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Introduction - Fact-Function-Builder

Fact-Function-Builder is an add-in to the Equilib program that employs the
function builder algorithm of Fact-XML and enables you to calculate and
display user-defined functions after each Equilib calculation,

The functions can contain expressions using values employed or calculated
by Equilib. These include temperature, pressure, volume and
thermochemical variables such as compound, solution and species activities,
amounts, fractions, partial or integral properties, etc. The functions can
include the common mathematic operators * + - / () * abs, In, log, exp, cos,
sin, etc. as well as other functions — see Example 1: Sievert's Law.

After an Equilib calculation you can also import the calculated functions into
Fact-XML and manipulate the values in other ways such as create graphs —
see Example 2: Plotting slag sulfide capacity.
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Example 1 - Sievert's Law

We will use a simple example to demonstrate the basic principles of the Fact-Function-
Builder. Let us examine the dissolution of N,(gas) in Fe(liquid) at elevated temperatures:

2N,(g) = N(%in Fe-liq)
The Wt.% solubility of nitrogen in the steel may be represented by Sievert's Law:
%N = S.p(N,)?

where S, Sievert's parameter, is constant at a given temperature and moderate pressure
pP(N,). We will use the Fact-Function-Builder to calculate S.

Setting up the example involves 3 steps:
Step 1: Calculating the equilibrium using Equilib.
Step 2: Defining the functions using the Fact-Function-Builder.

Step 3: Displaying the calculated functions in the Results Window.
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Step 1: Equilib input

The reaction is based on (gram) 100 Fe + <A> N + <1-A> Ar at 1600°C and 1 atm.
Argon stablizes the gas phase so that p(N,) is calculated

{7 Menu - Equilib: last system ==l
File Units Parameters Help
=3 T(C) Platm] Energyl)] Mass(g] Yollltre] W |B| 15;|
For simplicity only 2 species || | Reactants (3)
are selected in the gas [ gam 100 Fe  + <fo N+ <ldo Ar |
phase Nz(g), Ar(g) — Products
— Compound species — Solution species — Custom Solutions
=y gas % ideal { real 2 = | + | BasePhase | Full Hame 0 fived activities
.. . I aquecus ] + | FTdemoFeld Feliq 0 ideal solutions
The liquid steel phase is I pure s 0 Y
I_ pure zolids 0 Detailz ...
FeLQ taken frOm the W suppre&ls dgplicates aeelgl P s
. . B t i .
FTdemo database. This is I pecies 2 ooy [ Lt |
fine for demonstration ™ include molat volumes
. ~ Target L 4 Total Species [max 1500) 4
purposes but for precise Legend T Ghaw® &l sclected | IotslSollionsimesdl] 1
1 Esti Tik): ooo .
calculations you should use R |—|D 2055 2 G| o
the FSstel database. et |
— Final Conditions E quilibrium
e B> TIC] P'(atrn) ;I Praduct HIJ) ;I @ nomal ¢ nomal + transitions
0251025 1600 1  ransitions only
T oo Tatle ® 5 Calculate >> |
FactSage 6.3 . | y

e .

4 pages of results will be calculated with <A> = 0.25, 0.5, 0.75and 1
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Step 1: Equilib output

The Results Window contains 4 pages generated at 1600°C and 1 atm with <A> = 0.25,

0.5, 0.75 and 1.

& Results - Equilib A=1 (page 4/4) == & ]
Qutput  Edit  Show Pages
Here the results at O || r] | T(C) Platm) Energyl)) Masslg] Vollitre) ENEIE

page 4 (<A>=1)
show the solubility is
0.046847 wt.% N
and p(N,) = 1 atm.

S = %N / p(N,)¥2

= 0.046847

A=025| A=05| A=075 -A=1-

{gram) 100 Fe + <i> N + <«<1-A» BAr =

3_4024E-0Z mol gas_idezal

(0.95313 gram, 3.4024E-0Z mol, 5.223%7 litre, 1.8ZZ5E-04 gram/cm3)
{1800 €, 1 atm, a=1.0000)
{ 1.0000 HZ)

+ 100.05 gram Fe-lig
{100.05 gram, 1.7%40 mol)
{1800 C, 1 atm,
{ 99.5853 wt.% Fe
+ 4.8847E-0Z wt.% M)

a=1.0000)

System component Mole fractiomn Mass fraction
Fe 0.9%813 0.99553
N 1.86852E-03 4 _GE47E-04

where "A" on the reactant side is 1

m

The Fact-Function-Builder will now be employed to automatically calculate the function

f1=S. In addition a second function will be calculated: f2= f1 - f1(page 1)
where f2 is the difference between f1 at the page of interest and f1 at page 1.
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Step 2: Open the Fact-Function-Builder

You access the Fact-Function-Builder by clicking on ‘Edit/create functions ...’

via the Output menu

Qutput | fdit Show Pages

SIVE or Print
Plot
Equilib Results file

Stream File

Format

Fact-XML
Fact-Optimal
Fact-Function-Builder

Refresh ...

- v w v

TIC) Platrn] Energul]] Mazsla) alllitre]

Select function group(s)
Always calculate function groups(s) [1.]
Refresh Results ...

Edit function group
Edit/create functions ...
Summary of function groups ...

Fact-Function-Builder Silde Show ...

or

via the Function button [Ki]

.
{7 Results - Equilib 1

Qutput Edit Sho

D= BIE|E

J e
=3

TIC] Platm] Energpl)] Mass

Select function group(s)
Always calculate function groups(s) [1.]
Refresh Results ...

Edit function group
Edit/create functions ...
Summary of function groups ...

Fact-Function-Builder 5ilde Show ...
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Step 2: Function Builder Dialog Box

display

Functions frame

Variables
selection panel

— the view differs |

with the variable
selected

Variables list —|g
IJI
J

F- Function Builder

= BX]

File Help
/T anables List clear [y Preview results —
Ay ~
]
-
\J 8 \

Funclions

n= |

A
L[ €L, Preview results ”l

Operations: *+- /[ ]~ abs. In. log, exp, cos, sin, tg. acsin, accos, archg o actan, sgnor sign, sqr

J

Variable selection

 foml_

[~~~

—

Amount =
Selection |
Species/phases;
d | Species | Phase | Data | Amout | MIN | mast | Peeudorgm | &
T M2 Gas FACT 3559E+02 3559E+02 1.000E+04
b Ar Gas FACT SE44E+03 C.O00DE+00 SE44E+03
i Fe [total) Gas (LOD0E+00 (LO00E+00 9 644E+03
o A [total) Gas 9.644E +01 (L O00E +00 9 644E+03
A Nota) Gas A559E+00  0000E+D0  9644E+03
i Fe Fein FACT 9953E+03 9 955E +03 99596 +03
= M Felig FACT 1.048E +00 1.048E 00 4 BESE + 00
¢  Feltota) Fedliq 9939E+01  1.048E+00  9.999E+01
o Ay [kotal) Feig (LODIE+00 (LOO0E +00 9933+
o M [total) Fedlig 1.048E-02 (1. O00E + 00 9.939E + 1
\M b e s —
 omol © molfact. © gram C Wihact * Wi E O kg O b

Preview results
display

Preview results
button

Variable
selection
button

Composition
units
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Step 2: Define the variable WtPctN

Defining the variable WtPctN, [ L3 Function Builder = | B [
the Wt.% of N in Fe-liq: e Hee
Wariables Ligt clear | Preview results
Wit  Amount (N/Fe-lic) w5 -
C [
1. Click the Variable selection E 4 |_|
button and select G
Amount/Composition . |
K =
Functions
2. Se|eCt the UnItS Of 1= ﬂ Gl Presview results
CO m p 0S | tl on — Wt . % . Operations: * +- /[ | ™ abs, In. log. exp. cos. sin, tg, arcsin, arccos, arctg or arctan, sgn o sign, sart
Yariable selection
. Amount - — i | ‘
3. Inthe Variables panel mouse- Selection | 1
I’Ight-C“Ck on N / Fe'“q and Species/phazes:
CI|Ck on ‘/4dd to Varlables llSt’ . | Species | Phaze | [rata | AmoLnt | b [ | h i, | Fzeudonym | e
ﬁ M2 Fas FTdemo 2 303E+01 2. 303E+01 1.000E +02
ﬁ Ar Fas FTdemo  7.B97E+01 0.000E+00 T.BI7E+ON
B ) . M Fe [total) Gas 0.000E +00 0.000E +00 7.B97E+01
4. Inthe Variables list display A Aot Gas 7EO7E+01  OODDE+0D  737E+OT _
. H H ;'hf M [total] Gas 2. 303E+01 0.000E +00 1.000E +02 1
mouse-rlght—cllck on N/Fe'“q i Fe Felig FTdemo 9.997E+01  9.995E+01  9.997E+01
AahRlA A~ 0 || [EE FTIjE.-.-..-. T ECTC N7 T ECTC N2 fi E:-.l _:‘_
and rename the variable as b et te varables o e |
WitPctN. The name must be & b total Felig OO00ES00 U000E+00 ™ 9.997E +01
alphanumeric — that is, it starts || % 1 13 Arwaam A asmea -
Wlth a Ietter and COntaInS 0n|y " mal T molfract. © grdm t./ifk"l? WwWtE kg T b
letters and numbers. ‘ 2
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Step 2. Define the variable pN2

F: Function Builder

Defining the variable pN2, File  Help
Varables List clear Preview resultz
the pressure of N,(g): |

1. Click the Variable :
selection button and ;
select Activity. - =
Functions
1= ﬂ G Preview results
2. In the Varlab|eS panel Operations: * +- /[ 17 absz, In, log, exp, cos, #in, bg, arcsin, arccos, archg or arctan, =gnoor sign, sqrt
mouse-right-click on N2 / Variable selection
Gas and click on ‘Add to Aoty S— 14 | ‘
variables list’ . Selocton |

Species/phaszes:

| Mas

3. Inthe Variables list o G owene i

| Pseudoryri

| Species | Phaze | Data | Activity | g}

x 1000E-75 9 .447E-01

d|sp|ay mouse-right-c”ck & Fe i1 9 996E -01 9.981E-01 9 996E -1
.. & M FACT 2.356E-M 2.356E-M 1.002E+00

on Activity (N2-Gas) €2 Gas 1.000E+00  1.000E+00  1.000E+00
% Fedg FACT  1.000E+00  1.000E+00  1.000E-00

rename the variable as
pN2 (alphanumeric
variable).
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Step 2: Define the functions — f1, f2

_ _ r& Function Builder - [Fe-N_Sievert] o o5 e |
1. Define function: f1 = %N / p(N,)'? Help
- in the Functions f1 input box enter e unctous it €41 | (Goul (oo oo ]
Open 3 - - Page 1 =WtPct [ pN2°0.5 -
WitPCctN / pNZAOS Rename (7 = || | [ 0.4684894E-01 _
2 sz F
i::ear:e;nter a neymthis apztem _‘1 l]:4-58—l:7l]2E4] 1\
) . 3 e-M_Sievert
2. Define function: f2 = f1- f1(page 1) 1 ] s g 1 Fipnge | |
- click on Functions ‘+’ button and in the R J 3
£2 input box enter f1 — f1(page 1) . e o e o8 ;
2= [f1-fl(page 1)
Operations: * +- /4[] abs, In, log, exp, coz, sin, b, arcsin, arccos, arctg Wr zigh, sart
3. Verify the functions - click on Functions || vaabe selection 2
. Amount/Composition ~
Preview results for calculated values - | |
. . . Selection ‘
shown in the Preview results display. Species/phases
| Species | Phase | Data | Amount/Co... | MIN M Pseudanym -
= i Gas FTdemo 2 303E+01 2. 303E+01 1.000E +02
H _ H = Ar Gas FTdemo  7.B97E+01 [.000E +00 7.BA7E
4' Save the funCtlonS qrouD CIICk On menu w Fe [total) Gas 0.000E+00 [.000E +00 7BA7E I A
‘ H H ) b Ar [total) Gas 7.BI7E+0T 0.000E-+00 7.B97E+ 5
File > Save current functions group ... & Nt Gas 23036407 O.00DE+00  1.000E+02
. = Fe Fe-li FTdemo  9.937E+01 9.995E +1 9,997E +1
and enter the name Fe-N_SIevert = i Fe-liz FTdemo  2562E-02 2. BEZE-02 4 BEAE-02
e Fe [total) Fe-li 9.997E +01 2 RB2E-02 9.997E +1
w Ar [tatal) Fe-lig [0.000E +00 [.000E +00 9.997E +1
‘ , ® M [tatal) Fe-lig 2562E-02 0.000E+00 9.997E +1 %
5. M (nOt Shown here) to return to O mal O malfract. © gram 't rau:t5f: % ko O b
the Results Window. \
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Step 3. Display f1, f2 for all pages

Toolbox menu :

1. Click on ‘Select function group(s) >
Check Y Fe-N_Sievert

Open the Fact-Function-Builder k] Select function group(s)

v Always calculate function groups(s) [1.]\.'\

—> Refresh Results ...

W 1. Fe-N_Sievert(-l- 1

’

G Results - Equilib Functions (page 0/4)

Output Edit  Show Pages
2. Check V ‘Always calculate function ...’ D || 20| TE) Pl Emerml) deesfe] Ve Pl
. , , Functions | A=0.25 | A=0.5| 4=0.75| A=l |
3. Click on ‘Refresh Results ....
GCroup Name : 1. Fe-N_Siewvert
HWtPotM : Amount,/Composition (N/Fe-lig) wt.%
M2 : Reotiwvity (MN2/GEas)
After the results are refreshed the reae f1 = e/ oHED.S
“Functions” page displays f1 and f2 1 0.46848942-01
for all the pages. 3 o em4nase-or
4 0.458470ZE-01
It is seen that f1 is fairly constant and Feee S
. —>| |, -0.4873828E-16
f2 is close to zero for all pages 2 ~0.8876B16E-06
. . ] . 3 -0.14858853E-05
— Sievert's law applies well in this example. * ~0-1515080=-0s
(Note the round off error — f2 at Page 1 . T Gasnizor | -o.saraszez-ie
2 0.4884B05E-01 —-0.B87681cE-0&
should be zero and not -0.487...E-16.) : S hcnenoaz_or Lo 1s19080m-08
G’actsage"' Function-Builder 5.1 www.factsage.com



Step 3. Display f1, f2 for each page

This slide displays the G Resuts - Bquito A<05 page2a)

) Output  Edit  Show Pages
results in FACT Format 0|2 BEIEm| TIC) Platm] Energyl)] Massla] Vollitre]

Functions | A=025 -A=05- | A=0.75] A-1 |

GCroup Mame - 1. Fe-N Sievert
H HWtPctH z 0.35366890E-01] - Amount/Composition (N/Fe-lig) wt_.%
The CaICUIated funCtlonS pHZ - 0_5595181 > Retiwvity (NZ/jGas)
are dISpIayed at the tOp Page f1 = WtDetW / pHz~0.5 f2 = £1 - £1(page 1)
z 0_45848305E-01 -0 _28876816E-0&

of each page.

{gram) 100 Fe + <i&>» N + <«1-A» BAr =

Here page 2 ShOWS Z_SIDZE:UE mol B gas:idEfl ) . )
(0.96462 gram, Z_.9102E-0Z2 mol, 4.4732 litre, Z.1565E-04 gram/cm3)
(100 €, 1 atm, a=1.0000)
<A> — 05 + 0.43008 Ar)
+ 100.04 gram Fe-lig
P(Nz) = (0.56992 atm {100.04 gram, 1_7922 mol)
{100 C, 1 atm, a=1.0000a)

N =0.035367 Wt.% ( 99.365  wt.% Fe

+ 3.536TE-02 wt.% H)

Syatem component Mole fraction Mass fraction
— Fe 0.959853 0_999&5
f1 - 0.046848 N 1_4086E-03
_f2 = _0887 X 10-6 where "A" on the reactant side is 0.50000
. 5 T - 3
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Step 3. Display f1, f2 for each page

(& Results - Equilib A=05 (page 2/4) _ - :
i . e This slide displays the same

Output | Edit Show Pages I ) h
Save or Print R T1C) Platr) Energoll) Massia) results in ChemSage Format.

Plot r 5| A=l 5 p—
Equilib Results file 2 .

Stream File b Output  Edit Show Pages

il F— N PR — O | E,.’“l |||I|| TIC] Platm] Energyll] Mazsg] Wallliee)

Functions | A=0.25 -A=05- | A=0.75| A=1 |

Fact-XML , v ChemS5age Format —_—
FACT + ChemSage roup Name - 1. Fe-N Sievert
_ : b WtPctH z 0.3536690E-01 |- Amount/Composition (N/Fe-lig) wt.%
Fact-Optimal Chem5age + FACT pHz - 0_5899181 : Bctiwvity (NZ2/Gas)
e g Dage f1 = WtDetl 7 pHZ~0.5 f2 = £f1 - flipage 1)
S z 0.4684805E-01 -0_8876816E-06
o
T = 1600 C
. . . P =1 atm
Note: the special function fi(page n) V = 4.4732 dm3
- e.g. f1(page 1) - that enables you to STREAM CONSTITUENTS AMOUNT/ gram
Fe 1.0000E+02
; N 5.0000E-01
refer to the value of a function M = no00m_01
calculated on another page. SQUIL AMOUNT MOLS FRACTION  FUGACTTY
PHRSE: gas_ideal mol atm
Nz 1.6586E-02 5.6992E-01
. ) . Ar 1.2516E-02 4_3008E-01 7.30085-01
f|(page n) IS f| on page n TOTAL: 2_9102E-02 1_0000E+00 1_0000E+00
PHASE: Fe-lig gram MASS FRACTION ACTIVITY
fl(page+1) IS fl on the next page Fe 1.0000E+02 5_9985E-01 §_9853E-01
N 3.5373E-02 7.5843E-01
fl(page-l) is fl on the previous page TOTAL: 1.0004E+02 1.0000E+00 1.0000E+00
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Example 2 — Plotting slag sulfide capacity

This example shows how calculated functions can be plotted by Fact-XML. The sulfide
capacity of a slag may defined as:

Cs = (wtS) x (Po,/Ps,)'?

where wt S is the Wt.% solubility of sulfur in the slag, and Po, and Ps, are the equilibrium
partial pressures of O,(g) and S,(Qg).

In this example wt S is calculated across the SiO, — MnO binary system at 1650°C with the
partial pressures fixed at Po, = 10-1° and Ps, = 10® bar. The sulfide capacity of a slag Cs is
calculated using the Fact-Function-Builder. The results are then imported and plotted by
Fact-XML. The example involves 4 steps:

Step 1: Calculating the equilibrium using Equilib
Step 2: Defining the sulfide capacity using the Fact-Function-Builder
Step 3: Displaying the sulfide capacity in the Results Window

Step 4: Plotting the sulfide capacity in Fact-XML.
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Step 1: Equilib input

The reaction is based on <1-A> SiO2 + <A>MnO + 0S at 1650°C and 1 bar.
Sulfur is present but the amount is not defined — it will be calculated.

There are 2 species
selected in the gas phase :

S,(9), 0,(9)

and their equilibrium partial
pressures are fixed:

log(Po,) =-10
log(Ps,) = -6
- how this is done is shown
in the slide on the next

page.

The liquid oxide slag phase
Is SLAGA taken from the
FToxid database.

G Menu - Equilib: last system

File Units Pararmeters Help
0= =

Reactants [3]

Products
Compound species

TIC] Plbar] Erergefl] Masglmal] Wolllitre]

[ <14 502 + <> Mn0 + 05 |

Solution zpecies

Cuztom Solutions
2 fived activities
0 ideal olutions
0 activity coefficients

Elietals

O2(g): Legl0(a) = -10 | ..
S2(g): LoglO(a) = -6

FactSage 6.3 -

*[+ gas & ideal  real 2 * | + | BasePhase | Full Name
[T aqueaus i + FTowid-SLAGA, ASlag-ig all oxides + 5
[ pure liguids 1] FTowid-5LAGE BSlag-liq with S04
[ pure salids o FToxid-SLAG? ?5lag-in
[~ suppress duplicates_apply FTD"fid'SP'NB Summary ...
* - cugtom zelection FToxid-Me0_B
IpEcies: 2 FToxid-TSpi Edit 2
FTowid-Brau Edit 9
Target Legend
- FORE - + - selected 1 W Show ™ all 7 zelected
Estimate T(k]: (1000 species: G S elect
. elec
Massimol; |0 zolutions; 1
Final Conditions
L <B> | 1@ |Pan ~||Product HY) ~|
o1 .01 | [1650 [1 |
= {
10 zteps I 101 calculations

Total Species [mas 1500 a

Tatal Solutions [max 40 1
Default
E quilibrium
* narmal " nomal + transitions

" transitions only

Calculate »>»

101 pages of results will be calculated with <A> =0, 0.01, 0.02. ...1.

‘ G’actSageT”
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Step 1: Defining Equilib P(O,) and P(S,)

&7 Menu - Equili ast system 1. Mouse-right-click on products gas ‘+’
File Units  Parameters Help 2. Mouse-right-click on O2(g) and on S2(g) ‘+’ cells
W= TIC) Plbar] Energyll] Ma . . . . . ,
t 3. Select ‘a Activity > log10(activity) ...
eaclants | _ — -
G Setection i 4. Enter logl0(PO,) = -10 ; logl0(PS,) = -6
File Edit Show Sort
Probucts [Selected: 1/23] [Gas |
Cxbtipound | - hio ressults - |
*|+ gas & I [— | Code | Species | Data | Phase [T |V¥| Activity | Minimum | M aximum -
[ aqueou 1 Olg) FactPS |gas
[ pure i 2 0Ae -
[ pure so 3 el 9 52(g)
[ szuppre 4 Silg] _
* - pugtom 4 & Sis clear
& Sian ¥+ -select
7 Si|
2 o S(gl ¥ - standard stable phase
arget + 3 Sele !' - dormant (metastable) phase ﬂ
- NaRe - in L |
Estimate F - formation target phase
Mass| P - precipitate target phase
|
Show Sel - ' ' s b
S ow Sele i Scheil cu.u.lmg gas phase J Fixed Partial Pressure —5
i3 - composition target ...
| o I — | am

Enter the walue of log10[p)

Ideal Soluti ] OK
|EI 1.05 Ea_ _ eidHen [or far & range of walues enter first last step'] far -
O steps I 3 F——> = Adivity activity 2 02(g). Cancel

Help ... v logl0(activity) Press [Cancel] if the partial pressure iz no longer fixed.

FactSage 6.3 - |-'I{I'
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Step 1: Equilib output

r& Results - Equilib A=0.5 (page 51/101) \ [ =N ﬂﬁ
. Qutput Edit Show Pages
The Results Window _ D= BB F) TIC) Plbar] Energyl)] Massimol) Yolllire] ==
contains 101 pages with A=062) A=063 ] A=084| A=065| A=066 A=D.6?] A=cr.63] A=cr.69] A=D.]’] A=D.?1] A=D.?2] A=0.73
<A>=0, 0.01, 0.02,... 1. A=049 | -A=05- ||a=0.51| A=052| A=053| A=0.54| A=0.55| A=056| A=057| A=058| A=0.59| A-06| A=061]
FactSage ©.3 -
5i0Z + <A» MnO + 0 § =
This is the EqU|||b Output 27E-03 02 t
at page 51 where g9E-03 52
<A> = 05 mol gas_ideal
1650 C. 1 bar, 2=1_0001E-0&) 3
{ 1.0000E-0% 5z FactPS
[-I‘-l_EIEIDDE—ltl oz FactES) ||
The equilibrium partial 557  mol  ASlag-lig
. §10 gram, 0.99997 mol) -
pressures (bar) are . i?1-.5513 C, 1 bar, a=1_0000)
{ 0O.453736 5i0Z FToxid
P(SZ) = 10'6 + 0.43730 Mno FToxid
+ 3_224BE-05 Mn203 FToxid
P(O ) — 10-10 + 2_0528E-02 sigz FToxid
2 + 2_0524E-03 MnS FToxid
+ 1.3253E-07 Mn2s53 FToxid)
. Site fraction of sublattice constituents:
The calculated Welght Sit i - I:I_E-I:II:II:II:It Faen
fraction of S dissolved in Moot e areaz-0s
the slag is 3.0094 x 103 o o.sssas
5 4_1051E-03
Wit% S = 0.30094
System component Mole fraction Mass fraction
Mn 0.20000 0_alse
5 Z_4631E-03
5i O_.20000 0.21403 AN
(4] i 59754 N 32479 .
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Step 2: Defining the slag sulfide capacity

. i unction Builder + [Si02-Mn capaci == &1
See Example 1 (slide 4.3) for 3 Functon B ey
. Fll%&h_ 4
deta”S on hOW tO make the Wariables List clearl Preview results Copy ta u:IipI:u:uardl
: : . witS  ArmountCormposition (3 (total)fSlag-li)) w22 - Fage £1 = log(wt5 * SQRT(a02/a52)) «
following entries: 207  Adivity (02/Gac) -
852 - Activity (S2/Gas) 3P e
:3 \ 1 3 3610284 g 3
. . 4 -3.401473
1. Create the Variable List J 5 3266202
containing the 3 variables: . - 3wes -

wtS a02 aS2 Functions

1= [logws * S0RT(202/252)) |
Operations: *+- 4[] abs, In, log, exp,. cos. sin, bg, anc in2n: oz, archg ar arctan, sgn ar sign, sqrt

2. Inthe Functions input box Variable <cloction
enter the eXpI’ESSIOI’] f1 = Amount/Composition - |

log(wtS * SQRT(a02/aS2)) Selection |

Species/phaszes:
| Species | Phaze | [ata | Amaunts,.. | k1M | b | Pzeudanym -
i i i i 0z Gas FactPs O.000E+00 0.000E+00  0.000E+00
3. Click on Functions Preview o
o 52 Ga: FactPs O.000E+00 0.000E+00  O.000E+00 1
results to check the e Mn ftotal] Gas 0000E+00 0.000E+00  0.000E+00 3
& S [tatal) Gas O.000E+00 0.000E+00  O.000E+00
calculated values & Si [hkal] Gas O.000E+00 0.000E+00  O.000E+00
& 0 [ttal] Gas O.000E+00 0.000E+00  O.000E+00
& 5i0z Slag-liq FToxid 1.000E+02 0.000E+00  1.000E+02
: : e bnl Slag-liq FT owid 0000E+00 0O00E+00 7. 267E+01
4. Save the functions group (CIICk o hn203 Slag-liq FT owid O.000E+00 O.000E+00  9.EB5E-02
‘File > g 5isz2 Slag-liq FT owid 019607 0D.000E+00  2.6E9E+00 7
on rilie ave ...’) as
Sloz_MnO S CapaC|ty " mal O molfract. O gram O W Fractk & Wit % O kg O b
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Step 3: Display sulfide capacity for all pages

Toolbox menu :

1. Click ‘Select function group(s) >
Check Y Si0O2-MnO_S_capacity

3. Click on ‘Refresh Results ....’

Open the Fact-Function-Builder |

2. Check \ ‘Always calculate function ’

Select function group(s)

Refresh Results ...

!

3

v Always calculate function groups(s) [2.]

1. Fe-M_Sievert
v 2. 5i02-Mn0O_5_capacity
A 3

\1

2

fj' Results - Equilib Functions (page 0/101)

D= RS

Output Edit Show Pages

TIC] Plbar] Energull] Massz{mal] Yalll

A=012| A=0.13 | A=0.14| A=015| A=016| A=017| A=018| A=019| A=0
] A=0 | A=0.01| A=002| A=003| A=0.04| A=0.05| A=0.06| A=0.07

After the results are refreshed the

sulfide capacity - for all the pages..

“Functions” page displays f1 - slag E

W om =]y o W k)P

—-4.
-3,
-3.
-3.
-3,
-3,
-3.
-3.
-3,

a77854
37270&
al0zZE4
401473
288302
173658
108878
082852
021001

Eroup WName : 2. 5i0Z-Mn0 5 capacity

wt5 : Amount/Composition (5 (total) /S5lag-lig)) wt.%
a0z : Actiwvity (DZ2/Gas)

a5z : BActiwity (52/Gas)

Bage f1 = logi{wt5 * SQBT (aDZ/a52))

I GactSage"‘
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Step 3: Display sulfide capacity for each page

_
L3 Results - Equilib A=05 (page 5m01_ ‘

Output  Edit  Show Pages
D= El|E)|m TIC] Plbar) Eneryi)] Massimol] Yollitre]

The calculated slag sulfide

A=0.62| A=0.63| A=0.64| A=0.65| A=0.66| A=0.67| A=0.68| A=0.69| 4=0.7| A=0.71] =072
capacity IS displayed at the A=049 -A=05-| A=051| A=0.52| A=0.53| A=0.54| A=0.55| A=056| A=0.57| A=0.58 | A=0.59
roup Name : 2. Si0Z-MnD 5 capacity
top Of eaCh page' wt5 : 0.300%44:2 dmount,/Composition (5 (total)/S5lag-lig)) wt.%
a0z 0.1000000E-05 Botivity (DZ2/GFas)
a52z 0.1000000E-05 heotivity (S52/Gas)
Here page 51 shows : Dage f1 = logiwtS * SQRT (202/aS2))
51 -Z_.521514
<A>=0.5 <1-A> Si0Z + <A> MnO + 0 § =

S = 0.30094 Wt.% - 3.06275-03 02
P(OZ) — 10-6 bar + 3.0789E-03 52

— -6 a mol gas_ideal
P(SZ) - 10 bar {1650 C, 1 bar, a=1_0001E-0&)
{ 1.0000E-0& 52
+ 1.0000E-10 o2 )

f1 (Ie |Og(Cs)) + 0.55357 mol  ASlag-lig

{&65_.610 gram, 0.-99%3%7 mol)

=log(wtS * SQRT(a02/aS2)) {1650 C, 1 bar, a=1_0000)

0.4573¢ S5i02

{
_ + 0.45750 MnO
= -2.521514 + 3.2248E-05 Mn203
+ Z.0528E-03 5i5z
+ 2.0524E-03 MnsS
+ 1.3233E-07 Mn2z53 )
— —
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Step 4: Importing functions into Fact-XML

"j' Results - Equilib Functions (page 0/101) |ﬂ|

Output  Edit  Show Pages

M||m| TIC) Plbar) Erergul)] Massmol] Yollitrs] m|||3|..m.

A=0.12 |

Functions fj' XML Viewer - [ch\FactWin'uiml_out.ami]
Group M | Ele Units Tools Eraphi Help

o |26 E] 2 B sw. | 5

1 —

as2 Lact  Fomat | Gemsag Fomat Treeb—d  smL |
1. To activate Fact-XML click on the | Graph - Setup
XML menu buttOn Saved graphs... | J | Eunction Builder hh
g " ariables Edit functions... 1 A
2. Click on Graph > Setup .... WS ot/ Coll ™o 1 - FeN Sievert
. . . A 1a0z2: Activity (02 = -
3. Click on Function Builder. ESE:ﬁctivitﬁ[Szfﬁas] = m 4
4. Import function group: H s il D = bpha cto
To PR i o | 4 '
SiI02 MnO_S__capamty | il o T~ Aic
5. Select Functions from the Y-Axis | Functions - | v - |+ variable| Alpha <A> -
menu. (| % 1=[logws *S0RT(E02/a52))
_(
6. Check V the functions you wish to L g | -
-7 -1 Default | |1 0.5 0 1 Default
plot: set MIN, MAX, STEP, etc Hi— LX)
. I
7. SeleCt X'AXIS Alpha <A>, etC- Species/phazes;
8 CI|Ck on DraW (nOt Shown here) B | Species | Phaze | Data | Auctivity | g} | b il
. . H
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Step 4: Plot of slag sulfide capacity at 1650°C

F=logiwts * SORT(a02/a82))

<1-A> Si0, + <A>MnO + 0 S

I=1650C

Lacesay

WeS - Amount Composion (S (otalySlag-lig)) wi% |
2012 - Aciuly (O2/Cas)
352 : ACIMRy (S2Gas)
J1=log(wes * SORT(a02E5)

(Note: the stability range of the
slag has been ignored — other
phases may be more stable.)

WWherne

4 g 5 i
Alpha =A=

‘ G’actSageT”
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Step 4: Slag sulfide capacity at 1300 -1650°C

<1-A>S5i0, + <A>MnO + 0S

LGactioge'

-1
15 Vhere : |
Here Equilib has been used to ™" S sess v
2 calculate the slag sulfide s OaT 0o 1
e capacity at other temperatures.
After plotting via Fact-XML the
K graphs have been superimposed
35 | and labels added to the figure. .
W 4 T
S
4.5 .
N -
5.5 Illff;:-' .
B § (Note: the stability range of the
slag has been ignored — other
5 1 phases may be more stable.) -
-7 ll L L I 1 1 1 1 ! L
0 A 2 3 A 5 b T B 9 1

Alpha <A>
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Saving Equilib and Function-Builder Files

&7 Menu - Equilib: FactFunc example ‘ _ EEIQ

File | Units Parameters Help

New Ctrl+N m | |3| 1.3|

Open .. Ctrl+ O
Directories ... p Ctrl+D

N
. Save File in C:\FactSage\Eq ui*.da) [
dW'e e

Save As ... —— Enter the file number -

1 (1-9999) m

ChemS5age File . Cancel |
or enter the file name, for example

by wem favaorite calculation

To save the EqU|||b and the Fact- - avoid the special characters 701t o
Function-Builder calculations : ‘ |Ex_FB_Fe-N_Siever € 2

e— &

1. In the Menu Window click on Save F““'F"“““””‘E“““”“m )

File > Save As ....

The Equilib calculations included Fact-Function-Builder calculations.

Do you wish to save the Fact-Function-Builder calculations with the Equilib file

2. Enter the name of the Eq uilib file. - in the Equilib Results Window the calculations are displayed by clicking on the
'F button,

3. Save the Fact-Function-Builder 3 —
file — click on ‘Yes’

Cancel
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i ™
fjr Function Groups Elﬂlﬂ
File Edit
LEE
Function Groups (2) -
Open the Fact-Function-Builder [H | |} Eact-Eunction-
. Group 1. Fe-N_Sievert D .
TOOIbOX menu : Group £. S5i0Z-Mnl 5 capacity BU||der grOUpS
. 1. Fe-N_Sievert
clickon |-
‘Summary of function groups ...’ Variables:
HWtPctH : Bmount/Composition (HN/Fe-lig) wt.%
pHZ z BActivity (MNZ2/Gas) . L
Associated Equilib | |2
Functions:
f1 = WtPetW 7 pHNZ~0_.5 i - i
Select function group(s) 3 fz = f: ftﬂnge 1 / flle see Sl|de 7.1
Always calculate function groups(s) [1.]
basgociated with the following Equilik file(s) :
Refresh Results ... e:vfzotSagetEquiEx FB Fe-N Sievert.DAT
Edit function group |||
Edit/create functions .. Y
Summary of function groups ... —_—
. . . Variables:
Fact-Function-Builder Silde Show ... wtS - Amount/Composition (S (total)/Slag-lig)) wt.% i
202z z Bctivity (02/Gas)
a52z z Bctivity (52/Gas)
Functions:
fl = logiwts * SQRT (20Z/25Z2)) —
i L] | 3
L = —— —
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