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Gibbs energy

G=HT1 TS; G: Gibbs Energy, H: Enthalpy, S: Entropy

1. For pure element or pure compound (Al, O,, Al,O, etc.)

G =Hy- TS

/ - \ -~ T C
HS —(DH Y dT = AN —d :C,=a+hT +cT?
‘o Zf%q zgg:p Sr 8298(’ 29';1 T +dTInT + -
i is known (measurable)
Is enthalpy for compound at 298 K with :
reference of pure stable elemental species Is standard entropy at 298 K
At298 K 1 atm ( HZ, . 0 , unknown) (S =0)

Standard state for H: Hyg=0
for all stable elements at 1atm and 298K. * In FactSage compound database,

Fe(bcc), F , E&(D), N, H JHo(@),  PHos Sow Cy , are stored.
eﬁ);;)) cigcg:/{g( I): , é()'s,);oz‘%(fjeéZ(g) A Absolute Gibbs Energy of compound

relative to elemental species.
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Gibbs energy

2. Chemical reaction between pure compounds (No solution)

NA+mB=A_B,

I:x;rxn = GZan B (nGX + m@)
=DH°_ - TDSC.

rxn

In many thermo books, these DH® ,S°  are given.

These values are not absolute values, but dependent on each chemical

reaction.
A In the FactSage, therefore, absolute Gibbs energy of each species

(relative to elemental species) is stored. Then, the reaction Gibbs
energy for each reaction can be automatically calculated from the Gibbs

energy of each species.
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Gibbs energy

3. Chemical reaction involving gas

nA + 02(9) = AnOZ

Dern = Gghoz B (nGZ + mGOZ)

l G =G +RTInR

for gas species |

=DG"- mRTIn R,

At Equilibrium state Dern =0

\ DG° =- RTIn(-2

POZ“‘)
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Gibbs energy

3. Chemical reaction involving gas (continue)

In general, for aA + bB(g) = cC + dD(Q)

At Equilibrium

7 \

0O — 'Pg\
DG° =- RTIn{%)
N\ g 7

~N =

DG° =- RTInK K: Equilibrium constant
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Gibbs energy

4. Chemical reaction involving solid or quuid solution

——-\

G . =G H RTIn(aI) a: activity

I (in soln) I (pure)

_— o -

change of GIbbS energy of i in solution
by interacting with surrounding species

Definition of activity

Pure Gas A Gas Mixture

P
PO

C activity is movement of species in solution

a'A gA A

e

Pure Liquid A A in solution
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Gibbs energy

4. Chemical reaction involving solid or liquid solution

Definition of activity

1
. =(p/pP’)=9X% . : . :

a=(p/p)=gx (+) deviation: repulsion between i and other species
T (+) deviati A a >x : more active chemical reaction of |
% de (-) deviation: attraction between i and other species

A a <x :less active chemical reaction of i
(-) deviation
0 X —> 1

In general, for aA + bB(g) = cC + dD(g)
DGrixn = a Gproducts a Greactant

At Equilibrium C Pd * FactSage solution database contain the
[x;O =-RT In( acrp model and model parameters to calculate
ap? GA &
AFB i
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Gibbs energy minimization

In most of thermodynamic book, we always calculate equilibrium condition
— O I
DG, =0 — DG°=-RTIhK,

But in reality, we want to first know the direction of reaction

’_————~

~~———_—

many possible outputs l Thinas Pina
e RS N
l '\/A B (M-2)A % - -~ )
LS (n-1)B." ____ / AB (M-3)A 4
| TmoTT LT (m-DAS. M. AB,(n-3)B )
l ( AB, | | ~o8 L _ -7
I . (n-2B , __=C N |
: Te==- -7 (M)A N :
! ! (n-y)B ,‘ I
\ ~ (AyB)solp- /
R E L L L EEEE Final equilibrium state?
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Gibbs energy minimization

(continue)

A We have to find out which phase assemblage is most stable at given T,
and P; with respect to the mass balance with inputs.

A Gibbs energy minimization routine. (ChemSage, Solgas-mix, etc.)
The most stable phase assemblage has the lowest Gibbs energy.

In FactSage

1)  Put inputs amount

i) Select all possible phases (solid compounds, solid solutions,
liquid solutions, gases)

) Set Ty and Py,

Iv) Calculation (Gibbs energy minimization routine)

v) Equilibrium phases

FIRE Summer School, 2013 JUNG -
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qis° (kJ / mole of O,)

Ellingham diagram
(A)

- Collection of gi=° for oxidation reaction
mA + O, = A, O, (reference: 1 mol of O,)

- Only consider for pure species.
(No solutions are considered.)

A+ 0,=A0,
DG = DG° Bso,) = 0: Equilibori
= +RTlIn ,(DG =0: Equilibrium)
(@) (Po,)

DG® = RTIn p,,
DG®° =(RInp, )3T

T(K)
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Solution thermodynamics

A-B solution, (Solid or Liquid solution)

Gsolution: a Xl Gi

gsolutior
ojE S
g, =0x+ RTInaA/\/I
RTIna, q tline
angen
ga =M Tang

A A

= (X,G, +x,Gg) + RT(x,Ina, +x5Inay)

FIRE Summer School, 2013
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Solution thermodynamics

A-B solution, (Solid or Liquid solution)

Gson= (X,G, +X,Gg) + RT(X,Ina, +x;Inay)

1. Ideal solution: g, =105 =1

Gsoin= (X,G, + X;Gg) + RT(X, In X, + X5 In X3)

/—- ~
2. Regular solution: RTIng, :‘\WAI;:'XS q: Regular solution parameter

Gsoin= (X,G, + X;Gg) + RT(X, In X, + X5 In X5) + W5 X, X5
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Solution thermodynamics

A-B solution, (Solid or Liquid solution)

Gson= (X,G, +X,Gg) + RT(X,Ina, +x;Inay)

3. General solution: g, = f(X,T)
Gson=(X,G, +X;G3) + RT(X, In X, + X5 In X;) +G*
G™= 8 WagXaXg

i,j21
* FactSage supports many complex solution models.

Solution database (FToxid, FTSalt, ....) contains optimized
model parameters reproducing Gibbs energy of solution.
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Gibbs Energy vs. Phase Diagram

A Phase diagram is the collection of minimum Gibbs energy
assemblage of given system with temperature.

A | i
T B
T ;
£
_______ --- Tl.
a+f3 B
A —=Xs B

Porter, D.A., and Easterling, K.E., Phase Transformation in Metals and Alloys, 2" Ed. CHAMAN & HALL (1992)
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Thermodynamic Database Development: FactSage

Pure compound

0 — o
Gr =H; - TS) . .
T U Calorimetry
0 — 0 + U emf
Hr = DH ox ﬁ:pdT G Knudsen cell
2986 298< U Vapor pressure
~p ~p
St = Syox + n dT  S)gq = dT -
29&K
Solution

emf (activity)

Knudsen cell (activity)

Vapor pressure (activity)
Solution calorimetry (enthalpy)
Phase diagram

X — 22 A Ui i
-a WABXAXB }
i)j21
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Dilute Solution

(+) deviati

ide

(-) deviation gX

FIRE Summer School, 2013

Ap

:gﬁxA: Henry
QA:?Z

Constant slope

Henrian activity coefficient
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Dilute Solution

Most of refining process involves impurity elements (dilute solutes)
A Henrian activity is important

For example, Al-deoxidation process in steelmaking,

2Al +30 = ALLO,(s)

a a
DG° =- RTIn ( AI203) —_RT ( AI203)

= |
@) (@) TEXE) (BXS)

gf\. IS the Henrian activity coefficient of Al in pure liquid Fe

Now, if we have other elements in Fe such as O, Mn, C, etc.
there is interaction between Al and these elements.

A Change of g, from g,‘l. . Interaction coefficients
— Al O C
INGn =INGa + ExXa + 4% + 65 % ...

* FactSage FTmisc-FeLQ database contains these Henrian activity
coefficients and interaction parameters for liquid steel.

FIRE Summer School, 2013 JUNG - 22



Change of Standard State

Gibbs Energy

0
gi(wt.%)é
0
gi(H) €,
gI(R) G lRTlna RTIn & (H) RTIn & (wi%) Gi - Gi(R) + RTIn a'I(R) = Gi(H) + RTIn a|(H)
i(R) _ o
9,(9) 0 . =Gl * RTIN &)
i\Yi

U Raoultian standard state A Henrian standard state
DG’ . =RTIng®  &qp = fiX
— 4 j k
Inf, =gx +a'x, +e'x +...
U Raoultian standard state A 1 wt.% standard state

DGi(zR— Wi%) — RTlngMB‘”k ai(Wt-%) = fi X
CLOMi = 1ogf = d[Wt%i] + 6/ [Wt%]] + e\ [Wtoek] +...

|-
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Heat (enthalpy)

Heat evolution calculation

initial —

DH =H . - H =

Gl)
DI_Im (melting)

0

v

H. ..
initial process

FIRE Summer School, 2013 JUNG - 24



Heat (enthalpy)

Heat evolution calculation

DH; = heat of formation (or reaction)
from A(s) + B(s) to AB(S)
(typically negative value)

AN
S

...

v

Process

FIRE Summer School, 2013 JUNG - 25



Heat evolution calculation

N
7

A-B solution

(liquid)

Heat (enthalpy)

N
7

Process

In FactSagethe H,.,,and Hq. . are directly calculated because the H of each phase
calculated from the thermodynamic equations of each solid or liquid phases.
LdO A& AYLRZNIIFIYG G2 &aSt SO0 LINRBLISNI AYA
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Gibbs energy of reaction

- o
DGreaction — (a N, Eg| E) products (a n, :gi E)reactants

—_— o 120
g =9g; +RTIna;
Activity of |
Standard state should be checked carefully

0)
In FactSage, DGreaction(between pure compounds) can be calculated
from the AReactiono module, and th
component can be Equdiboc umoaltud & .usi ng

FIRE Summer School, 2013 JUNG - 27
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Advantage of thermodynamic database

Ellingham Diagram FactSage calculations
Pz 7PH20
Pelics, L = pes Jpoz(mm {gram) 58.h Mgl + 28.5 Cr203 + 5.4 AL203 + 6.1 Fez03 =
1167 0% ‘Cf%oég& o 02 " 6.00000 gram { 9.6630 wt.% A1203
b i LY SRR U g i 3 +  62.986 wt.% Cr203
0 J> + 27.351 wt.% Fe203 Corundum
S / 1 (1680.80 C, 1 atn, H203(Corundun), a=0.25426)
A o 8 .
B4 /uc“y f%0 +  4n_369 gram { ©.87098 wt.% Fe304[1+] spin
’ 2 0 + B_17265E-85 wt.% Fel04[5-] spin
L2 eS B s +  1.4285 wt.% AL304[1+] Spin
// = + B.17705E-85 wt.% AL104[5-] Spin
-300E S / 7 B . A + O v 1.2681 wt.% FelRl204[1+] spin
/ + 1.8299 wt.% AL1Fe204[1+] Spin
: : = i 2 +  9.7043 wt.% Hg1A120% Spin
. ; + B.B7538 wt.% AL1HMg204[1-] Spin
2 X A + 5.997% wt.% Hg3oa[2-] )
H}"’-Ecc' R E = = +  B_12004E-04 wt.% Mg104[6-] Sp/ne/
Wy at utlibriun v il wtox Mgirezon _
o) e TS - ' q + p.78203 wt.% Fellg204[1-] Spin
-~ -600 03 Rl VS + 558N wt.% HMgiCr204 Spin
3 7 +  B.4P158E-81 wt.% Cr1Cr204[1+] spin
£ ~ + B_45352E-82 wt.% CriMg204[1-] spin
£ -700 +  6.8840 wt_% FelCr204[1+] Spin
2 + B.58832E-82 wt.% CriFe204[1+] Spin
X 500 + g8 wt.% AL1Cr204[1+] Spin
< (0) — I + B.73593E-02 wt.% Cr1A1204[1+] Spin
& m — R I r + B_90174E-08 wt.% Cr104[5-] Spin)
€ -900 ,\/b (1680.80 C, 1 atm, Cubic)
000 Change(of +  5n.831 gram ( 2.4263 wt.% Fe203 .
o stote
2 eiee + 89.953 wt.% Hg0 MO/’]OX/de
21106 point +  B.16289 wt.% Al203
= Boiling = +  7.4575 wt.% Cr203
e point J & (1680.0808 ¢, 1 atm, Honoxide)
2-1200 Trqn's{ormo(ion T 10%° e ‘
7 e + 0.08080 gram { 34.012 wt.% Mg
OK 0 200 400 600 Taoo uo'oo ;Eg? 1400 1600 1800 2000 2200 2400 -a'(f : g;g:g $:§ 2333 /
emperature 2 (1] 12 o i
:50:";“2 = |o|lsO\ nonzlo 10" £ +  B.7552 wt.% Cr203 S ag
H2 /FHa0 _q4 =
IO'ZTIO';” IO"'°°‘IO"°°10"7° 10‘f° |0'\5° |0'\‘2 10'\“ lO:‘° lo'\"?‘j_‘ 0. ol (1688.88 C, 1 atm, A5Slag-liq/fglass, a=8.4453L4)

(atm)

AEllingham diagram : Reaction between pure stoichiometric oxide phases.
AFactSage calc.: Multicomponent phase equilibria including many solid/liquid/gas solutions.
- for example, Spinel/Slag/Monoxide/Corundum/Fe-s t eel / Gas/ et c
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Commercial Databases and Programs

& S - F*A*C*T + ChemSage: CRCT, Canada + GTT Tech., Germany
Ct age www.crct.polymtl.ca, www.factsage.com

TD: Oxide (slag, inclusion, refractory), Salt, Steel, Light alloy (very good)
Fully Window Interface

KTH, Sweden, www.thermocalc.se

Y
A,

’:; TD: Steel, Light Alloy (very good) + poor Oxide
e Thermo-Cale Software DICTRA (Diffusion Process)

DOS Interface, Window Interface

NPL, UK, www.npl.co.uk/npl/cmmt/mtdata
TD: Oxide, Salt, Steel, Light alloy (good)
Window Interface

SGTE (Europe + Canada + US), www.sgte.org
Orginazation of Database Development

@ McGill FIRE Summer School, 2013 JUNG - 30 G’actSageT”



Since 1976

Dr. In-Ho Jung

Manipulate

Databazes

© 19752013 / www.factsage.com

Thermfact a'h'uG]:_r-Te.:nn ologies FactSage(TM) 6.4
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Desulfurizing a Steel by CaSi Addition.

0.2 Cafa +

2. 3E32E-04 JgSul)

G Reconts-cquic NN el e wzse L
‘ File Edit Table Units DataSearch Help
+ 0.95 AL ¢+ =ddax Zad =lCAx 102 +
O |E,"'| +| TIC] Pbar] Ernergyi)) Mass(g) “olllire) "1 I !l I’:l
A1Z33 + - L0A- MO +  <EAr Fel t
g ™
110 11.13] L3 Menu - Equilib: last syste [
File Units Parameters Help
Mass(a) Specid | [ | @| m TIC) Plbar) Energyll] Massig) Volllitre) |m ||3| 11|
|'|EID IFE |—Heactanls [13) |
* IU-1 IE Il:liam]'IDU Fe + 01 C + 025 + 15Mn + 0025 + 0054 + <408 Cal + 108> Si02  + 200 AL
5 1 3
* oz |Si | T
+ |1_5 |Mn — Products
— Compound species — Solution species  Custom Solutions
* ID-D2 IS = | + | Base-Phaze | Full Name - g _fli:=|-=EC: ac:lti'-f_ities
Ol ie0- i ideal zalulions
+ (005 ol [+ gas & ideal © redl  B1 + FTmisc-Fel Felig al 5
I | [T aqueous 0 | FToddSLAGA | ASlagiq al ovides + 5 0 activity cosfficients
+ [canas a0 [ pure liquids 0 || FTosidSPINA ASpinel Details ...
. : * [+ pure solids 123 | | FToxidMeO_a AMonovide  Pseudonyms
<108 |si02 , +  FlosdWOLLA Hufallastonite, _
* - custom selection + FToxic-bC25 aCa?sind apply [ List ... |
ZpECiEs; 184 : .
+ FToxid-aC25 3-Ca25i04 ™ includ | |
FTovid-Mel Meliite - MIEhITE TR S VELMES
Target ] d+ = [ paraequilibrium & Gmin  edit |
- hone - I-.Ei?nEnTiscible g W Show " all &+ selected
. Total Species [max 3000] 312
Estimate TIE): |1EIEID +-zelected B ..
s 0 sz?jic;ﬁz: 1:123 Select | Total Solutions [max 40 18
Mass(gl ' Totsl Phases (max 1500] 142
FactSage 6.4 Compound: | 1/30 databases Final Conditions E quilibrium
—— — L <Bx TIC] P(bar] ;I Praduct H[J) ;I @ nomal € nomal + bansitions
.01 1627 1  transitions only
10 steps ™ Table " apen Calculate >> I

FactSage E.4

No solid phases
(activity<l)

i 0.000CO gram
11=270 00
>
»
+ U uduLu T amn
LIRZF% TN

Fe beo
C, 1 atwm, =L, a&=0.33Z000;
FE_L\_"L'

o1 atm, 8F, a=l 9F3EF:

é y

I thtSage‘”

FIRE Summer School, 2013
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Prediction of Phase diagrams

30wt% Al,O,

Sapphirine

40

50

60

2400

10

(MgO)

weight fraction
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FactSage for Steelmaking

The thermodynamic database can be used along with the
Gibbs energy minimization software of FactSage to calculate:

A Slag/Metal/Inclusion/Gas/Refractory equilibration

Inclusion chemistry

i
I Maximum solubility of refractories
:

|
|

Slag/metal equilibration

I de-0, de-S, de-P , e
I Etc.

Aany phase diagram section for multicomponent systems

isothermal, isoplethal, etc.

A cooling paths of slag and alloys

(Equilibrium, Scheil-Gulliver, etc.)

A Mass/Heat balances: alloying
AViscosity of slag

thtsagem FIRE Summer School, 2013 JUNG - 34



Merits of Using Thermodynamic Calculations in
Alloy and Process Design

A Reduce Time/Cost/Manpower by effective searching for
optimal conditions, compositions, etc. through
thermodynamic calculations.

AEl i minate ATrial and Erroro
A Calculations are rapid.
A Does not require expert knowledge of thermodynamics.

thtsagem FIRE Summer School, 2013 JUNG - 35



Thermodynamic Modeling / Applications

Thermodynamic data
ACalorimetric data: Heat capacity,
H of mixing, H of melting, etc.
AVapour pressures

AChemical Potentials: activity
Crystal Structural data Retc.

Phase diagram data

APhase diagram
AS/L/G phase equilibria

Critical Evaluation/Optimization

one set of G ... = f (T.x,P) for all phases
™ Good thermodynamic model - High predictive abilit
&7actsage ( " ghp )
ThermocCalc Construction of Thermodynamic Database
Pandat Unary - Binary - Ternary - Multicomponents
: Y

Applications to Materials / Process Design/Analysis
AComplex chemical reactions
ASolidification / Equilibration calculations (as-cast/as-annealed)
AMulticomponent phase diagrams
AMass/Heat balance with stream: process simulation




Thermodynamic Database Development

Pure compounds G? — H? - TS?
;

.
Hy =DH g+ ﬁ:pdT S(r) = S398 t ﬁ@dT
298 298 T

Solutions

For example, Random mixing solution (ideal, regular, sub-regular solutions)

G =X,Gyt + X G +RT(X In X, + X, In X)) +G*

G™ = & XIS

To get high predictive ability, thermodynamic model
should reflect the structure of solutions (phases)

@ McGill FIRE Summer School, 2013 JUNG - 37 thtSage'"



Thermodynamic Database Development

In our databases, many different models are used such as:

A Slag: Modified Quasichemical Model (short-range-

ordering)

A Solid solution: Compound Energy Formalism

(crystallographic information)

A Liquid Fe: Generalized Interaction formalism (dilute

solution)

@ McGill FIRE Summer School, 2013 JUNG - 38 thtSage'"



Quasichemical Model for Short-Range Ordering

AUsed for the liquid oxide solution
SiO, T CaO7T MgO1i AlO,; ;1T FeOT FeO, 1 €
Consider a random distribution of second-nearest-neighbor cation pairs.
Model parameters are the Gibbs energies of the pair-exchange reactions such
as:
[Ca'Ca]pair + [Si'Si]pair =2 [Ca'Si]pair DgCaSi <0
This is equivalent to O% + O° = 20"

— 0 0
G _(nSiOZGSiOZ c20Cca0 '+“)

T B &, ( oR/2)

n>m

where : n,, G’=number of moles and Gibbs energy of component iin solution

N = number of moles of [m-n] pairs at equilibrium
DSconfis = (Ising) entropy for random distribution of pairs = function of n,and n_,
Dg,,, = binary model parameters
(which may be functions of composition and T)
(The equilibrium values of n_, are obtained by setting pG/pun,,= 0 at constant n;)

thtsagem FIRE Summer School, 2013 JUNG - 39



Silicate Slag: Network structure

-Consideration of Second Nearest Neighbor Short-Range-Ordering-

O'+0%=20

Calculated bonding in liquid silicates

S 1.0t
.'g 0.9 CAO-SIO,
o 09t _
S sl o T =1600°C
5 0
PbO-SiO,

S 0.7¢ '
c
2 067 0-Sio,
O
o 05t
— FeO-SiO,
S 0.4f |
o
5 0.3f NiO-SiO,
©
= 0.2t
fo)
S 0.1
(2

0.0

00 01 02 03 04 05 06 07 08 09 10
MO mole fraction SiO
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Slag system lik®©xySulfide OxyFluoride etc.

-Consideration of First and Second Nearest neighbor SRamgeOrdering

SiF-CaF, system

AGcasire

Two Sublattice -
Modified QuaSiChemica Si0,-SiF, system

)| , CaO-CaF, system

Adsisiior Adcacaior
Model , i
(Quadruplet Approximation)

S0 a0
Ca0-Si0, system
AGcasiioo Cé"‘

¢ g 5

General Central

Atom (GCAModel S @cz0> @ O O ca
| | 3
. g O S+

JUNS*¥ 41



Slag Viscosity: Structural Viscosity Model

Modified Quasichemical Model

A Bond fraction (Silicate network structure)

A Activation energy of bond breaking reaction: Binary
parameters + Association energy for M*AI** replacing Si** in
silicate network

A Prediction of multicomponent system (oxide and oxy-fluoride)

A Heterogeneous (solid + liquid): Einstein-Rosco equation

Database for molten slag
Ca0-MgO-SiO2-Al203-Fe0O-Fe203-MnO-TiO-TiO2-Na20-K20-
Li2O-B203-F (-PbO-NiO)

Database for glass (supercooled melt)
Ca0-MgO-SiO2-Al203-Na20-K20-B203-PbO

thtsagem FIRE Summer School, 2013 JUNG - 42



The Na,O-Al,0,-SI0O, system

T = 1400AC

¢ Riebling, 1966
© Toplis et al., 1997

LU L B R R S RN B B B B B B S R B N N R B S BN S R B R E N B R R N R B N R B R B R R B R N R

1200 1400 1600AC mole fraction SiO, = 0.5

® O  Toplis et al. 1997
R 4 < Riebling, 1966 i
Na,0 09 08 07 08 \o.s //;.4 03 02 01 -AIZOQ """""""" belowliquidus

mole fraction

In(visc) [PaS]

S . 1 1 1 1 P N S

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
molar ratio Al,O,/ (Al,O,+Na,0)
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The Na,O-Al,0,-SI0O, system

1400AC

¢ Riebling, 1966
© Toplis et al., 1997

1200 1400 16 00 AC mole fraction SiO, = 0.67
I @ O  Toplis et al. 1997
|, = Stein and Spera, 1993
V2 L . & Riebling, 1966
NaZO 0.9 0.8 0.7 0.6m0|e(;':§Cti0n0.4 0.3 0.2 01 T A|2Q Klm and Lee, 1997
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[ Viscosity of CaO-Al,05-SIO0,-R,0O (R=K, Na, Li)
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Viscosities of various systems
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Databases in FactSage for steelmaking
applications

Brief History of Database Development
Details of Oxide Solution Database for Steelmaking Applications
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Database in FactSage

‘ Brief History of FACTSAGE Database Development

1976~2001: F*A*C*T A 2001~present: FactSage (a fusion of F*A*C*T + ChemSage)

< 1998 : FACT database (before 1998)
1999~2003 : FACT53 database

2000~2004 : FACT Consortium project (2000~2004): 16 companies
pyrometallurgy (ferrous, non-ferrous), hydrometallurgy-corrosion, glassmaking
- FACT53 database A FToxid, FTmisc, FThall, FTsalt, FThelg,..
- New alloy databases: FSStel, FSlite, FScopp, S GT E, é .

2004~2010 : Mini-consortiums
- Al consortium (Alcoa, Alcan, and Norsk-Hydro)
- Glass consortium (Corning, Schott, and Saint-Gobain)
- Light alloy (Al, Mg) consortium (Al consor., GM and MagNET): FTlite
- Steelmaking consortium (Posco, RIST, and Tata Steel Europe)

2011~2014 : Mini-consortiums
- Al consortium (3 companies), Glass consortium (3 companies)
- Steelmaking consortium: 11 companiesA Consor t i umCOEIDabase (
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Database in FactSage for Steelmaking Applications

FACTPS: All gaseous species, stoichiometric solid and liquid species
(organic, inorganic)
A Similar to thermodynamic table like JANAF, Barin-Kubaschewski

FToxid: Most updated Oxide database with
- many solution phases (slag, spinel, monoxide, olivine, etc.)
- pure solid and liquid oxides, No gas phase

FTmisc: FelLq solution
- most reliable liquid steel database for steelmaking calculations
(slags/refractories/gases/molten iron)

FSStel: solid and liquid steel phases
(also includes small number of gases, oxides, sulfides, nitrides, etc.)
- for steel solidifications and alloy design.
- liquid steel: reasonable calculations for steelmaking applications

A For steelmaking calculations:
priority: FToxid > FeLq > FACTPS
(from FactSage 6.4 version, the best selections of phases among
multiple databases are provided)
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FToxid database

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

ASlag (I option): CaO-MgO-Al203-Si02-FeO-Fe203-MnO-Mn203-Ti203-Ti 02 é
+ Gas solubility such as S (S02), P, H (

ASpinel (1 option) (SPIN): (Mg,Fe,Mn,Co,Ni,Zn)(Al,Fe,Cr,Co,Mn,Va)204, extensive solid solution
containing MgAI204, MgCr204, MgFe204, FeCr204, Fe304, FeAl204, Cr304, MnAIl204,
MnCr204, MnFe204, etc.

(AlISp): (Fe,Mg,Mn)AI204-Al203 solution

Aa-, -@aBSiO4 (aC2S, bC2S): Ca2SiO4 (C2S) rich solution with limited solubility of Mg2SiO4,
Fe2Si04, Mn2Si04,etc.

AOQlivine (Oliv): Mg2SiO4, Fe2SiO4, etc. (Mg,Fe,Ca,Mn,Ni,Zn,Co,Cr,etc.)2SiO4, covering
forsterite (Mg2SiO4), fayalite (Fe2SiO4), gCa2SiO4, monticellite CaMgSiO4, tephroite Mn2SiO4.
| option specially when Ca2SiO4 exists.

ACorundum (CORU): (Al,Cr,Fe,Mn)203 solution, the solution of Al203, Cr203 and Fe203. Solid
miscibility gaps exist between the constituents. | option required.

AMonoxide (halite) (MeO ): of CaO-MgO-FeO-MnO-NiO-Fe203-Al203-Cr203 etc. well-known
lime (CaO), periclase (MgO) and wustite (FeO). | option especially when CaO and MgO exist

together.
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FToxid database

AMn/Ti oxides:
) ilmenite (ILME): (FeTiO3(ilmenite)i Ti2031 MgTiO31 MnTiO3 + Al203),
i) pseudo-brookite (PSEU): (Ti3O51 FeTi205-MgTi2051 MnTi205 ),
iii) Ti-spinel (TiSp): (Mg,Fe,Mn)[Mg,Fe,Mn,Ti,Al]204
Iv) Rutile (TiO2):TiO2 + Ti203-ZrO2 solid solution

AMullite (Mull): non-stoichiometric Al6Si2013 with possible solubility of B.
(MulF): stoichiometric Al6Si2013 with dilute Fe6Si2013.

AMielilite (Mel_): Ca2[Mg,Fe2+,Fe3+,Al](Fe3+,Al,Si)207. Akermanite Ca2MgSi207 and gehlenite
Ca2Al2SiO7 form the melilite solid solution stable below 1590 °C.

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

AWollastonite (Woll): (Ca,Mg,Mn)SiO3, which is a CaSiO3 rich phase stable below 1300 °C.
Pseudo-wollastonite is stoichiometric CaSiO3 stable below 1550 °C.

Apyroxene (pPyr, oPyr, cPyr): (Mg,Ca,Fe)[Mg,Fe]Si206, which is a MgSiO3-rich phase stable
below 1560 °C. proto-, ortho-, low-clino-pyroxene exist. Clino-pyroxene is a CaMg2SiO6-rich
phase, which is stable below 1390 °C.

ARhodonite (Rhod): (Mn,Ca)SiO3, a MnSiO3-rich solid stable below 1300 °C.
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FToxid database

Main solution phases in Ca0O-Al203-SiO2-FetO system when high PO2 (air)

CAFS Ca2(Al,Fe)8SiO16, CAF6 Ca(Al, Fe)12019, CAF3 Ca(Al,Fe)6010, CAF2 Ca(Al,Fe)407
CAF1 Ca(Al,Fe)204, C2AF Ca2(Al,Fe)205, C3AF Ca3(Al,Fe)206

Main solution phases when T < 1550°C (mould flux, Na20 containing system)

ANepheline (Neph): NaAlSiO4 with excess SiO2.

ACarnegeite (Carn): NaAlSiO4 with excess SiO2.

ANaAlO2 (NASI): low temperature - NaAlO2 with excess NaAlSiO4
ANaAlO2 (NASh): high temperature - NaAIO2 with excess NaAlSiO4
ACombeite (NCSO): Na4CaSi309 (bombeite) i Na2Ca2Si309 solid solution

AFeldspar (Feld): complete solution between Anorthite(CaAl2Si208)-Albite(NaAlSi308)

ANCAZ2: (Na2,Ca)ONa202AI1203 solid solution
AC3A1: Ca3Al206 dissolving Na20, (Ca,Na2)1Ca8Al6018 solution

Most wupdated version of Na2O containing SYys
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FTmisc (FeLqg) and FSStel

FelLq
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).
ABased on the Unified Interaction Parameter [
Interaction parameter formalism) with associate model for deoxidation. Many interaction
parameters between metallic elements are taken from JSPS (Japanese compilation)

FSStel database
AFCC/BCC: Fe / Carbide / Nitride are all treated as FCC phases
A Fe with N and C : use J option (3-miscibility gaps).
A Fe with N or C : use | option (2-miscibility gaps).
A Also recommend to use | option for BCC phase
For example, see Fe-Ti-Nb-C-N example.

ALiquid: O and S are treated as associate model

AFCC ordered phase (FCC_L12), BCC ordered phase (BCC_B2) normally slow down the
calculations significantly. If you are not really interested in order/disorder transitions, do not to select
these phases.

Carbon: when C content is lower than ~ 1%, Fe;C (metastable) phase is normally formed instead
of C (stable). So, in the selection of solid phases,Aiunsel ect 6 C solid phas
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Steelmaking Chemistry

The important chemical systems of non-metallic phases for steelmaking
processes can be summarized as follows. All of these are modeled in the
FactSage databases.

1) Molten slag for refining process

a) CaO-FeO-Fe,0,-Si0,-MgO-MnO-P,0O, system: BOF process

b) CaO-MgO-Al,O,-SIO,-FeO-Fe,O; system: ladle refining process
c) CaO-MgO-SiO,-CaF, system: stainless steel refining

d) CaO-CrO-Cr,05-MgO-SIiO, system: AOD and VOD process for
stainless steel

e) CaO-MgO-SiO,-MnO-CrO-Cr,0O4 system: high Mn stainless steel

2) Mould flux for casting process
a) CaO-MgO-Al,0,;-Si0,-Na,O-Li,0-F system: conventional process
b) CaO-MgO-Al,O,-SiO,-Na,O-Li,0-B,0, system: new candidate.
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3) Non-metallic inclusions

a) CaO-Al,0,-MgO-CasS: conventional low carbon steels

b) MnO-SiO,-Al,0,-Ca0O-MnS: wire steels and free cutting steels

c) MnO-SIO,-Ti,05-TIO,-Al,O4: high strength steels

d) Al,O;-Ti,O5-TIO,: interstitial Free (IF) steels

e) Ti-Nb-C-N: high-strength low-alloy (HSLA) steels containing Ti and Nb

4) Refractories

a) MgO-C: BOF and RH vessel refractories, ladle slag line
b) MgO-Al,Og: ladle castable

c) MgO-Cr,0,;-FeO-Fe,0;-Al,05: VOD and AOD refractories
d) Al,O5-Zr0,-SiO,-C: nozzle refractories and tundish plugs
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Most common phase diagrams for
Steelmaking Applications

Ca0-MgO-SiO2-Al203-FetO-MnO
Na20-CaO-Al203-Si02
MnO-TiO2
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Phase vs. Phase diagram
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Phase vs. Phase diagram
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Si0,

Phase vs. Phase diagram
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Phase vs. Phase diagram
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Phase vs. Phase diagram
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Phase vs. Phase diagram
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Phase vs. Phase diagram
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Phase vs. Phase diagram
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Phase vs. Phase diagram

TiO,
A\ -~ TizOxp
’ T|+00m
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— —Ti50q ezt s
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/ X Ti30s
MnTIO%«, i %2,
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N ,,’/ "
,’/ Manganecsite + Spinel MnTi204 »
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Fig. 5. Calculated isothermal section in the MnO-"TiO»"—"Ti,O3”" system
at 1400 °C. Thin lines represent sections of phase equilibria under specified
oxygen partial pressures (log pO» (bar)). Dashed lines denote sections of phase
equilibria under pCO/pCO, = 1,9 and C/CO equilibrium, respectively.
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Phase vs. Phase diagram
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Fig. 7. Predicted phase diagrams of the Mn—Ti-O system under various oxygen partial pressures. (a) pO; = 107> bar. (b) pOy = 10710 bar. (¢) pO; = 10~15 bar.
(d) pO;3 = 10729 par.
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Na,O containing system: Na,O-SiO,-Ca0O-Al,O,

* Weill et al. (1980), compliation

C: CaO CaO
A: ALO, . f— Sieg
N: Na,O . T

S: SO, | \ N _

AlLO,

NA,

Sio,

NaZO * Mo s t

updated versi
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Phase vs.

Phase dia

m: Na,0O-Al,0;-SIO, system
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Phase vs. Phase diagram: Na,O-Al,0;-SIO, system

NaAlO, - Si0, Gactsoy'
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Phase vs. Phase diagram: Na,O-CaO-SIO, system

Morey and Bowen (1925)
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Phase vs. Phase diagram: Na,O-Al,0,;-Ca0O System

Na,O - Al,O, - CaO
1200°C

FactSage

B Verweij and Saris (1986), maximum solubility
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Phase vs. Phase diagram: Na,O-Al,0;-S10,-Ca0O System

Cao >-Si02-Al203\quaternary, parameter\PD_CaS ()15'(3“2'“‘25‘“/'Na*;
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Phase vs. Phase diagram: Na,O-Al,0;-S10,-Ca0O System

CaO
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Phase vs. Phase diagram: Na,O-Al,O,- SlO2 CaO System

N G’actSage
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Phase vs. Phase diagram: Na,O-Al,0;-S10,-Ca0O System
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ASimple examples of Equilib for various functions of FactSage:
Target/Transition, Stream, Heat balance, Open, Fixing partial pressure,
Fe saturation, etc.
ASimple examples of Phase diagram for various functions of FactSage:
Binary diagram, Ternary and multi-component - Isothermal, isopleth diagram.
AApplication: Activity calculations in binary, ternary and multi-component systems
Slag and FelLq
AApplication: desulfurization of steel
AApplication: Addition of new component (user defined) to Slag: V203 oxide in slag
Henrian activity coefficient
AApplication: Addition of new compound and solution (user defined) in calculations:
MnCr204-MnAI204 ideal solid solution
AApplication: Phase diagram calculations (advanced)
Phase diagram calculations with Fe oxide and Fe saturation:
Multi-component phase diagrams, slag i refractories or inclusions
AApplication: Non-metallic Inclusions (inclusion formation, inclusion stability diagram)
AApplication: Solidification (Scheil cooling) of slag and steel
AApplication: Refractory design (thermodynamic stability)
AApplication: Enthalpy diagram (Slag cooling and heating)
AMacro processing: Process simulations
simple flowsheet type of process simulation (secondary steelmaking)
advanced examples: simple reactors
BOF(slag/metal/gas interaction), Ladle (slag/metal/inclusion interaction)
AViscosity module: Slag and Glass viscosity calculations
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Simple examples of Equilib

Target/Transition, Stream, Heat balance, Open,
Fixing partial pressure, Fe saturation, Table, etc.
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Fe-Si binary phase diagram - Fe-5wt.% Si at 1030 °C
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Reactants Window - Fe-Si at Fe-5wt.% Si
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Menu Window - Fe-5wt.% Si at 1030 °C
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Results Window - Fe-5wt.% Si at 1030 °C

F Results - Equilib 1030 C - 0] x|

Cuutput  Edit Show Pages

[ ||j"| il TIC) Platm] Energyld] Mass(g] Yolllire) T“llalm

lgram) & %1 + 95 Fe = -

100,00 gram BCC_AZ#l

(10000 gram, 1_.8791 mol)
(1030.00 2, 1 atm, a=1_0000)
[ 9E_000 wt. % Fe:Wa
+ E.0000 wt_o% Bi:Wa)
SBvsten component Mole fraction Mass fraction
Fe 0O_305z6 0_3Loon
5i 2_4741E-02 L_000QE-0z

+ 0_0o00aad gram EBCC_BZfl
(1030.00 C, 1 atm, a=1._0000a)
[ 25000 wt_.% FeFeWag
+ &.7533 wt_.% SiFeVat
+ &6.7633 wt_ % FeSiVatg
+ 0.47370 wE_o% BifiVag)
Mole fraction of sublattice constituents:
Fe O.305Z6 Stoichiometry = 1.0000
Bi 2. 4741E-02
Fe 0_.905zZa Stoichiometry = 1.0000
2i 2_4741E-0Z
hd

thtSage‘” Ferrous Processing 83 ¥ McGill CRCT "o



Fe-5wt.% Si transition calculations
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Fe-5wt.% Si formation target for liquid phase
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S | =PFSuslBOC2 | BLE BAIBLE A2 B -
- apply [ | + 0-00000 gram EBCC_BZ2§E
SPECIE: 8 (1427.3% C, 1 atm, a=1_0000)
. { &6 000 wt_ % FeFeVad
— Farmation T arget ] r ™ includ + E.7633 wt.% SiFeVae
-FE — Legen i
| FeserFL |- mmiscible W Show & &l " selected | TotalSpe b orae e sieivess
E stimate T[Z]: I'IUUU F - formation target . 18 Taotal Salu
IPECiEs: | ) ) ) .
b I - zelected . Select Mole fraction of sublattice constituents:
Mass(a) 0 * - SEIRCE solutions: 7 Fe 0.90526 Stoichiometry = 1.0000
— 5i 9_4741E-0Z
— Final Conditions — Equlih | = -~ oo
e F 0_90526 Stoichi = 1_0000
< <B> = T R v ||Product H) > | | & nom iy ooaoeee |, Sooichiomerry
f_ 1 ) prede
l C: System component Mole fractiom Mass fraction
0 steps [T Table ~ - 1 calculation | Fe 0.50826 0. 55000
| — | ai 3_4741E-02 5. 0000E-02
FactSage 6.1
+ 0_0ooon gram BCC_AZ§Z
{1427.3% C, 1 atm, a=1.0000)
{ 95,000 wt.% Fe:Va
+ 50000 wh.t Si:Va)
Systen component Mole fraction Mass fraction
Fe 0_90526 0. 95000
gi 9_4741E-02 5. 0000E-02
F 1 formation target phase + 0.00000  gram Fe-LIQUID
{1427.39 C, 1 atm, a=1.0000%
| 93 644 wt_ & Fe
+ 63563 Wk S

Mole fraction Mass fraction
0. 33644 hd|

Systemn component
Fa 082108

® McGill CRCT "3
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Fe-5wt.% Si precipitate target for liquid phase

=~ —a—al
F Menu - Equilib: last system F Results - Equilib 1452.65 C

File  Units

D =&

Parameters  Help

Qutput  Edit  Show Fages

sl =3 Wl

TIC) Platm) Enerayll] Mass(g) Yollltre) TIC) Platm] Energyl)] Masslg) Vollitre)

=10] |
144 il B7S

— Heactants [2]
[ fgraml5 5+ 9 Fe | | tgram) 5 2i + 95 Fe =
loo. 00 gram Fe-LIQUID
(100.00 o, "™3731 mol)
~ Products : Kl
{1452 65 C Nl atm, a=1_0000)
— Compound species — Solution species — Custarn I { 95.000 wt.% Fe
I_ gas % ideal " real 1] = | + | Baze-Phaze | Full Hame i} _fi:-:El: \ + L.0000 /m:.% Si
I_ AUEOLE ] - S 3tE-FCC FCC_AT:Me[C M] 0 ides . .
I— pure quuid& i) | FSN—BEE BOC 472 0 acty Svstem Component Mole fraction Mass fraction
! — Fe 0.90526 0.95000
|+_ pure zolids g P FSst}I-FE-L Fe-LIQUID =4 9.4741E-02 5. 0000E-02
¥ suppress duplicates | apply + | PSR | HOP s3MedCMN] — Pseuda
S wPEiiclBECC2  BCC B2IRCEC A2 0.000060 gram BCC_AZ#L
snecies: g apply | (145Z.65 C, 1 atm, a=1.0000)
R : IS { 95,205 wt.% Fe:Va
— Precipitate Target L eerd ™ includ t 3. 7947 wE-% i:Va)
-FE — Legen
; FastelFEL I-il_c'lnmixcible v Show & all  selected Total Spe 0.00000 gram BCOC_AZgZ
Estimate T(C]: |1DDD = = Total Sal {1452.65 C, L atm, a=1.0000)
- precipitate target species: 1 i s Feiv
Mass(g] ID— + - selected S Select | ¢ 96, wh.% Fe:la
solutions: 7 + 3.7947 wt.% Si:Va)
— Final Conditions E quilib 0.00000 gram BCC_BZ#z
L <Bx TIC] Platm] j Froduct HiJl j O 11452.65 €, 1 atm, a=1.0000}
o d { 89_Z08 wt.% FeFeWafg
1 RL=el + E.z578 wo.% SiFelad
10 steps [T Table 1 calculation C: + 5.2578 we.t FeSiVas
L —_— + o.z7598 wo. % SiSiVas)
| FactSage 6.1 |
0.00000 gram BCC_BZgl
{1452 65 C, 1 atm, a=1_0000)
{ go.z0s wt.% FeFeVat
+ E.ZE78 wt.% SiFeVas
+ E_ZE78 wt. % FefiVas
+ 0.z7598 Wt % Si8iVas)
0.00000 gram FCC_AL:Me(C,H)
{1452 65 C, 1 atm, a=0_93z53)
oo . . | 95_4z74 wt.% Fe:Va
Pi preCIpltate target phase 4+ 38781 wo. Hi:iva)
0.00000 gram HCP AZ:MeZ(C,H)
{1457 65 C, 1 atm, a=0_70401)
{ 95968 wt.% FelVa
+ 40338 wt.% SiZVa)

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

File Edit Table

Dz +| 5

Units Data Search Help

TIC] Platm] Energyl]] Mass(a) Volllitre)

il ek

Maszz(g) Species Phaze TIC) Ptotal]™ Streamit Data
[373 [Fe | BN [ [1
* o1 Ic | =] | | 1
ML Jhin | =] | | 1
ML Jsi | =] | | 1

[ Initial Conditio

G Menu - Equilib: save stream file : Fe-lg at 1600C

Mext »>

FactSage B.0 Compound: | 3/20 databases  Solution: | 2/17 databases

File Units Parameters Help

D= &

TIC) Platm] Energgll] Mass(g) “olllitre)

—Reactants [4)

[ [aram]57.9 Fe

+ 01 C + Mn + Si

~ Products
— Cormpound species

— Solution species

r— Custom Salutions

as (= ideal (¥ real i] = | + | Base-Phase Full Mame 0 fived activities
[ o _ i
|_ AQUEDUT 1} + | FTmisc-Fell Fe-lig 0 ideal solutions
[~ pure liquids 0 FTrrisc-LMLOA alite-Liq 0 activity coefhc@nts
[~ pure solids 1] Details ...
[~ suppress duplicates agelﬂ ~ Peeudonyms —————
spECies: 1] apply [~ List .. |
— Target [ include molar volumes
- nohe - ~Legend )
N W Show ™ al ¢ selected | Lotal Species [max 700 4
Estimate T(K]: I‘IEIIJD + - selected . 1 Total Solutions [rmax 30 1
species: |
tass(g): ID solutions: 1 Select Default |
— Final Conditions E quilibrium
b <B T(C] Patrn) LI Praduct HE] ;I % narmal = hansitions
1600 1 " predominant & open
10 steps [T Table 1 calculation wl
FactSage B.0 | C:hworkeshd g-38lhcasestudyh E quiba DAT A
™ . N . g Montreal
ctSage Ferrous Processing 87 = McGill CRCT "%



Creating new stream : Fe-0.1C-1Mn-1Si at 1600°C
'4? R;esults—EquiIib.lﬁﬂUC | | | | | E@rﬁ | | |

Output ] Edit Show Pages

Save or Print b TIC] Platm) Energyi)] Mass(a) Velllire) T"||B‘|"ﬂ: T T -

Plot 4

Equilib Results file O raverars n Save the ||C|U|d FeLQ

Streamn File » Recycle all steamns ... i [ : h t
""" asSe asS a Stream
Format » Save stream file » Save gas phase ... p
Fact-¥ML , Stream file properties ... Save pure liquids ...
Save aqueous ..
Summary of streams » : :
Refresh .. Savepuresolids..  F -

= Directory (Chwork\Mg-2Alcasestudyl) ..

Save solutions 4 ALL solutions
System component Mole fraction Mass fraction .
Fe 0.96577 0.97300 FTmisc-FelQ
Mn 1.0023E-02 1_.0000E-02 -
5i 1.381cE-02 1.0000E-02 G Results - Equilib 1600 C
C 4 _5883E-03 1.0000E-03

Output  Edit  Show Pa
| q.l | 5 File in C! k\Mg-3Al studyMixt*.dat
The cutoff concentration has been specified to 1.0000E-75 D = E‘J ave File in Clupddbig \caie LM =

FTmizc-Feld Fe-lig

e o e o o e o o e o o e o e e o e e o o e o e e e e e o e o e e e o o e e o e o o e e o

H = v 3 Cp {gram) 37.3 Fe + Enter a gtream file number
(J) (53} [litre) [T/E) (T/E) (1 -9939)
ke e ke e e ke ke e e ke e ok o e e ok o ke e e e ke e ke e o o e e o o e e o e e ok o e e e e e e ok e e e e e o o e e o e o ke o e e ok o e 100_00 grEII y
1_33714E+05 -2.14945E+05 0_00000E+00 1.B613TE+0Z  6.2&470E+01 (100.00 gram, or enter a stream il name [up to 26 characters), for
- - - - < - (1800 exanmple
{ 57.5 . ise
Total mass/gram = 100.00 + 0,10 by wery favorite stream (o
+ 1.00 . . -~ I =
) B e
+ 100 avoid the special characters 2@/ 5%+ < I o)
—_— Feliq
System
Fe
Mn 1.0028E-02 1.0000E-02
Si 1.36182-02 1.0000E-02 E_
c 4.52882-03 1.0000E-08

The cutoff concentration has been specified to 1.0000E-75

e e e e e e e e e e R R R R e R R R R R R R R R R o e e e e e o e e e e e e e e e

H [= v s cp
{(J) (J) {litre) {J/K) (J/E)

e e e e e e e e e e e e e e e e o e e e e e o o o ok e e e e e e oo e o e e e ok e o o o o o o o o e o e e e o e

1.33714E+05 -2_143%45E+05 O0_.00000E4+00 1_86137E+0Z B_Z6470E+01

Total mass/gram = 100.00

thtSage‘” Ferrous I5rocessing 88 " McGill CRCT Mg



Import stream : Fe-0.1C-1Mn-1Si at 1600°C

A3 Reactants - Equilib

File | Edit | Table Units Data Search Help

O Add a new Reactant Ctrl+R
Insert new reactant before ...

] Delete reactant ...
Delete all blank reactants TIC] P(total)* Streamit Data ‘ """"""""""""""""""""
Mixtures and Streams ¥ Import a mixture » : :
Re-order the reactants N Import a stream (or single-line mixture) » 1 FTrmisc-FelQ Fe-lig stream
Export list of reactants » Edit a mixture or stream » Feliq Feliq stream
Import list of reactants 2 Directory (ChworkiMg-3Al\casestudyt) .. : :

N

Clear 0T Rt Ei o= e
Exarnple File Edit Table Units

Data Search  Help

TIC] Platm] Enerayll] Mass(g] “alllire]

D& +| =

- .y

Species Phasze

” TIC] Pltotal™ Slleaw Data

ms @

|[FTmisc-FelQ_Fe = | [[Stream] fteon 1

1

Jai |so|id-F.~'-\ET53

é [100 1
-~

Mext »>

FactSage 6.0 Compound: | 3/22 databazes

Solution: | 2/18 databazes

|2

¥ Initial Conditions

!.-’-‘-.CT 53

FactSage 6.0 3/22 databazes

Solution: | 2/18 databazes

Compound:

A

Ferrous Processing 89
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Heat balance: Fe-0.1C-1Mn-1Si(1600°C) + Al (25°C)

£ Menu - Equilib: adiabatic calc, (dH=0) L [ =) [

Adiabatic calculation :

File Units Parameters Help
Ol -d T(C) Platm] Energul)] Masslg) Yolllitre] |m |B|If| Delta(H) — O
—Reactants [2)
[gram] 100% [FTmisc-FelO_Fe-liq) * 5 al
[1600C.H1) [100C,-FACT53.H2)
— Products
— Compound species———— 1~ Solution species — Custom Solutions
[ gas € ideal & real 1] * | + | Base-Phase | Full Hame 0 fired activities
¥ anuenus 0 + FlmiscFell Fediq [ el salutens
[ pure linuids 0 FTmiscFCC_ | FCC_lite_metal S S
[~ pure solids i FTmise-LMLOA alite-Liq Detais .|
- o 7 “Lite-Li r
I suppress duplicates_apply | Flose LMLLY Lieln ~ Pseudonyms {7 Results - Equilib 16055 C [ESEER
e | List ...
EECCIESS o anply [ | BB | Output Edit Show Pages
— Target [ include molar volume O |E”| I’_Sﬂl TIC) Platm] Energyil] Mass(g) Valllitre) "‘llalm
- none - - Legend Total Speci 700
’ + - selected ¥ Show & &l  selected otal Species [max
Estimate T[C): |1EIEID . . Total Solutions [max 30
species;
Massigl: B solljutions: 7 Select | Default | | (gzam) 100% [FImisc-FeLp_Fe-lig] + 5 &AL = -
— {1€00,1, stream, $1) (100,1,s-FACTS3,$2) F
— Final Conditions ~ ~ E quilibrium
< <B> TIC) Flam)  # ~||DeltaHil) |\ ® nomal = 10500 gram Fe-lig
. ‘ : 0 ol o e {105.00 gram, 2.0004 mol)
(160%5.50 €, 1 atm, a=1_0000) A
W steps [ Table ~ Calculate >> { 93_238 Wb.% Fe FTmisc 3
_ > 7 + 4.7gls wt.% Al FTmisc
FactSage B.0 |C:'\wolk\Mg-%l\casestudy\EquiEb.D.-’-‘n.T + 9.5238E-02 wt.% C FTmisc
+ 0.55z238 wt.% Mn FTmisc
+ 0.95238 wt.% Si FImisc) L4
System component Mnole fraction Mass fraction
Fe 0_.87631 0.5%3238
Mn 5_05%%91E-03 5 _5Z38BE-03
5i 1.779%E-02 5.5Z38E-03
21 S9.2e35E-02 4. Tel3E-02
C 4.1el3E-03 S.5Z38E-04

CaICUIated adlabatlc The cutoff concentration has been specified to 1.0000E-75
t t : 1605 5 OC e e e e e e e e e e e ke e e e e e e e e e e e ke e e e e e e e e e e ke e e e e e e e e e e ke o o e e e e e e o e e ke o o e
empera ure " DELTA S DELTA Cp

DELTA H DELTA & DELTA WV
7 [Ev )] (litre) (J/ED (JFED

B L R R R R R R g L S E k& ]

0.00000E+00 -3.78783E+04 0O.00000E4+00 1.45308E4+01 1.1&730E+00
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Open Calculation - off-gas removal

47 Reactants - Equilib

File Edit Table Units DataSearch Help

0Ol ﬂ TIC) Platm] Energyl)) Mass(g] Yollitre)

1-2

Species TIC) P(

Bsmmm| | RH i Vacuum degassing process

total]* Streamit Data

[100% |[FTmisc-Fel0_Fe »| |

oz

L PN

Next »>>

2/18 databases

FactSage .0 Compound; | 3/22 databases  Solution:

F Menu - Equilib: open calculation : RH simulation

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

File Units Parameters Help
0| = E TIC] Platm] Energyll] Mazz(g)] Yolllitre] "' B
Heactants [2]
|
[gram] 100% [FTmisc-Felld Fe-lig) + <hr 02 |
Products
Compound species Solution zpecies Custom Salutions
*[¢ gaz @ ideal " real 23 * | + | Base-Phase | Full Hame
[ 1] + | FTmisc-Fell Fe-lig
[ pure liquids 1] | FTomid-SLAGS ASlag-iq
* [+ pure solids 57 + | FToxd-SPIME BSpinel
W suppress duplicates apply +  FTowd-MeO_B Bhonoxide e
* - custom selection + | FToxid-Olivd A0lvine r i
species. 80 +  FToxdCORU  M203(Corundum] apoly M
"arget [ include molar volumes
Legand Total Speci 7001 125
|- iroiecible W Show all otal Species [max 700
+ - zelected . Total S olutions [max 30] 7
l— SfEFIES: 4? S elect
zolutions: Drefault
efau |
Final Conditions E quilibrium
| | 10 |Patm] = ||PraductHY) ~|  C nomal O
01 | 1500 ot | ’ F"Ed”“i”ar
10 steps M 10 calculations Calculate >>
FactSage 6.0 c:\FactSagetcazestudysE quib.DAT

F

I thtSage‘”
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2014
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Open Calculation

results

F Results - Equilib Step 10 (page 10/10)
Output Edit Show Pages

O A

TIC] Platm) Erergufl] Mazza) Yolllitre)

Step 1] Step 2| Step 3| Step4| Step 5| Step | Step 7| Step8| Step o —Sta-plﬂ—l
+ 4 _5753E-Z3 03
+ 1.8372E-31 c4
+ 4.0453E-33 Fe (CO)5
+ Z.4433E-35 Cs
+ 38.83% gram Fe-lig
{98.8339 gram, 775 mol)
(1e00.00 C, 1.0000E-0Z &tm, ==1_0000)
{ 38.59353 wo.% Fe FTmisc
+ Z.Z138E-03 wt.% C FImisc
+ 0.&e5415% wt.% Mn FTmisc
+ 7.5786E-03 wt_.% O FImisc
+ 0.34235 wt.% 5i FImisc
+ 1.50&83E-04 wt.% 5i0 FImisc
+ 8.3388E-04 wt_.% MnO FImisc)
System component Mole fraction Mass fraction
Fe 0.988Z1 0.985933
Mn £.8317=Z-03 £._5483E-03
5i &.7813%E-03 3.4235E-03
o] Z.7193E-04 T7.8Z14E-05
C 1_0Z8ZE-04 Z_Z2158E-05
+ 1.0285 gram ASlag-ligfl
{1.0285 gram, 1.5850E-0Z2 mol)
(1€00.00 C, 1.0000E-0Z atm, &=1_0000)
{ 52.051 wt.% 5i0Z FToxid
+ ©.8Zig wt.% Fel FToxid
+ 4_Z505E-03 wt.% FeZl3 FToxid
+ 41.313 wt.% MnO FToxid
+ 4.1180E-03 wt.% MnI03 EToxid)
Mple fraction of sublattice consStituents:
5i 0.58215
FeiZ+t 5.9815E-0z2
Feld+ 3.45442-05
Mnz+ 0.37737
Mn3+ 3.385ZE-05
O 1.004a0
System component Mole fraction Mass fraction
Fe Z_3353E-0z 5_1508E-02
Mn 0.14753 0.32002
oL N T1a4n N TA220

Carbon content decreases due
to the reactions:

Cc+0,=C0O,

C +0.50,=CO

New slag formed due to Si and

Mn oxidation:

Mn + 0.50, = MnO
Si+ 0O, = SIO,

I thtSage‘”
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Open Calculation - plot of log(wt% liquid steel)

B=1E3

F Results - Equilib Step 1 (page 1/10)

(ol VMl Edit Show Pages
—
Save or Print r T[C] Platm] Enﬁ]] Mazs(q) m "’ B 7
Plot 3 1
Equilib Results file  ¥|  RepeatPlot - log 10{weight ) ve - page L
Stream File ¥ [Eso-Felf_Fe-1lig]l + <2» 0% = =1 <E> = 0.10000 A
Format ¥
ges_idesl \ - —
Fact-xML » | £.52202-02 mel, 101.17 litre, 1.23122-0% g/ml)
. 1.00002-02 =zzm, ==1.0000)
Refresh ... co
™7 n
+a si0
+a Fe
+ 4 coz
+ 2 Fel . -
+ 4 si 100% [FTmizc-Fell_Fe-liq) — 3
+ 4 o _
+ 3.74842-1Z oz F A osi
+ 4.57392-13 czo
+ 1.86752-13 c achivity
+ 1.40842-14 siz -
+ 1.6886E-15 ca0z activity ; ;
+ 9.1601E-1¢ sicz N — — e
+ 2.8591E-16 s::: male HI|L'||:| — Hoais m
+ 3. 3E8zE-1% siC mole fract. g1 Ofwelight = pag
+ 5.5308E-18 cz
+ 1_89822-18 c3 gram S 5 S 1
+ 1.48502-18 5i3 )
. v weight %
4 o I
ik ey ok vey
Cp(T)
G(1)
Cancel Refrezh ak
i \I
HL) o449 To7r.99
V{litre) 1 10
B s
HES :
E - page - " Display
0 selected v v calar [ full zcreen
| - 3 naf4 W reactants O Wiewer
— y . ) .
2 ~ ~ —|v'd I\D‘ ! hemical v file name ™ Figure
’ \ In(¥) teger &
Axes exp(Y) e
1

chFacts

FactSage B.0

220 ap09

10 stz

thtSage‘”
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Open Calculation - log(wt%) vs page

2.00 P

100% [FTmisc-FeLQ Fe-lig] + <A> 02
c:\FactSage\casestudy\EquiO.res 21May09

G’actSage'"

Y

1.00

o

Ioglo(wgight %)

| ol O | ol O
T C_ITCCT T T CITeTOT T

| Lol
T C_ITCCO

-2.00 + -
CreeQ CFelQ——— e Fel@—  cretg ]
-3.00 -
-4.00 L 1 L 1 1 1 L 1 1 1 L 1 L
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
- page -

I thtSage‘”
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Fixed activity of gas and solid species

;|

-~
ff25 15 1§

Specify the activity of the selected
species or set a range of activities
(linear or log scale)

Show Selected Select Al

Select/Clear. ..

& Selection - Equilib T(C) = 1000 N | (5] i . .
File Edit Show Sort e F'Xed p02 N Fe-CI‘-OZ
[Selected:

2 Species | Data | Phase | T]v] Code

, + Olg) FACTS3 gas

+3 2 02(g) FACTE3 gas - ,
SRERE A FACTE3 g3 | Fixed Partial Pressure . EEX

N ! Cilg) FACTE3 gas 3 g
+ 5 Cr[g) FACTE3 gas E
nter the wvalue of logl0[p] 0K

s - Lr2(a) SREVED g [or for a range of values enter Tirst Tast step’) for -

+ 7 ErEIS[g] FACTA3 gas 2 Dz[g]

+ ] Fela] FACTEI gas Cancel

b 3 FeDlg) FACTS3 gas Prezs [Cancel] if the partial pressure is no langer fixed.

\D activity ﬁfficients
B

== =

Coffom S SMicns
1 fived activitii

0 ideal zolutio

L etailz ...

Pseudonyms

apply [ List ...

[ include malar volumes
Total Species [max FO0 54
Total Solutions [max 30 3

Default

E quilibrium
* normal ™ hansitions

~

Calculate »>» |

\ _ 02: oxidation // Fe-Cr-02
-_ v File Units Parameters Help
O | = n TIC) Platm) Energpl)] Mass(a) Yolllite]
Reactants [3)
[ lgamlelss Fe ¢+ <bo Cr + 002 |
1 Pﬁuct\
4 Compound species Solution species
T+ gas 7 ideal " real 9 = | + | Base-Phase | Full Name
] 0 + FSstelFCC FCC_al:Me(CM]
[ =ie liquids ] + | FSstelBCC BCC_&2
= [+ pure solids g + | FSstel-51GM SIGMA
[v suppress duplicates apply || FTaouid-SLAGA A5lagliq
* - custom selection + | FToxid-SPIMA ASpinel
Tpecies 17 + | FTosid-ted_a A onoxide
|| FTowid-CORU 1420 J[Corundum)
Clear Ok, e Legend
I— |'i§l‘ll‘ﬂiSCib|B W Show all * selected
+ - zelected o
species: a7
zolutions: | %
Final Conditions
<A [ 1@ |Pram = |[Product Hi) ~ ]
0.2 | [1000 [1 |
I~ 11 caloulations
FactSage 6.0 c:'FactS agehcasestudyhEquida DAT

I thtSage‘”
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Fixed partial pressure of a gas : O,

G Results - Equilib a=1.00E-20 (page 6/11) I

(= [ © |

Qutput Edit Show Pages o

0| A

2=1.00E-16 | 2=1.00E-15

TIC] Platm] Energyll] Mass(a) Yalllitre)

+=1.00E25 | 2=1.00E-24 | 3=1.00E-23 | =1.00E-22 | +=100E-21 -2=1.00E-20- | ==1.00E-13 | 2=1.00E-18 | 2=1.00E-17 |

M @ =

{gram) <1-A> Fe + <&> Cr + 0 0Z =

+ B.5523E-02 0z

Small amount of Cr,0O,
can form on top of the
Fe-20%Cr alloy

Results at log(pO,) = -2

0.00000 mol gas_ideal
(1000.00 C, 1 atm, a=6.4283E-10)
{ 5.8327E-10 Fe
+ 5.4513E-11 cr
+ 5.0662E-14 Cro
+ 1.1792E-15 Fed
wm, Tra0E-16 T Cwes
Q + 1.0721E-17 o )
O + 1_0000E-20 0z
T e = cg
+ 3.5759E-40 03
+ 0.81471 gram FCC_R1:Me(C,H)

(0.81471 gram, 1.4808E-0Z mol)
(1000.00 C, 1 atm,
{ 1.8053 wt.% Cr:Va
+ 9B_135 Wwt_% Fe:Va

&=1_.0000)

System component Mole fraction Mass fraction
— .

- —_—re —y 0.58084 0.98135
" Crc 1.5384E-02 1.8053E-02
I + 0_27082 gram MZ03 (Corundum) £1
‘~ (0.27082 gram, 1.7818E-03 mol)
(1000.00 C, 1 atm, 7. alafuf}
~ -— { 95.938 wt_% ;ﬁoa

=y ey omess P75 Fezo3

System Component Mole fraction Mass fraction

Fe 3_4367E-06 &_313BE-06
Cr 0.40000 0.88420
o] 0.80000 0.31580

+ 0.00000 gram MZ03 (Corundum) £2
(1000.00 C, 1 atm, ==1.0000)
{ 95.938 wt_.% CrzZo3

+ 5_0270E-04 wt.% FeiZl3

System Component Mole fraction Mass fraction

Fe 3_4367E-06 &_313BE-06
Cr 0.40000 0.88420
o] 0.80000 0.31580

-~

m

FACTS3
FACTS3
FRCTS3
FACTS3
FACTS3
FACTS3
FRCTS3
FACTS3
FACTEZ)

F5stel

FSstel)

FToxid
FToxid)

FToxid
FToxid)

thtSage‘”
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Fixed partial pressure of a gas : O,

=k

Cuztom Solutions

1 fiwed activities
0 ideal solutions
0 activity cosfficients

Details ...

Fzeudonyms
apply [ List ...

[ include molar volumes

Total Species [max F00] 94
Total Solutions [mas 30] g

Drefault

™ normal r
" predominant ©

Calculate >3» |

'ﬁr Selection - Equilib T(C) = 1§Q0 =E™) . . .
File Edit Show Sort leed p02 |n MgO'FetO'S|02 Slag
Selected: 1212 GAS

+ | Code | Species | Data | Phase | T]v] Code
+ 1 Ofg) FACTE3 gas
+3 2 02(g) FACTE3 gas
+ 3 03(g) FACTE3 gas
+ 4 Mof@ N
+ 5 Mg | Fixed Partial Pressure S5
¢ 6 Modg IS
+ 7 Silal
T g s Enter the value of log10(p] m
+ g 5i3(g) [or for a range of values enter 'first lagt step'] for -
+ 10 5iD(g) 2 02[a) Cance of 02 // slag containing FeQ
+ 11 Fela)
12 FeDlal Fresz [Cancel] if the partial pressure is no longer fixed.
TIC] Platm) Energpl)] Maszs(q) “olllitre]
— — £ [gram]30 MaD + 20 FeD + 50 Gi02 + 002 |
Products
Compound species Salution species
[+ gas &+ ideal © real 12 * | + | Base-Phase | Full Hame
[ i + FSztel-FCC FCC_AT:Me[C M)
[ pure liquids 1] + FSstelBCC BCC_ A2
* [+ pure solids 43 + | FSstelFE-L Fe-LIQUID
[v suppress duplicates apply || FToxid-SLAGA A5lag-ig
* . cystom selection + | FTowid-5PINA ASpinel
speCies: 55 + | FToxid-ted_A Abdonoxide
ShowSelected | Seectall | Select/Clear. Clear oK Terget + | Floxid-OlivA Alllivine
Legend
\ ’_ | - immiscible W Show " all * selected
+ - gelected e
speCies; 39
zolutions: g %
Final Conditions Select / Clear solutions Milibrium
| | T(C) | Piatm || Fradet AT =]
| | |1600 1 |
[ 1 calculation
FactSage 6.0 c:\FactSagehcasestudyE quidb. DAT

thtSage‘”
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Fixed partial pressure of a gas : O,

Results at log(pO,) = -15

G Results - Equilit 15l Iéj
I
Output Edit Show Pages b
Ol & TIC) Platm) Energuil] Masslg) Vollive) m| edE73
a=1.00E 06 | 2=1.00E 05 | 2=1.00E-04 | a=0.001 | 2=0.01 | a=0.1 | Abort |
-2=L00E 15 - | =1.00E-14 | 2=1.00E-13 | 2=1.00E-12 | 2=1.00E-11 | ==1.007= et e b i i R It t I O = _10
&3 Results - Equilib a=1.00E eSults at 10 2 ==
{gram) 20 Mgl + 20 FeQ + 50 5i02 + 0 02 =
Output  Edit  Show Pages
- 5.8487 02 =T )
EIEI ﬂ TIC] Platm] Energyi)) Mass(g) Vollitre) m JE
0-0o000  mol o gas_ideal a=1.00E 05 | 2=1.00E 05 | a=1.00E-04 | ==0.001 | 2=0.01 | a=0.1| Atort|
(1800_.00 C, 1 atm, a=2 0Z43E-0Z)
( sio 2=1.00E 15 | a=1.00E-14 | 2=1.00E-13 | 2=1.00E-12| a=100E-11 -2=100E-10- | a=1.00E-09 | a=1.00E-08 | ==1.00E-07 |
+ Mg
+ Fe lgram) 30 MgD + 20 FeD + 50 Si02 + 0 02 =
+ 51
: : - 0.28203 oz &=+ Results at | 0O, =-2
+ o a8 oz == Results at lo 5 olE
g2
I ilg 0.00000 mol  gas_ideal Qutput  Edit  Show Pages by
= (1600.00 C, 1 atm, a=1.3734E-04) ;
: o [ Fe O|=| & TIC) Platm] Energyll) Mass(g) Volllire) m a| Ey?
1 -
. oz * 210 a=100E 15 | a=1.00E-14 | ==1.00E-13 | a=1.00E-12 | ==1.00E-11| ==100E 10] a=1.00E-0’9] =1 0013-03] a=1.0013-07]
+ H,
+ 9.0470E-31 o3 ‘ r:o +=1.00E 06 | =1.00E05 | =1.00E-04| 2=0001 -2=0.01- | 2=0.1 ] Abort|
+ 62.751 gram ASlag-ligél + @ (gram) 30 MgO + 20 FeO + 50 Si0Z + 0 0Z = ~
(§2.751 gram, 1.2561 mol) + Mgl N
(1800.00 €, 1 atm, 2=1.0000) + oz + 0.43554 02
{ 58.885 wt.% 5102 + 51 =
+ 9.0478E-03 wt.% Fel + Mgz 0.00000 mol  gas_ideal
+ 7.096BE-07 wt.% FelO2 + §5iz {1600.00 €, 1 atm, a=1.0024E-02) |
+ 41.308 WE.% Mgl + 03 { oz FRCTS3
+ 5i3 + o FACTE:
Mole fraction of sublattice constituents: + Fel FACTS3
81 048754 + 96.021 gram ASlag-ligil + Fe FACTS3
FeZ+ 6.29132-08 (56 021 gram, 1.7982 mol) + 5i0 FACTS3
;es* :-::Eg;’” (1600.00 €, 1 atm, a=1.0000) + Mg FACTS3
7 e { 52.071 wt.% 5i0Z + Mgo FACTS3
+ 16.845 Wt.% Fed + 03 ERCTS3
o 1.0000 ;
+ 3.9972E-0Z wt.% FeO3 + 51 FACTS3
- + Mgz FACTS3
Mole fraction of quadruplets: + 31.243 wt.% MgO N SE; pp—
5i-5i-0-0 0.31lee2 .
FeZ+-FeZ+-0-0 4 _5370E Mole fraction of sublattice constituents: + 513 FACTSS)
Fe3+-Fe3+-0-0 5_788%9 Sl,. 0_4ff-45 + 100.45 gram ASlag-ligfl
Hg-Hg-0-0 4.8922E- FeZ+ 0.12383 =
e - (100.4% gram, 1.8245 mol)
Si-FeZ+-0-0 7.8852E- Fe3+ 2.6T14E-04
X . - (1600.00 C, 1 atm, a=1.0000)
Si-Fe3+-0-0 2.3800E- Mg 0.41365 semee - % sios Fronid
§i-Mg-0-0 0-67840 + 15 364 . 5 Flo‘ E'Imud
FeZ+-Fed+-0-0 4.4508E-1 o 1_0o00 s omaan "';'% FE~03 H““ld
FeZ+-Mg-0-0 7.7030E- L “:'% M:g nn’um
= 23, we. i
Fed+-Mg-0-0 £.5280% Mole fraction of guadruplets:
§i-8i-0-0 0.23277 Mole fraction of sublattice constituents:
Fei+-Fei+-0-0 1.3050E-02 54 0.44864
Fe3+-Fed+-0-0 7.113 Fe2+ 0.11735
Mg-Mg-0-0 3_4837E-03 Fe3+ 3.2722E-0%
Si-FeZ+-0-0 Mg 0.40123
Si-Fe3+-0-0
Si-Mg-0-0 o 1_o000
FeZ+-Fed+-0-0
FeZ+-Mg-0-0 Mole fraction of guadruplets:
Fed3+-Mg-0-0 5i-5i-0-0 0.28583
FeZ+-Fei+-0-0 3.4740E-03
L Fe3+-Fed+-0-0
Mg-Mg-0-0
Si-FeZ+-0-0
n Si-Fe3+-0-0
e amounts of FeO and Fe,O, change wi
2 3 2 FeZ+-Fed3+-0-0
Fe2+-Mg-0-0
Fe3+-Mg-0-0 1. 8413E-02

I thtSage‘”
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Fixed activity of Fe: Fe saturation

g . . ang c 13
°C
Slag (CaO-MgO-SiO,) and liquid Fe equilibration at 1600 ©) Flam)Enec) Hoss) Vel EE
F Menu - Equilib: Fe activity = 1 : Fe / slag equil at 1600C O] fozeml S0 CaG + 10 MgO & 40 S102 + 100 Fe = -
~ a 0.00000 mol gas_ideal
File Units Parameters  Help (160000 C, 1 atm, 2=1.8335E-04) 1
Dl TIC] Platm] EnergyiJ] Mass(g] Yolllire] W ™| 5 Le - racTsa 3
+ 3. S5i0 FACTS3
Reactantz [4) +oa. ca FACTS3 —
+ 1. Fed FACTS3
[ (aam)50 CaD___+ 10 MgD_+ 40 5i02 + 100 Fe | b P -
+z. si FACTS3
+ &. Cal FACTS3
Products ti- oz FACTSS
. . : : + 8. Moz FACTS3
Compound species Solution species Custann Solutions + 1. caz FACTSZ
[+ gas (* ideal (" real 15 = | + | BasePhase | Full Name T _ o B
= =l 1 =l
[ i] +  FTmisc-Fell Fe-lig + 3. & oz FACTEZ)
[ pure liquids 0 | FTowid-SLAGA A5lag-ig
’ - : + 99_763 Fe-1i
= [+ pure solids EB + | FTowid-5FIMA A5 pinel (99_763 gzag\faz‘_m:o ;:13
v suppress duplicates _apply | et el g A,Mom:.ﬂde Pseudonyms Chesz e T FTmisc
* - custom selechion + | FTosid-bC25 #Ca25i0d b T + 1. 209 wt.% Ca FImisc
species. B3 + | FTowid-aC25 aLa2Sind arpY e + 3. wS.% 0 FImisc
. . L. + 8 wt_% 5i FTmisc
Target | FTomid-Olisd, A00vine ™ include molar volumes +1 we.% Mg FTmisc
Legend . + 4 wt.% Mgl FIm:f.sc
| - immizcible [ Show " all + selected Total Species [max 700] 145 : f_ : wtr: Zag Em}SC
+ - selected ) Total Solutions [max 30) 10 SAFeEETOs wE.w S s
Speciss: B2 Select System component Mole fraction Mass fraction
zolutions: 10 Default Fe 0. 0.33312
ca s 4_29082-07
Final Conditions E quilibrium ii 1.885 ?-‘_‘?;ff‘g‘f
g 5. Z.5231E-06
| | | TIC) "F'[alm] ijlUdUCtH[J] j * normal 3 o 1.16702-04 3_3465E-05
i i i
| | |1EDD |1 | DIBEDI:'IIHEIIN | + 85.980 gram ASlag-ligfl
(1 caloulatian] alculate »»> (85.980 gram, 1.5582 mol)
r 1 caloulation (1800.00 ©, 1 atm, a=1.0000)
FactSage 6.0 o WFactS agetcazestudyE quidc. DAT + :g:::; ::Z E:g‘ gz:i:
+ 0.44¢632 wWt.% Fel FToxid
+ 1.31594E-03 wt.% Fe203 FToxid
+ 10.387& wt_% MgO FToxid)
Mole fraction of sublattice constituents:
- - - - S5i 0.3718&é
One way to fix Fe saturation in steelmaking cs :
Fez+ 3.
- - Fe3+ a. E
calculations is to add a small amount of Fe as - A—
. o 1.0000
an Input Col I Iponent Mole fraction of quadruplets:
8i-8i-0-0
Ca-Ca-0-0
FeZ+-Fe2+-0-0
Fe3+-Fe3+-0-0
l Mg-Mg-0-0
5i—-Ca-0-0
S5i-FeZ+-0-0 -
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Fixed partial pressure of a gas : Fe saturation and fixed SO,

Gas / Slag (CaO-MgO-FeO-SiO,) / Liquid Fe equilibration
F Menu - Equilib: activity of Fe/502 : sulfide capacity
File Units Parameters Help
0z g TIC] Platm] Energyl)] Mass(g] Volllive] TE=a=3F3
Reactants (7] &5 Selection - Equilib T(C) = 1600 & =NAC X
N . g
[ (goml40 CaD_+ 10 MgD + 20 FeD + 30502 + 002 + 052 + 100 Fe | || Dl Edit Show Sort
Selected: 32/32 GAS
Products -
Cod 5 Dat Ph T|¥ Cod
Compound species Solution zpecies Cugtom Solutions " - ;E L |MgD[g] pocies |FAEaT533 |gas ase | | | L
+ gaz (* jdeal " real 32 * | + | Base-Phaze Full Name 1 fived activities .
. h + 7 Sifg) FACTEI gas
r 0 + | FTmiscFeld Fe-liq U ideal soluticrs i
[ pure liquids 0 || FlewidGLAGA ASlagliq 0 anivity coefie | |+ 8 SiZlg) ELTEE e
. Dt + 3 Sid[g) FACTES gas
[ pure salids a + 10 5i0(a) FACTS3 gas
[ suppress duplicates apply Pseudorpms + 1 Slal FACTS3 gas
o I Li + 12 S5Z(a) FACTE3 gas
species: 32 Appl ! + 13 53(q) FACTE3 gas
Target [ include malar vg | | © 14 S4lg) FACTSS | gas
Legend . + 15 SElg) FACTES gas
l— [ W Show all & selected Tmﬁ_@lm . 15 SE{q) FACTE3 gas
l_ + - selected species. 29 Toial Solulions (mag | | 17 57(g) FACTEZ gas
solutions: 3 E Default || |* 18 58] FACTHZ gas
E—— | BE 19 SO0g) FACTES gas
Final Conditions E quilibrium +a 20 S020g) FACTS3 gas
| | @ JPam v||PoductHy) <] | onama | 2 S03al EACTER o
| | [1600 [1 | £ predominant | | * ;g ;SE Fixed Partial Pressure I [ﬁ
+ g
r 1 calculation Calculate | |- 24 5is . lag
FactSage B.0 c:WFactS agehcazestudysEquiSd DAT + 25 Sia Enter the partlal Pressune - , Ok
+ 2 Cald | [or for & range of walues enter firzt lazst step’] for
+ 27 ca2l | =20 S5Oz
- 2= ca gl Cancel
: ;g E:[S Prezs [Cancel] if the partial prezzure iz no longer fided.
+ o7 Fe)
32 5 N 0.00001
. - T e e
ShowSelected | Selectdl | Select/Clear.. | Clear oK
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Fixed partial pressure of a gas : Fe saturation and SO,

e —

TIC) Platm] Energel)] Mass(g)] Wolllitre]

NS

e

+ 11&.7

ille

-7B

i

R R i i 3

FRWE &GP RO

[V V- R T B V)
L T )
L

o
I

s=
Cas
Cal
S0z
5is5z
54
Si
Mgz
55
Caz
o3
S5&
S5iz
57
=1}
S5is

gram 2&S5lag-ligfl

gram, 1.9451 mol)
(1600_.00 €, 1 atm,
{ wE.-%
wE.-%
wE_ %
wE.-%
wE.-%
WwE. %
wE.-%
wE.-%
wE.%
wE.-%

Mole fraction of

a=1_0000)

5i0z
Cal
Feld
FeZ03
MgD
5isz
Cas
FeS
FeZsS2
Mgs

sublattice constituents:

0.25502

0.368432

Mole fractiom of
5i-5i-0-0
Ca-Ca-0-0
FeZ+-FeZ+-0-0
Fe3+-Fe3+-0-0

Ca-Ca—-5-5
FeZ+-FeZ+-5-5
Fe3+-Fe3+-E5-5
Mg-Mg-5-5
5i-Ca-0-0
Si-FeZ+-0-0O
S5i-Fe3+-0-0O

Ca—-FeZ+-0-0O
Ca—-Fe3+-0-0
Ca-Mg-0-0
Ca—-Ca—-0-5
FeZ+-Fe3+-0-0
FeZ+-Mg-0-0
FeZ+-FeZ+-0-5
Fe3+-Mg-0-0

quadruplets:

o

L e e R LS R R A T A

RIR) LW

FACTS=
FACTSS
FACTSS
FACTS=
T FACTS3
FACTSS
FACTS=
FACTSS
FACTSS
FRCTSS
FACTSS
FACTSS
FRCTSS
FACTSS
FACTSS
FRCTSE)

FToxid
FToxid
FToxid
FToxid
FToxid
FToxid
FToxid
FToxid
FToxid
FToxid)

m

Gas (SO,, S,, O,, etc.)

Slag (CaO, MgO, FeO, ¢
CaS, MgS, FeS, etc.)

v/

Fe-Lg (O, S, etc.)

Equilibration reactions include:
CaO + SO, = CaS + 20
SO,=20+S
CaO + FeS =CaS + FeO
é e

I thtSage‘”
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Composition target: target S content in liquid steel

F Reactants - Equilib

n

Composition Target: slag / liquid steel equilibrium

How to cal cul at €aSotpreducams 1

n amoun

inl i qui d steel to a tar

get ed

F Data Search

X

Databases - 2/25 compound databases. 2/23 solution databases

Eile Edit Table Units [ataSearch Help Cact SGTE i— Miscellaneous
_|_|D = il TIC) Platm] Energyll] Mass(g) Vol E:?Ta E Eg:;fs ST E&‘Sf'u Osest  [JS6TE:
110 2 rrous O oons _ cewa |
Drrer Qi Bl o |
Spectes E Qfthol her itoms: AdiRamsbs]
Detour QOUP DOUC  peetpaatass|

Information -

Options

Lirnits

O =aqueous species

Ihclude

O gaseous ions [plasmas]
Crefault |

O limited data compounds [25C]

Organic zpecies CxHy... ®imax] = |2_

Mimimum solution components: & 1 & 2 cpts

Cancel

+ 2 fsiD2 | vI | | [1
+ e |Casi | || | [1

[ Initial Conditions

Fact5Sage £.0 Compound: | 2425 databazes

Solution; | 2423 databases i

C

‘ thtSage‘”
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Composition target: target S content in liquid steel

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

F Composition Targek

[ Solution STE3FE-L |

—¥Yanable

"~ species composition

i~ logl0 [species composition]
 element composition

= logl0 [element composition]
" species activity

" loglO[species activity]

-

- nohe [removes targets] -

B

- SpECcies
Code numberz [174-138]
Fe, &l kn, ...

174 Fe

— Element
— L |
Efments 04155 Ca Mm

=)
B

-

E lement;
-~

£ Units Parameters Help
'}

=

TIC] Platm] Energpld]

Menu - Equilib: Composition target by adding CaSi to reduce 5 in molk

Mazz[g] Yollitre]

=101 x|

=adkrd

Heactants [10)

[fram]98.43? Fe t Mn+ 055 + 0D05A + 00030 + 001S + 4Ca0 + 4 AR0O3 + 2502 +
|

»

—¥Yalues

kion Fastel-FE-L

Ferrous Processing 103

¥ McGill CRC

- — Solution species — Custom Solutions
Ew#® a single value - or Mg a range of values first last step! clear = [ + | Base-Phase | Full Hame  «| 0 fived activities
/ = all species FSstel4L13 A13Fed U ideal solutions
S;‘:;ir:mn II:I noooz 1 I custom select species ... FSstalbd 351 b4 351 J U ezl cuefflcu_ants
r‘ / I merge dilute solution Franm 2 FSstel-FE1S Fel5il Wetails ...
[EI aa J
salukion properkbies ... FSstelbd QMO Monaxide Paeud
_ C| FSstelFEL Fe-LIQUID = DITF“S
- single phase FostelaLM1 | ALMNSI_ALPHA apply Lt |
possible 2-phase immiscibility FSatalal M2 ALMMSI BETA = )
Cancel | Help | L hossible 3-phase immiscibility L d e = J [T include molar volumes
e W Show al  selected | Total Species (maw 700] 131
standard stable phase . b _ Total Solutions [max 30] 11
| P ¢ (metastable) ph C - compozition target specias: 73
| - dormant {metastable) phase - element: S e Select |
F - formation target phase S VToTs il ﬂl
P - precipitate target phase E quilibrium
wlip b e el ™ g elaghase TIC) Patm) j Praoduct Hi j " pomal " transitions
[ - soliCification calculation ... 1600 1 " predominant © open
\‘v C - composition target ... I lm Calculate >3 I
— —
mel:' - CRCTAFactSage “Workshopt 2003 PohanghEquill-1.DAT 2
&ctsagem Montreal

2014



Composition target: target S content in liquid steel

=100 %]
= ip?_'] TIC] Platm] Ernergyl]] Masz(g] “olllitre) "‘llmlm
{gram) 95.437 Fe + Mn + 0.5 2i 4+ 0.05 A1l + -
{gram] 0.002 0 + 0.01 25 + 4 Cald + 4 ALEZOZ +
{gram) & 5i0Z + =A> Cali =
100. 55 gram Fe-LIQUID
(10056 gram, 1.8Z1lZ mwol)
(le00.00 C, 1 atm, a=1._0000)
[ 97.879 wt._% Fe Fistel
+ 2_.9299E-0Z wt.% Al Fistel
+ 0.98Z2365 wt. % Mn Fistel
+ 1.1163E-05 we.% 5 T Fistel
+ 1_09E9 wt_% 51 Fistel
+ 1.404%E-04 wt.% 0 Fistal
+ Z.Z087E-04 wt.% AlD Fistel
+ 1. 9173E-05 wi.% ALlED Fistel
+ 1_5E507E-05 wt.% Mno Fistel
+ Z_0%98ZE-05 wt. % 2i0 Fistel
+ E_Z004E-032 wt.% Fel Fistel
+ 1. 5054E-04 wt.% Mn3 Fistel
+ 1.5601E-07 wt.% Ca Fistel
+ Z_7731E-04 wk_ % Cal Fistel
+ 7.0554E-11 wt.% Cal Fiszteal)
Svstem component Mole fraction Mass fraction
Fa 0._3&8778 0.37883
Mn 9._2745E-03 9_2Z47E-03
r e, — — — — — i ey C— wlogelz) 5 el i— m—
] 3.4440E-05 Z.0000E-05
e W e s ST ImEvESTI TLMEEsEeTm e
Al 2_0944E-04 3_9EE3E-04
u] 1_1077E-05 2_Z09EE-05
+ 10.33& gram ASlag-ligfl
(10396 gram, 0.15113 mol)
(1ls00.00 C, 1 atm, a=1._0000}) LI

thtSageT” Ferrous Processing 104 % McGill CRCT "3



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

Fe-0.01C-0.01N-0.03Nb-0.07Ti-0.5Mn: three possible FCC phases

F Menu - Equilib: Fe-0.01C-0.01N-0.03Mb-0.07Ti-0.5Mn; FCC 3 phase separ:
Eile Units

mji=31=1

Parameters Help

—HReactants [6]

TIC] Platm) Energeid] bazs[g) Yaolllitre)

Il X
==k

| [gam)9939 Fe  + OO1C + OO01 N + 003 Nb + 007 Ti + 05 Mn |
— Products
— Compound species — Solution species — Cuztom Solutions
[ gas & ideal € real 0 = | + | Base-Phase | Full Hame “ O fived activities
[T agueous 0 + | FSstelCEME CEMENTITE | 0 ideal solutions
[~ pure liquids 0 + | FSstelM2ac W20 0 activity n::l:ueffu:u_ants
[+ pure sclids 32 - T E S 7C3 Wetails ..
¥ suppress duplicates appl! I ( J FSstel-FCC ) FCC_a1:MelC.H) i T—————
N |l Sidal- BT BLCC_AZ - .
ZpeCie; 32 + FSstel-TI2M TIZH apply LI
— T arget o | FosEhbE LAt Fhnlsle ll [ include malar volures
- figne - [ LEgEnd a
. i WV Show ™ all © selected | Total Species [max 700] 172
Estimate T(K): [1000 R . Total Solutions [max 30) 17
J - 3-phasze immizc. species: 140
Mazs(q): I':' + - selected solutions: 17 _ISEhEEt Drefault |
— Final Conditions E quilibrium
Ty <B TIC] Platm] j Praduct HJ] j * nomal ™ rangitions
a00 1400 10 1 £ predominant € apen
10 steps I~ Tatle |E1 calculations Calculate >> |
| FactSage 6.1 | d:waforkh, . 2009_PohanghEquil 0-B-1.DAT -

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

[ Results - Equilib 800 C (page 1/61} e=nran x|
Output  Edit  Show Pages
0= ﬂ TIC) Platm) Erergyl)] Mass(a) Walllite) "1 a B2
1040¢ |
920C| 930¢ | s40c | 9s0c| 960c | 70¢ | 9s0c | ss0c | 1000c | 1010¢ | 1020¢C | 1030(:]

i [soc] moc] mocl el sec| soc | el el el e eel | Austenite, Ti and Nb carbo-nitrides are all FCC. In the
oo <. 99.39Fe+ 0.01C+ 0.01 N+ 0.03Nb +

LR FSStel database, all these fcc phases are modeled as a
TrEsnm e ) single FCC_A1 solution with three possible miscibility gaps.
Tpennite, ¥ ——

+ 1.32015E-02 wt.% Nb:Va 03 T T T T T
+ 2.790EE-02 wt.% Ti:Val

Mole fraction of sublattice constituents:

Fe 0.58480 Stoichiometry = 1.0000
n 5_0873E-03
HE 7.8222E-05
Ts 3.2548E-05
c 1.8273E-0€ Stoichiomesry = 2.0000 C 777 FCC#L 777 CEHE— 777 CEHE— —FCCHI— ]
b} 4.8855E-11 _\
s 1.0000
System component Mole fraction Mass fracsicn
¥b 7.8282E-05 1.3015E-04
e 0.33480 0.3548%
Mo 5.0873E-03 5.0047E-03
Ti 3.2548E-05 2.730€E-05 o1 F _
b 1.4€87E-10 3.6826E-11
= /= = 5.4817E-0€ 1.1730E-0¢€

ﬂuavz—u: gram

(8.9037E-02 gram, 1.421ZE-03 mol)} >
(B00.00 C, 1 atm, a=1.0000) ,

+ 3.6897 wt.% Wb
\ + az.527 wo.® /
Mg © S017E-D2 ve 8 Feigl

+ 7. N .

-0 W

logio(gram)

+ £.0258
+ 47.052
+ 4.9B3ZE-03 wo.%
.5141E-07 wo.%

Mole fraction of sublattice constituents:

Fe 1.7733E-03 Svoichiomesry = 1.0000
¥n 1.2712E-07

Y 4_7106E-02

Ti 0.85112

c 0.46770 Stoichiomeszry = 1.0000 —

b1 0.50078 | T ]
Va 3.1523E-02

System compoment Mole fraction Mass Eraction

oY 2.3930E-02 £.9858E-02

Fe S.00B4E-04 1.5808E-03

¥n 6.4577E-08 1.1148E-07

Ti 0.-48318 0.7265%3

4 R — 0.25440 0.11186

c By 22760 B.2E70E-02 -03 L 1 L 1 1

-
+ 1.513€E-02 gram FCC_A1:Me(C,N)#2 \ 0800 1000 1200 1400

(1.5196E-02 gram, 1.€79%E-04 mol}

(B00.00 C, 1 atm, a=1.0000)
[ 5.6928E-04 wt.& Fa:C , T(C)

|| + 2.5128E-02 we. & k&

+ 75 a5z et & W
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Precipitation of AIN and MnS in a commercial Si-steel

Fe-0.054C-3.2Si-0.1Mn-0.028Al-0.015X-0.007S-0. OO75N 0.05X-0.2X (wt%): Oriented Si-Steel

00 [0 S SARARRALE LRSS RALLLEALES LML IS RARAARAARE MRS AR My ====== == s pay =

1.0 """""" [rrrrrrrTT | L L T

08

06 | /

phase fraction (weight percent)
~—

\\\\\
~.
\\
.

[\
0.2 \ MG,

90—
80—
70;—
60—
50:—

30 F

phase fraction (weight percent)

20 F

10 F

0 Cementite

500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600
(o]
Temperature, C

2"d recrystallization temp (pinning)

TP Levevieee s Leoveeroos | P e s ST Levedovens Ledeinns N

800 900 1000 1100 1200 1300 1400 1500 1600
Temperature, °C

T McGill CRCT "o
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Phase diagram / Phase fraction of 430 Stainless Steel

1800
1700 E
1600 F
100 E """" | LELELEL NN LN | ISLIL I L L LI frrrrrrrorr frrrrrrrrr frrrrrrr 1500
; 1400 F
90 F O
: ° 1300 E
o
s 2 1200
80 F o
Clé_lloo
i 1000
X 70k =
= 900
= .
- : 800
c .
o 60¢ BCC 0
5
: 600
9 50 f
= 500
D F
O s
(D) 3
2 ;
e s
o 30 F
20 B
10 _S
; /G
0 TL\ﬂzﬂ ........ bﬂggg; ..... T [T [T [

Fe-16.2Cr-0.06C-0.3Si-0.4Mn-0.3Ni-0.015X(wt%): STS430

GactSageT"

_— BCC+FCC

Wc’cﬁ FCC - M23c6
/

] BCC + MP3C6
\

! ! ! | SIGMA + BCC + M23C6 | E
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
wt% C

500 600 700 800 900 1000 1100 1200

Temperature, ('C)

1300 1400 1500 1600
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Table calculations: multi-calculation using EXCEL sheet

For example, calculations for liquidus temperatures for many slag compositions
A One by one in Equilib using Precipitation target for liquid slag
A Or using Table calculation

Goeseorn Perform one calculation to make

Databases - 1/43 compound databases, 1

Gact SGTE —___| sure that your calculation is working

D FactP5 D D BINS
FToxid —
B ot D [ v it ot e D e
O Fimize [ File Units Parameters Help
] FThall O == T(C] Platm] Energyid] Massla) Yallitre) " ™| 7
D FTOxCN D Reactants [4)
] FTrtz
[] FThelg [ (gaml45Cal + 10 Mg + 15 A203 + 30 502 [ f5 Results - Equilib mm&ﬂ
E :;I:JUID H : Output  Edit Show Pages
ite Products o "
\ o TIC) Platm] EnergylJ] Mass(g) Yolllire]
Compound species Solution species QIEI @ m B W
= | + | BasePhase | Full Name -
[T gas & 3 i} IP FTosid-SLAGA ASlagig all oxides + S FactSage 6.4 =
[T agqueous 1] FT omid-5PIM A A5 pinel (gram) 45 Ca0 + 10 MgD + 15 R1203 + 30 5i0Z = =
[~ pure Ilqglds ] | FTo:-:ic_I-MeD_ﬂ« A_Monoxide 100,00 grem ASlag-ligél
| [+ pure salids a0 | FT owid-cPyd, AClnopyroxens (100.00 gram, 1.£570 mol)
+ FT oxid-aPyr Orthopyroxene (1518.70 €, 1 atm, 2=1.0000)
- + | FTosidpPus AProtopyrosene { 15.000 we.% A1203
SPECiEs a0 : - + 30.000 wt.% 5102
+ FTomid-LcPy LowClinopyroxene + 45 000 Wt % CaD
+  FToxidw0LLaA Ahfollastonite, = + 10.000 we_% MgD)
Precipitate Target
FT omid-SLAGA |L-Bi|g'lne|‘:i:c:ib|e 5 ¥ Showf* al  zelected Site fractiom of sublattice constituents:
L Al 0.15355
Estimate T(C). |1000 F'-pnlac:|p|tdateetarget species: B0 o si 0.2707%
+ - zelects . elec -
. zolutions: 18 Ca 0.433135
Mass(g) 10 Mg 0.13454
Final Conditions Ed 0 1.0000
A B TIC - - o
| o | s | [ ] ”P[atm] JlF‘roduct H[J] J System component Mole fraction Mass fraction
[ | [ 11 [ {5 Ca 0.18513 0.32161
o steps e a craveroz  7.sasem-o2
Mg 5.7240E-02 £.0304E-02
o 0.57456 0.33847
FactSage 6.4 o
L — + 0 gram ASlag-lig#Z
(1518.70 €, 1 atm, a=1.0000) i
R i & n1mAs
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Table calculations: multi-calculation using EXCEL sheet

&7 Reactants - Equilib

il B4

File Edit Table—mits Data Search Help
O l= TIC] Platm] Energyil] Mass(g) Yolilire) "TI Bl :@:l
1-4 . .
| Activation of Table
Maszsz[g] Species Phase TIC] Pltotal]™ Streamit Data
|45 |CaD |
|7 Reactants - Equilib
* 10 |MaD | ——— :
File Edit Table Units DataSearch Help
* 15 |41203 | [ | e il TIC] Platm) Energyl)] Mass(g) Valllire]
*+ |30 [sinz |
1-4]
R Final T[C) Final Platm] Cal[gram] kg (gram) Al203(gram] Si02(gram)
1 1000 1 45 0 15 30
Check the order of inputs
This order is very important !!
FactSage 6.4 Campound: 1/43 databases Salution: | 1/65 databa

FactSage 6.4 Compound: | 1/43 databazes Solution: | 1/65 databazes v

I thtSage‘”
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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 AdAtxto file

2 d 9~ T
Haome Insert Page Layout Formulas Data Review View

i
— Cut o i e =
_11 & Calibri 11 v A A =§%] Pv =
F_‘ . 53 Copy ~ B _ _
aste . B 7 U~ | ifi~ - F EEE|EEEE -
- jFormat Painter = = Q e =F = |F = B
Clipboard ra Font I Al
H14 . £ | m-' |« Windows7_05 (C:) » FACTSagebd » - Search FACTSagetd
_
A B C D E F (] Organize = New folder g= = (7]
1 Temperature Pressure Cal MgO Al203 5102 | BOF_2013-old *  Name : Date =
.. Corel Project E
2 1000 1 37 8 15 20 DO;E s I Bikrams report 2/2/2014 12:00 PM FJ
3 1000 1 40 10 20 30 . DES B | CaFeSi 10/25/2013 10:27 PM F
a 1000 1 42 2 10 a0 e cao-sio2-p20s 2/21/2014 10:35 PM i
- || CD-FactSages4 4/12/2013 2:14 PM ;
5 1000 1 50 12 3 30 = I
|| CD-FactSages4-old 2/26/2013 11:10 PM ;
G .. FactSage i
|| ChemSage 2/26/2013 11:19 PM F
., FactSageb3
7 || CNAS 2/9/2014 3:57 PM F
|| FACTSage6d
|| CMS system 2/8/2014 3:03 PM F
. FTOxide_datak . et e e I
. Hatrh bl U | C
File name: slagdata.tc -
Save as type: |iTexd (Tab delimited) (*.bd) V]
Authors: Administrator Tags: Add atag
« | Hide Folders Tools - [ Save ] [ Cancel ] |
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Table calculations: multi-calculation using EXCEL sheet

Import table from text file

|yf Reactants - Equilib
File Edit fIahle Units  Data Search  Help

O | e Reactants Table Ctrl+T tdazsg] Yolllite) T“ !l I':l
Help ...
1-4|
Add Mew Row 6
! Add Many Mew Rows 6 ... 4 reactants

Riow Insert New Row 1 Ctrl+1  [MgO[gram) Al203aram) 5i02(aram)
1 Duplicate Row 1 Ctrl+Y 15 20
2 . 20 30
3 Many Duplicates of Row1 ... 10 40
g Delete Row 1 8 £l
- Delete Rows 1 to ...

Clear Table

Export Table 4

Import Table 3 from tabular file that includes headers ...

D N from simple text file without headers ...
from clipboard without headers ...

Close Table ]

Hext >>

FactSage 6.4 Compound: 1/43 databazes Solution: | 1/65 databazes A
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