The Equilib module — Regular Features

« Equilib calculates the conditions for multiphase,
multicomponent equilibria, with a wide variety of tabular and
graphical output modes, under a large range of constraints.

« Equilib accesses both compound and solution databases.
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The Equilib module
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The Equilib module
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Using Reaction and Equilib modules to identify the most probable reaction

What are the products of the following chemical reaction at 25°C:
Mg + 3 Cu,O + 2 Fe,C + Ar ?

We will assume that only pure stoichiometric compounds can be formed and we
will ignore kinetic considerations. Using the Reaction program, we see (on the
following page) there are many possibilities. For example:

1 MgO+6Cu+45Fe+2C+0.5Fe;0, + Ar

3 MgCO;+6 Cu +6 Fe +1 C +Ar

A 6 Cu +4.667 Fe +2C + 0.667 MgFe,O, + 0.333 MgO + Ar
etc...

According to the Reaction program, reaction 1 has the most negative Gibbs

energy change. Hence, according to thermodynamic laws, this is the most
probable reaction.

By the method of Gibbs energy minimization, in a single calculation module
identifies this most probable reaction.
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Reaction module: 4 possible isothermal isobaric reactions and 4 values of AG

Reaction 1

Rezigtjor) 2

Reaction 3

Most
F Table Reaction =] =] .
File  Unitz  Output  Figure Help neg atlve AG
N ljs-' n al TIC] Platm] Energuid] Mass(mal] “all]
Reactants
Mg + 3 Cu20 + 2Fe3C + A& = MglD + BECu + 45 Fe + 20 + 05 Fe304 + A
[T.z] [T.z] (T.z1] (T.q) [T.z] [T.z] (T.s1] [T.:1] [T.21] (T.q] v
T[C) | Delta H) | Delta G[J) | Delta Yol(l) | Delta S{J/K) |Delta CplJ /K] | Keq [T AG ~-670 kJ
25.00 6932676 § 6697061 N -1.336EE-02 -79.026 -38.225 212214117 1
Reactants
Mg + 3 Cu20 + 2Fe3C + Ar = Mgl + BCu + 4B67F Fe + 2C + 0OBGF Fe203  +  Ar
(T.z) T.z) [T.1) (T.ql [T.z] [T.s) [T.1] [T.#1) [T.1) (T.al
1 [ 3
TIC) | DeltaH{J) DeltaG[J] Delta Vol(l) | Delta SEJ/K) | Delta Cpfd 2K} | Keq [T
25.00 F85259.8 -659662.9 1. 4253E-02 -89.206 -40.503 2 4666+115
Reactants
Mg + 3Cu20 + 2Fe3C + Ar = MglO3 + BCu + EBFe + C o+ Ar
T3] T3] T.51] (T.g] (T3] M) [Tl (Ts1] [T
TIC) | Delta H[J) | Delta G[J] | Delta Yol(l) | Delta S(J/K) |Delta Cp(J/K)| Keq [T ~
25.00 £44755.4 | 6214995 | -1.3484E-02 -78.001 -46.243 7.6100+108 AGB ~-621 kJ
Reactants
Mg + 3Cu20 + 2FedC + A = BECu + 4BEF Fe + 2C + 0667 MoFez04 + 0333 Mogd  +  Ar ‘
(T.2) [T.z] [T.21] [T.q) [T.2] [T.z1] [T.z1] [T.z1] [T.z) [T.q)
4 3
TIC) | DeltaH(J) | Delta G[J) | Delta Vol(l) | Delta SEI/K) | Delta Cpld/K)| Keq [T
25.00 £92539.1 6678230 | -4.1941E-02 -82.898 -42 5E5 9.9281+116

AG, ~ -668 kJ
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Gibbs Energy Minimization

Where
(0] '
G= > n(g’+RTInP)
ideal
gas n : moles
P. . gas partial pressure
0 |
+ Z N;g; X, mole fraction
pure . -
condensed y, - activity coefficient
phases

o

g’ : standard molar Gibbs energy

+ > (g’ +RTInX; +RTIny;)
solution—1 Equilib determines the

combination of m;, P; and X; which

+ Z N, (g7 +RT In X, +RT Iny;)[ | minimizes the total Gibbs energy
solution—2 G of the system.

_I_
In the present example the

T equilibrium products are an ideal
gas and pure solid compounds
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Reactants window — entering a new reaction

Reactants Equilib has 4 windows:
window ALLIE) NS0 (BB B Reactants window

Menu window

Reaction Table List window

F Reactants : Equilib

File Edit Tabf Udgts DataSearch Help R esu |t S
—> TIC) Platm) EneraylJ] Mass[mol] Vollitre)
st *

1 entrY" Mass(mol) Species T{C}  Pliotal)™ Stream#t Data
Click on [ Mg I ]| [ [
New W E |Cu20 | 2} | 1
Reaction I [Fe3C | [ | [
R fé | =] l [1

20 gty All calculations shown here use the FACT compound and
Befi;le thé RS solution databases and are stored in FactSage
| ' - click on: FEile > Directories... > Slide Show Examples ...

List of compound and Initial conditions checkbox is not selected
solution databases I~ Initial Conditions |

Press «Next» to go to the Menu window
FactSage Compound: |FACT ~ ELEM [[SGPS SGSL | 7
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Menu window — possible products, final T and P, and calculating the equilibrium

Menu window

New Reaction

:

F Menu - Equilib
Qpen _'EIE"g\its Parameters  Help

Save

3rdentry:
Selection of

pure solids.

compound products:
ideal gas phase and

Summary of the Reactants.

TIC) Platm) Energyf)] Mass{mol] Yol(l)

1 1 B3

m = ® v

- Reactants (4]

[ Mg + 3Cu20 + 2FedC + A |

- Products
~ Compound species

\ 4

4™ entry:

Final conditions:
25°C, 1 atm.

+ gas (+ ideal " real 22
liquid 0
[- AqUEOLS 0
+ solid 34

¥ suppress duplicates
Species: 56

- Target
none
Estimate T[K}; IU:“.”:’

Masslmall |0

~ Solution species

15 FACT solution datasets - 0 selected.

~ Legend

[~ Show( all ¢ selected

species: 0 - I
: LS edl
solutions: 0

Y.

-~ Custom Solutions
0 fixed activities
0 activity i
0'ideal zolutions

[ include molar volumes

Total Species [max 700] 56
Total Solutions [max 30 0

Default I

- Final Conditions - Equilibrium
A <B> TIC) Platm) IF’roductH[J] LI & normal €5 hansiions
o5 1 I " predominant € cpen
Jio steps T Table [1 calculation] Calculate >> I
Factsage T
5. Press to calculate equilibrium.
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Results window — FACT format output.

The equilibrium products: Cu, Fe, C, MgO, Fe;O, and Ar satisfy
the mass balance and minimize the Gibbs energy.
@-Equilib 25C I =100 x|

Output  Edit  Show Pages

Ol __'ﬂj TIC] Platm) Energyl)) Mass(mol) Yollitre) mIIBI W

Results window
|

1 mOI (39-9489) Mg + 3 CuZ0 + 2 Fe3C + Ar = ;‘
of pmdﬁt '?‘fal S g, T el 0456 biexe ..« These are mole fractions X, in
as at 1 atnt; p| (zF o0C, TS,  Esioouo] : D -
gmalnl Ar i 1.7814E-20 coz an Ideal gas Pi - Xi 2 Ptotal or

yAar. e B P(CO,)e,= 0.17814 x 109 atm.

el tom =
Note the pure ¥ €.0000 mol  Cu_solid %

(381.28 gram, 6.0000 mol) . 6 mOI CU Sl
Stable (25.00 C, 1 atm, S1, a=1.0000) L ( ) ]
tOiChiometric + 4.5000 mol Fe_bcc (
s I'd ERLRY ?;?604&fogoa:§‘}:l31, a=1.0000) ‘45 mOI Fe(S:L) ]
solids: | )
+ Z.0000 mol C_graphite .
activity =1.0 awie ol [2mol C(s1) [graphite]
F 1 mol MgO(s1) |
(25.00 C, 1 atm, S1, a=1.0000) \
Solids beyond this pQINt |« oo wes resos samevsee 0.5 mol Fe,0,(s1) |
are not formed: 0 mol (26.00 G, 1 sen, S1, a=l.0000) -
and pctivity < 1.0| | lIE= v« 50 ]
They are ordered with |+ oo et toms rezoss ey -
regard to activity.

G’actSageT” Equilib 4.3 www.factsage.com



Results window — ChemSage format output

T

Output - Format > ChemSage Format ;

2500 C
1.00000E+00 atm

Menu bar;

v 2.44664E401 dn3
STREAN CONSTITUENTS AMOUNT fmal
MgiSl) 1.0000E+00
:: I:'thl:lthl CaznisLs 3. D0DDE400
Fe3C(s1) Z.0D0OE+0D
Save ar Prink » Arfgas_ideal/ 1.0000E+00
F'|l:lt [ 3 . eat EQUIL )}MDU‘NT MOLE FRACTION FUCACITY
I gas_ldea. no atm
Equilb Results il » P l7eidnzo  Lisidmz  1.7eadrezo
3tream File ' oo Glas6mse  64semsa 5. 4996E-s3
F Aesults - Equilib 25 C F&CT Farmat Fe 2.730ZE-64  Z.790ZE-€4  2.730ZE-64
c30z z.2372E-70 2.2972E-70 2.2972E-70
H - = CIFN A TOTAL: 1.0000E+00 1.0000E+00 1.0000E+00
E':ht Eh':'w P-EIQES Fact-%ML - ge Format nol ACTIVITY
D = W FACT + Chemsage cuisL) . 000OE+00 1.0000E+00
D Fe_bccoi(3l) 4. S5000E+00 1.0000E+00
Refresh ... Chem3age + FACT moh, pesdotasatsl) 2. cooomson 2. coooz+co
Fe304 magnetite(Sl) &.0000E-0L 1.0000E+00
C_diamond({3Z) 0. 0000E+00 3.1007E-01
— (ﬁgo) {Fez2032) (21} 0. 0000E+00 Z2.&6830E-01
T = ZL.00 C . oy S Fe_foe(52) 0. 0000E+00 1.1313E-01
» - 1.00000m+00_aew _EINAI CONditions ool S o
- Fezl3_h (s51) 0.0000E+00 1.05368-03
v - 2 - 44664E+Dl dJII.S F:SC(gl?matlte 0. 0000E+00 5.7017E-04
Fe2Ci82) 0. 0000E+00 4.26EZE-04
STREAM CONSTITUENTES AMOUNT /mol tarszian 220008400 s 1a161-05
MgCO03 _magnesite(S1) 0. 0000E+00 3.5860E-02
Mg (2l) 1.0000E+00 Am O u nt FZCDS:sig:rlt.Z(Sl) 0.0000E+00 1.8979E-13
CuzZ0(sl) 2. 0a000E+ao (CuZ0y (Fez03) (52) 0. 000DE+D0 8.9883E-17
Fez02 _high-pressure- (33) 0. 0000E+00 6. 0428E-17
FeIC(21) Z.0000E400 (Cuz0) (Fez03) (21} 0.0000E+00 3.2423E-17
Ar,-‘ as ldEE.l_.'r l DDDDE"‘DD Of reaCtantS FeZ03_high-pressure-(54) 0. 0000E+00 T.9zZ78E-18
g — - Cuz0isl) 0. 0000E+00 3.0683E-12
Cul_tenorite(21) 0. 0000E+00 1.133ZE-Z22
(Cul) (Fe203) (52) 0.0000E+00 1.84650-26
EQUIL AMOUNT MOLE FRACTION FUGACITY (Cul) (Fez03] {51} 0. 0000E+00 3.5212E-27
- O (Cul) (Fez03) (82) 0. 0000E+00 9.0624E-Z282
PHASE: gas_ideal mol atm P rOd u ct Fe304_high-pressure- (33)  0.0000E+00 6.76780-29
by 1.0000E400 1_0000E400 1_0000E+00 Fe304_high-pressure- (54} 0. 0000E+00 Z.0330E-30
" CuCo3 (81} 0. 0000E+00 4.7043E-43
coz 1.7814E-20 1.781l4E-20 1.7814E-20 gases, gas Py (511 0. 0000E+0 6 4755850
cao 4 _ O0&EE-Z1 4 _O00&65E-Z1 4 _O00&6EE-EF1 Ha(siy o- DonoE+on 5. OLs0E-56
Cu 5.43968E-53 5.43965E-E3 5.4395E-53 fus:acmes Cp_EQUIL H_EQUIL & EQUIL c_EQUIL v_EQUIL
T.E-1 B I.E-L B an3
Fe Z_.T90ZE-&54 Z_790ZE-&4 Z_790ZE-&4
ESDZ Z. ZBTZE_?D Z. ZBTZE_?D 2_ ZBTZE_?D are calculated 4.09233E+0Z -1.160Z0E+08 E.27967E+02 -1.32EE0E+0e Z.44664E+01
TOTAL: 1.0000E+00 1.0000E+00 1 000000 Mole fraction of the system components:
= as_ideal
mol ACTIVITY o Y Tern-sa
L]
Cua (1) 6. 0000E+00 1. 0000E+00 Product: re 2. 73028 -4
Fe_beoao(E1) 4_ LOO0E+00 1_00a0E+00 o 3. 9E3EE-20
C_graphite(S1) z.0000E+00 1.0000E+00 Stable pure c 2 eELETEn
HgD_PErlClaEE':Sl:' l. DDDDE_I_DD l.DDDDE'l'DD Stoichiometric The cutoff limit for phase or gas constituent actiwvities is 1.00E-70
Fel204 mametite (31) L _0O000E-0l1 1_00a0E+00
C_dismond(ZZ) 0.0000E+400 2.1007E-01 SOIidS
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List window — manipulating the results

\4

==b4— Final conditions

F List - Equilib T{C) = 25, P{atm) = 1
File Edit Help

(p:ﬂﬂ 1/4%
3 R

. . o~ i "l
List Wi ndow g|2| T(C) P(atm) Enerayld) Mass(mol) Vol(itre) m b |
+ |Code| Species |Data| Phase I Mole | Fraction | Activity | Range [TV
"+ 55  Culs) FACT solid 6.000 1.0000E+00  25- 1728 i i i
+ 41 Fels) FACT bee 4500 1.0000E+00  25- 1533 C“Ck on List WlndOW
—34—5ls) FACT  graphite 2.000 1.0000E+00  25- ¢
+ 16 Arfg) FACT | gas 1.000 1.000 1.0000E+00  25-° i
+ 33 MgO[g) FACT periclase 1.000 1.0000E+00  25- @ Dlsplay Of gas fugaCities’
+ 43 Fe304(s) FACT magnetite 0.5000 1.0000E+00  25- - .
+ 11 C0Z2g) FACT gas 1./814E-20° 1.7814E-20 1.7814E-20 25- ! for example'
+ 9 CO(g FACT gas 40065E-21 40065E-21 4.00B5E-21  25- ! - -20
+ 20 Culg) FACT gas 6.4396E-53 6.4396E-53 54396EH3 25! fcoz— 1.7814x10 atm.
+ 17  Fela) FACT gas 27902E-64 27902-B4 27902664  25- ! ;
ChOiC e + 12 [302qg) FACT gas 22972E70 229770 229770 5.0 |N an |dea| gaS, the
1 L Elg) FACT gas 2534E118  25-! )
of + 2 2 FACT 1.108E137  25-! fugacity IS equal to the
+ | 3 | c3g FACT, 5589E-133  25-! t_ | H
: . 4 w2610 25-t partial pressure. Hence:
phases: T enip o P P
S _ 34351E-86  25- ! — X —
: _Sorry ] 1.4173E-89  25- ¢ PC02 XC02 I:)T
solid diamond is S Elf. —1.7814 x 10 at
< not formed asearEs 5.t COgp atm
and a. < 1.374E152  25- bico
diamond 1.444E106  25- 5728
27958E-83  25- 5728
T 42936102 25- 5728
+ FACT gas 13413676  25- 5728 and
AE FACT gas 1.2078E-93  25- 5728 )
+ 3 [CE2) FACT diamond ] INFENT 252728V v ed with
~Show iFormat ————— [ Order
popees % mole " code I‘eSpeCt to moles
IV gas 22 ¥ duplicate ((: gram & amount
S 4 e
F ];?l:':ilu-: g " selected 55 o 52:;" ‘e 22533;
ke " distribution —
IV sdid 33 All/Clear | ¥ oropetties
I~ solution 0 prop: i~ Post-Calculate
l I activity l Refresh I
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List window — distribution format

For example, Fe is distributed in: |a gas phase: 0% as Fe(g)

2 solid phases: 75% as Fe(s) and 25% as Fe;0,(s)

F List - Equilib  T(C) = 25, Platm] = [Page 1/1) JCode) Datal___|_Mole | Gram | PerCent |C L
2 ek B EEA[S ]PHASE EA39BE-53  A.0921E51 1073351 % 1.073E61 %
ulg g - A1 E s -4
~ TIC) Platm] Energyll] Maszs(mal] “Yalll] Totals G439BE-53 4092151 1.0733E-51 %
gl&l MJ PURE SPECIES
Code| [Data] | Mole | Gram | Per|Cent | Cumulate [T] ) Totals EDEDEDD 38;831 ; 1333; L
ELEMENT Cu = TOTAL Cu £.000 381.3
GAS PHASE ELEMENT Fe —
200 Culg] B.4396E-53 4.0921E-51 1.073BE-51 % 1.073E-R1 % GAS PHASE
5 17 Felg) 27902E-64 1.5RG2E62 AES0IE-E3IX 4ES0EEI%
Cu Totals  B433BE53  40321E-51 1.073RE-51 % ’ Totals 27902E-84 1.5682E-62 4G503E-83%
PURE SPECIES Fe PURE SPECIES
56 Culs) 000 3813 oz 100 2 Fetis 1 @ mor 1
Totals B.000 383 100 % Totals £.000 3351 1000 %
......... TOTAL Cu E.000 281 3 - TOTAL Fe £.000 2351 —]
1 I N A N N ] ELEMENT Ar
GAS PHASE
ELEMENT Fe 16 Adg) 1.000 2995 100.0% 100, %
GAS PHASE Ar Totals 1.000 3395 1000 %
17 Felg) 27902E-64  1.5582E-62 | 4 REO3E-63 % 4 BS0E-63% FURE SPELIES oo | oo | amo | comoz
Totale 27902E-64 1.588ZE-B2 4.EBO3E-B3 & TOTAL Ar 1.000 39.95
Fe PURE SPECIES O S S S S S
4 Felz] 4.500 291.3 FR00E §, VROX GAS PHASE
50 Fel04fs] 1.500 83.77 25.00 % 100, % B CURE SPECIES e B e
Totals E.000 3361 100.0 % 33 Mg 1.000 2431 1000 % 100, %
TOTAL Fe £.000 335.1 Tols o e 10
A N A R N Y S e e R —
ELEMENT Ar 3 ScrOH
GAS PHASE ERNN [T 4005E-21  G4101E-20 1.3355E-19% 1.335E193%
16 Adgl 1.000 3995 1000%  100.% iz Ciow LMETD 7N 6S ToI4ESS % 1371E10%
Ar Totals 1.000 3995 100.0 % 0 Totals 3983520 6.3413E-13 1.3212E-18%
PURE SPECIES Er] mgilspmﬁ 1.000 16.00 3333% 33%
Totals 0.0000 0.0000 0.0000 % 50 Fe3D4s) 2000 3200 B6.E7 % 100, %
] TOTAL Ax 1.000 32595 - OTALG Totals 3.03‘0.300 434550 100.0 %
N | ! [ | [ ]|
] 1 c Se|eCt Format ELEMENT C
Speci = " mole i EAS EHASE
[ gs 1 1 1 F »| © gram ‘o 3 poazE19% 2003E19 3
i distribution o O s 1 242, Press Refresh e
r fo rm at - dlSt[Ihutan Toe I 20 BoOoE T T.0910E-18 &
PURE SPECIES
[V zo e ies TR H"I 2000 2002 100.0 % 100 %
[ zolution 1] 1 Rrop Post-Calculate Y Tota 2,000 24.02 100.0 %
I_ EICti"."it_'rl < TOTACT 2000 24.02
! ! [ [ [ [ [ [ | [ |
™ 1
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List window — thermodynamic data format

Selection: ] + |Code Species [Data| Phaze | go/mol | ho /mol | zo fmol-K | cp fmol-K [T |¥
1. Show: pure so lid phases T araphite A711.4 5o 5,740 f.522 W
] . + 35 =2 diamand 1191.4 1895.0 2360 5711 W
2.| Format: thermodynamic data || . 3z gy solid 9740, 0.0 32671 24,869
—— - 37 MoC2(s) solid 71647.0 878R4.0 54392 56,227 o
F List - Equilih T[C) = 25. Platm] = 1 [Page 1/1] .
Fie Edt Hef 38 Mg2C3s solid 49557.0 79436.0 100416 53 7ER o
D[z T(C) Piam) Ererf) Massinll Volll - oW | | 39 MgO[g] periclase B095356  EO0T5000 26951 37.189 W
e g0l Mele | Gonm [ PerCont [Cumdnie[T] [} | 40 MgCO3(s] magnesite 11313234 11116890  65.854 76.208 W
| chspuase ) ) 41 Fes) bee 81335 - 27.280 24.845
| o Gomens dofnest fomemc 42 Fels2) fe 27312 79723 B 5138
| PURE SPECIES . i 43 Fedlls) solid-a 7594.9 205020 101.253 107.123
i BB Chis E.000 3813 1000 % 100. % i
Totals | 000 13 1m0z 44 FedC(s2) solidb 72016 236845 103593 110936 T
_— = o =l 45 Fely) wistite 2835709 2658322 59496 49526 W
e ———— Datmses | [ ¢ e e 46 Fe203(s) hematite B51E96.8 256274 87437 103,980 W
gas b FdUpicate Vv Fr pam & A . oo o e o P Y
N [F e || £ |55 47 Fealdisd)
s 48 Fe203(:3) - o
¥ solid 34 — = ) _
T L e e I «Absolute» values of Gibbs energy G°.
50 Fe304(z] .
A (o] .
‘ . s rengey AGCfor the reaction:
3. And press Refresh + 52| Fed0d(s3) —
P + B3 FedDdjs] 3 FE(S) + C(S) = FE3C(S)
) + B4 FeCD3s) | . _
4. To obtain the P B My IS given by:
+ LI =
thermodynamic data format | [« 5 s AG® = G, ¢ - [ 3G, + G° ]
53 Cu20(s) FeqC Fe c
F List - Equilib T[C] = 25 !EIE 58 EUEDS[S]
File Edit Help — =] —) -
O D’* TIC] Platm] Energyld] kass(mal] Yolfl) "”ﬁ n ED I:UI:EI:M-[S] 7594 . 9 [ 3( 8 133 . 5) + ( 17 11 " 4)]
+ C?‘_):E| +— Species | Data | I::ase | g:?a;r:lzl | ho ;rgul | sc:s J'T:loul-l( | cpgfsnzl-l( [T |\\;’ jl B CuZ g[g]
+ B/ 0E2 iia_r:ond 1191.4 1835.0 2360 5711 Y B2 CuFel2s] = 18517 J/mOI
D3 e i oo wmio  saw  ma  of | 63 [CulliFe20
© B M soid sses70  7a0  twons  mms  ole| | B4 [Cul)Fe203):2) solidb 0158321 9830071 110.096 227191 T o
e Db Fomal Drder— B5  (CuD)IFe203)(s3) solid-c 1008361.3  -963708.0  149.768 178246 T o
e e {w PaCT £, e £ BE  [(Cu20)(Fe203)s) solid-a A078908.9 10259168 177.736 159.991 o
e B | R C dtibuion | || € o B7__ [CuZ0(Fe203)(s2] solidh 10810157 -1031945.3  164.583 191.990 T o
|IZ zz:ludtiun 33 ﬂl I™ propertie |—Posl-l.:a.|culalel I A
[_activiy Hefresh
™ il
thtSage Equilib 5.3 www.factsage.com




Comparison of Gibbs energy values obtained by the Reaction and the Equilib programs

F Results - Equilib 25 C N.

Output  Edit Show Pages

D3| 2

TIC) Platm] EnergylJ) Mass{mol) Volllitre)

F Reactants - Equilib

tr] Energy(d] basz(mol] Yalll]

Mg + 3 Cuz0 + 2 Fel3C + Ar =

25, 1 . s #1 25 1 s #1 25, 1,51 $#1 25,1

1.0000 mol gas_ideal
(39.948 gram, 1.0000 mol,

(25.00 C, 1 atm, a=1.0000)

( 1.0000 Ar

+ 1.7814E-20 coz

+ 4.0065E-21 co

+ 6.4396E-53 Cu

+ 2.790ZE-64 Fe

+ 2.23972E-70 c30z)
+ 6.0000 mol Cu_solid

(381.28 gram, 6.0000 mol)

(25.00 C, 1 atm, S1, a=1.0000)
+ 4.5000 wmol Fe_becc
(251.31 gram, 4.5000 mol)
(25.00 C, 1 atm, S1, a=1.0000)
+ Z.0000 mol C_graphite
(24.022 gram, 2.0000 mol)
(25.00 C, 1 atm, S1, a=1.0000)
+ 1.0000 mol Hg0_periclase
(40.304 gram, 1.0000 mol)
(25.00 C, 1 atm, S1, a=1.0000)
+ 0.50000 mol Fe304_magnetite
(115.77 gram, 0.50000 mol)
(25.00 C, 1 atm, S1, a=1.0000)

24.466 litre, 1.63Z8E-03 g/ml)

A

1

Specify the phase of
each reactant at 25°C |
and 1 atm pressure...

mis ™

Thermodynamic
functions: AH, AG, AV,
and

The value of AG is the

same as the Reaction
program (Reaction 1,

page 3)

T(C) Pltotal™= Stream# Data
RN EE [1.0 1 FACT
AR EE [1.0 1 FACT
T AR EE 1.0 J1 FACT
RN EE [1.0 1 FACT

Select the initial
conditions

ic prezsure abofve the phase.
am this iz the sum of the
ne gpecies in thiat stream.

v Initial conditions

A spontaneous isobaric
isothermal chemical reaction

e

F6.93268E+05 -6.69706E+05

e e

0.00000E+00 -7.90Z56E+01 -3.8ZZ47E+01

+ 0.00000 wmol C_diamond
(25.00 C, 1 atm, 52, a=0.31007)

I' __________________________________ + o o o
: b b b b o b b b o b b b b b o b o ok o o
| DELTA H DELTA G DELTA V DELTA & DELTA Cp
i (I (7 (litre) (J/K) (J/K)
1
1
1
1

| takes place (AG<0) and the
reaction is exothermic:
| AH=-693.3 kJ

Equilib

www.factsage.com



Reactants window — Help - More information...

Menu bar: Help - More information...

F Reactants - Equilib
File Edit Table Units DataSearch | Help

More information ...

) Mass{mol) Volll)

Directory of examples ...

Slide Show >

Mass[mol) Species Phase TIC) Pftotal)™ Streami#t Data

h IMo B Eys  Who W FACT

%3 {cuzo Isolid _v_I [25 [0 [ FACT

* 2 [Feac [solid1 soida =] |25 o i FACT
* [ar [aas =2l ho | f FACT |

** Pltotal] is the hydrostatic pressure above the phase.
For a gaseous stream this is the sum of the

B

Help.

@ Additional information and extended menus are available for many of the items.

Faint to a frame heading or input box and then click the mouse nght button.

partial pressures of the species in that stream.

[V initial conditions

r FactSage Compound: FACT  Solution: rF—A_EZTf_

« Point to a frame heading

or input box and then click
the mouse right button. »

G’actSageT”

Equilib 6.1

www.factsage.com



Reactants or Menu window - Help - Directory of examples...

| Help
Reactants or Menu window menu bar: Mote rfomaion .

Directory of examples ...

Help - Directory of examples...

F Diuectory Equilib [Demonstration Examplez] - hle J:A\FACTWINAExamplesAEDEM_001_FCT
If you want to Change Fie Edi
Directory then go to S| 0] 2|} View
i H - 15 files -
File . Directory -
. Filel | Equilib Demonstration Examples
[Select a d | recto ry] or ) Simple zolid state stoichiometric reaction. / Fe203 + 5i=
004 Simple homgeneous gageous equilibria, / H2S + 0667 502 =
preSS on ﬂ 003 Simple heterogeneous equilibria - decomposition of SiCH within constained volumes, / SiCH =
004 Simple heterogeneous equilibria and the phaze rule. Owxidation of Fe5 by a variable amount <& 02,/ <1-4> Fe5 + o

005 Effect of pressure on gsimple heterogeneous equilibria - Pidgeon process for the production of kg, /4 Mgl + Si=
008 Adiabatic reaction [Delta H = 0] between FeS and 02, ¢ <1-4> Fe5 + <A> 02 =

007 Fixing the activity of a species [P[02] = 0.01 atm] in a product equilibrium [Fe5 + 02). /Fe5 + 1802 =

008  ldeal versuz real gas calculations - boiling paint of water, / H20 =

M0 Disgolution of copper ik sulfuric acid. £ Cu + 555 H20 + H2504 =

0171 Liquidusz & eutectic temperatures, & Fe[2+]/Fe[3+] ratioz for glag [Fe/5i=9/1] - Fe(z] equilibria. # 3 Fel + Si02 + 100 F
M2 Fayalite slag in equilibrium with 502 - golubility of zulfur in the glag. / 2 Fel + 502 + 100502 =

M3 *wustite [Fexd] - magnetite [zpinel] equilibriumm including Fe[2+]/Fe[3+] distrbutions. # Fe304 + Fel =

M4 Equilibrium partial pressure of 52[g] above an Fe-5 matte, / <4> 5 + <14 Fe =

M5 Fe-5 liquidus at 1200 to 1300 C - precipitate target phaze calculation, / <4> 5 + <1-4: Fe =

ME  Sidistribution between liquid steel and zlag / Fe + 0.01 5i+ 2Fe0 + 5i02 =

Thiz demongtration example of a zimple zolid state stoichiometnc reaction iz similar to the Mg + Cu20 + Fe3dC + Ar' spztemn shown

Short descrl ptlon in the Equilib Slide Show - please refer to zlides 4 to 12
of the example

G’actSageT” Equilib 6.2 www.factsage.com



The mouse right button - Reactants

Click with the mouse right button

m actants - Equilib

File Edit Table Units DataSearch Help

D] +| =)

TIC] Pfatm) Eneray(J] Mass(mol) Yolfl)

1 1 B3

M &1

Mass(mol)

Species Phase TIC) Pftotal)*™ Streamit Data

{Mg Isolid L] |25 [1.0

|1 FACT

|cuzo [solid x| [ {1.0

FACT

| FEYSS ool solidis !I lc | P

Help

1)

Enter the reactants.
E =amples:
1 502

02102+0.79M2
by 02 + <14r CHY

FACT

or click on "Edit" and then "Example’ for a zample reaction.

[V initial conditions

rF—a_czlSage i Compound: [_F—AET—— Solution: ﬁ:IEf—

N

&dd a new Beactant Ctrl+H
Delete reactant Ar ...

[elete &l Blank reactants

Miztures and Streams »

Clear
Example

Mew Reaction Ed |

@ Thiz will clear any current reaction.

|2 thiz what you want?

Carcel |

G’actSageT”

Equilib 6.4

www.factsage.com



Help: —the mouse right button

with the mouse right button in the enclosed areas:
Click header or input box and information boxes will appear.

F Reactants - Equilib M= B3
File Edit Table Units DataSearch Help
0 Il;ﬁ-l + TIC] P(atm) Energy(J] Mass(mol] Yol m l gl :‘-r\,;,l { ]
FlE 1 3 5 6 8 1. Mass info
1-2 .
2. Mass units
Mass(mol) Species Phase T(C) Pftotal}* Stream#t Data P -
[Fes Jsolid-1 = Jrooooo fro FACT 3. opecies Info
| [o2 | fgas x| Jiooooof fro |t FACT 4. Spemes access to
) ) ViewData
5. Phase
9] 10 11 —
6. Ternperature info
7. Temperature units
8. Pressure info
9. Pressure units
10. Strearn nurnber info
v initial conditions 11 _)E.ta. |nf0
12. Databases info

[F]aétisiage"m il Compound: iﬁ&tfﬁ Solution: ['Fﬁlﬁi 7

G’actSageT” Equilib 6.5 www.factsage.com



Help — Example of mouse right button, Mass: 1. Header and 2. Input Box

F Maszs

1)

Enter the amount of the reactant.  Examples: 10 14307 1.234e-4 ;I

For example, the farmation of water:-
1 H2

+ 05 02

& composzition variable A" [alpha] may be zpecified in the form <ad+b> or <a+bds where a and b
are conztants, A iz calculated or zpecified later.
Examples: <&x <-1+24> <3 70+6:.
For example. a binary misture between copper and nickel -
<fx  Cu
+ <1-4% Mi

A composzition varable "B [beta] may be specified in the form < ad +bB+cAB+dy where a, b, ¢ and
d are conztantz. A and B are specified later in the bMenu Window, Whereas pou can specify or
calculate a range [First, Last, Step] of <4, for example [0.0 1.0 0.1], only one constant wvalue of
¢B> can be specified. For example the oxidation of various quantities of hydrogen by o=ygen
diluted in nitrogen. S ap pou want to hawve 1 mole tatal of input gazes pou might enter:-
L0 H2

+ <148 02

+ <B» M2
|f the fiked quantity of M2 iz 0.1 male, then in the Menu window pou would zpecify <B> = 0.1 and
give arange for alpha, zap <4 =[0.00.901].
To add a new species vou click on the "'+" buttan.
Toremove a species you enter a blank in the zpeciez column, —

1 mole Fe5 = 87913 qram Fe5 = 0.193815 |b Fes |«

Conversion of mass units

v mol

9
|b

«— Selection of mass units

Set all reactant masses to 1 Default setting for masses

Help ...

G’actSageT”

Equilib 6.6
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Units window: T,P, Energy, Mass and Volume

Reactants Menu bar: Units -

F Reactants - Eg
Fil= Fdit

Tehle  Units

=

D]@| +]

PP i

DetaSearch  Help

Z8.316847 litre

Mas=s=:
1l gram = O0.0022046Z2E6%2 1b
1 1k = 453 _E59ZF37 gram
Wolume:
1 litre = 1/28_ 316847 Ft3

1 Ft3

22. 4141527315 l-atm/mol-KE

Eneroy:
17 = 154.184 cal = 1/10EL_0& EBTUO = 1/3.6e8 kuh
4184 J = 1 cal = 4_1284/71055_ 08 BTU = 4_1284/3_6et kuh
105E. 06T = 108BE.06/4_ 184 cal = 1 ETO = 1lO8E. 063 6ee kwh
3.60e6 J = 3. 60e6,/4. 184 cal = J.6eb&/l055_ 06 BTU = 1 kwh
Pressure: 1l GPa = 109 Pa
1l bar = 100000 Pa = 1/1.013Z5 atm = 1/0.06894757 psi
0.00001 bar =1 Pa = 17101325 atm = 1/6894.757 psi
1.01325 bar = 101325 Pa = 1 atm = 1.01325/0.06894745 psi
0.06894757 bar = 6894_.757 Pa = 0.06894757/1_01325 atm = 1 psi
Temperature:
TE = TC + 273.1&% = (TF - 321/1.8 + E73.1&
TE - 273.15 = TC = {TF - 22)/1.8
1. 8*(TE-273.15) +32 = 1.8*TC + 32 = TF
F Units: T(C), P{atm), Energy (1), Mass{mol), ¥)i{litre)
— Temperature —Pressure——| |~ Energy—
" Kelvin, K " bar OB
>|| * Celsius, °C @ atm T cal
" Fahrenheit, °F " psi " Btu
Tniversal gas constant: C Pa © kwh
B = 8_.314510 J/mol-E C GPa
= 8.314510,4_ 184 cal/mol-E

X|

F

—Mass —Yolume —
& mol i+ |itre
g 13
b Yolume

units are
set by

pressure
units.

Cancel |

Eng

51 units:

TI(E), Pibar),

Energy(J), Massimol), Wolume(litre)

English units:

Ti(F),

Pip=si),

Energy (BETU), Mas=s({lb), Wolume{Ft3)

IG’actSageT”
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Homogeneous Gaseous Equilibria

F Menu - Equilib o
File Units Parameters Help
0 l @'l ul TIK] Pfatm] EnergylJ] Mass(mol) Vol W ™|

- Reactants (2]

\ 4

Reacting H,S with Cl,

| H2s + 0667 CI2 |

Products selection: Products - _
. . » ~ Compound species—— |~ Solution species i~ Custom Solutions
as (+ ideal " real 20 [ fiwed activities
ldea' gas SO|Ut|0n phase {: Equid 0 Izl achivity c-:clenicnenl:_'.
r AOUEOLS 0 0ideal :;'.'"I"“CTE ,
r so'id 0 - hone - Ietans
¥ suppress duplicates
™ include molar volumes
Species: 20
- Target
ot - Legend [T Sbow 68 all © selected | Total Species [max700] 20
Estimate T(K} I“-“-“-' species: 0 Total Solutions [max 30 0
Massimall |0 solutions: i (slear | Default I
Final Conditions —Equilibrium ————
PrOdUCt T= 1500 K <> <B> TIK) Platm) Product H{J) Lll % normal {5 fransitions
(. d i t(‘ Cer
= 1500 2 Praduct H[J redominan
and P-2 atm T e Tl Calculate >>
[0 steps Fa5: Product GJ B

FactSage Eiﬂﬂﬂﬁﬁ El[[?llJ]JK] 1
Product Al
- Press
Drop-down menu for extensive property «Calculate»

G’actSageT” Equilib 6.8 www.factsage.com



H,S + Cl, = Results window, FACT Format Output

F Results - Equilib 1500 K I =10] x|

Output  Edit Show Pages

0O Ig"" il T(K) Platm) EnergylJ) Mass(mol) Yolflitre) m | | Bl W

HzS + 0.667 Clz = = 3
2.0492 mol gas ideal
(81.376 gram, 2.0492 mol, 126.1) 1sere, 6.45258-04 g/al) Total pressure Py, = 2.0 atm
(1500. 00 K
{ 0.65092 HC1 —
+ 0.18447 8z
+ 0.11109 HzS
+ 4.9336E-02 Hz
4+ 1 _ERE3E-N3 HS H A\ —
I + 1.3313E-03 HZSZ T|<— MO|e fraCt|0n j{nrlral_ 0.65092
¥ 1.1825E-03 ) e
+ 3.8066E-05 gzC1
+ 2.9188E-05 c1
+ 2.3553E-05 84
+ 1.2399E-05 g
+ 2.7491E-06 H
+ 9.7369E-07 §Cl
+ 5.0530E-07 clz
+ 3.1353E-07 sc1z
+ 7.4550E-08 85
+ 1.5872E-08 c1sscl
+ 6.7778E-09 86
+ 3.4417E-10 87
+ 3.2114E-12 $8)
The cutoff concentration has been specified to 1.0000E-75
Data on 1 product species identified with "T" hawve been extrapolated I—
ol e e e e B e e e A e e e e e e e e e e e e e e s e e e e e e e s e e e e e e s e e e ek R e s R ke ke kR sk ok vk ke kR
H G v g Cp -
{3 (3 {litre) {3/K) {3 /K) \
4.48414E+03 -7.62454E+05 1.26115E+02 §.11292E+02 1.08034E+02 HCl  “*HC) total '
- - - - - ——

G’actSage’” Equilib 6.9 www.factsage.com



List window — Help -

F List - Equilib  T([K] = 1500, Platm] = 2 [Page 1/1] |_ (O] x| ‘
File Edit Help
N | |j:'| T(K] Platm] Energuid] Mass{mal] “alll] "1 |q?|E H|
+ |Em:|e| Species | Data| Phaze | Mole | Fraction | Activity | Hange | T |"I|F' | 4|
+ 1 Hig] gaz BEIE-DE  27491E-06 549311 T
+ 2 Hz2lg) gaz 01011 4 9336E-02 986721
+ 13 S[al gaz 25409E-05  1.2399E-05  2.4739) =
+ 4 S5200] 0as 0.3730 0.1345 263551 \11) Additional information and extended menus are available.
+ A 53(g] gaz 24237E-02 1.1825E-03 236491 : o o \ : :
+ E Sdig) gas 407EEED5 2 55IE05 4 710RI Paint ko a frame heading [*Show', "Fomat" ete.] then click the mouse right buttan,
+ 7 58(g] gaz 1.5277E-OF  7.4850E-023  1.49101
+ 8 SE(g] gaz 1.3889E-08  EB77FEE-09  1.3556]
+ 9 57(q] gaz FO5ZFE-10 344717E-10 E.8834|
+ 10  S8[g) gaz ERBOSE-12  32114E-12  E.4228E-12 298 - BOOT
+ 11 HS[g] gaz 32077E-02  1.5653E-03  3130FE-03 238 - BOOT
+ 12  H25[g gaz 02276 01111 2221FE-00 238 - BOOT W
+ %13 H252(g) gaz 27282E-02 1.3312E-03  2EBEZFE-03  293- 1001 T
+ 14  Clg) gas 5.35812E-05 29188E-05 58376E-05 238- 600~ —— ——_ and go tO
“+” denotes species or phase is selected as a possible product. ~ Other options are available( Click right button formore ... } """ )
I | TR W [5]| g3z T35 IR a0z TSUTOE+U0 | 295 - BT ——
+ 17 5Clg) gaz 1.9953E-06  9.73E5E-0F  1.947F4E-05 238 - BOOT = B the neXt s“de
+ 18  SZ2CNg) gaz F.8004E-05  3BOBEE-05 Y EIIE-OR 233 - BOOT
+ 19 SCI2[g) gaz B4248E-0F 31353E-0F  E.2F05E-0F 238 - BOOT
+ 20 CISSCIg) gaz 32524E-08  15872E-03  31743E-08 233 - 1501
21 | 5Sliq) liquid 298 - 1500
22 | H252(iq) liquid 240- 34T ﬂ
Show- Format Order Point to a frame heading
Species o+ ol % code .
¥ oas 20 e gam € amount or input box, a message
v liquid 0 - " pound £ fraction
r g | selsted 20 £ dda sy box appears and then
S ool iztribution . .
Cod b AuNone © popeies | Post-Calculate click the mouse right
[ activit |
: button
™ il
GactSage Equilib 6.10 www.factsage.com




Help — Another example of the use of the mouse right button

“+" Column Equilibrium Yalues »

»  Miscellaneous data »  mole
@ "+ " denotes the species or phase is selected as & possible product, Standard State Data »  gram
mole frdction
To add or remove species, zet target phazes, define achivities, zpecify ideal solutions, ete. go to Menu Window | paint bo wt. per kent
the gag. liguid, agueous or zalid compound group ar to the zalution '+ column, and then click with the mouze right 33 =
bitton to get the extended menu. all equillbrium values
F T[K] = 1500, Pl[atm] =2 [Page 1/1]
File  Edit
Selected: 20/20 GAS
Eile] Unitz Parameters  Help / —
Oz n T[K] Platrn] Energ] + | Code| __Species | Data| Phase |[T[¥| Activity
— Higl gas 5.4951E -0
—REactants [2] ] 2 H2(g] gasz 9.8672E-02
+ 3 S[a) gasz 2 4799€-05
I + 4 52(g) gas 03539
+ 5 53(g) gasz 2 3649E-03
N _— + B S54(g] gasz 4 7106E-05
F e o™ _ + 7 sHg) gas 1.4910E-07
[ = 0lution species + B S(g) gas 1.3556E -08
+ 9 57(g) gasz B.8834E-10
ANE 10 Sa(g) gasz B.4228E-12
Click mouse right button to custom select species for gas species g HS[ag) gas 3. 1307E-03
T I HZ5[a] gas 02222
¥ suppressduplizates 12 Hzs(g) A HZ252(q) 0as T 2 BEZTE-03
+ 14 Cl az h.83¥6E-0R
Species: 20 wolzs 15 [E] . 4+ n1occ oe
W + - seleck + . .
o 1E Click mouse right button for extended menu on H2S(g)
W - standard stable |:I|'IEISE + -I ? SEl[g] gas 154?4E'DE
I - dormant {metastable} I:lhase + 18 52E|[g] gas 7 E131E-05
P - formation target phase + 19 5CIZMal gz 52705607 [T
F - precipitate target phase
5 - Scheil cooling gas phase Click . . species.
- composition targek L Far a TO get a" the |nformat|on ar {DE”'.
Ideal Solution 3
2 Actiity . you need about the a
el . | extended menu

G’actSageT” Equilib 6.11 www.factsage.com



Simple heterogeneous equilibrium: thermal decomposition of Sil,

Species selection for the
thermal decomposition of Sil,:
an ideal solution gas phase
and pure solids are selected
as possible products.

F Menu - Equilib
File Units Parameters Help

mi=31=]

TIK] Pfatm) Eneray(J] Mass(mol) Yolfl)

P B3

W@_Iml

—Reactants (1)

To view a list of the species
selected before computation
and specify a pure solid Si
phase instead of 3 pure solids,
click the

ata « »
input box or press the

«List Window» button

o

- Products
~ Compound species - Solution species ~ Custom Solutions —
[+ gas & ideal ¢ real 3 0 fixed activities
liquid 0 0 activity coefficient
]I: Iqu i 0 D'ideal zolution:
[+ solid 3 e Detais _| |
¥ suppiess duplicates
[ include molar voluries
Species: 12
- Target —
-hene- plegend; [T Show @ &l ¢ selected | Total Species (max 700] 12
Estimate P(atm]: |1 0 . Total Solutions [max 30) 0
I— species; 0O
Mass(mol): |0 solutions: 0 Default |
- Final Conditions - Equilibrium
<0 TIK) Platm) Product V() _v_l ' normal " transitions
300 1000 10000 & predommiant £ Gpen
[i0 steps §= FTstle 1 [2 cdculations] Calculate >> |
FactSage

Computations are at 1400 K —

for two fixed volumes: 1000 and 10000 litres.

G’actSageT”
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Custom selection of product species: a short-cut

Click with mouse right button.

File LUnitz Parameters Help l EE = I[=] B3
e 0 1l
0 Ij: E File Edi w  So
Reactants (1] Selected: 1/3
+ |Code| Species |Data| Phase |[T[V| Activity [ -
+ 13 Sifs) solid f F Menu - Equilib
14 12(s) solid T . .
Products || 5 Sildfs) solid T | Filz=  Units Parameters Help
— Compound species
|+_Fgl|as 0 l:ilu:hE!.EhIf'“ real 9 D | Dﬁl nl
|_ [iquid 1]
T —omnrmvmnne n H
PR : Select a species: " Heactants (1)
¥ =u press duplicates . its + % 5
% | suprfess dus Click on t|ts d((j:olumn or prf:ssF{ } e e
Species: 12 r r remove It. r ;
i or {Del} to add or remove it. For a for the solid phase
group of species, drag the mouse
' ~ Products
first and then press {Ins} or {Del}. e
[+ ‘gas + ideal " real 9
[ liquid 0
|_ EII:II_JEI:II_J:E: D
Select Al Cl 0K _
S |WEEEY =] solid 1
P-supsress duplinates
Press « » * - custom selection
OpECIEE 10

G’actSageT” Equilib 7.2 www.factsage.com



The Selection Window

[Eie]<

Savesdsz ... Chks
Frirt Chrl+F
Print Setup ..

Frint Font ...

Cloze

[ Eail

Copy Ctrl+C
Find Chril+F
Find Wext F3

Selected: 1/3 [50LD]
+ |Code Species |Data | Phase [T|V| Activity
+ 13 Sifz] zolid
............... 14 112) soid T
i15 Sildls] solid T

Click on its + colurmn [or press {lnst or {0} to add of remove a species.
For a group of species 'drag’ the mouse fist and then press {lnst or {Del)

Select Al | Clear | ok |

>[5

Dezcending order  #

Azcending order Code

Achivity

You can also double
click on the column
header to sort the list.

v

[Show]

Tipz

E quilibrium ¥ alues r |
Standard State Data »
Mizcelaneous data  » |

Cp(Tk]

denzity

rnolar wolurme
malecular weight

Al mizcellaneaus data

Add columns to the list filled with the data you have requested or calculated.

v achivity
mole
qram
mole fraction
wit. per cent

Standard State Temperature
All equilibrivm swalues

]|
Enter the temperature (K] ok
T[K] = 1400 -
Specify T[K] ... Cancel |
qgo J /ol
b /ol I
g0 JAmal-k
cp J/mnol-k.
Al standard state data Note: Your last selection becomes a default setting.

G’actSageT”
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Results window — 1400 K, 1000 L for Sil,

First tab [page 1/2] (selected): 0.2281 atm

D= &l

A

F Results - Equilib 0.228 atm, ¥ = 1.000E+03 {page 1,;2)
Output  Edit Show Pages

TIK) Platm] Energyl)] Mass{mol] Yolllitre)

228 atw, V= 1.000E+03 | | 3.529E-02 atm, ¥ = 1.000E+04 |

1000.0 litre, S5.3570E-04 g/ml)

Fixed volume:
1000 L

SiI4 =
1.9858 wmol gas_ideal
{535.70 gram, 1.9858 mol
(1400.00 K, 0.22813 atm, I
( 0.4z828 I
+ 0.2733%0 8iIz
+ 0.21293 SiI4
+ 6.8138E-02 Iz
+ 1.6751E-02 SiI3
+ Z.0181E-06 5il
+ 1.9315E-09 Si
+ 6.ZZ99E-13 siz
+ 4.9018E-14 $i3)
+ 0.0po0o mol Si_solid

a=1.0000)

L »[71400.00 K, 0.22812 atm,]Sl, a=0.53366)

The cutoff concentration has been specified to 1.0000E-75

LT LR R LR X )

H G
LI 8]

bbb o o b b ol o o o S o

Z.16076E+05 -8.40003E+0S

TEEEEEELEES

v

(litre)
b

1.00000E+03

E TR LR LR

s Cp
(J/K) {J/K)

Gaieac b o b o ok b o S S o SR b R S R b o Sl S o

7.54342ZE+02 1.61507E+03

Total mass/gram = S535.70

Second tab: 3.529E-02 atm [page 2/2]

IG’actSage‘”

Equilib 7.4
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Decomposition of Sil, at lower vapor pressures

__V — 1000 L F Results - Equilib 3.529E-02 atm, ¥ = 1.000E+04 (page 2/2) ! -0l x|

Output Edit Show Pages
T =1400 K, P =0.22813 atm D] 2 TIK] Platm) EnergylJ) Mass{mol) Vol(itre) WEN I ET
O m Dl (no SI (S) formed) 0.228 atm, V= 1.000E+03 - 3.52%E 02 atm, V= 1. 000E+04 - l
.. SiI4 = A
act|V|ty <1
3.071s8 mol gas_ideal
{528.6 ' mol, 10000. litre, 5.2366E-05 g/ml)
F Results - Equilily 0.228 atm, ¥ = 1.000E+03 {page 1/2) »| (1400.00 K, |3.5290E-02 atm, a=1.0000)
Qutput  Edit Shoy Pages [ 0.72583 I
+ 0.22304 8iIz
D'B”‘I _rﬂl TIK) Platm]) EneraylJ] Mass(mol] ¥ + 3.0275E-02 1z
+ 1.2185E-02 $iI4
0.228 atm, V= 1.00DE+03 | 3.529E-02 atm, ¥V = 1 000E+04 | + 3.6564E-03 SiI3
+ 6.4039E-06 $iI
SiT4 = + 2.3397E-08 Si
+ 1.4141E-11 giz
1.9858 mol  gas ideal LB G
(535.70 gWan, 1.9858 mol, 1000.0 litre, 5. 3570E-04 + 0.25082 ol S1i_solid
{1400.00 K,||0.22813 atm, a=1.[p000) - T T —
- I {14§0.00 K, 3.5290E-02 atm, 51,| a=1.0000) I:
+ 0.273%0 SiIz
+ 0.21293 8iI4 The cutoff copcentration has been specified to 1.0000E-75
+ 6.8138E-0 Iz
+ 1_6?513—0 siI3 ****2*;****** *****;2’***** v ******;******t****;*******
AL ; P
teaehleli~g i1 (3 (3 {litre) (3/K) {T/K) —
+ 1‘93153_0 SJ' E bk b b b bk ko b R B R R B b R R
t 6.2Z33E-1 8iz 4.16535E+05 $2.95027E+05 |1.00000E+04 | 9.36830E+02 8.95592E+02
+ 4.9018E-1 $i3) 7Yy ~|
|+ o.oo000 mol  Si solid | v [
(1400.00 K, 0.22813 atm, Sl,|a=0.53366)|
The cutoff concentration has been specified to 1.0000E-75 V - 10000 L
TR LR, AT TR, T - 1400 K’ P - 0'03529 atm
H G v s Cp ( )
(J) (J) » (litre) (J/K) (J/K) 025082 m0| SI S formed
**************************’************1 AT TR LR, t' 't —_— 1
Z2.16076E+05 -8.40003E+05 |1.00000E+4+03| 7.5434ZE+0Z 1.61507E+03 aC IVI y -
Total mass/gram = S35.70 ‘:l

G’actSage’” Equilib 7.5 www.factsage.com



Effect of Pressure on Simple Heterogeneous Equilibria:

Pidgeon Process
for the Production of
Magnesium:
Apparatus Schema

Equilibrium Mg partial

Ni - Cr Alloy Retort

@ng(Ca)o +Fe-si ||

Heated to 1423 K
for Mg Reduction

F Menu - Equilib
File Units Parameters Hp

mif=3]=]

p

Radiation Baffles

% <«—— Water-cooled

———» vacuum connection
also condenses alkalis

— Mg condensed on
removable sleeve

TIK] Platm) Energy()] Mass{mol] Yolfl)

m =@ x

—Reactants (2]

4 MaD + Si |

pressure developed at
the hot end of the retort

- Products
- Compound species

~ Solution species

~ Custom Solutions
[+ gas = ideal " real 10 0 fixed activitie
[ liquid 0 0
r JqUEDL 0 I
[+ solid 22 2 FACT solution datasets - 0 selected. |
¥ suppressduplicates
| ™ include molar volumes
Final Conditions: | i
. B Target il 5
different pressures e e g T Show( all  selected | TotalSpecies[max700] 32
Estimate T(k} 1000 : Total Solutions [max 30] 0
an d X ‘ l_ species; [0
Massimol} |Y solutions: 0 Default |
one tem p erature - Final Conditions v i - Equilibrium g
result in II TIK |  Platm) thoduct HY) ~] | ¢ normal . ™ transitions
. "1 473 [101.0e3 I ' predominant © coer
2 calculations I e — e ‘ o[ caiouationd] Calculate >> |_
FactSage
™ H
thtSage Equilib 8.1 www.factsage.com



Reacting MgO with

at 1 atm — no reaction

of gas, however

F Resul gl ot (oge 1/2) | 1ol

Output Edt Show Pages

Dia| 3

and P,,,= 1 atm,

hence Py, = 1.0876x10 atm

TIK] Platm] EnergylJ] Mass{mol] Yolflitre)

1 atm | 1.000E-03 atm |

i d = 77

\ 4

No reaction takes
place because the
pressure (1 atm)

is too h.. h for the
i

gas phase

ol 4 MaD + Si!=
—_—

procucs |

+ 1.0000
(28.086

{1423.00 K, 1 atm, S1, a=1

mol Si_solid
gram, 1.0000 mol)
(1423.00 K, 1 atm, S1, a=1

0.00000 wmol gag_ideal
(1423.00 K. V1 atm, |a=l.09693—03) |4—
{ 1.0876E-03 Moy
+ 9.30938E-0¢ Sio
+ 1.53Z6E-09 Si
+ 3.5933E-10 Mgz
+ 1.1163E-12Z Siz — - ek
+ 1.7377E-13 8i3 ZPgas species - 1-0969x10 3 atm
+ 2.Z473E-15 MgO
+ 9.EZ704E-20 0
+ 4.7988E-27 0z
+ 4.9973E-49 03)

+ 4.0000 mol Mgl _periclase
(l61.2Z gram, 4.0000 mol)

-0000)

.0000)

|+ 0.00000

mol| Mg28i04_forsterite

+ 0.00001

{1423.00 K, 1 atm, [S§1, a=1.0000)

wmol HgSi03_proto-enst@tite

{1423.00 K, 1 atm, S$3, a=9

. L316E-02)

=

Note: Unit activity but 0 mol. i.e. itis «thermodynamically ready» to form.

IG’actSageT”

Equilib 8.2
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MgO and Si reaction at a reduced total pressure

F Results - Equilib 1.000E-03 atm (g

Output  Edit Show Pages The gas phase is stable under a reduced total pressure.
~)
Dl 2 and P,,.,,= 0.001 atm, hence P,,, = 9.91x10* atm
1 atm - 1.000E-D3 atm - Qeq
4 MgD + Si = :4
Z.0000 wmol gas_ideal H
{48.946 gram, 2.0000 mol, Z.3354E+05 litre, 2.0958E-07 g/ml) MgO-SIO,
{1423.00 K, 1.0000E-03 atm, a=1.0000)
{ 0.99151 My —
+ 8.4873E-03 8i0
+ 1.2737E-06 8i Gas phase-
+ 2.9864E-07 Mgz '
+ 7.7103E-10 8iz numbers are
+ 9.9754E-11 8i3 )
+ 2.2478E-12 g0 mole fractions
+ 1.0169E-16 0
+ 5.7741E-24 0z
+ 6.5965E-46 03) ——
+ 0.98302 mol MgzSil4_forsterite
{138.30 gram, 0.98302 mol)
{1423.00 K, 1.0000E-03 atm, $1, a=1.0000)
+ 5.0934E-0Z mol Hg0_periclase

{2.0528 gram, 5.0934E-02 mol)
{1423.00 K, 1.0000E-03 atm, $1, a=1.0000)}

+ 0.00000 wmol Si solxd
»7.423.00 K, 1.0000E-03 atm, S1, a=0.83109)

+ 0.0 mol Hg3103_proto enstatite |
! Compare the formatlon of the gas i Refer to the next page for the
phase here at 102 atm with the distribution of elements in the
previous page where pressureis 1 atm. products.

G’actSageT” Equilib 8.3 www.factsage.com



Pidgeon Process for the Production of Magnesium: Results

T = 1423 K Code| | Data | | Mole | Gram | PerCent | Cumulate | T|
ELEMENT Mg Mole Gram Per Cent Cumulate
Piota= 0.001 atm GAS PHASE
——1 4 Mgl FACT 1.983 48.20 4958 % 496% |
5 MoZg] FALT T194BE06 2003305 20964E-05%  #96%
E  MaDlg) FACT 44955E-12  1.0926E-10 1.123%E-10%  49B%
Mg Totals 1.983 48.20 4958 %
PURE SPECIES
18 MaDis] FACT F.09ME-02  1.238 1.273% 50.8 %
B Mg25i04s) FACT 1.966 47.78 4915 % 100. %
Totals 207 49,02 F0.42 %
- TOTAL Mg 4.000 57.22 -
-/ '/ /[ | |
M g (g) Condenses on Water- ELEMENT O Mole Gram Per Cent Cumulate
GAS PHASE
cooled removable sleeve 1 O[g) FACT 203316 32539615 5.0B45E15% 50B4E-15 3
2 02g) FACT 23096E-23  3.6953E-22 5.774IE-22% 5.0B4E-153%
2 03g) FACT 29579E-45  E.3324E-44 90947E-44 % 5.084E-153
£ MaDlg) FACT 4.4955E-12  71926E-11 1.1239E-10% 1.124E-10%
0 10 Si0g) FACT 1.6974E-02  0.2716 0.4244 % 0.424 %
Totals 16374E-02 02716 04244 %
PURE SPECIES
18 MaDis] FACT F.0934E-02 0.8149 1.273% 1.70%
3 Ma2Si04s) FACT 3932 E2.91 9830 % 100 %
Radiation Baffles Totals 3.983 £3.73 9958 %
TOTAL O 4.000 £4.00
i I
Ni - Cr Alloy Retort I N N R R N e .

ELEMENT 5i Mole Gram Per Cent Cumulate
X ﬁ_ GAS PHASE

@ng(Ca)o +Fe-Si

7 Silg) FACT 25474E-06  7.1545E-05 25474E-04 % 2.547E-04 %
%T 8 SiZlg) FALT 3.0841E-09 B.6E19E-08 3.0841E-07 % 2.550E-04 %
Heated to 1423 K 9 Sidg) FACT 5.9853E-10  1.6810E-08 5.9853E-083% 2551E-04 %
for Mg Reduction Water-cooled. Si 10 SiDlg) FACT 16974E-02 04767 1597 % 170%
vacuum connection Totals 1B977E-02 04768 1.698 %
also condenses alkalis PURE SPECIES
3 Mg2SiDds) FACT 0.9830 27 61 98.30 % 100. %
Totals  0.3330 27 61 58.30 %
TOTAL Si 1.000 28.09

G’actSageT” Equilib 8.4 www.factsage.com



Boiling Point of Water: Calculation Settings

rmen-couin o]
File Units Parameters Help
Ol E TIC] Platm] Energy(J] Mass{mol] Yol(l) ,W B o 1
. —Reactants (1)
Products:
H20
) a ;
ean phase - Products
— Compound species ———— [~ Solution species ~ Custom Solutions
[+ gas (¢ ideal ¢ real 9| 0 fived activities
[+ liquid 2 1 FACT solution datasets - 0 selected. 0 ideal solutions
I_ aqueous 0 U activity coethicients
[ solid ] Detaifs..
¥ suppress duplicates - Pseudonyms
Species: 1 apply [ List ...
— Target ™ include molar volumes
i — ctegend [~ Show(® 4l  sclecied | Total Species [max 632] 11
Estimate T(K] IIUI.JU species: 0 Total Solutions [max 30 0
Massimol): |0 solutions: 0 Clear I Default I
— Final Conditions Equilibrium —
<B> T(C) Platm]  |ProductHi) v| || ¢ nomal transitions
0150 1 I g predominanl open
_|1 0 steps [T Table |2 calculationsl Calculate >> '
FactSage A

Final Conditions:

T =0°C and 150°C;

P = latm;

and any transition point in the temperature interval

G’actSageT” Equilib 9.1 www.factsage.com




Boiling Point of Water: I|deal

Calculation; Results: T (water) = 100.35°C

The asterisk in front of T = 100.35°C

F Results - Equilib 100.35 C {page _|E||5||
Output  Edit JShow Pages . d t th I I t d I
D |D'1|I =8 T[E] F'[alm] Energ_l,J[J] MESS[ITID” \."ICllllltl'E] In ICa eS e Ca Cu a e Va ue - =
do -1003s5C- | 10035k 150¢ |
*T = 100.35 C [« |
T = 1. 00000E+00 atm
|0 =
Iv = 0.00000E+00 dm3 I: —I—I—I
1 output  Edit
STREAM CONSTITUENTS AMOUNT fmol (0] P g
atm] Energul)] Maszimal] Walllitre ] 1
Hz0 1.0000E+00 Ll = e avld) {mol] Yollitre) 'IIT D i)
of | wo3sc -10035¢|1s0¢|
EOTTTI, _AMOITMT MOTLE _FRACTTAOMN FIIGACTTY
| PHASE: gas_ideal mal St *T = 100.3E5E C . =
Hz0 0. 0000E+00 1.0000E+00 1.0000E+00 T = 1 00000BRT00 acm ( Ompare the f|nal
HZ 0. 0000E+00 1.2793E-Z1 1.z793E-Z1 !v = 2.06490E+01 dm3 !:
0z 0. 0000E+00 &.3963E-Z2 6. 3963E-Z2 | .I: h h
OH 0. 0000E+00 Z_128ZE-Z6 2_1382E-Z26 STREAM CONSTITUENTS AMOUNT fmol VO Ullle O t e p a.se
HOOH 0. 0000E+00 3_GEERE-Z9 3. BE3EE-Z3 HZzO 1.0000E+00
HOO 0. 0000E+00 7.9014E-35 7.9014E-35
H 0. 0000E+00 4_4771E-29 4_4771E-39 EQUIL AMOUNT MOLE FRACTION FUGACITY
] 0. 0000E+00 4_1454E-43 4_1454E-43 PHASE: gas_idsal mol atm
0z 0. 0000E+00 4_EBETE-E& 4_EBE7E-5E Hzi 1.0000E+00 1.0000E+00 1.0000E+00
TOTAL: 0. 0000E+00 1_0000E+00 1_0000E+00 HZ 1.2793E-21 1.2793E-Z1 1.2793E-21
mal ACTIVITY oz 6. 3967E-22 £_396TE-Z2 6.3967E-Z22
Hz0_ licpaidi{lig) 1. 0000E+00 L1.0000E+00 OH 7. 1384E-Z6 Z_1384E-Z6 Z.1384E-Z6
HOOH_Tiquidiliqh 0. OO00E+00 Z_1GoGE-Z28 HOOH 3. GE3RE-Z9 3 GEABE-Z9 3. 6638E-29
R b R R o R R R R R Rl R R R o R R R S R R R H|:||:| ?_SDZDE_ES ?_SDZDE_as 7.9020E—35
Cp EQUIL H EQUIL 3 _EQUIL G_EQUIL V_EQUIL H 4.477EE-39 4_4775E-23 4_477EE-39
T.E-1 1 I E-1 I dm3 ] 4.1458E-43 4_1458E-43 4.1458E-43
e e o e e el e i e e e i e e i e o e e e i i e e ol e e e e e i i e o e i i o i e ol o e e 03 4_5862E_56 4_5862E_56 4_5862E_56
7_G0017E+01 -Z_80143E4+05  ©_65534E+01 -3.126Z0E+05  0.00000E+00 TOTAL: 1.0000E+00 1_0000E+00 1.0000E+00
mol ACTIVITY
HZ0_licpaidi{lig) 0. 0000E+00 9_9933E-01 o
HUUH_ licpaadilig) U e+ Lo looekK-2
R b R R o R R R R R Rl R R R o R R R S R R R
Cp_EQUIL H_EQUIL 8_EQUIL C_EQUIL V_EQUIL
T.E-1 hi I K-1 I dm3
FEEEFFETETEFT T X AT E I I LT LT T AT T T T T IS A A I T I E T AR A A A A AT A A AR A A AT A AT E L
2.40G62ZE+0l -Z.3292Z87E4+05  1.96339E+0Z -3.12620E+05  2.06430E+01 Ll

... for the equilibrium temperature
between [ideal ] and
[i.e., the ideal boiling point]

G’actSageT”
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Boiling Point of Water: Real Calculation Settings

=S
File Units Parameters Help
Ol E TIC] Platm] Energy(J) Mass{mol] Yolfl) I""'f I BI ml
Products_ —Reactants (1]
ea H20
can real phase - Products
— Compound species - Solution species — Custom Solutions
| I+ gas O ideal (& real 3] = | +| Base-Phase | Full Name 0 fired activities
+ liquid 2 FACT-PITZ Pitzer 0 ideal solutions
I— aqueous 0 U actvity -:ur»:nur.:n:nr'-.-:
I_ solid 0 Detarls .
¥ suppress duplicates = Peetdonims
Species: 11 apply I_ List ...
— Target [ include molar volumes
il Logete [V Ehowi  all " selected | Total Species [max 632] 11
Estimate T(K}): I’I 00 e Total Solutions [max 30 0
Mass{moll: lf'_ solutions; 0 Clear | Default I
~ Final Conditions — Equilibrium ———————————
i~ 5 Tio) Pam)  [Produstil) =] || nomal
" 0150 1 " predominant © cpen
_ITD— steps [T Table [2 calculations] Calculate >> I
FactSage
Final Conditions: : : .
T = 0°C and 150°C: Possible selection of solution
P = 1atm: ’ species (the box Show and the [
- ! . L . radio button all are checked).
and any transition point in the temperature interval )

GactSage’” Equilib 9.3 www.factsage.com



Boiling Point of Water, Real Calculation Results T, = [ChemSage Output]

=22 | The asterisk in front of T = 100°C
1IE) Pl Ereraif) Hassneh Vel M=o indicates the calculated value ...

50 C
*T = 100.00 C =[O x|
F = L. O0O00ETon atm | output  Edit
[v = 0.00000E+00 duZ |¢ _
TIC) Platm] Energyl)] Massmal) Wolllitre) "”l Blm
STREAM CONSTITUENTS AMOUNT fmol B -
HZ0 1.0000E+00 i ‘llUDC - IE- |15 Cl
EQUIL AMOUNT MOLE FRACTION FUCACITY cr - 100.80 € Com are the flnal =
PHASE: gas_real mal atm I‘I; ; ;gggggi:gi ::]31 1. p
Hz0 0. 0000E+00 1.0000E+00 9.8754E-01 | - 1€
HZ 0. 0000E+00 1.19378-21 1. 2087E-21 VO | ume Of the phase
oz 0.0000E+00 £.9683E-22 £.0207E-22 STREAM CONSTITUENTS AMOUNT fmol
0H 0.0000E+00 2.0176E-26 1.9925E-26 HzO 1.0000E+00
HOOH 0.0000E+00 3.4412E-29 3.3983E-29
HOO O e o rrelE-ze EQUIL AMOUNT MOLE FEACTION FUGACITY
H 0.0000E+00 4.1Z10E-39 4.0695E-39 PHLSE: gas_real wal atn
o O OOOOE+OD 4 mmrlEoan a 7oElE-dn Hz0 1.0000E+00 1.0000E+00 9.8754E-01
0z 0. 0000E+00 3. 996ZE-EE 4 00SEE-EE Hz 1.1337E-Z1 1.1337E-21 1.2088E-Z1
TOTAL: 0. 0000E+00 1.0000E+00 1.0000E+00 bz 5.3687E-22 5.3687E-22 §.0z10E-2Z
el SETTUTTY 0H Z.0178E-26 2.0172E-26 1.9926E-26
H20 liguid(lisg) PR P HOOH 3.4414E-23 3.4414E-23 3.3985E-23
HOOH licaidi{lig) 0. 0000E+00 z.0G0lE-28 Hoo 7. 3173E-35 7. 3173E-35 7. 2ZETE-35
1.'***:****1‘1‘1‘1‘1‘***1‘1‘********1‘1‘1‘1‘1‘***1‘1‘********1‘1‘1‘1‘1‘***1‘1‘********1‘1‘1‘1‘1‘ H 4'1214E_39 4'1214E_39 4'D?DDE_39
Cp_EQUIL H_EQUIL & EQUIL G_EQUIL V_EQUIL o 3. 77ZEE-43 3. 77ZEE-43 3. 7EEEE-43
7 Eo1 p 7 ol 3 im 03 3.9967E-55 3.9967E-56 4. 0091E-56
TEEEEEEEEE LA A A A LA A AT A A A A A A A b A A E AT A A A AT A A A A A A bk A AT A A Ak A A bk A A, TDTAL: l'DDDDE+DD l'DDDDE+DD l'DDDDE+DD
7.59935E4+01 -Z_S0OL70E+05  $.68810E+01 -3_12589E4+05 0. 00000E+00 o . mol ACTIVITY
HZO0 liguidi{liq) 0.0000E+00 9.9999E-01
Mole fraction of system compohents: HOOH_licuaid{lig) 0.0000E+00 Z.0602E-23
e e e e e e e i o o e e e e o e i i e e i e o e e e i o o e e i e e e i ol e o e e e e e o
o g?;;;::l Cp_EQUIL H_EQUIL % _EQUIL G_EQUIL V_EQUIL
q 0 eeceq J.E-1 b I.K-1 I dm3
FEETEETETEEETEE T E A A A A A LT AR TR A AR A A A A AT TR ET T ERE TR R R R R A A AR EE T TR R TR R AR R A
3.61170E+01 -2.39471E+05  1.95950E+0Z -3_12589E+05  3.02358E+01
Mole fraction of systen components:
gas_real e
e . o 0.33333
... for the equilibrium temperature = =

between real
and [i.e., the real boiling point]

ctSageT” Equilib 9.4 www.factsage.com



Adiabatic Reaction between CH, and O, —

Specifying an Extensive Property, AH=0

Equilib
File Edit Table Units DataSearch Help

D|=| +| m

F Reactants -

Possible products are:
» an ideal gas phase;
* pure liquids and

=101 x|

il B

TIK] Platm] Energyld] Mazs(mol] Yolfl)

Mazz[mol]

Species total)==

* pure solids.

J<18

[CH4 f1 1

|gas

P75

{02

f1

|gas

=10 x|
Fie Unis Parameters Help
0 I B‘\-l BI T(K) Platm) Energyfl) Mass{mol) Volll) m qlel _-,’.I
~Reactants (2) 1
. select «Initial Conditions»
15K.9, 15K.0, .
‘vith the checkbox.
/ Products 1 - -
i~ Compound species - \Solution species - For a gazeous stream this iz the sum of the
r gas & ideal " redl 38 ;[ ’l BaioPhase I Full Name artial prezsures of the species in that steam.
r i‘lld 0 FACTPITZ Pitzer orss [v initial conditions
r 0 0 hoEents
= 3 |
WV sipiess dopcskes Preudonyms————— 5L | ELEM | SGPS | EXAM | Soltion: [FACT  SGSL
=] B v
Spacies Rl _” .
Target- ' — — I™ include molar volumes - -
; [ ¥ show a1 C seected | TolScecesima6%2) 41| | FOr an adiabatic
Estimate T(K} |1lIIJ : 0 Total Soktions [max30] 0 .
Massmolt 0 wtione. 0% || et | reaction, set AH=0.
Final Conditions S N v |
A (& 1K) Platm) [ |Deka HY) Sé (‘ nomal  C lrontions)
[067 1 0 predorminart € open
lT ! Ji i1 wiation Calculate >> I
FactSage
™ il
G’actSage Equilib 10.1 www.factsage.com



Equilibrium Products and Final T of the Adiabatic Reaction between CH, and O,

F Results - Equilib 3052.94 K
Output Edit Show Pages

Dla| A

T(K] Platm) EnergylJ) Mass(mol) Yolflitre) '" | I Bl W

=101 x|

—(

<l-A> CH4 + <Ai> 02 =

.390zz

-15179

.114390

.5707E-02
.7708E-02
.0783E-02
.9018E-02Z
.9835E-02
.Z878E-05
.0Z56E-06
.4383E-07
.7914E-08
.1629E-09

ORI T T ST S ST ST S ST S
AN OMN-JWE-J0Wwo oo

1.2374 mol gas_ideal
(26.733 gram, 1.2374 mol,

{298.15,1,q,#1) (298.15,1,q, 1

309.99 litre,

5.62388-05 g/ul) very high temperature. It can be

al

Product T is 3053 K. Clearly a

C{2052.94 Eye—=vm;

+ 0.00000 mol C_diamond
(3052.94 K, 1 atm, S

HzO
co
coz
OH
0z
Hz

H

[}
HOO
HOOH
HCO
03
HzCO)

I lulululy] mol C_graphite
(3052.%94 K, 1 atm, 81,

z, a=1.2094E-07

=F=1 00007

a=Z.2ZZ3E-07)

CEEEEE:EEE:En the reactant side is 0.670

used for flame spectroscopic
applications.

The cutoff concentration has heen specified to 1.0000E-09
WSpecies identified with "T" hawve been extrapolal

No condensed phases

Note:
= AH:O;

(7

3 O0O000D0E+00 -1.0Z59ZE+06

S T S L e e e e e e e e e e e e
DELTA G DELTA WV

({litre)

Z.855Z7E+02

DELTA Cp

1.51893E+02

AS Is a maximum for

(3K specified input conditions
3.23684E+02 LI
Equilib 10.2 www.factsage.com



Fixing the activity of a component in the equilibrium state

In the following four slides is shown how the Equilib module can
be used in order to perform calculations which do not use an
amount of a substance but rather its chemical potential, here the
partial pressure of a gas species.

As an example FeS is considered in a gas atmosphere with a
given O, partial pressure.

G’actSageT” Equilib 11.0 www.factsage.com



Fixing the Activity of a Species O,(g) in the Product Equilibrium FeS and O,

F Menu - Equilib s B3
File Units Parameters Help TO V|eW a I|St Of the
0Ol B TIK] Platm) EnergylJ] Mass(mol] Voll) l’ﬁ 8 '

— Reactants (2]

\ 4

species selected before

! computation, press the

Products -

Compound species | Solution species -
r: gas  ideal & real 18
T+ liqud B

r

Note: 1.8 mol O, | [ fes +[1802

«List Window» button.

Custom Solutions -

| Click mouse right button to custom select species for gas species. Lled. 1. To fix the aCtiVity of a SpeCies as 02(9)’

T

¥ suppess duplicates
Species: 45

- Target
—Legend-

click the mouse right button on the name
of the phase containing the species you
want (in this case, the gas phase).

1T Show & all  selecwam—

i~ Final Conditions \1,)
4 B TIK)
1000 1

FactSage

A right click in the «compound
species» frame will provide you
some information

Click onthe "gas", "liguids", "aqueous” or "solids" check box to add or remove all these species az possible stable
productz in the equilibium calculation. Chek with the mowze nght button to 'cuzstom select’ the zpecies. This will enable
wou ko add or remove a particular species and view itz compound data.

The gaz phase iz an ideal zolution [or real gaz misture if "real gas” iz checked] of all gazeous species. If the gazeous
ionz box haz been checked [zee Data Search menu in the Feactantz \Window] then the gaz phaze will include all
gazeous ions [plasmasz).

The liquidz and solids are treated as pure phazes at unit activity.

The aqueous phaze iz an ideal [Henrian] zolution of dizzolved species in water.

Tao create ideal zolutionz, specify target phazes, compound achivities and achivity coefficients, etc... click with the mouse
right buttor..

GactSageT”
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Fixing the Activity of a Species

2. Click the mouse right button in the first column of the
line containing O,(g) species, a context menu opens...

3. Select «activity» inthe | & _—
sub-menu «a Activity» | 5 Edt shew S (O[>

[Selected: 18418 GAS
to open a
|:‘ + | Code | Species | Data | Phaze [ T | v ] Activity i
2 Ozig) Y\ s gas B
+ 2 02[a] gas
- clear + 3 03(a) gas
v + - select + 4 sla) gas
v - skandard stable phase * 5 52(q) 2K
o blel o + = 53] gas
I - dormant {metastable) phase . 7 54[g] -
F - farmation target phase . q 58] .
e | -
5 - Scheil cooling gas phase o 10 57(g) ;
¢ - composition Faraet Enter the partial prezsure
p IpS s get . , + 11 58(g) [or for a range of values enter Tirst last step’] for : :
eal Solution + 12 50[g] 2 DZ[a) Cancel
S0 1al Press [Cancel] f the partial is no longer fived 4|
- logL0factivity) S03q) rezz [Cancel] if the partial pressure iz no longer fised.
2o T k) 550
. 16 Felg) |00t
. .. . + 17 Fel[a) = _ILI
4. Fix the activity (or partial | || :

pressure) of the species;
Press «OK»,

Click on itz + colurmn [or press {Inst or {0l bo add or rermove a species.
For a group of species 'drag’ the mousze first and then press {Ins} or {Del}.

Select &l | Clear | ok |
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Activity of O,(g) in the product equilibrium FeS and O,: Custom activity details

2 : FM - Equilib
5. Partial pressure of O, is | SSuERSE —d
. 2 File Units Parameters Help
fixed: P 0, =1x10° atm Dhj:lgl T(K) P(atm) Energy{J) Mass(mol) Vol() chll!‘l ‘3-|
Press «OK» to return to Reactants (2)
Menu Window [ Fes + 1802 |
P [ e
: : .~ Compound species Solution species Custom Solutions
File Edit Show Saor [+ gas &+ ideal C real 18 1 fixed activities
Selected 16718 = (| W ! | SNy comk
_ : ity -1 Speci Detail
- + |1 Code |D[g] Species |_Data | Esohd 21 @ f;cl:tllg[ltgy]: LED;EHES 8:3'3
+a 02 D&g) _— -~ &ctivity Coefficient - 0 Species I™_include molar v4umes
+ 3 03 pecies:
" 4 S[g[]g] T : Ideal Solution - 0 Phazes
arge
+ 5 S2[g] L g ‘
cted | Total Species [max 700) 39
: ? gig I T Total Solutions [max 30] 0
+ g gg{g} I solutions: bL._I : Default I
- 10 5?[3] Final Conditions E quilibrium
+ 1 58(g) T(K) Platm) [ProductHU) x| | | & nomal € trar
- 12 S0(g] 1000 1 l " _predominant © cper
+ 13 S02(g) I r m‘ Calculate >> |
s 14 503(a) FactSage
o ES[E][Q] — 6. The « » frame -
L gas indicates: 1 fixed activity ...
+ e5(g gas ; . .
<] For more information, press «Details»

Clicl on itz + column [or press flns} or {Del}] to add or remove a species.
For 4 group of species 'drag’ the mouse first and then press {lnst or {Dell

L | __
SetectAi—] ctea—} oK.

7. Press « Calculate >> »
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Activity of a Species O,(g) in the Product Equilibrium FeS and O, : Results window

to have the final equilibrium partial pressure for O,

0.03709 mol O, must be added to the reactants in order

F Results - Equilib 1000 K
Output Edit Show Pages

Dle| A

|

T(K} Platm] EnergyJ] Mass{mol] Yolflitre)

=101 x|

M| @

FeS + 1.8 02 =

l.e. FeS +1.83709 O, as reactants

|+ 3.7087E-02 0z|

!

1.0101 mol gas_ideal

{1000.00 K, 1 atm,

a=1.0000)

{66.851 gram, 1.0101 mol, 82.887 litre, 5.0654E-04 g/ml)

\4

{ 0.83757 S0z
+ 0.15243 303
| + 1.0000E-02 0z |
+ 1.5941E-11 S0
+ 1.5630E-11 0
+ §.7523E-15 03
+ 9.9577E-22 880
+ 4.8238E-22 8
+ 1.7163E-22 Fel
+ 4.7790E-27 gz
Products + 1.3124E-27 Fe
+ 1.3523E-37 FeS
+ Z.6348E-41 83
+ 5.3584E-55 84
+ 8.7156E-69 853
+ 0.50000 mol FeZ03_hematite
{79.846 gram, 0.50000 mol)
{1000.00 K, 1 atm, S1, a=1.0000)
+ 0.00000 mol  FeS04_solid

{1000.00 K, 1 atm,

S1l, a=0.263948)

|| Po =0.01 atm

2
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Assembling an ideal liquid and adding activity coefficients

In the following 16 slides is shown how in the Equilib module
two pure liguid components are used to describe a custom
defined liquid solution.

First ideal mixing is assumed, then a comparison with the known
phase diagram is used to derive activity coefficients via the
Reaction module. Finally the activity coefficients are applied in
complex equilibrium calculations using the Equilib module.
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Setting up of an ideal

solution of

and

1.

F Menu - Equilib

File Units Parameters Help

i =31=]

In order to define the components of an ideal
click the mouse right button on the name of the phase
containing the species you want (in this case,

TIK] Platm) Energyf)] Mass{mol] Yol(l)

solution,

).

= 3

m = ®|

—Reactants (2]

l

06 Cu + 04C |

- Products
- Compound species ~ Solution species
I gas (¢ ideal ¢ real 3
[~ liquid 0
I- S0 n«%_’ D
E L 2 - hohe -
Click mouse right button to custom select species for liquid species.
™ »,‘.IL‘,-! S LUPNEaltics
[ include molar volumes
Species: 5
- Target
e Legend 7 Show @ al  selected | Total Species [max700] 5
Estimate T(K] Ii‘»“-”-' pecie i Total Solutions [max 30 0
Masslmall In solutions: 0 Default |
- Final Conditions - ’ E quilibrium =
A TIK) Platm) | Product HY) x| | % normal £ iranstions
1000 | | predominant  cpen
_|i[i step = Tt [1 calculation] calculation] ’ Calculate >> I
FactSage
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Setting up of an ideal solution of and

2. Click the mouse right button in the first column (+) of the line

containing species — an extended menu appears.
| F 1(K) = 1000 O] x]
File Edit Shaow Sort
Eected: 0/2
[+ |Code| Gpecies | Data| Phase |T|¥| Cplk] | Density g/ml| Molar V{ml) | Mol. Weight
f ______ {%4 Crllig) liquid 298 - 500D 7.200 01289 52.00
5 Cullig) liquid 298 - 4000 £.920 01121 E2.55

| Click mouse right button for extended menu on Cr(lig). |

Click or itz + column [or press {Inst or D&l to add or remove a species. 4 Cilig
For a group of species 'drag’ the mouse first and then press st or {Dell e

Select &l | Clear | oK | v  -clea

+ - zelect

- ztahdard stable phaze
I - dormant [metastable] phaze
F - formation target phasze

3. Click on «ldeal Solution #1» in sub- B - preciitate target phiase

menu «ldeal Solution» to select —| Ideal Solution

deal Solution #1 -l

. a2 Ak
as the first component.

Help ...

4. Repeat steps 2 and 3 to select as
the second component of Ideal Solution #1.

| el Sialufion H
| el Salufion 5
| el Siafutiot Hd
| deal Salutiom Hs
| deal Salutiom HE
| e sl Salution 5
| deal Salution HE
| deal Salutiem H
| el Siafuti HE

G’actSageT” Equilib 12.2
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Liquid

alloy assuming ideal mixing of

and

F T(K) = 1000 6

o Press «OK» to return to the Menu
File Edit Show Sort W d h th
INAoOwW wner « »
Selected: 2/2 label cl; ) de' = Wl
+ Eude| Species | D ata | Phaze |T |'1|F'| Cplk] | Densil ape OX In Icates . U
( )4 Cilig iquid 298 - 6000 7. For more information, press «Details»
EV 4] Cuflig) liquid 293 - 4000 a.rx —
F Menu - Equilib
File Units Parameters Help
0 !;m g TIK] Platm) Energy(d] Mass{mol] Yolfl) '" B Y
Click. an itz + column [or press - l-—_J—|_|
Faor a group of species 'drag'th [ Reactants (2]
Select Al | 1 [ 06Cu + D4C |
- Products
- Compound species ~ Solution species - Custom Solutions
S. and are [+ gas ¢ ideal C real 3 - 0 fixed activities
e Cuztom Solutions I 0 activi %
= [ liquid 2 activity coefficients
the components of I ; N 1 ideal solutions
. I solid 2 @ Details |
«ldeal Solution #1» e e Activiy Coefficient - 0 Species :
ey SEIeCS“S:CieS. . | deal Solution - 1 Phase ™ include molar voljimes
3 #1:
x 4 Crlliq]
7. Set Target e 5 Culli]
s ’ Total Species [max 700] 7
and preSS Estir (K] L Total Solutions [max 30] 1
« » LE I Defaut |
- Final Conditions i Equilibrium ————
TIK) Platm]  [Product HY) ~| & nomal £ transiion
137315 1 I ! o predominant 5 GEeH
r_ 0 step [~ Table Jml ‘ Calculate >> | |
FactSage
™ il
thtSage Equilib 12.3 www.factsage.com



Results window — assumption of

ChemSage format

|deal solution phase:

Numbers are mole fractions

)<(:raiQ) - ()_Zl

ideal mixing.

0.6 Cu +

0.00000

+ 1.0000
(58.926

+ 0.00000

+ 0.00000

0.4 Cxr =

mol gas_ideal
{1373.15 K, 1 atm,

a=4.8768E-07)

{ 4.6973E-07 Ou
+ 1.7905E-08 Or
+ 4.4809E-11 Quz)
mol Ideal-1
gram, 1.0000 mol)
(1373.15 K, 1 atm,  V a=1_0000)
{ 0.40000 Cr_licuid
+ 0.60000 Cu_licuid)

System component
Cu
Cr

mol Cr_solid
{1373.15 K,

mol Cu_solid
{1373.15 K,

1l atm, S1,

1l atm, 51,

Mole fraction Mass fraction

0.60000 0.64704
0.40000 0.352%¢6
a=0.8585855)
a=0.59235)

T = 1373.15 E
P = 1_00000E+00 atm
W o= 0.00000E+00 dw3
STREAM COMNSTITUENTE AMOUNT /mal
Cu &_O0000E-01
Cr 4_0000E-01

EQUIL AMOUNT MOLE FRACTION
PHAZE: gas_ideal mol
Cu O_0000E+00 Q.E3L12E-01
Cr 0_0000E+00 Z.6T714E-02
CuZ 0_0000E+00 2.1881E-0F5
TOTAL: 0. _0000E+00 1. 0000E+00
PHASE: Ideal-1 mol MOLE FRACTIOM
CY_Iiquid TTOOTOTESTT 4_ 0000E-01
Cu licuid &_O0000E-01 A OO00E-01
TOTAL: 1 _0000E+400 1. 0000E+00

mol

Cr_solidis) 0. 0000E+00
Cu_ licuaid{lic) 0. 0000E+00
Cu_solidis) 0. 0000E+00
Cr_licuid{lic) 0. 0000E+00

FUGACITY
atm
.E373E-07
_7905E-082
_4809%9E-11
JBRE2E-07
ACTIVITY
4_0000E-01
&_0000E-01
1_0000E+00
ACTIVITY
8_LLLEE-0O1
&_O0000E-0O1
L_9E35E-01
4_O0000E-0O1

W b

e e o o o o o i i o o o o o o ol ol ol i i i i i i i i i i i i i e e e e e e i e e e e i e i i i R S o

Cp_ EQUIL
J.E-1

H_EQUIL

& EQUIL
by J.E-1

&_EQUIL
by

V_EQUIL
dm3

e e o o o o o i i o o o o o o ol ol ol i i i i i i i i i i i i i e e e e e e i e e e e i e i i i R S o

2_.47487E+0L1

4. 2E036E+04

2_7E451E+01

-7.1&6043E+04

O_00000E+400

A

FACT format
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List window — assumption of - ideal mixing

Ideal solution, hence
_ _ F List- Equilib  T(K) = 1373.15. Platm) = 1 (Page 1/1)
><Cu(qu) - aCu(qu) =0.6 File Edit Help
XCr(Ilq) = aCr(“q) 04 Dlﬁ'l TIH) Platm] Energyll) Mass(mal) Yol " BEI
+ |Code| Species |Data] Phase | |Mole | Fraction | Activity | Range [T[¥
_____ ¥ 1 Crg) gas 36714E-02  1.7905E-08 298 - 6000
+ 2 Culg) gas 0.9532 46973607 298 - BOOT
+ 3 Cug) gas 91881E-05  4.4809E-11 298 - BOOT
. . \ 4
List Window #1 4 Crllig liquid 0.4000 0.4000 40000E-01 | 298 - 6000
« check Show #1 5 Cuflig) liquid 0.6000 0.6000 B.O0O0OE-D1 | 295 - 4000
]
; . + 6 Crs) solid 85555601  298- 2181
« »
SpIeCIeS selected»; + 7 Culs) solid 59235601  298- 2001
* select:
Properties: H[J] Vil S G
Format «mole» and 4.8610E+04  0.0000E+00  8.7546E+01  -7.1G0E-+04
Order «code». o Mo Qrder
[T gas 3 ¥ duplicate F rgnrnar?q F ;?nnint
. Fh Pskeos 7 - G - Seiniy
Opuon Show a2 | distibution |
I r zzllutinn 0 pliions | ¥ properties — Post-Calculate
«properties» checked - activity Refresh

Accordlng to the phase diagram (next page):
= at (1100°C).
Hence, the assumption of an ideal solution is not very good in this example.
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Tie-lines In the -

phase diagram

Atomic Percent Chromium

T |Cr(lig) | Cr(s) SIS S T T N T TR . S, S
0 | (%) | (et %) e N B . . S NN, NN N E
1100 | 1.508 | 100 3
1900 L
1200 | 3.456 | 100 P
oweed i e
1300 [ 7.155 | 100 | & ] e -
e 1 -
2 : -
g 14001 ',"
g- 1 1300°C (1573.15K) _ _ _ . _ . _ . _. i
, & eood o 1200°C (147315K) _ _ _ _ . _._. _
T(K) | Xertiar | Xeromared oo o momomomommoe 1100 °C (1373.15K) _ . _._._. =
A 1076.6 °C
1373.15(0.01837 | 1.0 | e
1473.15/0.04193 | 1.0 | Cu)
a 16 20 oI 40 30 a0 70 o0 10(;
1573.15 | 0.08608 | 1.0 Cu Weight Percent Chromium Cr

(ref. D.J. Chakrabarti and D.E. Laughlin, Bull. Alloy Phase Diagrams, p. 100, 1984)
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Input to program Reaction to calculate activity of

liquid in equilibrium with solid Cr

F Reactants - Reaction
File Edit Units DataSearch Help

D +]|=]+]
1-2

TIK] Platm] Eneray(J] Mass(mol] Volll]

P B3

For a liquid or solid, P is the hy
- molar volume [but not compressit

[V non standard states

FACT

Mass(mol] Species Phase [atm)** Activity Data
[1 [cr [salid [1.0
= [cx [liquid [

FACT

Pure Cr(s)

Ac(solid)™ 1
(from phase diagram)

In solution
Acr(liquidy = X

Isothermal reaction, hence equilibrium when AG = 0.

* For a gas species, Platm/ File Unit: Output Figure Help

Output of interest:

F Table Reaction M= E3
u TIE] Riatm] Energpl)] Massgmal] Yol
Ol 2l al (K] Rlatm] avld] (mal] alll
Reactants
Cr E Cr
[T.z] (T.lig.e]
TK) | ActivityX | DetaHW) | Delta GW) | Delta Yolll) | Delta S(J/K) |Delta CplJ/K)| T
137315 4 E7A4E-07 242087 0.0 0.0000E +00 17.630 -0.669
1473215 5 297 9E 01 241253 0.0 0.0000E +00 16.377 -1.020
167315 E.1161E-01 24000.0 0.0 0.0000E +00 15,256 1613

(15157315 100 ] |

Activity of the
phase

<< Back |
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Estimation of the Henrian activity coefficient of

N

fraction XCr("q), by applying Henry’s law:

For dilute solutions we can express the activity aCr(”q) as a function of the molar

aCr(qu) = yoCr(qu) XCr(qu)
where Y°c i is the temperature dependant Henrian activity coefficient.
-1 -4 -1
T (K) Xetid | Qe |7 @O KD Yoo | LOGrol Yocrial
1373.15 | 0.01837 | 0.46754 7.2825 25.4513 1.4057
1473.15 | 0.04193 | 0.53979 6.7882 12.8736 1.1097
1573.15 | 0.08608 | 0.61161 6.3567 7.1051 0.85157
The solution is dilute, hence Henry’s law is applicable.
We find that:  log,, [yoCr(qu)]( ) =5983.29 T -2.9522
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Modifying the Custom Solution Selection

1. A custom solution selection of the phase species exists. In
order to modify it, click the mouse right button on phase.
PRI
File Units Parameters Help
0 | I;'vl nl TIK] Pfatm) Eneray(J] Mass(mol] Yoll) W | Bl m;l
—Reactants (2]
[ 06Cu + 0D4C |
- Products
’— Compound species—— |~ Solution species - Custom Solutions-
[+ gas & ideal " real 3 0 fixed activities
- =)+ liquid 2 0 activity coefficients
[T aqueous 0 1 ideal solutions :
[+ solid 2 - nohe - _ ] Details l J
17 suporess dunlicates .
<15 cu§tom selec[ionll: !— elude-melar volumes
Species: 7
- Target
N rtegend: 7 Stow s al ¢ selected | Total Species (max 700] 7
Estimate T(K} lIHT : Total Solutions [max 30] 1
N 'H— species; 0 B
Massimall solutions: 0 Default I
- Final Conditions - Equilibrium
LA B> TIK) Platm) IPIOdUCl HJ) LI ' nomal £ transtions
137315 : I " predominant € open
J]l] steps = [ Table |1 Calculationl » Calculate >> |
FactSage
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Specifying the temperature dependant Henrian activity coefficient for Cr in

2. Click the mouse right button in the first column (+) of the line

containing species and an extended menu appears.
F TK]) = 1373.15 H[=] E3
4 Cillig] File Edit Show Sort
- clear Selected: 22 LIGUID
v + -zelect
|+ | Code | Specizz | Data | Phase | T|¥ | CplK)] | Density o/ml | Molar V(ml) | Mol Weight
SSUENLETH BUEt EIRTIEE 4 Cr(lig] liquid 298 - 6000 7.200 01289 £2.00
= darmart netastatle] phase #1 by 5 Cuilig] liquid 233 - 4000 8.920 01121 53.55
k- hamatiomn barget phiase
B - precipitate target phase
#1 Ideal Solution 3
IERET - Ee -
— Click on itz + colurmn [or press {Inst or {Dell) to add or rermove a species.

For a group of zpecies 'drag’ the mousze first and then press {Ins} ar {Del}.
Select &l | Clear | ok |

Activity Coefficient - 4 Crllig]

Help ...

3. Click on «activity coefficient gamma» ctiviy coslficient, garma:
in «<a Activity» sub-menu to open the log1Dlgamma] = A/TK + B — .|
dla|Og bOX fOI’ 5 Enter & and B, or press [Cancel] if ideal.

| 598329 -29522

4. Enter the values A and B of the activity coefficient Y°¢, , in the expression:
log,, [Y°]=A/T(K) +B (Note: T is in Kelvin)
From the previous page, we have: log,, [Y°c il (T) =5983.29 T - 2.9522
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View of the Window and use of the Show feature

The symbol «a» indicates that an activity coefficient (Y or log,,Y)
has been specified for in the ideal solution #1.

This view of the table with the activity, mole, gram and molar fraction
and weight percent was obtained by selecting: Show > Equilibrium
values > All Equilibrium values from the menu batr.

F T(K) =1373.15. Platm) =1 [Page 1/1)

File Edit Show Sort

Selected: 2/2 LIGUID

_+ | Code | Species | Data | Phase | T | ¥ | Activity | Mole | Gram [Mol Fract| Wt X

#1a):4 Cilliq) liguid 0.4000 0.4000 20.80 0.4000 35.20
] Culliq) liguid 0.6000 [% 0.6000 |13 0.6000 E4.70

brium act|V|ty Double click top row to sort the list. |Click mouse right button for more...

Cu li Equili
Click on its + column [or prest ( q) q —
Far a group of species 'drag’ the n'u:nuse flrst ar‘u:l then press {Ins} or {Drell. |

Select 4l _| Clear | ok |
|

@ If the equilibria have been computed, thiz lists the equilibrium activity [fucacity or molality] of the species.

Double-click on the top row af the columi ko sart the list with respect o achivities.

A

Yalues in 'italics’ have been post-calculated - these are the equilibrium activities of thoze compound species which were
not included in the original E quilibrium Calculation. The program iz able to post-calculate these theoretical activities of
the compound 2pecies only if it has already successfully caloulated the equilibrium values of the elements. Mate the
program can nok pozt-calculate zolution species.
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View of the Window Help (detailed information) \

.

The Extended benu: - to activate the extended menu click an the "'+ column with the mouze right buttan, % arious options are
available depending up on the type of species or solution phaze.

F Tkl =1373.15, Platm] =1 [Page 1/1]

File Edit Show Sort [1-Clear: the species or phaze iz ighored in the equilibrium calculation,

[+] - Selected: the speciez or phaze iz included az a pozsible product in the equilibrium calculation. [t will not appear the

Selected 2/2 R esults Window if itz activity iz below the Print Cut-off lower imit [click on Parameters in the benu Window],

| — |

i | Code | Species | Data | Phaze | T | hd | [1] - Dormant [metastable]: the activity of the compound species iz calculated buk the species is not included in the mazs
#1a 4 Crfliq) bgud balance. Such species are flagged "1" in the Resultz “Window - nate, for a species in a solution phaze [for example a

#1 5 Culig) liquid gazeous species] it will only appear in the ChemS age format of the Besults Window,  The activities cah alzo be obtained via
the "Show > Equilibrium Y alues > Activity'' drop-down menu - all post-calculated activites appear in fitalics’.

4 Ciflig]

[F]- Formation target phaze: the T [F or <43 ] ig calculated when the zpecies or phasge first beging to farm. To activate the
formation target calculation the final T [P, <42 ] must not be specified [blank column] and an estimate of the unspecified T [P,
<i3 ] muzt be entered in the T arget frame of the Menu Window,

itz + colurnn [or press {9
- clear Lp of gpecies 'drag’ the

v & -eas Select Al

—1 [P]- Precipitate target phaze: the T [P or <42 ] iz calculated when another species or phaze first starts to precipitate from this
. precipitate target phaze. The precipitate target phaze must be a salution [for example FACT-5LAG ar gas phaze]. To activate
the precipitate target calculation the final T [P, <43 ] must not be specified [blank column] and an estimate of the unzpecified T
[P, <A ] must be entered in the T arget frame of the b enu wWindow,

\ 4

[5] - Scheil target phaze: az species and phazes precipitate from the Scheil target phaszes they are dropped from the tatal mazs
balance. The Scheil target phaze must be a solution [for example FACT-SLAG or gas phase). To activate this Guliver-Scheil
#1  Ideal Solution k cooling calculation the termperature step (0.1 to 2560 must be specified in the Target frame of the Menu Window,
a  Achivi r
i’ [I]- 2-phaze Immizcibility: the zolution phase may be immizcible. ze thiz option for FACT -SLAG when SiI02 > B0Z. If the
phaze iz not immizcible the results of the calculation will be OF. - the phaze will appear bwice with the zame composition. MNate
thiz option tends to zlow down the zpeed of the calculation - pou may wizh to by M [immizcible and metastable] for a quick,
check.

[1] - 3-phaze immizcibility: a unusual ooccunence.

|deal solution: bwo or more compound species may form an ideal zolution. The zpecies must be from the zame group - i.e. all
liquidz or all zolids. Gaseous species are always azzumed to be in the zame ideal gaz phaze.

Activity: when the activity [molality or partial pressure] of a species iz specified, the overall mazs balance will be adjusted =o
that thig i the equilibrium value in the product species.

Activity coefficients: gamma or Infgamma) may be specified for species in the ideal zolution. E'

Click an itz + column [or prezs Inst or D&l to add or remove a species.
For a group of species 'drag' the mouse first and then press {lnst or {Dell

ok |

G’actSage”‘ Equilib 12.12 www.factsage.com




Setting the Final Conditions for the Cr-Cu Calculation

5. Return to Menu Window
The « » label box indicates:
1 activity coefficient
1 ideal solution

For more informations, press «Details»

File Units Parameters — o

D= =

TIC] Platm] Energul)] baszslmol] Yollitre]

==k

— Reactants [2]

[ 06 cu « 040 |

— Products
— Compound species

[+ gas = ideal  real 3
|_ aqueDLE 1]
|+_ pure liquids 2
|+_ pure zolidz 2

[V suppress duplicates E'EE'EI

— Custom Solutions

— Solution species

+ | Base-Phaze

0 fimed activities
1 ideal zolutionz
1 activity iz

Full Hame

Custom Solutions

Y

Detailz ... I

—Pzeudonyms ————

apply T Ligk ... |

Fpecies i
— Target [ include molar volumes
- nane - ~Legend [ Show @ all € selected | TotalSpecies max700] 7
E stimate T[K]: |'| 000 ) . T otal Solutions [mas 30] 1
speCies
t ass(mall: ID solutions: 0 _|SE|E':t Default |
— Final Conditions Equilibrium
<B <B> TIC) Platm] j Product H[J] LI | I};_ narmal " hansitions
- 1100 1300 100 -I « FI[EEIEII'I'IiI"IEII"It & OpEn
|10 steps I~ Table 3 calculations Calculate >> |
| FactSage | a

Fixed Activity: 0 Species

Ideal Solution:

#1 Ideal-1:-
4, Criliqk; loglOfgamma) = (5983.29(TK -2.9522)
5 Cullig)

Set Final Conditions
and press
«Calculate>>»

IG’actSageT”

Equilib 12.13
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Results for oxidation of Cu-

alloy at

coexists with solid Cr — the composition agrees with the phase diagram.

0 mol i.e. no gas phase. However, these mole
fractions give equilibrium partial pressures.
For example: P, =0.76848 x 10° atm.

= same

value as phase diagram

F Results - Equilib 1100 C {page 1/3)

Cutput  Edit  Show Pages

D3| )

nooc |1zooc | 1300¢C |

TIC) Platm) Energuld] kazs(mal] Walllitre]

Flag to a custom solution

=10 x|

i d=d s 7

0. Cu + 0.4 Cr =

0._aaooo mol gas jideal
(llo0.00 C, 1 atm,
{ 7.6848E-07 Cu
+ Z.0%EZ2E-02 Cr

a=7.28353E-07)

+ 1. 13933FE-10 CuZ )

+ 061124 mol  Tdeal-1
(38.712 gram, 0.6112Z4 mol)
(1100.00 ©, 1 atm,
{ 1.8394E-02
+ 0.98161

a=1.0000)
Cr_licuid
Cu_licuid)

+ 0_3887& mol Cr_solid
(E0.214 gram, 0.322876 mol)
(1100.00 €, 1 atwm, 51, a=1.0000)

+ 0.00000 mol  Cu_lieuid
¢1100.00 C, 1 atm, L1, a=0.9816l1)

Pure solid Cr

4 04252E404 - 7E137E+04 0. 00000E+00 7. 2eELCE+01

*****************************************************************

*****************************************************************

4 S072EE+0L1

G’actSageT”

Equilib 12.14
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More Results for

Alloy — T = 1200 °C and 1300 °C

1200 °C

= , same
value as phase diagram.

Pure solid Cr
|

F Results - Equilib 1200 C {page 2;3)

Zutput  Edit  Show Pages

Dlﬁ,"'l il TIC] Platm] Energyl)] kaszimol] Walllitre]

oo -1200¢- | 1300¢C |

=101 %]

il B3

0.6 Cu+ 0.4 Cr =

0. agago mal gas ideal

(lz00.00 €, 1 atm, a=5.1205E-08)
{ 4.9114E-08& Cu
+ Z.1767E-07 Cr
+ 1.54439E-09 Cuz)

+ 0.6Z6E8 mol Ideal-1

139,494 gram, 0.6Z6F8 mol)

{lZ00.00 C, 1 atm, a=1.0000)
i 4. 1963E-02 Cr_liguid
+ 0.395304 Cu_liguid)

+ 0.37372 mol Cr_solid

> (19437 gram, 0.3737Z mol)

1300 °C

= , Same
value as phase diagram.

Pure solid Cr

(120000 ©, 1 atm, 51, a=1.0000%

+ 0O.00000 mol Cu_solid
(lZ00.00 C©, 1 atm, S1, a=0.57515)

F Results - Equilib 1300 C {page 3,3)

Qutput  Edit  Show Pages

Dlg”'l ﬂl TIC) Platm) Erergell] Magzimol] Yolllitre]

nooc | 1200 -1300¢- |

=10l x|

=] 7

0.6 Cu+ 0.4 Cr =
o_ooooo mol gas_ideal
(L300 00 C, 1 atwm, a=7_5694E-05)
{ Z.400ZE-0F5 Cu
+ 1. &7EZ6E-0& Cr
+ 1_32453E-082 CuZ )
+ O.6E56E7 mol Ideal-1
(41 069 gram, 0658657 mol)
(1300.00 C, 1 atm, a=1.0000)
{ §.6l158E-02 Cr_liguid
+ 0.31224 Cu liguid)
+ 0.34343 mol Cr_=olid
Pt (17.8E57 gram, 0.34343 mcol)
(1300.00 C, 1 atm, 31, a=1.0000}
+ 0.00000 mol Cu_=olid
(1300.00 C, 1 atm, 51, a=0.78134)

IG’actSageT”

Equilib 12.15
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List Window — a Summary of Activities of

and In Liquid Alloy

O

F List - Equilib  T[K] = 1373.15. Platm] = 1 [Page 1/3]
Fle Edt Help 137315 K Compare
2 . TIK] Platm] Energel)] bazsmol] Wolll] il . . . .
D= MSJ® 2 | | concentration in liquid
+ |Eude| Species | Data| Phaze | Mole | Fraction | Activity | Range | T | v . . . .
fa 4  Ciflig) liquid 1.1243E-02 153ME-02 1.8334E02 235 G000 aIon with |IC| uidus in the
1 5 Cufliq) liquid 06000 039316 A8161E-01 | 233 - 4000 blnary phase d |ag ram
G Crlz] z0lid 03358 1.0000E+00 233 - 2131 _ 1 1
i Culz] z0lid A E305E-01 233 - 2001 (See earller M
| 12.6).
Properties: HI) ¥ SH) G T——
4 0486E+04 0O00O00E+00 7 8EREE+01 | -B.752E+04
Sguw i Format Order F‘ageJ
[PIElElEs {*  male * code 1 =
[ gas 3 ¥ " gram " amaount f =l
b liguid L P & (zound {__fraction —
B : 0 F Lizt - Equilib  T[K] = 147315, Platm] = 1 [Page 2/3]
v zald 2 4o .
- 0  File Edit Help

Tk Platm] Energel)] Maszimal] “alll] "' ||:HE U|

+ |Code| Species |Datal| Phase | Mole | Fraction | Activity | BRange [TV
#1a 4 Cr{liq) liquid 2 6281E-02 471963E-02  4.1963E-02 293 - 6000

1 5 Cullig) liquid 0.6000 0.95&0 9.5804E-01 2533 - 4000

+ B Crlz] golid 0.3737 1.0000E+00 258 - 2187

+ 7 Culz] golid 8.7519E-01 298 - 2001

F List - Equilib  T[K] = 1573.15, Platm] = 1

File Edit Help
e | 1573.15K |

[Page 3/3)

Tk Platra] Energul)] Mazsmal]l Walll] “1 ||:HE U|

+ |Eude| Species | Data| Phasze | Mole | Fraction | Activity | Hange | T | v
#1a 4 Cor{liq) liquid 5 6568BE-02 SE158E-02  8.E158E-02 235 - 6000
#1 5 Cullig) liquid 0.6000 0.9138 9.1334E-01 | 233 - 4000
+ B Crf=] solid 0.3434 1.0000E+00 258 - 2187
+ 7 Culs] golid FA134E-M 258 - 2007
™ il
GactSage Equilib 12.16 www.factsage.com




Standard equilibrium with ideal aqueous solution

In the following four slides is shown how use is made of the ideal
aqueous solution data for elevated temperatures and pressures.

The leaching of an arsenic-bearing copper concentrate is used
as an example.

G’actSageT” Equilib 13.0 www.factsage.com



Leaching of an arsenic-bearing copper concentrate.

Arsenic-bearing copper concentrate

Leaching agent

F Menu - Equilib M= B3
File Units Parameters Help
~ TIK) Pfatm) Eneray(J] Mass(mol) Volll N
Dlglul (K} P(atm] avld] {mol) Yolll) Wlalgl
—Reactants (7]
\ 4 A 4
| | 10 CuFeS2  +  0.00001 As253  + Si02| + 02 + 555 H20 + I 10 HCI + HND3| |
- Products
~ Compound species ———— |~ Solution species i~ Custom Solutions
= : c (¢ ideal " real 103 0 fixed activities
C TWO I d eal SO | U tl O n S . F E:ljld e &2 0 0 actiy ty C oefficients
and aq u eo u S 0 l+_ aqueous 95 0ideal :;l'_~|l.lliu”_fri ‘
. ! [+ solid 115 14 FACT solution datasets - 0 selected. Yzt
 and pure solids. 7 suppress dipfoales
™ include molar volumes
Species: 316
- Target
s Legend [~ Show* all  selected | Total Species[max 700] 316
Estirnate T (K} IIU'-”-' oot Total Solutions [max 30 1
Mass{mall: 0 solutions: O _.ll"]e'ar Default I
- Final Conditions - Equilibrium
<A B TIK) P(atm) Product H{J) _V_I " normal £ fransitions
[420 3 " predominant € cper
_IT[I steps = Tiatle 'y [1 calculation] Calculate >> I
FactSage

Elevated T and P

G’actSageT” Equilib 13.1 www.factsage.com




Results Window FACT output for the leaching of an copper concentrate

The

The

species

F Results - Equilib 420K

Qutpuk  Edit Show Pages

Dls| A

TiK]) Platm] Energul]] kazz{mol] Waolllitre]

=10l x|

== E7;

[ 10 CuFelz 4+ 0.00001 AsEZ3

LEE HEO + 10 HC1 + HNO3Z =

28127 mol gas_ideal

(E0. 243 gram, Z.512Z7 mwol,
(4z0.00 K, S5._0000

+ Bi0E + 0 4+

17.31% litre, Z_9010E-03 g/ml)

St a=1._0000)

080267

|
1

Hz0O I

19645
. 33EZE-04
.G7IIE-05

XHZO = 0.80267
P...=5.0atm

total ™
Pi,0=X1,0%Protal
=4.01335 atm

. 1EZ0EZE-0E
. 9L22E-08
. 1&30E-0%
.G411E-11
.GTOEE-12
B331E-12
_9110E-1=2
.4514E-13
_B915E-14
.4ZL4E-14

.O113E-14
.4153E-16
.12E5E5E-16&
. 0427E-16&
.O212E-18
.Z736E-18
.EOOZE-182
. 4332E-15
.13L55E-1%2
. P34%E-1%
. T213E-Z0

+ 4+ +F A+ +
R R AR M ERARRERMNBEMN--R RGOS

NE
HC1
HzaE
S0E
HE
HEzZE
NHZ
BE
aE0
A=ClZ
0z& (0H) 2
=3

=1

=3

a4

a7

og
20z
H3
(CuCl)3
SECL
=0
FeClZ
FalCl3

=l

IG’actSageT”
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13.2

www.factsage.com



Results Window FACT output for the leaching of an copper concentrate

The aqueous phase species

F Results - Equilib 420 K

Qutput  Edit  Show Pages

D= A

TIK] Platm] Energyl)] Mass(mol] Wolllitre)

=10l x|

=13

Important:

In agueous solutions the solutes are given
with respect to 55.5 mol(1000 g or 1L) of
water. Hence, the values are molalities.
For example:

mH[+] = 0.49922 hence

pH = -log,, (0.49922) = 0.302

T

T

+ E7z_53 mol aquEous
{10562, gram, 57259 mol)
(42000 E, 5.0000 atm, a=1.0000)
{ 55.508 HZ0_lieuid
+ 0.9965% cll-]
| + 0.43322 H+] |
+ 027833 A Felzt]
+ 5.7123E-02 HEO04[-]
+ 3.9014E-03 HZE8i03
+ Z.6E00E-03 H48i04
+ 2.35E0E-03 Cuclz[-]
+ E.E113E-04 nz
+ 1.7640E-04 HH# [+]
+ 2.6074E-05 Bl
+ 1.7237E-0E FeCllZ+]
+ 9.2844E-08 god[2-]
+ 3.2141E-08 g0z
+ 2.0032E-06 HAh=02
+ 1.4183E-08 Hes
+ 1.0763E-07 FeS0d4[+]
+ 5.2077E-08 tul2+]
. + E.142EE-08 Cul+]
Note the potential t7.seenm0s  peomizd
. + 6.2607E-03 HEOS[-]
with respect to the | ¢ #zmeeee reres
+ 1.1912E-10 HE
+ 7.7663E-11 HH=
Standard HZ(g) + B.8l03E-1Z H3As04
+ 4_0157E-1% OH[-]
EBlEE(:tr()(jEB_ + 2.1088E-1Z HE[-]
+ 1.4788E-1%3 HZAs03[-]
+ 6.6921E-14 geos[2-]
+ 2.3011E-14 hs0Z[-]
+ 1.8380E-14 HeAs04[-]
+ 2.7937E-1E CuiNHZ) [24]
+ 1.963EE-17 g0E[E-]
+ 1.8821E-17 FeZ (0H) 2 [4+]
+ 4 41LFE—18 =
; {Eh= 0.267 v,lpH= 0.302) I:

G’actSageT”

Equilib

13.3
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Results Window FACT output for the leaching of an copper concentrate

The solid phase species

F Results - Equilib 420 K

Oukput Edit Show Fages

Dla A

T(K] Platm) Energyll] Mazsimal] Yalllitre)

=101 x|

=] 7

+ 7.zzo7 mol FelZ pyrite
(866,323 gram, 7.ZZ07 mol)
(4Z0.00 K, 5.0000 atm, 51, a=1.0000)

+ 4.9221 mol CuZi solid-b

Three pure solids at
equilibrium with the
aqueous and solutions.

(793.89 gram, 49881 mol)
(4zZ0.00 K, 5.0000 atm, S2, a=1.0000)

+ 048723 mol HESiz07_solid T
(81.410 gram, 0.46723 mol)
(4Z0.00 E, E.0000 atm, 21, a=1.0000)

+ 000000 mol H4Zi04 =olid T
(4Z0.00 E, 5.0000 atm, 21, a=0.324348)

+ 0.00o0o0 mol CuZi_solid-c
(4Z20.00 K, 5.0000 atm, 52, a=0.32483)

+ 0.00o0o0 mol CuZi chalcocite
(4Z20.00 K, 5.0000 atm, 51, a=0.27292)

+ 000000 mol HzZ2i02 solid T
(4z0_00 E, 5.0000 atm, 21, a=0.71769)

+ 0.00o0o0 mol Ei0Z guartzi(l)
(42000 K, 5.0000 atm, 351, a=0.6140Z)

+ 0.00000 mol FedsE solid T
(4Z0_.00 E, 5.0000 atm, 51, a=1.1800E-Z0)

The cutoff concentration has been specified to 1.0000E-7E

Data on 3Z product species identified with "T" have bheen extrapolated

LR R L e e e R e ]

H G v 8 Cp
(I ] i(litre) {T/E) {T/ED

LR R L e e e R e ]

-1.E2Z1cE+08 -1.2Z4z2E+028 1.721%4E+01 EL.EZE3&E+04 L. 32210E+04

[

$actsye

Equilib 13.4
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Standard equilibrium with dilute solution phase

The following two slides show the use of a dilute metallic liquid
phase from the FTdemo database, here Fe-liq, in the Equilib
module.
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Selection of FTdemo Non-ldeal Solutions:

. The Menu Window Interface.

Species» window):
short description of the complete solution phase:

Solution FACT-Feld

- clear
v - all species

—>| * - cuskom select species ... I
T - MEngE GNUGE SEIUCon o

- solution properbies ...

v + - single phase
1 - possible 2-phase immiscibility
J - possible 3-phase immiscibility

v - standard stable phase
- dormant {metastable) phase
- farmation target phase
- precipitate target phase

[
E
=]
5 - Scheil cooling target phase
D - soliDification caloulation ...
C

- composition karget ...

Help ...

full t

File Units Parameters Help

A click in the «Fe-lig» cell gives (note that all this info appears in the «Custom Select

FACT Salution Phaze FeLE!l

itle name:

Fe-liq steel using M*0 azzaciate model of In-Ha Jung, with zalutes AgAlLB.C.Ca,
Ce.Co.Cr.CuHHf LaMa Mo N b MNdHLOPPEPAS 550 Ta Th TLDN W and Zr

44 Fe, 45 C, 46 Mn, 47 Si

T(C] Pfatm] EnergylJ] Mass{a] Valfl]

Tl =M

mii=31=]

 Reactants (4]

'

F Menu - Equilib M= E3

Fe-lig steel using M*O associate model of In-Ho Jung, with solutes Ag, Al, B, C, Ca, Ce, C
, P, Pb, Pd, S, Si, Sn, Ta, Th, Ti, U, V, W and Zr

o Cr,

Click mouse right button for extended menu on FACT-FeLQ.

Cu, H, Hf, La, Mn, Mo, Mo, N, Nb, Nd, Ni, O
y

A

| (gram) 100 Fe

+ Si+ Mnl+ 10C |

- Products

“*” denotes custom selection — not all the species have been selected.

| 1 calculation |

Calculate >>

~ Compound species ~ Solution specie; ~ Custom Solutions-
‘ | 'gas &% Hideale® resl 0 l ‘ = | Base-Phase | FulllName 0 fixed activities
[ liquid 0| | (&) FacTFelg | Felig R e
i RO 0ideal zolution:
|7 aqueous 01| | FACT-LMLO Lite-Liq ——
[+ solid 24 2 FACT solution datasets - 1 selected. Af
¥ suppiess duplicates
™ include molar volumes
Species: 24
- Target Y
i Vi-?gs':?;:ted [V Show (* falf ¢ selected | Total Species [max700] 28
Estimate T(K] 'IHH—H species. 4 Total Solutions [max 30] 1
Mass|gl I’-' solutions: 1 _ICIear Default I
- Final Conditions - Equilibrium
<8 5 TIC) Platm) IProduct H{J) _‘_’_I &+ normal {5 transitions
1600 1 l " predominant € open

FactSage

=:Click mouse right button to custom select species for FACT—FeLQI. |<—

G’actSageT”

Equilib 14.1

www.factsage.com




Results Window FACT format output —solubility of C in

F Results - Equilib 1600 C _.

Qutput  Edit  Show Pages

=10l x|

O |B"‘| ;rﬂ_l TIC) Platm) Enerayl)] Mass{a) Yolllitre) “' I | BI W

(gram) 100 Fe + &8i + Mn + 10 C =

107.14 gram Fe-lig
(107.14 gram, 2.Z727 mol)
(1600.00 C, 1 atm, a=1.0000)
( 93.332 wt.% Fe
+ 4.8012 wt.% C
+ 0.93332 wt.% Mn
+ 0.93332 wt.% Si)
System component Mole fraction Mass fraction
Fe 0.78787 0.93332
Mn 8.0091E-03 9.333ZE-03 |
Si 1.5667E-02 9.333ZE-03
C 0.18845 4_801zZE-02
+ 4.8558 gram C_graphite

(4.8558 gram, 0.40428 mol)
(1600.00 C, 1 atm, S1, a=1.0000)

A

+ 0.00000 gram Fe becc T
{1600.00 C, 1 atm, S1, a=0.59271)

+ 0.00000 gram Fe fcc T
{1600.00 C, 1 atm, SZ, a=0.58794)

+ 0.00000 gram C_diamond

Al

Compositions in the
phase
are given in weight
percent (wt. %).
The amount of:
is 100.00 g =
03.332 % x 107.14 g
Is1.00g =
0.93332 % x 107.14 g
s 1.00 g =
0.93332 % x 107.14 g
IS 5.1440 g =
4.8011 % x 107.14 g

{1600.00 C, 1 atm, $2, a=0.52980)

+ 0.00000 gram Fe3C_solid-a X
(1600.00 C, 1 atm, S1, a=0.Z8650)

E o o o o R o S o b R R o S o S S S S R R o o o o S o S S S R S S R R R R o o o o S S S S R R o

Compositions of the
solution in mole and
mass fraction

H G v s Cp
(7 (3 {litre) {T/K) {I/K)

bbb o o o b b o R R o S S S o R o o R o e S S R S b R o o o S S S

1.78129E+05 -Z.64690E+05 O0.00000E+00 2.36404E+02 1.ZZ0S0E+02Z

G’actSageT” Equilib 14.2
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Adding a slag to the Fe-Mn-Si-C system

The following six slides are devoted to a special case in the
FTdemo database: The use of a slag phase when several
options concerning the composition of the slag ( SlagA, SlagB,
Slag? ) are available.

Here the FTdemo database (called FACT in some of the slides)
IS used for purposes of teaching. Since the results can be
Imprecise and even totally wrong you must never publish results
that employ FTdemo data.

For research and publications use the protected public
databases that are regularly updated: FactPS, FToxid etc.

G’actSageT” Equilib 15.0 www.factsage.com



FTdemo Non-ldeal Solutions: Listing the available solution datasets.

F Menu - Equilib

D@l

—Reactants (6]

File Units Parameters Help

T(C) P(atn

There are 20 solution datasets
available for this mix of reactants in
F the FTdemo Solution database -

| (gram) 100 Fe  + Si+ Mn +| 45 C + CaD + <A> 0:file Units Parameters Help
0 | D'-s-l ul T(C) P(atm) Energyl)) Mass(g) Vol(l)
Products - . - - v Reactants (6)
— Compound species | |- Solution species
llZgas(? ideal " real 26 [ [(oram)100 Fe + Si+ Mn + 45C + Cal + <A> D2
liquid 0
[ aqueou 0
[+ solid 80 20 FACT solution datasets - 0 selected. ~ Products ; : :
e | - Compound species i~ Solution species
Pt | | [+ gas & ideal C real * | +| Base-Phase | Full Name -
Species: 106 [~ liquid FACT-TiSP MTi204-spinel
| " aqueou FACT-MONOD Monoxide
~Target- ey [+ solid FACT-Si034 AMSI03-ss
e 292 I~ Show® 2l € selected ||| R FACT-Si03? MSi03-ss
mate T(K): [1000 oocies D ] FACT-SLAGA ASlag-liquid I
Massigh [0 e o l Species: FACT-SLAGE BSlagHiquid
L e FACT-SLAG? Slagliquid  ¥]
Final Conditions none ~ Legend
- - ) T
> TO) Plam)  |ProductAl) <] e (Showt j N adecied || 1
5 1600 1 I S l-— spepies; 0 — <
l—i : =T a0 ’ | solutions: 0 ____J
FactSage Final Conditions |
<A> T(C) Platm)  |ProductHY) ~]| || ¢
] ] ] 5 1600 1 | :
To see the list of Solution species: |0 steps T Tate [T calcuaton] |
Check « » and select «al!» FactSage
Then scroll through the list.
thtSagem Equilib 15.1
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More information about the available

and liguid iron solution phases.

— Solution species

FACT Solution Phaze SLAGT

?Slag-iguid oxide. - Mizcibility gap at high Si02;
Alas B CaCrCuFel MaMnMaMNi.PES.TiZnZT; diue 5,504, PO4 H20/0H,COZ,F.CL

141 Fel. 142 M0, 143 502, 144 Ca0. 145 Fe203, 146 CaCO3

IMPORTAMT MESSAGE! - The solution phase FACT-SLAGY has unique properties which make the selection of zpecies ey
impartant, If zpecies are not selected comectly then unzatisfactony or totally incarrect results may result - the program may even crazhl
Thiz often happens when you select all the species. [Selecting all the zpeciez in ather Ptype zolution phazes may be acceptable.]

[f wou inzist on wzing FACT-SLAGY vou must;

[1] never zelect a non-oxide compaonent [e.g. Ca5) without alzo zelecting the corezponding oxide [e.q. Cal);
[2] enzure that all combinations of cations and aniokhz are zelected for non-oxide companentz. This may entail removing certain
components from the species selection.

For example, Mg5, Ca5 and CaCO3 are all components of FACT-SLAGY but MaC03 iz nat. If pour reactants include ko, Ca, 5, C and
0. then Ma5. Ca5 and CaC03 will anoear in the list of components of FACT-SLAG? but MaCO3 will not. Hence. to respect this rule
You must remove either CaCO3 or MgS from your selected components of FACT-SLAG?See the Equilib manual for more information

FACT Salution Phaze SLAGA

ASlag-iquid oxide. - Miscibility gap at high S5i02;

&lAs B CaCrCuFek Mok MNaNLPLS.TiZn s diute 5.504,P04 H20/0H,C05.F.CLI

133 FeO, 134 MnO, 135 Si02, 136 Cal, 137 Fe03
FACT Salution Phase|SLAGE

Possible «solutions»
for the calculation.

BSlag-liquid oxide. - Mizcibility gap at high 5i02;
Alas B CaCr.CuFef Mgk aMNi.PRSiTiZn 2 diute 5,504, P04 H20/0H.CO3F.CLI

138 5i02, 133 Cal, 140 CaCO03
FALCT Solution Phase[Feld]

Fe-lig steel uging M*0 azzociate model of In-Hao Jung, with solutes Ag.aLB.C.Ca,
Ce.CoCr.CuHHfLaMu Mo M N MND MO P.PBPDS 550 Ta ThTiUM W and Zr

= | + | Baze-Phaze | Full Name -
FACT-TiSP M Ti204-zpinel
FACT-MOMO M onoxide
FACT-5i034 A5O3z
FACT-5i037 MASi0 32z
FACT-SLAGA A5 lag-liquid
FACT-SLAGE B'Slag-liquid
FACT-SLAG? 5lag-liquid ﬂ
Legend [V Show & &l  selected
speciez: 0O
su:ull:lutiuns: ] ﬂl
= | + | Base-Phase | Full Hame
FACT-TiSP M Ti204-zpinel
FACT-MOMO Monoside
FACT-5i034 AbS5i03-zs
FACT-5i037 S0 32z
FACT-SLAGA A5lag-liquid
FACT-SLAGE BSlag-liquid |«
FACT-SLAG? 5lag-liquid
FACT-5FIM Spinel
FACT -aPur Orthopyroxens
FACT-zPur Clinopyroxens
FACT-pPur Protopyroxens
FACT-wOLL Wollastonite,
FACT-Oln Qlivine1
FACT-Mel Monoxide
FACT-"C25 aCa2s5i04
FaCT-Oli2 Qlivine
FALCT-hel kd elilite
| FaCT-Feld Fedip |«
FACT-CuLl Cu-lig
FACT-LMLO Lite-Lig

177 Fe, 178 C. 179 Ca, 180 Mn, 181 O, 182 Si, 183 Cal,
184 5i0. 185 Mn0

You can select only one phase in a list of phases with 5-character names differing only

by their last character. Here,

, and are mutually exclusive.

G’actSageT”
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Selection of the for the decarburisation of pig iron by oxygen injection

There are 3 subsets of the solution phase

; . Only one can be selected.
The reason why there are solution subsets is because not all the binary,
ternary systems, etc..., in the complete solution have been optimized yet.
«?» indicates that not all the species have been optimized together and a

selection of this phase is not recommended. I [ B
In the present example, we select (the complete oxide T
phase) rather than (a limited carbonate phase). ;

| [gram] 100 Fe  + Si+ Mn + 45 C + Cal + <h> 02 |

Selection of 2 liquid
solution phases:  Products

— Compound species — Solution species Cuztom Solutions
: [+ gas &+ ideal 0" real 26 = | +| Base-Phase | Full Hame 0 fived activities
[ higuid 0 +/  FACT-SLAGA A5lag-liquid g :ﬂdcmlﬂty i:D_Efflclents
, and 2 [~ agueous 0 & FACT-FeLn Ealy ideal solutions
h . d <:+ SD“D an ~— [Metals
p ases. an ¥ suppressduplizates -
. inchude molar volumes
pure SOlIdS Species; 106
— T arget
Enter the e _l,fg;?ledcted W Show ™ all @ ielected | Total Species [max 700] 120
E stimate T(K]: I-I ano 14 Total Solutions [max 20 2
FpECies;
and tass(g) II:I solutions: 2 ﬂl Ciefault |
— Final Conditions Equilibrium —————
iy <B> TIC) Platrm] Product HY] ~| | | & namal 1 tanstions
= 1600 1 " predominant © open
10 steps = [ Tate 1 calculation Calculate >> |
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FACT Non-ldeal Solutions: warning about the modification of a

You can examine or modify a but ...

= [o[x
File EHt Show Sort

Selectpd: 445 FACT-SLAGA

+| | Code | Species | Data | Phaze | T|¥ | Activity | Mole | Gram | Mol Fract. | Wt %

+ 133 Fel FACT-SLAGA

+ 134 [ [n] FACT-SLAGA

+ 135 5i02 FACT-SLAGA

+ 13 Ca0 FACT-SLAGA

' Fe203 FACT-SLAGA

ASlag-iquid oride. - Mizcibility gap at kigh Si02;
AlLasB.CalrCuFek MgMnNaMi,Pb.Si.TiZnsr dilute 5504 PO4 H20/0H.CO3F.CLI

Wwarningl [t iz recammended that you zelect all the components of a zalution phaze.
Supprezsion of zome componentz: may rezult in logical inconzistensies,

Click on itz + colurmn [or press {lnst or {0} to add of remove a species.
Far a group of species 'drag’ the mouse first and then press {Ins} or {Del}.

Selectal | Clear | ok |
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Decarburisation of pig-iron by oxygen injection (Results window, FACT format)

_ {gram) 100 Fe + Si + Man + 4.5 C +
R A>=5 g
eaCtantS’ < > {gram) Cal + =Ai= 0Z =
0.Z5743 mol gas_ideal
{9.062% gram, 0.28749 mol, 44.189 litre, 1.8245E-04 gfuml)
{1600.00 €, 1 atm, a=1.0000)
| 0.55529 oo
+ 1. 0683E-03 coz
T 4.3787E-04 Mn
+ 1.2864E-04 gi0
+ 7.6075E-05 Fe
Almost 100 % CO(q) : LoossE-00  ca
+ 4.E8ZEE-09 Fal
+ 2.5893E-10 a1
+ 1.0455E-10 o
+ z.z742E-11 czo
+ B.8670E-12 canz
+ E.95EGE-1% Cal
*Less C in liquid steel Ci0z.es  gram Felig
{l0z.68 gram, 1.5193% mol)
because C has mostly gone (1600.00 €, 1 atw,  a-1.0000)
) {97387 wt. % Fa
r] [+ 1 0218 vt s O |
Ir]t() t EE " + 6.45812E-09 wt.% Ca
3 E C = + 0.94517  wt.% Mn
*Less Si in liquid steel oo w0
. ; . . + 064740  wk. % Si
because of its oxidation into T 5566E 0T we i Cad
+ Z.E773E-05 we.% Si0
tf](g + 1.9972E-04 wh_% Mu0)
+ 1.7E883 gram ASlag-licuaid
{1.7589 gram, 2.0379E-02 mol)
141 (lgoo.oo o, 1 . =1.0000)
addition promotes e ™ e
. 4+ 1 _F£dfa S Ml
formation. [ar.272 wns si0z |
¥ f6.g4% W% Cal
+ 1. 60ZOE-04 wh_% Fe20d)
+ 0.00000 gram CaZ3il4_alpha
{1600.00 €, 1 atm, £3%, a=0.22741)
NO SO“d phases > + 0.00000 gram Fe beco T
{1600.00 €, 1 atm, S1, a=0.88828)
+ 0.00000 gram Fe_ifcc T
{1600.00 €, 1 atw, S22, a=0.88115)
‘
£5a06" Equilib 15.5
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Decarburisation of pig-iron by oxygen injection (Results window, ChemSage format)

T = 1&00.00 C
P = 1.00000E+00 atm
V = 4.41890E+01 dmz=
STREAM CONSTITUENTS AMOUNT / gram
Fe 1_0000E+0Z
51 1_0000E+00
Hn 1_0000E+00
[ 4_S000E+00
Cal 1_0000E+00
oz L. 0000E+00

EQUIL AMOUNT MOLE FRACTION FOGACITY
PHASE: gas_ideal mol arm
cao Z_8700E-01 F_98Z3E-01 3_8823E-01
coz 3.0713E-04 1. 0&e53E-03 1. 0&83E-03
My 1_ZE22E-04 4_3727E-04 4.3727E-04
Zi0 3_E983E-05 1. Z8554E-04 1.2564E-04
Fe Z_1871E-0& 7_e07EE-OE 7.6075E-05
Ca Z_5034E-02 1_0083E-07 1.0083E-07
Fel 1_Z174E-03 4_L58Z5E-03 4. 55Z5E-0%8
51 7.4440E-11 Z_E883E-10 Z_E5883E-10 v
0 3_0057E-11 1_0455E-10 l.0455E-10
TOTAL: Z_87459E-01 1_0000E+00 1.0000E+00

PHASE:
Fa

C

Ca

Mn

u}

B

Cal
5i0
M0
TOTAL:
PHASE:
Fe0
M0
Bi0g
Cal
Faz03
TOTAL:

Fe-lig

Aflag-licuaid

CaZzild_alphais3)
Fe_bceo(s)
Fe_focisZ)

H o=

L T = = R T e A Y ]

[l LY S B I o I

Lo e |

gram

-9339gE+01
-045zZE+00
.&EE0E-09
_T045%E-01
.&21EE-03
-E38lE-01
-1lezZE-0&
.&463E-05
-0E07E-04
-DEZeSE+0z

gram

.02E7E-03
.8368E-0z
.EZESLEE-01
.95394E-01
.8177E-08
- 7ES3E+00

oram

-O0O00E+00
-O0O00E+00
-0000E+00

MAZE FRACTION

M

Lo

o e R S T A I L T I« T N w e R

. T387E-01
.0E18E-0z
-4813E-11
-4E17E-03
.EBE4E-05
-4Z40E-03
.9EEEE-07
. E773E-07
. 937zE-08
-0000E+00
% FRACTION
. 3EZ8E-03
.&463E-02
- 1E7ZE-01
.E6245E-01
-G0Z0E-08
-O0ooE+00

ACTIVITY
-1E71E-01
. T424FE-02
.0053E-07
_ES74E-03
-4133E-07
- 9403E-05
. E772E-07
.0E33E-07
-4784FE-08
-000o0E+00
ACTIVITY
-4314FE-03
-430zE-0z
.ElegE-0z
.T071E-03
-439zE-10
-O0ooE+00
ACTIVITY
9.z741E-01
5.88E3E-01
2.8211EE-01

|l e TR T AN T R e B e S

H wn M n
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A standard case with slag-metal input plus additives

The following six slides show how the Equilib module is applied
to a steel metallurgical question involving a liquid Fe-based
solution, a slag phase, a gas phase based on argon and the
addition of CaSi to treat the sulfur content of the Fe-liquid phase.
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Desulfurizing a steel by CaSi addition. Reactants entry.

F Reactants - Equilib M= E3
Eile Edit Table Unitz DataSeach Help

Dlﬁ'l i| TIC] Platm] Energyll] Masz(g] “olll] Bl ml

Species Phase T[C) Pltotal)™ Streami Data
fsolid1 bec | oo o [ FACT
[solid1 graphite  ~| iooo 1o FACT
Starting composition i Jsalid =l Jioo o FACT
of the steel melt - Jschic = Thooo . FacT
[sclid1orthorhombic ] [iooo [ FACT
[solid | [iooo . FACT
Jsclid lime: =] Jroo0 . FALCT
fsolid1 quartzll > 1o . FACT]
fsolid1 gamma  ~] 1000 . FALT
[sciid =] [roo0 . FALT]
Note the use of the [ intial condiions

variable amount
<A> for the slag.

FhctSage 5.0 Compound: | 146 databagzels]  Solution: | 1/5 databaze(s]

1-10 11-13
Maszz[g] Species Phaze TIC] Pltotal]>™ Stream#t Datsy
c oo__g * |<5.-'-‘-.> |FeEI |SD|iE| wiLztite j |1|:||:||:| |-|_|:| |-| FALCT
Calcium silicide _ _
dditi * oz |casi Jsolid ) Jioon Jro I FacT|
addition * 0.4 [ |gas x| Jooo o [ FACT

G’actSageT” Equilib 16.1 www.factsage.com



«initial conditions» Default Values and Features

110 [r-1s [
Mass(g) Species Phase T(C) Pltotal™  Streamit |Data
[100 IFe [solid1 bee =] foon o | FACT
*+ o1 c [soid1 giaphite =] [ioon 1o i FACT
+ oz [5i EE =] [ o [ FACT
+ |15 [hr [selic1 =] [ o [ FACT
+ [0 B [salia-1 athorhambic ~] [iooo [0 [ RACT boxes
*+ 0.5 [l EE =] [ o [ FACT
L PYTTSS [CaD [salid lime =) Jooo i [ FACT
* o108 [sinz fsolid1 quartzll =] [rooo o [ FACT «initial conditions»
+ eanss IR [soid1 gamma  ~| ioo0 1o [ FACT check box
* ca0a [Mni [salid =) Jooo i [ FACT
| T initial conditions |«

These are the defaults values for the reactant species when the «initial conditions»
box has been checked.

» Specifying initial conditions is only useful if you want to calculate or constrain changes
in the extensive properties (AV, AH, etc...). You have to select, for each reactant
species, the phase, the temperature, the total pressure and the number.

 All reactants in a given are grouped together, they have the same
temperature and total pressure. If you change the temperature (or pressure) of any
one member of the , then the temperature (or pressure) of all the other
members of the will be changed to the same common value.

G’actSageT” Equilib 16.2 www.factsage.com



Desulfurizing a steel by CaSi addition, selection of solution phases and final conditions

F Menu - Equilib
File Units Parameters Help

=30

TIC) Platm) Eneray(J) Mass(g) Valll)

m =@ e

- Reactants (13)

Summary of the
Reactants window

\ 4

2

~ Products

+ 4208 ARROZ o+

<104 Mn0

+

J-‘[gram]HJU Fe + 01C + 0285 + 15Mn + 0025 + 0054 + <404 Ca0 + <104> Si02
4

<Bhy FeO + 0.2 CaSi + 004 Ar | |
3

Compound species Solution species Custom Solutions
[+ gas & ideal " real 57 ( = | +| Base-Phase | Full Name 0 fived activities
[~ liquid 0 + FACTSLAGA ASlagliquid Lraclivily caeticienis
Selected r AQUENLIS 0 + FACT-FelLD Fe_liq 0'ideal :;‘.Elll.lllD:‘, -
[+ solid 133 [Tetss
¥ suppressdiuplicates
™ include molar volumes
Species: 190
- Target 3 p
+ none - egend e :
i V Show ¢ all (* iselected | Total Species [max 700] 212
Estimate T(K} [1000 (* Sk e Total Solutions [max 30) 2
. .. i UhA: species;
Final conditions: Massil [0 solutions: 2 e Default_|
e <A>=0.015  Final Conditions , |~ Equilibrium
© <A> I <B> I TIC) I Platm) Product H{J) Ll &+ normal €5 ranstions
e T=1627°C 0.015 | [1627 [To (" predominant  open
° F) — 1 atm ﬁlj_ steps = Tiatle [1 calculation] Calculate >> I
FactSage
and Calculate >>
™ H K
G’actSage Equilib 16.3 www.factsage.com



Desulfurizing a Steel by CaSi Addition. FACT Format Results.

phase,
mainly

({gram; 100 Fe + 0.1 C + 0.2 5i + 1.5 Mn +
(gram) 0.0Z & + 0.05 Al + =d40i= Cal +
(gram) <zZ0L> ALZ0Z + =104> Mn0 + <LA> Fel +

{gram) 0.04 Ar =

1.0089E-03 mal
{4.0128E-02 gram,

gas_ideal

1. 00c23E-02 mol,

=104 S1i0Z +

0.15c22 litre,

0.z CaZi +

Z.LL22E-04 g/ml)

Two liquid solutions:
* liquid steel
* slag containing sulfur

No solid phases
(activity<l1)

{1627.00 ©, 1 atm, a=1.0000)
{ 0.99448 Lx
+ d4.3098E-03 co
+ 1.0377E-03 Mr
+ 1.1361E-04 Fe)
+ 10Z.0%2 gram Fe-lig
{10Z.09 gram, 1.8407 mol)
{l627.00 ©, 1 atm, a=1.0000)
{ @=.00% wt.% Fe
+ Z.073%E-0Z2 wo.% Al
. + 9.7900E-0Z wt.% C
' + 1.5825 wE.% Mn
+ 1.1478E-04 wt.% 0
+ 9.7123E-04 wt.% &
+ 0.z8770 we_s 8i
+ 2.1753E-03 wt.% Cal
+ 1.7349E-04 wt.% A10]
+ 1.EEE2 gram Aflag-licaid
{1.Z528 gram, 1.9174E-0Z mol)
{lg27.00 ©, 1 atm, a=1.0000)
{ 1.5496E-0Z wt.% Fel
+ 4.74Z0E-0Z wt.% Mnd
+ 10,041 wh.% 840z
+ E2.191 wt_% Cal
+ zg.z82 wh.% AlZO3
+ 3.4200 wE.% Cad
+ 5.662ZE-04 wt.% Fes
+ Z.656%E-03 wt.% Mn3)
+ 0.00000 gram Fe_bce T
{1627.00 €, 1 atm, 81, a=0.%3200)
| + o.ooo00 gram  Fe fec T
{1627.00 C, 1 atm, SZ, a=0.9Z35Z)

G’actSageT”
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Desulfurizing a Steel by CaSi Addition. ChemSage Format Results (4 parts)

PHASE: ASlag-liguid gram MAZS FRACTION ACTIVITY
Fal 1.9414E-04 1.E5496E-04 4.0994E-04

T e oo o < Final COﬂditiOﬂS Muo 5.9407E-04 4.7420E-04 1.7391E-03

P - 1 00MO0ESOD atm 2102 1.2573E-01 1.0041E-01 7.0978E-05

Vo= 1 SES97E-01 dn3 Cal 7.Z5901E-01 5.8191E-01 1.5263E-01
ALZOZ 3, 5431E-01 7. 8787E-01 7. F93ZE-03

STREAM CONSTITUENTS AMOUNT / g am | cas 4. F345E-0F 3.4700E-0Z 7_7E33E-01 |

Feo 1 0000E+07 Fes 1.0852ZE-05 8.662ZE-06 8.5415E-05

o 1 O000E-0L M3 3.3285E-05 Z.6ES9E-05 7.5892E-04

81 7_0000E-01 FezZ03 4.2593E-07 3.4238E-07 1.3290E-13

Mn 1.5000E+00 TOTAL: 1.z528E+00 1.0000E+00 1.0000E+00

g Z_0000E-0Z

al 5. 0000E-02

Cal &.0000E-01 .

STREAM CONSTITUENTS Product solution slag

A1703 3. 0000E-01 l—

b or AMOUNT of reactants ( or

el 7_EO00E-0Z

Cafi Z_0000E-01

- ) phase

EQUIL AMOUNT MOLE FRACTION FUGACITY

PHAZE: gas ideal mol atm

Ax - 1.0012E-0% 9.9448E-01 9_9448E-01 PrOdUCt

co 4_3393E-06 4. 309BE-03 4_3098E-03 .

M 1.0445E-06 1.0377E-03 1.0377E-03 phase, malnly

Fe 1.1439E-07 1.1361E-04 1.1361E-04

TOTAT, - 1 _NNF3AR-N3 1 _nnan®E+nn 1 000 rE+nn

PHASE: Fe-lig gram Mags FRACTION ACTIVITY

Fe 1. 000EE+0Z 9 BO0BE-01 5_7ZS0E-01

al Z_117ZE-0Z Z.0738E-04 Z_7635E-05

C 9. 9948E-0%F 9.7900E-04 Z_E999E-0%

Ca 1.9756E-06 1.9351E-08 5_EBEBOE-05 .

M 1.5156E400 1.5825E-02 1.583EE-02 Product SOlUt'On Steel

o 1.1718E-04 1.1478E-06 3_BE9EE-08

E 9_4050E-04 9.2123E-06 3. 0ZB9E-06 h

gi z_937ZE-01 Z.8770E-03 9. 7811E-06 ( or )p ase

Ca z.ZZ0OBE-03 Z.1753E-05 Z.1E05E-05

Al0 1.Z607E-04 1.2349E-06 1.E928E-06

5i0 5_73Z0E-07 5.6145E-09 7_060EE-09

Mno z_BZ3ZE-05 z . 7653E-07 z_1611E-07

alz0 8. 4883E-06 g.3143E-08 £ EE83E-08

TOTAL 1.0Z09E+0Z 1.0000E+00 1.0000E+00
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Desulfurizing a Steel by CaSi Addition. ChemSage Format Results (4 parts)

Fe_hocois) O_0000E+00 9_3Z00E-01 Mass fraction of system compohents:
Fe_fcoo(sZ) O_00a0E+00 Q9 _EZEEE-01 gas_ideal AZlag-licuid Fe-lig
Cal_lime(s) O_0000E+00 S.1184E-01 Fe 1.E5897E-04 1.2620E-04 0.98008
Caziil4 _alphals3) 0_0000E+00 5_674ZE-01 Mn 1_4784E-03 3_8403E-04 1_EgzEE-0Z
CazZ3il4_ alpha-prime(sZ) 0. 00a0E+0ao L_EZZEE-01 Ca E.91Z&E-0E 0.43428 1. EEE&E-0OF
Ca38i0s hatrurite(s) 0. 0000E+00 4. 6746E-01 Ar 0.995a9 0. 00000 0. 00000
Ca3iliZis solidis) T O.0000E+ao 4 &6140E-01 o 2. 8076E-082 1.E5714E-07= a_z71732E-08
Cal solidis) O_0000E+00 2.2418E-01 =5 F._FZ998E-08 d_ E935E-0Z F_8770E-03
CallZ04 solidis) T O_.0000E+00 Z.386lE-01 il 4_ SE47E-08 0.1l4968 7 _08zzE-04
Caffildd gamma(olivineis) T 0O.0000E+00 1.137ZE-01 u] 1.7#91E-03 0.aEz78 7. 8972E-05
CazilZzin? _gehlenite(=s) O_00a0E+00 4 Z3Z4E-0Z C 1.2970E-03 0.00000 a.7900E-04
Ca8il3_pseudowollast(s2) T 0.0000E+00 1. &58E7E-0OZ
Cafil3 _wollastonite(s) T O.000aE+ao0 1.33210E-0z
Mn solid deltaisd) 0. 00a0E+0ao 1.3z83E-0Z
Mrn solid gammal(s3) T O.0000E+ao 1. E718E-0zZ
M solid betalsZ) T O.0000E+a0 1. Z0923E-0Z
Mn solid alphais) T O.0000E+a0 1_0L501E-0Z ()f
A1202 corundum{alpha(sd) O_0000E+00 2_9409E-03
Ca38iZ07_rankinite(s) 0.0000E+00 2.1167E-03 SyStem CompOnentS
Calkldn?_=olidis) O_00a0E+00 7_44Z0E-03
A1203 _delta(sZ) O_00a0E+00 7. E4E0E-03
ALZ0Z kappa(s3) 0. 00a0E+0ao 7.l040E-03
A1203 ganma(s) O.0000E+00 & _033c5E-03
Felfi =solidis) T O.0000E+ao 4_ Z91FZE-03
Fel3C_solid-ais) I'T O.0000E+a0 Z.8713E-03
C_graphite(s) O_0000E+00 Z_E91ZE-03
Fe3C_solid-bi(sZ) T O.0000E+a0 Z.Ed493E-03 .
MnO_solidis) 0.0000E+00 Z.4679E-03 [€ NO pure SO||d phases
C_diamondisz) O_00a0E+00 1. 3741E-03
Mns alabandite(s) T O.0000E+a0 & 3353E-04
Fel_wastite(s) 0. 00a0E+0ao Z.0145E-04
CabklzZile ca-tschermals) O_00a0E+00 Z_.9E53EE-04
A1ZMn04 galaxite(spin(s) O_0000E+00 1. 3343E-04
Fe3®i solidis) T O_.0000E+00 1.1037E-04
ke e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e i e e e e e e e 2 e e e e e e e e e e e e e e e e 2l e 2l e e e e e e e e e

Cp_ EQUIL H _EQUIL 5 _EQUIL G_EQUIL ¥_EQUIL

J.EK-1 J J.E-1 J dm 3

Equilibrium thermodynamic values

o o o o o o g g o e i e e e e e e e e i e o o o o o o o o o i ol o i ol i i i i i i ol o e i e e e e e e e

S.642934E4+01 l.Z5535E+05 1.93201lE+02 -2.417ecE+05 l.56332E-01
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A standard case with aqueous solutions

The following slides show how Equilib is used for calculations of
equilibria in which a non-ideal aqueous phase is involved.

The aqueous phase is described by the Pitzer model which permits
high concentrations of dissolved aqueous species to be treated.

In addition to listing the calculated aqueous concentrations, the
results include the agueous properties pH, Eh/V, Total solute
molality, lonic strength, Osmotic coefficient and Debye-Hueckel
slope.

G’actSageT” Equilib 17.0 www.factsage.com



Non-ldeal Aqueous Solutions: FACT-PITZ (Pitzer)

Mixing 10 mol of NaCl and 1 mol of water at 25°C and 1 atm
creates brine saturated in NaCl.

F T{C) = 200 _ O] x|
File Edit Show  Sark
. |Eude| Species | Data | Phase | File Units Parameters Help
N H20[2) ice 0Ol B TIC) Platm] Eneray(J) Mass(mol] Volll) W B iy
32 Malsz] zolid
3 NaHis) salid - Reactants (2)
34 Mal 2z zolid
B Na20(s] solid-a [_H20 + 10 NGl |
a6 Ma20(=2] z0lid-b
ar Ma20[=3] zalid-c ~ Products
ag Ma202(z] zalid — Compound species 7’9@ species — Custom Solutions
9 Ma202(z2] zolid-2 I— gas {* ideal {™ rea——&( & | +| Base-Phase I Full Name I;l fived activities
40 NaOH(s) solid [~ liquid 0 +  FACT-PITZ Pitzer e L
A NaOH(s2) solid s 0 e
+ 42 Nalls) halite [rack sa.. 1 et
ot 43 MaCl04(s] solid i ¥  suppress duplicates =
44 NaClDdis2] solid i R e
Species: 1 apply I List ...
— Target — [ include molar volumes
Al B V Show (" all % selected | Total Species[maxB32] 8
Estimate T(K): [1000 i T Total Solutions [max 30] 1
Mass{mol): |0 solutions: 1 _ICIear Default I
Select Al | Select ... | Clear — Final Conditions E quilibrium
¢4 <B 1{ (* " hansitio s
| Click on "+" colurn [or press 1nst or iDel] to add or - _ g Sis) Biecpthie] —v-I . e . - t_[dr_l'_m‘n
o5 1 predominant Gpet
|1[] steps [~ Tatle [1 calculation] Calculate >>D I
) S
FactSage
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Solublility of NaCl in water — FACT format output

Aqueous phase results with respect to 55.508 mol H,O
(i.,e. 1 Kg H,0) hence in molalities.

F Results - Equilib 25

Edit Show Padg
O]

HZ0 + 10 HNaCl| =

C =10l x|
TIC) Platm) Erergyld] Masz(mal] Yalllire] "1 | | BI T

1.2z10 mafl Pitzer

{z4_473 gram,|1.2210 mol) mH[+] = 5.4059 x 10_8

atm, a=1._0000)

Output > Format > { 55.50¢ H20

+ L_4059E-02 H[+]

FACT Format e mareT ) Here the solubility of NaCl in water at

+ £.1338 Cl[-]

+ 5.4059E—08@ 25°C s Myac) = 6.1338 mol/kg HZO

(Eh=-1_35L ¥

A
+ 5.883% wol NaCl halite_ frock_salt_ structure)
(E77.97 gram, 52255 mol)

_|0g10 (aH[+]) = 6.597 {z5.00 C, 1 atm, 1, a=1.0000)

*****************************************************************

*****************************************************************

-4.39%654E+0c -4.63365E+06  0.00000E+4+00 7 35ZL4E+0z2  S_T73EE83E+0:
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Solubility of NaCl in water — ChemSage format output

F Results - Equilib 25C

=10l x|

Ckbput [ ittt
0= il TIC] Fiatrm] Ererguid] Massimal] Walllitre) "1 B i
—— Output > Format > ChemSage Format

P = 1_00000E+00 atm
T o= 0.00000E+00 dm?

P
<«

pH = -logy, (aH[+]) =
-log,((2.5287 x 10°7) =

6.5971

STREAM CONSTITUENTS AMOUHNT /ool

Hz0 1.0000E+00

NaCl 1.0000E+01
EQUIL AMOUNT MOLALTTY ACTIVITY

PHASE: Pitzmer mol
Hz0 1._0000E+00 5_EEOSE+01 7.5313E-01
H[+] Q_7389E-10 L_40E9E-082 Z.EZ87E-0O7
Nal+] 1.10E50E-01 &_1338E4+00 &.1523E+00
Cl[-1 1.10E50E-01 &_1338E+00 &.15Z3E+00
Clo4[-1 NOT CALCD. NOT CALCD. =1.0000E-7E
Cl03[-1 NOT CALCD. NOT CALCD. =1.0000E-75
OH[-] Q_7389E-10 L_40E9E-082 Z.94332E-08
TOTAL: 1_ZZ10E+00 1.0000E+00
mol ACTIVITY
HaCl halite_ (rock =salis!) 2_8835E+00 1.0000E+00
HaH =sclidis) O_0000E+00 1.0000E+00
Hz0 dceis) T 0.0000E+00 E.9288E-01
NalH =solid(s) O_0000E+00 Z.3668E-14
HalH =solid(sz) O_00o0E+00 £.9E5932E-1%
Ha_solidis) 0_0000E+00 &.5865E-23
HaZ0_solid-als) O_00ooE+00 E.97E0E-E2
HaZ0_solid-h{sZ) 0_0000E+00 3.6158E-53
HaZ0 solid-c(=3) O_0000E+00 9.3378E-EE
FTEEFTFEErEEEEEE LI LT AT A LA A A A A A AR A A A A AR A A A b A A A
Cp_ EQUIL H EQUIL 5 _EQUIL G_EQUIL V_EQUIL
J.E-1 i) J.E-1 i) dm 3

R e R R e R L R e R e e L]

E.73882E+0Z -4 329cL4E+0c 7.35zZL4E+02 -4 6226LE+0E 0. 00000E+00

Properties for Pitzer: ‘\
pH = 5.5371 ([«

Eh/W = -1.3L42

Total solute molality = 1lZ_ 268 €

Tonic strength = &.1338
Osmotic coefficient = 1.28Z9
Debye-Hueckel slope = 0.33180 /

Summary of aqueous properties

G’actSageT”
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Heterogeneous equilibria and the phase rule

The following five slides show how the heterogeneous phase
equilibria calculated using Equilib are subject to the Phase Rule.

For a series of calculations with fixed temperature and pressure
and variable composition it is shown how many degrees of
freedom are left for the various equilibrium states calculated.
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Simple Heterogeneous

ria and the Phase Rule:

F Reactants - Equilib

File Edit Table Units DataSearch Help

D] +| =

TIK] Platm) Energy()] Mass{mol] Yolfl)

P I B3

M & %

FACT

Oxidation of iron sulfide
by a variable amount
(<A>) of oxygen

<Alpha>,= 0.6
<Alpha>, = 0.65
and step = 0.01

F Menu - Equilib

T[K] Platm] Energul]] Mazs{mol] “alll]

Mass(mol) Species Phase TI(K] Pftotal)** Stream#t Data
1+ [Fes [solid-1 | [ooo 1o [1
5 a> [0z [gas | [1000
File Unitz Parameters Help
A multiple entry for the BRI=2E
<A > —Heactants [2]

PRGE
[1000K .41

<14 Fes +
[1000k..21.41]

—Produc =
— Compound species

— Solution species

[+ ge= & ideal © real 18
** Pltotal] is the hydrostatic pressure above the phase. [ liq.id .
For a gaseous stream this is the sum of the |_ ACLISOLE 0
partial pressures of the species in that stream. |+_ zclid 21 3 FACT zolution datazets - 0 selected.
¥ slppress duplicates
Species; )
T — - — T arget
[FactSage Compound: | 1/6 databasmhmﬁﬁﬁ[sj - FIOKE - ~Legend I— Shl:l'."‘\EF = selected
. Estimate Tk}, [1000 | ;
. . species
6 calculations will be performed for Massimal): [0 st 00
<A> from 0.60 to 0.65 in increments  Final Conditions
b <B> TIK] Platm]  [DetaHl] ]
of 0.01 (0.60, 0.61, 0.62, ... , 0.65). & 0|
! — - >
™ il
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FeS Oxidation and Results when (FACT Format)

T=1000 K, <A> = 0.60 mol

Cutput  Edit Show Pages
D] =l

TiK]) Platm] Energul)] kazzimal] Wolllitre]

4=06 | =051 | a=0s2 | A=063 | 4=064 | 4=045 |
=1-4= Fel + =4r 0Z = |E=
{1000,1,s1,#1) (1000,1,q, $1
0.3el7s mol gas_ideal
{22.205 gram, 0.3617% mol, 29.687 litre, 7.81l67E-04 oiml)
oo o0 FEo 1 atm a=1.0000)
I [ 0.98863 =0z
+ Z.6333E-02 a2
+ Z.9EZ4E-03 =0
+ 2.E363E-04 =3 —
+ Z.64Z9E-05 =0
+ 1.7034E-05 =1
+ &.6073E-07 35
+ E.21&ZE-07 =1
+ 1.EEZ93E-07 S0z
+ Z.0334E-05 37
. + l.1464E-03 5
PrOdUCtS- + 2.EE43E-10 =35
+ 4.2664E-15 oz
. . + 3.0316E-1%6 Fel
= ideal gas phase solution: b L0304E-27 | 0
. + 1. 2372E-1%2 Fe
malnly SOZ R T Tk 7 Fen
+ Z.83713E-33 0z
= 15t solid phase: Fe304(52) + 0.12442  wmol  Fe304_magnetite
{£8.807 gram, 0.1744F mol)
. {1000.00 K, 1 atm, 52, a=1.0000)
= 2"d solid phase: FeS (s3) _
1 + Z.67EEE-0Z mol FeZ_=zolid
| {2.3521 grem, 2.5755E-02 mol)
| {1000.00 K, 1 stm, $3, a=1.0000) =|_
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FeS Oxidation and Results when

(FACT Format)

Note:

Same phases and gas
partial pressure as for
<A> = 0.60 mol but
different amounts.

This is explained by the

Phase Rule:

F=C—P+2
where C=3 and P=3,
hence F=2 (T and P).
At 1000 K and 1 atm,
the system is invariant.

Products:

» ideal gas phase solution:

T=1000 K,

F Results - Equilib m- age 2,6}

Cutput  Edit Show Pages

O || A

T[K] Platm] Energul]] Masz[mal] “alllitre]

A=06 - 4=061- La-psz| A=063| A=064 | A=045 ]

=101 %]

=N 73

| <1-2= Fe% + <ar 0z =

mainly SO,

{1000,1,s1,%1) {(1000,1, g, 1)
0.2e721 mol gas_ideal
{23592 gram, 0.36781 mol, 30.182 litre,

{1000.00 K, 1 atm, a=1.0000)
| CREEEEE g0z |
¥ z.6o93E-0z § =2

+ 3_9234E-03 530

+ 3.5368E-04 83

+ 2_6429E-0F 0

+ 1.7094E-0E g4

+ 6_6079E-07 85

+ 2.316ZE-07 86

+ 1.2298E-07 203

+ Z.0994E-08 87

+ 1.1464E-09 g

+ 9_5243E-10 g3

+ 4_BEE4E-1E 0z

+ 3_.0216E-16 Fas

+ 1.0304E-17 0

+ 1.2379E-18 Fe

+ 1 1794F-19 Fel

+ Z_9713E-33 031

T.8167E-04 g/ml)

» 15t solid phase: Fe,O,(s2)—f * 9,255 ==t

» 2" solid phase: FeS (s|3)

(29 287 gram,
(1000,

Feil4 magnetite
0.1Z649 mol)
00 K, 1 atm, 52, a=1.0000)

+ 1.058324E-0Z mol
(0.92608 gram,

G’actSageT”

(1000,

FeZ_szolid
1. 0E24E-0Z mol)
00 K, 1 atm, 52, a=1.0000)
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FeS Oxidation and Results when (FACT Format)
T=1000 K,

F Results -Equi A-062 fpage3/®) JR[=TF

. Qukput  Edit  Show Pages
Products: 0y ||;,'*| ﬁl TIK] Platm] Energyl)] Mass(mal] Yollitre] m | | |3| 1

4=06 | A=061 -A=082- | 4=053 | A=0.64 | A=0.5 |

= ideal gas phase solution:

. <1-Ax Fed + <ir 0F = -
rT]E1|r1|)/ ES(:)Z TIooo, I, =1, fL7 (To00)l,q, #1)
. 0.37308 mol gaf_ideal
m a SO“d phase: Fe O (32)_ {z3.918 gram, 0.373P6 mol, 30.617 litre, 7.8132E-04 g/ml)
34 {1000.00 E,V1 atm, s=1.0000]
| ¢ 0.98154 g0z
T L. CeE0E-0z 5z
+ 2.6241E-03 550
+ 1.5514E-04 53
. + Z.3Z15E-05 =0
m + 5.7454E-06 4 | |
+ 1.6914E-07 g5
- g = + 1.4375E-07 503
All FeS(s3) Is oxidized S
+ 3.1157E-09 g7
— + 8.7293E-10 g
NOW Only 2 phases (P - 2) + 1.07632E-10 o
. + 6.4753E-15 oz
exist. + 1.9020E-16 Feg
+ 1.2578E-17 o
. + 1.0z2ZE-18 Fe
From Phase Rule: Plozazils o ge
F _ 3 + 4.E511E-33 o3
+ 0_1Z2667 mol Fe30d magnetite

and gas phase composition | [ =7 tzs-sz8 sran, 022667 2ony
. . . . . (1000.00 K, 1 atw, 3E, a=1._0000)
varies in equilibrium with

+ 0.00000 mol Feild magmetite

Feso4 (52), the SyStem iS {lo00.00 K, 1 at.r.u, 21, a=0.96684)
univariant. _J *8-annen ilD?;%DD ifsfszi;? 53, a=0.62938) =l
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FeS Oxidation and Results when (FACT Format)
T=1000 K,

F Resull:s—EquiIih HE 5 =101 %]

Cutput  Edit Show Pages

N ||i"'| il TIK] Platm) Energul)] Mass[mal] Yalllite] "1 | | BI o

a=08| a=081| a-062| 4=083| A-084 -Aa=085-]

<l-A> FeS + <h» 02 = -
] {1000,1,s1,$1) (1000,1,q,$1)
Products:
0.325E841 mol gas_ideal
) ) {23623 gram, 0.35541 mol, 29164 litre, 5.0999E-04 g/ml)
» ideal gas phase solution: 11000.00 K. | atu. a=1.0000}
. . { 0.80420 202
mainly a mixture of SO, t 0.18058 503
+ 1.5zz3E-0z 4 oz
and SO | + 1.9234E-11 0
3 T [N M L Y L L Sl:l
+ 1_6433E-14 03
+ 4.8877E-22 850
4 3.0426E-22 5 |
4 1_5451E-22 Fe0
Note: + 1.9013E-27 5z
— + 9_5760E-28 Fe
. . . 4 £_ZZ40E-33 Fes
Oxidation is complete. feleumm-sz 5
+ 8_4810E-56 g4
] + 8_7009E-70 85}
Fe,O4(S1) is the stable _
l + 0.17500 mol FeZ02 _hematite
F)F()(il](:t | (z7.946 gram, 0.17500 mol)
) {1000.00 K, 1 atm, 1, a=1.0000)
4 0.00000  mol  FeS04 solid
{1000.00 K, 1 atm, S1, a=0.23741)
4+ 0.00000  mol FeZiS04)3 solid
{1000.00 K, 1 atm, 21, a=0.15567)
+ 000000 mol Fe3l04 magnetite

{1000.00 K, 1 atm, 52, a=4.5295E-03) j
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Compound species selection - FactSage 6.4

In FactSage 6.4 there is a new default exclusion of species from compound species
selection

When two or more databases are connected, the same species may appear in more
than one database. In such cases, a species should generally only be selected from
one database. Otherwise conflicts will probably occur. In order to assist users in
deciding which species to exclude, the FactSage developers have assigned
priorities. When you initially click on "pure solids", "pure liquids", or "gas" you may
now see that several species marked with an "X" have not been selected. That is,
they have been excluded by default because of probable conflicts between
databases. The FactSage developers suggest that these species not be selected for
this particular calculation.

If you wish to select species marked with an "X" you must first click on 'permit
selection of "X" species'. This will then override the default setting and permit you to
select species as in FactSage 6.3. This will also activate the 'suppress duplicates'
button and enable you to define a database priority list as in FactSage 6.3.

IMPORTANT : For many calculations, it may frequently be advisable or necessary to
de-select other species in addition to those marked with an "X."
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Compound species selection - FactSage 6.4

.\

CaO + SiO, using FactPS and FToxid databases.

47 Menu - Equilib

File Units Parameters Help

== p TIC] Pistrnl Ervmranll] bd seefrnnll Sl I W=AF. YECA L .
ﬁr Selection - Equilib - no results - l =] |&]
Right-click on 'pu re File Edit Show Sort
SOl |dS’ tO Open the [Selected: 23439 [souD | |DEHEESEE | sclected. I| % denotes species excluded by default
. : R
Selection Window | - — — - |
. . + | Code Species | Data | Phasze |T |'1|F' | Activity | Minimum | M aximum -
+ Si02z] FTowmid — Qluartz(l] W
[ gas O ' +  FE si02s2) FToxid  Quartzlh) Y
[T aqueous + B si02s7) FTaxid  Tridymitell] v
[ pure liquids + B si02s4) FToxid  Tridymitefh) W
[+ pure solids + B si02s5) FTasid  Cristabalite(]] Y
+ B si02(sk) FToxid  Cristobalite(h] Y
. + B si02is7) FToxid  coesite Y
The species + [ 023 FTosid | stishovite v
. VAL + B Ca0is) FTosid — Lime W
marked with an "X + B Casin3) FToxid  ‘wollastonite Y
+  EE Casin3s2) FToxid  Pswollastonite
have not been T + B Cazsind(s) FToxid  Gammaloliving)
selected. — |||+ | cazsin4s2) FTasid  Alpha-prime
+  E Cazsind(s3) FToxid  Alpha
+ [ ca3si05(E) FToxid  Hatrurite
— ||+ |[EE Cca35i207(5) FToxid  Rankinite o
The FactS age e 3 sig FactPS  salid
Tl EER FactPS  Quartz(]) Y
developers SuggeSt 4 % | BER si02(s2) FactPS  Quartz(h] Y
i | I Si02(s3) FactPS  Tridymited]) Y
that these Species 2 | I Si02(s4) FactPS | Tridymite(h] Y  ~|
not be selected for —] ——————
i ) —] [ permit zelection of %' species | | |
this particular
_ Shaw Selected | Gelect Al | Select/Clear... | Clear o |
calculation.
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Compound species selection - FactSage 6.4

To override the default

marked with an "X click
on 'permit selection of "X"

species'.

G Selection - Equilib - no results -
File Edit Show Sort
Ielomred 23/329] [SOUD |  |DEWEESE | sclected | [ denates species ercluded by default]
- hio results -
. . Code Species Data Phaze T|¥| Activity Minimum M aximum -
setting and select species H Casi03s) |FT|:u:-:iu:| |Wnllastnnite l |v l | |
EE Casinds2) FTosid  Ps-wollastorite
B Cazsind(s) FTosid  Gammaloliving)
B Cazsing(s2) FTosid  Alpha-prime
B Cazsing(s3) FTosid  Alpha
EE Caasion(s) FTosid  Hatrurite
E Ca3sizo7(s) FToxid | Rarkinite o
+ 34 Silz] FactFS  zolid
-+ S Si02(5) FactPS  CQuartz(]] Y
+% [ si02(:2) FactPS  Quartz(h) Y
+% [ Si02(:3) FactPS  Tridymite] Y |
+% [ si02(:4) FactPS  Tridymite(h) Y
+% [ si02(:5) FactPS  Cristobalite]]) Y
+%  [E Si02(s6) FactPS  Cristobalite(h) Y
+= B si0z:7) FactPS  coesite Y
+x  [EE Si02(s8) FactPS  stishovite Y
+ 43 Calz] FactPs  Salid_Alpha
+ 44 Cal=2] FactFS  Solid_Beta
+=  [EE Ca0is) FactPS  Lime Y
46 Cal2z] FactFS  zolid
47 Ca5i[=] FactFs  aC8-Cricm -
> [ permit selection of &' species Help Suppress Duplicates | E dit priority lizt - IFactPS FTowid
'y
Shaw Selected | Select Al | Select/Clear... | Cear | oK.

[ ||§||-“§&1

You can then also set a database priority list and ‘Suppress Duplicates’.
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