The Predom module

Predom calculates and plots isothermal 1-, 2- and 3-metal
predominance area diagrams.

Predom accesses only compound databases.
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The Predom module
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Using the Reaction program to identify the most probable reaction

Question: A gas mixture, 80% SO, + 20% O, at 1 atm, is equilibrated with Fe at
1000 K. The possible products are FeO, Fe,O,, Fe;O,, FeS, FeS,, FeSO, and
Fe,(SO,);. Which product is the most the stable?

Answer: Although some SO,(g) forms, for simplicity we will assume that SO, and
O, are at equilibrium: i.e., P55 = 0.8 atm and P,_= 0.2 atm. In such a
case, it can be shown that the equilibrium partial pressure of sulfur is
Ps,=102° atm. Although the value is small, this chemical potential is
useful for thermodynamic calculations.

From the Reaction program, the following values of AG are calculated:
(note: 1 mol Fe(s) reactant in all cases)

1:Fe(s)+0.50,(0.2atm) =FeO AG= -193.2 kJ
2 : Fe(s) +0.75 0, (0.2 atm) = 0.5 Fe, O, AG= -271.5 kJ
3 : Fe(s) + (2/3) O, (0.2 atm) = (1/3) Fe,;0O, AG= -254.7 kJ
4:Fe(s)+0.5S, (102 atm) = FeS AG= 181.6 kJ
5:Fe(s) + S, (10-® atm) = FeS, AG= 454.2 kJ
6:Fe(s)+20,(0.2atm) + S, (10-2° atm) = FeSO, AG= -266.1 kJ

&ctsagem Predom 3.1 www.factsage.com




Reaction program: 7 possible isothermal isobaric reactions and 7 values of AG

F Reactants - Reaction

=101x]

File:  Edit

Linits

Data Search  Help

T(K] Platm] Energy(l] kazz(mal] olllitre)

D||;i.-"‘| +|=|+|
1-3

M azz[mol] Species Phasze T(K] Platm)*™ Achvity Data
[1 |Fe Imust stable j 1000 .o |
+ o5 [ |gas =| oo oz |
= |1 |FeEI Imust stable j |1EIEID I1n |
F Table Reaction o ] |
File Units Output  Fioure  Help
- T[K) Platm] Energyfd] tasz(mol] ol
Dl Q| (K] Pfatm] Energy(J] {mol] Ve[l
Heactants
Reaction Fe + 05 02 = FeD
[1000kK] 1000k, 0. 2atm,q] [1000K]
T oo o, P 1 Delta HY1 | Delta Gi) | Delta Volll] | Delta SP/K] [Delta Cpl)/K)| Delta & (] | [T
Far a hquid or zolid, Pz the bpdog @~ = Fels1] 0zlg) Fels) -
- mialar wiolumne [but not cormprezsibility -263477.5 1331726 -2 0514E+02 -70.305 -14.006 -193709.3
[¥ non standard states [
................ Hea[:tants
--------- Lz Reactlo Fe 075 02 = 05 Fe203
W Compound: | 1/27 databazes (1000, (1000, 0.2atr.) (1000K)
Delta HWJ) B Delta GiJ] § Delta Yol(l] | Delta 5(J/K] |Delta Cpld/K)| Delta A [J]) | [T
------ Fels1] D2[g] Fe203s1]
-402575 4 2714807 W -307FIE+02 -132.495 5.E33 -ZEERA0LG
. —Reactants
Reaction Fe + 0.6667 02 = 03333 Fe304
[1000K] [1000K, 0. 25tm,q] [1000K]
3 Delta HiJ) l Delta GJ) [ Delta ¥ol{l] | Delta 5[J/K] | Delta Cpld/K)| Delta & (1] | |1
------ Fels1] D2[g] Fea04(s2]
-363290.5 2547025 W 27353402 -102.588 10,220 -253053 4
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Predom methodology

Heactants

Reaction Fe  « 05 52 = FeS
(1000K] (1000K_1E-2atm.q] (1000K]

4 Delta HW) B Delta GiJ) § Delta Vol{l) | Delta SJ7K]) |Delta Cpld/K)| Delta A [J) |
------ Fel=1) 52[g) FeS[s3)
-153754.8 181584.6 -4.1029E +30 -335.339 13,741 1810474

Reactants
Reaction Fe  + 52 = FeS2
(1000K] [1000,1E-29atm.q] (1000K]
5 Delta HWJ] | Delta GiJ) § Delta Vol{l) | Delta S[J/K) |Delta Cp(/K)| Delta A [J) | I
------ Fel=1) 52[g) Fe52(s1]
-297 458 5 454223 7 -8.2058E+30 751,682 -3.904 467843 1
Reactants
Reaction Fe  + 2 02 n 05 52 = FesOd
[1000K] [1000k, 0. 2atm.g] [1000K,.1E-29atm.g] [1000K]
6 Delta HY) § Delta GW) | Delta Yol(l) | Delta $(J/K) [Delta CpJ/K)| Delta A [J) | I
------ Fefz1] 02ig) 52(a) FeS04[s)
9796271 -266082.3 W -4.1029E+30 713.544 13.040 -249339.6
Reactants
Reaction R 302 B 075 52 = 05 Fe25043

[1000K) (1000K, 0. 2atrn,q] (1000K, 1E-29atr,q] (1000K]

7 Delta HJ) B Delta GJ) | Delta Vol(l) | Delta $(J/K) [Delta Cp(J/K)| Delta A [J) | |1
------ Fejz1] 02(g) 5Z0g) Fe2(504]3(s)
13730016 -279223.8 -5.1543E+30 -1093.778 17.991 -252743E

Fe,(SO,), is the stable product since AG is the most negative. For example, FeSO,
could not be the most stable since combining reactions 6 and 7, we have:

FeSO, + O, (0.2 atm) + 0.25 S, (10-2°atm) = 0.5 Fe,(SO,),
AG = (-279223.8 J) - (-266083.3 J) =~ -13.1 kJ

This methodology is used by the Predom program to locate the domains of stability
of each phase as a function of gas potential.
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Specifying a classical predominance area diagram: Fe-S,(g)-O,(g) at 1000 K

1. Specify the metallic and the non-metallic elements.

F Predom
File [ata Search Help
= &
— Elements
{* 1-Metal Example ..
" 2-Metal Example ..
" 3-Metal Example ..
Metals: IFE
Maon-metals: |5 ||:| I v
Clear |

3. Select the variables:
 Parameters:
* Pressure
« Constants
« Axes
« Labels and
Display
* Species: gas, liquids
and solids
 Calculate: a diagram

2. Press Next >> to activate the calculation.

File Units Data Search  Help

=101 x|

All examples shown here are

GactSage'“

- click on: File > Directories...

0| =| TiK] Platm] Mass(mal]
—Elements — Parameters
v 7-etal Example . — Pressure
= 2Metal Example . Isobar: W Flatrn]: |-|_|:|
= 3-Metal Example ..
—_— — Congtants
Metals: I
Fe Temperature < I jv
Maon-retals: IS ||:| I TIK): IF log1 0[Z): I—
Clear | Mext >> | vy vy
f-awiz log 1 0] H-avis log 1 0]
- Metal Mole Fractions v [P52) vI % (P02 vI
2-etal Miagram
mas 10 max: |5
|V| j mire: {30 mir: |25
: step: |2 step: |4
i ztal Dimgram — Labelz and Dizplay
% chemical v f
I— I— ull zoreen
" rumnber giZE: |12 ;
 rone v titles
—Species
¥ gas 1= — Calculate
v liguids & * diagram
T aguesus @ ome |-|_|:| : 7 irvvariant point
v zolids Fl List | " detailed point
stored in FactSage |
> Slide Show Examples ... 4.Press Calculate >>
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Figure display of the predominance area diagram of Fe-S,(g)

-O,(g) at 1000 K

Labelz and Dizplay
f* chemical v full zcreen

" rumber &izE; |12 7 il
v fitles

i none

- Calculate
*  diagram

irnearniant paint

" detailed point

The arrow is pointing to
the Fe,(SO,); domain
where:

=log,o Pp,=-0.7333
— Pg,= 0.2 atm
y = 10940 Pg,=-29.01
— Pg,= 102 atm

F Figure  User: C.R.C.T. - Ecole Polytechnique de MONTREAL

File add Edit view Help

Dlz|do] =l s|e X| o 2| 85 Qx| Em—_"-]
Fe-S-0, 1000 K

'+'= 1 .0 atm isobar

=

=101
Selected I

<FactSage=
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=
=
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=1
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¥ H

Fe 0O =2)

Fe (5030

m‘pu
2624232271 20191817 16161413 1211100 8 7 6 6 4 3 2\08/1 1 3 4 &

109, (P{0.}}
——FantSage—— 24377 i = -0.73333333 ¥ = -29.015355 | [CIFSPC-S 1 Predom FIG y

Figure creates a predominance diagram that can be
edited, manipulated and stored in a variety of ways.
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Revised Predom diagram displayed in Figure for Fe-SO,(g)-O,(g) at 1000 K

Chang | ng the X and Y axes. F Figure  User : C.R.C.T. - Ecole Polytechnique de MONTREAL I | |

File a&dd Edit Wiew Help

o Dlzlale| el X o = &[] & x| [EEm] st ]
~ Parameters
Pressure o Fe-S-0, 1000 K
lzobar. v Flatrm]: |-|_|:| . '+ = 1 0 atrm isohar
_I:Dnstants R 4 | Bk B | AR bR AR AR R R """'|"'""|'"'"'|"""'f'f'la"ﬁ"gﬁ'?#gj
e 348 K
Temperature < I 3 3
T froos— e o e
. . 15 Fas (=) .
T TS gk N 1 AS0E)
v.[Psoa =] | | %[0z =] - ; :
ma: [4 max: [2 - ~ -5
mir: [.5 min: |20 =3 _1';
\\step: 05 zhep: 1 / L E _'2
~ Labelsand Display— T S
" chemical ul L .
o e g AT » sE Intersection at:
W v titles e _#+ FeSis3) Fe 0,=2)
-5 = ==
— Calculate -5.: X |0910 P02 0689
" diagram ’ ~
" inwariant point 'E_: I P02~ 0'2 atm
" detailed point - = —
memE R ?-.g worduwwidvwnnbwe el b dweob b e bw b w l e y - |0g10 PSOZ_ -0-098
=200 19 18 17 16 158 -4 13 12 11 -0 9 B 7
And Calculate >>... v log, (PO)) | PSO ~ 0.8 atm
a revised Predom diagram. | Faasage 465 171 (M =-0.3838883 ¥ =-0.09846153) 2

Note: The Fe-S,(9)-0,(g) diagram (previous page) and the Fe-SO,(g)-0,(9)
diagram (here) are topologically equivalent, i.e. the same combination
of species coexists at the invariant points.
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Invariant points of Fe-SO,(g)-O,(g) at 1000 K.

Calculate F Figure =[O x|

g File a&dd Edit Wiew Help
- Eu:hataileu:l pu:uint. M glElElEl ilélil ﬂl El @l El ::II Selected
/ Fe-S-0, 1000 K
T * Lh WT-“ h'IIII'IILIIIIe _<FactSage>
Phase Rule: - s :
F=C-P+2 Al :ﬁ Fes. i) . \f
1 e 00 E
F . degrees of freedom : NS :
C : number of components =l B
P : number of phases — .
T (W= st
T FeSi Fe.0,62 Fe i3 33
Univariant line (/): u =
FeS/Fe,O,/gas. From the phase o BB
rule, F = 2. Hence, at 1000 K only A ]
one of SO, or O, can be fixed. 109 4(P(0.) -
| FatSage 330 121 M= -2.8828089 ¥ = 0.72207R92 D [cFSPCEliPreds
F Invariant Points - P{atm), Y =P{502), X =P{02), T{K} = 1000 ﬂ
File Edit
At the arrow, C = 3 (Fe,S,0) and @ LI el
_— . . log100Y] | log1 0(<) Species A Species B Species C
P - 4 (3 SOlIdS and 1 gaS), hence -1gEI.E1EIE| -EQEI.E?EE| ] | Fna[s]IJ |1IZI| FeEI[:] |2IZI| FeS[sg]
F=1. At 1000 K, the system is S i e el eonius Tl et
1 H 0.7191 -2.9064 | 11| Fe203(s) 24| FeS04(z) 25| Fe2[S0413
Invarlant (NOte that the tOtaI 1.2992 | 135250 [ T 7 Fedlda[==] 07T Fes=d] 21 FeSZ[s)
pressure is not specified.) L LT
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Detailed point calculation at Py, =0.8 atm and P =0.2 atm for Fe-S0,(g)-O,(g) at 1000K

File Units DataSearch Help

=101 %]

18 gas species, 6 liquid species and

Ol T(K) Platm] Mass{mol i i . i
= ) Ptem) Mssinel 21 solids species (total: 46 species)
—~ Elements — Parameters .
€ THo o ~Pressue _ in the FACT compound database
2-Metal Example .. lsabar: [ Flatm]: |‘|.|j
 3Metal  Example . iNi
etal e HEEE r— Corstants Contalnlng Fe7 S and/or O'
CElE F Temperature < I jv
Man-metals: |5_ ||:|_ I_ TiK]: |1EIEID log1 DIZ); | F List - 1000 (K) - IDIEI
Clear | Next »> | _t8 o D e =i Erfit—Hed
g 1] Togl 0] File— Hem
- Metal Mole Fractions e |\P[S02) vI # |PIO2) 'I
2-tletal Diagran mas: [7 maw:[7 + | Code 4 T Species Dﬂtal AfP/M | Cp range |1~
I j mir: [.g mire |20 Fe gazes: |
e stepr |05 step: |1 + 1 Felg) FACT  1.0000E+00 295 - 5000
i etal Dizaran -~ Labels and Display + 2 Fel(qg] FACT 1.0000E+00 298 - 000
@ chemical ] il e + 3 FeS[ag) FACT  1.0000E+00 233 - BOO00
| " number size; IT ) T
 none [V titles Fe liquids:
—Species + 4 Fell] FACT | 1.0000E+00 295 - 5000
g?as'd 1z 'Ca:f-":_te + B FeOl) FACT | 1.0000E+00 295 - 2000
iquids 5 iagrarn
| : E Fe304() FACT | 1.0000E+00 2923 - 2500
- . c .
T ey B Lise_| s _Colouiate »> | o] 7 Fesil] FACT  1.0000E+00 298 - 3800
Fe solids:
FactSage Compaund: | 1/27 databases " Fels) FACT  1.0000E+00 295 - 1812
+ 9 FelzZ] FACT  1.0000E+00 293 - 1812
] . + 10 Fel|z] FACT  1.0000E+00 292 - 2000
Click on Data Search to include or + 1 Fe203s] FACT  1.0000E+00 298 - 2500
. + 12 Fe203(z2] FACT  1.0000E+00 293 - 1873
exclude a database in the search. Here, AR i ST OEOIEATD os.
only the FACT compound database is + 14 [Fe304is) FACT 1.0000+00 258 1670 |

included.

Point calculation data entry:
Pso,= 0.8 atm, Py =0.2 atm

Point Calculation

- ¥ =P[502]). X=P[02]

Ps02}: [0.8 * ¥

P02} [0.2 ™ log0fY), logl 0x)

I GactSage'“
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Detailed point calculation at Py, =0.8 atm and P =0.2 atm for Fe-S0,(g)-O,(g) at 1000K

Fe,(S0O,);(s) is the stable species: A/PIM: Activity/Partial pressure/Molality
unit activity, C_ values not extrapolated _+|Code {T] Species | Data[C A/P/M_ Cp range |
p : + 15 Fe304(s2] FACT  1.207E-04  848- 2500
F List - Fe-5-0, T = 1000 {K) =10 x| + 1B FelD4(=3 FACT 5B55R4E-12 298 1870
File s + 17 Fe304{s4] FACT G743E12  848- 2500
+ 18 FeSis) s 4= e
+|Code { T| Species | Data| A/P/M | Cprange |« < 123 EEEESﬂ ((T)) |nd|CateS
Fe gazes: w IS )
1 Feig] FACT 5137E-29  298- 6000 + 2 Fe52(s) extrapolated data
2 Fel[g] FACT  3.004E-23 292 RO00 + 22 Fe52(s2)
P 3 FES[Q] FALCT 2 B2SE.AQ 293 . G000 + 23 FE?SE[S] FACT < 1.0E-70 295 - 300
Fe liquids: + 2 Fetlldfz) EACT 2 015E-01 293 - 2000
o4 Fell FACT 1 144E15— 295 6aen b |+ Fe2[S04]3(s] FACT  1.000E+00% 258 2000
+ B Fe[l] FACT  BOOME-DE  298- 2000
+| B Fea04{] FACT  5.325E-08 298 2500 Other gases:
v 7 Fesil] FACT  239BE25  295- 3800 + 26 Oig] EALT_BS30E-11 238 6000
Fe solids: > W 27 02(g) FACT  2.000E-O1 8- 000
o, Fefa) FACT  2440E1E  298. 1a12 + 2B 03a] FACT 7.828E-13  298- 6000
+ 8 Fefs2] FACT 234346 299- 1812 + 23 Sla) FACT 2304E-23 238 2300
+ 10 Fel(s] FACT  3001E06  295- 2000 + 30 Selal FACT | 1.030E-23 | 298- 600O
2l Fe203(s] FACT 1.370ECH 295- 2500 + 3 53(al FACT | 2870E-43 | 298- 600C
ANE Fe203(s2) FACT 1.383E06  295- 1873 v 2 S4(al FACT | 2787E-60 | 298- 60OC
ANE Fe203(s3) FACT 139306 956- 1873 + 33 55(al FACT | <1.0E-70 | 298- 6000
+ 14 Fea04(s] FACT  11E7E-4  298- 1870 ~ + =Elal FACT | <1.0E-70 | 298- 600O
. _ + 35 57(g] FACT  <1.0E-70  298- 6000
P Total pressure in gas whase =1.651E+00 atm.J + 3B 5%q FACT < 1.0E-70 2958 - (000
Damain: Fe2[504)3(=] + 37 S00g) FACT 3 40RE-12 292 - 000
Point Calculation - ¥ = P[5 2) < [v = 502(g) FACT  B.000E-OT 2 - 6000
WJ Yo TT eh) S03(g] FACT  EE1E-01 258- G000
RO T S et stopd Lo + S0 e B BT
ther liguids:
1 5] FACT  1422E16  298- 1500
+ 42T 503 FACT 143706 298- 311
. Other salids:
Mainly SO, (0.8 atm), O, (0.2 atm) . & T s FaCT 2. o
+ 44 T 57 FACT  7627E-16  298- 80
and SO3 (0'65 atm, see code 39)' + 45 T 503 FACT  3157E-07  298- 301
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Predom diagram for Cu-S0O,(g)-0,(g) at 1000 K

1. Specify the metallic elements (Cu) and the non-
metallic elements (S and O) in the Elements frame.

2.Press Next >> to search through the selected Compound
database(s) (here, FACT ) and activate the calculation.

F Predom - | 3. Specifying an isobar, P = 0.01 atm,
File Units DataSearch Help
Ol = E TIK] Platm] Mass(mol] at T - 1000 K
~Element P ters [
ements - 1o Example . <};rl:s-s:r:; . Figure ser: C.R.L.T. - Ecole Polytechnique de MOMTREAL =101 x|
 2Metal Example .. 9 lzobar: [V Platm]: |1.D/ File &dd Edit Wiew Help _
- > = : s
oo R ot Do wlslex | = 8 alx| 2] setected |
tetals: . I I
sl IE Temperatune Z e CU'S'Q
Moremetals: 5 [0 [ v < TIK] W oy '+'=0.01 atrn isohar
8
Clear @m Y T —
| r-aniz g1 H-aiz log! 0] \
—Metal Mole Fractions ¥ PIS02) vI % P02 vl
2-tetal Diagranm o
max [g max: [2
’VI j mir: {2 mir: |20 .
: step: |2 step: |2
ilztal Dingram  Labels and Display ? o
I I & chemical ; IV full screen ik
 rumber size: [12 ) T
e v titles ?—
~ Species S
v gas 13 <— Calculate .
Iv liquids 5 \:: diagral ’
[T aguecus 0 |1.D - A rreariant point }
v solids 13 M | detailed point ’

FactSage Compound: | 1/27 databases

4. Select diagram

5.Press Calculate>>

-0 -18 -16 -14 -1z -10 -8 -6 -4 -2 o
109, {P{O} -

|ciFsPesticuso 1000+ g

[ Factsage  [pes 195 [« =-10 ¥ = 036923077

6.In Figure, edit the diagram and save it.

I Gactsage
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Figure: Superimposed Predom diagrams for Cu-SO,(g)-O,(g) at 1000, 1100 and 1200 K

7 Repeat steps 3 (but uncheck the isobar checkbox) 5 and 6 for T=1100 K and 1200 K

F Figure  User: C.R.C.T. - Ecole Polytechnique de MONTREAL =10l x|
File #&dd Edit Wiew Help
Dieldlel sl slal x| | 2| &2 & X[ ]z selected |
s Cu-5-0: 1000 K, 1100 K and 1200 K
3 '+' = 0.01 atm isobar at 1000 K
8 -
E 1000 K
- E 1100 K .
8 1200 K
Al 3 \
4 b Cusis)
] I E
- = 0F
T a Cu (s ? E
a +++++++++++++++ + A LA+ ++++++++++++++++++++
=
T = 4 £ 0is) +
B Culrs)
-G +
-8 +
-10 +
.20 T 6 14 2 0 i i 4 3 0
log, (P{O,}} =
| Faosage (352 131 |« = 70222222 ¥ = 055384615 |CHFSPCELCUSD 1000+ 1100 1200 fg

8. Use the superimpose figure function in the Figure program to edit
this predominance area diagram at 1000 K, 1100 K and 1200 K.
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One-metal predominance diagram with four elements: Fe-S-O-Cl

Specifying the isothermal predominance area diagram for:
Fe-S,(9)-0,(g9)- S,Cl,(g) at 1000 K and P320|2= 0.1 atm

1. Enter the elements. This is a one-metal Fe system
with S, O and CI non-metallic elements.

=101

I GactSage'“

Predom 8.1

File Units Data Search  Help
0= 6 T(K) Platm) Mass(mal)
— Elements — Parameters
2 Press Next S>> f* 1-pdetal Example .. — Pressure
) ) " 2-Metal Exarnple .. lsobar: [ Patmn]: |-|_|:|
" 3-petal Example ..
Ly _ _— — Constants
Metals: [Fe < Temperature z [Fosso) o >
Mon-metals: Is_ Ilj_ IT \\T‘K]\ |-||:||:||:| log10(E]: I.‘I
Clear | > MNext >> | — Y. amiz A — % amiz
— | log 100 log 1 0f<)
3. NOte yOU mUSt enter 2 —Hetal_hlz?hllllitglra?;;?;: v P52 j w2 P02 j
constants. ma: |3 mar |0
r = T mir: {20
¢ T = 1000 K I : _I step: (2 step: (2
R Z - PS o - 10_1 atm A-tetal Diagram —Itfl:uels ar?-:lDispIa_I,I
2%'2 I— I— f:' Che";":al - v full zcreen
- ;z:ueer gize: I? 5 fitles
— Species
H ¥ gas 34 — Calculate
4. Select what you wish PR 10 ‘ & dsgrar }
to calculate and © e e st | E e telle
preSS CaICUIate>> |Fact5age Compound: | 1427 databazes

www.factsage.com




Invariant points table and predominance diagram for Fe-S,(g)-O,(9)-S,Cl,(g)

F Invariant Points - ¥ =P(52), X =P{02), T = 1000 (K}. -0l x|
. . File Edit
Appl |Cat|0n: Ing1l][Y]| Ing1l][X]| | Species | | Species | | Species At 1 000 K and
. . 7251 | 10448 | 28 FeS2(s) 31| FeS04s) 32 | Fe2(504)3(s] -
Chlorlnatlon Of FeS 1940 | 11776 | 28 FeSZ[s) 1| FeS04(s) 13 FeCl2[) PS Cla— 01 atm
2424 8029 | 31| FeS04[s) 32 Fe2(SO4)3sl | 8 | [FeCI3)2(a) 2v12
0528 8925 | A1 FesO4(z) 13 | FeCl2(] 8 | [FeCl3)2lal
F Figure  User : C.R.LC.T. - Ecole Polytechnique de MONTREAL - | Ellﬂ
File Add Edit Wiew Help
Dslds| =l sle x| o 5| g/2] o x| Selected |
Fe-S,(g)-0,(g)-S,CL(g)
1000 K, log,Prs.Cl) = -1

g E' "I"""'I'"""I"'""I"""'I"""'I"""'I"""'I"""'I"""':

o |

] FesS.(s) ]

‘+F :

2 FeSd,is) _

- FeCl.(1}

2 Fe,(50,),(s) E
- -2 —
v 3
o 4t
= ;
= i 3

3 _ (FeCly),{g}

-10 B
qr B

14 B _

T N T T PO P T P P P P

-2l -1 -16 -4 -1z -1 -8 B -4 -2 1

log,,P{0,) -
| FartSage 244 142 % =-11,822222 = 19446154 |c:1F5Pc-511Pred-:-m.FIG p
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Two-metal predominance diagram with four elements: Fe-Cr-C-O

Fe-rich side of the iron-chronium 2-metal Application:

predominance area diagram Passivity of Fe-Cr alloys
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Two-metal predominance diagram with four elements: Fe-Cr-C-O

Cr-rich side of the iron-chronium 2-metal Application:
predominance area diagram Passivity of Fe-Cr alloys
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One-metal predominance diagram with four elements: Fe-Cr-C-O

Fe-Cr-C-O with Fe as the 1-metal Application:
element, ac,, =1 Passivity of Fe-Cr alloys
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One-metal predominance diagram with four elements: Cr-Fe-C-O

Cr-Fe-C-O with Cr as the 1-metal Application:
element, ag,, =1 Passivity of Fe-Cr alloys
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Chromium-Carbon-Oxygen Predominance Diagram
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Use of the surimpose function of Figure (see Figure help, section 14) -
* makes it easy to compare the Cr-Fe-C-O diagram (previous slide) with
this Cr-C-0O diagram to show the role of Fe in the formation of FeCr,O,

&Ctsagem Predom 9.5 www.factsage.com



Basic computational procedure in the construction of a predominance diagram

The following five slides give a detailed explanation on the
stoichiometric relationships of the reactions that govern the
phase boundaries in a predominance area diagram.

In principle there is no limitation in this approach as to the
number of system components. However, there is one major
restriction in the entire approach of using stoichiometric
reactions: it is not suited for the treatment of systems with
solution phases.

thtSage'“ Predom 10.0 www.factsage.com



Basic computational procedure in the construction of a predominance diagram

Isothermal predominance diagram establishes at each log PS2 and log P02 a
particular compound MS_O, with the lowest AG of formation (based on 1 mole of M).

M+2S,+50, > MS.0O,

a
AGys o, = AGyso, +RTIN P

Ay, 'F)SE2 'PoE

2

At point p, AG (for formation) of M,0O is most

negative (per mole of M).
At point t, AG (for formation) of MO, M,S

and MSO, are equally negative.

v

log Py,

Notes:
* It is not necessary to identify possible equilibria among phases by this method.

* The user may set ays_ oy, OF PMSaOb to other than 1 for some species.
Useful especially when MS_O, is a gaseous species.
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Compounds as species represented on axes

Use of species other than elements for partial pressure associated with the axes.
Select S-O species with different ratios of S/O for each axis. For example SO, and SO;:

SO, +10, <> SO,
350, «» 250, + 15,

At any coordinate, p, on the diagram, the partial pressure or
chemical potential of elemental species O, or S, may be determined.

The basic algorithm on the previous page can now be applied:

Notes:
» Species on axes must not
contain the base element M
« Combination of species at triple
point is independent of choice
of S/O species for axes

v
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Point calculation

At any particular point such as p in a known domain activity of M can be determined.

M+2S,+20, > MS.0O,

Insert a,, from above into equation below

a
AG =RTIn D
Ay 'F)822 'F)oz2

v

log Py,

To find the activity of each MS,0,: M +2S, +20, <> MS_ O,

Activities and partial pressures of base-element-containing species at any point in the
diagram. The activity of the particular species MS_O, identifying that domain is the
set value (usually 1).
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More than 3 Elements Involved in Diagram

2 ways to proceed:

a) Fix additional chemical potentials (eg. P¢,)

Formulate formation reactions to construct the predominance area diagram
shown in Predom 15 as follows:

M+ gsz " %oz " %cl2 M;S,0.Cl.

One can specify PC|2 for entire diagram, or as in Predom 15, specify partial
pressure or activity of any CI-S-O species (eg. S,Cl,)

S,(9)+Cl,(g) < S,Cl,(9)

By this equilibrium, one can find Cl, for any S, partial pressure
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More than 3 Elements Involved in Diagram

b) Introduce an additional base element (eg. N)

(1-r)M+rN+2S,+5%0, - gM,N,S.O,+hMN,S O,
|

Base elements
(specify range in
which r may be found)

Combination of two M and N containing
compounds which satisfy the mass
balances with non negative values for
g and h for a specified value of r

Note: In the case of a two base element diagram each domain is doubly labelled.
In the special case of there being no compounds containing both M and N,
the two base element diagram may be regarded simply as the
superimposition of the two one base element diagrams for M and N.
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