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Simple calculation examples of 

Equilib module
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Fe-LIQUID
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Fe-Si binary phase diagram - Fe-5wt.% Si at 1030 oC
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Reactants Window  - Fe-Si at Fe-5wt.% Si 

Reactants Window

Data Search

Ferrous Processing 6
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Selection of solid phases

Pure solids

Menu Window - Fe-5wt.% Si at 1030 oC
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Results Window - Fe-5wt.% Si at 1030 oC

Ferrous Processing 8
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Fe-5wt.% Si from 200 oC 

to 1800 oC every 200 oC

Fe-5wt.% Si transition calculations: “Transition”

Ferrous Processing 9
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Phase transformation calculations

• “Transition”: 

– select “Transition” for calculation mode. 

– most simple way to calculate all transition of T or X at given range set by user.

for X (composition), set <A> to component in Reactant window.

– FactSage will show all specific conditions when transitions occur. 

• “Precipitation” target:

– Set “P” option for target phase.

– FactSage will decrease temperature and find at which temperature another 

phase starts to form from the target phase.  For example, if Liquid is target 

phase, “P” target will give liquidus temperature.

• “Formation” target:

– Set “F” option for target phase.

– FactSage will increase temperature and find at which temperature the target 

phase begin to form. For example, if Liquid is target phase, “F” target will give 

solidus temperature.

Ferrous Processing 10
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Fe-5wt.%Si target for liquid phase: “Formation target”

F – formation target phase

Ferrous Processing 11
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Fe-5wt.%Si target for liquid phase: “Precipitation target”

P – precipitate target phase

Ferrous Processing 12
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Stream

• What is stream and why we need this?
In industrial process, solutions (or mixtures) can be added as reactants. This 

is called as “stream” (or “mixture”) in FactSage. In order to easily create and 

add such solutions as input, “stream” can be created from Equilib and it can 

be added as reactant for next Equilib calculation. Heat and mass of solution(s) 

are conserved in stream.

* “mixture” can be generated in “Mixture” module in FactSage

Ferrous Processing 13

Equilib #1

Equilib #2

Equilib #3Phase #1-2

Phase #1-1

Phase #2-1

Phase #2-2

(100%)

(60%)

Additional 

component
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Creating new stream : Fe-0.1C-1Mn-1Si at 1600oC

Ferrous Processing 14
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Save the liquid FeLQ

phase as a stream

Creating new stream : Fe-0.1C-1Mn-1Si at 1600oC

Ferrous Processing 15
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Import stream : Fe-0.1C-1Mn-1Si at 1600oC

Ferrous Processing 16

For heat balance, “Initial condition” 

should be selected.

This is the temperature and pressure of stream when 

they were created. Stream with the same stream # 

always have the same T and P.
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Heat balance: Fe-0.1C-1Mn-1Si(1600oC) + Al (25oC)

Adiabatic calculation : 

Delta(H) = 0

Delta(H) > 0: heat loss

Delta(H) < 0: heat gain

Calculated adiabatic 

temperature = 1605.5 oC

Ferrous Processing 17
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Open calculation

• What is open and why we need this?
In many industrial process, gas are continuously injected and it come out after 

the reaction with the materials in reactors.

This process can be simulated by “Open” calculation mode. 

For activating this <A> for gas species should be assigned in Reactant 

window.

<A> Gas reactant(s)
Equilibrium 

reaction

Repeat this calculation for “Step” times and find the evolution of chemical 

composition of gas or materials in reactor

No heat balance calculation can be done. Temperature of reactor should be 

specified by user. Reaction in reactor reaches full equilibrium at each step.

* Open calculation is NOT working with “Stream”

Liquid steel

Gas product(s)
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RH – Vacuum degassing process

Open Calculation - off-gas removal 

Fe-0.1C-1Mn-1Si + O2 at 1600oC and 0.01 atm

Ferrous Processing 19

Oxygen injection: 10 times of 0.1 gram/each
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Carbon content decreases due 

to the reactions:

C + O2 = CO2

C + 0.5O2 = CO

New slag formed due to Si and 

Mn oxidation: 

Mn + 0.5O2 = MnO

Si + O2 = SiO2

Open Calculation - results

Ferrous Processing 20
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1

2

Open Calculation - plot of log(wt% liquid steel)

Ferrous Processing 21
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Open Calculation - log(wt%) vs page 

Ferrous Processing 22

Do NOT select this.

This is species (modeling) in FeLQ
(for example, SiO and MnO are associate model species)

Select these elements in FeLQ

These are what we compare with experimental analysis

6
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Fixing activity of gas or other phase

When we need to fix activity or partial pressure ?
Only a couple of cases when you need to fix activity or partial pressures are listed 

below. There could be numerous cases other than these. 

• In steelmaking process or other pyrometallurgical process, “Slags” play important 

roles. Slags can contain oxide components having more than 2 oxidation states (for 

example, iron oxide, FeO and Fe2O3). In some case, FactSage cannot determine 

how much Fe2+ and Fe3+ exist in molten slags. The best way to resolve this 

problem is to fix the oxygen partial pressure of oxygen. 

• Any case when you have oxides (solid or liquid state) with more than 2 oxidation 

states, it is better to fix oxygen partial pressure.

• When you study the solubility of gas species in slag, for example sulfur, it is better 

to fix the partial pressure of S2 or SO2 gas like in experiments. 

• If you equilibrate liquid steel (containing O or S) and slag, this can automatically 

fixing the oxygen or sulfur partial pressure. So, you don’t have to fix the partial 

pressure of gas species. 

• If you want to saturate the slag with Fe, you can fix the activity of Fe = 1 or enter 

small amount of Fe in the calculations.

• If you want to calculate iso-activity of SiO2 (or any other component) composition of 

slag, you can set activity of SiO2.
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Fixed activity of gas and solid species

Fixed pO2 in Fe-Cr-O2
2

Specify the activity of the selected 

species or set a range of activities

(linear or log scale)

3

1

Ferrous Processing 24
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Results at log(pO2) = -20

Small amount of Cr2O3

can form on top of the

Fe-20%Cr alloy

Fixed partial pressure of a gas : O2

Ferrous Processing 25
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Fixed partial pressure of a gas : O2

Fixed pO2 in MgO-FetO-SiO2 slag

Ferrous Processing 26
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Results at log(pO2) = -10

Results at log(pO2) = -2

The amounts of FeO and Fe2O3 change with pO2

Fixed partial pressure of a gas : O2

Results at log(pO2) = -15

Ferrous Processing 27
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Fixed activity of Fe: Fe saturation 

Slag (CaO-MgO-SiO2) and liquid Fe equilibration at 1600oC

One way to fix Fe saturation in steelmaking 

calculations is to add a small amount of Fe as 

an input component

Ferrous Processing 28
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Gas / Slag (CaO-MgO-FeO-SiO2) / Liquid Fe equilibration

Fixed partial pressure of a gas : Fe saturation and fixed SO2

Ferrous Processing 29
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Gas (SO2, S2, O2, etc.)

Slag (CaO, MgO, FeO, …

CaS, MgS, FeS, etc.)

Fe-Lq (O, S, etc.)

Equilibration reactions include:

CaO + SO2 = CaS + 2O

SO2 = 2O + S

CaO + FeS = CaS + FeO

……

Fixed partial pressure of a gas : Fe saturation and SO2

Ferrous Processing 30
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Composition Target: slag / liquid steel equilibrium

“ How to calculate optimum amount of CaSi to reduce S 

in liquid steel to a targeted composition”

Composition target: target S content in liquid steel

Ferrous Processing 31



www.factsage.com

Add CaSi (<A>) to reduce [%S] in Fe-LIQUID to 0.002%.

Composition target: target S content in liquid steel

Ferrous Processing 32

1

2

3

4

Selecting target element (species) 
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Composition target: target S content in liquid steel

Amount of CaSi = 0.9674 gram to obtain [%S] = 

0.002%

Ferrous Processing 33
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Table calculations: multi-calculation using EXCEL sheet

For example, calculations for liquidus temperatures for many slag compositions

→ One by one in Equilib using Precipitation target for liquid slag

→ Or using Table calculation

Perform one calculation to make 

sure that your calculation is working
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Table calculations: multi-calculation using EXCEL sheet

Activation of Table

Check the order of inputs

This order is very important !!
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Table calculations: multi-calculation using EXCEL sheet

Prepare data in excel spread sheet (input order is the same as the input 

displayed in FactSage table mode; see previous slide) 

and then save it as “txt” file
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Table calculations: multi-calculation using EXCEL sheet

Import table from text file
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Table calculations: multi-calculation using EXCEL sheet

Close table input mode

→ Now in the calculation, activate “Table”
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Table calculations: multi-calculation using EXCEL sheet

If you do “calculation”, four calculations are done:

Each tab shows the results of each input

→ You can save the results in excel format
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Fe-0.039C-0.01N-0.068Nb-0.018Ti: three possible FCC phases

J option for FCC phase: Fe steel containing (Ti,Nb)(C,N) ppts

Ferrous Processing 40

J option assume two possible miscibility gap in a solution

Database: FSStel database
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J option for FCC phase: Fe steel containing (Ti,Nb)(C,N) ppts

Ferrous Processing 41

Austenite, Ti and Nb carbo-nitrides  are all FCC. In the 

FSStel database, all these fcc phases are modeled as a 

single FCC_A1 solution with three possible miscibility gaps.
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Fe-0.054C-3.2Si-0.1Mn-0.028Al-0.015X-0.007S-0.0075N-0.05X-0.2X (wt%): Oriented Si-Steel

2nd recrystallization temp (pinning)
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Phase diagram / Phase fraction of 430 Stainless Steel
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Equilibrium cooling of the CaO-SiO2-Al2O3-MgO slag

Equilibrium solidification of slag 

Ferrous Processing 45
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Equilibrium solidification of slag: plot amount vs. temperature

1

Ferrous Processing 46

2

3

4

5
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Equilibrium solidification of slag: plot amount vs. temperature

Equilibrium solidification is completed at ~ 1410oC

Ferrous Processing 47
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Scheil cooling solidification of slag 

Scheil cooling of the CaO-SiO2-Al2O3-MgO slag

Scheil cooling temperature setup: 

(initial_T final_T) 

Ferrous Processing 48
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Equilibrium solidification of slag: plot amount vs. temperature

Scheil cooling solidification is completed at ~ 1320oC

Ferrous Processing 49
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Solidification of mould flux

Ferrous Processing 50
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Equilibrium cooling of Fe-20Mn-1C-1Al TWIP steel

Equilibrium solidification of steel: TWIP steel

Ferrous Processing 51
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Equilibrium solidification of steel: TWIP steel

Ferrous Processing 52
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Scheil cooling solidification of steel: TWIP steel

Scheil cooling of Fe-20Mn-1C-1Al TWIP steel

Ferrous Processing 53
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Scheil solidification of steel: TWIP steel

Solidification is completed at ~ 1116oC which is 

almost 150oC lower than equilibrium calculation.

Ferrous Processing 54
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Simple counter-cross inter-diffusion calculation: <A> option 

Counter-cross inter-diffusion reactions at interface can be simulated with the 

<A> option in Equilib. This assumes the diffusivities of all components in both 

materials are the same.

Materials #1 Materials #2

Materials #2Materials #1

c
o
n
c
e
n
tr

a
ti
o
n

<A> reactants #1 + <1-A> reactants #2

Ferrous Processing 55
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Counter-cross reaction: refractory / slag

Slag

60%CaO-40%SiO2

Refractory

95%Al2O3-5%MgO
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Counter-cross reaction: refractory / slag
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spinel

periclase

refractories; 58MgO-6.5Al2O3-21 Cr2O3-13.5FeO 

slag; 50CaO-40SiO2-10Al2O3 (in wt%)

Counter-cross reaction: Refractories in VOD

T=1650oC

Jung et al., Taikabutsu, vol. 56, 2004, pp. 382-386.

Ferrous Processing 58



www.factsage.comFerrous Processing 59

Application: Activity calculations 

Slag: binary, ternary and multi-component systems

FeLq : oxygen and alloying elements

Now in FactSage 70, iso-activity lines in ternary or higher order 

system can be easily calculated using Phase Diagram module
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Activity calculations – Binary system

Ferrous Processing 60
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Activity calculations – Binary system

Activity of solid or liquid (standard state) ?

Ferrous Processing 61
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Activity calculations – Ternary system

Ferrous Processing 62

(1)

(2)

(1) Run phase diagram and select the axis and temperature.

(2) Click the solid or liquid phase you want to set its activity. For example, select 

“SiO2(s6)” in this example

(2)

Calculation of iso-activity line of SiO2(s6)

in the CaO-MgO-SiO2 system
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Activity calculations – Ternary system

Ferrous Processing 63

(2) Click the solid or liquid phase you want to set its activity. For example, select 

“liquid Mg” in this example

(3) Click “Z - iso-activities”

(4) Set the activity values to plot in phase diagram – up to 10 values

(2)

(3)

(4)
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Activity calculations – Ternary system

Ferrous Processing 64

Iso-activity lines of SiO2(s6)
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Activity calculations – Quaternary or higher order system

Ferrous Processing 65
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Activity calculations – Quaternary or higher order system

Now it is very easy to calculate 

iso-activity lines at any high order 

system

Ferrous Processing 66
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Activity of oxygen (wt% standard state) in liquid steel

Log aO(wt%) = Log(aO in FeLq) - Log((EXP(-15280/T+3.5)*55.847/100/16))

where T in Kelvin

)state.stdHenrian(a
M

M100
)state.std%wt(a i

Fe

i
i =

.).(.).(

)S.S.Elementure()S.S.Henrian(

γ

ggγlnRT

ssHenrianM
o
MSSElementpureM

o
PM

o
M
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M

aa ==

−=

5.3/15280ln +−= Tγo
O

Reference pure element standard state of O in FeLq : Gas (0.5 O2) 

aO in FeLq

: value used in FeLq database; slightly different 

depending on assessments
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Activity of oxygen (wt% standard state) in liquid steel

aO in FeLq

Total dissolved Al and O

Dissolved Al, O, Al*O, Al2*O

Ferrous Processing 68
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aO in FeLQ Total dissolved Al and O

Activity of oxygen (wt% standard state) in liquid steel

→ Then, convert aO in FeLq to aO wt% s.s.

Ferrous Processing 69

Dissolved 

unassociated O
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Thermodynamic properties: ΔG, ΔH, ΔS etc.

Ferrous Processing 70

Initial conditions for phase 

and temperature should be 

specified

For calculating the difference of thermodynamic 

properties from the initial state to the final state, 

“Initial Conditions” should be activated.  



www.factsage.com

Thermodynamic properties: Activity, ΔG, ΔH, ΔS etc.

Ferrous Processing 71
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Thermodynamic properties: ΔG, ΔH, ΔS etc.

Ferrous Processing 72
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Thermodynamic properties: Activity, ΔG, ΔH, ΔS etc.

Ferrous Processing 73
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Simple examples of Phase diagram

Binary phase diagram

Ternary and multi-component systems



www.factsage.com

There is a stable miscibility gap in slag; automatic selection by FactSage

Binary phase diagram: CaO-SiO2

Ferrous Processing 75
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There is a stable miscibility gap in slag.

Binary phase diagram: CaO-SiO2
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Ternary phase diagram: CaO-SiO2-Al2O3 isothermal section

Ferrous Processing 77
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SiO2

CaO Al2O3

1:1

Ternary system: section in ternary (isopleth)

Ferrous Processing 79
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Oxidation diagram: Fe-Cr-O2

Combination of many databases:

FACT53: gases (if necessary)

FToxid: oxide phases

FSStel: fcc, bcc and other metallic phases
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Log pO2 for y-axis variable
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Predominance diagram: Fe-Mn-O2-S2 

Combination of many databases:

FACT53: gases (if necessary)

FToxid: oxide phases

FSStel: fcc, bcc and other metallic phases
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Quaternary diagram: iso-composition section
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Quaternary system: CaO-Ca2SiO4-MgAl2O4
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Fe oxide containing system: Fe saturation 

Intentional addition of Fe to make Fe saturation
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Fe oxide containing system: Fe saturation 
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Fe oxide containing system: fixed PO2 

Fixing PO2 to control the 

oxidation state of Fe
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Fe oxide containing system: fixed PO2 
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Fe oxide containing system: fixed CO/CO2 gas

Select only CO, CO2 and O2 gas to simulate real experiment of oxide/gas equilibration.

→ If we select all gases, some amount of oxides can be evaporated depending on the relative amount 

of gas and oxide in the calculations 

Fixing PO2 by CO/CO2 gas mixture
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Fe oxide containing system: fixed CO/CO2 gas

Fixing CO/CO2 ratio
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Fe oxide containing system: fixed CO/CO2 gas

Ferrous Processing 93



www.factsage.com

Fe oxide containing system: fixed CO/CO2 gas
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CaO-FetO-SiO2 system with Fe saturation
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CaO-FetO-SiO2 system with Fe saturation
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CaO-FetO-SiO2-5wt%MgO system with Fe saturation
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CaO-FetO-SiO2-5wt%MgO system with Fe saturation
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CaO-Al2O2-SiO2 slag – MgAl2O4 refractory 

50%CaO-30%SiO2-20%Al2O3 slag → in mole: (CaO)0.5618(SiO2)0.3146(Al2O3)0.1236

(Equilib or Phase Diagram’s components are in molar base)
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CaO-Al2O2-SiO2 slag – MgAl2O4/Al2O3 refractories

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

0.10.20.30.40.50.60.70.80.9

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

(CaO)0.5618(SiO2)0.3146(SiO2)0.1236

Al2O3 MgAl2O4
mass fraction

ASlag-liq

ASlag-liq + ASpinel

ASlag-liq + CaMg2Al16O27(s)

ASlag-liq + Ca2Mg2Al28O46(s)

ASlag-liq + CaAl12O19(s)

ASlag-liq + ASpinel + CaMg2Al16O27(s)

(CaO)0.5618(SiO2)0.3146(SiO2)0.1236 - MgAl2O4 - Al2O3

1600
o
C

High Alumina (MgAl2O4-Al2O3) 

Refractories dissolution into slags

Ferrous Processing 101



www.factsage.com

CaO-Al2O2-SiO2 slag – MgAl2O4/MgO refractories
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Phase diagram: Refractories design
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Para-equilibrium

Para-equilibrium (Partial equilibrium) vs Ortho-equilibrium (Fully equilibrium)
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Para-equilibrium: Steel A3 temperature
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C is suppressed in the phase selection for convenience
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Para-equilibrium: Steel A3 temperature

Full equilibrium

Para-equilibrium
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Para-equilibrium: Rapid solidification for amorphous metal

Blank → no diffusion of any element: this is what happens during rapid solidification
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Para-equilibrium: Rapid solidification for amorphous metal

Full equilibrium

Paraequilibrium:

Rapid solidification
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Para-equilibrium: Rapid solidification for amorphous metal
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Alloy Design: Electric steel (Si-steel)

Phase diagram of Fe-Si system
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Alloy Design: Electric steel (Si-steel)

Alloy Design: Fe-Si + C
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Alloy Design: Fe-Si + C

Alloy Design: Electric steel (Si-steel)
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Alloy Design: Fe-Si + Al, Mn

Alloy Design: Electric steel (Si-steel)
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