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Databases in FactSage for Steelmaking Applications

In this section, we will use the Equilb Module of FactSage to solve some real-
world questions regularly faced in the steel industry. While here we present you
the steelmaking applications, you should be aware that FactSage has also found
wide applications in the fields of alloy design/development, extraction of base
metals, etc. Please review the Documentation Module to find the applications of
different FACT databases. The Help Files also include a number of advanced
industrial examples.

First, let us review the FactSage databases which are particularly developed for
steelmaking applications (pyrometallurgical extraction and solidification) as
well as some key phase models.
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Databases in FactSage for Steelmaking Applications

Database | Description

FactPS | All gaseous species, stoichiometricsolids and liquids.

Frequently updated oxide database containing (i) a large number of
FToxid | condensed solution phases (slag, spinel, monoxide, olivine, etc.); and (ii) pure
solids and liquids, but no gaseous species.

FeLq solution which is the most reliable liquid steel database for steelmaking

FTmisc calculations, for example, slags/refractories/gases/molteniron.

Solid and liquid steel phases (also includes small number of gases, oxides,
FSStel sulfides, nitrides, etc.) and is used for: (i) steel solidifications and alloy design;
and (ii) liquid steel: reasonable calculations for steelmaking applications.

Database priority for steelmaking calculations:
(a) FToxid > FTmisc > FactPS: without FSStel for pyrometallurgical calculations.

(b) FToxid > FSStel > FactPS: with FSStel for steel solidification related

calculations. -
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FToxid Database: Main Solution Phases

Main solution phases when T > 1550 °C (steelmaking)

Note: these phases may still exist even when T < 1550 °C.

Phase | Description
Major oxide components Al,05-Ca0-FeO-Fe,05;-MgO-SiO,
S If the system contains other oxide components, for example, MnO, Mn, 05,
I af_ CoO, NiQ, PbO, ZnO, Ti0,, Ti, 03, etc. please consult Documentation for the
[1]-option limitations. Also, the gas solubility such as S (SO,), P, H (OH), N, C, F, ... is
considered.
_ (SPIN) can be described as (Mg, Fe, Mn, Co, Ni, Zn)[Al, Fe, Cr, Co, Mn, Va],Si0,,
Spln(?l extensive solid solution containing MgAl, 0,4, MgCr,0,4, MgFe,0,4, FeCr,0,,
[1]-option| p. 0, FeAl,0,, Crs0,, MnAl,0,, MnCr,0,, MnFe,0,, etc.
(MeO_) can be described as Ca0-MgO-FeO-Fe,03-Mn0O-NiO-Al,05-Cr,05-etc.
Monoxide | Covering most famously: lime (Ca0), periclase (MgO) and wiistite (FeO).

[[]-option should be considered especially when CaO and MgO exist together.
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FToxid Database: Main Solution Phases

Main solution phases when T > 1550 °C (steelmaking)

Note: these phases may still exist even when T < 1550 °C.

Phase Description
, _ (aC2S, bC2S) Ca,Si0,4 (CS2) rich solution with limited solubility of
a-, o-CaZ3104 | o si0,, Fe,Si0,, Mn,SiO,, etc.
(Oliv) can be described as (Mg, Fe, Ca, Mn, Ni, Zn, Co, Cr, etc.),Si0y,
. covering forsterite (Mg,Si0,), fayalite (Fe,Si0,), y-Ca,SiO,4, monticellite
Olivine (CaMgSi0,), tephroite (Mn,Si0,),
[I]-optionis used when Ca,Si0,, exists.
Corundum | (CORU) can be described as (Al, Cr, Fe, Mn),05. Solid miscibility gaps
[1]-option exist between the constituents.
(Mull) non-stoichiometric Al;Si, 0,3 with possible solubility of B.
Mullite

(MU]F) stoichiometric A16SIZ 013 with dilute Fe6Si2 013.
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FToxid Database: Main Solution Phases

Main solution phases when T > 1550 °C (steelmaking)
Note: these phases may still exist even when T < 1550 °C.

Phase Description

v" ilmenite (ILME): FeTiO; (ilmenite)-Ti,03-MgTiO3-MnTiO5 + Al,04
v pseudo-brookite (PSEU): Ti;0s-FeTi,05-MgTi, 0:-MnTi,Oc

v" Ti-spinel (TiSp): (Mg, Fe, Mn) [Mg, Fe, Mn, Ti, Al],0,

v" Rutile (Ti02): TiO, + Ti,03-Zr0, solid solution

Mn/Ti oxides
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FToxid Database: Main Solution Phases

Main solution phases when T < 1550 °C (solidification of slag)

Phase Description

(Woll) can be described as (Ca, Mg, Mn)SiO5; which is a CaSiO5-rich phase
Wollastonite | stable below 1300 °C.

Pseudo-wollastonite is stoichiometric CaSiO5 stable below 1550 °C.

(pPyr, oPyr, cPyr) (Mg, Ca, Fe'')[Mg, Fe'l, Fe'l, AI[{Al, Fe!'l, Si}SiO,, which is
a MgSiO5-rich phase stable below 1560 °C.

Pyroxene proto-, ortho-, low-clino-pyroxene exist. Clino-pyroxene is a CaMgSi; O¢-
rich phase which is stable below 1390 °C.
_ (Rhod) (Mn, Ca)SiO5 which is a MnSiO5-rich solid solution stable below
Rhodonite

1300 °C.
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FToxid Database: Main Solution Phases

Main solution phases when T < 1550 °C (mould flux, Na, O-containing
system)

Phase Description

Nepheline | (Neph) NaAlSiO, with excess SiO,.
Carnegeite | (Carn) NaAlSiO, with excess SiO,.
NaAlO2 (NASI) low temperature-NaAlO, with excess NaAlSiOy,.
NaAlO2 (NASh) high temperature-NaAlO, with excess NaAlSiO,.
Combeite | (NCSO) Na,CaSiz;Oq (bombeite) - Na,Ca,Siz0g solid solution.

(Feld) complete solution between Anorthite (CaAl,Si,0g) and Albite
Feldspar
p (NaAlSlg 08)

NCA2 The structure can be described as (Na,, Ca)O - Na,0 - 2Al,05.
C3A1 The structure can be described as Ca3Al,0¢ dissolving Na,O.
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FToxid Database: Main Solution Phases

Main solution phases in the Ca0-Al,05-Si0,-Fe0O-Fe, 03 system with high
oxygen partial pressure (e.g., Air)

Phase Description

CAFS The structure can be described as Ca, (Al, Fem)881016.

CAF6 The structure can be described as Ca(Al, Fem)12019

CAF3 The structure can be described as Ca(Al, Fem)6010.

CAF2 The structure can be described as Ca(Al, Fem)407_

CAF1 The structure can be described as Ca(Al, Fem)zo "

C2AF The structure can be described as Ca,(Al, Fem)zos_

C3AF The structure can be described as Cag(Al, Fe111)206,

11

Sustainable Materials Processing Lab FactSage Team MSE Department, University of Toronto



FTmisc Database

Phase | Description

Liquid Fe containing Ag, Al, B, Ba, C, Ca, Ce, Co, Cr, Cu, H, Hf, La, Mg, Mn, Mo, N,
Nb, Nd, Ni, O, P, Pb, Pd, S, Si, Sn, Ta, Th, Ti, U, V, W, Zr. This phase is better suited
for calculations involving iron and steelmaking processes (optimized for iron-
rich solutions only).

FeLQ
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FSStel Database

Phase Description

Fe, Carbide, and Nitride are all treated as FCC phases.
v Fe with N and C: use [J]-option (3-miscibility gaps)

FCC/BCC v Fe with N or C: use [I]-option (2-miscibility gaps)
For BCC phase, [[]-option is recommended.
dered oh (FCC_L12) and (BCC_B2) normally slow down the calculations
FCC ordered phase significantly. If you are not really interested in order/disorder
BCC ordered phase transitions, do not select these ordered phases.
When the C content is lower than ~1%, metastable Fe3C is normally
Carbon formed instead of stable solid carbons. Therefore, in the selection of

solid phases, “unselect” solid carbon phases to permit the
appearance of metastable Fe;C.
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Example 1: Desulfurization (Background)

Background: How Steel is Made

Electric arc furnace Steel refining
00 produces moiten steel facility
o°°°
Iron ore
Coal m;ecl on
Continuous casting EAF Route
Sulfur Carrier ~_ Birect raARo
produces solid,
Coal metallic iron % J g &
| from iron ore o L=
Recycled steel Slabs Thin sisbe
-
Basic oxygen furmnace
Coke Oven PrOduCSS fotles) sest =37 / / g B F' B O F Route
i :rgzl‘ = Blooms Billets
Blast fumace Pig iron casting AISI, Steel Production

Produces molten pig iron from iron ore

For the BF-BOF Route, there are two “spots” for desulfurization:

(a) Hot Metal (Liquid Iron): after BF in torpedo car or desulfurization station

(b) Liquid Steel: during ladle treatment 14
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https://www.steel.org/steel-technology/steel-production/

Example 1: Desulfurization (Background)

Background: Desulfurization of Hot Metal

BF o Torpedo Car

Desulfurization
0.04~0.07 wt.%S 0.01~0.001 wt.%S

The hot metal tapped out of the BF typically contains 0.04~0.07 wt.%S; the BOF
must be charged with de-sulfurized hot metal containing 0.01~0.001 wt.%S. The

sulfur removal is performed at a desulfurization station, e.g., torpedo car.
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Example 1: Desulfurization (Background)

Background: Desulfurization of Hot Metal

To remove sulfur from the hot metal, a suitable desulfurizing agent is added. The
following agents are usually considered (highlighted in yellow):

Mg(s) + [S] - MgS(s)
CaC,(s) + [S| — CaS(s) + 2[(C]
Mg(s) + CaO(s) + [S] — CaS(s) + MgO(s)
Note: [Element] represents the element dissolved in the hot metal.

In the following pages, we will use the Equilib Module to compare the efficiency
of these desulfurizing agents and to calculate the exact amount of desulfurizing
agent that is required to achieve the desired sulfur content.
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Example 1: Desulfurization (Basic Example)

Basic Example: Desulfurization of Hot Metal Using Mg

Let us assume the composition of hot metal (wt.%):

Element C Si Mn S Fe
wt.% 4.50 0.50 0.60 0.065 94.335
»| Solutes [« —»| Solvent

Note: the main difference between hot metal and liquid steel is the content of
carbon.

Now, we will add varying amounts of Mg to this hot metal to remove S as solid
MgS. Our calculation will be based on 100 g hot metal.
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Example 1: Desulfurization (Basic Example)

Basic Example: Desulfurization of Hot Metal Using Mg
&7 Equilib -[Reactants] — X

File Edit Tablg Units Data Search Data Evaluation Help

0O | D«' il TIC] Platm] Energyl)] Quantiyimal] Yolllire] m , Q| )1|
16 »| Reactants Window

Quantity[mol) Species Phaze TIC] Pltotal]™ Steamit Data
I.I I: || LI 1 1o
+ 5 »| Components of hot metal. [—
* [ | = | 1
* Is | = | 1
* |Fe | =l | 1
| [

+ [ = |

—»{ Desulfurizing agent.

I

[~ Initial Condiions

FactSage 7.3 Compound: | 1/14 databazes Solution: | 0/15 databases v
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Example 1: Desulfurization (Basic Example)

Basic Example: Desulfurization of Hot Metal Using Mg

File Edit Table Units Data Evaluation Help

e g™

I
G Data Search

(
x |

example, MgS.

FactPS is selected so that we have thermo data for some pure solids, for

[ sGTE

[ FThall

[T SGPS T IO

[ 5Gsold Clear &l

[] FTOxCH
[ FTntz

] FThelg
] FTpulp

metal (FeLq).

FTmisc is selected so that we have thermo data for hot

[ FTlite [ FTnuecl TG

Information -

Options - search for product species
Include compounds

[ gaseous ions [plasmas)
Default [ aqueous species

[ limited data compounds [25C]

|

Lirnits
Organic species CxHy.... Xmax] = |2—

Mirimum solution components: O 1 & 2 cpts
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Example 1: Desulfurization (Basic Example)

Basic Example: Desulfurization of Hot Metal Using Mg

47 Equilib - Reactants — >
File Edit Table Units DataSearch Data Evaluation Help
D||j=-| il | TIC) Platm) Energyll] Quantit(a) Vollitre) | ml B‘| )1|

il —{ Select Units. Use “g” for Quantity.

Quantity[g) Species Phaze TIC] Pltotal)* Streamit Data
4.50 Ic . — : :

« 5= IT" Masses of components of hot metal.

+ o8 i | ol

+ [o.0e5 s | KN [ [1

*+ [[34.335 [Fe | ~| | | [1

* M_|_’ [Mg | = | |2

Varying amounts of Mg.

We are not considering the change in thermo
properties. No need to check “Initial Condition”.

[ ™ Initial Conditions —

FactSage 7.3 Compound: | 2/14 databazes Solution; | 1/15 databazes v
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Example 1: Desulfurization (Basic Example)

Basic Example: Desulfurization of Hot Metal Using Mg

& G Selection - Equilib - no results - = l
File Units Parameters Help File Edit Show Sort Although we kHOW the deSUIfurization pI‘Oduct
D= Bekced 45z]  [S0UD] NSRS ses=al| is MgS, we choose to select all the pure solids.
Reactantz [B] | .
_ This does not mean we have to do so. FactSage
@ + | Code | Species | Data | Phase
T rere e | will determine which solid(s) should exist
+ £2] FactPS  diamond
Products + 42 bz FactPS  zalid . Cp ¥l
s et e under the given conditions based on the “Gibbs
+ 14 rg2C3=] FactPS  =olid L : : ” : :
o ¢ e o || B i TS ol energy minimization” principle.
AUEOLE 1] + 4F SiClz) FactPS  Solid_Alpha
[ pure liquids 0 + 47 SiCl=2] FactPS  Solid_Beta Of course, you can SeleCt Mgs Only'
*I|: pure zolids 4|:|| + 43 hdg2Sifz] FactPS  cF12-Frn[3m W
. ] * - 5[] FactPS | alpha_orthorhon Y
Pl SE'ECL'C'QCB_ ap | || p— 2 FactPS  bets morocinic |V
P ) + 51 b gS[s) FactPS  =olid I W
+ 52 SiS(z] FactPS  =olid W
T arget + 53 Si52z) FactPS  zolid i
- Nane - + Lt} kdrifz] FactPS  Solid_Alpha
e G - B PEERS | Sl e You can eidt the priority list. Here, we follow
Duantity(g): |0 + 5E M r[=3] FactPS  Solid_Garmm
e o il RICEER 0 TR the sequence: FTmisc > FactPS.
Ererr it + 58 kn3C(s) FactPS CEMEMTITE
| B | B> + 53 bnFC3(z] FactPS MFC3 0
| | + B0 bnSiz] FactPS cP8-P2(1)3 0 <
10 sheps [ [v permit selection of ™' species  Help | Suppress i iprerbtise | F T iz Fau:tF'SI
Shaw Selected | Select Al | Select/Clear... Cear | ok |
FactSage 7.3

21

Sustainable Materials Processing Lab FactSage Team MSE Department, University of Toronto



Example 1: Desulfurization (Basic Example)

Basic Example: Desulfurization of Hot Metal Using Mg

& Equilib - Menu: last system — >
File Units Parameters Help
== TIC] Platm) Energy)) Quantit(g) Yolllire) ’W ™
Reactants [B)
|
[ [gam]450 C  + 0505 + 060 Mn .._u.cﬁl This is hot metal.
Products
Compound species Solution phazes Cuztam Solutions
= | & Baze-Phaze [ fiwed activite |
[ gaz & - 0 + FTrigc-Fell G Fe-lig Solution Phase FTmisc-Fel )
aqueus 0 FTmisc-MATT I atte Fe-lig steelll-H Jung model]. Don't use with any other lig metal phaze. For
q
[ pure liquids 1] FTmisc-FeS_ FeS-ig [rondSteelmaking Processes, not solidification. Fe-ich(not for stainless)
* ure solids 40 FTmisc-tAT2C C-LigiMatteMetal . . .
{l+ p | FT:nniI:z-F'YHFIE EFF'yE:rhEutit: a) The companents in FTmisc-Fel ) for the current calculation are:
* - cugtom zelection FTmisc-BCCS bec Fe. C. Mn, 5. 5i. Mg
e 40
species FT misc-FCCS fec )
FTmisc-MS-c MeS_cubic Information. ..
—
Target L d
- hiohE - fieerl-lected 1 W Show ™ al  zelected
. Total Species [rmax 5000 46
Estimate T[K]. 1000 species: G , 1
. ID— solutions 1 Select Total Solutions [max 200
Huantity(g) ' Total Phases (max 1500] 41
Final Conditions E quilibrium
= <> | 10 |Pam ~||Product i) ~| || # nomal O
05 | [1000 1 | 4
10 steps [ £ apen Calculate >>
FactSage 7.3
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Example 1: Desulfurization (Basic Example)

Basic Example: Desulfurization of Hot Metal Using Mg

G Equilib - Menu: last system

- >

The mass of desulfurization agent Mg

File  Units Parameters Help
W= E TIC) Platrm] Energul)] Guantite(g) alllitre] "1 B
Reactantz (6]
| [gram)450 C + 0505 + OB0Mn + 00B55 + 94335 Fe + <> Mg |
Products
Compound speciesz Solution phases Cuztom Solutions
= 0 fized activities
[ gas = ' ] FTrmisc-Fel i 0 ideal solutions
[T aquecus 0 FTrmisc-MATT b atte Pseudonyms :
[ pure liquids 0 FTrmiscFeS5_ FeS-ig apply [ Edit...
*||T pure solids 4E|| FTmisc-MAT2C C-LigiMatte/Metal) Yolurme data
T FTmisc-PYRAC C-Pyrthotite Zssume meler volmes of
" EHsem e ecslpl:g:ieﬁ: 40 FTmisc-BCCS boo include molar volume data
FTmizc-FCCS foo and phyzical properties data
| paraequilibrium & Gmin  edit

otal Species [max 5000] 46

otal Solutions [max 200 1

Total Phazes [mawx 1500] 41

Target
esinfare €| §S from O to 1 g in steps of 0.01 g.
Cuantith
Final Cdnditions
A <B3 | TIC) | Platm) v ||Product HY) ~|
01001 1400 1 |
10 steps [

E quilibrium

* normal " normal + hansitions

" hransitions only

Calculate >>

" open
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Example 1: Desulfurization (Basic Example)

Basic Example: Desulfurization of Hot Metal Using Mg

{? Equilib - Results A=0 (page 1/101)

Edit Show Pages  Final Conditions

We would like to see how the amount of sulfur in the hot
metal decreases with the addition of Mg.

A=021 | A=(22 | A=(23 | A=D.24|

Save or Print » TIC) Platm] Erergel]) Quantity
» | Plot Results ... =02
Equilib Results file » Repeaf Plot - ... ] A=0.08
Streamn File »
Enmmat 3 + 0.0 ¥n + O0.085 5 +
Fact-XML > [ 7
Fact-Optimal LY
, ) a=1. 4000}
Fact-Functicn-Builder * i Fe
&2 C
Refresh ... % Mn
Swap loops ... -% 3
P P % 5i)
System component Zmount,/mol Amount /g
Fe 1.&852 94 335
Mn 1.0%Z1E-02 0.g0000
5 2_.0271E-03 & _5000E
51 1.7803E-02 0.50000
c 0.374€7 4 _5000
+ 0 gram ©C_Graphite
(1400 ©, 1 atm, 51, a=0.21258)
Final Conditions
+ 0 | B B | TIC] [ Platm)
(01 0 | 1400 1
+ 0
£

ﬁ Results Processor w\MSE3D2Exercise\Equil.res

File Help

450C + 05050 + 0.60OMn + 0055 +

Axes |

WYariables | Minimum

M aximum

Axes

0 selected

activity
mole
mole fract. zoln. species
gram
weight % soln. species
Alpha
TIC] 1400
Platm] 1
Cpll/K) 81.908
G] -1.9376E+05
Wolllitre) i]
HiJ) 1.3098E+05
" [litre) 0
SH/K) 191.73
- page - 1

Graph

zize: IS_ no: |I

 chemical
" integer #
" none

FactSage 7.3

offzet  [v

1 b SE 30ME wercize\E guill. res

12,392
21018
0807203
10016
94.394
1
1400
1
106.63
-1.8936E+05
0
1.3430E+05
]
1396.43
101

Dizplay
v colar
colors ..

[ full soreen

" Vigwer

v tant .
reactants & Figure

v file name

MBduge2 101 zete
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Example 1: Desulfurization (Basic Example)

Basic Example: Desulfurization of Hot Metal Using Mg

{? Equilib - Results A=0 (page 1/101)

We would like to see how the amount of sulfur in the hot
Edit Show Pages  Final Conditions

Save or Print , Ty Praim) Erego) ouaniy] Metal decreases with the addition of Mg.
» I Plot Results ... =02 | A=021] A=022[ A=023 | A=0.24 |
Equilib Results file . Repeat| Plot - ... ] A=0.08 {7 Results Processor: wAMSE3D2\Exercise\Equil.res b4
Stream File * File Help
Enmmat » t 0.€0 ¥n + 0.0&5 5 + 450C + 050G + DE0Mn + DOBES +
g = Axes | WYariables | Minimum | M aximum
e ? activity 0 12392
. male 0 21018
Fact-Optimal ? 1) mole fract. zoln. species i] 0807203
. . a=1.§000) gram ] 10016
Fact-Function-Builder * | % Fe weight % zoln. species i 34394
& C Alpha 1] 1
Refresh ... % Mn T[C) 1400 1400
Swap loops ... -% 5 Platm] 1 1
_% 5i) CpidAK) a1.308 106.63
G -1.9376E +05 -1.8936E +05
System component Amount,/mol Amount,/g Wolllitre) 0 0
Fe 1_e852 54335 HE) 1.3098E +05 1.3490F +05
Mn 1.05%21E-02 0. g0000 " (litre]
s 2.0271E-03 £.5000E 514K :
. TR Lo S Choose S in the hot metal.
c 0.374€7 4 _5000
Anes Graph
+ 0 gram C_Graphite ,[jsplay -
(1400 ©, 1 atm, 51, a=0.21258) sz 3 nofa || Cz:;'ms full screen
Final Conditions {* cherical v reactant”s- = Vigwer
+ 0 | T | <B3 | TIC) | Fatrn] ™ integer # v ' Figure
HLE'al e e name
(01 0 | 1400 1
e wt. %S~ < A > graph.
FactSage 7.3 1 b SE AR werciee\E guill. res MBduge2 101 zete
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Example 1: Desulfurization (Basic Example)

Basic Example: Desulfurization of Hot Metal Using Mg

Iﬁ Plot Species Selectiu:unl- Equilib Results: ws

File Show Select

+| # | Species | Mole [min] | Mole [max) | Fraction [mi
45 Fe10511 0 |D—| 0 The amount Of M <
4 FellS12 0 0 0 | Choose wt.%S. &
SOLUTIONS
47 GAS i i i ﬁ Axes: weight % soln. species vs Alpha >
43 Fell 2.0927 21ms a Y-variable X-variable Swap fAxes
ELEMENTS
49 Fe GAS 0 0 a - ais — Heanis
50 Mn_GAS 0 L L —-I [weight % soln. species I -n-'-‘-.lha
a1 S_GAS ] 1] 1] :
A2 Si_GAS ] 1] 1] . :
- awimLInm =
53 Mg GAS 1] 1] 1] |EI1—|
313] Fe Fell 1.6892 1.6892 0803704 . .
AR b Eel 0 1.0921E-02 | 1.0921E-02 | 5.1962E-03 tick. evaty ok evety
I + 57 S Fell I 1.2686E-07 | 20271E-03 | 5.9831E-03
i Em Si_Fel 1.7803E-02 | 1.7803E-02 | 8.4702E-03
s kg Fell] 0 9.1863E-03 0 Ceres] P afresh 0K
=11] C_Feld [0.374E6EE 0. 374666 0178259 _—
Display Ma: You may need to manually adjust the
N o > . ..
 hase ’ maximum and minimum values.
Clear [ name o
r
[ Click on the '+ column to add or remove species. | [page] 101
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Example 1: Desulfurization (Basic Example)

Basic Example: Desulfurization of Hot Metal Using Mg

&3 Figure  User: Materials Science, U. of Toronte - O *

File Add Edit View Help

olslal ) sl slelx | =] &2 o x|E

|»

450C + 0.50 Si + 0.60Mn + 0.065S +
w:\MSE302\Exercise\Equil.res 05Aug22
T
T - - -
? You may notice the concentration of sulfur in the hot
metal drops quickly with the addition of Mg.
To have a better view, let us use logarithm for Y-axis.
. Alpha )ﬂ
FactSage 7.3 122 14 X = 0.066666667 ¥ = 0.11290984 Ch\FactSage\EQUILIB.FIG
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Example 1: Desulfurization (Basic Example)

Basic Example: Desulfurization of Hot Metal Using Mg

activity {7 Axes: log10(weight % soln. species) vs Alpha bt 47 Plot: log10(weight % soln. species) vs Alpha x
mole X-variable Swap Axes File Help
mole fract. soln. species 450C + 0505i + 0O60Mn + QOBES +
¥-auis -3z - — -
gram o Oweight % soln. species] | Varl@l:rles | Minimum | M aximum
+ weight % soln, spgcies aCllTlt}' g 12213192
Tnaximum madimum {1 male -
Alpha o D o mole fract. soln. species 0 0.807202
T(©) miimum miman 0] aram 0 10016
P(at tick every  [q tick every [0 ¥ -axis weight % soln. species 0 94 394
Ia I"I'I] _ ¥ _axis .-‘-'«Ipha 0 1
CpU/K) 1) 1400 1400
G() Fatm] 1 1
Vol(litre) Cancel Refresh Ok Cpl) /K] a1.808 106.69
' GlJ] -1.9376E+05 -1.8936E+05
HO) A Vollitre) 0 0
Vilitre) HiJ] 1.3033E +05 1.3430E +05
Vilitre) 0 0
SU7K) 5[] 191.73 196.43
- page - - page - 1 1M
Y Species Graph
D[weight % soln. spet 1 zelected Labels Dizplay
el wa ee[a nofs | | M edlor [ full sereen
In(v) Jring C alect sizer |9 noijd ;
elec
! 5 (& chemical ™ r::cltj;ts " Wiewer
ep(Y) " integer # = i (% Figure
1 Repeat ‘ O rone ile name
phase distribution offset v

FactSage 7.3 v MSEIDZNE wercize\Equillres 1540022 101 sets

Back to the Plot window. Click on “Axes”.
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Example 1: Desulfurization (Basic Example)

Basic Example: Desulfurization of Hot Metal Using Mg

{7 Figure  User: Materials Science, U. of Toronto - O *
File Add Edit View Help

Dj|@o] ol sl@l x| | S| &5 o x| G- seectd | _
450 C + 0.50 Si + 0.60 Mn + 0.065S +
w:\MSE302\Exercise\Equi0.res 05Aug22
’ |
It is seen that after the addition of ~0.1 g Mg, the desulfurization
is not so effective.
T
T
o i —| You can edit/delete the label by right clicking on it.
: Very often we are asked to reduce the sulfur content to a
certain level, that is, a target wt.%S. Say our target is
0.001 wt.%S, we can read off the graph that this sulfur
» level will be achieved after adding approximately 0.05 g
ol ! Mg. However, there is a better way in FactSage and we
) ~=| are permitted to perform composition target calculation
FatSope?3 914 X=-OOTITITITI Y= 1290063 (next slide).
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Example 1: Desulfurization (Basic Example)

Basic Example: Desulfurization of Hot Metal Using Mg

G Equilib - Menuw: last system

File Units Parameters Help

Composition Target Calculation

- >

0= E

(u] E E, cl

TIC] Platm] Energyll] Quantity(g) Walllitre)

This will change to “C” after setting the target. |,

mom®

94335 Fe  +
Products L
Compound species Solution|phaszes I
=| b | Base-Phase | Full Name
Solution FTmisc-FelQ | «| FTmiscFeld Fe-ig
- clear FTmigc-MATT Matte F
FTmisc-Fe5_ Fe5-lig
o - all end-members iq(Matte M etal]
* - custom select end-members ... nght Clle C-Pyrrhatite
m - merge dilute solution from T b .
- solution properties .... FTmizc-FCCS foc
FTrmizc-bd Sac kS cubic
~ + -single phase
L 2gend
| - possible 2-phase immiscibility L -E'ISEIE ted 1 ¥ Show i all 7 zelected .
)
] - possible 3-phase immiscibility <_ species: g 1
o T
o solutions: 1 % -
- standard stable phase To
! - dermant (metastable) phase
F - formation target phase Equil
. T(C) || Platm j | Product H[J] j f* no
P - precipitate target phase
| = 1 poo |1 | ™ ha
C - composition target ... I =
101 calculations | | T op

L - cooling calculation ..

Help ...

Sustainable Materials Processing Lab

FactSage Team

G Composition Target

Solution MI53-Feld

Yariable

Code numbers (92-97)
Fe. C. bn, ..

92 Fe

" species composition

" log10 [zpecies composition]

I {* element compasition I

" log10 [element compaosition]

Element
~ ) .
species actvily Elements C Mg 5i5 Mn Fa
" loglO[species activity)
Element:

(" - none [removes targets) -

Values

Enter a zingle walue - or enter a range of values 'irst last step’

Element 5 ||[|_[|[|DD‘|| i | |
mazs fraction:

[0.001 %)

Set the target sulfur content.

Cancel Help QK
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Example 1: Desulfurization (Basic Example)

Basic Example: Desulfurization of Hot Metal Using Mg

G Equilib - Menu: last system L. . >
e Units Parameters Help Composition Target Calculation

D= TIC] Platm] Energyl)] Quantityg] “alllitre] "' B €

Reactants [6]

[ jgram)450C + 0FOSi + 0DG0Mn + OOE5S + 94335 Fe + <A> Mg |

— | Now we are performing composition target calculation.

Products
Compound species Solutionphazes Cuztam Saolutions
= | 1| Base-Phase | Full Hame 0 fiwed activities Q
[ gas & "~ 0 & FTrmisc-Fel0 Ferlig 0 ideal solutions
[T aquecus 0 FTmigc-tATT Malte Fseudonyms =
[ pure liguids 0 FTmiscFeS_ FeS-liq apply [ Edit ...
* [+ pure solids 40 FTrmisc-MAT2C C-Lig[t atteM etal] Yolume data
¢ uctor st FTmisc-PYRAC C-Pyrthalite (@ aseume Mot walimes of
custom = EC$|§2CiE$: 40 FTrisc-BCCS bec include molar volume data
FTmizc-FCCS foc atd physical properties data
Terget We must leave this blank because we are calculating the required amount
- nohe
eaifae 7 Of Mg which gives the target sulfur content in hot metal.
Huantiyig): J8 soutiens: T ———" | Total Phases (max 1500] 41
Final Conditions E quilibrium
| Lo | B> | TIC] || Platm] j|F’ruductH[J] j * marmal " normnal + tranzsitions
[ | 1400 1 | ™ transitions only
[T SEpS J " open Calculate >»
FactSage 7.3
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Example 1: Desulfurization (Basic Example)

Basic Example: Desulfurization of Hot Metal Using Mg

43 Equilib - Results 1400 C,

Qutput Edit Show Pages

D=l RIS &

Final Conditions

Composition Target Calculation

TIC] Platm] Energyll] Quantity(g) Yallitre)

M @

FactSage 7.3 A

This is the mass of Mg required to achieve the
desired sulfur content in the hot metal.

Mole fraction Mass fraction

0.94355

Y T

T = 1400 <
D=1 atm
V=0 dm3
STRERM CONSTITUENTS AMOUNT/gram
c 4 _S5000E400
5i 5_0000E-01
Mn €.0000E-01
5 £.5000E-02
Fe S _4335E+01
*Mg 4 _S405E-02
EQUIL AMOUNT MRS5S FRACTION ACTIVITY
FHRSE: Fe-lig gram
Fe 9 .4335E4+01 S9_.43595E-01 G.EE55E-01
c 4 5000E+00 4 _50Z2E-02 2.2025E-01
Mn £ 0000E-01 £ 0033E-03 2. 8T711E-03
Ls S gSaTE—04 Ll ooooE—0s 2. 0Z200E—-0g
5i 5.0000E-01 5.0032E-03 4 _EE93E-05
Mg 8 _9328E-04 8 _53B4E-0¢ 4 _Sg53E-02
TOTRL: 9.95937E4+01 1.0000E4+00 1.0000E4+00
System component Amount /mol Mmount/gram
Fe 1.88%52 94 _335 0.80721
;Ln Final Conditions
si || by | <E> | TIC) |  Plam | ProductHY) |  [1 calculation] ﬂ
Eg | | |1 400 1 Calculate »>
<
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Example 1: Desulfurization (Basic Example)

Basic Example: Desulfurization of Hot Metal Using CaC,

L7 Equilib - Reactants - e
File Edit Table Units DataSearch DataEvaluation Help
QlEI il TIC) Platm) Energyil] Quantity(a) Yollitre) M

1-6 |

Quantity(g) Species Phase T(C] Pltotal/™ Streamit Data
|4.50 Ic | =l | 1

*+ |os0 fsi | BB [ |1

*+ |0E0 [Mn | ~| | | [1

+ |o.0es s | BN [ |1

*+ (94335 [Fe | ~| | | [1

A PT |cac | = | | f1

We replaced Mg with CaC,.

[~ Initial Conditions

FactSage 7.3 Compound: | 2/14 databaszes Salution: | 1415 databases -
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Example 1: Desulfurization (Basic Example)

Basic Example: Desulfurization of Hot Metal Using CaC,

& Equilib - Menu: last system — >
File  Units Parameters Help
02l g TIC) Platm] Enerayl)] Duantity(al Yollltre] m =™
Reactants [B)
| [gam)450C + 0505 + OB0Mn + OORS S + 94335 Fe + <Ay CaC? |
Products
Compound speciesz Solution phases Cuztom Solutions
= | + | Base-Phase | Full Mame 0 fiwed activities Q
[ gas &= ' ] o FTrmisc-Feld T 0 idzal solutions
[T aqueous 1] FTrisc-MATT Pseudonyms -
[ pure liguids 0 FTmisc-Fes_ apply Edi ...
I* [+ pure solids 43' FTmizc-MATZC C-LigiM atte/Metal) Yolume data
A FTmisc-PYRRC C-Pyrthoite assume melar vallmes of
- eustom se ecxlggcies 43 FTmisc-BCCS beo ¢~ include molar volume data
’ FTmigc-FCCS
o~ — FlmiscHS-c " We keep all the settings, i.e., phase selection and final
2gen
- none - . v Show (* .-
. +-selected conditions same to the case where Mg was used.
Estimate ALPHA: |05 species: sise
. . I t . _I a L LR S LHLATTENT: TS SLILE u
Wuanit(al: |0 souens ——— | Lol Phases e 1500 44
ity E quilibrium
<A <B TIC) Fatm] j|F’mduclH[J] ﬂ * namal {7 nomal + transitions
010.01 1400 1 | " hransitions anly
1na steps [ 101 calculations || | open Calculate >3
FactSage 7.3
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Example 1: Desulfurization (Basic Example)

Basic Example: Desulfurization of Hot Metal Using CaC,

ﬁ Figure

File Add Edit View Help

o)) o] 1)@ X| | 2| &2 x|

User: Materials Science, U. of Toronto

O X

-0z

B A T

04

log, fweight % soln. species)

08

<

FactSage 7.3

450C + 0.50Si + 0.60Mn + 0.065S +
W:\MSE302\Exercise\Equil.res 06Aug22

{? Equilib - Results A=0.14 (page 15/101)

Output  Edit Show Pages  Final Conditions

A=|J] A=0.01 A=EI.+JJ] A=EI.{IE] A=u.ﬂ4] A=ﬂ.ﬂi] A=
A=0.13 A=0.15| A=0.16| A=0.17| A=0.18|

+ 4.54585 wt. % O
+ 1.8187E-04 wt.% Ca

precipitated as a solid phase.

When the addition of CaC, exceeds 0.14 g, the amount of sulfur in the hot metal
becomes so small that the desulfurization rection does not proceed and CaC, is

5_FelQ 5_FelQ 5_FelQ 5_FelQ

A

5 3 _0€%9
5i 1.7&80
c 0.378

+ 0.14524 gram CaS_solid
{0.14€24 gram, 2.0271E-03 mol)
{1400 €, 1 atm, 51, a=1.0000)

+ S.7732E-03 gram ©CaC2_solid
7

223 25

0.20 0.40 0.60 0.80

Alphs

X = 0.2162963 Y = 1.0655738

C\FactSage\EQUILIB.FIG

1.00

(9.7732E-02 gram, 1.52472-04 mol)
{1400 C, 1 atm, 52, a=1.0000)

+ 0 gram ¢ Graphite
{140~ Final Conditions
| e | B>

=l
¢1a0 |01 001 |

Sustainable Materials Processing Lab

FactSage Team
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Example 1: Desulfurization (Basic Example)

Basic Example: Desulfurization of Hot Metal Using CaC,

G Equilib - Menu: last system L. . *
e Units Parameters Help Composition Target Calculation
D2l g TIC] Platr] Erergul)] Duantitylg] Yollitrs] m’d &7 Composition Target x
Reactants (6)
WYariahle
| [QTEIITI] 450 C + 0505 + 060 Mn + 00OG5 S + 94.335 Fe + <&y CalC2 | ' SpECiES cnmpositinn Code nurnbers [95_100]

. o Fe.C. Ca, ..
" log10 [species composition) =Bl

Products
. . . = 95 Fi
Compound species Solution phazes Cugtom Solutions I ' element CDmDDSIlIDnl c
- o .["':Ed ac:t|v_|t|es 4 | T lagl0 [element compasition)
[ gas ¥ { 0 FTmisc-Feld Feig 0 ideal solutions Element
AUEOUE 1] s Pseudonyms - i ivil
[ =9 DUs FTI‘I‘II:SC MATT Math.a i species activiy Elements T SiS Ca Mn Fe
[ pure liguids 1] FTmizc-FeS_ FesS-lig apply [ __| : o
" " log10[species activity]
I * [ pure solids 43' FTrmisc-MAT2C C-Lig[Matte/Metal] Yolume data o voll Element: |5 | I
e X : azsume molar vo :
* . cystomn zelection FT IT|I$:I: PYRRAC C-Pyrrhatite f SCIlIdS and liquids " - hone [removes targets) -
species: 43 FTmisc-BCLS bee ~ include molar vol
FTmizc-FCCS foo and physical prop Values
FTmisc-k5-c teS_cubic .

- [ paraequilibrium & 0 . . .
Composition tanget Legend Virtual o Enter & single walue - or enter a range of walues first lazst step
Element S - FTmiscEal C dimaiagnar | W Show & &l selected IMLET Epeces: = .

E stimats ALPHA £ Total Species [mas 50 ef”"en_t |0.000c
zhimatg 3 . B ]
»1 Leave it Blank. pecies B goecy | | Total Solutions fmax 2 SR g0y
Cluantity(g zolutions; 1
Total Phases [max 15

E quilibrium

< <B> TIC) |F'[atm] le‘mduct Hi) j {* pammal Cancel Help
|

{|1400 1 &
10 e o (" open Calculate >»
FactSage 7.3
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Example 1: Desulfurization (Basic Example)

Basic Example: Desulfurization of Hot Metal Using CaC,

Sustainable Materials Processing Lab

43 Equilib - Results 1400 ClA:[HP_?QI L . O >
Qutput Edit Show Pages  Finpl Conditi ComPOSItlon Target CalCUlatlon
Ol = |I| TIC] Platm] Energy[l] Quantity(g) olllitre] “‘ BI Bs
| FactSage 7.3 A
T = 1400 C
E =1 atm
V=0 dm3
S wemr/eeen | THIS 1S the mass of CaC, required to achieve the
c 4 _S5000E+0 . .
54 5_0000E-01 deSIFEd SUlfur content in the hOt metal.
HMn €. 0000E-01
5 € _5000E-02
Fe 9 _4335E+401
*CaC2 1._2754E-01
EQUIL AMOUNT MA&SS FRACTION ACTIVITY
EHASE: Fe-lig gram
Fe S _4335E+01 S_4350E-01 £€.6225E-01
C 4 _5473E+400 4_548T7E-02 2.4085E-01
Ca 1._785%5E-07 1.78%92E-0% 4 _g317E-O7
Hn c_0000E-01 c _0010E-03 2_B4c0E-03
| s 9_89934E-04 1.0000E-05 3.0375E-0€ |
E1 B O000E-01 ER o T 7Z31E-08
TOTAL: S5 _59924E+01 1_0000E+00d 1_0000E+00
System component Amount /mol Amount/gram Mole fraction Mass fraction
Fe 1_€832 34 335 0_B05ES 0.%4350
1,;: IR v mmmam An m e r ommmem A .
s || <> | <B> | TIC) |  Plam) | ProductHY) | [1 calculation] ﬁ
51 || | [1400 1
- Calculate >> v
L4 >

FactSage Team
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Example 1: Desulfurization (Basic Example)

Basic Example: Desulfurization of Hot Metal Using CaO + Mg

{7 Equilib - Reactants — et
File Edit Table Units DataSearch Data Evaluation Help

0 ||3,'~| il T[C] Platm) Energyi]] Quantitylg) Yalllire] ml B| ];r|

1-7]
Quantity(g] Species Phase T[C) PjtotalF= Streamdt Data
|+50 Ic | = | [1

+ oso Jsi | ] | [
* oo [han | = | [
* Jn.0es E | = | [
+ [a4.335 |Fe | BN | f1
e Mg | =i I [2
MEE |Ca0 | = | E

This time, we are adding varying amounst of CaO and Mg to

—’ ]
remove the sulfur in the hot metal.
| Iribial Condibions ‘

FactSage 7.3 Compound: | 2/14 databazes Solutior: | 1/15 databases v
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Example 1: Desulfurization (Basic Example)

Basic Example: Desulfurization of Hot Metal Using CaO + Mg

G’ {Lj’ Selection - Equilib - no results - O it
File Units Parameters Help | File Edit Show Sort
b= E [Selected: 120/142]  [SOLID _ [selected.| [ denotes species excluded by default|
Reactantz (7] | - o resulks - |
[ (e 450 C s + | Code | Species | D ata | Phase |T |"|F'| Activity | Minimum | M aximum -
+ L FactPS  Graphite W
+ 2 Cl=2] FactPS  diamaond W
Products + 76 Mals] FactPS  zolid W
Compound species + I kM gC2(=] FactPS  =zolid o
+ 78 M g2C3z) FactPS  zolid o
[ gas & i a + 9 Mgz FactPS  Periclaze W
[T aqueaus a + a0 MgCO3(s] FactPS magnesite_CaCl %
[ pure iquids 0 o Cilo] CactDC Jicl i
* |4 pure solids 130 4 . .
| | 1 We select all the pure solids and ask FactSage to determine the stable
* - cugtom gelecfion 4
. . . . )
semes—38—9¥ pure solids after reaction. Again, you don’t have to do so because you
4 . .
o 1 probably already know what pure solids will form.
- hone - + od SI=[=a] FactFa™ Crstobalte(l] W
E ztimate Platm]. 1.0 + 23 Si02[=6) FactPS  Cristobalite[h) bW
Quantitya): [0 + a0 Si02[=7] FactPS  coesite W
+ 91 Sid2[=8] FactPS  stizhovite W
Final Conditions + 92 M g2Sils] FactPS  cF12-Fm{3m W
| e <B> + 93 kgSi03[=] FactPS  low-clinoenstatit W
+ 94 M gSi0a[z2] FactPS  ortho-enstatite bW -
(01 0. | ]
10 steps - Iw permit zelection of %' speciezs . Help | Supprezs Duplicates | I Edit priovity list : |FT iz FactPs |
Sl Selelzg) Select Al | S lee e | e | oK |
FactSage 7.3 whSE S
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Example 1: Desulfurization (Basic Example)

Basic Example: Desulfurization of Hot Metal Using CaO + Mg

G Equilib - Menu: last system — .

File Units Parameters Help

D2l g TIC) Platm) Energyll] Quantity(a) Vollitre) lﬁ JE3

Reactantz (7]

| fgam]450C + 0505 + OFDMn + OOGES + 94335 Fe + <d» Mg + <h» Cal |

Products — P Select FeLQ for the hot metal.
Compound species Solution phagzes Cuztom Solutions
= [ + | Base-Phase| | Full Name 0 fixed activities Q
[ gas & & 0 | +  FTrisc-Feld Fe-lig 0 ideal solutions
[ aqueaus n FTmizc-MATT b atte Pzeudorpms -
[ pure liquids 0 FTrmiscFes_ FeS-lig apply [ Edi...
|* |+ pure salids 130 | FTmisc-MAT 20 C-Lin[M atteMetal) Yalume data
© - custom soloct FTmisc-PrRAC C-Pyrhotite v assume melar volumes of
FHsiam = E':S'Egcies; 130 FTmisc-BCCS bee includs molar volume data
FTmigc-FCCS foo and physical properties data
T ‘ FTmisc-hS-o MeS_cubic [ paraequilibrium & Gmin  edit
Sl Legend
- FiokE - +-E'I$elec:ted 1 [v Show(* al  zelected
Estimate Platm]; 1.0 .
——— > The mass of both Ca0 and Mg are varied from 0 to 1.0 g, and
; o
: - the temperature is 1400 °C
Final Conditions
<h B> TIC] |F'[atm] = ||Product H) =] | | ™ nomal € nomal + transitions
0100 1400 1 | € transitions only
0 steps [ 101 caloulations | | © open Calculate >
FactSage 7.3 S ESNANE mercizesEquile-S_Using_Mag. DAT
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Example 1: Desulfurization (Basic Example)

Basic Example: Desulfurization of Hot Metal Using CaO + Mg

{3 Figure  User: Materials Science, U. of Toronto — O *

File Add Edit View Help

Dol bl sla X | S &2 & ENs] st |
450C + 0.50 Si + 0.60Mn + 0.065S + N
w:\MSE302\Exercise\Equil.res 07Aug22
. |
> If you are curious about the change in the slope of wt. %S~<A>, you

=t can plot the masses of the pure solids against <A>.
-
T
Bl L

. Alpha )ﬂ

FactSage 7.3 318 614 X = 0.35703704 Y = -11.004008 Ch\FactSage\EQUILIB.FIG
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Example 1: Desulfurization (Basic Example)

Basic Example: Desulfurization of Hot Metal Using CaO + Mg

' Fi |F'I|:|t Species Selectiu:unl- Equilib Results: gram vs Alpha O et
File @ Setert
P
+| i | Species | Mole [min] || Mole [max] |—le:l'|'l:l'r| [min] | Fraction [max] | Activity [min] | Activityﬂ-a l
153 Fe_Feld 1.6892 1.6892 0806235 0816116 I} I} |
160  C_FelO 0.343066 0.374EEE 0165745 0173035 1] 1] .ﬁ‘,r Plot Species Selection - Equilib Resul
2 C 1.343066 .37 46566 1165745 0.1739035 1663144 082257
+ |18 Mo 0 17832602 O 0 0 1 File | Show  Select
v Si 1.7803E-02 | 1.7803E-02 3.4969E-03 a.6011E-03 4 0261E-05 4 6933E Z‘ gas phase
157 Si_Feld 1.7803E-02  1.7803E-02 8.4959E¥ 2.6010E-03 1] 1] ]
. |51 ol o onoc » AUECUS SPECiEs
e .y Double click on “Mole (max)” to sort the pure solids pure liquids
n_Fel N .
. . . . pure solids
4 Mn (highlighted in green) and choose the pure solids that p i
a ] . i =
],.-28 rI;IgS_FeLD are present, i.e., number of moles greater than O. SOLUTIONS
+ a
_______ 156 5_Feld 20221E-08 | 20271E03 | 9.7692E-09 3.6777E-04 0 0 S 2
B 5 20221E-08 20271E-03 9. 7E92E-09 9.6777E-04 1.8592E-09 1.9459E |
+ |43 kS ] 1.1135E-03 0 0 ] 1 Al
155 Ca_Feld 1] 5.3789E-06 0 2.5937E-06 1] 1]
3 Ca 1] 5.3623E-06 0 2.5903E-06 1] 7.BBEZE . Clear
Displ M Ord s
isplay ass f‘l I:t; - Select Tap lﬁj
B * mol
- EE:ISC: e :: Frn:g;:[rl;n[arz}ax] ignore species and
Clear m hame " gram  activity (o] phases with zero masz 0K
: — _ ™ [page] Select ...
[ Click on the '+' colurmn to add or remove species. |

Sustainable Materials Processing Lab

FactSage Team
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Example 1: Desulfurization (Basic Example)

Basic Example: Desulfurization of Hot Metal Using CaO + Mg
G| I

File Help

450C + 0505 + 0BOMn + OOBSS +

Axes | Variables | Minimum M azimum
activity ] 12392
mole 1] 20952

E117
Axes: Alph >
47 Axes: gram vs Alpha o

Y-variable ¥-variable Swap Axes 553

-amiz  F-anis an

MRERITILINT ] MRERITILINT

Select gram for Y-axis and <A> for X-axis.

rrirnirnL rrirnirnL

tick, every tick every |01

Cancel Refrezh (]

size:[3 moc[4 | | ¥ color [ full screen

Select colors ..

* chemical " Yiewer
[v reactants & Figue

v file name

" integer #
Repeat ™ none

offset [

Eu:tS age 7.3 WS E 302NE mercizehE quill res 07Augds 107 zets
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Example 1: Desulfurization (Basic Example)

Basic Example: Desulfurization of Hot Metal Using CaO + Mg

{3 Figure  User: Materials Science, U. of Toranto - O X

File Add Edit View

D= & el |%r;gﬂJg@J @ x|[r ]+ selected |

450C + 0.50Si + 0.60 Mn + 0.065S + "
w:\MSE302\Exercise\Equi0.res 07Aug22
| Clearly, when <A> is greater than 0.11, CaC, starts to precipitate; this
would affect the removal rate of sulfur from the hot metal.
T
T
3
. Alpha )j
FactSage 7.3 172 1 X = 0.14074074 Y = 1.3622951 C:\FactSage\EQUILIB.FIG
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Example 1: Desulfurization (Basic Example)

Basic Example: Desulfurization of Hot Metal Using CaO + Mg

G Equilib - Menu: last system L. . >
Fle Units Parameters Help Composition Target Calculation
W= TIC] Platm) Energyl)] Quantityla) Wolllitre) “T Ié {7 Composition Target %
Reactants (7)
Variable
[ (wem]450C + 0505 + 06O Mn + O0B55 + 94335 Fe + <io Mg + > Cal || ¢ species compostion Ot e (B350
Fe. C.Ca. ..

" logl0 [species composition]

Products ’—_|
I {* element compositinnl “16 Fe

Compound species Solution phases Cuztom Solutionz
= | + | BasePhase | Full Name 0 fived activities | ¢ 1410 jelement composition)
[ gas & { 1] C FTmizc-Fell Felig 0 ideal solutions Element
[T agueous 0 FTmisc-MATT Matte Pseudonyms (" species activity Elemants C 0 Ma 5iS CaMn Fe
[ pure liquids 1] FTrisc-FeS5_ FeS-lig apply T ] © log1Djspecies activit] 9
|* [+ pure solids 130 FTmisc-MAT 20 C-Ligl atte. M etal) Valurne data i e
FTmisc-PYRRC C-Pyhotite o assumemolarvold | rargats) e
* - custom selection FTmisc-BOCS b solids and liquids § nane [remaoves targets
species 130 misc- cE ¢~ include molar voly
FT ml_sc:-FEES foe _ and phyzical prop Values
FTmigc-M5-c MeS_cubic I
- [ paraequilibriurm & G E indle val f values firt | "
Compaoszition target Legend Virtual o nter a single value - or enter a range of values 'first last step
Element 5 - FTmisc.Eel C dimatagner | ¥ Show & al 7 selected LA FPECIES. i
Estimate ALPHA o0 T otal Species [max 500 Ermert‘_ |0.00001
stimate : . ies: ) g
) Leave 1t Blank, SlESH 12 Select Total Solutions [max 2 mass aston (0,001 %)
Huantity(g solutions: 1
Total Phases [max 150

E quilibrium

<y <B> TIC] Platm] v ||PoductHY) ~| | | ® nomal Cancel Help
|

1400 1 f“

1a sheps r 1 calculation || | T apen Calculate >»

FactSage 7.3 wi M SE 30ENE wercizehE quiDe-S_1zing_Mg DAT
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Example 1: Desulfurization (Basic Example)

Basic Example: Desulfurization of Hot Metal Using CaO + Mg

& Equilib - Results 1400 C,lA: D.[l494|

Fin

Qutput Edit Show Pages

D= B &

O

Composition Target Calculation

TIC] Platm] Erergel)] Quantity(a) “alllitre)

| Conditio

x

[l 1 Er3

C 4 _SO00E+00 A
5i 5_0000E-01
Mn €. 0000E-01
s £ _5000E-02
vl ;-i3s==1 | This is the mass of Ca0 and Mg required to achieve
*Cald 4 _S5405E-0Z . .
the desired sulfur content in the hot metal.
EQUIL AMOUNT
PHALSE: Fe-lig gram
Fe 9_4335E+401 3 _4335E-01 € .EE55E-01
c 4 _S5000E+00 4 _5022E-02 23 _.2025%E-01
Ca 1.741€E-07 1._7427E-0%5 4 _T155E-07
Mn €.0000E-0L €.0022E-03 2.8711E-03
O 1.8 —-a7 1_8304E-05 1.8145E-11
S 9.5 —-04 -0000E-05 3.0200E
si 5.0000E-0OL 5.0022E-03 4.E€93E-05
Mg 2 _9322E-04 2_.93834E-0¢ 4 _Sg53E-02
Mol 3 _S633E-05 3 _Seg52E-07 3_8201E-07
I Cal 1.4522E-07 1_45321E-0%5 1.0212E-0% :
510 2. ©ooc3E-03 2. goscE—-10 2.378lE-10
Hno 1.0473E-02 1.047%E-10 5.8253E-11
TOTAL: S5 _S89%27E+01 1_0000E+00 1. 0000E+00
System component Amount,/mol Amount/gram Mole fraction Mass fraction
:;fl Final Conditions
ca || < | <B> | TIC) |  Plam) | ProductHY) |  [1 calculation] ﬁ
gi | | |MDD 1 Calculate >> v
< >
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Example 1: Desulfurization (Basic Example)

Basic Example: Comparison of Desulfurizing Agents

To compare the efficiency of different desulfurizing agents, we can superimpose
all the graphs, wt. %S~<A>, using the Figure Module.
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Example 1: Desulfurization (Basic Example)

Basic Example: Comparison of Desulfurizing Agents

& Figure  User: Materials Science, U. of Toronto - u X .‘? Figure  User: Materials Scien
File Add Edit View Help - Add  Edit View Help
Dlelwlo) bl sle)x| [S] 8|2 x| I sees | D New
h50C + 0.50 Si + 0.60 Mn + 0.065S + = open- ano
w:\MSE302\Exercise\Equil.res 07Aug22 &ctSage“‘ Save as...
o T T Save all types
{3 Open File X (&)
Lookin: | | | Exercise -~ cF Ed~ ESuperimpose...
" ol Mame - Drate modified Ty % Print.. Cirl+P
*]caC2.FIG 8/7/2022 :2PM M
T # Ca0+Mg.FIG 8/7/2022 1:21 PM M W:AMYE302\ Exercise\Mg.FIG
#Mg.FIG 8/7/2022 1:24PM M
T | ) Tin_Chlor_Part LFIG T/26/2002 923 AM M
s g .l
5 Mgl Filename:  ['CaC2FIG" "Ca0+Mg FIG" = [ open |
:;? o b Files of type:  |FACT figures (*fig) | Cancel
Run the Figure Module and open a graph, e.g.,, when Mg was used as desulfurizing
agent. Then superimpose the other two graphs.

] 0.20 0.40 0.60

<

0.80

FactSage 7.3 765 16 K =1.0192593 ¥ =125

WiAMSE302\ Exercise\Mg.FIG
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Example 1: Desulfurization (Basic Example)

Basic Example: Comparison of Desulfurizing Agents

{3 Figure  User: Materials Science, U. of Toronto - O X
File Add Edit View Help

Dl We| Bal & [@ X | 2| S[2| @ x| [N seected |

450C + 0.50Si + 0.60Mn + 0.065S +
w:\MSE302\Exercise\Equil.res 07Aug22 thtsage“‘

oA T

log, (weight % soln. species)

—»| The most effective desulfurizing agent for hot metal!

Mg

It is seen that the co-use of Ca0 and Mg gives better results of desulfurization,
that is, lower final contents of sulfur in the hot metal.

-10 1 1 1 1 |
[} 0.20 0.40 0.80 0.80 1.00

=l

A
< | >

FactSage 7.3 331 X =-0.065185185 ¥ = 1.557377 WAMSE302\Exercise\Mg.FIG
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Example 1: Desulfurization (Advanced Example)

Now, we know the “Ca0 + Mg"” mixture can be used as an effective desulfurizing

agent, and we would like to use this mixture for hot metal desulfurization in a
torpedo car. It should be noted that the commercial grade “CaO + Mg” agent

typically assaying 70 wt.% CaO and 30 wt.% Mg.

Background data: in a torpedo car, we assume the blast furnace slag carry over
is 10 kg/tHM and the temperature is 1427 °C. The compositions of hot metal and
slag are as follows:

Hot metal composition:

Element C Si Mn Ti S Fe
wt.% 4.50 0.80 1.00 0.05 0.06 93.59
Slag composition:
Component | CaO Si0,, MgO | Al,O5 MnO TiO, CaS
wt.% 34.5 34.0 14.0 9.00 2.00 2.00 4.50
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Example 1: Desulfurization (Advanced Example)

Also, the “CaO + Mg"” agent is carried by the carrier argon gas at a rate of roughly
0.125 Nm?3/kg Mg.

For 1 Nm® argon (Nm?> means normal cubic meter), the equivalent mass is
calculated as follows:

1
1000 liter 355z mol 40g 1073kg
x££ X X = 1.79 kg/Nm?> A
1 Nm3 1liter 1 mol 1g g/Nm* Ar

Note: at standard temperature and pressure, i.e., 0 °C and 1 atm, 1 mole of any
gas will occupy a volume of 22.4 liter.

Now, let us simulate the system consisting hot metal / slag / CaO-Mg agent / Ar
using the Equilib Module.
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https://www.lawinsider.com/dictionary/normal-cubic-meter:~:text=Normal%20Cubic%20Meter%20or%20%E2%80%9CNm3,one%20(1)%20cubic%20meter.

Example 1: Desulfurization (Advanced Example)

Step 1. Define the Reactants (Type and Quantity)

Since there are a quite number of species in this advanced example, we could
either (a) calculate the quantities of all species and then enter all at once in the
Reactants Window, or (b) define 2 separate streams for hot metal and slag which
contain many species and then input these 2 streams together with the Ca0O-Mg
agent and Ar in the Reactants Window.

We will choose the second approach because it avoids entering many species at
the same time, and the input species will be more organized.

Note: our calculation will be based on 1 tonne (= 1000 kg) hot metal.
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Example 1: Desulfurization (Advanced Example)

What is a Stream?

{7 FactSage 73 - X

Information  Programs  Tools  About

Materials Science, UJ. of Toronto

Calculate Hanipulate Run the MiXture MOdUle.

Results

G’ Mixtures and Streams

File Edit Table Units DataSearch Help Mixture or Stream?
O | =| = il TIK] What is a mixture? ...

What is a stream? ...
1-2]
About ... <_
Quantity[mol] Species Phase TIK) Pltotal)
[073 fuz |gas ~| [23875 [
*+ ozt oz |gas ~| [eaeis o

) 1976-2019
Thermfact ant“GIT-Technologies

www . factsage.

FactSage(TM) 7.3

53

Sustainable Materials Processing Lab FactSage Team MSE Department, University of Toronto



Example 1: Desulfurization (Advanced Example)

What is a Stream?

What is a Mixture? > What is a Stream? >

.:' A mixture is a group of species that normally would be .'I
entered as reactants in the Equilib program. ! A stream is a list of equilibrated species calculated by Equilib.

For example, in Equilib you could specify the 2 reactants: You create a stream through the Equilib [Results Window] -

0.21 maol 02 click on "Cutput > Stream File > Save stream file ..., The

\ gas i . .

+ 0,79 mol M2 gas stream can be an equilibrated gas phase, or mixture of solids,
ete,

Here in the Mixture program you can do the same and then
store them as a mixture, for example [air]. Like Equilib, the

mixture can have up to 48 reactants with up to 32 different Unlike a Mixture which is limited to 42 reactants, there is no

alements. limit to the number of equilibrated species stored in a stream.
However in the Equilib Reactants Window, a stream can be

In Equilib you can impaort this [air] mixture - in the [Reactants imported only as a single entry where all the equilibrated

Window] click on 'Edit > Mixtures and Streams = ...". The species are grouped as one [same as a ‘single-line mixture'].

mixture can be imported as a ‘multi-line mixture’ as it appears

above, or as a ‘single-line mixture' where all the reactant . . .

species are grauped as ane and will appear as Both mixtures and streams can be edited by the Mixture
program.

1.0mol [air],

We will use the Equilb Module to define the streams, each of which simulate one
of the following: hot metal / slag / CaO-Mg agent / Ar.

Note: defining a stream is a simple equilibrium calculation
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Example 1: Desulfurization (Advanced Example)

Stream 1: Hot Metal (FTmisc-FeLQ)

47 Equilib - Reactants — >
File Edit Table Units IDataSearch Data Evaluation Help

O +] [ TIC] Platm) Energyid] Guantityla) Yollitre] | W

1-B .
| —»{ Select the Units.
Quantity(g) Species Phase TIC] Pltotal)*™ Stream#t Data
450 c | =l | i v
020 5 | = | G Data Search
+ [1m [Mn | = | |
_ Databazes - 1/14 compound databaszes, 1/15 solution databa
+ [nos Ti | ~| | | &
+ |00 B | J | | ct SGTE Compounds anly
. [ - [ FactPs [ FScopp [J BINS solutions only
53 Fe | = | [J FToxid [J FSlead [ SGPS no database
[ F5stel ] SGTE
FSupsi SGzold
100 gram hot metal. T Frhal L Funsr L SGeo Ceartl |
FTOxCH
E FTfrt“z arher Add/Remove Data |
] FThelg [ ELEM [] 5Gnobl
. . ] FTpulp  [] FTdemo [] SpMCBN  RefreshDatabases |
FTmisc contains a model for ] TDmeph
. Py . . || FTlite ] FTnuel [] TDnucl
liquid iron solution, FeLQ.
- Information -
FactSage 7.3 Compound: | 1414 databaszes Solution: | 1/15 databazes
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Example 1: Desulfurization (Advanced Example)

Stream 1: Hot Metal (FTmisc-FeLQ)

& Equilib - Menu: last systemn — >
File Units Parameters Help

0|2l i TIC] Platm) Enerayld) Quantitvlg] Yollit) m =™

Reactantz [6]

[ [gam]450C + 0805 + 100Mn + OO5Ti + OOBES + 9353 Fe |

Products —»| Select FTmisc-FeLQ only.
Compound species Solution phazes s
= | + | Base-Phasd | Full Name 0 fiwed activiies 4
[ gs:s 'S ] = FTrmiscFel0 Felig 0 ide=al solutions
[T aquecus 0 FTmniscATT Matte Fseudonyms ;
[™ pure liquids 0 FTrmiscFes_ FesS-lig apply [ Edit...
[ pure zolids 0 FTmisctAT2C C-Lig{M atte/Metal) YYolurne data
FTmisc-PYRAC C-Purthotite o B R IS B
. solids and liquids = 0
species: 0 FTmisc-BCCS boc ~ include molar volume data
FTrmizc-FCCS feo and physical properties data
T l FTmisc-M3-c Mes_cubic [ paraequilibrium & Gmin  edit
argel
- hiohE - EieeTedcted 1 [v Show( all " zelected
Estimate T(K); (1000
Ay We need a hot metal stream at 1427 °C.
HETREE Total Frases mae 15001
Final Conditions E quilibrium
| e | <B> T |[Flatm] v ||Poduct HI) ~| || ® nomal  ©
| | 1427 fI | £
o o T -
FactSage 7.3
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Example 1: Desulfurization (Advanced Example)

Stream 1: Hot Metal (FTmisc-FeLQ)

47 Equilib - Results 1427 C

[Output ] Edit  Show Pages ~ Final Conditions

Save or Print
Plot
Equilib Results file

Format
Fact-XML
Fact-Optimal

Fact-Function-Builder

¥

¥

¥

¥

TIC] Platm] Erergufd] Quantitp(g) “olllitre]

- O *

Ll J %

Recycle all streams ...

Save stream file >

Stream file properties ...

Summary of streams ¥

Directory (wA\MSE302\Exercisel) ..

SLOUOUETOE

Saving file HM_1427_°C

€.0000E-02 - -
Refresh ... 5 .3530E+01 I FTmisc-FelQ Fe-lig :
e
Swap loops ... EQUIL BMOUNT MASS FRACTION ACTIVITY
DHRSE: Fe-lig gram
Fe 5.3590E+01 9_3590E-01 €_SEE2E-01
c 4_S000E+00 4_S000E-02 §_0822E-01
Mo 1.0000E+00 1.0000E-02 4 _§513E-03 Save File in w\MSE302\Exercise\Mid*.dat Y
> E—
Save File wi\MSE302\ Exercise\MixtHM_1427_°C.DAT St Flmise-FeL Fediq
2_3452E-08
Cancel

Enter ane line of comments

1.0000E+00
Mole fraction Masg

FactSage 7.3 M

Save gas phase ...

Save pure liquids ...

-

ALL solutions

Save aqueous ..

Save pure solids ...

)

Enter a stream file number
[1-9939)

>
Cancel

Enter some description.

|FTmisc-FeLQ Fedig, 100 g HM|

<':I.'?S'TEB 0

R R R Y 1

Product H[J] | M
C4

or enter a stream file name [up ko 26 characters], for
example

o

Give a name for the stream

- YOI ST T T —rr T

[HM_1427 C]|
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Example 1: Desulfurization (Advanced Example)

Stream 2: Slag (FToxid-Slag)

43 Equilib - Reactants — >
File Edit Table Units IData Search| Data Evaluation Help
0l ﬂ | TIC) Piatm] Energyl)] Quantitylg) Vollite]| m | ™
1-7 .
| —»| Select the Units.
Quantity[g] Species Phaze TIC]) Pltotal)= Streamit Data
345 Cal 2
| | a | =l | | -
340 j5i02 | J | | : & Data Search
+ [140 Mgl | =l | 2
Databaszes - 1/14 compound databasesz. 1/15 solution databa
+ 300 8203 | B2l | 2
‘ ﬁct
+ |20 M0 | | | | 2 SGTE campounds anly ‘
. : T ] ] FactPs [ FScopp [ BINS solutions only
|2-DD |T'E|2 | 2 D FSlead D SGPS no database
* 450 |Ca | | | [ E O FTsat  [J FSstel [ SGTE
E FTmize [ FSupsi [0 SGzold Clear Al |
FThall
] FTOxCH
100 gram slag. O Fritz Other :ddFemoveData|
\ 4 ] FThels [ ELEM [] 5Gnobl
. . . . [0 FTpulp [ FTdemo [] SpMCBN
FToxid contains a model for liquid [] TDmeph |
[ FTlite [0 FTnucl [ TDnucl
slag, SLAGA.
Information -

FactSage 7.3 Compound: | 1/14 databaszes Solutior: | 1/15 databages
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Example 1: Desulfurization (Advanced Example)

Stream 2: Slag (FToxid-Slag)

45 £quilib - Menu: ast system Select FTmisc-SLAGA only. Please click on the phase to
Fle Units Parameters Help see the information for SLAGA and SLAGB. To simply
Ol = E TIC] Platm) Energye()] Quar . ]
Reactants (7] —»| put, SLAGA considers all sulfur as sulfide (under the |4
s Co + Mosoz + ianma + siosed reducing conditions), whereas SLAGB considers all
sulfur as sulfate (under oxidizing conditions).
Products
Compound species Solution phazes Cuztom Salutions
= | + | Base-Phage Full Mame - 0 fiwed activities
[ ga: ¥ » 1] I FT oxid-5LAGS 0 ideal solutions
[T aqueous 0 FTond SLAGE B-Slag-ig with 504 Pseudonyms -
[ pure liquids a FToxid-5LAG? 2lonlia ancly [ Edi.. |
[ pure solids o FTouidSPINE || & Frovid-staca ~ o x
FTaxidMeO_s | Fie edt
- FToxidMe0_B ||¥.|&|S
peelss 0 FTaxidMeD_? :
FTomid-cPyrd  |(12) Solubility of Sulfide:
T;I;grj;t IL_Eiﬁ_IEr:i:Cible 1 | 9 The model used. and most of the optimizations, are described in the references belowl Sulfur contents as sulﬁdelwi]l be calcula

Estimate T(K]: 1000 References: 2039. 2060, 2061, 2115, 2116

(uantit(g]: (O

Complete list of references for FToxid-SLAGA -

References: 2002, 2003, 2004, 2005, 2006, 2007, 2008, 2009, 2010, 2011. 2012, 2013 References: 2014, 2015, 2017, 2(
References: 2029, 2030, 2031, 2032, 2035, 2036, 2037, 2038, 2039, 2040, 2042, 2043 References: 2044, 2045, 2046, 2(
References: 6008, 6009, 6013, 6016, 6019. 6020. 6021, 6026, 6028, 6033, 6046

| i

1 caleulation ]| |
We need a slag stream at 1427 °C.

Final Conditions

FactSage 7.3
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Example 1: Desulfurization (Advanced Example)

Stream 2: Slag (FToxid-Slag)

&7 Equilib - Results 1427 C

.Gutputl Edit Show Pages  Final Conditions

i ¥ TIC] Platrn] Energyld] Cuantit
L A (c) Platm] Enerapt)) Buenle)) yWe only need to select SLAGA#1, because
Plot > —>
. STRT )
Equilib Results file > immiscibility doesn’t occur.
¥ Recycle all streams ...
Format 3 ¥ Save gas phase ...
Fact-XML . Stream file properties ... Save pure liquids ...
Sav LI
Fact-Optimal : Summnary of streams > ;1 .E a|:|ur=i:u|. i
Directory (w:\MSE302\Exprcise\) .. 3VE PUTE SOUCS -
Fact-Function-Builder » s.uuousTUD ¥ ALL solution
2 _0000E+00 - -
Refresh ... 2. 0000E+00 I FToxid-SLAGA#1 A-Slag-lig
Swap loops ... 4.5000E+00 FTowid-SLAGA#2 A-Slag-lig
EQUIL AMOUNT MASS JRACTION ACTIVITY
| pHASZ: Slag-ligeii;z2) | e
A gefek: 2.7754E+00 £.7754E-02 2.3013E-03
5i02 3.3152E+01 3.3152E-01 1.4207E-02 Save File in w\MSE302\Exercise\Mid™. dat ot
Save File w:\MSE302\Exercise\MixtSLAG_1427_*C.DAT X S Florid SLAGAHT ASlaglia
7_2150E-03 - .
Saving file SLAG_1427_°C 1.173%2-07 (=l & ST W2 (I aED Cancel
£.4045E-02 [ - Gk Q
Enter one line of comments Cancel < i f?fif_"j? or enter a stream file name [up to 26 characters]. for <—
. . B example
Enter some descrlptlon. I Product H{JJ y ]
B ‘| Give a name for the stream
||'—|—CINIIZ|'SLAGA#1 ;’-‘-.—Slag-llq 1DDQ Slag| _E' - AVOIT T TPCCIr O aeTeT s oy 1 et e s
|SLAG[ 1427 °C
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Example 1: Desulfurization (Advanced Example)

Import the streams: hot metal and slag

(F EauTb  Resctonts » Click on “New Reaction”, and then import the streams.

Edit | Table Units Data Search Data Evaluation Help
Add a new Reactant Ctrl+R  Energy{J] Quantity(g) Volllire) m I [
Insert new reactant before ...
Delete reactant ...
Delete all blank reactants -
| Mixtures and Streams | > Import a mixture > # Data | }
SRR LS s I Import a stream (or single-line mixture) I > HM_1427_°C FTmisc-FelLQ Fe-liq, 100 g ... stream
Export list of reactants > Edit a mixture or stream > SLAG 1427 °C Floxid SLAGA#] A-Slag-i .. stream
Import list of reactants > Directory (w:\MSE302\Exercise\) ... | | _
Clear G Data Search
Example Databases - 3/14 compound databases. 2/15 solution databa
&Ct -SG TE compaunds anly
FactPS | [ FScopp [ BINS solutions only
Make sure these three databases o] ClFsiead [1SGPS no database
< [T Frsat  [] FSstel [] SGTE
are selected. Ol FSupsi L] SGsold Clear Al
| | FThall

FTOxCH
E FTh:z the.r Add/Remove Data

[0 FThelg [JELEM  [J] SGnobl

[~ Initisl U (1 FTpulp [ FTdemo [ SpMCBM  RefiochDatabases

] TDmeph
] FTlite ] FTnucl ] TDnucl

Information -

EFaciSage 7300 Compound: | 314 databases  Solution: | 2/15 databases
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Example 1: Desulfurization (Advanced Example)

Import the streams, add desulfurizing agent and Ar

{? Equilib - Reactants
File Edit Table Units

Dl@| +]

You can input gram or percentage. Let us use the hot metal stream. When defining
the hot metal stream, we use 100 gram. Therefore, if we use percentage, e.g.,
100%, the total mass would be 100 gram. If we use gram, e.g., 1 gram, the total
mass would be 1 gram.

Species Phaze TIC] P(total]* Stream#t Data
[HM_1427_C] =] | | | 1
<B> [SLAG_1427_C1 =] | | | 2
+ |07 |Cal | BN | E
: %; :Mg > It was calculated that for 1 kg Mg, the mass of Ar was calculated as:
—— 0.125 x 1.79 kg Ar.

The total mass of desulfurizing agent is <A> gram, the mass of CaO and Mg can be

determined based on the composition: 70 wt. % CaO + 30 wt. % Mg.
I
The variable <B> permits us to change the amount of slag carry-over.

= Here, we will set 10 kg per 1tonne hot metal.

=13 Solution: | 2415 databazes

1 tonne hot metal.
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Example 1: Desulfurization (Advanced Example)

Selection of Compound Species

& {? Selection - Equilib Page 101,101 : T(C) = 1427, P(atm] = 1, Alpha = 10000 O X
File Units Parameters Help File Edit Show Sort
o =1
D= Eekoed 216/30]  [SouD] [ oee (X den ke 1 -[10 W [page]
Reactantz [5) | FPage 101101 : T[C] = 1427, Platm] =1, Alpha = 10000 [min = 0 at p. 1; max =0 at p. 101] |
: + | Code | Species | D ata | Phase |T |"|F'| Activity | Minimum | M aximum -
L (oram] 1.0E6 [HM_1427_'C] | TR SRS v 06078 07968 (3] 0e07e (1]
> . . W 0.4250 04193 [3] 0.4250  [101]
Products Choose all gaS SpGCleS (ldeal)' T Y  49142E-04 4.0271E-06[1] 4. 9142E-04 [101]
Compound specigs: + 116 MgC2(s) FactPS  =olid o R77EFE-0E 4 B145E-08 1] B F7BFE-06 [101]
+ 117 Mg2C3g) FactPS  salid o 1.2392E-08 B.0119E-13[1] 1.2392E-08 [101]
[ gaz & ideal ¢ real 63| || |= |G to0(s) FactFs | Fericlase YRR
aquEOLE ] + 119 MgCO3[s) FactPS magnesite_Call T % 1.0028E-12  1.0026E-12 [101] B.5503E-10[2]
[ pure liquids 1] + 120 Allg) FactPS  salid T Y 471346E-05 E.3549E-07 [2] 4. 2540E-05 [50]
:* [+ pure solids 21E| + 121 A4C3s] FactPS  zalid Y 20063E-14 1.0730E-21 [2] 2.1920E-14 [50]
] _ # S &12035) FactPS | gamma W TR
- custom selection ¥ HEE A203(s2) FactPS  delta Vo G
ERCCICES 285 v [0 IR Coct | iy S T

—1 Choose all pure solids. We ask FactSage to determine which pure solids will exist at
equilibrium. It is recommended to edit the priority list when suppressing duplicates.

- Ol
B
Cuantity(g): |EI
Final Conditions
| by B |
010000100 [1E4 |
10 sheps [
FactSage 7.3 w: WS E Q0]

5.2905E-03 [101]

+ 129 5iCs2) FactPS  Solid_Beta W B2905E-03  4.570BE-03[17]

« SO 5020 FactPS | Quartz(] T Y| EERREE

« I si02(s2) FactPS | Quartzlh N TSRS

« SN 5023 FactPS | Tridwmitel]] T W FEEEaT

«  [EE si02(:4] FactPS | Tridymitefh) W FTRAOS

[v ipermit selection of ' species  Help | Suppresz Duplicates || Edit priarity list : YT awid FTmizc FactPS |
Shaow Selected | Select Al | Select/Clear... | Clear |

oK |
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Example 1: Desulfurization (Advanced Example)

Selection of Compound Species

G Equilib - Menu: comments — >
File Units Parameters Help
== TIC] Platm) Energyil] Quantityla) Yallitre) [y S| | o]
Reactants [5] ThlS is Slag.
[ [gram) 1.0EG [HM_1427 "C]  + <B> [SLAG_1427 °C] + <074 Cal  + <03 Mg +  <0.0GFA> & M
Products This is hot metal.
Compound species Solution phases TIZTam = aIons
= | + | Base-Phase | Full Hame - fEI fined activities J
[+ gas (% ideal " real E9 = FlmiscFell) Felig 0 ideal zolutions
[T agueous 0 || FTowidSLAGA | ASlaglig all crides + 5 F———Reeedampr = |
[ pure liquids EI | | FToxd-SPINE E-Spinel e T Edit...
* [+ pure solids 216 | | FToxidMed_a A-Monhoxide . .
o o | e, | Al o4 The 12 solid solutions are selected based on
- custom selection + | FTowidbC254 | A-alCaSrBa)25i04 . . .
species: 285 © Flosdaczsh  AslCaSiosos 7| the suggestions mentioned slides (1, 2, 3, 4).
| F T osicd- Oy A-Olivine il |

”| However, you should be aware that for most
of these solid solutions in the current system,
1d their amounts are only a small fraction and
Eaull thus do not have a significant influence on the

Target Legend
- FORE - I - ifmisoibls 7 W Show " all & zelected
Estirnate T[E): (OO0 +@plected 7 species 272 S alect |
f— T . el

Here, only the selected solution phases

are shown. Bl | € no o _ _
[OT0000 00 1% 1327 I | “ wal equilibrium state. For primary calculations,
100 steps - " op ) : :
you don’t need to select these solid solutions.
FactSage 7.3 wi M SE30ENE ercizehE quiDe-S_Advanced_Example. DAT
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Example 1: Desulfurization (Advanced Example)

Setting Final Conditions

G Equilib - Menu: comments — >

File Units Parameters Help

0 ‘g’*| g| TIC) Platm) Enerayil] Quantity(a] Yallitre) =
Reactants B1| This is the mass range and step of the desulfurizing agent.

1% Bor 1 tonne hot metal which contains 0.06 wt.% S, the maximum mass of
the desulfurization agent “70 wt. % CaO + 30 wt. % Mg” is 10 kg. When
<A>= 0, we consider only the slag/hot metal interaction.

Compgund spec

[+ ghs &+ ide

[T ahuecus a I FTowid-SLAGE | A-Slag-lig all oxides + 5 = Fzeudonpms -
[ plure liquids 0 | | Floxid-SPINB B-Spinel spply [ Edt. |
* [+ plire solids 218 . .
o Here, we consider the slag carry-over is 10 kg per 1 tonne hot metal. If
peces 59 you would like to study the effect of slag carry-over, you can repeat the
Targe | calculations by changing the values of <B>.
-none- | ST .
Estfnate T(K): [1000 +-selected 7 Total Species [ma 20331 5;;
Quantity(a}: [3 —» The temperature is 1427 °C. kg 20
Final Donditi E quilibrium
| B <B> TIC) ||F'[atm] j|Pn:..ju.3tH[.J] j f* mormal " normnal + transitions
|o1ooo0 100 |)[1E4 1427 1 | = transitions only
o steps T £ open Calculate >>
FactSage 7.3 wi M SE30ENE ercizehE quiDe-S_Advanced_Example. DAT
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Example 1: Desulfurization (Advanced Example)

Output EC|G
= File Help -
D& | i 7| @)
—2400 1.0EG [HM_1427_"C] + <B» [SLAG_1427_°C] + <0.7¢ -
A=1200 | Varishles I blinimum I aximum . . N .
. . Plot § Sel - Equilib Results: log10i ht %
A=D ]A=1{I fj? Axes: log10(weight % soln. species) vs Alpha 1 & Prot Species Selection - Equili Results: log 0(weight
. . 041E+04 File Show Select
Y-variable X-variable Swap Axes - -
399611 - A + & | Species | Mole [min]
T = 14 ) ) 1E +0E 585 S_GaS 0
P=1 Y -anis - S 100 BOE Si GAS 0
v=2a | lng1 Ofweight % soln. species) | | Alphal | 537 Al GAS ]
e e Mg GAS 0
STRERM i i 1427 589 O_GAS 0
rnarimLnm masimum (10000 N

[SLAG rinirnLr - minimLr I:I 52 7E+0E 591 Fe_Fel) 1.6759E+04
Cal ) . A7VRE+09 592 Mn_Fell 183.98
Mg tick every  |q tick every 1000 40 2 a3 Ti Felil 12557
Ar 594 Ca FelO 3.8620E-04

JESSEDS > B35 ArFelO 0

= . + | B8R S_Fell 9.8311E-03
PHASE: Cancel Refresh 382E +06 597 5iFelO 273,91
co 101 533 Al Feld 0.182543
Co2 . 599 tg_FelO 7.4458E-03
Mg DEEES S _ 500 0_Fel 4,0295E-02
Mn ight 3 saln. spet Labels Display 501 C_Fel) 3745.1
5is — size:[9 rofa | W u:u:ulc:r | [ full gor 1
5i0 i elec _ ot _

* * chemical 7 Wiewer .
cos o [+ reactants . Display
Fe integer # v i {* Figure
os Repeat | ™ hohe & nams ; sour
cs2 flzet ¥ pha
5 offse Clear ; ham
Mgs b33 : T : [pag
2 | FactSage 7.3 wAMSE 302\E wercizeE quill res 0%ug22 | 107 sets J v [Click on the '+* column o add of remove species.

L4 >
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Example 1: Desulfurization (Advanced Example)

Plot: wt. %S~<A>

{3 Figure  User: Materials Science, U. of Toronto — O *
File Add Edit View Help

Dedlal sl sle X | = &2 x| @

1.0E6 [HM_1427_°C] + <B> [SLAG_1427 °C] + <0.7A> CaO + <0.3A>Mg + |
w:\MSE302\Exercise\Equil.res 09Aug22

]

SRR

cies)

5 _FelQ 5 FelQ

log, fweight % soln. spe.

This graph can be used to determine the amount of desulfurizing agent
required to achieve a desired level of sulfur content in the hot metal.

1 1 1 1
0 02000 04000 06000 05000 10000
pha |
< >
FactSage 7.3 673 410 X = 8829.6296 Y = -6.8237705 C:\FactSage\EQUILIB.FIG
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Example 2: Slag: Enthalpy, Melting Temperature

Background: Blast Furnace Slag

The following graph shows the mass balance for a typical ironmaking blast

furnace.

Fine Dust: 13 kg

Sinter: 924 kg Flux: 7 kg
> <
Pellets: 529 kg> < Coke: 392 kg
Lump Ore: 529 kg >

Only a small fraction of slag is
carried over to the torpedo car.
The majority of slag will be tapped
as a separate by-product of the
ironmaking blast furnace process.

Hot Metal: 1000 kg>

Babich et al. Ironmaking Text Book, RWTH Aachen University, Department of Ferrous Metallur

Sustainable Materials Processing Lab FactSage Team
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https://www.iehk.rwth-aachen.de/cms/iehk/Studium/Skripte/~mugb/Lehrbuch-Eisenherstellung-/?lidx=1
https://librarysearch.library.utoronto.ca/discovery/fulldisplay?docid=alma991107161600106196&context=L&vid=01UTORONTO_INST:UTORONTO&lang=en&search_scope=UTL_AND_CI&adaptor=Local%20Search%20Engine&tab=Everything&query=any,contains,Modern%20Blast%20Furnace%20Ironmaking:%20An%20Introduction&offset=0

Example 2: Slag: Enthalpy, Melting Temperature

Background: Blast Furnace Slag

Each year, over 300 million tonnes of blast furnace slag are generated all over the
world. The molten blast furnace slag, when tapped, has a temperature ~1500 °C,
and thus the thermal energy contained is quite substantial. For the purpose of
heat recovery from the molten blast furnace slag, its enthalpy and melting
temperature data are required. We can use the Equilib Module in FactSage to

calculate these data.

We will assume the molten blast furnace slag (1500 °C) has the following

composition:

Oxide

CaO

Si0,

Al, 04

wt.%

40.0

40.0

20.0

Barati and Jahanshahi, Journal of Sustainable Metallur

2020)6:191-206
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https://link.springer.com/article/10.1007/s40831-019-00256-4

Example 2: Slag: Enthalpy, Melting Temperature

Task 1: Calculating the Enthalpy of Slag and Recoverable Heat

The Enthalpy of molten slag at 1500 °C based on the SER state can be directly
calculated in the Equilib Module.

The maximum amount of heat (strictly speaking, the amount of thermal energy)
that can be recovered corresponds to the Enthalpy change when the molten slag
is cooled to room temperature. That is,

Hslag,1500 °C ™ Z nihoi(solid),ZS °C

Therefore, two equilibrium states are required: 25 °C and 1500 °C. The following
slides present one approach to calculate the difference in the Enthalpy at these
two temperatures.
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https://www.crct.polymtl.ca/fact/documentation/ELEM_Documentation.htm

Example 2: Slag: Enthalpy, Melting Temperature

Task 1: Calculating the Enthalpy of Slag and Recoverable Heat

47 Equilib - Reactants — x
File Edit Table Units DataSearch Data Evaluation Help

0 ||;,'~| il T[C] Piatm) Energyl)] Quantite(g] Yallitre] ml !| )ﬂ

G Data Search

1-3]
Databases - 1/14 compound databases. 1/15 solution database:
- - &Ct SGTE compounds only
Quantity[g) Species Phasze TIC] Pltotal)*™ Streamit [ ] FactPs [ FScopp [ BINS zolutions anly C
|4EI IEaI:I I LI I I I'l O Fslead [ SGPS no databaze
- ] FTsal O Fsstel [ SGTE
+ -
|4EI ISID2 I —I I I |1 O FTmise [ FSupsi [ SGsold Clear Al |
+ [a0 [ai203 | =] | | i [ FThall

FTOxCN
E FT[r:z arher Add/Remove Datal

] FThela [] ELEM [ 5Gnobl

O FTpulp [ FTdemo [] SpMCBN Hefre&hDataba&e&l
[ TDmeph

] FTiite [ FToucl [ TDnucl

—» 100 g blast furnace slag.

Information -

\ 4 |
The slag is an oxide system and we are not

considering the gas phase. Only FToxid is needed.

[ Initial Conditions

FactSage 7.3 Compound: | 1414 databases Salutior: | 1415 databaszes -
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Example 2: Slag: Enthalpy, Melting Temperature

Task 1: Calculating the Enthalpy of Slag and Recoverable Heat

G Equilib - Menu: last system — >

File Units Parameters Help

== TIC) Platm) Energy)] Quantitg) Yolilire) lﬁ ™

Reactantz [3)

[ jgram)40 Cal  + 40 502 + 20 Al203 |

Products
Compound species Solution phases Cuztom Salutions
= | + | Base-Phase | Full Name 0 fiwed activities
[C gas & o 0 I 1 FlowdSLAGA | ASlagg all oxides + 5 U ideal solutions
[T aquecus a FToxid-te0_a &-ponoxide Preudaonyms ;
[ pure liquids 1] FT id-pd el 2 A-bdelilite apply [ Edit... |
[ pure solids 0 . . .
Assume we know at 1500 °C, the oxide system of interest is fully molten.
species: 0 Therefore, only FToxid-SLAGA is selected.
Tanget .| However, say we are unsure if the molten slag is the only phase at 1500 °C.
i | - immi : : i
Estimete T(K): T80T ™ You could select other solid solutions and pure solids and perform the
S calculation. You should find from the result that SLAGA is the only phase.
Final Conditions E quilibrium
| & | <B> TIC] Platm] le’ruductH[J] j o nomal O
| | 1500 1 | &
10 steps [ C o 1

We would like to calculate the Enthalpy (relative to SER) of the molten
slag at 1500 °C.

FactSage 7.3
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Example 2: Slag: Enthalpy, Melting Temperature

Task 1: Calculating the Enthalpy of Slag and Recoverable Heat

G Equilily - Results 1300 C 1 47 tquilib - Results 1500 C
. Output  Edit Show Pages  Final Conditions
OUtPUt Edit Show pEgEE Final Conditions We are u51ng the Chemsage Format Save or Print > TIC) Platm] Erergyl)] Quantity(g] Wolllitf
~ Plot >
O || 5|l TIC] P .
|I| to VleW the result. Equilib Results file X 1.0000E+02 1.0000E+00
Stream File » ttice comstituents:
Format > FACT Format
TOTRL: 1.0000E+4+02 1.0000E+00 1.0000E+00 " . ChemSage Format
Site fraction of sublattice comstituents: Eacttiil )
) FACT + ChemS5age
22 i i e
;‘1 E ;;;;Z Stoichiometry calculated Fact-Optimal » Chemage + FACT
i -
Ca 0_402&5 Fact-Function-Builder ’ Append list of input streams
___________________________________________________________________ Refresh ... 2.€332 4z.130
o] 1.0000 Stoichiometry calculated Swap loops ... g =
System component Amount,/mol Amount/gram Mole fraction Mass fraction

Ca 0.71330 23 .588 0.1€155 0.28588
5i 0_EE573 1 o 12 1 =

o - ss5= | This is the Enthalpy (relative to SER) of the molten slag at 1500 °C.

Rt L i

ce B = | Note the system consists of slag only.
J.E-1 J J.E-1

I T L o L

1.12422E402 |-1.240&£2E+4+0E 2.81&533+Dh -1.74121E+0€ O.00000E+00

Cp H 5 G
I.E-1 7 PP <
Slag-liggl 1.184825+02| -1_24063E40€6 | 2. 826535402 -1.74151E+06

Cut—off limit for phase actiwvities = 1.00E-75

Databas—&=: =17 ="
Final Conditions

Fined < - S TIC) Platm] | ProductHiJ) | = X|

Final d | < | | Ié‘ roduc m

l l T ceedsen |
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Example 2: Slag: Enthalpy, Melting Temperature

Task 1: Calculating the Enthalpy of Slag and Recoverable Heat

ﬁ Equilib - Menu: last system

x

File Units Parameters Help

0| = H

Reactantz [3)

TIC

After we complete the calculation, we can go back to the Menu
Window to obtain all the solution properties.... (see the list)

| [gram] 40 Cab  +

40 502 + 20 Al203 |

Products nght Clle
Compound spdoies Soluhonphazes
[ = | | B3
Solution FToxid-SLAGA | FT
FT
- clear F

- all end-members
*

- customn select end-members ...

m - merge dilute solution from

I - solution properties ... I

+ -single pljase hend
~ | - possible Rt MIH&»
1 - possible 3-phase immiscibility
v - standard stable phase
! - dermant (metastable) phase
F - formation target phase TIC)
P - precipitate target phase 1]
C - composition target ...
L - cooling calculation ...
Help ...

ﬁ Muolar Partial Propeties FToxid-SLAGA - A-5lag-lig x
Qutput  Species  Standard States
Open Spreadsheet . Quantity(g). Yolllitre]
Save Excel Spreadsheet ... integial properties

Save Text Spreadsheet ..,

sion of Partial Property

Show Columns »
+ gammali] activity coefficient of species i = alil/a_ideallj]
+ Delta_gli] = gli] - goli] = BT In ali]
+  Delta_hli] = hii] - hali] = hiexcess][]
+  Delta_sz(i) = =i] - =afl]
P 1] = h[i] - T.=[i)
+ hli] absolute h of species | with respect to elements at 25 C
+ i) absolute £ of species |
+ goli] g of zpecies i in standard state
+  hali] h of zpecies i in standard state
+ =0 z of species i in standard ztate
+ & idealli) ideal activity of zpecies | = male fraction x[i]
+ Dela g ideall] = RT In a_ideal(i]
+ Delta_s ideall] = -B In a_ideal(i)
+ i = Lqli] - Nelta n ideallil
+ T =i Clear Cloze |
+ cplil heat capacity of species i = dihli)l/dT
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Example 2: Slag: Enthalpy, Melting Temperature

Task 1: Calculating the Enthalpy of Slag and Recoverable Heat

&7 Equilib - Results 1500 C

Output  Edit  Show Pages  Final Conditions
Save or Print » TIC) Platm] Energel)] Quantite(g) Yollitre] "T 8 I o
Plot >
Equilib Results file * 1 AnANE+nsE 1 AnATE+IN 1 AngoE+00
Stream File ¥ Recycle all streams ...
Format > Save stream file ¥ Save gas phase ...
Fact-XML - Stream file properties ... Save pure liquids ...
Save agqueous ...
. >
Fact-Optimal . Summmary of streams . e
Directory (W:\MSE302\Exercise\) .. ave pure solids .
Fact-Function-Builder > [y -3 = R Lo.oIV oL Save solutions ALL solutions
0.39231 1l0.5858 2.9%0wos va [T . .
Refresh ... 2.g332 42.130 0.53724 0.42130 Floxid-SLAGA#1 A-Slag-liq
B b e = =
Swap loops ... - - . FTomd-SLAGAZEZ A-Slag-lig
J.E-1 J J.E-1 J dm3
C i i O i I i
Save File in WAMSEI024 Exercise\ Midt™. dat b4 t- -1.T74181E+0€ 0.00000E+00

FToxid-SLAGAHT A-Slag-ig

OKl H 5 =

Enter a stream file number
[1-59339)

[
[
3
0
L
8]

ar enter & stream file name [up to 26 characters), far 00H
exarmple

My vem favorite stream

[SCA Slag_1500 C] calculated.

1 We save the 1500 °C molten slag as a stream. Then this slag
| stream will be cooled to room temperature. In doing so, the
P S 75 maximum amount of thermal energy that can be recovered is

| <

NI
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Example 2: Slag: Enthalpy, Melting Temperature

Task 1: Calculating the Enthalpy of Slag and Recoverable Heat

{7 Equilib - Reactants — >
File Edit Table Units Data Search Data Evaluation Help

0 ||;'*| il T[C) Platm) Energyl)] Quantity(g) Yolllire) ml !| )1|

1-1 . .
> The calculation is based on 100 g blast furnace slag.
Quantity[g] Species Phase TIC] Pltotall™ Streamit Data
[100% |[5C&_Slag_1500_" v | [[Stream] f1500 1 |1

—>||[ [SCA_Slag_1500_°C]: 100g = 1.57318mel = 0220462 1b ) X 100% = 100g = 157518 mol = 0.220462 |b

“Initial Conditions” is checked because we are looking
for the change in the Enthalpy when the temperature [€—
is reduced from 1500 to 25 °C.

* Pltotal] iz the hydrostatic pressure above the phase.
Faor a gaseous stream thiz iz the sum of the
partial pressures of the species in that gtream.

¥ Initial Conditions

FactSage 7.3 Compound: | 1/14 databases Solution: | 1/15 databases
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Example 2: Slag: Enthalpy, Melting Temperature

Task 1: Calculating the Enthalpy of Slag and Recoverable Heat

& Equilib - Menu: last system

File  Units Parameters Help
'}

W=

TIC) Platm) Energyl)] Quantity(g] alllitre]

x

=™

—HReactantz [1]

(gram) 100% [SCA_Slag_1500_°0
(1500,

this is no liquid phase.

No need to select SLAGA because at 25 °C we are sure

— Products
— Compound species — Solution phases — Customn Solutions ————
= | + | Base-Phase Full Hame 0 fiwed activities _IDEta'IS"'
W gas & ideal € real 0 FTond SLAGA | A-Slagln ol oxides + 5 0 ideal solutions
[T aqueous 0 FTowid-Mel_a Atdonaxids rPSEUdDﬂ}'ms—_”
pure liquids 0 FT osid-Mel_4 AMeliite apphp——— £
[+ pure solids EEII FT axid-td ull tuillite —olume data
- azsume molar volumes of
solids and liguids = 0
speciss: an include molar wolume dats
and phyzical properties data
[™ paraequilibrium & Gmin  edit
— Target His Legend—| [ _I
- hone - W Chow e =l T colacted
E-H ! . . . .
"“”wu " We select all other solid phases (pure solids and solid solutions). [«
Lanti
I || | | gl T rig-=-E= Jhras - JUL e ) |
— Final Conditions E quilibrium
LA <B TIC] Fatm] ;I Delta HJ) ;I ’}: nomal 0 nommal + ansitions
T 1 i L
M cteps [ Ttie > We cool the slag to room temperature, which is the final
[FactSage 73 | temperature.
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Example 2: Slag: Enthalpy, Melting Temperature

Task 1: Calculating the Enthalpy of Slag and Recoverable Heat

{?E:. b - Results 25 C

Output  Edit  Show Pages  Final

D= BiE @

— O

PHRSE: Helilite
CaZrlz07[1l-]
CaZRhl115i207[1+]

However, you should be aware we are performing equilibrium cooling
calculations. In the real world, the equilibrium cooling of molten slag is
never the case. As a result, the cooled slag usually contain a fraction of glass
phase (meta-stable), and thus the recovered thermal energy is less than if

the equilibrium cooling is achieved.

TOTAL:
FHASE: HMonoxide#l;$2 T T T T T
Cad 0. 0000E4+00 S.59520E-01 1.0543E-05
A1203 0. 0000E+4+00 3.0450E-04 S _.394cE-17
TOTAL: 0.0000E+00 1.0000E+00 1.05%52E-05
FHRSE: Mullitegl ;g2 gram MZ55 FRACTICH ACTIVITY
A1221105[-1] 0. 0000E4+00 4 _2535%E-01
A1Z2211Vas[+39] 00000400 o 7I2IE—i . . . -
oeilenion copesa——2=2==3 Only those solids with unity activity are stable.
2125i1Vas[+10] 0.0030E+00 1.27€6%E-02 T.9L1/E- =23
TOTAL: 0.0030E4+00 1.0000E+4+00 2.5515%E-132

gXam ZOCTTUTTY
CaSAlESiSDlE_Grcgsulaisj 8 .835€E+01 1. 0000E+00
Ca35i207_Rankinite(s) 8 .5€67E+00D 1.0000E+00
Ca25i04 Camma (oclivine(s) 2 .0770E4+00 1.0000E4+00
CalAlESiDT_Gehleniteis) 0. 0000E+4+00 2.9212E-01
CaSiDS_Wcllastcnite{Ej 0. 0000E+4+00 1.7315E-02
21203 _corundumi{alpha(s4) 0.0000E+00 3.4150E-03
CaS5i03 Ps-wollastoni(s2) 0.0000E+00 1.00%1E-03
Eii;gag Final Conditions ﬂ
caz5104 e | <B> | TIC) | Paml | DetaHWl | [T calculation]
Ei;DiI: | | |25 |1 | Calculate »>> v

£ >
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Example 2: Slag: Enthalpy, Melting Temperature

Task 1: Calculating the Enthalpy of Slag and Recoverable Heat

47 Equilib - Results 25C
Output  Edit  Show Pages

Dl @& m)

Final Conditions

TIC) Platm) Energyl)] Quantity(g] alllitre]

|

x

M @

Ca3Rl20€_solidis)
CaRll20ls_solidis)
Cal25i05 Hatrurite(s)

0.00i
0.00i

This is the maximum amount of thermal energy we can recover from
100 g molten blast furnace slag (at 1500 °C) that is considered.

CaBlESiEDS_Hexagcnal{kj
5i02_stishowvite (s8)

e e ke b e de ek e e b ek e ke ok ek e

0. 00dUEFOO
0. 0000E+00

DELTL Cp DELTL H
J.E-1 J

R R 1

-4 _55458E+01

DELTR S
J.E-1

R ]

-2.15%303E4+05]| -2.24361E+02

cp H 5

DELTE G

1 1lle3=-1%5

€.1583E-22

R R T b

DELTR V¥
dm3

B I I T R

2.64503E+05

0.00000E+0O0D

R R I S R SR S R SR S

w

=]
]

Cazs
Ca3s
Ca3h

You can carry out a quick calculation for the amount of thermal energy that
can be recovered from 300 million tonnes of blast furnace slag.
Unfortunately, the majority of these energy is currently wasted, and many
attempts are made to develop a sustainable technology for its recovery.

Cut-CJFET IIDOTL LOF DHESE SCCivities = L.00E-7%

Final Conditions

;:::h;: | s B> | TIC) | Platm] | Delta H{J] | 1 calculation ﬂ
Final = | | |25 |1 | Calculate »>>
e >

L
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Example 2: Slag: Enthalpy, Melting Temperature

Task 2: Calculating the Melting Temperature of Slag

First of all, you need to be aware that for pure substances, the melting or
solidification process occurs at a fixed temperature (determined by the Gibbs
phase rule). On the contrast, for solution phases, the melting or solidification
process occurs within a certain temperature range, bounded by the liquidus
temperature and solidus temperature. The melting temperature of slag refers
to the liquidus temperature, that is, the temperature above which the system
exists as 100% liquid. There are generally two approaches to calculating the

melting temperature:

T

Solid

Liquid

Xg

(a) Cooling Approach. Start with a temperature which is high
enough so that the system is 100% liquid. Then cool the
system to find the temperature when the first solid forms

(b)Heating Approach. Heat up the solid mixture and find the
temperature when the last solid disappears.
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Example 2: Slag: Enthalpy, Melting Temperature

Task 2: Calculating the Melting Temperature of Slag (Cooling Approach)

& Equilib - Reactants — b4 47 Data Search
File Edit Table Units Data Search Data Evaluation  Help

Ozl +| = TIC) Platm) Ererguld) Quantityla) Yollitre) E Lact SGTE [ conpourdscr
J Q "T O FactPs [ FScopp [ BINS zolutions anly

Ol Fslead  CISGPS | nodatabase
O Fsstel [ SGTE
[ FTmisc

O U FSupsi [ S6isold Clear Al
FThall

[ FTOxCN

[ FThtz Other Add/Femove Data

[ FThelg [ ELEM [ SGnobl

O FTpulp [ FTdemo [] SpMCEN RefreshDatabazes

] TDmeph
[ FTlite O FTnuel [ TDnuel

Databases - 1/14 compound databazes, 1/15 solution databa:

1-1]

Quantity(g) Species Phase TIC] Pltotal)*™ Streamit Data
[100%] [SC4_Slag_1500_° +| |[Stream] 1500 |1 I

We have already defined a molten CSA slag stream at 1500 °C. .
Import this slag stream. Of course, you can also manually input
the three oxides.

We will cool this molten slag and find the temperature at which

the first solid appears.

Check the option of “Initial Conditions” to
indicate the slag is fully molten at 1500 °C.

However, you don’t have to do so.

Mext >»

FactSage 7.3 Compound: | 1414 databaszes Solution: | 1/15 databazes
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Example 2: Slag: Enthalpy, Melting Temperature

Task 2: Calculating the Melting Temperature of Slag (Cooling Approach)

File Units
O = E

Reactants [1]

Parameters

G Equilib - Menu: last system

- >

m =™

TIC] Platm] Energyll] Quantity(g) “alllitre)

m - merge dilute solution from

[ Salution phase: FToxid-5LAGA |

| %+ equilibriurn cocling I

" Scheil-Guliver cooling

- solution properties ..

+ -single phase

~ | | - possible 2-phase immiscibility

] - possible 3-phase immiscibility

Hard stable phase
hant (metastable) phase

Help

E " normal equilibrium calculation I
Not cooling calculation!

I F - formation target phase

P - precipitate target phase

C - compaosition target ...

Sustainable Materials Processing Lab

- cooling calculation ... I

Help ...

[gram] 100% [SCA_Slag_1500_"C]
Right Click (1500C 1)
Products

Compound Wecies Solutiunlphases Custam Saolutions

&7 Cooling Calculation - L-Option X Solution FToxid-SLAGA = Base-Phase | Full Hame 0 fiwed activities

_ IL| FTowidSLAGA | ASlaglq al oxides + 5 0 ideal salutions

L-Dption - clear | FTomdtel_a A-Monoxide Pseudonyms - |
ou may choose any solution phase with the L-option. ~ - all end-members : CE e E dit
Howwever, for Liguids the caloulations are most Y. . . .
meaningful since they relate to solidification. * . custom select end-members ... In the Equlllb Module “Coollng Calculatlon" is
/]

permitted. We could perform either equilibrium
cooling or non-equilibrium cooling (Scheil-
Gulliver cooling). The equilibrium cooling mode
will calculate all the characteristic temperatures
| when new solids precipitate.

— it —

e
B0 1 | @
[ Equilibriumn cooling - Tlstart) = 1500, T(stop) =0 |

Calculate »>

FactSage Team

82

MSE Department, University of Toronto




Example 2: Slag: Enthalpy, Melting Temperature

Task 2: Calculating the Melting Temperature of Slag (Cooling Approach)

G Equilib - Menu: last system

File Units Parameters Help

D T[C) Platm) Energy)] Quantity(g) Yolllire) ’W ™|

Reactants [1]

[arar] 100% [SC&_5lag_1500_"C]

[1500C.4#1)
. > . .
—244 Select all the pure solids. Select all the solid solutions.
Com OO ST
= | + | Base-Phase | Full Hame 0 fixed activities
[ gas e 0 IL FTosidSLAGE | &-Slagiq all oxides + 5 0 ideal solutions
[0 agueous 0 | FTomid-tel_aA A-Monoxide Peeudoryms :
[ pure liquids 0 + | FToxidMelA B-Meliite apply [ Edi..
—— |+ pure solids 30| | Flosidhul : Wit Volume data

¢= azsume molar volumes of

species 30 We will use the default cooling step 25 °C. However, this does not affect

ol e -=n] the calculation of characteristic temperatures.

FTaoxid SLAGA - immizCible 3 i o o -

Cooling step: |25 T-auto: [ - Equilibrium cooling ] : i

Quantipigr 5| | || ¥ ! Cooling starts at 1500 °C. That's why we don’t have to check
h . f“ g w 1 d- . ”»

Final Conditions the option of “Initial Conditions”.
| <y | Bz | TIC) Platm] ~||DekaHE) [ [ [™ nomal T
| | 1500 1 | @

il steps [ | Equilibrium cooling - Tlstart] = 1500, T(stopl = 0] | € Calculate 33

FactSage 7.3
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Example 2: Slag: Enthalpy, Melting Temperature

Task 2: Calculating the Melting Temperature of Slag (Cooling Approach)

Select all the pure solids. - o X
Edit ShowPages Final Conditions

ﬂ TIC] Platm] Energyld] Quantityg) Volllire] H‘T BI Bs

7 - | Transitions | 1325C [ 132149 1300C | 1275C | 1265.79C| 125743 C| 125743 C|

('BoubleClick’ on sny phase listed ameve we peevels | A]l the equilibrium calculations. The temperatures of
SIMMARY OF REACTIONS —» 1321.49, 1265.79, and 1257.43 °C are when new solids

Cooling

1325 to[1321 45 Ch—— e=aTa B = -4 14215402 J) start to precipitate,

S5lag-lig cooling

Constituent 1

- = {DEQTA H = -1
Slag-lig ->= Melilite

> The first solid - Melilite forms at 1321.49 °C. Clearly, this temperature
ilzgzel:'.:i;u::tliE.?.qa ¢ (pEiTa ® = -2| IS the melting temperature.

Slag-lig -* Melilite + Caﬂllsilﬂs_ﬂn_u.uu.uu\h._.l
Constituent 2

1257.43 C (isothermal) (DELTR H = -3.5243E+04 J)
Slag-lig —-= Melilite + CaSi03_ Ps-wollastpaddlall d [alllSils loccihitalall

comrposITION oF Fmaszs In consTITuEwTs ar| Please view other tabs and see if you can Comprehend the
(temperature of final disappearance of 5
calculation results (use the ChemSage format)

Constitu-Final Conditions

Melilice | i | <Bx | TIC) | Platm] | Delta HIJJ . ﬁ
Deactivated for

Ca | | 1500 1 Scheil cooling

si w7

£ >
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Example 2: Slag: Enthalpy, Melting Temperature

Task 2: Calculating the Melting Temperature of Slag (Cooling Approach)
A Note on “Normal Equilibrium Calculation”:

You can also use the mode of “normal equilibrium calculation” to calculate the
melting temperature (Next Page).

G Cooling Calculation - L-Option it

L-Option

au may chooze any solution phase with the L-option.
Howewer, for Liquids the calculations are most
meaningful since they relate to solidification.

[Solution phase: FToxid-5LAGA |

& equilibrium coaoling

" Scheil-Guliver cooling

I " normal equilibrium calculation I

Help
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Example 2: Slag: Enthalpy, Melting Temperature

Task 2: Calculating the Melting Temperature of Slag (Cooling Approach)

{l:r' Equilib - Menu: last systemn — .

File Units Parameters Help

0zlg TIC) Platm) Eneraul)] Quantitula) Yollitre) m S ™|

Reactants (1]

[gram) 100% [5CA_Slag_1500_°C)

[1500C#1]
Products —— —1®| Normal equilibrium calculation.
Compound species Solution phazs
K Basze-Phase | Full Hame 0 fixed activities Q
[ ga:s & r 0 [ || FTosidGLAGA | &Slagiq all oxides + S 0 ideal solutions
[0 aqueous 0 I FTowid-ted_aA A-Monoxide Fseudonyms -
[ pure liquids 0 + | FTosidMel & A-Meliite apply [~ —_
[+ pure solids 30 I FT axid-tull Mullite Yolume data
5 aszsume molar volumes of
solids and liquids =0
species: 30
We estimate the melting temperature in this temperature range,
T it a s . .
'E':S'“Dbm tfemperat”'e ey | and we perform an equilibrium calculation at every 1 °C.
“;rl‘-git;g”i Al >~ - selepted | S?EF'ES: ag Select T atal Salutions [ma oo z
Folutians:
TodFhaseslman i VA7 will look at the characteristic
Final Conditions E quilibium ..
| By | <Bx TIC) Platm] ﬂ|DE|ta HiJ) ﬂ " normdl ™ home temperatur‘es (tranSItlonS).
| | 1500 1000 1 1 |
10 steps r . Calculate »>>

FactSage 7.3
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Example 2: Slag: Enthalpy, Melting Temperature

Task 2: Calculating the Melting Temperature of Slag (Cooling Approach)

47 Equilib - Results 133

outpftEa —She?® 1 his is the first transition when temperature is reduced from 1500 °C.

Dl EE) ]

TICT Platr] Energyld] Wuantitelg] Yolllitre]
1265.79.¢ | 125743 ¢| 125743¢| 112531¢| 112531 ¢

M=

000002400

gram
RIpRI105[-1] 0_0000E+00

L
EQUIL AMOUNT MASS FRACTION ACTIVITY
IPHASE: Slat—liq#l{;#zﬂ gram
A1203 2.0000E+01 2.0000E-01 1.2608E-02
5102 4.0000E+01 4.00002-01 8.4424E-02
Ca0 4.0000E+01 4.0000E-01 7 £3445-04
TOTAL: 1.0000E+402 100002400
Site frjctiom of sublattice constituents:
21 0.22147 Stoichiometry calculated
5i 0.37524
Ca - - - - - -
———————————————————————— > Slag is a stable phase because its activity (activity of phase, not
o
System component constituents) is unity.
5i 0.€6573 18.€97 0.15115 0.18€57
Al 0.39231 10.585% 8.90€8E-02 0.10585
o 2.€332 42.130 0.59784 0.42130
pHESE™ gram MASS FRACTION ACTIVITY
Capa1307[1-] 0.0000E+00 4.979%2-01 2.5000E-01

Melilite is the only stable solid. This transition temperature
(1321.49 °C) is when melilite first forms.

Sustainable Materials Processing Lab

FactSage Team
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Example 2: Slag: Enthalpy, Melting Temperature

Task 2: Calculating the Melting Temperature of Slag (Heating Approach)

In the heating approach, we will manually input the oxides at 25 °C, and then
perform higher-temperature calculations. The following slides show the
calculation details.
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Example 2: Slag: Enthalpy, Melting Temperature

Task 2: Calculating the Melting Temperature of Slag (Heating Approach)

47 Equilib - Reactants — >
File Edit Table Units DataSearch Data Evaluation Help

D||j=-| il T[C) Platm] Energyl)] Quantity(g) “ollitre]

HERSIEd
Ca0
1-3]
. . Compound data on Ca0 ...
Right Click Help
Quantity[g) Species PhaJﬂ TIC] Pltotal)* Streamit Data
40 fsolid Lime ~| [ [1.0 [
o |4|:| ISIDz ISD“EH Quartdl] ;I I25 G‘u’ie\-\r Data Cal Units: T(K) P{atm) Energy(J) Quantity{mol] [} x
File Edit SortCompounds Summary Databases Units  Atomic Wis. Table Graph Help << Back
* 20 ja1203 fsolic-4 comundum(alph = | [25 [Z Phases] [FTaxid - FACT ovide compounds (2019 |
Phases | Cp(T) | HM | &M | S | Volume | Magnetic| Refs. | Trans. l Mol Wt.%
’ Marne: Calci
_ Clearly, S1 is the stable CaO at 25 °C.
We can use the View Data Module to Y
. Transition | TIK) [ T(C) | DetaH | DetaS | DeltaCp
determine the phase type at 25 °C. | | [ imol | yrmoik | imolk
51 - L1 2645 16 257201 760 27,541 0.000

Check the option of “Initial Conditions” to
indicate the oxide mixture is initially at 25 °C.

However, you don’t have to do so.

Solution; | 1/15 databazes

FactSage 7.3 Compound: | 1/14 databazes
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Example 2: Slag: Enthalpy, Melting Temperature

Task 2: Calculating the Melting Temperature of Slag (Heating Approach)

47 Equilib - Reactants — >
File Edit Table Units DataSearch Data Evaluation Help

D||j=-| il T[C) Platm] Energyl)] Quantity(g) “ollitre]

HERSIEd
Ca0
1-3]
. . Compound data on Ca0 ...
Right Click Help
Quantity[g) Species PhaJﬂ TIC] Pltotal)* Streamit Data
40 fsolid Lime ~| [ [1.0 [
o |4|:| ISIDz ISD“EH Quartdl] ;I I25 G‘u’ie\-\r Data Cal Units: T(K) P{atm) Energy(J) Quantity{mol] [} x
File Edit SortCompounds Summary Databases Units  Atomic Wis. Table Graph Help << Back
* 20 ja1203 fsolic-4 comundum(alph = | [25 [Z Phases] [FTaxid - FACT ovide compounds (2019 |
Phases | Cp(T) | HM | &M | S | Volume | Magnetic| Refs. | Trans. l Mol Wt.%
’ Marne: Calci
_ Clearly, S1 is the stable CaO at 25 °C.
We can use the View Data Module to Y
. Transition | TIK) [ T(C) | DetaH | DetaS | DeltaCp
determine the phase type at 25 °C. | | [ imol | yrmoik | imolk
51 - L1 2645 16 257201 760 27,541 0.000

Check the option of “Initial Conditions” to
indicate the oxide mixture is initially at 25 °C.

However, you don’t have to do so.

Solution; | 1/15 databazes

FactSage 7.3 Compound: | 1/14 databazes
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Example 2: Slag: Enthalpy, Melting Temperature

Task 2: Calculating the Melting Temperature of Slag (Heating Approach)

& Equilib - Menu: — >
File Units Parameters Help
0| =| & TIC) Platm “n |B|U|
~Reactants (3] »| Choose all the pure solids.
igam] 40 Cal  + 40 502 ¢ 20 &203 ‘
2505 41) (250,51 41) e
»| Choose all the solution phases.
— Products
— Compound specips———— — Solution phazes — Custom Solutions ————
= | + | Base-Phaze | Full Hame 0 fixed activities _IDEtE"IS"'
B 0as 5 idedi " real O || FToxidSLAGA | A-Slagi all oxides + 5 U ideal solutions
[0 aqueous 0 | FTowxid-tded_s A-Monozide Pzeudonyms -
[ pure liquids 0 +  FlosidMel_a A-Meliite ( spply - Edite |
| + pure zolids a0 | FTowid-bdull ¢ b Lillike —Wolume data————————————

5 azsume molar volumes of
zolidz and quids =0

include molar wolume dats

spECies 30

We are heating up the oxide mixture from 25 °C

— Tranzitions - kemperature

— Legen
Nurboraf immidebie 3 | UP to 1500 °C.
o + - zelegted 1 —
e R I rrrrae—
e will look at the characteristic
— Final Conditions — Equilibfium ..
<A <B> TIC] Platr) ~|[bekaHyl +| | | C romd  © nomd t€EMperatures (transitions).
251500 25 1 |'F transitionz anly I
10 steps ™ Table € open Calculate >> |
FactSage 7.3 |

4
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Example 2: Slag: Enthalpy, Melting Temperature

Task 2: Calculating the Melting Temperature of Slag (Heating Approach)

{,:r' Equilib - Results 1257.43 C (page 9/12)

- O x

Output  Edit  Show Pages  Final Conditions
0= |I| TIC] Platm) Energyl]] Quantity(g) Yalllitre] “" BI 593
132149 ¢C|
6349¢C| 6349¢| 7492¢| T492C| 85936c| 85936¢C| 112531 ¢C| 1125_31(:' -125?.430] | 125743 ¢ 126579 ¢ |
__________________________________________________________________ .
21 1.0000 Stoichiometry = 1
__________________________________________________________________ o ..
a1 o 0000 Scoichiometry = 2 At 1257.43 °C, the liquid slag starts to
21 0._.50000
System component Zmount/mel  Ameuns/gram Mole sierre®| fOrm (solidus temperature or first melting
Ca 0.24372 S.7€75 O.1ege7
5i 0.1218¢ 3.4225 8_333E-02 temperature)
21 0.24372 €.57€0 O.1ege7
] 0.25302 13. €48 0.52333 0.40245
PHASE: gram MRSS FRACTION RCTIUITY
B1203 O.0000E4+00 1.8045%E-01 7.581E-03
5i0z2 0 _.0000E+00 4 _ 1e9cE-0L1 1.031RE-0L1
Cald O.0000E+00 4 _0255E-01 f:fffff—ff
TOTRL: | O.0000E4+00 1.0000E4+00 1.0000E400
FPHRSE: Mullicegl;#2 gram MASS FRACTICH ACTIVITY
212R1105[-1] O.0000E4+00 3.0242E-01 4 _5553E-04
212211Vas[+5] 0 _.0000E+00 4 2452E-03 1.45423E-11
B125il105([0] O.0000E+00 £.8174E-01 1.€224E-02
2125i1Vas[+10] O.0000E4+00 1.0585%cE-02 5_3225%E-10
TOTAL: O _0000E+00 1_0000E+00 5_4702E-02
FHASE: Monoxidegl;#2 gram MaSS FRACTICH ACTIVITY
Cald O.0000E4+00 3.1574E-01 2.3843E-03
21203 - Final Conditions
TOTAL: <k ® | O [ Pam | DetAu) | (60 cdouions] X
CaSi03_ | | |25150D & |1 | Calculate >
Cahl28il R
£ >

Sustainable Materials Processing Lab
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Example 2: Slag: Enthalpy, Melting Temperature

Task 2: Calculating the Melting Temperature of Slag (Heating Approach)

&7 Equilib - Results 1321.49 C (page 12/12) — O >
COutput  Edit  Show Pages  Final Conditions
O = |I| TIC] Platm] Energyl] Quantityg) Yolllire] "" B I O
6349 C 63.49{3] ?49.2-::] ?49.2(:] 359_36-::] 359_36-::] 1115.31-::] 1125_31-::] 125143-::} 125?.43(:] 1255_?9-::]
-132149C-
Ca 0.402¢5 ~ |
e} 1.0000 Stoichiometry calculated fo) =1: .
System component Amount/mol Imount/gram Mole fraction At 1321'49 C) Only mellllte IS present) bUt
Ca 0.71220 2@.588 0.1€185 L. .
=T eSS TesT == | this is the last solid before the system
21 0.35231 10.585 2_5043E-02
a 2.6332 42.130 0-s9784 becomes 100% liquid.
IPHASE: Helilitel gram MASS FRACTICH ACTIVITY
Ca2Rkl307[1-1] 0. 0000E+00 4 _S5T795%E-01 2_50QJ0E-01
Ca2R115i207[1+] 0. 0000E+00 5_0201E-01 2 _S50J0E-01
TOTAL: 0.0000E+00 1.0000E+00 1.0000E+00
Site fraction of sublattice comnstituents:
Ca 1.0000 Stoichiometry = 2
21 1.00a0 Stoichiometry = 1
5i 0.50000 Stoichiometery = 2
Bl 050000
System component Amount/mol Imount/gram Mole fraction Mass fraction
Ca a a O0_.1le€e7 0.25233
Si 0 i 2.3333E-02 0.10243
21 a a 0_.1e€s7 0.1%&20
o Final Conditions
PRRSE: | [ & [ TO | Pewm | OemA@] | [60- caustons] )
R12R11C
2122117 | |25 1500 25 1 Calculate »>
L125ilC 4
£ >
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In-Class Exercise

Question 1. The typical composition of copper slag is shown below.

Oxide | FeO | Sio, Ca0 | Al,0,
wt% | 400 | 400 | 100 | 10.0

Calculate the equilibrium when this copper slag is heated between 1000 and
1800 °C in air (i.e, Pp, = 0.21 atm).

Tip: (1) perform the calculation based on 100 gram of copper slag; (2) plot the
masses of all stable phases against temperature.

94

_______________________________________________________________________________________________________________________________________________________________________|
Sustainable Materials Processing Lab FactSage Team MSE Department, University of Toronto



In-Class Exercise

Question 2. Desulfurization of Liquid Steel

We have studied the desulfurization of hot metal using different desulfurizing
agents. The hot metal after desulfurization is transferred to a basic oxygen
furnace (BOF) for decarbonation. The resulting metal product is referred to as
liquid steel.

Another spot of desulfurization is during ladle refining of liquid steel. Say we
choose Mg as the desulfurization agent. Use the Equilib Module to find the
required Mg if the sulfur content is reduced from 0.01 to 0.001 wt.%S. You may
need the data shown on the next slide.
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In-Class Exercise

Question 2. Desulfurization of Liquid Steel

Liquid Steel Composition.

Element C Mn S Fe
wt.% 0.05 0.10 0.01 99.84

Ladle Furnace Slag Composition.

Component | CaO Si0, MgO | Al,O5
wt.% 40.0 10.0 10.0 40.0

The slag carry-over is 100 kg/tonne steel, and the temperature is 1600 °C.

Note: you don’t have to consider the gas phase.
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In-Class Exercise

Question 3. Preparation of Synthetic Slags
Use the Equilib Module to solve the following questions

As a summer student, your professor asked you to prepare a synthetic blast
furnace slag. You have the following available chemical reagents, including solid
quartz (low-temperature, Si0,), solid lime (Ca0), solid alpha corundom (Al,03),
and solid periclase (MgO).

(1) If the composition of the blast furnace slag is 32 wt.% SiO,, 40 wt.% CaO, 17
wt.% Al,05 and 11 wt.% MgO, what is the melting temperature?

(2) If all the chemical reagents which are initially at room temperature (25 °C)
are fed into the furnace, calculate the minimum energy requirement when
forming 100 g slag with the temperature determined in (1).
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