The Reaction module

Reaction calculates the thermochemical properties of a species, a mixture of
species or a chemical reaction.

Reaction accesses only compound databases.

Reaction assumes all gases are ideal and ignores expansivities and
compressibilities of solids and liquids.
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The Reaction module
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Reactants window - entry of a species (pure Cu)

Add a Product
Add a Reactant

Reaction has two windows — Reactants and Table

Reaction can only access compounds (not solutions)

Open

NeW ReaCtlon FF Reactants - Reaclion 3 ;lg_lﬁ]

Ol + =] + T(K) Platm] EnergyfJ] Mass(mol] Volll)

Mass(mol) Species Phase T(K) Platm)** Activity Data

1 |Cu Imost stable 3 [T 1.0 1.0
7'y

Entry of reactant species

All calculations shown here use the FACT compound
databases and are stored in FactSage
- click on: File > Directories... > Slide Show Examples ...

Compound databases available

|~ non standard states

Go to the Table window

FactSage

Compound: |FACT ELEM | SGPS | SGSL | 7]
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Table window — thermodynamic properties of a species

Save

Open
New Reaction

Stop Calculation

F Table Reartion ;lglﬁl
Ol E al Tk Platra] Energul)] Mazsmal]l Walll]
B Reactants
. Cu
Summary of the Reactants window —@
L
TKY | HW) | GW | Vel | SW/AK) | CplAK) | AM) [T
------ Cufz)
300.00 453 -3349.3 7 1240E-03 3335 24,468 39501
a00.00 131204 -33868.0 7 1240E-03 RE.736 27481 -33868.3
1300.00 277he4 -66368.6 7 1240E-03 72867 32201 -66369.4
1358.00 2965399 -F1236.5 7 1240E-03 74298 3362 SF1237.2
e cul) e
[ Cul1 rod]; DH =13138.0 DGE=0 | e 05 =9E74
1358.00 42737 9 -F1236.5 7 1240E-03 33972 32844 SF1237.2
1800.00 73144 1104934 7 1240E-03 93227 32844 -110434 .1
2300.00 Fa7eA 189207 7 1240E-03 1M.273 32844 1592024
2800.00 0e249 -211508.6 7 1240E-03 107738 32844 -211509.4
284616 MNETEO -216434. 2 7 1240E-03 108,275 32844 -216434.9
| == Culg) e
[ Cul1 rod]; OH = 3006531 DGE=0 | e 05 =105635
284616 3323281 -216434. 2 2.3355E+02 2134910 24,400 -240158.6
3300.00 4033141 -314439.8 2. 7073E+02 217 633 26.675 -31a877y LI
> |300 3300 500 | | | | |
[ Calculate [ <<Back |« Clear |
A multiple entry for T: min, max and step.
The results also display the calculated
™ H
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Determination of most stable phase by Gibbs energy minimization

Phase with lowest Gibbs energy is the most stable.

1358.00 K | | 2846.16 K

Temperature

Points on the solid lines for
~71236.5 P =1 atm are given in

column «T» and «G» of the
164949 ] ? previous figure for copper.

Gibbs Free En
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Simple isothermal standard state reaction: oxidation of copper

Entry of an isothermal standard state reaction: 4 Cu + O, = 2 Cu,O

This example is stored in FactSage. Go to the menu bar and click on: File >
Directories... > Slide Show Examples and select file 2.

=
File Edit Units DataSearch Help

0 IB‘NI F I=| + I T(K) Platm] Eneray[J] Mass(mol) Volll)

1-3

Mass[mol) Species Phase /T[K] \Qlatm]“ Activity Data
ISOthermaI “T” |Cu |most stable
throughout |02 |moststable

|Cu20 Imost stable

Go to the Table window

Non standard states
checkbox is not selected

non standard states

Next >>

'FactSage Compound: [FACT ELEM | SGPS | SG 4
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Oxidation of copper at various temperatures

Entry: T

qmin=300K, T.,,,=2000K and step=300K. Note the transition temperatures.

=31~

Reactants

F Table Reaction

File Units Output Figure Help

[x]

Tk Platra] Energul)] Mazsmal]l Walll]

=101 =

4 Cu + 02 =
(1]

2 Cuz0
(1] (T] >«

L

| DeltaHW) | Delta GJ) | Delta Yol{l] | Delta SH/K) |Delta Cp/K)| / Keq \ [T »

Cuz]
SNFT
-335925.3
-336636.3
3326243
-330450.9

Cuil)

DH=13133.0
3830029
-380261.0
3798495

Cuil)

DH =B4763.0
ZR0335E
2413817
-235193.2

02[g)

-2953521.9
-243358.6
-205643.5
-162561.9
-140311.2

02[g)
DG=0

-140311.2
-115060.9
1121106

02[g)
DG=0

1121106

-87085.7
-F0274.4

Culfz] -
-2 4538E +01 -152.986
-4.9215E+01 -145.945
-7 3833E+0 -145.548
-3.8450E +01 -141.713
1 1142E+02 140,015
Culfz] -
------ D5 =59675
1 1142E+02 178,713
1. 2307E+02 -176.800
-1.2444E+02 176.527
Cu20[ e
------ 05 =42703
-1.2444E+02 41124
-1.4768E+02 -85.720
-1.6410E+02 -82 459

-1.922
8.923
12414
14.604
12.551

14.623
24.076
2521

31.830
.1
30.706

284E+51
5.75E1E+21
8.6057E+11
1.19311E+07
2.4337E+05

2.4337E+05
1.0155E+04
¥ 2603E+03

¥ 2603E+03
3.3653E+02
£.9444E +01

|
<< Back |

o

The equilibrium constant column appears for an isothermal standard state reaction.
AG° = -RT InK . For the values of the gas constant R, click on the Units menu.

‘ LFactsag:

Reaction

4.2
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Simple chemical equilibrium: non standard state oxidation of copper

F Reactants - Reaction N =10 x|

File Edit Units DataSearch Help

l I l I I T(K) Pfatm] EnergylJ] Mass(mol) Yolll]

Mass(mol) Species Phase T(K) P tm]“ thlly Data
[Cu [solid =l [10
[o2 [gas ||

[solid RN 1.0 1[0

V A 4

Acyg= X Po,g= P

Select non standard state

** For a gas species, P(atm/bar/psi] is its ideal partial pressure.
For a liquid or solid, P is the hydrostatic pressure above the phase
- molar volume [but not compressibility] data are emploved in the "dP' term.

[V non standard states

| FactSage Compound: |FACT  ELEM | SGPS | SGSL | 7
] N = E a TiK] Platm] Energuld] kazsimal] VoIl
Standard state reaction: LJ
Reactants

PO 2(0) — = 1.0 atm V4 Cu \)« ( N 2wz

\[T 5.4 TPal /(T
aCu(S) - 10 —

: T(K) | [ Platm)] | ActiviyX | DelaH{J) | DeltaG{J) | DeltaVol(l] | Delta SH/K) [T
100000 [1.0000E+00  1.0000E+00 -335381.1 1911567 | -B.203%E+01 144,225
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Specifying an extensive property change to deal with chemical equilibrium

2
For simple chemical equilibrium: AG = AG® +RT In ?C% and AG® = -RT In K
A, 0,

when AG = 0.

Table provides AG using: AG = AG° +RT In 41 and K., = 41
X*.P X*-P

=101 x|

F Table Reaction
File Units Cutput Figure Help

u TIK] Platm] Energwil] Maszimol] Yolll
Dl o (K) Platm] Energyl) Mass(mal) Vel
Heactants
4Cu + 02 = 2Cu20
[T.z4] (T.P.al (T.g]

TK) | Pflatm)] | ActiviyX | DeltaH{J) | Delta GlJ] | Delta Vol{l) | Delta S/K) [T
1000.00 1.0000E+00  1.0000E+00 3353811 911867 | -B.2039E+01 144 225
1000.00 1.0359E-10 | 1.0000E+00 -335381.1 0o 7.9216E+11 -335.381
1000.00 1.0000E+00 3190303 -335381.1 00 -B.2039E +01 -335.381
£97.01 1.0000E-12 | [1ooooE«00 | ameeraz [ oo | 73m07ELAs3 37537 T

For the last entry:
Poyg = 107
Acye) = 1

 AG =0, equilibrium

A

| Qerz > > | | |

{ Specify 3 variables. |
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Heating Al from 300 K to the temperature T

F Reactants - Reaction 5 =10 x|
File Edit Units DataSearch Help

phase transition, Al g, — Al
D[] +|=]+]
1.2

(i.e. fusion) at 933.45 K
AHofusion = Tfusion. ASC’fusion
= 28649.1J - 17938.1J
=10711.0J

T(K) P(atm) EnergylJ) Mass(mol) Volfl)

Phase

lmosl stable

Mass{mol) Platm)*™ Activity Data

2 | el i
e | o | |

Species

lmost stable

F Table Reaction
File Units OQuktput  Figure Help

=101 x|

Ol E gl TIK] Platm] Energyll] Mazz(mol] %alll)
— Reactants
- Al = Al
Sl ook (M
T(K] | DeltaHW] | DeltaGi) | DeltaVolll) | Delta SiJ/K) [Delta Cp/K)| Delta A ] [T =
------ Alls] Alls] |
300.00 0o 0o 0.0000E +00 0.000 0.000 0.0
W 400.00 25087 -3216.4 0.0000E +00 7.207 1.533 -3216.4
500.00 5141.0 -7082.0 0.0000E +00 12.076 2594 70820
600.00 7E7EE 114873 0.0000E +00 10.061 3644 11487.3
700.00 107245 163593 0.0000E +00 22,448 4,958 163593
TR e | B00.00 137056 216484 0.0000E +00 26427 6317 216484
FactS FACT ELEM sL |
[FectSage Copoind: JRACTE B BN ) el e 300.00 16846.7 273204 0.0000E+00 30125 5,061 273204
93345 179381 -29298.8 1 0.0000E +00 31315 8711 -29298.8
------ Alls) Al R
A H ™" : A1 mol: | DH=10711.0 DG =0 J ------ D5 =11.475
The eqwllbrlum constant Is 593745 206431 -29298.8 0.0000E +00 42,790 7.505 -29298.8
: o i 1000.00 7622 341118 0.0000E +00 44 977 7.505 341118
not dlsplayed because thIS IS 1100.00 33937.3 41605 6 0.0000E +00 48.003 7.505 -41R05 6
: 1200.00 724 -49388.5 0.0000E +00 50.765 7.505 -49338.5
a non-isot h erm al non 1300.00 40287 5 574363 0.0000E +00 53.307 7.505 574363 =l
equmbrlum calculation. 3001300100 | | | | | |
; << Back | Clear |
™ H
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Heating Al: creating the graphical display with Figure

1. Click on the menu Figure and select Axes...

F Table Reaction

1ol x|

2. Adialog box opens and

Nl E TIk] Platm] Energell] Mazsmal] “olll] d : h
Reactants —— . proviaes you with a
[ choice of axes for the
[300K] (1) .
figure.
T(KI | DeltaHiJ) | Delta GJ) | Delta Volll] | Delta S[J/K] |Delta CplJ/K]| Delta AJ) [T =
------ Al[s] &l[s] |
300.00 0.0 0.0 0.0000E +00 0.000 0.000 0.0
400.00 25087 32164 0.0000E +00 7.207 1523 32164
500.00 5141.0 F082.0 0.0000E +00 13.076 2,534 F082.0
E00.00 7H7EE 11487.3 0.0000E +00 12.061 2644 11487.3
700.00 107245 163593 0.0000E +00 22443 4.858 163593
800.00 13705.6 21648.4 0.0000E +00 26.427 E.317 21648.4 v :
500.00 168457 273204 0.0000E +00 30125 8.061 SrEr iRl F Axes: Delta H(J) vs T(K) i x|
93345 1 ?9381 '292988 DDDDDE +|:":| 31 31 5 8?1 1 '292988 '\t’-variab]e x-variab|e Swap Axes
------ Alls] A1)
A1 mol. | DH=10711.0 DG=0 | DS = 11.475 — oS Y
933.45 286491 -29298.8 0.0000E +00 42.790 7.505 GEEE)
1000.00 07622 34111.8 0.0000E +00 44977 7505 | Y EZ:E: 23;
1100.00 33937.3 416056 0.0000E +00 43.003 7.505 makimum 42500 maximum  [1300
1200.00 371124 433335 0.0000E+00 50,765 7e05 | DerEvell - oy | - L
1300.00 40287 5 574363 0.0000E+00 53.307 7 505 De:ta 5“{“?} minimum [0 minimum - [300
Delta Cpi Jpk : 2
(3001300100 | | A tick every  [2500 tick every
W
log10Y) Cancel | Refresh I 0K
Click on Refresh for the default Int) A
; Expi¥)
™ .
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Heating Al: graphical display of thermodynamic properties

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

olslplel wlxlelx | = &2 ofx
7

REACTION
T ANZ00K) = AKT)

_ 933 _ 0 T _
AH, = jm C,(solid) dT + AHZ,, + ng C, (liquid) dT

fusion

|
[ 30000 -
- | !
25000
=
; z AH? . =10711.0J
E 20000 -

17.9 kJ Ry
15000 - ﬂ@ ]
Point the mouse to read the |

coordinates of the melting point. . T .
ngp solid AH. = [ C (solid)dT
T Jaoo P
n] A ] A ] A ] L ] A ] A ] A ] L ] A 4 ] A
300 400 00 B0 700 800 ao0 T 1000 1100 1200 1300
T(K)
FactSage 412 295 Q@.ﬂm Y= 1@ 033 K y
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Computation of Cu liguidus in an ideal binary system: data entry

Cu(solid) = Cu(liquid) Equilibrium of the type:
Me(pure solid, T) = Me (liquid,a(Me) = x(Me),T)

F Reactants - Reaction - =101 x|
File Edit Units DataSearch Help

0l +|=|+ T(K] Platm] EnergylJ] Mass{mol] Yol(l)

— Acysoligy= L, pure solid copper
/ass[mol] Species Phase T(K) Platm)*= tivity Data

[1 [Cu solid-FACT j\y [1 [1.0 FACT
N— ol i K o Acy(liquidy™ X

[gas-Fa
most stable -FACT
solid-SGPS 51
liquid-SGPS
gas-SGPS

most stable -SGPS

** For a gas species, Platm/bar/psi] is its ideal partial pressure.
For a liquid or solid, P is the hydrostatic pressure above the phase

- molar volume [but not compressibility] data are emplosediin taa 1D bares

[V non standard states

Selection of phases:
» phases from the FACT database;

Focliege  “Conpound: [FACT_ELEM 5GP SELCTTT, 5 compound databases are included in the Data
Search but here only FACT data are selected.

thtSage‘" Reaction 7.1 www.factsage.com



Computation of Cu liquidus in an ideal solution: mixing databases

[P reactans-weacion il
File Edit Units DataSearch Help 2 FACT and SGPS Compound

D= +|=|+
%ZJ = databases are selected

T(K] Platm] Energyl)] Mass{mol] Yolflitre)

Phase T(K) Pfatm)* Activity Data

SN I1 [1.0

F Data Search

Species

Mass(mol)

[solid

=1 [Cu [liquid

Databases - 2726 compound databases, 0/23 solution databases

. QCt SGTE Compounds only Miscel.aneous
1. Click on the Data Search CJELEM [ FScopr [ BINS solutions only COcorp [FTU [ FTsalt-
menu FACT SGPS no data O sesL [ SGTE=
. [ Fact53 Slite [ SGTE
O F?‘c:mid Sstel  [J SGnobl Cleardl |

[ FTsalt Supsi  [] SGsold
O FTmise [ FSnobl [ SGnucl Select &l |

[ FThall
OFfFthels Other [ iDnug _Add/Remove Dalal
O Frpulp [JOLIP O ouc

o FO' agas SpeCies, P[atmf’bah’psl] iS |t$ |di D FTlite D oLIG D OLIL HefreshD atabases
For a liquid or solid, P is the hydrostatic presst
- molar volume [but not compressibility) data are ) 8- Information - Reaction only accesses COMPOUND databases

Click on a box to include (or exclude] a database in the data search. Normally databases are 'coupled’ - that is both the
compound and solution database (when available] will be selected. To 'uncouple’ a databases click-mouse-right-button
[hote, this is NOT recommeded).

[V non standard states

If database is stored on your PC but not listed here then you must 'add the database to the list' - click on 'Add/Remove ..".

[FactSage 60  Compound: [FACT ELEM |[SGPS  SGSL

3. Follow the instructions if you faleis s Limits
- [ gaseous ions (plasmas) rganic species CxHy..., X[max] =
want to add (Or remove - this Defaul ElgqueousspeciZS D.g. o i ' " E
[] limited data compounds (25C) Minimurm solution components: O 1 & 2 cpts

does not delete) a database to
(or from) your list.
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Computation of Cu liquidus in an ideal binary system: tabular and graphical output

Calculated activity of Cu(liquid) in equilibrium (AG=0)

File Units OQutpuk  Figy
0| 3| | 1 Pam) With pure Cu(solid) at various temperatures T.
Reactants F Figure User : C.R.C.T. - Ecole Polytechnique dE MONTREAL
|7 Cu = File add Edit %iew Help For an Ideal Solutlon
T sFACT T , — .
v o Dlslile|sls@lX ol 2 Sl el 0y
[ 71 | |[ ActivityX || Delta ) | Delta 6] Cu(liquid) Cu(liquid)
300.00 2 3H3EE-02 11556.1 0.0
375.00 £ 1674E 02 118574 0.0 5 & REACTION
450.00 1.1625E-01 11857.4 0.0 Cu(Ts-FACT) = Ca(T Jig-FACTX)
525,00 1 8250E -1 11955.7 0.0 : - —— 17—
E00.00 2 BERIE-01 115543 0.0
E75.00 = 3426E-01 11554 5 0.0
750.00 4.1285E-01 11856.1 0.0 S
525,00 4.9075E-01 115532 0.0 i quUId
90000 5 BES4E-01 115535 0.0
975.00 E.4144E-01 122003 0.0
1050.00 7.1519E-01 12503.5 0.0
1125.00 7.8753E-01 12766.1 0.0
1200.00 £ 540E -1 129795 0.0
1275.00 9.2706E-01 131120 0.0 Liquidus line
200 1350 75
" . Liquid + Solid
The 2 specified variables,
T and AG, are highlighted.
Note: When AG = 0, the reaction

must be isothermal. | FaoSage  [o0 3G K=0 =300 | y
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Variable input amounts in non-isothermal reaction and autobalance feature

The following example shows how a variable amount of a reactant
can be used to simulate an excess of this substance, i.e. its
appearance among both the reactants and the products.

A simple combustion reaction:

The Alpha variable, <A>, is used to define the quantity of O,.

thtSage‘" Reaction 8.0 www.factsage.com



Combustion of CH, in variable amount <Alpha> O, —

data entry

The reactants are at 298 K but the products are at an unspecified T.

F Reactants - Reaction
File Edit Units Data Search Help

Dll}"‘| +|=|+|
1-5

TIK) Platm] EnergylJ) Mass(mol] Yolll)

Mass(mol)

Species /E’%e\ T[

Platm)**

Activity Data

1

|CH4 /Igas

\ 1.0

1.0

* <A

Variable quantity K-

|02 Igas \ =]/ 298

j1.0

1.0

j1.0

j1.0

S
<A|pha> a2

|1 0

|1 0

[co2 Igas ||
{H20 |gas steam / ~| IT
|02 Igg/

1.0

1.0

The phase of each species is specified.

[~ non standard states

FactSage Compound:

Next >>

'FACT  ELEM | SGPS | SGSL |

7

The reaction is non-isothermal (except when T = 298 K). Hence:

Keq Will not appear as a column in the Table window.
Setting AG = 0 is meaningless ( except when T = 298 K).

I thtSage‘”

Reaction 8.1

www.factsage.com




Combustion of CH, in variable amount <Alpha> O, — adiabatic reactions

Stoichiometric reaction (A = 2):

CH,+20,=C0O, +2H,0
4 2 2 2
Reaction with variable amount O, (A > 2):
CH,+(A)O,=C0O,+2H,0+ (A+excess)O
4 2 2 2 2
F Table Reaction =100 ]
File Units Output Figure Help
Ol E al Tk Platra] Energul)] Mazsmal]l Walll]
— Reactants
: : CH4 + <& 02 = COZ + 2 H2O + <A2 02
EXOthermlC reaction (298K, [298K.q] (T.al (T.al (T.al
[
<A |  T(K) | DetgHE) | Delta Gl) | Delta ¥olll) | Delta S(J/K) |Delta CpJ/K)| T
2.0000 298.00 B2 -A00835.2 0.0000E +00 -4.978 9.923
£.0000 298.00 0285 -A00835.2 0.0000E +00 -4.978 9.923
2.0000 2000.00 -BE5283.1 20648458 4.1899E+02 242 441 £8.308
00 10211 -45EERIET | 1.2570E+03 £24.126 118.504
£.0000 253020 0o GETIGEE4 | 1.64B5E+03 717.294 132503 T
» 81553 2500.00 00 |e-RA007797 1 FRA3F+03 723 BE2 133274
10,0000 2196.28 0o H991619.2 | 1.7135E+03 795161 141768 T

Adiabatic reaction: AH =0

Product flame temperature

As <A> increases, the flame temperature decreases.
Energy is required to heat the excess O,.
[0 [ o | | | |
<< Back | Clear |

thtSage‘” Reaction 8.2 www.factsage.com



Heating the products of the methane combustion. Reaction «auto-balance» feature

F Reactants - Reackion
File Edit Units DataSearch Help

~u — Tk Platra] Energul)] Mazsmal]l Walll]
D] +[=[+]

1-6

Unbalanced Reaction x|

@ The reaction is not balanced.

Do wou wank the program to automatically balance the reaction?

Yes | Mo I Cancel

Igas F Reactants - Reaction

Hass[}cvl—)/ /Spe{ies Phase T(K)
/l't:uz

-

+

2/

[}
jury

|coz |gas

]
|y / [H20 Igas . File Edit Urits Data Search Help
= TIK] Platra] Energull] Mazslmal] alll]

[oz |gas QlEl ilElll
1-6

=101 x|

|H2EI IEIES ] Masz[mol]

Species Phaze TIK] Platm]*™ Achivity Data

-
)]
N

[E |gas

fgas | Jes2  Jio [io

C

Igas gheam j |EEIB |1 i

Igas j IEEIE

Igas j |T

[T non standard states

Igas steam j |T

He

FactSage 51  Compound: |FACT  ELEM | 5GPS | 5GS

Balanced Reactia x|
@ - reaction balanced [T non standard states

Igas j |T

|FactSage 51  Compound: |FACT  ELEM | SGPS | SGSL | A

GthS&gEm Reaction 8.3 www.factsage.com




Step wise heat balance in treating methane combustion

F Table Reaction

File Units ©utput  Figure Help

=i Different thermodynamic

Nl E gl TIk] Platm] Energell] Mazsmal] “olll] pathS, same Varlatlon Of
Reactants extensive propertles
CH4 + <A> 02 = CO2 + 2 H2D + <AZ 02
[298K_q) [238K.g)  (T.g) T.g] (T.q) (here AH).

<A | T[K] | DeltaH(J) | Delta G[J) | Delta Vol{l) | Delta S[J/K) |Delta Cp{d/K)| T

2.0000 292.00 802318 5 5008352 0.0000E +00 4978 9.923

5.0000 292.00 @ -B00835.2 0.0000E +00 4978 9.923

2.0000 200000 BE5263.1 20648458 4.1899E+02 242 441 £8.308
< 80000 | 200000 -210211.4 > 45668367  1.2570E+03  E24126 118504

8.0000 253060

8.1553 2500/00

10.0000 2196)28

/ 20010 K

j Overall Process AH =-210211.4 J } Warming Products W

AH =+ 592107.1 J J

/

Isothermal Reaction

298 K 298 K
Heat AH = - 802318.5 J ) x|
A
| Eq.l EI a[ Tk Platm] Ernergull] Mazemal] Wolll]
— |
Reactants
Ccoz2  + 2H20 + B02 = COZ2 + 2H20 + B 02
[298K.q) [232FK.q) [238kK.q] [T.q) [T.q) (T.q]
TIK] |/Delta HiJ1 N Delta GJ] | Delta Yolll] | Delta S[J/K] [Delta CplJ/K]| Delta A[J] |T
2000.00 \ﬁ@]ﬂ/ -376E001.5 1.2570E+03 B23.104 108.521 -38593363.2
2530.20 2023201 -B080741.2 1.6485E+03 a2 2T 122580 B287FFA.0
™ H
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Pidgeon Process for the Production of Magnesium

Apparatus Schema:

~ Radiation Baffles
Equilibrium Mg partial pressure -Cr Alloy Retort N o1 watercoata
developed at the hot end of the retort (Mg (Ca)0+Fe-si —_"vacuum connection
also condenses alkalis
heated to 1423 Kfor |
Me on Mg condensed on
removable sleeve
MgO-SiO,
MgO-S|02 phase dlagram: 1900 1 1 1 1 1 ! ! 1 1
Periclase &
Liquid 4g50°
& 1800 - HauklL
g ,/' Two I.iquids\\
g 1700 Prceerte
Note: MgO(s) and SiO,(s) can not coexist — E o
they react to form (MgO), - SiO,.
Fosterite & _|
Clinoenstatite
1500 T T T T
0 20 40
Weight Percentage
thtSageT" Reaction 9.1 www.factsage.com




Pidgeon Process for the Production of Magnesium: Data Entry

In the reaction, the hydrostatic pressure above the condensed
phases: MgO(s), Si(s) and SiO,(s2) is 1 atm — i.e. has no effect.

F Reactants - Reaction F_

9 [ Y

File Edit Units DataSearch Help

0 |Bw| I |=| i I TIK) Platm] Energy(J) Mass{mol] Yol(l)
1-4

The reaction is
Isothermal (same “T”

throughout), hence AG =0
: I : Mass(mol) Species Phase T(K) Pfatm)** Activity Data
glves equmbrlum' |2 {Mg0 [solid periclase ~| T\ _’lﬁ [1.0
+ i [si [sold ST =>d [0
- 2 s = ZI\IT/ (o s
i f502 >feold2 quateth) 2| [/

The activity of SIO; Is: ag;p, = X.

** For a gas species, Platm/bar/psi] is its ideal partial pressure.
For a liquid or solid, P is the hydrostatic pressure above the phase
- molar volume [but not compressibility] dataate emnlaned in Hha VAP tarmn

The partial pressure of
Mg Is: PMg(g) =P atm.

FactSage Compound: |[FACT  ELEM | SGPS | SGSL | 7

[V non standard states

Next >>

Allotrope s2(solid-2) has been selected for SiO, in order to fully specify the phase — if the
phase is not completely specified, equilibrium calculations (AG = 0) can not be performed.

thtSage‘" Reaction 9.2 www.factsage.com



Equilibrium Mg partial pressure developed at the hot end of the retort

Note: There are an infinite number of values of (P, asio,(s2))
which satisfy K., . Here we select 3 special cases.

Standard state reaction at 1423 K: Py, eq ™ =1 atm and aSIO =1
AG’=221.39 kJ = -RT In K4, hence K ,= 7.4723 X 10° AG’> 0 but
Mg can be produced by reducing PMg(g) and/or asio,-

F Table Reaction i =100 x|
File Units ©utput  Figure Help
= T(E] Platm] Energel)] Massmal] %ol
02l al IK) Platm] Energyld) Massimol) ol
Reactants
2Mad + 5 = ZMg + 502
[T.5] [T.5] [T.P.a] [T.z24]
TIK] |  Platm] | ActivityX | DeltaH{J] | Delta G{J] | Delta Volfl] | Delta S[J/K) | T
] 1423.00 1. 0000E +00 1.0000E +00 A70269.4 2213926 2 3352E +02 2451 —
> — VNN 1.0000E +00 7A72IE-09 A70269.4 [il1] 2 337E +07 M5 ——
> — AZ300 2.6443E-05 1.0000E +00 A70269.4 0.0 2 YOTRE+0RE 7R T——
—— T 0 1.0876E-03 6.3 70E-03 A70269.4 0.0 21472E+05 A7

At equilibrium(AG=0), when ag,s»=1.0 and T=1423 K, Py, .,=8.6443 x 10~ atm

At equilibrium(AG=0), when Py, o,=1atm and T=1423 K, agjq (52 eq=/-4723 % 10°

When AG=0, T=1423 K and 8si0,(s2)~0-006317 then Pygg) eq=1-0876 x 10 atm.
This value of ag;o_ () Is taken from the next page calculation.
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Computation of SiO,, activity when MgO coexists with (MgO),*SiO,

F Reactants - Reaction

File Edit Units Data Search Help

=101]

TIK] Platm] Energyll] Mazz(mol] “alll)

D|w| +|=+] :
MgO-SiO,
1-3 Pure MgO
L L L L
. edd Periclase &
M azz[mol) Phase T(K] Platm]*%, Activity Dat3 Liquid 1850°
|2 <|Eglj\ Isnlid peniclase j |T |1 I 1.0 >
— Liquid
o |1 t\m ISDlid-z quartz(h j |T |1_E| M %) 1800 - =
&~ \
- - (1)) L .
=i tg0)25i02 ISD|II:|-1 farsterite j T 1.0 fm/ = > ,l Two Liquids \\
= q Y- o
© 1700 - Periclase & Liquid 1695° VI
© Fosterite Cristobalite
Pure (MgO),+SiO 3 i
i guv), 2 = -
SI0 (S 2) at S Liquid & Cristobalite
2 ~ 1600 - Fosterite & Liquid
aCt|V|ty X - Cﬂnnoﬁgﬁ%ﬂte :; .
Fosterite & __| - :
Clinoenstatite | Clinoenstatite &
- —— - Cristobalite
** For a gaz zpecies, Platm/bar/psi) iz itz ideal partial prezsure. 1500 \ \ \ \ \ \ \ \ \
Far a liguid ar salid, P iz the hpdrostatic pressure above the phaze 0 20 40 60 80 100
- molar volurme [but not compreszibility) data are employed in the WdP* term. MgO g0),*SiO SiO
¥ non standard states Wi htzP i 2
elg ercentage

F Table Reaction
File Units OQutput Figure  Help

Tk Platra] Energul)] Mazsmal]l Walll]

D= = @l
2 Mgl + 502 = [MgO]j25i02

|' Reactants
|

[T.5] [T.52.) (T.51)
TIKI \| Activity X\| Delta HJ) | Delta G[J] }<D#
L 142300/ \5.21?05023 /) E3553F S 0.0 1]

...and at equilibrium

Isothermal... >

www.factsage.com
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Alternative way to calculate equilibrium Mg partial pressure

=10l x|

F Reactants - Reaction

File Edit Units DataSearch Help

Remember, AG = 0 (equilibrium) calculations are only

M | E_wl + |=| + | TIE] Platm] Ener
- meaningful for isothermal reactions («T» throughout).
M azz[mol] Species Phaze /T[h\ Platm)* Achivity Data
f4 [N Isu:uliu:l periclase ;’ T f1 1.0
+ fi [&i [salid | It PR [1.0 -
[ ——
P e TR i [ =
[1 |Mg2si04 |solid1 farsterte | [T [1 1.0
F Table Reaction _I_l- | EI
File Units Qutput |Figure Help
M I Ewl EI QI TIk) Platm] Energwll] Mazsmal] “olll]
Heactal’uts
* For a gas species, Platm/ba 4 Mgl + 5 = ZMg + Mg25i04
For a liquid or golid, F is the hpdr [T.s] (T.s5) (T.Flal T.51]
- molar volume [but not compressibilit
v non standard states / TK) \|/ Pfatm] ™ Delta HJ] | Delta G[J) | Delta ¥ol{l) | Delta S[J/K) |Delta Cp{d/K)| T
\1423.00 /N 1.0976E-03_J BOB709.7 N\ 0.0 7 21472E+05 56 186 12,832
Mext >>
FaclSage 5l Comecomd [EACT — Fiew | cope | oger | v

Magnesium production is enhanced by:

 reducing the total pressure (<0.0010876 atm);

* reducing asio, — this is done automatically due to (MgO), SIO, formation,
but the addition of say CaO (slag formation) reduces asio,, further.
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Aqueous applications — hydrogen reduction of agueous copper ion

F Reactants - Reaction
File Edit Unjts DataSearch Help

TIC) P(atm) Energyl)] Mass{mol] Yolllitre)

=101 x|

Mass(mol) Species Phase T(C) Pfatm)* Activity Data
[1 | Cuf++] |aqueaus =T {1.0 X )<
7 = A @

The molality of Cu?*
is given by “X”.

A

=|-|

[Cu [solid

[ o

1.0 1.0

+|2

|aqueous _V_I IT

[H[+]

Click on Units to change
Temperature to Celsius.

H,(g) pressure is “P” atm.

[1.0 [1.0

** For a gas species, Platm/bar/psi] is its ideal partial pre
For a liquid or solid, P is the hydrostatic pressure above th
- molar volume [but not compressibility) data are emploved in t

[V non standard states

F Units: T(C), P{atm), Energy{1), Mass{mol), ¥ol(litre)

Temperature ~ Pressure—
" Ke " bar

& atm
" Fahrenheit, °F " psi

" Pa

" GPa

Universal gas constant:

R 8.314510 J/mol-K
§.314510/4.184 cal/mol-K
2Z2.4141/273.15 l-atm/mol-K

Cancel |

Sl

Energy
LOBN
" cal
" Btu
T kwh

Eng

x|

—Volume ——
* |itre
i3

Yolume
units are
set by
pressure
unhits.

I thtSage‘”
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Aqueous applications — hydrogen reduction of agueous copper ion

d or Delta(G)
v E[volts) = -Delta(G)/nF, n=2

E[volts) = -Delta[G)/nF

n {electons) ... » where n = number of electrons, F = 96 485 Faradays T |
Spve Tabular Output ... Enter the value of n [h must be positive[+]):
Ptint Tabular Output |2
Pint and font Setup »
oy e o]
File Units Output Figure Help
. Ol n QI T(C) Platm) EngrgyJ] Mass{mol) Yol(litre)
Click on Output to change
. . Reactants
display to E(volts) and define Gl + 2 - Cas ZHE)
(T.agX] (T|P.gl (T.s] ([T.aq)
n, the number of electrons
TIC) | Patm) | ActivityX | Della HY) | E(¥)=-DG/2F |Delta Vol(litre]| Delta S{J/K) |T
I > 25.00 1.0000E+00  1.0000E+00 -54852.0 0.3334 -2.4453E +01 2173
. 35.00 1.0000E+00  1.0000E+00 -65088.5 0.3395 -2.5279E+01 1.392
o
Standard state reaction at 25° C 45.00 1.0000E+00  1.0000E+00  -65301.1 0.3396 -2 B100E +01 0.713
| 5500 1.0000E+00  1.0000E+00 -55491.3 0.3396 -2.6920E+01 0124
| 7| 65.00 1.0000E+00  1.0000E+00 -B5660.1 0.3396 -2.77HE+01 0,383
. . . 75.00 1.0000E+00  1.0000E+00 -65308.6 0.3396 -2.8561E+01 0,816
Equi librium molal ity at various PH 85.00 10000E+00  1.0000E+00  -65937. 03395 | -293826+01 1182
2 \_95.00 1.0000E+00  1.0000E+00 -56046.4 0.3394 -3.0202E+01 1486 )
: . + ; z B4952.0 0.0000 2. 4453E +01 217615 N\
25.00 2.0000E+00  1.6748E-12 -64852.0 0.0000 1.2226E+01 217515
. 25.00 3.0000E+00  1.1166E-12 -54852.0 0.0000 -8.1481E+00 217515
Standard state reaction 25.00 4.0000E+00 | 8.3742E-13 648520 0.0000 61093E+00 217515
. > 2500 5.0000E+00  6.6993E-13 -54852.0 0.0000 -4.8860E +00 217515
at various tem p eratures 25.00 B.ODD0E+00  5.5828E-13 -64852.0 0.0000 -4.0705E+00 217515
25.00 7.0000E+00 = 4.7852E-13 -54852.0 0.0000 -3.4880E +00 217515

{171 | | jo

E°=-AG°/nF, where F (= 96485 C/mol) is the Faraday constant.

thtSage’" Reaction  10.2
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Thermal balance for leaching of zinc oxide

F Reactants - Reaction
File Edit Units DataSearch Help

DIB"‘| +|=|+|
1-9

TIC) P(atm) Energyl)] Mass{mol] Yolllitre)

=101 x|

Mass[mol) Species Phase T(C) Pfatm} Activity Data
|55.55 {H20 [liquid | | [ [
+ [1.2952 {H[+] Iaqueous _V_] |25 | [
* |1.2952 [HS04[] faqueous | [ | |
*+ |0.25248 [zn0 [solid zincite x| |5 [ [
_ - [The reaction is exothermic: AH < 0.
= |55.802 {H20 [liquid =T [ [
*+ [1.1167 [H504[] |aqueous = | f
*+ |0.9687 [HE+) [aqueous | | |
* 01785 [znsD4 |aqueous | [ [
* IU'UND IZn[++] |aq F Table Reaction f _IEJIlI
[ e e e File Units ©Output Figure Help
O | D"'l Hl QI TIC) Platm) Energy(J] Mass(mol) Vollitre)
M —Reactants
— 5555 H20 + 12952 H}+] + 12952 HSO4[] + 0.25246 Zn0 5802 H20 +  1.1167 HSO
FactSage 6.0 Compound: [FACT  ELEM | SGPS | SG . [jzsc,uq] (25C.aq) (25C.aq) (25C.s) (T lig) (T.aq)
4 »
__IC) | _DeltaH(J) | Delta GY) |Delta Volflitre]| Delta S(J/K] | Delta|Cp(J/K}|_Delta A () |T
~ 2500 = -234347 00 -23434. IEZ44E g 7457E0d e A -34.210 -16244.7
& -38246.5 8.7457E-04 53.781 -38.135 382466 T

This entry calculates the product temperature for an adiabatic reaction: AH = 0.

I thtSage‘”
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Computation of Na and Na, partial pressure in equilibrium with liquid Na

F Reactants - Reaction
File Edit Units Data Search

D& +|=|+]

12

Doackinn

AG

-k

ce

=0 gives equilibrium.

Phase

Mass(mol) Species

T(K) P(atm)=

Activity Data

[Na [liquid =l

|10

1.0

[Na =

|P

|gas

Na, — Nag, (monomer)

1. Calculate T when P, =1 atm

| - molar volume [but not compressibility) data are employed in the dP" telm.l

[V ron standard states

2. Calculate Py, when T =

1158 K

Mazs[mol]

Species Phase TIK] Platm)™ Achivity Data

[Na [l = J1.0 1.0

[na2 = 5 |

|gas

2 Naj — Na, g, (dimer)

“ Far a gas species, Platm/bar/psi] iz itz ideal partial pressure.
For a liquid or solid. P is the hydrostatic pressure above the phase
- molar wolurne [but hot comprezsibility] data are employed in the "dP" temm.

[+ naon standard states

Factiage51  Compound: [FACT  ELEM | 5GPS | sGsL |

F Table Reaction

=1ol.x]

F Table Reaction

File Unis Cutpuk  Figure  Help File Units  Qutpu —
TIK) Platm] Energylyl] tazs(mal] Yolll) - —_—
D= [X] 0| & =
D@l o @ | 3. Calculate Py, when T=1158 K
Reactants Reactants
MWa = Ma 2MNa = MNaZ
[T lig] (TPl [T lig] T.Pal
K] | Platm] | DeltaHiJ] | Delta G[J) [ Delta ¥olfl) | Delta 5{J/K] [Delta CpJ/K)[T J) | Oelta Yol{l) | Delta S[J/K] [Delta Cpl K] T
< 1171.80 1.0000E +00 §70123 0 00— SE1E2E+0 82789 -8.871 T 1158.00 1.106VE-01 1193658.8 M.5854E+D2 103.073 -20.353
< 175800 B.BB05E-01 97134.3 3 5I5E+02 53,881 -8.802

Na also forms a gaseous dimer Na,(g). The proportion of Na,/Na near
the boiling point (1171.8 K) of Na is: 0.111/0.888 at 1158 K; and the total
vapor pressure over Na(l) would be: P+ Pha, (0.888 + 0.111 = 1).

‘ LFactsag:
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Effect of high pressure on condensed phases

Option “apply volume data” includes molar volume data for solids and
liquids as well as any compressibility and expansivity data, in order to
calculate the “VdP” term. At high pressures this can effect phase stability.

EP Reaction - Reactants l‘:'_ & |

File Edit Units DataSearch Help

Oz + + T[C) PIGPa) Energyl)] Mazsimol] Yolllitre]

vzl The pressure
| T T e i 6 s o 0o dependence of MgO
. D ot pencise =] fiowo 1 o ericlase) properties
I = kg0 |solid periclase = Jiooo [P [10 | (p 1000OC) p d 2_0 GP
Lo e S S at an a,

Option “apply volume data”

- new in FactSage 7.1 Here, volume data are
\" I a gas species, Platm/bar/psi] iz its ideal partial pressure, e m p | Oyed to Cal C u Iate
e e e e the [Vdp contribution
it the WdP" term -Yhis does not apply to gases which are treated a3 ideal. .
standard states [v apply volume data < to t h e G I b b S e n e r g y at
(0]
EF Reaction - Table = & % | 1 OOO C '

File Units Output Figure Help

O = E J TIC)] PIGPa] Energyl)] Mass(mal] Wolllitre)

Isothermal Non-Standard State Reaction:

MgD = Mo

e oot The effect of 10 GPa pressure

P(GPa) | DeltaH{J) | DeltaG[J] |Delta Volllite) | Delta S(J/K] | Delta Cpld/K) | Delta U] [T on V, G, H, S and U at 1000 K
1.0000E +01 95442.7 101522.2 -6.345E 04 -4.775 0.000 1015123

thtSage‘" Reaction 12.1 www.factsage.com



Effect of high pressure on the graphite to diamond transition

|_I:I

G Reaction - Reactants
File Edit Units DataSearch Help
Ol = + + TIK] PIGPa) Energyl)] Mazs(mol] Yolllire] .
JJ] B4 At 3000 K and 8.14 GPa, graphite and
1-2
diamond are at equilibrium (AG= O)
Masz[mol] Species Phaze T(K)] PlaPa]™ Activity G Reaction - Table ) |
I c |solid-1 Graphite j T P .o ™ File Units Output Figure Help
_ |1 |E |most pron j |T |F' | B Ol = E J T(K] PIGPa] Energyl] Mass{mal] “olllitre)
Isothermal Non-5tandard State Reaction:
. C - ¢C
Equation of state data for carbon are TPl (TF
employed to Calculate the h |g h pressu re TIK) |  PiGPa) | DeltaH{)] | DeltaGl)) [Delta Yolflite] | Delta ${J/K) | Delta Cp{d/K) [T
. . IR N R I - Cls1] o)
3000.00 1.0000E +00 0.0 0.0 0.0000E +00 0.000 0.000
req ul red to conve rt g rap h Ite tO d lamon d at 3000.00 2.0000E +00 0.0 0.0 0.0000E +00 0.000 0.000
3 O O O K 3000.00 3.0000E +00 0.0 0.0 0.0000E +00 0.000 0.000
. 3000.00 4.0000E +00 0.0 0.0 0.0000E+00 0.000 0.000
. 3000.00 5.0000E +00 0.0 0.0 0.0000E+00 0.000 0.000
Select apply walume dats' ta include molar valume and compressmlllt}l data 3000.00 E£.0000E +00 0o 0o [0.0000E +00 0.000 0.000
L2 WEIP" I th's_d°_es_”°_‘°"_ sl s et Gl et o o) 3000.00 7.0000E +00 0.0 0.0 0.0000E +00 0.000 0.000
[v non standard states v apply volume data 1 300000 | BO00OE+O0_ 00 00 _ _ _ 00000E+00 0.000 0.000
1 3000.00 8.1429E +00 0.0 0.0 0.0000E +00 h 0.000 000
H £ L I Cls1) c[ B e
Option “apply volume data | T T — ,
{Beta vers . i _ 300038“'%10%?00 _115353_____&____1_59155211 -3.845 0140
- new In FactSage 7.1 T
1 5000 LiQuip
1
G . [3000 [1101 l_ : 124GPa
7 At 2000 K and 5.68 GPa, graphite and || [Cceime | Croims | sare
I
. agn . _ if
1 diamond are at equilibrium (AG=0) Soil >
C C =
T.Ps1 T.F e —————— 20004 > /
T(K) | PGPa) | DeltaH) | Delta G |Delta Vol(litte) | Delta S[J/K) | Delta Cpld/K) | T 1 :
______ 5] B : Dinsdale, CALPHAD
2000.00 1.0000E+00 0.0 0o 0.0000E+00 0.000 0.000 1
2000.00 5.6820E-+00 0.0 0o 0.0000E+00 0.000 0.000 1 15, 317 (199 1)
------ Cls1) C(s2) e e 4 300 . : .
o moll | DH = 82408 0DG=0 | - 0 10 Pmmfg \cPa %0 40
2000.00 5.6BE0E-+00 -240.8 0o -1.B466E-03 -4.120 -0.011
2000.00 1.5000E+01 -19663.9 131165 -1.2059E-03 3,277 -0.011 ‘ o
P-T phase diagram for C
™ H
thtSage Reaction 12.2 www.factsage.com




Effect of high pressure on the SiO,+MgO->MgSiO, reaction

G Reaction - Reactants =l §3_|
File Edit Units DataSearch Help 1 1
. ) ) ] o Vi At which pressure does the formation
) of MgSiO,4(s7) from SiO2(s2) and
I Mass[mol) Species Phase T(K)] P[GPa)J™ Activity Data
[1 |sin2 |solid-2 Quartzh] | [T P [1.0 |
L i —
g0 |so||d peficlaze j [T [P [1.0
I r& Reaction - Table =] g
|= i Mgsi0z Jsclid7 Mgpsrovskite ~| [T F .0 [ File Units Output Figure Help
I -! = E J TIK] P[GPa] Energeil] Maszmal] Yol(litre]
_—_———_—_—_—__—__—_——_——————————— Izothermal Hon-Standard State Reaction:
502 + Mgl - MgSioz
[TPs2 (TPsl  [T.Ps7
= For a gas species, Platmibar/psi) s s idel partal pressie, TK) | P[GPa] | DeltaHJ) | DeltaGiJ) |Delta Volllitre) | Delta S[J/K] | Delta Cpd/K) [T « |
For a liquid or sofid, P is the hydrostatic pressure sbove the phase 3000.00 2.0000E +00 937ER.2 35409.9 1.0439E-02 15.452 25515
o Vot i doss ok oy 0 gases it weated a8 sl 00000 25000400 | 916345 3P4 LR | 19487 26515
7 e % applp volume deta 3000.00 3.0000E +00 89734.4 2R367.0 AE77IE-D3 20455 25515
3000.00 3.5000E +00 878725 ZIE10.2 -9.3557E-03 21.421 2515
3000.00 4.0000E +00 86094.1 19006.2 -8.0850E-03 22,364 2E.515
3000.00 4.5000E +00) 84405 5 14540.9 -8.8002€-03 23200 26515
Betaversion]  Compound: | 1729 databases 3000.00 5.0000E +00 82785.1 102023 -8.5574E-03 24194 26515
w00 e SSOQAFAQL o Wl?0ld o m S G o G e e Pl e D
| £.0000E+00 79739.2 1866.0 -B.1264E-03 25.958 2E515
Lauuu.uu £.5000E +000 7HA03.8 21485 -7.9337E-03 2817 %55 |
COMTO0= =7 M0ETO0 == ==7ETr1.3™ = TEETT = =T/OTEAIT ™ TTEET = Ewmse—
Between 6 GPa and 6 5 Gpa AG 3000.00 7 GO0 +00 756885.0 3904.3 7 BEE5E-03 28,457 26515
: ‘ 3000.00 8.0000E +00 74300.8 -13657.1 -7 4272E-03 29319 26515
b eC O m eS n e at | Ve S h OW| n th at th e 3000.00 8 5000E +00 73056 6 173331 -7.2781E-03 30130 26515
g g 3000.00 9.0000E +00 71853.0 209355 7 A374E-03 30,930 2515
. . . 3000.00 9.5000E +00 706875 244717 -7.0041E-03 .70 2E.515
I’eaCtI on .is th ermo d y NnamicC al Iy 3000.00 1.0000E+01 F9550.2 -27941.9 -6.8777E-03 32500 26515
favorable. 2000 [11005 [ | | | |
| Calculate I | Includes volume data | <¢ Back | Clear

I thtSage‘”
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