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Several thermochemical software/database packages
with applications Iin materials science have been
developed over the last 40+ years.

These packages all contain large critically evaluated
databases of thermochemical properties for thousands
of compounds and hundreds of solution phases, as well
as user interfaces of varying degrees of user-friendliness.

— HSC Chemistry
— MTS-NPL

— Thermo-Calc
— Thermodata

— FactSage
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 Thermochemical databases contain parameters giving the
Gibbs energy, G, of all compounds as functions of T (and P) and
of all solutions as functions of T, (P) and composition. This is a
complete database because all the other thermodynamic
properties (H, C,, u, etc.) can be calculated by taking the
appropriate derivatives of the G functions.

« For a given set of constraints (such as temperature, total
pressure, total mass of each element) the software calculates
the equilibrium conditions by minimizing the total Gibbs energy
of the system. This is mathematically equivalent to solving all the
equilibrium constant equations simultaneously.

- Data are automatically extracted as required from the databases.
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Calculated Phase Diagram Section in a 4-component System
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Calculating the Previous Phase Diagram using FactSage
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Input to calculate the previous phase diagram in FactSage

Definition of the components:

F Components - Phase Diagram |;||E|F5__(|
File Edit WUnits Data Search Help

O ||=,"' ﬂ TIC) Platm] Energell] tazsla) “olllitre]
1-4

Components

FactSage 5.4.1 Compound: | 4421 databazes  Solution: | 3417 databazes
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Definition of the axes:

F Variables: Mg-Mn-Ce-Y T(C) vs composition #L1. Ed

Yariables T and P
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Cancel
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Phase Diagram of a 6-component System Calculated

from FTlite Thermodynamic Database

Temperature (°C)
S

Mg -Al-0. 05Ce 0. 5I\/|n O 1Y—1Zn (Wt%)

800
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600 |

200 |
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(g) (Mn) Liquid
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iquid + (Mn,Al) + (Mg) + Al ,MgY ]

" (Mg) + Al ,MgY + (Mn,Al) + Al ;,Ce,

x (Mg) + Al ,MgY + (Mn,Al) + Gamma + Al

11C63'

(Mg) + ALY + (Mn,Al) + Gamma + Al |,
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The thermodynamic database can be used along with the
Gibbs energy minimization software of FactSage to

» calculate any phase diagram section
(isothermal, isoplethal, etc.)

» calculate cooling paths of alloys
(Equilibrium, Scheil-Gulliver, etc.)

- calculate amounts of each phase

(— estimation of amounts and composition of
microstructural constituents)

- calculate heat evolution during cooling, etc.

(the thermodynamic database permits calculation of the
driving force for diffusion, precipitation kinetics, etc. and can
be coupled to software for phase field and kinetic modeling)
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How FactSage Thermodynamic
Databases are Developed

1. Develop a mathematical model for G(T, P, Composition) for
each phase (oxide, alloy, salt, matte, aqueous, gas ...)

2. Optimize model parameters simultaneously using all
available thermodynamic and phase equilibrium data from
the literature (activities, solubllities, pressures, heats, ...)

3. Use models and database to estimate properties of
multicomponent systems (ternaries, quaternaries, ...)

4. Calculate thermodynamic properties and phase equilibria
by Gibbs energy minimization (Equilib & Phase Diagram).

5. Dissemination to academic and industrial communities via
the FactSage system (www.factsage.com).
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The Equilib module

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

(continued)
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The Equilib module

.
{7 FactSage 7.0
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Desulfurizing a steel by CaSi addition. Definition of the reactants:

Starting composition

of the steel melt

Note the use of the

F Beactants - Equilib
Eile Edit Table Unitz DataSeach Help

Dl +| =

TIC] Platm] Energel] kMasz(g] Yol

I 3

)i B

Species

Phaze TIC]

Pltotal]** Stream#t Data

fsolid-1 boo | ooo

1.0 f1 FACT

Isu:uliu:H araphite

| looo

[1.0 FACT

Isnlid | Jooo

1.0 FALCT

[solic- | Troon

FACT

Isu:uliu:H Drthurhnmbicj |1E|E||]

J1.0 FACT

[sclid | [iooo

FACT

| Tooo

Isu:uliu:l lirme

FACT

| looo

Isu:uliu:H quartz(l]

FACT

| Jooo

Isu:uliu:l-'l gamma

FACT

[sciid | Troon

FACT

[ initial conditions

variable amount
<A> for the slag.

Calcium silicide

addition

1-10

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

11-13

Maszz[g] Species Phaze TIC] Pltotal]>™ Stream#t Datsy
s [Fen [solid wustite | [ioon o [ FALCT
* oz |casi Jsolid ) Jioon Jro I FacT|
* 0.4 [ gas x| Jooo o [ FACT
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Desulfurizing a steel by CaSi addition.
Selection of product phases and final conditions:

F Menu - Equilib
File Units Parameters Help

=30

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

m =@ e

Summary of the
Reactants window

\ 4

- Reactants (13)

selected

Final conditions:

e <A>=10.015
e« T=1627°C
e« P=1atm

and Calculate >>

2

J-l[gram]100 Fe + 01C + 0285 + 15Mn + 0025 + 0054 + <404 Ca0 + <104> Si02
4

+ <204 AROI o+ 104> MnD  +  <BA» Fel + 0.2 CaSi + 004 Ar
~ Products
Compound species Solution species Custom Solutions
[+ gas & ideal " real 57 ’— = | + | Base-Phase | Full Name 0 fixed activities
[ liquid 0 + FACT-5LAGA ASlag-iquid 0 ac_tl_'-/lt:'.l ;:o_em.c:nents:
r aquEnus 0 + FACT-FelO Fe-iq Oideal 20 ulu)rn
|+— solid 133 [Jetafs
¥ suppress duplicates
[ include molar volumes
Species: 190
- Target 7 g
, -norwé- — :?sg?ected V Show ¢ all (* iselected | Total Species [max 700] 212
Estimate T(K} J1000 spacies. 22 Total Solutions [max 30] 2
Mass(g): IEI Sl om Clear Defaul I
i~ Final Conditions ———  Equilibrium
<Ay I <B> l TIC) I P(atm) Product H{J) L] % normal €5 ranstions
0.015 [ [1627 [1.0 " predominant ¢ open
[0 steps T~ Table [T celouston] Calculate >> |
FactSage
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Desulfurizing a steel by CaSi addition. Results Window:

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,

0.15c22 litre,

<l0&= 3i0z +

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)
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The Phase Diagram module
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Many Types of Phase Diagrams

For phase diagram calculations the axes and constants are various combinations of
the variables T, 1/TK, P, log(P), RTIn(P), V, log(V), log(a), Eh, pH, H and X.

Type Y-axis X-axis
1 T P, log P, V, log V
2 P, log P, V, log V T
3 RTIn(a), log(a) P, log(P)
4 P, log(P) RTIn(a), log(a)
5 RTIn(a), log(a) T
6 T RTIn(a), log(a)
7 RTIn(a), log(a) T
8 Eh pH (Pourbaix diagram)
9 V, log(V) X
10 H X
11 P, log(P) X
classical temperature vs.
12 T X E:omposition) i
13 RTIn(a) X
14 X X (isothermal X vs Y section)
15 X X (isothermal Gibbs ternary)
16 X X (polythermal X vs Y projection)
17 X X (polythermal Gibbs ternary)

T = temperature (or 1/TK), P = total pressure, V = total volume, H = enthalpy,
a = activity (or fugacity), X = composition (mole fraction, weight fraction)
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Predominance area diagram: Cu-S0O,-0O,

F Figure  User : C.R.C.T. - Ecole Polytechnique de MONTREAL - | I:Ilﬂ
File &dd Edit Wwiew Help

Ojzdlo] e el X| o 5 &/4 x|

= Selected

Cus0,(s)

4 r CuS(s)

(Cud)(CuS0,)is)

log,, Py

-12 . 1 . 1 ] . ! .
-20 -1B A2 -8 -4 0

logy Ps,

| FactSage £SO 125 % = 1.4314315 ¥ = 5.1794372 [CHFACT-E11Equilib fig y
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Al,0,-Ca0-SIiO, polythermal projection

Four-Phase Intersection Points with ASlag-liq = g
: Avbnoxide / Ca2$i04_alpha(s3) / Ca3si0s_hatrurite(s) SIO

A203 corundum(alpha(s4) / CaA2siz08 anonhiteSs 34 Mullite 2
. CaZAZSi07_gehlentte(s) / CaN204(s) / CaN407(s

£ Ca28i04_alpha(s3) / CaNZ04(s
: Mllite £ Si0Z ); =6 rsmzf '5, ) (h)s4 %)
: Mllite £ Si02 7 i s6) / $i02 tridymi =4

i 4 felh DS mteh g

/5021
Si05_hatrunte(s’

T(min) = 1184.29 °C, T{max) = 2571.89°C 2600

00 MO B CORd e
o
o
=)
I
5
@

6
3

Avonoxide / Ta3A206(s) (5)
: A203_corundum(alpha(sd) / CaA12019(s) / CaA2$i208_anorthite(s2) g?

10: Ca2AZSi07_gehlente(s) £ CaA12019(s) / CaN407(s)

11: Caz2$i04_alpha(s3) / Ca3A206(s) / Ca3sios ha:mme(zs% 2450

12: Ca2$i04_alpha(s3) / Ca2$i04_alpha-prime(sZ) / Ca3AN206(s)

13: Ca28i04 alpha(s3) / Ca28i04_alpha-prime(s2) / Ca3Si207 _rankinite(s)

14: CaZNZSiD?_ﬁehlen'ﬂe )/ Cazsi04_alpha(s3%! Ca25i04_alpha-prime(s2)

15: Ca2$iD4 alpha(s3) / Ca2$i0d algha-grime s2)f CaN204s §_'

16: Ca2zAZsiD len / CaA1201 .s%/ CaN28i208_anorthite(s2)

17: CaA2Si208 anorthite(s2) / Mullite £ Si02_tridymiteth)s4)

18: CazA2Si07 ehlen'rtelsg! CaZsi0g alpha-gﬁmeg2 £ Cal3siz07 _rankinite(s) 2200

19: Caz8i04 a?lp 3-pime(s4) / Ca3Az0B(s) / CaN2D4(s

20: Ca2A2S1D7_gehlenite(s)/ Ca35i207_rankinite(s) / aSiOG_gs-wollastoni(SZ)

21: Ca2A25i07 gehlenites) / CaA2$i208 hite(s2) / CasiD3_p: I 2

22: CaM2%i208 anorthite(s2) / CaSi0d_p )4 5i02_tAdymiteths4) =

A=5i02, B=A203, C=Ca0

1 12: 1x337 7x3c 72‘1'5 1950

2: 477 20691 0.22530 1546.56

3: .08 42591 0.49120 1528.67

4: A4 14 0.58801 1473.68

§: E 4 136 30 1466.66

6: .80594 62 0.07343 1465.34

Losumni s

9: 037459 0.28096 445.50 1700

10: 331 353 45 1442 .81

11: 106 402 31 1440.70

12: 104 83 97 1436.85

13: 41814 77 09 1436.85

14 E 3 25 07 1436.85

il

17: 075011 013231 011758 1367.11 1450

18: 30348 62 0.52490 1332.88

19: 0361 96 0.65202 133163

20: 4213 37 0.48228 1273.46

21: 4367 42 0.46181 1257.43 g‘-’

22: 6383 08 0.27958 1134.29
1200
T°C

az

" ALO (s4)

a4z

b v ow N ow ow o A Gl s

AI o 08 08 07 06 05
23

mole fraction

Data taken from the FToxid - FACT oxide databases
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Phases and Phase diagrams: Na,O-Al,0,-Ca0O System

Na,O - Al,O, - CaO

] 1200 FactSage
Data taken from FToxid Na,O
- FACT oxide databases N(a)C(b)A(c) = aNazo.b0qlng
T lah
B Verweij and Saris (1986), maximum solubility

Na,O

(a:b:c) = aNa,0.bCa0.cAl, 04\

\ f N %

C3A ~ CA CA2 CA6 AL,

mole fraction

NCAZ2: (Na,,Ca)O-Na,0O-2Al,0, solid solution

. /
CaAl,0 5 | } A>O ’4
JA=ganoyd 2N AR
09 00:3:1) 07 06 (Qsll) 0.4 . 060:1:6) 01
CaO (0:3:1) (0:1:2) (0:1:6) ALO,

mole fraction
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Phases and Phase diagrams: Na,O-CaO-SiO, system

Data taken from FToxid

CaSio, - Na,Sio,
&ctSage“
T

H oM(9i2r3)and GIaSSIe& (}09374) I * L+NS I
- FACT oxide databases I N e
v L+(1:23) ® L+aCs @ (1:2:3)+(2:1:3)+NS
1500 | & (2:1:3) ® bCS +(1:2:3)
+ L+(213) A aCS+bCS Slag
] . T (2:1:3) +NS v L lag + CaSiOs(s2)
NCSO: 1:2:3 solid solution
1200 1:2:3 + CaSiOs(s2)
I — - ¥
Sio, ~
8’ 900 |- 4
(a:b:c) = aNa,0.bCa0.cSiO, . L
. 600 [~ 1:2:3 + CaSiO4(s)
Morey and Bowen (1925) Segnit (1953)
o0 (2:1:3) © v (1:1:1) e (1:0:1)
300 1:2:3 + Na,SiO4(s) i
o (1:0:1) = (2:1:3) @ (0:2:1)
a (0:1:1) a (1.2:3) = (0:1:1)
v (0:0:1) - Tr. * (1.2:2) 0 L L L L
0 0.2 04 0.6 0.8 1
¢ (0:0:1) - Cr. & (4:3:5) mole CaSiO/(CaSiO,+Na,Si0,)
+ (0:3:2) (1:0:1) Sio,
* 123 260y 2 (032) (a:b:c) = aNa,0.bCa0.cSiO,
X (1:3:6) <
e (1:0:2) (20 £« SN o (0:2:1)
° (0:0:1)-Qz. /' Shahid and Glasser (1971) (0:4:1) (3:08) . @15
o (1:1:5) +/(3:0:8) % (1:0:2) s
5:0:1 1:3:6
( ) = (1:0:2) ¢ (0:0:1) - Qz. °
4 (1:2:3) @ (0:0:1) - Tr, (1:0:1)° . . % (0:1:1)
v (1:3:6) (2:1:3) (1:2:3)
V2 . \/ / \z ! (3:0:2) & (4:3:5)' ° % (0:3:2)
Na,O 08 0.6 . 04 0.2 CaO 2:0:1) . (122) (0:2:1)
Weight % h

(1:1:1) (0:4:1)

(5:0:1) )

NaZO 09 08 07 06 05 04 03 02 01 caOo

mole fraction
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Calculated section of the Fe,0;-MgO-SiO,-O, phase diagram
In air at SiO,/(MgO+Fe,0,+Si0,) = 20 weight %

1800 T T T T y T T T T T r r . |
© MWL Muan and Osborn[49]
O L o L
(0] .
Oljy . & X <& Oliv+L
M o Sp+l
B L p |
1700 o S\ o o SprOlivsl
S + Sp+Oliv+MW
Oliv+MW G i S STREE
N d 1]
1600 AP . - i
O
e L)
[ . o
= 5 .
= i + Oliv+Sp+L -
E 1500 + OlivtMW+Sp > S i
8 © Sp+L m
Q
=
ﬁ Ambruz et al.[50]
® Oliv+tMW+L
1400 - Sp+Oliv+MW 1a7e &
i *
X Oliv+L S
Correia and White[48] 1
A Oliv+tMW 1339 \Z@&
1300 + @ Sp+OlivyMw Sp+Py+Tr & -
¢ OlivtMWV+L Sp+Py 3
® Sp+Oliv+L 1247 S
v Sp+Qliv
Py+Hem L Py+Tr+H
1200 . I . 1 ) | ) : | y . | y+Tr+Hem
0 10 20 30 40 50 60 70 80

weight percent Fe,O,

Data taken from FToxid - FACT oxide databases
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Many Types of Calculations

* Equilibrium

« Scheil-Gulliver and Equilibrium Cooling

e (Casting software

« Open calculations

* Viscosities of slags and glasses

« Streams and recycling

« Fact-XML customized output — tables, spreadsheets, graphs
* Fact-Function-Builder — customized functions

« FactOptimal — identify the optimal conditions for alloy and
process design using thermodynamic and property databases
(maximum adiabatic T, minimum liquidus T, density, cost, ...)

 EftcC.
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Scheil-Gulliver cooling of AZ91
l.e. no diffusion in solid phases;
full diffusion in the liquid solution

AZ91 alloy - Al, Zn, Mn, Si

(0.25 wt.% Mn + 50 ppm Fe + 0.1 wt.% Ce)
Data taken from FTlite
- FACT light alloy databases

Lractsage
T T T ]

Temperature ("C)

20 :_' T T T T T T T T T T . . :
- HCP Liquid ]
. . e : 15 F 3
Final solidification F 'Al,,Mg,,' :
at 340.74°C Lo ¥ > E
(102°C lower than 05 | 220,74 / ;
equilibrium cooling!) . i ' E
S o5t E
s i A\ ]
<= -10 F 3
37 A\ ;
o ]
- -l¥F 7
‘AIlZ:Mgﬂ’ forms_ //Zj 3 Phi ]
at higher T and in [ ]
' 25 F Cezn,Al AluCes ]
larger proportion g A
3.0 _ ‘Al Mn, ‘AlgMn’ —
35 F ]
-4.0 . M B B T M P P I PR I BRI SRR B ] SR B
200 250 300 350 400 450 500 550 600 650 700
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Scheil-Gulliver cooling of AZ31 alloy

-solidification path calculation

thtSage‘"

50

40 + (B)
Eutectic
4_

(A)
L Mg Dendrite

30

20

weight percent

10

e

alpha Mg - Zn

1 T L 1
450 500 , 550 600 650 700
Temperature, C

1 1
300 350 400

-
«

Compositional change of

)

dendrites & eutectic area e

mole fraction Mg
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AZ91 alloy (0.25 wt.% Mn)

Solidification software - extended Scheil-Guilliver cooling
- casting and post equilibration of Scheil microstructure

CONS. PHASE

1 1 ‘Al8Mnb5’ 5.

2 1 HCP 6.

. 2 2 ‘Al8Mn5’ 2.
Tracking

. 3 1 HCP 1

Mmicrostructure 3 2 AlllMnd4 1

constituents 4 1 mep .

4 2 ‘Al4Mn’ 1

()utan . 5 1 HCP 4.

R 5 2 ‘All2Mgl7’ 1

Solidification 5 3 ‘Aldmn’ 2

temperature of 6 1 HCP 1

6 2 Phi 4

340.89°C 6 3 ‘AlaMn’ 1

6 4 All1lMn4 3

7 1 HCP 2

7 2 Tau 3

7 3 AlllMn4 1

8 1 HCP 4

8 2 MgZn 5

8 3 Tau 2

8 4 All1lMn4 2

TOTAL AMT/gram

2241E-04

4599E+01
8231E-01

.5644E+01
.4638E-01

.7084E+00
.7892E-02

9213E+00

.1878E+01
.6558E-02

.9669E-01
.0423E-01
.7904E-05
.8196E-05

.4177E-02
.5706E-02
.4894E-06

.2084E-02
.1501E-02
.1364E-02
.3786E-06

Constituent

1

594.16 to 594.06 C

Lig. -> ‘Al8Mn5’

Constituent
Lig. -> HCP

Constituent
Lig. -> HCP

Constituent
Lig. -> HCP

Constituent

Lig. -> HCP

Constituent
Lig. -> HCP

Constituent
Lig. -> HCP

Constituent
Lig. -> HCP

2

<+

+ W

'

(6]

~

[o0]

594.06 to 524.15 C
‘Al8Mn5’

524.15 to 447.46 C
All1lMn4

447.46 to 431.74 C
‘Al4Mn’

431.74 to 364.34 C
‘A112Mgl7’ + ‘Al4Mn’

364.34 to 342.66 C
Phi + ‘Al4Mn’ + AlllMn4

342.66 to 340.89 C
Tau + AlllMn4

340.89 C (isothermal)
MgZn + Tau + AlllMn4
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FactOptimal - identifies the optimal conditions for alloy and process design

using thermodynamic and property databases, FactSage software and the
Mesh Adaptive Direct Search Algorithm.

Example: locate the minimum liquidus temperature under constraints

I.j' Fact Optirnal - [PROP #1: Min Temperature]

Recent...

F Function Builder

Help

Statuz : Done.

[= [ @ =]

Continue Run >

Minimum

Composition
at the
minimum

Values of the
chosen
constraints

0.115289001464844 0.020000000000000 0O -
0.1154428100585594 0.020000000000000 O

Mumber of Equilib caleulations: 1504150 0.1151864A2402344 0. 020026367187500 0
Best anewer spbop—— | e -
Temperature | 436.75 C &| ) | L:.,
A Results
S s e e S e s R S S S
TR OIS R SR M S N S S S
Last salution : . - :._._- !
= Species ol | % Sand Rt Ry ik it
Al 011534 '% :4- ;
Cu 0.02 : S D A St A i
bg 075 GRS =3 L
E B .
Zn 0.114EF _ g 44l L S e s
Constraints : [

_______________

A Cu=0 11534 43 b g g
. o TR = -+ -l
Densiby=2.13997 455 b e e e e i

0O 10 20 30 40 a0 B0 70O 80 90 100110120

Cost$=2099 £80973 # of Calculations

| UMITS | Ternperature @ C, Mass @ mol

Save and
print the

| graph or

change
the axis
scale

‘ thtSage‘”

FactSage 27

www.factsage.com




FactOptimal and the Pareto Concept - the simultaneous minimum
and/or maximum of more than one function.

Examp|e - minimize the A7 Fact Optimal - [PROP #1 maximize Density / PROP #2: minirmize Cp(LiCl+NaCl+KCl+CaCl2+MgCD)] | = || & |3

Recent.. F Function Builder  Help

density and maximize Cp .

. . . . F'mperties] Variables] Congtraintz | Pararneters F‘ESLJ"S|
under constraints on T-liquidus Stotus  Done Continue Flun 55

0.088623046875000 0.080200195312500 0 -
0.085693359375000 0.073608393437500 0

One can Choose any pOint ::Sr:::rgj;Z:ilfi:rc::alculaticm: 2504250 0.059326171875000 0.085205078125000 0 L
on the Pareto Front by N U NIEE . |
clicking on it in the graph
. ., = Results o front)
and and opening it in the Last solion: T
Equilib module. T T R )
N o0 SwePwsobore] | TR
i Constraints : “ 3'3';-"""'i""""i""""i":_'i""'i'"""'i"
The compositions on the i N L
Pareto Front can be saved ] e e S S
and opened in Text, T e RN Ty oy
Excel’ ______ | UNITS | Ternperature : C, bass : rmol BD-E""""';L""""JE; """ "J;'"S";';! —_
N IECE Sl LA
One can chose to re-plot all / T e
calculated points or show only the e
Pareto front. BT ey
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Many Types of Databases

The FactPS Compound Database

« The FactSage compound (pure substances) database
FactPS contains data (AH%,4g, S°,95, Cp(T), ..) fOr over
4750 compounds taken from standard compilations (such
as JANAF) as well as most of the data for those

compounds which have been evaluated / optimized.
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Many Types of Databases
FToxid - the FACT Oxide Database

- contains data for all pure oxides and oxide solutions (solid and
liquid) formed among Al,O,, CaO, FeO, Fe, 05, MgO, SIO,,.

- Includes various combinations of the above oxides with oxides
of As,0O,, B,0O3, CoO, CrO, Cr,0,, Cu,0, GeO,, K,O, Na,O,
MnO, Mn,O,, NiO, PbO, SnO, TiO,, Ti,O4, Zn0O, ZrO,,.

- Includes data for Al,0,-Re, O, systems, where Re = La, Ce,
Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu.

The liquid/glass solution phase is called FToxid-Slag. FToxid-
Slag includes dilute solutions of S, SO,, PO,, H,O/OH, COs,,
F, Cl, I, C, N, CN.
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FToxid - the FACT Oxide Database

Major Oxide Solid Solutions

Spinel: (Al, Co?, Co®*, Cr?*, Cr¥, Fe?*, Fe®*, Mg, Ni2*, Zn)
[Al, Co?*, Co’*, Cr3*, Fe?*, Fe**, Mg, Ni**, Zn, 0], O,
- Pyroxenes: (Ca, Fe?*, Mg)" (Fe2*, Fe, Mg, Al )" (Fe*, Al, Si)B Si* O,
«  Olivine: (Ca, Fe?*, Mg, Mn, Ni, Co, Zn) [Ca, Fe?*, Mg, Mn, Ni, Co, Zn] SiO,
« Melilite: (Ca), [Mg, Fe?, Fe**, Al, Zn] {Fe**, Al, Si},0,
«  Monoxide: Ca0 - MgO - MnO - CoO - NiO - FeO
(+ Fe,0,- Al,O;-Zn0 - Cr,0,)
- a-Ca,Si0,: a-Ca,Sio, ( + Fe,Si0O,, Mg,SiO,, Mn,SiO,)
- o'-Ca,Si0,; a’-Ca,Sio, ( + Fe,SiO,, Mg,Si0,, Mn,SiO,, Pb,Si0,, Zn,Si0,)
-« Wollastonite: CaSiO, ( + FeSiO,, MgSiO,, MnSiO,)
« Corundum: Al,0O,- Cr,0,- Fe,0,
« limenite: (Fe*, Mg, Mn, Ti3*) (Ti#, Ti3*)0,

- Pseudobrookite:  (Fe?*, Mg, Mn, Ti%*) (Ti#, Ti**),0,
« 26 other solid solutions
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Summary of Databases

&Et Fackage:

FToxid - oxide database for slags, glasses, ceramics, refractories
FTsalt - salt database

FThall - Hall aluminum database

FThelg - agueous (Helgeson) database

FTmisc - miscellaneous database for sulfides, alloys, efc.

FTpulp - pulp and paper database (also for corrosion and combustion)
FTfrtz - fertilizer database (also for explosives)

FTOXCN - oxycarbonitride high temperature database

&Et Other databases -
|F11itE - light metal database (formerly FSlite)

TH
&Ctsﬂgﬂ Databases:

FScopp - copper alloy database
FSlead - lead alloy database
FSstel - steel database

FSupsi - ultrapure silicon database

—

P
SGTE Databases :

SGnobl - noble metal database (formerly FSnobl)
SGnucl - nuclear database

SGTE(2011) - alloy database (formerly SGTE (2007))
S5Gsold - solders database

BINARY - (2004) free alloy database
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FactSage Overview

p
G FactSage 7.0

Slide Show Programs Tools

i

N | ’
© 1976-2045 | )
Thermfact andGII-Technologies

About

CRCT - ThermFact Inc.
& GTT-Technologies

Manipulate

Results

Predom

Fact-XML

Yiscosity
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For information visit www.factsage.com
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