Case 2: Desulphurization

Desulphurization of Hot Metal in the De-S station,
Desulphurization of steel during Ladle treatment
and calculating Sulphide Capacity
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Desulphurization of Hot Metal

The hot metal tapped out of the blast furnace typically contains 0.04-0.07% S.
The oxygen converter must be charged with metal having 0.01-0.001% S.

To reduce the amount of sulphur in the hot metal between the blast furnace and
the oxygen converter, desulphurization is usually performed at a De-S station

Blast Furnace (BF) Basic Oxygen Furnace (BOF)
Torpedo Car WV

s

0.04-0.07% S 0.01-0.001% S
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Desulphurization of Hot Metal

The following reactions have been proposed to reduce the sulphur content in hot
metal:
Mg(s) + S8 — MgS(s)
CaC, + S — CaS(s) + 2C
CaO+ S+ C — CaS(s) + CO(g)
Mg + Ca0 + 5 — CaS(s) + MgO(s)

(Ca0 - ALO,)(s) + S — (Ca0 - ALO,) (S)

In the following pages, it will be shown how FactSage could be used to calculate
the efficiency of each desulphurizing agent.

It will then be shown how the exact amount of desulphurizing agent can be
selected to achieve the desired sulphur content.
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Desulphurization of Hot Metal using Mg

F Units: T(C), P(atm], Energy(J), Mass(g), Vol(litre)

1. Double-click on units...

Temperature Pressure Energy Mass Wolume
" Kelvin, K. " bar * ™ ol {* litre [drn3]
* Celsius, °C * atm " cal " g ]
This example can be found 2. ... to select the O Feechst. 7 C o C o C b Ve
. . - - a 1 Uitz are
in EquiCase2-1.dat desired units C GPa o
Thiversal gas constant: unis.
F Reactants - Equilib & 5 B.Enas Gimilay
= B.314E10/4.184 = 1.9872Z... ecal/mol-K
File Edit Table Units DataSearch Help = 22.4141/273.15 = 0.0820578... l-atm/mol-E
g5 A TIC] Platm] Energyll] Maszs(a) Yalllitre] 1
EIE‘ ﬂ m Cancel Sl Eng
1-6 |
. 14 ”
4. Click on “Data Search”... F Data Search
- . ] Databaszes - 2/19 compound databases. 1/19 solution databases
|94 335 s |FE'.' = | J &‘:t SGTE compounds only MI'SCE"anEGHS
: FactPS O sINs Sﬂ'ug'mbm'? OexaM [ SGTE# [] SGTE®
+ 45 I O FToxid O sGPs no databsss
| | | J O sGTE
s Si | = Ciserobly _ Ceardl |
O SGsold
* s i | = CISGrucl: __ Soectél |
Add/Remove Data
* Jo.oes 5 | = Other
i |::.Cl.:= |Mg | J O FTdemo [J TDnucl

mation -

3. Enter the hot metal composition
and put <A> for the
desulphurizing agent amount

5. ... and select the FTmisc database

Options

Inelude Lirnitz

[ gaseous ions [plasmaz] Organic species CxHy..., ¥[max) = |2—
Default O agueous species iy .
[] limited data compounds (25C) Minimum solution components: O 1 (& 2 cpts

6. Click “Next”

FactSage 6.3 Compound: | 2/19 databazes Solution: | 1/19 databases
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Desulphurization of Hot Metal using Mg

1. Right-click on “pure solids”

F' Selection - Equi

lib - no results -

- BX

Eq uilib: last Sﬁtem EIlE Eljlt Show  Sort
File Units |Parameters Help [Eelected: 53/53] [S0LD]
O = | - o results - |
Reactants (6] + | Code Species | Data | Phase |[T|V¥]| Activity | Minimum | Maximum | -
+ S(z] FTmizc  orthorhombic ] .
[ [gram] 94 335 Fj|f |+ B -2 FTmisc  monoclinic 0 2 The SeIeCtlon
e FTmisc  alabandite 2
. I oo e 2T contains data from both
Products + B Feiz) FTmizc  perrhotite-2c o i
Compouhd species sold | HER Fe52ls) FTmisc  pyrite FTm ISC and FaCtPS '
| gaf e 0 |+ EE Fe7sez) FTmizc  perhotite-dc o Some Of the data IS
B e 0 + B F=a510s) FTmisc  pprrhotite-5e 0 . . .
| puyliquids 0 +  [EE Fe105115) FTmise  pyrhotite-11c 0 overlapplng (hlghllghted
l+ pure solids 53 +  [EE F=115120s) FTmisc purhatite-Be al . “ . ”
[ zuppress duplicates apply + a0 Clz] FactPS graphite i N red as Dupllcates ) j
A IpeCies 53
Show Selected | SelectAll | Select/Clear... | Cear | ok |
Target Leg
TpECies 1]
solutiors: 0 w

3. We need to select each phase only once, so we will have
to “suppress duplicates”

FactSage 6.3
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Desulphurization of Hot Metal using Mg

1. Left-click on “suppress duplicates”

F Menu -

Target

Equilib: last system

Help

TIC] Platm] EnergulJ] b3

[aram] 94.335 Fe

t 45 C + 055 ¢+

File Units JParameters
0| =
Reactants (6]
Product;
Compouhnd species
[ gagd v ("
B
[ purg liquids
[+ puk solids

[ zuppress duplicates apply
53

FPECIEs

T
—

inal Conditinne

TSI e o R e }

5

Solution species

= | + | Baze-Phaze |

Legend

Duplicate Compounds

YWhen you click [mousge left button] on a "gaz", “liquid"’,

"aqueous" or "solid"’ compound check box, then all the
compounds in that group are zelected.

To avoid zelecting duplicate compounds, vou can

Cancel

3. Press “OK”

zpecify a database priarity list - the most impartant
databaze iz firzt and the least important i lagt, For
duplicate compounds in a given group, only thoze
compaunds from the mosgt imparkant databaze will be
selected. Mot all the databases need be entered - for
example if only one databasze iz specified, then duplicate
compaunds fram the other databaszes will only be
suppreszed for those compounds found in this one
database.

Mote: a compound iz congsidered a duplicate if a pure
subztance in another database has the zame chemical
formula in the zame phase [zolid, iquid or gag) - no
diztinction iz made for allotropes and isomers. For

2. Then enter the
database names in the
order they should be
prioritized.

Here, FTmisc was given
advantage over FactPS

example, Felz1]in databank & iz duplicate of Fe(z1],
Felz2] and Fe(z3] [but not Fe(q)] in databank, E.

E nter the compound database prionity izt [mozt important
firzt] fro

FTmizc FactPS

FTmizc-Fell
FTmizc-MaTT
FTmizc-Fe5_
FTmizc-tAT 20 C
FTmizc-PYRRC
FTmizc-BCCS
FTmizc-FCCS
FTmizc-M5-c
v Show
speciET
solutions:

E Select
Drefaul

Eonulibrinm

s e | S |

that selecte

4. Press “apply” — now the number of solids selected should be inferior to

d in the beginning.

FactSage 6.3

‘ thtSage‘”
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Desulphurization of Hot Metal using Mg

1. Left-click to select the liquid steel solution phase

F Menu - Equilib: Hot Metal desulphu i

File Units Parameters Help

2. If you don’t see the available
solution phase, click “show all”

TIC] Platm] EnergylJ] Mals[g] Walllitre]

=)

01| = &
Reactants [B6]
| (oram] 34335 Fe | + 45C + 055 + OfiMn + D05 S + <A Mg |
Products
Compound species Solution gpecies Cuztom Solutions
[ ogas ¥ e 0 = | ¥| BasePhase | Full Hame
[ 0 + FTmisc-Feld Fe-lig
. [ pure liquids 0 FTmisctaTT b atte
3. Enter the deSIred *|: pure salids 4 FTmisc-FeS_ FesS-lig
eCIUi|ibrium v suppress duplicates apply FTmizctATZC Clligt atte/t etal) Pseudanyms
* . cuztaom selection FTrmizc-PYRRAC EP}'fthtitE .
. apply [ List
tem pe rature. species: 41 FTmisc-BCCS bec PR
FTmisc-FLLS foz [ include malar volurmes
FTrmizc-b5-c kMeS_cubic i
Total Species [max 1500] 47
Target egend i
4 We W|” Vary the Cselected 1 W Show® all © zelectad Total Solutions [max 40] 1
ZpeCies G
zalutions:
amount of o0 Seket |
o Drefaul
desu I ph uriZi ng Final Conditions E quilibrium
agent from O to 1 g | L | I vV Tm " Platm] j|F’deuct HJ ﬂ  nomal nomal + bansitions
" hanzitions anly
. f 1 301 0.01 | 1400 1 | -
In Steps 0 OO g I 101 calculations RE Calculate 3
111 17 |
FactSage 6.3 C:\FaciSage\E quiCase2-1 DAT 5. Press “Calculate

‘ Liactsage

Ferrous Processing 7
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Desulphurization of Hot Metal using Mg

Now we want to see how the amount of sulphur in the hot metal decreased with the
addition of magnesium.

F Resulis - Equilib; A=00 [page 1/101)
(N{: 0 Edit  Show Pages

1. Press “Output”

11 ” (11
— “Plot” — “Plot Save or Print b TIC] Platm] Enerayl)] Mass(a) Vollitre] T“||B|'ﬂ:
Results...” Plat Restlts : L] 4=021 | A=022 | 4=0.23 | A=0.24 |
Equilib Results file * Repeat Plot - logl0{weight %) vs alpha ...
cream Fils h=008 | 4=009 | 4=01] 4=011] 4=012 |

F Results Processor: C:\FactSage\Equi0.res FXI

Farrmak FactSage 6.2 L
Fact-xML
94335 Fe+ 45C+ 055+ 06 Mn+
Fact-Cptimal - — -
Axes | Yanables | Minimum | M aximum
Fack-Functio activilty g e
male = = =
froa o fisct o | 3. This window will
ararm ]
weight % 0 POp-up
Alpha .
F Axes: log10(weight %) wvs Alpha
Cotl] W-variable ¥-varisble Swap Axes
GL)
-aniz — F-anis
HiJ) log1 O[weight %
3

Axes Species mninimum _ mninimum
+ 0 _
0 selected tick, every tick every |01

Select
2. Press “Axes” : Repeat | Cancel | Aesh |

FactSage B.3 C:\FactSagehEquil.res 4Feb13 101 sets

Lractsye Ferrous Processing 8 & McGill CRCT "2
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Desulphurization of Hot Metal using Mg

1. Press “Y-variable”

“log10(Y)” scale

ackivity
rale

rale Frack,

gran

v weight %
2. Select “weight %” in ‘ i

Cp( 1)
et

HT)

S
- page -

¥

e |0 10(')

I
exp(Y)
1

F Axes: log10[weight %) vs Alpha

Y-variable E-variable Swap Axes

-amiz

log] O[weight =

tick evern |1

Cancel Refiesh 0K

 H-anis

tick every |01

3. Select the maximum, minimum
and increment value for the graph

selec

4. In the same way,

t Alpha as the X-
variable

I thtSage‘”
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Desulphurization of Hot Metal using Mg

Now we can see that the axes have
been selected. We just need to
choose sulphur as the species.

F Plot: log10fweight %) vs Alpha
File  Help
(11 7 A
1. Press “Select” species -
Axes | Ydriables | Minimum M aximum
actrvity F Species Selection - EQUILIB Results: log10{weight %) vs Alpha
| fmﬂlf File Show Select
mole fract.
ram + | # | Species | Mole [min] | Maole [max] | Fraction [min] | Fraction [max] | Activity [min] | Activity [max] | «
. gran FTmisc FelQ
Y -axis weight % 1 FefFeld) 16892 16852 0.803704 0.807203 0.665194 0. 6BRES3
X-axis Alpha 2 CiFel) 0.374666 0.374666 0.178253 0.173035 0.81025 0.82257
3 tn[Fell) 1.0921E-02 1.0921E-02 5.1962E-03 5.2188E-03 2.8436E-03 2.8714E-03
+ | 4 S[Feld) 1.2586E-07 2.0271E-03 5.9981E-08 9.E777E-04 1.2102E-08 1.9459E-04
Coll A & SifFelLd] 1.7803E-02 1.7803E-02 8.4702E-03 8.6071E-03 4.4017E-05 4 B333E-05
pl) 3 tg(Feld) I 9.1863E-03 a 4.3706E-03 a 12352
Gld) Pure Solids
i 5(s) 1] 1] 1] 1] 1.8311E-10 2.9442E-06
HIJ] g S[z2] 0 a0 a0 0 2.1033E-10 3.3916E-06
g =6 0 a0 a0 0 £.4071E-0E 0.102265
1n MnS2(z) 0 a0 a0 0 5.7539E-1E 1.4782E-07
1! 1 FeS[z] 0 a0 a0 0 1.7623E-07 2.8343E-03
- page - 12 Fe52[s] ] a a ] 1.0675E-17 2.7347E-03
5 13 Fer58(s)] ] a a ] 5.6383E-53 25234E-13
Axes GHecies 0
ight [ 0 selected | : 0 1] ”
cottledis) | 2. Select S(FeLQ) — sulphur in 0 3. Press “OK
Alpha Select 2 : 5
| the liquid steel solution. .
= * male * integer H Select Top ’ﬁjl
Aes Repeat ™ [page] | gam ™ mass [max] E—
= " fraction (max)
Clear ™ activity [max] Select ... (0] 4
FactSage 6.3 C:\FactSagehE quil.res [Click on the '+" colurnn to add or remove species. |
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Desulphurization of Hot Metal using Mg

1. Now we can see
that both the axes
and the species have
been selected.

File Help

F Plot: log10({weight %) vs Alpha

34.335Fe+ 45C+ 055+ 0EMn+

Axes |

Yariables

Minimum

M aximum

Axes

activity
rniole

rnole fract.
aram
weight %
Alpha

Cpl]
G[)
HEJ)

S
- page -

pECIES

[ O[weight %)
WE
Alpha

Az

1 zelected

Select

Repeat

FactSage 6.3

thtSage‘”

C:hFact5age\Equil.res

0

g2.1M
-1.9454E+05

1.3232E+05
13273

1.

Graph
Labels

zize: |E|_ o |E

* chemical
" integer #
" hone

1.4057

2137

0.807134

10083

94.334
1.

83.432
-1.8967E +05

1.3673E+05

13793
101.

Drigplay
v coalar
v reactants
v filz name

[ full sereen
O Wiewer
* Figure

4Feb13 107 zetz

Ferrous Processing 11

2. The “Plot” button is
now activated. Click it!

¥ McGill CRCT
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Desulphurization of Hot Metal using Mg

1. It can be seen
that after the
addition of 0.1g
Mg, the
desulphurization is
not so effective.

2. If our target was
0.001% S, we can
read off the graph
that this sulphur
level will be
achieved after
adding
approximately
0.05g Mg.

F Figure
File Add Edit Wiew Help

Delde Bl slalx | =8/ Qx| @

B &

[

4 T ]

log. (weight %3

User : MinMet, McGill University

94.335Fe+ 4.5C+ 0.5Si+ 0.6 Mn +
ChlFactSage\Equil.res 5Feb13

3. However, there
IS a better way.

FactSage 6.3

755 31z %=1.0714286 ¥ = -5.0989011

|C:'|,Fact5age'|,EQUILIB.FIG

v

I GactSage‘”
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Desulphurization of Hot Metal using Mg

. Composition target

[

2. Click on

“composition_

target”

F
L
—
.

File Units Paramet

Heactants [B]

']

=

F Menu - Equilib: Hot Metal desulphurization with Mg

1. Right-click on the
Ftmisc-FeLQ selection

ol alllitre]

3. This

[ [gram] 94.335 Fe

Prodyrts

Solution FTmisc-Feld

- clear
- all species
- custom seleck species ...

- solution properties ...

- single phase

- possible 2-phase immiscibility
- possible 3-phase immiscibility

- skandard skable phase

- dormant {metastable) phase
- farmation karget phase

- precipitate karget phase

- cheil cooling target phase
- solibification calculation ...
- campasition target ..,

Help ...

FactSage 6.3

on kpecies

+ 45C + 055 TN NE

| | Base-Phase |

+ FTmizc-Fell
FTmizc-MATT
FTrmizc-Fe5_

FTriizc-MAT2C
FTmizc-FYRRC
FTmizc-BCCS
FTmizc-FCCS
FTmizc-tS-c
nd
dected 1

¥ Sh

iR
zoll

TIC)

| Platm)

C:AFactSagehEquiCaze2-1.0AT

1

window will
POpP-up

Yariable
(" zpecies compositian

(" log10 [zpecies composition]

" element compositian

" log10 [element composition)

(" zpecies activity

" logl10[zpecies activity)

{* . none [removes targets] -

Cancel Help

I thtSage‘”

Ferrous Processing 13
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Desulphurization of Hot Metal using Mg: Composition target

1. Select “element
composition”

F Composition Target @

[ 5olution MI53-Fel0 |

Yariable
" species composition

" log10 [species composition)

2+ clement composition :|

3. Enter the desired

value (here —
0.001%)

" logl10 [element compaosition)
Element

~ . bivit .
species activity Elements CMg5i5 MnFe

" logl O(species activity)
Element; 5 :" <€

" - hone [removes targets) -

Yalues

Enter a zsingle walue - ar enter a range of values first last step'

Element Sy, 00001

maszs fraction:
[0.001 %)

2. Choose
element S

Cancel Help

4. Press “OK”

I thtSage‘”

Ferrous Processing 14 % McGill CRCT
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Desulphurization of Hot Metal using Mg: Composition target

1. Now “C” indicates that we have selected a

composition target for this calculation

F Menu - Equilib: Hot Metal desulphu -ization with Mg

2. We must leave
the <A> field blank,
because <A> is
what we want to
calculate.

File Units Parameters Help
O 2 g T[C] Piatm] Energul)] Mass(g) Yolllire] IW ™|
Reactants [6]
| (gram] 34335 Fe | + 45C + 055 + O6Mn + OOE5S + <h» Mg |
Products
Compound species Solutionfspecies Cuztom Solutions
[ gas ¥ e a = [¥] Base-Phase | Full Hame
[ n C FTrisc-FelQ Fe-lig
[ pure liquids 1] FTmisc-MaTT M atte
= [+ pure zolids 41 FTrmisc-Fe5_ Fes-lig Q
v suppress duplicates apply FTmizc-rATZC CLig(Matte b etal) e
* . czton selection FTrnisc-FRAC CPyrrhotite = L 1
species 4 FTmisc-BCCS b “ ”
FTmisc-FCCS w| 3. Press “Calculate”.
FTmizc-b5-c ke5_o
Composition target Legend NOte that Only one
Elerment 5 - FTmizc-FelO C. - composition target W Show (¢ all (] I I t ” b
Estimate ALPHa; [0.5 - element: 5 o = calculation wi e
solutions:; 1 performed ]
Final Conditions E quilibrium
T | @ |Pem v ||ProductHUI| ~| | | & nomal  ©
~
3> | 1400 1 | v .o
r i Calculate >> |
FactSage 6.3 C:hFactSageEquiCazed-1.0AT

‘ thtSage‘”

Ferrous Processing 15
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Desulphurization of Hot Metal using Mg: Composition target

1. The <A> value for reducing sulphur content to 0.001% is 0.0494g.

F Results - Equilib 1400 C, A-0.0494 =13
Qutput  Edit 5

D=2 BB ﬂ TIC] Platm] Energy)] Massig) Volitre] m |3|1,g

m FactSage &.3 L)
(gram) 94_ 335 Fe + 4.5 C + 0.5 51 + 0.6 Mn +
(gram) 0.0&5 5 + =4 Mg =
Q5. 937 gram Fe-lig
(992,937 gram, Z.09Z7 mol)
(1400 ©, 1 atm, a=1.0000;
[ 94355 wt.% Fe FTmisc
+ 4.E0Z8 wt.% C FTmisc
+ 0.&0038 wt. % Mn FTmisc
+ 1.0000E-03 wt. % S( FTmisc
+ 0.E0032 wt. % 51 FTmisc
+ 2.9384E-04 wt_ % Mg FTmis=o)
Systen compohnent Mole fraction Mass fraction
Fe 0.207z1 0.24338 0 .
My 5.Z128E-03 &£.0038E-03 2. The mass fraction of S is
] 1.48933E-05 l.DDDDE—DE_ .
5 8.5071E-03  §.0032E-03 exactly what we want it to be.
Moy 1.7E&ZE-0F5 8_2384E-05
C 0.17204 4_EOEZZE-0Z
+ 01151 gram Mg¥ solid FactPs
(0.1128]1 gram, 1.39350E-03 mol)
(1400 €, 1 atm, 51, a=1.0000)
+ 0 gram C_graphite FactPs
(1400 €, 1 atm, 351, a=0.81&6&69)
A

LGactsy Ferrous Processing 16 & McGill CRCT "



Desulphurization of Hot Metal using CaC,

In the same manner, we can calculate the desulphurization ability of CaC,

CaC, + 5 — CaS(s) + 2C

F Reactants - Equilib |:”E|r>__<|
File Edit Table Units DataSearch Help
0= ﬂ TIC] Platm] Energyl)] Mass(a] Volitre] AEE

1-6 |

Maszs(g] Species Streamit
94,235 IFe | =l | I

* a5 [ | =l | | 1

* o5 si | =l | 1

* Jos [Mn | =l | [

+ [0085 B | =1 | i

Ll PY0S lcacz | =1 | 1

We will keep the same hot metal
composition, the only thing we will This example can be found
change is the desulphurizing agent in EquiCase2-2.dat

[ Initial Conditions

FactSage 6.2 Compound: | 2/19 databazes Saolution: | 1/19 databases

thtSageT" Ferrous Processing 17 T McGill CRCT Mo



Desulphurization of Hot Metal using CaC,

The same conditions are selected

F Menu - Equilib: last system

File  Units
[

Reactants [B]

Parameters

-}

=

Help

TIC) Platm] Energuld] Mazsla) alllitre]

m o @

| [gram) 94.335 Fe + 45 C + 055 + OB Mn + D0OBE S + by Cal2 |
Products
Compound species Solution species Cuztom Solutions
[ gas ¥ - 0 = | + | BasePhase | Full Hame
[ 1] + FTmizc-Fell Fe-lig
[ pure liquids 0 FTmisctATT batte
* [+ pure zolids 44 FTmisc-Fe5_ FeS-lig
W suppress duplicates apply FTm.isc-M.-'i'-.TEE ELiq[Matte.-"Metal] Preude s
* . custonn selection FTmize-PYRRC CPyrrhotite i
species: 44 FTrmizc-BCCS boc apply | List ...
FTmisc-FCLS foc [ include malar volurnes
FTmizc-t5-c MeS_cubic )
Target Legend Total Species [max 1500] 50
N -E*Iselected 1 W Showf® &l  zelected Total Solutions [mas 40] 1
TpECies G
solutions; 1 w

Final Conditions E quilibrium
| P I TIC] || Platrm] j|F‘rnduct HIJ] ﬂ ¢ pomal  © nomal + bansitions
|EI1 0. | |'I4EIEI |-| || ; trangitions only
I 1071 calculations St Calculate 33
FactSage 6.3 C:hFactSagetEquiCazed-1.DAT

Drefault

‘ thtSage‘”
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Desulphurization of Hot Metal using CaC,

After addition of
0.14g of CaC,, the
amount of S in the
hot metal becomes

so small, that the
reaction does not

F Resulis - Equilib, A=0.14 (page 15/101)
Qutput  Edit Show Pages

D || ElE @

TIC] Platm] Energell] Maszsa) “aolllitre]

li=dl=3 kv
4=0 | 4=001] 4=002 | 4=003 | 4=004 | 4=005 | 4=006 | 4=0.07 | 4=008 | 4=009 | 4=0.1| 4=011 | A=D.12]
4013 -4=014- | 4=015| 4=0.16 | 4=017| 4=0.5| 4=019 | 4=02] 4=021| 4=022] A=025 | 4=0.24 |

proceed and CaC, is || [ sess rer s5cr scor oom s 3
precipitated as a tgrami 0.085 & 4 <i> CaCZ -
SOIId phase- 99._984 gram Fe-lig
(99,984 gram, Z.0%67 mol)
11400 C, 1 atm, a=1_0000)
[ 94_3E0 wt_% Fe FTmi=c
+ 4_ 54395 wt_o% C FTmi=c
+ 1.22z7E-04 wt.% Ca FTmisc
+ 0_.&0010 wt_o% Mn FTmi=c
+ 9. 8228E-07 wt.% B FTmi=c
+ 0_50002 wt_o% 51 FTmi=sc)
Bystem Component Mole fraction Mass fraction
Fe 0.80887 0.94350
Mn L.z08%E-03 &.0010E-03
Ca £.1s27E-0& l.8zE7E-D&
b3 1. 4508E-08 S.8ZE8E-09
51 2.4909E-03 L. 0008E-03
C 0.1lz063 4. 5435E-02
+ 0.148Z24 gram Ca® solid FactP2
(0.14624 gram, Z.0z271E-03 maol)
(1400 C, 1 atm, 51, a=1.0000}
)* + 2.772EE-03 gram CaCzZ_solid-b T FactPs
(9.77E5E-02 gram, 1.52486E-04 mol)
(1400 C, 1 atm, 52, a=1.0000) hd
™ . (3] . Montreal
thtSage Ferrous Processing 19 « McGill CRCT "%




Desulphurization of Hot Metal using CaC,

F. Figure User : MinMet, McGill University

This can also be = o o T
seen on the graph — | |[Dl=Bls] & sl@lx] | 2| & & x| -] sdeted |

after <A>=0.14, the :
94.335Fe + 4.5C + 0.5Si+ 0.6 Mn +

SUIphur Ievel CliFactSagelEquil.res 5Febi3
remains constant.

2. But first, to differentiate this curve
from the others, we will change the
labels.

1. In order to
compare this graph
with the graph for
Mg
desulphurization,
we should save this

figure. m f

AT

log (weight %)

FactSage 6.3 705 391 ¥ =0,9968254 ¥ = -6.8351648 CilFactSagelEQUILIB.FIG

thtSageT" Ferrous Processing 20 T McGill CRCT Moz



Desulphurization of Hot Metal using CaC,

[(=][E

F. Figure User : MinMet, McGill University
File Add Edit Wiew Help

Dl d| o Bl & X| | S &= & x| /-] seected |

94.335Fe+ 45C+ 0.5Si+ 0.6 Mn +
CilFactSagelEquil.res 5Febi3

1. Double-click on one of the labels
Edit Label
Text
2. Edit the text —|cacizi ~| _Symbol | |
{curvy brackets E;mdf;gtes rngue -
. . I:I -
are for subscript} v [eow — J
| |EenterJustif_l,l j ety (Feitty
Font T
3. Can increase N | (i ~
. dve ds | emplale
the text size to 2 oo g || 4 All other labels were
s [ and ReadTerte | o s 1 e deleted for clarity by
. . edit .
. [ italic [ stikeout
make it bold selectlng the label and
7 0K X Cancel - pressing “delete”. P

FactSage 6.3 703 391 ¥ =0,9968254 Y = -6.8351648 C:\FackagelEQUILIE.FIG

GactSageT” Ferrous Processing 21 T McGill CRCT Moz




Desulphurization of Hot Metal using CaC,

Sawve File
11 ] PPRL 17 ”
1. Press “File” — “Save as... -
Save in: |b FactSane j g
F: Figure User : MinMet, McGill University Ty ) Chemsage
dit  View Help 3,_;' 2, [E,']Examples
[ rew Chrl+h Eﬂ J E @J & R - ﬁ Selected |— My Recent ICIFo0Io h h II b
= Open... Chrl+0 Documents [CIFACTDATA 2. T e grap WI e
Chrs i ICS)FactHelp 1 1
04.335Fe+ 45C+ 058i+ | L oo saved as a .fig file.
GSaVB allypes Cr\FactSage'Equil.res 5Feh13 Desktop [E']Figures
: ; : . E,']FSReactur
= Supetimpose... ’_) EMF\CROS
& prit... P () MemoHASP
My Documents () viscosity
BEACTION § | ] EQUILIE.FIG
Exit %!
L ky Compuiter
T -
J “
2 My Network  File name: |CaC2-desull FIG = save |
E Places
) Savesslype:  |FACT figures [* fig) | Cancel
o L CatCs
0 i
-10 1 1 1 1
0 020 0.40 060 0.0 1.00
Apha
FactSage 6.3 318 254 A=037777778 ¥ =-3.8241758 Ci\Fact3aget\EQUILIE. FIG

thtSageT" Ferrous Processing 22 T McGill CRCT Moz



Desulphurization of Hot Metal using CaC,: Composition target

With CaC,, the
amount needed
to bring the
sulphur level

F Results - Equilib 1400 C, A=0.1279

Qutput  Edit 5

D || R@E @

TIC] Platm] Energull] kaszz(gl “olllitre]

M o)

0 FactSage &.3 L
down tO 0.00lA) (gram) 94_ 335 Fe + 4.5 C + 0.5 5i + 0.6 Mn +
IS 012799 {gram) 0.065 & + <A> CaCz =
Q9. 984 gram Fe-lig
(99.984 graw, Z.0966 mol)
(1400 €, 1 atm, a=1.0000)
[ 24.3E0 wt_% Fe FTmisc
+ 4.5487 w-_% C FTmise
+ 1.7838E-07 wt_% Ca FTmisc
+ 0.&0010 W% Mn FTmisc
+ 1.0000E-03 wt_ % 8 FTmisc
+ 0. &0o0os Wt 5i FTmise)
System component Mole fraction Mass fraction
Fe 0.308&8 0.24380
M L. E020E-03 &.0010E-032
Ca E.1E98E-03 1.7893E-09
= 1.4872E-0% l.0000E-0%
21 2.4%11E-03 E.0002E-03
C 0.1lg0&0 4 E£487E-0ZF
+ 0.143583 gram Ca® solid FactP2
(0.14399 graw, 1.9980E-03 mol)
(1400 C, 1 atm, 21, a=1_0000)
+ 0 gram C_graphite FactP2
(1400 €, 1 atm, 21, a=0_8371E)
w
g i T McGill CRCT “us
thtSage Ferrous Processing 23 w IVIC(51 013



Desulphurization of Hot Metal using CaO

With CaO, CO gas
IS evolved during
the reaction, so we
must select the gas
species as possible

Ca0 + S+ C — CaS(s) + CO(g)

This example can be found
in EquiCase2-3.dat

F Menu - Equilib: last system

File Units Parameters Help

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

D= =

Reactantz [B6]

W@

products.
| [gram] 94.335 Fe + 45C + 055 + OEMn + 00BE S + by Cal |
FProducts
Compound species Solution species Cuztom Solutions
|+ gas  ideal " real 47 = | + | BasePhase | Full Hame
[ 0 + FTmizc-Feld Fedig
[ pure liquids 0 FTmiscATT M atte
= [+ pure zolids 1 FTmisc-FeS_ Fes5-ig
W suppress duplicates apply FTm.isc-M.i'-.T:ZE ELiq[Matte#Metal] PR
* - cugtom selection FTmizc-FYRRC CPyrhotite i
species: 148 FTmisc-BCCS b apply I M
FTmisc-FLLS fos [ include malar volumes
FTmizc-b5-c te5_cubic i
Taiget L 4 Total Species [max 1500] 153
BOEN X
. -gselected 1 [W Show i all  zelected Total Solutions [max 40] 1
ZpECies 10
solutions: 1 w
Drefault
Final Conditions Equilibrium
| s I | TIC] " Fiatm] j|F"r|:u:|uI:t HiJ ﬂ o+ rarmnal " marmnal + bansitions
||:| 100 | |-| A00 |-| | " hanzitions l:ll"ll_l.-I
~
[ 101 caleulstions R Calculate >3
FactSage 6.3 C:h\Fact5agehEquiCaze?-2 DAT

‘ thtSage‘”
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Desulphurization of Hot Metal using CaO

The following curve
IS obtained with
CaO

F. Figure User : MinMet, McGill University |Z||§|rz|
File Add Edit Wiew Help

Do) sl selx |2 &85 x|

| Selected |

Using Composition
Target, it is found
that 0.2238g of
CaO is needed to
bring the sulphur
level down to
0.001%

94.335Fe+ 45C+ 0.5Si+ 0.6 Mn +
C:\FactSage' Equil.res 5Feb1l

-

T

T

r

F Results - Equilib 1400 C, A-0.2238 M=
oukput  Edit 2

N ||;i,.’=| || @ TIC) Platm] Energul)) Mass(gl Yolllire] m B| 1

FactBage 6.3 Ll
(gram) 94_335 Fe + 4.5 C + 0.5 21 + 0.6 Mn +

(gram) O0_0&65 3 + =i=> Cal =

-10 ] 1

1} 0.0 040 0.60 0.0 1.00

Apha

FactSage 6.3 6e9 37Z no=0.93492003 ¥ = -0,4175524 C:\Fact3age EQUILIE. FIG

I GactSage‘”
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Desulphurization of Hot Metal using CaO+Mg

For the CaO+Mg
mixture, No gas
was selected and
all solids were
selected.

The value <A> was
given for CaO and
for Mg

Mg + CaO + 8 — CaS(s) + MgO(s) | This example can be found

F Menu - Equilib: last system

File Units Parameters Help
D= E

Reactants [¥]

TIC) Platr] Energul)] Masslg) Volllire] W ™|

in EquiCase2-4.dat

| [gram] 94.335 Fe + 45 C + 055 + OEMn + DOBES + $> Cal + <A> Mg |

Products
Compound species Solution species Cuztom Solutions
[ gas ¥ - 0 = | + | BasePhase | Full Hame
[ 0 + FTmisc-Fel 0l Fe-liq
[ pure liquids 0 FTmisctATT batte
* [+ pure zolids 126 FTmisc-Fe5_ FeS-lig
v suppress duplicates apply FTm.isc-M.-'i'-.TEE ELiq[Matte.-"Metal] e e
* . customn selection FTmize-PYRRC CPyrrhotite i
species: 126 FTrmizc-BCCS boc apply | List ...
FTmisc-FLCS foc [ include maolar volurmes
FTmizc-t5-c MeS_cubic )
Target L 4 Total Species [max 1500] 133
=y .
N -E*Iselected 1 W Showf® &l  zelected Total Solutions [mas 40] 1
TpECies 12
zolutions; 1 w
Drefault
Final Conditions E quilibrium
| P I TIC] || Platrm] ﬂ | Product H[J] ﬂ ¢ pomal  © nomal + bansitions
|EI1 0.0 | |'I4EIEI |-| || " tranzitions orly
~
I 1071 calculations St Calculate 33
FactSage 6.3 C:hFactSagetEquiCazed-3.DAT

‘ thtSage‘”
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Desulphurization of Hot Metal using CaO+Mg

The drop at F Figure User : MinMet, McGill University

File aAdd Edit Yiew Help

<A>=0.111is due t0 | |plwlulc| sl slex| | = &~ o x| = s |
CaC, precipitating
instead of MgsS.

94.335Fe + 4.5C + 0.5Si+ 0.6 Mn +

CiFactSage Equill.res 5Febi3

Ny

=

I S e

log (weight %)

FactSage©.3 727 215 X =1.0269841 ¥ =-2.967033 | CiiFactSage|EQUILIB FIG p

GactSage’” Ferrous Processing 27 ¥ McGill CRCT "3



Desulphurization of Hot Metal using CaO+Mg: Composition target

With CaO+Mg,

F Results - Equilib 1400 C, A=0.0494

the amount Output Edt 3
needed to bring 0|2 ElE ﬂ TIC) Platm) Enerayi)] Mass(g] Valfire] m |3| T
the sulphur level W
FactSage &.3 L)
down to 0.001% | {yram) 94.335 Fe + 4.5 C + 0.5 Si + 0.6 Mn + =
IS ().()115911£] CaO + {gram) 0.065 5 + <A» Cal + <i> My =
(),()leallg] Pvﬂg], 99937 gram Fe-lig
{99937 gram, Z.0927 mol)
{1400 C, 1 atm, a=1.0000}
{ 94.395 .% Fe FTmisze
+ 4.50z8 mt.% C FTmize
+ 1.742Z7E-07 wt.% Ca FTmise
+ 0.5003% wh.% Mn FTmise
+ 1.2304E-07 wt.% 0 FTmisze
+ 1.0000E-03 wt_% S FTmize
+ 0.50032 wh.% Si FTmise
+ 5.9384E-04 wt.% Mg FTmise
+ 3.96E58E-05 wt._% Mgl FTmisze
+ 1.4531E-07 wt_% Cal FTmize
+ z.5536E-08 wt._% 5i0 FTmise
+ 1.0479E-08 wt.% Mn0 FTmisec)
Svrstem component Mole fraction Mass fraction
Fe 0.80720 0.94335
Mn 5.2138E-03 .0033E-03
Ca 3.3139E-09 Z.7E12E-09
g 1.4893E-0E 1.0000E-05
5i §.5071E-03 5.0032E-03
My 1.8032E-08 9.1776E-06
o 4.763EE-07 1.E979E-07
c 0.17904 4. E0Z2E-0Z 3
™ . FrA . Montreal
thtSage Ferrous Processing 28 ¥ McG1ll CRCT "%



Desulphurization of Hot Metal using CaO+Al

For the CaO+Al
mixture, N0 gas
was selected and
all solids were
selected.

The value <A> was
given for CaO and
<2A> for Al

CaO + 2Al + S + 30 — (CaO - ALO;) (S)

F Menu - Equilib: last system

File Units Parameters Help
O = &

Reactants [7]

TIC) Platm] Energell] kazsg] “olllitre]

This example can be found
in EquiCase2-5.dat

Atk

| [aram)] 94.335 Fe + 45 C + 055 + 06 Mn + 005 S +

ﬁi Cal  + <24 Al |

Since there is no
CaO-Al, O, solid
solution
incorporating S, we

Products
Compound species Solutioh species Custarm Solutions
[ gas % i 0 = | + | BasePhase | Full Hame
[ 0 + FTmizc-Feld Fe-lig
[ pure liquids 0 FTrmizc-MATT b atte
= [, pure zolids 133 FTmizc-Fes5_ FeS5-lig Q
¥ suppress duplicates apply FTm.isc:-M.-'i'-.TEE CLig(k attes’MetaI] e
* . cystom selection FTmizc-FYRRAC CPurrhotite -
SpECies: 133 FTmizc-BCCS boo apply | st
FTmiscFLLS fec [ include malar valumes
FTmizc-b5-c MeS_cubic

Target Legend

must choose the S ed 1 ¥ Shaw® all  selected | Total Solutions [maw40] 1
. species; 13
pure SOIIdS Where a su:ull:luticuns: 1 ez —
combination of
I Final Conditions E quilibrium
CaO-A 203 | i I | TIC) || Platmn) ﬂ|P‘rnduct HiJ] j {+ r‘u:lrmfa.l " narmal + ranzitions
compou nds and 010.0 | 1400 I | ff: Itjragéltmns arly
cas will simulate ||/ " ; Coleulte >>
th IS SOIUtlon ] FactSage 6.3 C:\FactSagehE quiCazez-4.DAT

Total Species [max 1500] 146

‘ thtSage‘”
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Desulphurization of Hot Metal using CaO+Al

The change of
stable phase
between different
CaO-Al, O,
compounds creates
the steps in this
graph.

F Figure User : MinMet, McGill University

File add Edit Wew Help

Ofz|dlo] Bl 4@ X| o 2| &[5 Qx| -
s

N

{(=1F

Selected |Line : S[FelQ] starting at w =0y = -1.1871

94.335Fe+ 45C+ 05Si+ 0.6 Mn +
Ci\FactSage\Equil.res 5Feb13

[

8 4 T |

log fweight £

FactSage 6.3 751 378

|>< = 10650794 ¥ = -6,5454505

|C:'|,Fact5age'l,EQLlILIB.FIG A

I GactSage‘”
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Desulphurization of Hot Metal using CaO+Al: Composition target

With CaO+Al, the
amount needed
to bring the
sulphur level
down to 0.001%
Is 0.1305g CaO +
0.2610g Al

F Results - Equilib 1400 C, A=0.1305
Qutput  Edit 2

0| BE @

TIC] Platm] Enengyll] kaszsia] “olllitre]

==k

[

{gram) 94 3235 Fe + 4.5 C +
{gram) 0_.0&85 3 + =&= Cal +

la0.1& gram Fe-lig
(100,16 gram, £.1010 mol)

(1400 C, 1 atm,

[ 24.183
0.2z448
4327
. T&483E-07
k3303
- E038E-0&
-0000E-03
.43315
.9733E-08
. E704E-04
_TO7ZE-07
.4EZ33E-07
.07&53E-04

fagasaAAAAARd

Bystem component
Fe

M

Ca

=

5i

Al

ul

0.5 =i +

“Zh= Al

o.& Mn +

a=1.0000)

Fe
Al

Ca

Ei
Cal
Al0
Zino
Mn0
AlzZ0

FTwi=c
FTmisc
FTmisc
FTmisc
FTwi=c
FTmisc
FTmisc
FTmisc
FTwi=c
FTmisc
FTmisc
FTmisc
FTmi=c)

Maole fraction Mass fraction

0.
. 1983ZE-03
. 887EE-08
- 4262E-0F5
.47 34E-03
. 973EE-03
. Gl&0E-0&

LI S T I o e i i |

0401

o.
. 9903E-03
. L2&s2E-08
. 0000E-0k5
.3313E-03
. E483E-03
- L49ZE-0&

SR M OE N

24183

FactBage &_3

s

I thtSage‘”
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Desulphurization of Hot Metal using CaO+Al,O,

The species
selection for this
reaction is the
same as for the
previous example.

This example can be found

(CaO - ALLO,)(s) + S — (CaO - AL,O,) (S)
) B in EquiCase2-6.dat

F Menu - Equilib: Hot Metal desulphurization with, Cal and Al

File Units Parameters Help
WR=

Reactants [¥]

TIC] Platm] Energul)] kasz(g] Yolllitre]

=alE:

| [grar] 94.335 Fe + 45C + 0G5S + ODFEMn + O0BSS + <& Cal +  <he AIZ0Z |

Products
Compound species Solution species Customn Solutions
[ gas ¥ e 0 = | + | BasePhase | Full Name
[ 0 + FTmizc-Fell Fe-lig
[ pure liquids 1] FTrmizcMATT Matte
* [+ pure golids 133 FTrizc-Fes_ FaS-lig
W suppress duplicates apply FTm_is::-M.-’-‘-.TEE ELiq[Mattes’Hetal] e
* - custom zelection FTrizc-PYRAC CPurhotite i
species: 133 FTmizz-BCCS bec apply | M
FTrmisc-FLLS fos [ inchude malar valumes
FTrmizct5-o kMeS_cubic i
Taiget L 4 Total Species [max 1500] 146
EQen X
. -ielected 1 W Show ™ all  zelected T otal Solutions [max 40] 1
species 13
zolutions: 1 %
Default
Final Conditions E quilibrium
| iy | | TIC] ||F'[atm] j|F‘r|:u:|u|:t HIJ] ﬂ ¢ npomal ¢ nomal + ransitions
|EI'I 0.0 | |'I4EIEI |-| " " transitions anly
~
r 101 calculations S Calculate >

FactSage B.3 C:AFactSagetEquiCaze2-5.DAT

‘ thtSage‘”

T McGill CRCT "%
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Desulphurization of Hot Metal using CaO+Al,O,

The Change Of F: Figure User : MinMet, McGill University
Stable phase Fle Add Edit Wiew Help
between different | |REElel slil@ X of 2 Sl Qx| TR ] Seected [une: SFe g -, - 117

CaO-Al, O,
compounds creates
the steps in this
graph.

94.335Fe + 4.5C + 0.5Si+ 0.6 Mn +

CiFactSagelEquil.res 5Febi3

N, oW e,

=

i

o~ T

log. (weight &)

FactSage 6.3 |57 20 i = -D.036507937 ¥ = 1.3186813 | i\FactSage|EQUILIE FIG 4

GactSage‘” Ferrous Processing 33 T McGill CRCT Moz



Desulphurization of Hot Metal using CaO+Al,O,: Composition target

With CaO+Al, O,
the amount
needed to bring
the sulphur level
down to 0.001%
is 0.3874g CaO +
0.3874g Al,O..

F Results - Equilib 1400 C, A=0.3874

Qutput  Edit 5

0| RS @

TIC] Platm] Energel)] Maszig] Yolllitre]

k== EvS

(gram) 24_335 Fe + 4.5 C +

{gram) 0_.055 &% + <& Cal +
93,911 gram Fe-lig
(992,911 gram, Z.091% mol)

(1400 €, 1 atm,

[ 94 419
1.E2418E-0F
k040
. 73T74E-07
S E00E4
_E113E-0&
.0000E-02
48270
.GEEZ3E-0&
.1714E-05
.GEQEZE-0O&
.2E31E-07
.9E32E-0&

Afgdafdaaanad

Systen compohnent
Fe

M

Ca

=

21

il

u]

FactBSage 6.3

o.& 5i + 0.6 Mn +

=hx A1Z03 =

a=1_0000})
Fe FTmi=c
il FTmi=c
C FTmi=c
Ca FTmi=c
M FTmi=c
u} FTmi=c
= FTmi=c
51 FTmi=c
Cal FTmi=c
alo FTmi=c
=io FTmi=c
M0 FTmi=c
AlZ0 FTmi=c)

Mole fraction Mass fraction

0.207E&& 0.24413

L. EEL1E-0z &_00LE4E-03
5.4Z833E-08 T_0TEZ1lE-08
1.4236E-05 1. 0000E-05
7.BE23E-03 4_&ETOE-03
Z.E037E-04 1.24423E-04
2 3

. TO30E-07 _ZL0ZE-07

-~

I thtSage‘”
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Desulphurization of Hot Metal

1. To compare the 2. Press “Open” 3. Select one of the
different previously saved figures
desulphurization F Figtjlre = : Met,McGillUniversity
methods, itis | olel@ls| =) =]>] | =] &2 e x|
convenient to plot
all the obtained
curves on one
graph.

Open File

B

Loak jn: I |79 FactSage

IChchemSage Ca-Mg-desulf.FIG
l é [C)Examples %] EQUILIE FIG

MyRecent  |C3Fo010 & Mg-desulf FIG

=

Diocuments ) FACTDATA
@ [C)FactHelp
- |C)Factsage-Teach
Desktop ICiFigures
IC)FSReactor

) [IMACROS
: [MemaHAsP
ty Documents ) viscosity
p—— @ CaC2-desulf .FI5
g’ 7] Ca0-alz03-desulf F1
@] Ca0-al-desulf. FIG
] Ca0-desulf FIG

B A T |

ky Computer

-

Places

My Network  File name: |Ca0-Mg desul FIG =l Dpen

Files of bype: |Fm:T figures [*Fig)

[ Oeen |
Cancel |

FactSage 6.3 2 24 n=-0.12 ¥ = 18058462 | -

GactSage’” Ferrous Processing 35 ¥ McGill CRCT "3



Desulphurization of Hot Metal

1. Press “superimposed figure”

F. Figure User : MinMet, McGlllUmferSIty |Z||§||z|
File Add Edit WYew Help
DisElal e sla x| 2 &= x|z <] seected |
7
T 94.335Fe+ 45C+ 0.5Si+ 0.6 Mn +
- C:\FactSage Equid.r =
A 0 : : Open File
Loak, i Ib FactSage j - = ER-
- . 2 IChchemSage @CaO-Mg-desulF.FIG
e 2 - & |C)Examples @EQUILIE.FIG
7 MpRecent | =yFo010 Mg-desulf, FIG
Diocurnents CFACTDATA
T -
@ ISiFackHelp
g e L |C)Factsage-Teach
- Dezktop CIFi
¥ Figures
) B reReutor 2. Select all the other
E ) [Dacres saved figures.
m L E]Memu:uH.ﬁ.SF'
by Documents
0 b My Computer
" , . by Netwnrk File name: I"M g-desulf FIG" "CalC2-desulf FIG" "Cal-al20 j Open I
o 0.0 0.40 Flaces
. Filess of type: | FACT figures [ fig) | Cancel |
FactSage 6.3 525 0 =0.70534921 ¥ = 1.7582418 | Ci\FactSagelCa0-Mg-desulf. FIG

GactSage"‘ Ferrous Processing 36 ¥ McGill CRCT "5



Desulphurization of Hot Metal

It can now read”y F Figure  User : MinMet, McGill University

File add Edit Wiew Help

be seen that Mg Ddo sl iel X o = &5 @ x| -] seected [l SFLa)statng sts=0y =187

and CaO+Mg are ~
e v y 94.335 Fe + 4.5C + 0.5 Si+ 0.6 Mn +
Fa C:FactSage Equil.res 5Feb13
hot metal B . .
desulphurizing
agents. -

oA T

—
e
E
=
a
E
=2
=

FactSage 6.3 750 581 X =1.0777778 ¥ =-11.010989 | Ci\FactSage\CaC2-desuf FIG
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Desulphurization of Hot Metal

It is also convenient to compare the amounts obtained using “Composition Target”

0.9

0.8

0.7

0.6

0.5

0.4

0.3
0.2
0.1

0 -

CaC2 Ca0+Mg  CaO+Al CaO+Al203

g of desulphurizing agent needed to
reduce sulphur in the metal to 0.001%

GactSage‘” Ferrous Processing 38 ¥ McGill CRCT "5



Desulphurization of Steel

We will now apply the same calculations for the desulphurization of steel in the
ladle.

The starting steel contains 0.01% S and it needs to be reduced down to 0.001% S

We will also assume that a slag is present in the ladle. It consists of 40% CaO,
40% Al,O4, 10% MgO and 10% SiO,. The ratio of slag to metal is 1/10

thtSage‘” Ferrous Processing 39 T McGill CRCT Mo



Desulphurization of Steel using Mg

1. Enter the metal and slag composition

F React.ints - Equilib

This example can be found
in EquiCase2-7.dat

2. In “Data Search” select

File Edit | Table Units Data Search  Help . . ]
S T FTmisc and FToxid X
EH
Databazes - 3/19 compound databaszes, 2/19 solution databases
1-3 l SGTE compaunds anly MjscEllaﬂE‘ﬂ'us
O [ eiMs solutions orily O exaM  [J SGTE# [J SGTE=
O O sGes no databaze
v Mazz[qg] Species O O sGTE
99,54 Fe O [J SGnobl Cleardll |
O [ 5Gsold
* Jo.os C O Froxch O 0 SGnucl Selectll |
O FTktz
* |':'-1 |M” [ FThelg Add/Remove Data |
* oo 5 O FTpulp  [J ELEM Other
O FTlite O FTdeme [J TDnucl |
* 4 |Ca0 .
Information -
* e |alz0a
* i |Sicz
* Moo
L Mg
Options Inciude Lirnitz
O gaseous ions [plasmas) Organic species CeHy.... X[max] = |2_
Drefault O aqueous zpecies o .
[ limited data compounds (250) Minimum solution components: O 1 & 2 cpls
FactSage 6.3 Compound: 3/19 databases m “

‘ thtSage‘”
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Desulphurization of

Steel using Mg

1. Enter the <A>
and Temperature

2. Select liquid steel and
SlagA as the solutions

F Menu - Equilib: last system

File Units Parameters Help
[ = =

Reactants [9]

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

=k

= [+ pure zolids 165
[v zuppressz duplicates apply 3 9)

* - cuztom zelection

| [gram]99.84 Fe  + 005 C + OO Mn +« 0015 + 4 Cald + 4 ARDI + Si02 + Mgl + <A Mg |
Products
Compound species Solution #pecies Cuztom Solutions
[ gasz ¥ e 0 = | f| Base-Phase | Full Hame
[ 1] + FTmisc-Feld Fe-lig
[ pure liquids 1] I FTomid-5LAGA, A5lag-lig all oxides + 5

Do

Pzeudonyms

te that the slag phase
apply | List ...

secies 1851 j5 selected with possible
= : H [ inchude molar volumes
Target ImmISCIbIIIty Tatal Species [max 1500] 212
|- inmiscible 1 W Show ( all ( Geiecied Total Solutions [max 40] 3
+ - zelected 1 I
SpECies: 47
solutions: 3 E
Final Conditions Equilibrium
} LA | | TIC] ||F'[atm] j|F‘rnductH[J] j * nomnal " nommal + ransitions
01001 | 11600 [ | " transitions only
~
M 101 caleulations open Calculate 3> |
11 17
FactSage 6.3 4 PI’ESS CaICUIate

‘ thtSage‘”
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Desulphurization of Steel using Mg

Results show a
slag phase and a

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

Qutput  Edit Show Pages
metal phase
P D= EIE @ TIC] Platm] Energpl)] Mass(a] Vollitre] m B‘l o
: : A=013 | 4=0.14 | A=015 A=EI.16] A=|:|.1?] A=D.18] A=EI.19| A=III.2] A=EI.21] A=EI.2'2] A=|:|.23] A=D.24]
Solid penclase 4=0 | 4=0.01 | 4=0.02 | 4=003 | 4=0.04 | 4=005 | 4=006 | 4=0.07 | 4=008 | 4=0.09 | 4=0.1] 4=0.11] 4=0.12 |
(MgO) appears as FactSage 6.3 A
: . {gram) 99.84 Fe + o.05 C + 0.1 Mn + o.al 5 +
<A> is increased |
{gram) 4 Cal + 4 21z03 + 5i0z + Mgo +
lgram) =i» Mg =
We can plot the _
. S99 3975 gram Fe-1lig
results in the same {99.975 gram, 1.7938 mol)
(1le00 C, 1 atm, a=1._0000)
[ 99_244 wt.% Fe FTmi=sc
Way as Was done + E.9Z89E-04 wt_ % &Ll FTmisc
+ E.00LlZE-0Z wt.% C FTmi=sc
for the hOt metal + Z_0349E-02 wt_% Ca FTmi=sc
1 1 1 + 2_9970E-0Z2 wt.% Mn FTmi=sc
deSUIphurlzatlon In + 1.3134E-032 wt. % 0 FTmisc
1 H + E.S038E-03 wt. % 8 FTmi=sc
the preVIOus Slldes + 5_893E5E-03 wt_ % 51 FTmi=sc
+ 1_1EE51E-0E5 wt._% Mg FTmi=sc
+ 1. 086zE-03 wt._ % Mgl FTmisc
+ 4_ZZ18E-04 wt_% Calb FTmi=sc
+ E_4E54FZE-05 wit_ % Al0 FTmi=sc
+ 4_9024E-07 wt_.% 2410 FTmi=sc
+ EZ.0Z19E-0E5 wt_ % MnO FTmisc
+ 1.ZE528E-07 wt_.% AL1Z0 FTmi=c)
System component Mole fraction Mass fraction
Fe 0.93&6432 0.99244
Mn 2. 1Z837E-04 8.9935E-04 b
™ . FrA . Montreal
thtSage Ferrous Processing 42 = McGill CRCT "%::*



Desulphurization of Steel using Mg

F, Figure User : MinMet, McGill University

File Add Edit Yew Help

A ConS.tant Dzdal B iel X o 2 &5 o x| |FEME -] selected [Lne: SFeL0) stating atw = 0y = -2 2283
decrease in metal

sulphur content is
observed

99.34Fe+ 0.05C+ 01 Mn+ 0.01S +
CiFactSage\Equil.res 5Feb13

B S

=

T S R

log (weight %)

FactSage 6.3 681 461 % =0,95396825 ¥ = -5.0241758 | CH\FactSage\EQUILIB.FIG 4

GactSage’” Ferrous Processing 43 ¥ McGill CRCT "3



Desulphurization of Steel using Mg

Another useful way to visualize these results, is the sulphur partition coefficient:
I—S:(Sin slag)/[Sin metal]

1. Press “Output” —
“Save or Print” — “Save
or Print As ...”

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

2. Select “Open Text
Spreadsheet”

I thtSage‘”

el Edit  Show Pages
oo ] Seveoriic s Eneiail) Maso) Voline IE3=3E3
’
Plat _ Repeat ODE” SDreadShEEt 4=019 | A=02 | A=021 | A=022 | 4=023 | 4=024 |
Equilib Results file k
- . i= 0.03 | = 0.04 | i= 005 )] 4=006 | 4=007 | 4=008 | 4=008 | 4=01] 4=0.11] 4=0.12 |
Farmat 4 FactSage 6.3 -
0.05 C+ 0.1 Mn+ 0.01 8 +
Fack-=ML 4
Fact-Optimal , [R1Z03 4 5i0Z + Mgd +
Fact-Function-Builder > 3. Press “Spreadsheet
Refresh ... LIQUID ”
i r.Es g 7936 mOL ] Setup
Output Ed
Page Range Type of Output
¢ | & AI101 pages O Printer |
¢ Current page 1 © Tewtfile [=bd)
" Equilib Besults File [Equi®.rez)
£ Hrl file [ xnl)
v
" Excel Spreadsheet
> Open Text Spreadshest Spreadsheet zetup .. ‘
" Save Text Spreadsheet
[ Swap rows & colunnns
Cancel 0K
Bystem component Mole fraction Mass fraction
Fe 0.99643 0.99543 b/
F P ing 44 ¥ McGill CRCT “x:s®
errous Processing > McGi Y01



Desulphurization of Steel using Mg

1. Select “Alpha” as the

property column

[ E=oEn =T

TIC] Platrm] Erergyeld] Mazsg] Yolllie] "1 BI s

4=013 | 4=0.14 | 4=015| &=015 | 4=017 | 4=018 | 4=019 | 4=02 | 4=021 | 4=022| 4=023 | 4=024 |
~4=0- | a=001 | =002 | a=00B | 4=004 | 4=005| 4=006 | 4=007 | 4=008 | 4=009 | 4=01] 4=0.11] 4=012]

Spreadzheet Setup
oY a1

System Properties

({gram) 2%_.54 Fe + O0.05C + 0.1 Mn + 0.01 3 +

({gram) 4 Cal + 4 A1203W+ Fi0Z + Mgl +

Property columns |4 i‘

Coalurnr;

W ariable:

Speciez Properties

Coalurar;

" anable:

+ 1.ZEZ8E-07 wt_ %

2. Select “Wt%” as the |o-9¢s

Species properties

3.1287E-04

Colurmng per species |4 : " order speciez ™ order props.

le fraction Mass £

0.33
2.38

FactSage 6.3 L

X|

Species
Select ... | Cancel |

Default

Selecled: 2

FTmisc)

3. Select the desired species

I GactSage‘”
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Desulphurization of Steel using Mg

1. Select sulphur from
liquid steel and all
elements from the slag

F Spreadsheet - Equilib; Page 17101 : T(C) = 1600, Platm) =1

Fﬂ N -1 W [page]

FPage 141070 : TIC) = 1600, Platm] =1

Phase |T|¥| Activily

| Minimum | M aximum

FTomid-SLAGA B 4260E-04
FTomid-SLAGA 1.1685E-36
FTomid-SLAGA 4 ARBRE-D4
FTomid-SLAGA 29142E-04
FTomid-SLAGA 2 2626E-43

01133
FTmizc-Fell 1.000
FTomid-SLAGAH 1.000
FTmizc-Fell

FlkE Edit Show
[S¥lected: 2/200] [ Spreadshest 5 pecies |
+ | Code | Species | Data |

399 FeS[SLAGA) FTaxid
400 Fe2SSLAGA) FTaxid
401 M5 [SLAGA) FTaxid
a0z M5 [SLAGA] FTaxid
403 P25 35 LAGA) FTaxid
785 S olution
793 S olution

V 833 AlElements

[ '+ denaotes all the Species Properties as defined in the Spreadshest Setup. |
Select Al

Clear

7O71BEOG[101] | E.42G0E-04[1]
15775E-42 [101] | 1.1635E-36 1]
TEIMED4[101] | B2952E-04 [19]

TAEAIEDE[101] | 29142604 [1]

IEEAZE-49[101] | 22E26E-43[1]
0.1138 0.1138
1.000 1.000
1.000 1.000

+ 341 All Elements FTomd-SLAGAR

oK.
A

2. Press “OK”

I thtSage‘”
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Desulphurization of Steel using Mg

F Results - Equilib A=0 (page 1/101) M=
Qutpuk  Edit Show Pages

N ||;i,’"| || ﬂ TIC] Platm] Erergyl)] Masslg) Vollite] m Bl T

4=013 | 4=0.14| 4=015| 4=016 | 4=017| 4=0.18 | 4=019 | 4=02 | 4=021 | 4=0.22 | 4=023 | 4=024
-4=0- | =001 | 4=002 | 4=003 | 4=004 | 4=005 | 4=008 | 4=007 | 4=008 | 4=009 | 4=01] 4=0.11] 4=012]

FactSage 6.3 bt
{gram) 99.84 Fe + 0,05 C + 0.1 Mn + 0O.01 5 +
lgram) 4 Cal + 4 ALZO03 + S4i0E + Mg +
Spreadzheet Setup X
lgra
System Properties
99 -
Froperty colurmng
{9 pemy 1 =
Coluni; -1-
" ariable: Alph
Species Properties Species
Colurnns per species |4 jl " order speciez ™ order props.
Select ... | Cancel |
Column: -1-
" ariable: WL Default |
Selected: 2 S
+ 4_1738E-05 wt_ % Mns Fistel
+ 1_E5EZ44E-028 wt.% Ca Fisztel
+ 4 1683E-04 wt. % Cal Fistel
+ Z_Z943E-11 wt_% Cal Fistel
+ 1_ZOl8%E-09 wt_ % Mgs Fa=ztel)
System component Mole fraction Mass fraction
Fe 0.99&843 0.9593473 Z

1. Press “OK” on
this window and
the next one

GactSage“‘ Ferrous Processing 47
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Desulphurization of Steel using Mg

1. A spreadsheet with the
composition of slag and metal at

2. It is convenient to copy the
whole table and paste it in Excel.

each <Alpha> value will appear.

F Equilib Results

File Edit Swap rows and columns

Alpha
0.0000000E +00
1.0000000E -02
2.000000CE -02
3.0000000E -02
4 000000CE -02
5 000000CE -02
E.000000CE -02
7.0000000E -02
&.0000000E -02
9.0000000E -02
1.0000000E -01
1.1000000E -01
1.2000000E -01
1.3000000E -01
1.4000000E -01
1.5000000E -01
1.6000000E -01
1.7000000E -01
1.8000000E -01
1.9000000E -01
2.0000000E -01
2.1000000E-01
2.2000000E-01
2.3000000E -01

WiE-5(FelQ)
5.3035700E -03
5.3252836E-03
4.8273915E-03
4.4067033E-03
4.0472255E-03
3.7364005E-03
3.4640456E-03
3.2225693E-03
3.0063211E-03
2.8148564E-03
2.6754630E-03
2.5485470E-03
2.431815E-03
2.3248448E-03
22253172603
2.1326075E-03
2.0453010E-03
1.9645204E-03
1.8878371E-03
1.8155454E-03
1.74706E2E-03
1.6820936E-03
1.6203243E-03
1.5614331E-03

2.0364306E-M
1.6852357E-
1.4128506E-M
1.2238151E-
1.0857146E-
9.8023913E-02
8.9672434E-02
8.2866077E-02
¥.7188451E-02
¥.2367829E-02
£.8258150E-02
6.4661511E-02
£.1477755E-02
5.8631520E-02
5.6066280E-02
5.37363597E-02
5.16067E0E-02
4.3648542E-02
4.7833831E-02
4.6160427E-02
4.4534545E-02
4.3130163E-02
4.1754591E-02
4.0453605E-02

1.0012253E-
8.1332655E-02
£.8353108E-02
5.3073373E-02
5.2125004E-02
4.6714570E-02
4. 236157 7E-02
3.8765541E-02
3.5731736E-02
3.3143736E-02
3. 1102208E-02
2.9237736E-02
2. 76307 36E-02
2.624647EE-02
2.4338363E-02
2.3745535E-02
2.2651352E-02
2.1642403E-02
207077 23E-02
1.9583877E-02
1.3026492E-02
1.8266013E-02
1.7551460E-02
1.66878202E-02

2.8513645E +0
2.8510824E+M
2.8504632E +0
2.8496457E +01
2.8487197E+M
2.8477204E +M
2.84B6760E +01
2.8456014E +0
2.8445055E +0
2.8433713E+M
2.8455410E +0
2853713 E+M
2.8586067E +0
2.8635047E +0
2.8684137E+M
2.8733342E+M
2.87826E5E +M
2.8832109E+M
2.8881678E+0
2.8931373E+M
2.8381197E+M
2.9031152E+M
2.9081239E+M
2.9131459E+M

WiE-Fe_FToxid-SLAGART  WiE-Mn_FToxid-SLAGAHT WtE-Ca_ FToxid-SLAGA#T WEE-5_FToxid-5 «

4.0877252E
4.6634372E
5.1573361E
5.5761053E
5.9322813E
B.2336451E
B.50534152E
B.7462051E
£.9556835E
F147TATE
7.2338341E
7.4373454E
7.5663801E
7.BE74015E
¥.8003332E
7.9063113E
8.0077444E
8.1035444E
8.1348602E
8.2821557E
8.3658267E
8.4462136E
8.5236110E
8.53527V56E -
4
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Desulphurization of Steel using Mg

1. All unnecessary columns
were deleted keeping only
the sulphur content in the

steel and the slag.

2. The last column was
used to calculate the
sulphur partition
coefficient Ls.

!

!

!

3. Plotting Alpha against log(Ls)

A B C D E
1 | Alpha Wt%-S(FeLQ) Wt%-S_FToxid-SLAGA#1 log(Ls) -
2 |0.00E+00  5.90E-02 4.09E-02 0.840367 '
3 1.00E-02  5.33E-02 4.66E-02 0.942369 10 e
4 2.00E-02  4.33E-03 5.16E-02 1.028709 /
5 |3.00e-02] 441603 5.58E-( =LOG(C5/B5) 25
6 4.00E-02  4.05E-02 5.93E-02 1.166064 /
7 |5.00E-02  3.74E-03 6.24E-02 1.222706 = 20
-l
= /
3 15 /
10
0.5
0.0 | | | | !
00 02 04 06 08 10
Alpha
™ . X . Montreal
thtSage Ferrous Processing 49 = McG1ll CRCT "5



Desulphurization of Steel using Mg: Composition target

As before, it is
possible to
calculate the
composition
target for liquid
steel at 0.001%
S

Here, we see
that 0.3558g Mg
IS needed to
attain the desired
sulphur
composition.

F Resulis - Equilib 1600 C, A=0.3558
Qutput  Edit

D3| BE @

T[C] Platm] Energel)] Masz(g] “olllitre]

== EvE

[

{gram) 99%.84 Fe + 0,05 C 4+ 0.1 Mo + 0,01 5 +
(gram) 4 Cal + 4 ALZ03 + S54i0Z + Mgl +
(gram) =ir» Mg =

lao.1%2 gram Fe-lig

(100.1% gram, 1.85011 mol)

(legd C, 1 atm, a=1l.0000;)

[ 99_g43 wt.% Fe
+ 1.123L5ZE-0Z wt. % Al
+ 4.3303E-02 wt.% C

+ Z.4244E-07 wt.% Ca
+ 2.8773E-0Z2 wt.% Mn
+ 1.6314E-04 wt_ % 0O

+ 1.0000E-03 wt. % 5

+ 0.13301 wt.% 51
+ 1.12836E-04 wt_ % Mg
+ 1.32037E-02 wt_ % Mg0o
+ 6.1035E-04 wt_ % Cal
+ l.1286E-04 wt.% &10
+ 1.8364E-0&6 wt_ % 2i0
+ Z.TEIZE-06 wt_ % MnO
+ 4. TEEIE-06 wt_ % Al:Z0

Bystem Component

Fe 099254
M 1. 0001E-03

Ca &.0520E-05

Mole fraction Mass fraction

2_8775E-04
4. 3646E-05 w

Factlage 6.3 L

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

I thtSage‘”
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Desulphurization of Steel using CaC,

. : " L This example can be found
F Figure User : MinMet, McGill Universit
Performlng the Fils dd Edit View Help : in EquiCase2-8.dat

same 0perati0ns 0| & o] & &|@l x| | 2| &5 & x| G =] selected [lne:SFLA]steting stw =0y - 22289
using CaC,, the
fo”owing graph is 99.84Fe + 0.05C+ 0.1 Mn+ 0.01S +

CihFactSage \Equill.res SFeb13

obtained.

Using
“composition
target” it was

found that
0.54469 of CaC,
IS needed to
obtain the
desired sulphur
composition.

T B

log fweight %)

Performing only one “composition
target” calculation is a lot faster than
the 101 calculations needed to
construct this graph.

28571 ¥ =-5,3142857 C:\FactSagel\EQUILIB FIG

GactSage”‘ Ferrous Processing 51 T McGill CRCT Monuee



F Figure User : MinMet, McGill University

File Add Edit Wew Help

0@l e B 4@ X o B @8 @ x| HE seeced

Desulphurization of Steel using CaO
1. Performing the

This example can be found
_ p in EquiCase2-9.dat
same operations

using CaO, the 99.84 Fe + 0.05C + 0.1 Mn + 0.01S +
fOIIOWIng graph |S CriFactSage Equil.res 5Feb13
obtained.

2. It can be seen
from this graph,
that there is no
value of Alpha for
which
log(Wt%S)=-3

F Results - Equilib Abort
Qukput  Edit

D || B|E) @ TIC) Platn) Eneraul)] Massla) Yollitre] il B| o
3. “Composition
tal’get” scans (grem 55.54 Fe & 0.05C 4 0.1 ¢ 0.0L 2 4 FactSage 6.3 A
Alpha values from (gram) 4 Cad + 4 ALZ03 + Si0Z + Mgo +
Oto1only. Sono {gram) <a> Ca0 =
solution is found T = 1600.00 ©

2 1.00000E+00 atm

for the composition
. }Target calculation aborted, no solution found within the interwal
target calculation. 1.000E-05 to 1.000E+00 for ALPHA

thtSageT" Ferrous Processing 52 T McGill CRCT Mo



Desulphurization of Steel using CaO

1. Because we
need to go outside
the O to 1 range,

F Results -
Qutput  Edit 5

D || R 5

Equilib 1600 C, A=0.2368

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

Ll =3 EvE

the amount of Factsage 6.5 B
{gram) 99.54 Fe + 0.05 C + 0.1 Mn + 0.0l 5 +
CaO was selected :
fgram) 4 Cal + 4 A1Z03 + Si0z + Mgo +
to be <10A>
=g <lOAr Cal =
299 959 gram Fe-1lig
{99.969 gram, 1.7935 mol!
{1e00 ©, 1 atm, a=l.0000)
{ 99.845 .% Fe FTmisc
2. It was then + 5.0433E-04 m;.% Al FTmisc
+ 5.0015E-0Z wt.% C FTmisc
found that 23689 + 1.1939E-07 wt.% Ca FTmisc
. + 9.5877E-02 wt.§ Mn FTmisc
Of CaO s + 6.5627E-04 wt.3 0 Flnisc
+ 1.0000E-03 wt.§ 3 FTmisc
necessary to + 3.5958E-03 wt.% Si FTnisc
] + 2.8145E-05 wt.§ Mg FTmisc
Obta|n 0001% S + 1.3009E-03 wt.% MgO FTmize
+ 1.2405E-03 wt.§ Cal FTmisc
+ 3.1660E-05 wt.§ ALD FTmisc
+ 1.2111E-07 wt.% 5410 FTmisc
+ 1.0791E-05 wt.§ Mnd FTmisc
+ 5.4362ZE-08 wt.§ ALE0 FTmisc!
Bystem Component Mole fraction Mass fraction
Fe 0.99652 0.99545
Mn 9.7279E-04 9.5355E-04
Ca 1.2331E-05 5.8668E-06 7
™ . A . Montreal
thtSage Ferrous Processing 53 = McGill CRCT "%



Desulphurization of Steel using CaO+Mg

. F Figure User, : MinMei, McGill University This example can be found
Performlng the Fie Add Edt View Help in EquiCase2-10.dat

same operations D3| G| o] Bal & [ @ X| of 2| &5 @ x| FE] Selected Lk
using CaOTMg’ 99.84Fe+ 005C+ 01 Mn+ 0.01S +
the fO”OWlng CiFactSage Equill.res SFeb13
graph is | ' |
obtained.

Using
“composition
target” it was

found that
0.2746g of CaO
and 0.2746g Mg
IS needed to
obtain the
desired sulphur
composition.

4T

log (weight %)

FactSage 6.3 96 40 *=0.025396525 Y = 0,52747253 C:\FactSage\EQUILIB.FIG

thtSageT" Ferrous Processing 54 ¥ McGill CRCT "“3:i”



Desulphurization of Steel using CaO+Al

] F Figure  User : MinMet, McGill University This example can be found
Performing the e add Edk Yew beb in EquiCase2-11.dat

same Operations Dl |l o B2l & @] X ﬂ E @J E [ | ] Setected [Lin

using CaO+Al, 99.84 Fe + 0.05C + 0.1 Mn + 0.01S +
the fO”OWlng ClFactSagelEquil.res SFeb13

graph is
obtained.

Using
“composition
target” it was

found that
0.1699¢g of CaO
and 0.3398g Al is
needed to obtain
the desired
sulphur
composition.

B 4 T

Factoage 6.3 Feh 337 #=1.0873016 ¥ =-3.339011 C:\Fact5agel EQUILIE. FIG

thtSageT" Ferrous Processing 55 T McGill CRCT Moz



Desulphurization of Steel using CaO+Al,O,

P f : h Figure . Uer : MinMet, McGill University This example can be found
errorming the Blo Add Edi Viow Help in EquiCase2-12.dat

. 0 2 | = +|! Selected [Lin
same operations D@ o] B 4@ X| o 2| B[ @ x| [ selected [

using 99.84 Fe + 0.05C + 0.1 Mn + 0.01S +
CaO+A|203, the Cl\FactSage Equil.res 5Feb1l

following graph is
obtained.

Using
“composition
target” it was

found that
15.49g of CaO
and 15.49g Al,O4
Is needed to
obtain the
desired sulphur
composition.

o H T

FactSage 6.3 o3 209 #=1084127 ¥ =-1.7010959 C:iFackSage\EQUILIE.FIG

thtSageT" Ferrous Processing 56 T McGill CRCT Moz



Desulphurization of Steel

F. Figure User : MinMet, McGill University |Z||EI|X|
File Add Edit Yew Help
Com arln the QIEIH'EI ilﬁlﬁl ﬂl 3' @l ﬁl G ~ =) selected [Line: S{Fel) staring at = 0y = -2.2289
paring ; —
different » 99.84 Fe + 0.05C + 0.1 Mn + 0.01S +
1 H - C:\FactSage\Equil.res 5Feb1l thl:Sage"
desulphurization
p N B
agents.
]
-
T
T o | i
»
&
£
35
04 i
30
= 5 3
=
£ _ 2%
T3
2 £ 2
= 2
§9 E -0 1 1 1 1
:o \m; 15 o 0.z20 0.40 06D 080 1.00
E g 1 Hpha
R
a Y
E E 0.5 769 509 A =1,0936508 ¥ =-5,6571429 |C:'|,FactSage'l,CaCZ—steeI—desqu.FIG/J
o m M |
G 0 - : :
(1]
X %
w P S A
(J’b (.;b x?'
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Calculating Slag Sulphide Capacity

A good way of comparing the ability of a slag to absorb sulphur is the sulphide
capacity calculated in the following manner:
Cs=(Si, slag)*(POZ/ S

In the following
. Steelmalang BOF Slag Ladle Furnace Slag
sl Ides’ the Slag Parameters Typel Typel Typel Typel
su |.ph ide Low-P High-P AlKilled Si-
capacity of four Hot Metal b Steel e
different slags
will be calculated | | 44.0 24.0 23.0 220
MgO 9.0 1.0 9.0 9.0
502 13.0 14.0 5.0 20.0
AlZ03 1.8 1.0 30.0 12.0
Fe (total) 18.0 19.0 1.0 1.0
MnO 4.5 0.5 1.0 0.6
5 0.07 0.06 0.50 0.50
P103 2.00 3.50 0.05 0.05
TiO? 1.0 <0.5 <0.5 <0.5
Slag Basicity 3.4 3.9 10.6 2.8
(Ca0 / 5i072)
Slag Basicity 3.6 3.7 1.8 2.0
(Cal Mgl / (S102+A1203)

‘ Liactsage
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Calculating Slag Sulphide Capacity

1. Enter the amount and species for This example can be found
F Reactants - Equilib
File Edit Tablk Units DataSearch Help F Data Search
QE‘ iJ e e Databases - 2/19 compound databases. 1/19 solution databases
1-9 l &Ct SGTE compounds only MFS:E”H."E“"S
FactPs [ O eins solutions only OO exad [ SGTE# [ SGTE"
v Froxid [ O sGPs no datshase
Mass(q] Species FTsak [ O sGTE
44 a0 Fimisc [J0552] [0 SGnobl Clearal |
FThall O [ S5Gsold
+ o Mgo FToxch O [ SGnucl Select |
* i3 50z ::::ti Add/Femave Data|
elg
t is Blz03 FTpulp [] ELEM Other
FTlite O FTdemo [ TDnucl |
: |18 |FE formation -
* l45 MR
* o7 5 i
: Faos 2. Select FactPS and Ftoxid
. i oz databases

Options

[hizlude Lirnits

O gaseous ions [plasmas] Orgaric species CxHy.... #max] = |2_
Default D aquenus species . .

[ limited data compaunds (250 Minimum solution componentz: O 1 & 2 cpts

FactSage 6.3 Compound: | 3/19 databases Sal

Lractsye Ferrous Processing 59 & McGill CRCT "



Calculating Slag Sulphide Capacity

1. Select gas and SlagA as possible products

F Meu - Equilib: last system

2. We will calculate
the sulphide
capacity at three
temperatures: 1580,
1600 and 1620°C

File Uhits Parameters Help
D&l TIC) Platm) Energyl)] Masslg) Velllitre] W ||3| 1.31|
Reartants [9]
| fgram]d44 Cad + 9 Mgl + 13502 + 18A1203 + 18Fe + 45Mn0 + 0075 + 2 P205 + TiOZ |
Progucts
Cofpound zpecies Solution kpecies Custorn Solutions
[+ gaz @ ideal ™ eal &7 = | &y| Base-Phase | Full Name -
[ 1] | FTomid-SLAGA A5lag-lig all oxides + 5
[ pure liquids N FTomid-5LAGE BSlag-lig with S04
[ pure zolids FTomid-5LAGT CSlag-lig with PO4
[ suppress duplicates| LA FToxid-5LaG? *5lag-lig Psevdaryms
FToxid-SPIMA A5 pinel - i
species: 57 FToxid-SFINE B Spinel apply M
FTasid-SPIN? #Spinel [ inchude malar valumes
FToxid-ped_a Ak onoide - Total Species | 1500 97
T g Legend otal Species [max
|- imrizcible 1 W Show© al © zelected T otal Solutions [max 40] 2
Tpecies 40
|— zolutions: 2 JSEIECt
Default
Final Conditions E quilibrium
| TIC) ||F'[atm] j|F’rnductH[.J] j &+ nomal ¢ nomal + ransitions
I I N-I 500 1620 20 |-| | " hanzitions anly
[ 3 calculations > Calculate >3
[1 17
3. Press “Calculate
FactSage 6.3

‘ thtSage‘”
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Calculating Slag Sulphide Capacity

It is now possible to calculate the sulphide capacity
using these results.

In the next slides,
two ways of
calculating sulphide
capacity will be
demonstrated.

F Results - Equilib 1580 C (page 1/3)
Qutput  Edit Show Pages

D || B2 @

1580C | 1600C | 1620C |

TIC] Platm] Energyll] Masz(g] Yolllitre)

== 2R

[

0,583

(gram) TiDZ =

mol gas_ideal

{11.932 gram, 0.2Z5336 mol,

{1580 C, 1 atm,

!

s s T it S o o T S e e o e e S S

0.

I S T e e O s e T2 B = B SO S SR SR S T

41820

.3looks

JElER1

-4ET74E-0Z
-4B880E-03
-EZ400E-04
-9E78E-0E
. TEI0OE-0E
.0E46E-05
. 9334E-07
.EE74E-02
.8B83E-02
.0lz4E-03
.8430E-03
.837zZE-03
.TEZ8E-03
.Q575E-03
-lee3E-10
.8313E-10
-1373E-10

(gram) <44 Cal + 2 Mg0 + 13 3i0z + 1.8 A1z03 +

(gram) 128 Fe + 4.5 MnO + 0.07 & + 2 PEOS +

39,287 litre, 2.0372ZE-04 gram/cm3)
a=1.0000)

Fe
Mg
Mn
Pz
Ca
P4
P
MyE
5in
PO
Fed
51
CaZ
Mo
Fel
5is
Px
Mol
Cald
Alz0

FactP2
FactP2
FactP2
FactP2
FactP2
FactP2
FactP2
FactP2
FactP2
FactP2
FactP2
FactP2
FactP2
FactP2
FactP2
FactP2
FactPh
FactP2
FactP2
FactP2

FactSage &.3

E

I thtSage‘”
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Calculating Slag Sulphide Capacity

The first way is to use Excel 1. Save the results
In a spreadsheet

F Results - Equilib 1580 C | page 1/3)

il 0 Edit  Show Pages
Save ar Prink Save ar Print &5 ... Platm) Energyl)] Mass(g) Yollite) m || BI W
Plak ]
Equilib Resulks File r
Stream File b FactSage &.3 -
Farmat B Mg0 + 13 Si0Z + 1.8 A1Z03 + E
Fack-=ML P E MO + 0.07 2 + Z PEOE + —
Fact-Optimal g 2. Press
: P 111 1
Fact-Function-Builder  » gas_ideal S p readsh eet Setu p
Refresh 25836 mol, 39_.Z87 litre, 3.
EITesh ... 1 atm, a=1.0000}

[ 0O.41320 Fe FactPs

+ ozl SUPu Fad

t 5.42 Page Hange Type of Output

+ 1.48

+ 1.24 fo All 3 pages " Printer

+ Z.896

" Current page 1 e [5

+ 175 pag . Te:-:t”flle [#k=t) . _

+ 1.07 " Equilib Resultz File [Equi®.reg]

+ .93 ¥l file [*.=ml)

+ E_EE

+ 7.88 " Excel Spreadsheet v

+ z.01 * Open Text Spreadshest Spreadsheet setup ... ‘

+ 1.84 " Save Text Spreadsheet

+ 1.83

+ 178 [ Swap rows & columns

+ 1.05

t 718 Cancel (1] 4

+ 1.89

O R L oy aopo 3

LGactsag: T McGill CRCT "5



Calculating Slag Sulphide Capacity

1. Set T(C) as the
system property

— Spreadzheet Setup X
—Syztem Properties
v Property columnz |1 il
Calurnn: -1 -
Yanable: TIC]
— Species Propertiez ~ Species
Colurmnz per speciesz |2 il ¢ order species 1% order props.
Select ... | Eancell
Colurnir: -1- | -2- —A
arnable: Default |

2. We need wt%S and the activity of
O, and S, in the gas, so select “wt%”
and “a” as the species properties.

3. Select the species

I GactSage‘”

B McGill CRCT "o

2013



Calculating Slag Sulphide Capacity

1. Select O2(g),
S2(g) and All
Elements in SlagA

Selected: 4/81

[ Spreadshest Species |

F Spreadsheet - Equilib. Page 1/3 : T[C) = 1580, P{atm) =1
File Edit Show

il -5 W el

Page 1/3: TIC) = 1580 [min = 1580 at page 1; max = 1620 at page 3], Platm] =1 |

HEE G et ] oo

FToxid-SLAGAH

+ | Code | Species | Data | Phase [T|V| Activity | Minimum | M aximum -
1 0(a FactPS | gas 1.7208E-13 1.7208E-13 (1] 5.B032E-13[3]
— | 2 02(a) FactPS  gas 7.B2E7E-19 FE2E7E-19 (1] 4.3035E-18 [3]

3 Q3Mal . FactPS | gas 1.7227E-35 1.7227E-35 111 2.8251E-34 131
2B Sla) FactPS | gas 1.3536E12 1.3536E12[1] 3.8782E12 (3]

+ 27 52(g] FactPS  gas 1.4389E-18 1.4383E-18 1] B.4333E-18 [3]
28 53(al FactPS | gas 8.5282E-30 8.5282E-301] 7E427E-29[3]
521 Gas GAS 1.000 1.000 1.000
925 | Solution FToxid-SLAGAK 1.000 1.000 1.000
388 AllElements GAS

+ 372 AllElements

1 maTar A0

[ '+ denotes all the 5 pecies Properties as defined in the Spreadsheet Setup. |

Select Al

Clear

-
1 maTar Acrd1 AT ACE A0

=

2. Press “OK” on all
three screens

‘ thtSage‘”
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Calculating Slag Sulphide Capacity

1. All the needed results (and even more) appear in the spreadsheet.

F Equilib Results

File Edit Swap rows and columns
TIC] WiE-02(g] WEE-52[q] a-02(q] a-52(q) WtE-Fe FToxid-SLAGART WiE-Mn_FToxid-SLAGART
1.5800000E+03 | 5284 32E-17 | 19973179616 T EZERIIYE-13 | 1.43858711E18 1.46337E1E+01 5.1810543E-01
1.6000000E+03 | 1.26832R3E-16 | 4.2841627E-16 | 1.83067V54E-13 | 3.0339333E-18 1.4683703E+01 5. 37RA833E-01
1.6200000E+03 | 23884777E-16 | 3.0252033E-16 | 4.3095137YE-13 | 65.4339332E-18 1,467 3537E+01 5 5742466E-01
<] | 0
2. Copy the results in Excel and delete the unnecessary columns
s § 4. Plot log(C
1 T a-02(g) a-S2(g) Wi%-5_FToxid-SLAGA#1 . ot Og( S) versus temperature
2 |1.58e+03 7.63E-19 1.44E-18 3.60E-02 1.15
3 |1.60E+03 1.83E-18 3.08E-18 2.60E-02 /
4 1.62E+03 4.31E-18 6.49E-18 3.59E-02 -1.16 /
A B C D E F G -1.17
1 TIC) a-02{g) a-52(g) 'Wt%-5_FToxid-SLAGA#1 logiCs) g 118
2 |1.58e+03 7.63E-19 1.44E-18 8.60E-02 -1.20357 E’ '
3 |1.60E+03 1.83E-18 3.08E-18 2.60E-02 -1.17899 -1.19
4 1.62E+EI'3I 4.31E-18 Iﬁ.49E—IBI 8.59E-02 :|=LCJG|[D4*SC1RT|:B4,-"C4]} /
-1.2 ‘
T -1.21 T T T 1
1560 1580 1600 1620 1640
3. Calculate the sulphide capacity in a separate column. Temperature (C)

I thtSage‘”
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Calculating Slag Sulphide Capacity

Another way to plot the sulphide capacity is to use
the function builder tool coupled with Fact-XML

F' Resulis - Equilib; 1580 C [page 1/3)
{0 Edit Show Pages
Save or Print » TIC] Platm) Energyl)] Massla) Yallitre) m ||B| s
Plok [ 2
Equilib Results File *
3
3

Skream File FactSage 6.3 M
Faormat Mgl + 12 2i02 + 1.8 ALZ03 + F
Fack-xmML b |S MmO + 0.07 & + 2 DP2OE + -
Fact-Opkirmal r
Fact-Function-Builder  # Select Function groupis) *
v Always calculate Function groups(s) - {nothing selecked) 2y
Refresh ...
Refresh Results ...
[ (0_4lz FactDg
T . + 0.310  Edit funckion group » FactPs
1. PreSS Edltlcreate —'LD—S Editjcreate funckions ... FactPs
. + E.427 N FactPsg
functions” under the Fact- | + 1l4sg Zommarvef functionaroups . PactPs
. ) + 1740 Fact-Function-Builder Silde Show ... FactDs
Function-Builder Menu + z.3676E-05 P FactPs
+ 1.7530E-05 Moz FactPsg
+ 1. 0Z45E-05 =i0 FactP2
+ F.9334E-07 ] FactPs
+ 8.396ZE-08 Al FactPa
+ 5.5574E-08 Fel FactPsg
+ 7.8883E-09 =i FactP2
+ Z.01Z4E-09 Caz FactPs
+ 1.8430E-09 M0 FactPa
+ 1.8372E-09 Fes FactPsg
+ 1.76Z8E-09 =18 FactP2
+ 1.0L57EE-09 PE FactPs
+ 7.1665%E-10 Mo FactPa
+ 1.8919E-10 Can FactPsg r

LGactsag: T McGill CRCT "5



Calculating Slag Sulphide Capacity

1. We need to select wt%S as one
variable

2. Select “Amount/Composition”

F Function Builder

File Help

ariables List clear | Previgw results

Copy to clipbuardl

L

— T omOom I

Functions

7=
Operations: * +- /[ 17 abs, In, log, exp, cosg, sin, bg, arcsin, arccos, anctg or arctan, sgnor sign, sgrt

Yariable zelection

under “Variable selection”

4. Right-click on S(total) in slag
and add it to variables list

ﬂ EL Preview results

) Amount/Composition ~ | |
Selection l
Species/phaszes:
| Species | Fhaze | Data | Amount/Co... | bAIM | Pef i, | Fzeudonym ~
& Mn253 Slag-ligh FTaxid B.716E-08 6. 716E-08 1.035E-07
% Fe [total) Slag-ligh 1.469E +01 6. 716E-08 1.4G9E+M
b M [tatal] Slag-ligh 5191E-01 E.716E-02 1.469E+0
% Ti [tatal] Slag-ligH 7.360E-01 E.716E-02 1.469E+
& LCa [tatal) Slag-ligH 3 8R0E +01 B 716E-08 3 BE0E+0
—) 5 [total] Slag-igfi el e E 716E-08 3.860E+01
% Plotal SlagHigi Add to variables st Jogor.gn  3.860E+01
& Si [tatal] Slag-lighi T.462E+00 (0. 000E +00 2860E+M
% Al [tatal] Slag-ligh 1.170E+00 (0. 000E +00 J860E+M B
& Mg [tatal] Slag-ligh 4 273E+00 (. 000E +00 J.860E+M
b 0 [tatal) Slag-ligh 3.247E+01 (0. 000E +00 3.860E+M
& Al203 Slag-igh2 FTaxid [0.000E +00 (0. 000E +00 [.000E +00 w
" mol O malfrack © gram O W frack % W Z O kg O b

3. Select “wt%"

Cloze

thtSage‘”
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Calculating Slag Sulphide Capacity

F. Function Builder

1. The amount of S now appears Fie ol
in the Vari ableS I|St Wariables List clear [ [Freview results Copy to clipboard |

A AmountComposition (S (tot:

1S la-lig# 1)) w

Delete

Rename

Ask Far value (once)

ask For value (every page)
Set as constant

Ilse value from one page only

2. Right-click on the variable and
rename it to “wtS”

—TomDOpm

w

Functions

Operations: * . b or zigh, sqrk
Enter the new variable name :

|wt5

Selection l | ]S | Cancel |

Yanable selection

3. Partial pressure and activity of a

gas is the same thing, so we need Species/phases:
n7/I 1 | Species | Fhasze | D ata | Amount/Co... | Rl | [k Pseudorym ~
to SeIeCt aCtIVIty Of 02 and Sz In & 0 Gas FactPS  BAE1E-12 5.961E-12 202E-11 E
I % 02 Gas FactPS  B.2B4E-17 5.284E-17 2.933E-16
the gas as the two other variables. | | % = G RePS 17ET  L7EED 29D
& Mo Gas FactPs  1.632E+0 1.632E+01 1.640E +01
& Mgz Gaz FactPS  1.845E-03 1.763E-03 1.845E-03
& Mgl Gas FactPS  1.603E-07 1.608E-07 3474E-07
% Al Gas FactPS  4.905E-06 4.905E-06 E.877E-06
& a2 Gas FactPS  5.34BE-13 5.346E13 8.413E13
& Al Gas FactPS  3.732E-10 A732E-10 8.E673E-10
& AlO2 Gas FactPS  1.834E-18 1.884E-18 9.034E-18
% Al20 Gas FactPS  1.815E-08 1.815E-03 2.816E-08
& Al202 Gas FactPS  1.931E-13 1.931E-13 5.057E-13 "
" mol © molfract. © gram © Wit frack & Wit O kg © b

Cloze

LGactsag: T McGill CRCT "5



Calculating Slag Sulphide Capacity

F: Function Builder

1. Select “Activity” under “Variable
Selection”

File Help

Wanables List clear | Presdiew results Copy ta clipbnard|
witD o A iz iti o (total)Slag-lig# 1wt 22 L

00 Ay (001 e 3. Rename the

852 : Activity (52/Gas) <€ .

: variables to

c a02 and aS2

J & 1

E— accordingly

7=

ﬂ EL Presview results

Operations: * + - /[ ] ™ abs, In, log, exp, cos, =in, b, arcsin, arccos, arctg or arctan, sgnoor sign, sgrt

Yanable selection

2. Right-click on the O2 and S2
and add them to the variable list

) Activity - | |
Selection l
Species/phazes:
| Species | Phaze | Drata | Activity | f 1M | hef A5 | Pseudarym L
& ] Gaz FactPS  1.721E-13 1.721E-13 5.803E-13
— ) & oz Gaz FactPS  7.E27E-19 7.B27E-19 4. 310E-18
& 03 Gaz FactPS  1.723E-35 1.723E-35 2.825E-34
& kg Gaz FactPS  3101E-01 3101E-M I113E-M
& kg2 Gaz FactPS  1.¥53E-05 1.673E-05 1.753E-05
& kg0 Gaz FactPS  1.843E-09 1.843E-09 2.978E-09
& A Gaz FactPS  8.396E-08 8. 396E-03 1.176E-07
& Al2 Gaz FactPS  4.575E-15 4 575E-15 7194E-15
& Al Gaz FactPS  4.010E-12 4010E-12 931E2
& AlD2 Gasz FactP5  1.475E-20 1.475E-20 7115E-20
& Alz0 Gasz FactP5  1.198E-10 1.198E-10 1.857E-10
& Alz02 Gaz FactPS  1.037E-15 1.037E-15 2715E-15 v
i i i i {+ T i

Cloze

thtSage‘”
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Calculating Slag Sulphide Capacity

F: Function Builder + [Sulphide Capacity]

Yariable selection

Amount/Composition ~

Operations: * +- /] abz, In, log, exp, cos, sin, tg, arcsin, arccos, arctg or arctan, sgn or sign, sqlA

File2  Help

Wariables List clear | Presview results Copy to clipbnardl

witS - AmountComposition (3 total)/Slag-lig#1)) w2 - Page 1 = loalwt5 =5 GRT(a0 2435 2]

alle : Activity (02/Gas

aSE:A;tivig gszjeas)) 3 [} BTy € 3. Note that the

= 3 A5 results are the

1. Enter the function for log(Cs) same as for the

N v

Functions i Excel

7= Jlogws*SORT(a02/a52)) G, Preview resuls) calculation

Selection e . T
Species,phml 2. Press “preview results
| Species | Phaze | Data | Amount/Co... | IIM | I | Pseudonym -~
e 0 Gias FactP5  B9E1E-12 B.961E-12 2.02E-11 =
S oz Gas FactP5  5.284E-17 5.284E-17 2.983E-16
b o3 Gias FactP5  1.730E-33 1.790E-33 2.939E-32
e kg Gias FactP5  1.632E+01 1.632E+01 1.640E+01
b Moz Gias FactP5  1.845E-03 1.763E-03 1.845E-03
e MgO Gas FactP5  1.BOBE-O7 1.608E-07 3.474E-07
w & Gas FactPS  4.905E-06 4.905E-06 E.877E-06
b &2 Gas FactP5  B.34EE-13 5.34EE-13 8.413E-13
& &l0 Gas FactPS  3.732E-10 3.732E-10 B.673E-10
& &l02 Gas FactP5  1.884E-18 1.884E-18 9.034E-18
& &120 Gas FactP5  1.815E-08 1.815E-08 2.816E-08
e &l202 Gias FactP5  1.931E-13 1.931E-13 B.057E-13 w
" mol © molfract. © gram © Wt fract ™ Wt % O kg O b

Cloze

thtSage‘”
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Calculating Slag Sulphide Capacity

F; Function Builder, + [Sulphide_Capacity]

1. Save the functlon as —> Ve . clear | [ Preview results Copy to clipboard |
Lpen _Ii B a1 = x
uSulphIde CapaCIty" Rename , fotal)fSlag-lio#1]) wt ~ Page M =log(wt5*SORT[a02/352])
R Celete [ 1 -1.203570
— 2 -1.178934
D ] 1154799
E
G
I
J m
Fu
|| Pleaze enter a name faor this system ﬂ L Preview results]
) |Su|phide_|:apa|:it_l,l oz, archg or arctan, sgn or sign, =it
Yarl
(] | Cancel | |
|§—_§ Celection |
Species/phases:
| Species | Phaze | Data | Amount/Co.... | bAIN | (il | Pzeudonym ~
# ] Gas FactPS  BS9B1E-12 R9E1E-12 202E-11 =
# nz Faz FactFs B ZB4E-1TF R 2B4E-17 2 988E-16
# 03 Gas FactPS  1.790E-33 1.790E-33 2.939E-32
# kg Faz FactPs 1.632E+01 1.632E+01 1.640E+M1
M kg2 Gas FactPS  1.845E-03 1.763E-03 1.845E-03
# kg Fas FactPs 1.EDBE-OF 1.B0BE-07 3ATAE-O7
f% Al Gas FactPS  4.905E-06 4 905E-06 E.877E-06
:% Al2 Fas FactPs 534BE-13 R 34EBE-13 B413E13
# AlD Gas FactPS  3.732E-10 AT32E10 8.673E-10
f% AlD2 Fas FactPs 1.884E-18 1.884E-18 9.034E-18
* Al20 Gas FactPS  1.815E-08 1.815E-08 2 816E-08
# Al202 Gas FactPs 1.931E13 1.931E-13 R.O57E-13 w
" mol © molfract. © gram © Wtirack & wit % O kg O b
2. Close the window > o
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Calculating Slag Sulphide Capacity

1. Go back to the “Results”
window, and select the M=

F Resulis - Equilib. 1580 C [page 1/3)

SHG) Edit Show Pages “Sulphide_Capacity” function
Save or Prink k TIO B W
P . group 5|8
Equilib Results file »
Skream File » FactSage 5.3 A
Farrmak p ! Mgl + 13 5402 + 1.8 ALEZ0Z + 3
Fack-xML P JC MmO + 0.07 5 + Z PEOE 4+ —
Fact-Cptimal k
Fact-Function-Builder  » Select Function groupls) 1. SulP§fe Capacity
W Always calculake Function groups(s) [2.] v 2. Sulphide_Capacity
Refresh ...
A Refresh Results .. €
| O_.41% H 1] ”
+ 0 s1g | et function grous . 3. Click “Refresh Results ...
t 0.Z15 | Editfcreate functions ... FactPS
T 5.427 Summary of Function groups ... Factls
+ 1 dao . ) . FactPs
« Fact-Function-Builder Silde Show ... Fart P
2. CheCk AlwayS E-05 P FactPs
. E-0% Mgk FactP&
calculate function B0s 1o Fact b
" E-07 PO FactDs
groups E-08 Al FactP3
: = —E—-0% Fel FactP&
+ 7_8883E-059 =i FactPs
+ Z_01Z4E-09 CaZz FactPs
+ 1_8430E-09 M0 FactP3
+ 1.837EE-09 Fel FactP&
+ 1_7&Z8E-09 =il FactPs
+ 1_057EE-09 Pa FactPs
+ 7_1663E-10 Mos FactP3
+ 1.8313E-10 Cald FactP& W

LGactsag: T McGill CRCT "5



Calculating Slag Sulphide Capacity

1. A separate
“Functions” tab will
appear with the
results of the
calculations

F Results - Equilib Functions [page 0/3) i i [‘5__<|
Qutput  Edit Show Pages

D |w| RIE @

TIC] Platm] Energeld] Mazsig] Yolllie] “1 B W

2. Each tab will
have the
information on the
function along with
the calculated
equilibrium.

unetions | 1580C | 1600 ¢ | 1620 |

mErnup MName @ 2.

Sulphide Capacity
w5 o Amount fComposition (5 (total) Slag-ligqfl)) wt. %
alZ : Actiwity (0EZ/Gas)
abz » Actiwity (BESGas)
Page 71 = logiwc3*30RT (alz fa%2))
1 -1.203&70
z -1.17859594
3 —-1.154735

F Results - Equilib 1580 C (page 1/3) M =3
Qutput  Edit Show Pages

D || BRI @

TIC] Platm] Energeld] Mazsig] Yolllie] “1 B W
Functions - 1580C- | 1800¢C | 1620¢C |

mErnup Name :

2. Zulphide Capacity L
w5 © O_8E535533E-01 @ Awmount/Composition (& (total) Blag-ligqfl)) wt % E
ali D D.T7EEEE9ZE-18 @ Actiwity (0Z/Gas)
alz 0_.1438871E-17 : Activity (22/Gas) —
Page 71 = log{wc3*30RT (alZa%E8) )
>.|l -1.Z03E70

FactSage 6.3

(gram) <44 Cal + 9 Mg0 + 13 3i0z2 + 1.8 41203 +
{gram) 12 Fe + 4.5 MmO + 0.07 5 + £ PzOE5 4+
(gram) TidzZz =

0.zE5338 mol gas_ideal

{11.922 gram, 0.25836 mol, 39.287 litre, 2.0372E-04 gram/cm3)
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Calculating Slag Sulphide Capacity

F Results - Equilib Functions (page 0/3) 1. In order to plot the sulphide capacity as a function of

Output Edit Show Pages temperature, press the XML button
M |@| @ﬁﬁdl M TTCT Platm] Enerapl)] Mazs[a] Vollie] =71 =3B
Functions | 1580 C | 1600C | 1620¢C |
B E L Viewer - [C: .
Fre l XML "."lewer [C \Fﬁ.ETSA.E\Hml_nut xml] 2. Then select
anF File  Units  Toals Help uG ” [ ”
, raph” — “Setu
sl EUNE- AP e b P
rage | djact Fomat ]ﬁl.um&ge Fomat] 9 Tree| ] WML|
~
; ':'I'I o Graph - Setup i
2 2 1 Saved graphs. .. ﬂ Function Builder 5 +
3 1820C Yariables Edit functions... | 1 &
| Import - Sulphide Capacity 3 |mp0rt the
Page _ . . . . .
w0z >uphide _Capartty “Sulphide_Capacity” function
0 X T T
2' 8 1—? Fage # [ Full Screen
0.1834 '
3 Y-Axis X-Axis
E::iiz Activity - | W + | + variable Page i ~ | #, - +varniahle
v
b I b = STEF Label every | MIN [ s STEF Label everny
a 1 Default | |1 0.1 1 3 Default | |1 0.2
Loy %]
Species/phazes: ‘l
| Species | Phaze | Data | Acivity | P10 | ke | Pseudonym | -
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Calculating Slag Sulphide Capacity

1. Select “Functions” as the Y-Axis

2. Select “Temperature” as the X-axis

Graph - Setup

[

Saved graphs...  Jf Function Builder
Warnablesz 273 i Figure Settings
wiS  Amount/Cofiposition A ) Fort size: |10
al? : Activite [020Gasz)  — Functionz H 1abel fine: |0
a52 : Activity (524Gas)  — abels periine -
E 28 o N line colars... | Title|
|
. v 1560 Tear [ Full Screen
Y-Axis v X-Axas \ 4
Functions ~ | " * | +vanable Temperature ~ | b * | +vanable
W 7=
kAIM [ STEP Label every | MIM M STEP Label everny
-2.8 273 Defauyt | 007 0005999 1580 1620 Default | |1 4
. - A A
Ly L X ]
Speciez/phazes ;
| Species | Phase | Data | Armount/Co... | MM | Pl £ Pseudarym
3. Adjust the min and max
values, the step, etc.
{+ f'“ r f'“ i
1] 1
_ . >
Copy points 4 Press DraW [Lf, Diraw > Cancel ‘
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Calculating Slag Sulphide Capacity

The figure is then
obtained

F. Figure
File &dd Edit View Help

ofes{als| &l kel x| | S &|s] o | L s |

) 53 CaO + 9 MgO + 5 SiO, + 30 ALO, + Fe + MnO + 0.5 S + 0.05P,0, + 0.

Yoo

=

Where

wis o Amount/Composition (5 (totaliSkag-licE 1wt %
a02 : Activity (O2iGaz)
as2: Activity (320Gas)

A =log(wtS*sgria02/as2))

A~ T
log(witS*squt(a O2/as2))

r=

1480 1584 1488 1692 1696 1600 1604 1608 1612 1616 1620

Temperature ()

FactSage 6.3 757 516 X=1622,9841 ¥ =-1.7166593 | |
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Calculating Slag Sulphide Capacity

Repeating the same procedure for the other slag compositions, it is
possible to compare the sulphide capacity of the different slags.

-0.8 .

-0.9
-1
-1.1
_ -1.2 9 e <
% 13 =4—BOF Low-P Hot Metal
2 44 ——BOF High-P Hot Metal
15 - === LF Al-Killed Steel
16 - i | F Si-killed Steel
1.7 p——— i 1
18 * — | |
1580 1590 1600 1610 1620
Temperature (C)
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