. = - TE7Ed mo
(1675 C, 15_3Zz4
[ 0.523300
+ &5.9874E-03
+ 1.ZE508E-0K5
+ &.E083E-09
+ S_0L513E-10
+ Z.9778E-10
+ 1.&6771E-10
+ 9_EZ34E-11
+ Z.Z088E-1Z
+ 4.7483E-13
+ 4_E5477E-14
+ 3_0032E-16
+ 1.4938E-16
+ Z.1111E-Z0
+ 1.0934E-21
+ 1. 4Z34E-ZZ2
+ L. EZEBBE-Z5
+ LE5_1l08 gram AR%lag-1

‘ thtSage‘”

£, 15.5 atm ] 169

1. We will plot O, activity versus

the temperature.

155 at |1593c,15.5atm|

DOFeTiD3+ <104: C

=

joferDsecioC

Azes |

Variables |

Minimum

M aximum

Y-axis

Axes

[og1 O[activity]
WE
TIC]

bz

activity
mole

mole fract,

aram
vaeight %

TIC)
F(atm]
Cplv]
G

HiJ)
Wlitre]
SH
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llImenite Smelting

The graph shows
that at lower
temperatures, the
oXxygen pressure
must be kept
lower to keep the
FeO content in
the slag constant.
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liImenite Smelting

Summarizing our findings:

9.7g C per 100g ilmenite seems to be ideal to reduce the amount of FeO in the
slag while preventing the precipitation of pseudobrookite

The liquidus temperature of the resulting slag is 1672°C and the liquidus of the
metal is 1674°C, so smelting at 1700°C would be better to avoid the precipitation
of undesired phases
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