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Some Important Thermodynamic Terms

Physical Meaning

Heat Capacity = The amount of heat required to raise the temperature of the system by 1 K

Cp during an isobaric process.

Enthalpy Total energy of the system. The change in Enthalpy refers to the amount of
H heat that is exchanged with the surroundings during an isobaric process.

Entro A thermodynamic function that is used to determine the process spontaneity.
S by The entropy for an isolated system always increases for spontaneous
processes.
: A thermodynamic function that is used to determine the process spontaneity.
Gibbs Energy :
G The Gibbs energy of a closed system always decreases for spontaneous
processes with constant temperature and pressure.

Fugacit A thermodynamic function that describes the deviation from the ideal gas
(Gas ESg eci};s) behavior. It is sometimes named as effective partial pressure of gas species.
P For ideal gases, fugacity is numerically equal to partial pressure.

At A thermodynamic function that describes the deviation from the ideal solution

behavior. It represents effective concentration of componentsin a solution.

Solution Species : . L . :
( P ) For ideal solutions, activity is numerically equal to mole fraction.

4

Sustainable Materials Processing Lab FactSage Team MSE Department, University of Toronto



Equilib Module: Some Important Terms

Physical Meaning

Theses terms are considered as “phase activity”. When their
Fugacity_Total (Gas Phase) value is 1, the phase is stable; otherwise, the phase is not stable.
Activity_Total (Solution Phase) When their value is close to 1, this indicates that if the
Activity (Compound) temperature and pressure change slightly, the phase might
become stable.
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Equilib Module: Basics

The Equilib Module is the most powerful module of FactSage.

v" The module calculates the equilibrium for multiphase, multicomponent
equilibria, with a wide variety of tabular and graphical output modes, under a
large range of constraints (for example, given temperature, pressure,
composition, etc.).

v" The module uses the “Gibbs energy minimization” principle to find the
phases that exist at equilibrium and their respective compositions & amounts.

v" The module accesses both Compound and Solution databases.

Different from the Reaction Module, the Equilib Module does not require a well-
defined reaction equation. The user only needs to tell the Equilib Module the
input elements and the equilibrium conditions, and then the Equilib Module will
calculate the products at equilibrium from the list of the possible phases the
user has selected.
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Equilib Module: Basics

Equilib Module in the home page.

A7 FactSage 7.3 - X
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Equilib Module: Basics

After you run the Equilib Module, you will see the following screen:

ﬁ' Equilib 4 Menuw:|Simple gas reaction

File Units Pgrameters Help

D=

T[C) Platm] Energyll] Guantibp(mal] YWalllitre)

— Reactantz [4)

2HZ2 o+ o2

[25C.0.81]  [25C.041)

— Products
— Compound sprcies

E stimate T[K]: I'I ]
Cluantity[mal); ID

Fgasﬁ' illeal © real a1
|_ aqueoLs ]
|_ pure liquids .
|_ pure zolidz 1]
spECiEs: 3
— Target
- hiohe -

— Solution phagzes

Baze-Phasze

Menu Window

Full Hame

Reactants Window

r Pzeudonyms

— Cuztom Solutio

0 figed activitigsz
0 ideal zolutio

T
[etals ..

=

| EEE

—Wolume data

< aszume molar vol

iof

=18}
iez|datal

— Legend

L ot

v Show 4

wbusl zpecies:

[~ paraequilibrium & Gmin | edit||

ez [max 000 9
lutions [max 200] 0

10

zolutiond:

IPECIE LlSt WindOW

| Total Phases [max 1500] 1

Final Conditions

LB <B»

TIC) Flatrm] || Dt

Results Window

10 zteps [T Table

1000 1

1 calculation

" transitions only

€ open Calculate >> |

mal + tranzitions

FactSage 7.3 |
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Equilib Module: Basics

General Steps in the Equilib Module

1. Define Reactants (Reactants Window)

N4

2. Choose Databases (Reactants Window_Data Search)

&

3. Choose Units (Reactants Window_Units)

&

4. Input the amounts of reactants

&

Note: you do not have to strictly follow
these steps.

5. Decide if the initial conditions should be defined (Reactants Window_Units)

&

6. Select Products (Menu Window)

v

7. Set up Final Conditions (Menu Window)

2

8. Calculate (Menu Window)
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Equilib Module: Basics

A Note on “Initial Conditions”

The equilibrium that is calculated under given conditions is independent of the
input species and only depends on the amounts of the various elements added
(element matrix). For example, consider the following two scenarios:

(a) we add 1.0 mole of chalcopyrite (CuFeS,) and 1.0 mole of oxygen (0O,) into
the smelter; or,

(b) we add 0.5 mole of Cu,0, 1.0 mole of hematite (Fe,03), 1.0 mole of sulfur gas
(S,), and 0.25 mole of oxygen (0, ) into the smelter.

Note in both scenarios, the number of moles of elements added:

Cu: 1.0, Fe: 2.0, S: 2.0, and O: 2.0.

[f the temperature and pressure in the smelter are maintained at the same level,
the final products when the system reaches equilibrium must be same for the
above two scenarios, although the heat of reaction will be different.
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Equilib Module: H, O Equilibrium

We will start with a simple example: H,O.

Say we have 1 mole of H,0. We would like to know when the system reaches

equilibrium at 25 °C and 1 atm, what phase(s) are present and what are their
compositions.

1 mol H,0 —¢ Equilibrium State

After a sufficiently long time

o) State (solid, liquid, gas)?
25 °C, 1 atm . Composition?
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Equilib Module: H, O Equilibrium

Before we use the Equilib Module, let us perform some manual calculations so
we can better understand how FactSage works based on the Gibbs energy
minimization principle.

[Problem] Find the equilibrium state for 1 mole of H,0 at 25 °C and 1 atm.

[Step 1] First, the system at equilibrium must meet the requirement of mass
conservation, that is, 2 mole of hydrogen and 1 mole of oxygen. Clearly, there
are an infinite number of ways (or, system configuration) so that this
requirement can be met. A few of them are listed below:

(1) 1 mole of H,0 (s), i.e,, ice

(2) 1 mole of H,0 (1), i.e., liquid water

(3) 1 mole of H,0 (g), i.e., water vapor

(4) 1 mole of H, (g) + 0.5 mole of 0, (g) etc.
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Equilib Module: H, O Equilibrium

[Step 2] We can use the FactPS database to calculate the Gibbs energy for the
above system configurations at 25 °Cand 1 atm (next page).

(1) =306.09k]  (2) —306.69k]  (3)—298.10k]  (4)—71.86K]

[Step 3] The system at equilibrium should possess the minimum Gibbs energy.
Therefore, the equilibrium state should be configuration (2).

A Note: the Gibbs energy minimizer in FactSage employs an efficient algorithm
(Lagrange’s Multipliers, FactSage-Teach) that can find the system configuration
with the minimum Gibbs energy under the constraints of mass balance.
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Equilib Module: H, O Equilibrium

Compound Module: FactPS

{7 Energy: Joules Pressure: atm H20 — O et
File Edit Units View Tools ViewData Help
Formula|oz El
=-r B FactPSEASE  » [ =1 oroperies
S8 H2 ¢ Heatof farm. + Entropy € Heat + Temperature of transt
=L G Form. o ST 298 ( Joules) 5298 ( Jf(mal K) )
------ Cp 1200 2A2616.2 [44.523
------ cp 4100 _
Fhase MName Feference no.— Density g/cc
- -Cp BO00 D 1
Bl Agl [Ice 1 J 0917
= 02
ek G
o —_— o (o]
~cp 1000 9°i208 k = h° 208k — (298 K) X 5° 205k
~-Cp 4000
L..Cp BO00
Bl Ag =|Arh®; 298 k|~ (298 K) X|s°; 208 k
=@ HZ0 ! ’
ol 4 4
L.cp 273
[_]L__/ L1
L.Cp ROO
L G
~-Cp 1100 v
FactSage 7.3 | |C:\FactSage\FACTDATA\FSSRbase.cdb (w7.20) 4920 compounds read-only i
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Equilib Module: H, O Equilibrium

Reactants Window: Define Reactants

47 Equilib {Reactants — x

IFiIe Edit Table WUnits Data5earch Data Evaluation Help
N D"'l +| TIC) Platrn] Energull] Quantibymal] wal(litre) “T 5 5

——»| Don't forget the Directory.

Quantity[mol) Species Phaze T(C] Ptotal]*™ Streamit Data

1 H20 = | il

—| H,0 molecule is introduced.

Do not check “Initial Conditions” because

we are NOT interested in the change in
the thermodynamic properties. —

FactSage 7.3 Compound: | 1/14 databaszes Solution: | 0415 databazes v
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Equilib Module: H, O Equilibrium

Reactants Window: Database(s)
&G touiib Fescant]

File Edit Table Units Data Evaluation Help

Ol ﬂ TIC) Platm] Energyl] Quantity(moll Yollitre] m| ™

47 Data Search X

Databaszes - 1/14 compound databases, 0/15 solution databases

QCt SG TE compounds anly Pﬂvare Darabases
zolutions anly

FactPS O Bins 1 ExaM

O
O O sGPs no database

[ FTsalt O [ S5GTE
O

[ FTmisc [ sGsold Clear Al
[ FThall

[] FToxCH

[ FThtz Ot‘hef Add/Remove Data

CIFThely [JELEM [ SGnobl

OO FTpulp [ FTdemoe [ SpMCBN  RefiechDatabases
[] TDmeph
[ FTlite O FTnuel [ TDnuel

Infor

H, O consists of H and 0. These two elements can only form gaseous species

and pure solids (e.g., ice) and pure liquid (e.g., water). Therefore, only
FactPS is required.

Options - search for product species
Include compounds ———— Lirnits

[ gaseous ions (plasmas] Organic: species CrHy.... #max) = |2—
Default

[ aqueous species Mirimum solution components ) 1 &) 2 cpts

[ limited data compounds [25C)
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Equilib Module: H, O Equilibrium

Reactants Window: Choose Units and Input the Quantity of Species
&5 Equilib [Reactants] — X

File Edit Table Units DataSearch DataEvaluation Help

0 |E,'*| il | TIC] Piatm) Energyl)) Quantityimal) an[litre]lﬁ m .g| y|

Choose the units.

Quantity[mol) Species Phaze T(C] Ptotal]*™ Streamit Data

1 H20 = | il

»| We will consider 1 mole of H, 0.

Specifying the quantity requires we choose the units first.

[ Initial Conditions

FactSage 7.3 Compound: | 1/14 databaszes Solution: | 0415 databazes v
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Equilib Module: H, O Equilibrium

Menu Window: Selection of Products (Compounds and Solution Phases)
47 Equilib [Menu] - X

File Units Parameters Help

0|2 g [TIC) Flatm] Energyid] Quantitimol] Uul[litre]lﬁ

—Reactants [1]

o0 Choose the units.
— Products
— Compound species —{Solution phazes — Cugtom Salubions————
Basze-Phase Full Name O fixed activities uﬂalh
[« gas & ideal  real g 0 ideal solutions
|_ AqUEDLIE 1] Pzeudoryms -
|+_ pure liquids 2 ’_ apply [T Edit .. |
|+_ pure zolids 1 — Walurme dat
o assume rolar volumes of
zolidz and liguidz =0
species: 12 inciude mplar volume data
and physigal properties data
[ paraequilitfium & Gmin  edit
— Target | [ legend— &byl i ! TI
- HORE - =] ol | Lot [l specie

ES“mua‘E Tt[_flli |:]”% Choose all the Compound species. Normally, when only one compound database
LAt mdl 2

(FactPS) is selected, there is no need to screen the phases from the list.
—Final Conditions

b #| For the gas phase, we choose the ideal gas model because the gas species in the

i« .| Teal gas model are quite limited and the assumption of ideal gas model is valid

at low pressures.
FactSage 7.3 |— i
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Equilib Module: H, O Equilibrium

Menu Window: Set up the Final Conditions

..? e -L—H*I_» We will use the default settings for Parameter.
File Units zhe

D| 2| TIC) Platon) Energul)] Quantitimell Yolllie]

-Reai These are the equilibrium conditions under which

>
we want to calculate: 25 °C and 1 atm.
—|Products . .
- Compound species | - Solution phases _& For most calculations, we are not interested
Baze-Phaze Full Hame .
IEgas @ ideal  real ; in the volume data.
aquenLs 7 -
|+_ pure liquids 2 IV apply [T Edt.. |
|+_ pure zolids 1 Wolume data———————
o azsume molar volumes of
zolidz and liquidz = 0
speciss: 12 |7 inciude n'!DIar \-'Dlumn_a data
and physical properties data
B [ paraequilibrium & Gmin  edit |
T:;Erl'ueet- ~Legend ——— W Show @ &l  selected "_}-"irtuTE;pE 7 T
Estimate T(k) [100D wesies 0 . | o9 [eave this cell blank because this
Huantity(ral): IEI zolutionz: — 1 i&iﬂ .
TotalPhast ]l be calculated.
—(Final Conditions E quilibrium
by B> TIC] IP[atm] ;IP;.:..ju.:tH[J] LI % nomal 7 nomal + ransitions
25 ﬁ | " transitions . .
B cec: I Tabe e Only 1 calculation will be performed
under the given conditions.
FactSage 7.3 | A *
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Equilib Module: H, O Equilibrium

Results: ChemSage Format

£y Equilib 25C - O X
Edit Show Pages  Final Conditions
Save or Print s TIC] Platm] Energyl]] Guantity(mal] Yolllitre] “‘ B
Plot ¥
Equilib Results file » =
Stream File -]
] FACT Format
Fact-XML , [ chemsage Format ]
FACT + [Chemb5age
Fact-Optimal ’ ChernSgge + FACT FUGACITY

Fact-Function-Builder

Append|ist ofingu It is recommended to use the ChemSage format (just

Refresh ... 0_0000E+00
N s.oooozsoo | personal preference).
wap 00ps ... 0. 0000E+00 A E——
HOO 0. 0000E+00 1.8813E-43 5_85332E-45
H 0. 0000E+00 1.2228E-48 3. B33TE-50
o 0. 0000E+00 B.5365E-54 2. BOLSE-55
03 0. 0000E+00 1.1577E-69 3_£296E-71
TOTAL: 0. 0000E+00 1.0000E+00 3.1352E-02
mol ACTIVITY
H2O liguid(lig) 1.0000E+00 1.0000E+00
H20 Icel(s) T 0. 0000E+00 7.8723E-01
HOOH liguidi{lig) 0. 0000E+00 3.3420E-35
B T S e e T T o R R R - T T S i ' St At A N Vv St s R R
cp H 5 c v
J.E-1 3 J.E-1 3 dm3
B S R i i e S . S i N o Vi S R O S S S S S o
7.53754E+01 -2 _85330E+05  €.99500E+01 -3 . 0E€BEE+05 0. 00000E+00
L
< >
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Equilib Module: H, O Equilibrium

Results: ChemSage Format

&7 Equilib 25C

Output  Edit  Show Pages  Final Conditions

D|=| RIE @)

These are the conditions under which the system reaches equilibrium. In most
cases, the volume data for condensed phases are not considered, and only the

temperature range.

T= 25 C .
P=1am f volume of gas phase will be shown.
V=0 dm3
STREAM CONSTITUENTS momrm1] [ ] This is the input material and its amount.
H20D 1. 0000400

EQUIL AMOUNT MOLE FRACTICN FUGACITY
FHRESE - as ideal mol atm . .
EZ ; 0.0000E+00 1.0000E+00 3.1352E-02 | Since the ideal gas model was used,
Hz2 O.a000E+00 T.9733E-27 2 _.45958E-28 . . .
oz Gas Phase. [o-ooo0sto0  s.sserz-z7 1.z4ssE-2e fugacity is partial pressure.
CH O.0000E4+00 5.5710E-32 1.74€€E-24
HOOH 0.0000E+4+00 3.0017E-3¢ 9.4110E-32
. y oommn sewry (2| Total fugacity is less than 1atm.
o 3E2E-54 2.8013%E-55 .
03 Components of gas phase. [c;-: . Therefore, no gas is present.
TOTAL: |m s g g o e T-WO00E+00 - AE—12

mol ACTIVITY
H20 liguidi{lig) 1.0000E400 1. 0000E4+00 - . .
H20 Tce (=) T 0.0000Eto0 R | When activity of a phase is 1, this
HOOH liguidi{lig) O.00Qg0aE+0Q0 3.3420E-35 .
e *.*.;; I|I-'|Inlal| .[.:t.";t.m.:".]h.s. T P, ..I.. bt b means that the phase 1S Stable-
< o e B> | TIC] | Pl | PoductHl) | [1 caleaahon] 7

“T” mark means the thermodynamic data are no longer within the effective
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Equilib Module: H, O Equilibrium

Results: ChemSage Format

47 Equilib [Results] 25 C - O X

Output  Edit  Show Pages  Final Conditions

O ||j"| || EI TIC] Platm) Energyl)] Guantitemal] Yolllitre] “‘llBID’

03 0.0000E+00 1.1577E-65 3.6296E-T1 e
TOTAL: 0.0000E+00 1.0000E+00 3.1352E-02
mol ACTIVITY
H2O liguidiliqg) 1.0000E+00 1.0000E+00
H20_Tee(s) T 0.0000E+00 7.87232-01 Thermodynamic quantities of the
HOOH liguid(liq) O_0000E+00 3.3420E-35 —>
- H - - ; entire system.
J.E-1 J J.E-1 J dm3

R B E R e

7.53754E+01 -2.85830E+05 €.99500E+01 -3.0€€2€E+05 0.00000E+00

Cp H 5 G
J.E-1 J J.E-1 J
H2O liguidi(liq) 7.53754E+01 -2.85230E405 €.99500E+01 -3 . 0EE26E+0S

Cut—-off limit for gaseous fractions/plase actiwvities |= 1_00E-75

Data on 1 product species identified fith "I"™ have been extrapolated gutside thedir +alid ¢

Databases: FactPs 7.3 Thermodynamic quantities of stable
Data Search options: exclude gas ions,—org=rriT—T=My— T2 Jh
Final conditions: T(C) = 25, Platm) =1 phases. In this example, only liquid water.
Final Conditions
b <> TIC) Flatm] | PoductHU) | [T calcuation] 2~
e L Calculate > | -
< >
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Equilib Module: H, O Equilibrium

Menu Window: Set up the Final Conditions

£ Equilib Iast system — >
File Units Parameters Help
Ol = E TIC) Platr) Energel]] Quantity(mal] Yolllitre) I]Il, B o

— Reactants [1]

This time, let us calculate the equilibrium if the

 Products pressure is 0.031352 atm.
— Compouni species — SOLhan phases = CLE0m S oluiong -
= | + | Base-Phaze Full Hame 0 fixed activities _IDEtE"IS
|+_ gas e ideal © real 9 0 ideal zalutions
|_ aqudous 1] Pzeudonyms -
|+_ purelliquids 2 IV apply Edt.. |
|+_ purefzalids 1 —alume data————————————
- azsume molar volumes of
solids and liguids = 0
species: 12 include molar volume data
and phyzical properties data
[™ paraequilibrium & Gmin  edit |
- Torget Legend Yirtual zpecies: 1]
- none - W Show @ al © selected el peC [ soog 12
. atal species [mak
E st TIK: I'IEIEIEI _
. [ ) " ID— szll:luet;zzz: g Select | T otal Solutions (max 200 0
A0 it el ' Totsl Phates [max 1500] 4

— Final Confitions E quilibrium
<A <B | TIC) Fatm] - IF'ruductH[.J] ;I & nomal 0 nomal + tansitions
2 0031352 | € transitions only
10 zteps [T Table € open Calculate >> |
FactSage 7.3 | v
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Equilib Module: H, O Equilibrium

Results: ChemSage Format

&3 Equilib [Results |25 C

Output Edit Show Pages

D= RE &

25 C
2.1352E-02 atm
7

T
2]
v

Final Conditions

TIC] Platm] Energyl)] Quantity(mal] “olflitre)

- O >

W= R

|

B0.35 dm3

H2o

This time, we changed the pressure. Because the volume is not zero, this time
the system certainly contains gas.

STREAM CON3ITITUENTIS

BMOUNT fmol

1

- D00QE+00

Total fugacity is 1 atm. This means
the gas phase is stable.

This activity of liquid H, O is not 1, but

I—|—> very close to 1. This means that liquid
H, 0 is very close to be a stable phase.

EQUIL AMOONT MOLE FRACTION FOGACITY
II?E&EE: gas_ideal mol atm
H2o 1. 0000E+00 1.0000E+00 2.1352E-02
H2 T.5733E-27 T.5733E-27 2.4%30E-28
o2 TE-27 2.98ET7E-27 1.2455E-28 _’
CH 0E-322 5.5710E-32 1.74€€E-34
HOOH Gas Phase. f«-:- 2.0017E-2€ 5.4110E-28
HOD 2E-42 1_86813E-42 S.8%82E-45
H 1.222BE-48 1.2220E-48 2.832€E-50
o B.93€BE-54 B.53€0E-54 2.8018E-35
03 1_1577E—ES 1_1577E—-ES 3_E2GEE—71
ITGT.L'L.: 1. 0000E+00 1.0000E+00 J.IJEIEIIZIE-HJIJI_
dJystem component Amount/mol Amount/ gram Hole fraction Mass fraction
o 1.0000 15.5959%9 0.32z2a22 0_88B10
H 2.0000 2.015% 0.EEEET 0.111%0
mol ACTIVITE
IHSC' liguid (lig] 0. 0000E+D0 5. S539E-01
HIO Ice (=] T 0. 0000E+D0 7.8722E-01
HOOH liquid(lig) 0. Q000E+D0 2.2420E-35
--------------------------------------------------------------------
cp H 3 G v
J.E-1 J J.E-1 J dm3
--------------------------------------------------------------------
2.358BEE+01 -2.41834E+05  2.17513E+02 -2.066BEE+05  7.B0351E+02

This is expected because when we reduce the pressure, gas tends to be stable.
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Equilib Module: Gasification of Coal

The second example we will be looking at is the gasification of coal by steam.

Say we inject the hot steam into a coal bed. The temperature of the coal bed is
maintained at 1000 K, and the pressure at 10 atm. We would like to know what
species are obtained at equilibrium as well as their respective amounts.

Coal Bed

1 o
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Equilib Module: Gasification of Coal

Reactants Window: Define Reactants

47 Equilib {Reactants — x
I File| Edit Table Units DataSearch DataEvaluation Help
N ] +] TIC) Platrn] Energyld) Quantityia) Yollitre] m ¥
) .
——=+—»| Don't forget the Directory. e
Stream *
Quantity(g) Species Phase T(C) Pltotal)™| Streamit| Dat @B This is the reactant stream number. This appears when the
|‘| ||: I LI I I |‘| W box Initial Conditions™ has been checked. Specifying initial
— conditians is only useful if you want to calculate or canstrain
+ I.I |H2|:| I ;I I I changes in the extensive properties (Delta V, Delta H, etc.).

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

_> TWO lnput reactants For condensed phases, the total pressure is the hydrostatic
pressure above the phase. For gases, the total pressure is the
sum of all the gaseous partial pressures in that stream.

For example, for an ideal gas if reactants "4 mol M2(g) =1
mol O2(g)] * are in the same stream at Pltotal) = 1 atm, then
P(N2} = 0.8 atm and P{O2) = 0.2 atm.,

Do not check “Initial Conditions” because
we are NOT interested in the change in
the thermodynamic properties.

[ Initial Conditions

FactSage 7.3 Compound: | 1/14 databaszes Solution: | 1/15 databazes v
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Equilib Module: Gasification of Coal

Reactants Window: Database(s)
& Equitio [Resctans]

File Edit Table Units Data Evaluation Help
O G’DataSearch

Databases - 1/14 compound databases, 0/15 solution databases

&Ct SG TE campaunds only Pﬁvafe‘ Darabases
zolutiong only

O [ BINS ] ExaM
[ FToxid [] O sGPs no database

O

(M

[ FTzalt [ sGTE

O FTmisc O sGsold Clear &1
[ FThall

[] FTOxCH

[ FTfrtz Other :d4dfRemoveDaa

[J FThels [ ELEM [] SGnobl

[ FTpulp [ FTdemo [] SpMCBN

[] TDmeph
[ FTlite [ FTruel [ TDnuel

Information -

There is no condensed solutions. Only pure solids (carbon) and gas mixture

are considered. Therefore, only FactPS is required.

DOptions - search for product species
Include compounds ————— Limnits

[ gaseous ions [plasmas) Organic species CxHy..., #[max] =
Default |2—

[ aqueous species

D] limited data compounds (25C) Minimurm solution companents: O 1 (&) 2 cpts
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Equilib Module: Gasification of Coal

Reactants Window: Choose Units and Input the Quantity of Species

&5 Equilio — X

File Edit Table Units DataSearch DataEvaluation Help

0 ||;;.“‘| il | TIK] Platm) Energyl)) Quantityfmal) Vul[litre]lﬁ m .B‘| ;gr|
1-2|

Choose the units.

Quantity[mol] Species Phaze T(K] Pltotall™ Streamit Data
|2 Ic | =l | 1
[ |Han] | =l | 1

We will consider a very simple case: 2 mole of C reacts
with 1 mole of steam

Specifying the quantity requires we choose the units first.

[~ Initial Conditions

FactSage 7.3 Compound: | 1/14 databaszes Solutior: | 0/15 databazes v
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Equilib Module: Gasification of Coal

Menu Window: Selection of Products (Compounds and Solution Phases)

& Equiliblast system
File Units
[ = =

—Reactants [2]

Parameters

Help

| TIK] Platm) Ererayl)] Quantity(mal) w[nne]ﬁ

x

2LC +« HZO

Choose the units.

— Products

— Compound species—————————

- Solution phazes

Basze-Phasze

Full Mame

Custom Solutions ————;
0 fised activites _DEtals . |

[+ gas & ideal © real 41 0 ideal solutions
|_ aqueous 0 Pzeudonyms -
|+_ pure liquids 3 IV apply Edit.. |
|+_ pure salids 3 Yalume data—————————————
(s BTEuUmE molar volumes of
I
- . alume data
PEeE &8 Choose all the Compound species. |upeties dta
- | paraeguilbrium & Gmin  edit |
:f:lrjieel_ —Llegend——— ¥ Show & al " selected Yirtual species: 10
. Total Species [max 5000 53
g |1EIEIEI e
Fetimate T[,K]' ; I— szlljui;:c:zz: g Select | T otal Solutions [max 200 0
Huantityimol: J§ ' Total Phases [max 1500 13
— Final Conditions E quilibrium
A <B TIK] Platm] ;I Froduct HEJ) ;I @ nomal nomal + tansitions
1000 1 " hansitions only
10 steps [T Table " open Calculate >> |
| FactSage 7.3 | -
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Equilib Module: Gasification of Coal

Menu Window: Set up the Final Conditions

& Equilib Iast systerm
File Units

0= E

Parameters

Help

TIK] Platm] Erergel)] Quantitymol) olllitre)

—Reactants [2])
— Products
— Compound species — Solution phases Cuztam Solutions -
Base-Phasze Full Name 0 fiwed activities _lDEtE"IS
[+ gas (¢ ideal ™ real  # [ ideal zolutions
|_ aAqUEOUE 0 —Prendonoms ———————————————
|+_ pure liquids 9 Y . .y . .
I+ pure salids 5 These are the equilibrium conditions under which
_ i we want to calculate.
TpeCies: ik
[ and phyzical properties data |
- [T paraequilibrium & Gmin  edit |
Tr?,;izt. Legend ¥ Show @ &l selected T'iual spec.ies:r - 11:.2 .
Estimate T(K): [700D spasies: Lildlanccieslngs ¥ Leave this cell blank.
) ; ID_ solutions Select | Total Solutions [max 200
BT e Total Phases max 1500) 13
— Final Conditions E quilibrium
B <Bx || TIK] Platm] | |Produsct HLJ] ;I * normal " nomal + transitions
1000 10  transitions . .
— P Only 1 calculation will be performed
under the given conditions.
| FactSage 7.3 | A *
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Equilib Module: Gasification of Coal

Save the Equilib settings: “.dat” file

In the Equilib Module, we can save the settings for a calculation as a “.dat” file.

47 Equilib - Menu: last system Save File in w\MSE302%Exercise\Equi*.dat
Units  Parameters  Help Enter the: file number

New Ctrl+N i1 - 9995

>
Open ... Ctrl+0C Cancel |

> or enter the file name, for example

Direcfories ... Ctrl+D . )
by vem favaorite calculation
Save Ctrl+5 . . ~
- avoid the special characters 27178
I Save s .. I
Coal gasffication]|
Chem5age File ¥
FSReactor File * | Save File w:\MSE302\Exercise\EquiCoal_gasification.DAT b

1: File Ex_Fe-desulfurize Example : Desulfurizing steel by Ca%i add ... Siir o ol meeioation

e Enter ane ine of comments

Cancel

- to add additional notes, terminate the line of comments
with the character +

FactP5 dayanase, 1000 K and 10 atm]|
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Equilib Module: Gasification of Coal

Open the “.dat” file

E’ Equilib - Menu: comments

File Units Parameters Help
TiK] Platm] Enerqyil] Quantity{mol] Volitre] W ||!| 1;r|

G Directory Equilib (My Files) Ifile w:\MSERGE\Exercise\EquiCoaI_gasification.DATI O >
File Edit Tools
: D'ﬂll [Ell _E‘l | List zorted by File - e 'Edit’
- 1/ files -
Description _|
Coal_gasification 22Jul22| FactPS davanaze, 1000F and 10 atm / 2C + H20

We can view and open all the saved “dat” files from the

directory.

L

a3

13

tionz

|
32
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Equilib Module: Gasification of Coal

Results: ChemSage Format

Equilib {Results | 1000 K — O X
& equitio [resure]

Qutput  Edit ShowPages  Final Conditions

0 |@| || ﬂ T(k] Platm) Energ_y[J] Guantity{mol] ol(litre] "”lB.
Phase and phase constituents. |——

FactSage 7.3

T = 10000 K
v = 10.f6 aua Because the gas phase is ideal, mole fractions are
o CpueTTIIES P numerically equal to fugacity.
H20 1_0000E4+00
—— gas—ldeal EQUI;DiHOUNT MOLE FRACTION FUEz:?TY ] . f
T 4_2384E-01 3_2311E-01 2.2311E+00 The fugaCIty Of the gas phase' = 1 means
H20 3.0005E-01 2.2555E-01 2.2555E+00
o 2soreror | alvssem-ol  1l7assmeso —| the gas phase is stable; “< 1” means the gas
CH4 1.3504E-01 1.0151E-01 1. 0151E+00 4
Tm};ﬁ;tem COmMpOnent ;mgiolif;gs B;o?aflz.?g::; Hlo% Mass fraction phase iS unstable.

L+] 1.0000 15.555 0.27775 0.63422

c 0.g0042 7.2115 0.1€€7¢ 0.28587

H 2 0000 2 0155 [n] 55&35 T7.9310E-02 . . . . . .
« crepnives = ermTe Pure solids/liquids. Their activity: “= 1"
€ _diamond(sZ) 0O.0000E+00 4 _59585E-01 .
Eo limidiin e 528 Ll means the gas phase is stable; “< 1” means the

Cp H 5 G v .
T e e L gas phase is unstable.
3.72530E+02 =1.45200E+05 3.177128E+02 -4 _€7019E+405 1.091€2E+01
cp H 5 G
s arbinn 1 comuemies 2.okahios 4 ssauimes , Thermodynamic properties of the system and
C_Graphite(s) 2.02233E401 {.EED?EE}Pé 3.4225€E+01 -1.77181E+04
mEinalCondibont

Cut-off limit for gaseous fractions/ <A <Bx TIK) Platrn) Stable phaseSI

1000 a |
Data on 1 product species identified I I I Calculate >> w
>

<
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Equilib Module: Gasification of Coal

Save the Results: Spreadsheet Format

47 Equilib - Results 1000 K - O X
Edit Show Pages  Final Conditions
> [ SaveorPrntAs.. | Huantity(mol] ollitre] mis ™
Plot ¥ Repeat Save . .
; _ You can choose different file type. Here, we use the Text
Equilib Results file ¥ =
Stream File > file because the results are very simple.
Format >
— Dutput EI
u ¥
L Page Range — Type of Output 1
Fact-OptimaI 3 Al pages " Printer Frinter setup ...
9 Lz pege & et i T
Fact-Function-Builder > £ Equilib Besults File [Equit.res)
el file (%l
Refresh ...
7 Excel Spreadsheet
5\-\.-'6[3 Iccps " Dpen Text Spreadsheet Spreadsheet setup ... |
o " Save Test Spreadshest
CHA4 | Swap rows & columng
TOTAL:
System component Cancel | oK | ion
o
C 0.60042 7_2115 0.1667% 0.23587
H 2_0000 Z_015% 0.5554%9 T_S910E-02
mol LCTIVITY
C_Graphitei(s) 1.35%5%cE+00 1.0000E+00
C_diamond(sZ) 0.0000E+00 4 _5535%E-01
H2O liguidiliqg) T 0.0000E+00 4.2144E-03
cp H G v
J.E-1 Final Conditions
b B T(K] Platm] | ProductHE) | [7 caleulation] 5
3.72530E+02 -1 1000 10 I

Calculate >» | y
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Equilib Module: Recovery of Tin from Tin Cans

The third example is to recover tin from tin cans by chlorination, represented by
the following reaction:

Sn + 2Cl, = SnCl,

Tin cans are made of tin-coated steel. Progressive chlorination of tin results in
the exposure of iron. To avoid the chlorination of iron which would lower the
grade of SnCl,, oxygen is introduced to form Fe, 05. This means that we need to
study the thermodynamics of the Fe-Sn-Cl-O system for this chlorination process
if the steel is considered to consist of pure iron. Under the controlled conditions,
the desired solid products should be SnCl, and Fe, 0.

To help you better understand the underlying thermodynamic principle on
which the above process is based, the predominance diagram of the Fe-Sn-CI-O
system was calculated.
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Equilib Module: Recovery of Tin from Tin Cans

Predominance Diagram of the Fe-Sn-Cl-O System at 700 °C.

E’ Predom — = ¢
File Units |Data Search| Hel
E . EF Data Search

0| = E TIC] Platmn] Mazs{mol] :
Databases - 1/14 compound databases. 0/15 solution database
Elements Pl ez &Ct SG TE compounds only
™ 1-Metal Example .. Prezsure FactPs [J [ Bins zoltions only i
{+ 2-Metal Example .. lzabar W Flatm): {11 Ol FToxid [ O sGPS no database
~ 3-Metal Exarmiple .. O FTsalt E O sGTE

Conztants [ FTmisc [ sGsold Clear Al
1 FThall

Metals: [Fe  [5n Temperature Z O] FToxcH
——— I_ I_ I_ p O FThtz Oother :diremoveData
o o TICE [7o0 log1 O[Z): I FThels [JELEM  [] SGnobl

Clear . . O FTpulp [0 FTdemo [ SpMCBN  RefroshDatabases
| Az log 107 H-aris log 1004 [ TDmeph
] 0g o8 O Frite  [J FTnuel  [J TDnuel
Metal Mole Fracti System Components o |PICE] - # PO -

2-bdetal Dia . : Information - Predom only accesses COMPOUMD databases
F = Sn/lFe + 5n) max: (] max: |0 Click on a bos bo include [or exclude) a database in the data search. Momall
- . compound and solution databaze [when availablz] will be selected. To 'unc

| 00000 < B < 1.0000 | LLLLLE B e I {20 [note, this is NOT recommended).

step: 4 step 4

Labelz and Dizplay

¢ chemical .
li li zize [ full screen
" rurnber Iﬁ

C none . caolor v titles
Species
v gaz 23 Calculate
[ liquids a * diagrarn
[ o m [ y {7 irwvariant point Calculate >3 |
v colids 18 Ist " detailed point

36

Sustainable Materials Processing Lab FactSage Team MSE Department, University of Toronto



Equilib Module: Recovery of Tin from Tin Cans

Predominance Diagram of the Fe-Sn-Cl-O System at 700 °C.

{7 Figure  User: Materials Science, U. of Toronto - O X
File Add Edit View Help

Dol =l ya X | = &8s el

=
T Selected

Fe-Sn-CI-O, 700 C -
0 = Sni(Fe+5n) = 1
0 T T T T T T T T T T T T T T T T T T
1 E (FeCl,),(g+5nCl (g} / E
= IF..—2 ;@ﬂ [ N E
Ak E
[ FeCL{l+3nCL,(g)
4 E E
i D
E E . «
TS Clearly, when the system exists as “Fe,03(s) +
»|S <t :
g SnCl,(g)”, the partial pressure of O, and Cl,
s TF ) . Fe,0.(5}+5n0,(s) . )
L b FeckOesicL must be carefully controlled. That is, the input
ok amounts of 0, and Cl, are the key factors in
0 the recovery of high-grade SnCly,.
Fe,0fssis8nchRgPs(s:)+3n0:0s)
1 E
-12 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
-20 1% -1 17 16 -1% -14 13 12 -1 10 & -8 -7 & 4 -3 2 1 0
log,,(P(0,)) (atm) g
< >
Factsage 7.3 11 56 X =-21.888889 Y = 0.12461538 Ch\Fact5ac
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Equilib Module: Recovery of Tin from Tin Cans

Part .

Let us start with a simple calculation. Say we are recovering 1.0 mol of Sn, and
the exposed iron is assumed to be 0.2 mol. Clearly, the minimum number of
moles of Cl, is 2.0 mol when all Sn is recovered as SnCl,; and the minimum
number of moles of O, when all the exposed iron is oxidized to Fe, 05 is 0.15 mol.

1.0 mol Sn + 2.0 Cl, = 1.0 mol SnCl,
0.2 mol Fe + 0.15 0, = 1.0 mol Fe, 05

Of course, if O, is supplied from air (21 vol. % O, + 79 vol. % N, ), then the
number of moles of N, is 3.76 X 0.15 mol = 0.564 mol.

Also, we assume all the reactants are introduced into the reactor at room
temperature.
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Equilib Module: Recovery of Tin from Tin Cans

Reactants Window: Define Reactants (Species)

& Equilib - Reactants — .
File Edit Table Units DataSearch DataEvalustion Help

D|@| il TIC) Platm) Energuld] Quantitlmol] Yollitre) m' Q| )1|

1-5]
Quantity[mol] Species Phasze TIC]) Pltotal)* Streamit Data
1 J5n | = | 1
* IFe | = | 1
* jce | = | 1
* |02 | = | 1
* N2 | = | 1

[ Initial Conditions

Mext >>

FactSage 7.3 Compound: | 1/14 databazes Solution: | 0/15 databazes v
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Equilib Module: Recovery of Tin from Tin Cans

Reactants Window: Select Database(s)

File Edit Table Units DeteE'-.'eIueticn Help
O +] TIC) Platm) Energell] Quantity(mal) Yollire) ns

47 Data Search H

CETEEYRES @l Private Databases
zolutiong anly O ExaM

SGTE

O O BINS
O O sGPs no database
O Frsak [ [ SGTE
Oftmee 0 O sesud _ Select FactPS only.
FThall . . . . .
0] Frosc Other suwm oa In this example, the major species we are interested in
[l FThely [JELEM  [] SGnobl 1
Cithels CIEEW | DSttt include SncCl,, SnCly, SnO,, FeCl,, FeCl;, Fe, 05, Cl,, 05, N,
Crte O Freel ) Tomeeh etc. Since all these species are either pure solids/liquid or
Information - gases, there is no need to choose any solution database.

Options - search for product species

Include compounds ———— Lirnits

[ gaseous ions [plasmas] Organic species CuHy.... Xmaw] = l_
Defaut [ aqueous species Minimum solution components O 1 &) 2 cpts

[ limited data compounds [25C) F ) R
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Equilib Module: Recovery of Tin from Tin Cans

Reactants Window: Choose Units and Input the Quantity of Species

47 Equilib - Reactants — >

File Edit Table Units DataSearch Data Evaluation Help

0 ||;;.“‘| il TIC) Platm] Energyl)) Quantityimal) Yalllire) ﬁ ml !| ;gr|

ol Choose the units.
Quantity{mol] Species Phase T[C] Pltotal Stream# Data
[1 |sn | =l | 1
*| 2 |Fe | =l | 1
1z |ci2 | =l | 1
*|los GE: | =l | 1
*| |0.564 [nz | ~| | | [1

After choosing the units, input the

quantity of species.

[~ Initial Conditions

FactSage 7.3 Compound: | 1/14 databaszes Solutior: | 0/15 databazes v
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Equilib Module: Recovery of Tin from Tin Cans

Reactants Window: Choose “Initial Conditions”

Equilib - R iy i » s
G Equilib - Reactants Once “Initial Conditions” is checked, we need to
File Edit Table Units Data Search Data Evaluation Help

Dl + Ti0) T B T vamdP| specify the phase (i.e., structure) of species (see
3] next pages for more information).
Quantity(mol) Species Phase TIC) Pltotal)] Stieam# |Data

1 [5n [sclicH1” Solifuh] o] [
* oz [Fe [solid1 bee o] |
+ 2 [ciz [gss T RE
+ [15 [02 [gas [fa | I3
+ [0564 [z [gas I RE

Also, we want to assign Stream# to the reactants (Sn and Fe
are in 15t Stream, Cl, in 24 Stream, and air in 3™ Stream). You
= Pitotall s the hpdrosiatic essurd_ canl right click “Stream#” to see more details.

Faor a gaseous stream thiz iz b
partial pressures of the species TTIFar sTean. T

||7 Initial Canditions |

FactSage 7.3 Compound: | 1/14 databases Solution: | 0415 databases .
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Equilib Module: Recovery of Tin from Tin Cans

View Data Module: Structure of Sn and Fe at 25 °C, 1 atm

View Data

Wiew compounds - enter a list of elements or a compound or ALL

Examples:
AlCal - compounds of &1, Ca and/for 0
Si02 - cormpound
Fe2(S504]3 - compound
Cu[++] - catioh
OH[] - ahiok
ALL - all compaunds
ALL Fe - all compounds of Fe
ALL S04 - all compounds with S04
ALL Fe 5 0 - all compounds with Fe. 5 and 0
Pressure Energy [ata
(* atm v J ™ zolution
" bar " cal - )
minimum solution components
{+ i
Compound D atabazes [14]
Summary ... | Add ... | Remove ... | FactPs -

[ E:\Facts age'FACT DA TAVFS B3haze. cdb|
[FactP'5 - FACT pure substances databaze [2019] |

Elements or Compound or ALL:

E xit | | Informnaticr ... | 0K |

G Wiew Data Sn Units: T(K) P(atm) Energy(l) Quantity(mal)

File Edit SortCompounds Summary Databases Units Atomic!

2 compounds, 14 phazes [FactP5 - FACT pure substances data

L7 View Data Units: T(K) P(atm) Energy()) Quantity(mol) O X
File Edit Sort Compounds Summary Databases Units  Atomic Wts. Table Graph Help <= Back
[FactP'5 - FACT pure substances database (2019)] |
[Phases| com | HM | &M | S(T) | Volume | Magnetic| Refs. ||Trans. | Mol wtx]|
|
Marme: Iran
1) . . .
At 25 °C, S1 which is bcc is stable.
Transzition TIK) T(C) Delta H Delta § Delta Cp
J/mol J/mol-K J/mol-K
51--:52 1184.81 911.66 129 0.855 -7.681
5251 1667.47 1394.32 8258 0.495 2183
5111 181095 1537.80 13806.9 7.624 4.653
L1 -» G1[1 atm) 3131.93 2858.78 349631.2 111.635 -18.938
& view Data Units: T(K) P(atm) Energy()) Quantity(mol) O x
File Edit Sort Compounds Summary Databases Units  Atomic Wts. Table Graph Help << Back
[FactP§ - FACT pure substances database [2019] |

|Phases | cp(t) | HM | &M | SM) | Volume | Magnetic| Refs. || Trans. | Mol wix|
|

—— i At 25 °C, S1 which is solid(wh) is stable.

Marne: Tin

Compounds ordered by alphabet [see 'Sart Cor Transition TIK) TIC) Delta H Delta 5 Delta Cp
5 J/mol J/mol-kE J/mol-k
Tl P——— L1352 B5.05 -218.09 99554 1800808 -421.031
Fel-1 FactDs @ 5251 29656 23.41 20490.1 7.048 1187
Fel2+] FactBS Ag 51-» L1 Bi5.05 231.91 7029.1 12917 .09
Zelat] FactPS Rg L1 -> G1[1 atr 2872.94 2599.79 295769.0 102.950 -2.033
| |50 | FactPS 51 S2 L G
Sn2 FactPS =
Snl2+] FactPF5 Ag
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Equilib Module: Recovery of Tin from Tin Cans

Menu Window: Select the Products

& Equilib - Menu: last system

File Units Parameters Help
02l g TIC) Platm] Eneraul)] Quantity(mell Yollltrs] m |B| )1|
—HReactantz [5]
Sn + 02Fe + 202 + 01502 + 0564 N2
[25Cs1.41)  [25Cs1.41)  (25C.oH2)  [25C.oH3]  [25C.0.M3)

roducts

- Compound species

— Solution phases

Basze-Phaze

Full Name

Custom Solutions ————
0 fived activites _DEtEIS . |

[+ gas @& ideal ¢ real 41 [0 ideal zolutions
|_ aquenLs 1] Pzeudonyms -
|+_ pure liquids 10 IV apply Edit ... |
|+_ pure zalids 22 [
. mes o
Select all the Compound Species. g
FpECiEs; 73 . i hme data
| and physical properties data
Target  Lagend \I:t peliraequ.lllb.num # Grmin e-ldg |
- nane - ¥ Show® al " selected T" UTSSF'E'?'ES'[ I
. otal Species [mak
i I'l aao .
Fetmte T[.K]I i I— szll:luiic;zz: g Select | T otal Solutions [rmax 200 0
Wuantity(moll: |0 ' Total Phases [maw 1500 33
— Final Conditions E quilibrium
LA <B TIC] Patrn] ;I Delka HEJ) ;I & nomal 0 nomal + bansitions
1000 1 " transitions only
10 steps [ Table € open Calculate >> |
| FactSage 7.3 | S
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Equilib Module: Recovery of Tin from Tin Cans

Menu Window: Set the Final Conditions

ﬁ Equilib - Menu: last system

— >
File Units Parameters Help
O =2l g TIC] Platm) Enerayld) Quantitylmal] Yollitre) m |B| )1|
— Reactantz [5]
Sn + D02Fe + 2C2 + 01502 + 0BB4 M2
[25C.51 #1] [25Ce141]  [E8CoMe] [25C.g.H3) [25C.9.43]
— Products

— Compound zpecies — Solution phases

Cuztom Solutions

0 fimed activities Dietails . |
0 ideal zolutions

Basze-Phasze Full Hame

[+ gas & ideal © real 41

B e b i i TS |
F] puro ok “ Set the temperature range from 500 to 800 °C at 100 °C intervals,
species: 73 and the total pressure is 1 atm. This allows us to perform 4
g Leqens calculations at different temperatures.
-nE::n;ateT[K]: [0 e e ecies (max 5000] 73

IPECIES: 1] 0
) Select Total Solutions [max 200 0
(uantity(mol): IEI zolutions: 0 il

Total Phages [max 1500] 33
- Final Conditions E quilibrium
<A <B TIC] Flatm] LI Drelta HEJ) ;I & nomal O nomal + tansitions
500 200100 1 | 7 transitions only
T L(=10] FT‘EEIE

4 calculation: {Z apEn Calculate >> |

FactSage 7.3 | A
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Equilib Module: Recovery of Tin from Tin Cans

Results: (Here, we again use the ChemSage format)

& Equilib - ResultslSOO C (page 1;4)'

Output Edit Show Pages  Final Conditions

D|=| @5 [

-s00C- | s00c| 700¢| 800¢ |

TIC) Platm] Energyl)] Quantity{mol] olllitre]

Equilibrium Conditions.

STRERM CONSTITUENTS
Sn_Solid{wh)

Fe_beco
Cli/gas_ideal/
0Z/gas_ideal/
Ni/gas_ideal/

T

J.E-1 J
AAAARRRRRNELL AL

P P
Cp_INI H_INI

- . R
1.20€54E+02 -€.31482E-03

ZAMOUNT /mol
1.0000E+00
2.0000E-01
2.0000E+00
1.5000E-01

5.€400E-01
Ty

S_INI

J.E-1
AARRRREREL AL

- .
€.44404E+02

TEMPERATURE/C
25.00
25.00
25.00
25.00
25.00
AAEEEL

-
E_INI
I

Ty
-1.52123E+05

PRESSURE/atm STRERM

1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
ey

V_INI
dm3

-
€.€3535E+01

1

Wow e

Thermodynamic properties of the system at
the initial state.

Gas phase: the total fugacity is 1 which means

EQUIL AMOUNT MOLE FRACTICHN FUGRACITY N .
PHASE: gas_ideal mol atm
PEASE: gar_ the gas phase is stable. The major gaseous
Nz 5.€400E-01 3.€0%3E-01 3.€0%3E-01 . . .
g PoTeos geEs e species are SnCl, and N,. This means Sn is
TOTAL: 1.5€2€E+00 1.0000E+00 1.0000E+00
System component Zmount/mol Zmount/gram  Mole fraction Mass fraction 3 3 :
e e chlorinated and removed very efficiently.
Fe 1.7345E-02 0.9€5¢€4 2.828€E-03 3.5131E-03
Cl 3.5957 1l41.80 0.g5228 0.51425
[+] 1.458%E-11 2.3341E-10 2.3781E-12 8.4€54E-13
1 1 12 ST .
_ = Foroie Pure solids: Fe, 03, Sn0,, and FeCl, are
Fel03_hematite(s) 9.12€4E-02 1.0000E+00
Sn02_S1(s) 1.3103E-02 1.0000E+00 .
e e s | ,| Stable. Other compound species have an
Sn02_L1{liq) 0.0000E+00 1.755%%E-01 . . .
Shomnie e activity less than 1, which are not stable. Also,
Fe304_Magnetite(s) 0.0000E+00 1.43€8E-02
Fects Moryaeets) o/ Final Conditons Fe, 05 is the major species.
FeOC1_sclid(s) 0 < @ | me | Plam | DeaH{]l |
g [ |so0eon1o0 1 [

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

--------

Calculate >> v

>
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Equilib Module: Recovery of Tin from Tin Cans

Results: let us plot the data (this time we use Output\Plot)

45 Equilib - Results 500 C (page 1/4) - O X

Edit Show Pages  Final Conditions

Save or Print ¥ TIC] Platm] Energyll] Quantity(mal] “olllitre) “‘ BI D
> Plot Results ...

Equilib Results file -] Repeat Plot - .. FactSage 7.2 A
Stream File » 015 02 o+
{25,1,q9,#2) (25,1,g,83)
Format »
Fact-XML -]
zal
Fact-Optimal ¥ 1, 8%_138 litre, 2.7812E-03 gram.cm-3)
a=1.0000)
Fact-Function-Builder ¥ SnCl4
Nz
Refresh ... FeCl3
(FeCl3) 2)
Swap loops ...
+ %_12€4E-02 mol | Fe203_ =io
{14.574 gram, %|12&4E-03 .
so0 ¢, |1 =em_4 Feel free to use Fact-XML. However, some functions

L [{] »n o ”
+ 13103202 me sn02 351 in the “Plot” can not be replaced by “Fact-XML".

{1.874% gram, 1.3103E-0
(500 C, 1 atm, S1, a=1.0000)

+ 1.2€11E-04 mol FeCl2 solid
{1.5984E-02 gram, 1.2€11E-04 mol)

——1 AmmAA

Final Conditions —
. g | <Ay | <B> | TCl | Pam | DellaHi) | [4 calculations x|
| | |500 500 100 1 Calculate >>
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Equilib Module: Recovery of Tin from Tin Cans

Results: let us plot the data (this time we use Output\Plot)

& Equilib - Results 500 C (page 1/4) — O >
OUtFIUt Edit  Show Pages Final Conditions G Results Processor: wh MSE302% Exercise\Equil.res x
Save or Print 3 TIC] Platm] Energyll] Quantity(mal] “olllitre) File Help
3 Plot Results ... : Sn o+ 02Fe + 2012 + 01502 +
Equilib Results file » Repeat Plot - ... Variabl Mini e ey
) e activity 0 1
Stream File » + 0.15 02 4 mele ] 4
125,1,q9,8$2) (25,1,9,%3) male fract, soln. species i (0.E52276
Format > gram 0 27573
weight % saln. species 0 93.248
| Fact- XML I Alpha i i
el TIC) 500 800
Fact-Optimal * 1, 59.135 litre, 2.7812E-03 gram.c Platr] ! !
[ Delta Cpll/K] 25.765 115.19
Fact-Function-Builder ¥ SCl4 D\?:Eiﬁgl _9'8999211;% -?'?1!1318;05
3 Delta HEJ -4.8985E +05 -4, 3610E+05
Refresh ... FgClz Delka ilitre) 32738 74.935
{F=Cl3) 2) Delta 5[1K) -26.607 31.403
Swap loops ... - page - 1 4
4 12£45-02 mol Felis hema¥ite Anes STECIET Graph
Labels Display
Feel fl'ee tO use FaCt-XML. HOWGVEI‘, size |3 nof4 | | ¥ color I full screen
Sealect colars ...
. . * chemical " Wigwer
[{4 »
some functions in the “Plot” can not be Coivsgert | | Dot op

= 0
O hore [¥ file name
offest v

v SE 3DAE wercizeE quill.res

Axes Repeat |

replaced by “Fact-XML".

T -2cllE- 0% mor Fecle solld
{1.5%84E-02 gram, 1_2€11E-04 mol)

FactSage 7.3 2Blul22 4 zets

Final Conditions —
. 0 | <o | <E> | TIC) |  Plam) | DelaHil) | [4calculations] ﬂ
| | 500 800 100 1 Calculate >
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Equilib Module: Recovery of Tin from Tin Cans

Results: let us plot the data (this time we use Output\Plot)

A3 Results Processor: wiAMSE302\ Exercise\Equil.res X G Plat Species Selection - Equi“b Results: ws O e
File Help X
Sno+ 02Fe + 2C12 + 01502 + _ File Show Select
Variabl = ‘ Waxim +| # | Species | Mole [min] | Mole [max) | Fraction [min] | Fraction [mazx] | Achivity [min] | Achivity [max]
actiily 0 1 B4 Feddd 0 0 0 0 1.7240E-12 2.0192E-08
mele o ! B5 Fsan4 i 0 0 i 1.6186E 12 21141E-08
mole fract. soln. species 1] 0.652276
arem 0 27573 BE  Fell2 ] 12611E-04 00 ] 7.E20BE-02 1
eght % son species 0 220 E7  FeCl3 ] ] ] ] 2.8018E-04 2.7126E-03
A e o B2 FeOCI 0 ] ] 0 1.9588E-032 3.4092E 03
Plami 1 1 63 Sn 0 ] i 0 1.7487E-17 1.3291E12
Delts CplJ K] 25765 11519 K d
De\tapG[J] -8.E31E+05 -F.7R38E+05 70 5n 0 0 0 0 3.0733E-18 5.6158E-13
Vallie) 38138 43 71 5n0 ] ] ] ] 5.4089E-09 1.6000E -06
Deka HiJ) 48985405 AG10E45 72 Sn02 1310302 0116047 ] ] 1 1
Delta litre] 32738 74936
Dot s) o . 73 5nCI2 0 ] ] ] 1.7381E-05 1.5033E-05
- page 1 4 » SOLUTIONS
= Spocies Granh 74 GAS 1.5626 1,605 ] 0 1 1
Labels Display
sefd pafi | | edor T fulsereen r + 75 Gn_GAS : 97 0143343 0160942 1] 0
Copemed W edarts e i 76 FE_GAS 1.7345E-02 34 2.B286E-03 2.5092E-02 0 0
tres | Repeat | £ none W fie name 77 CLGAS 39997 4 0649546 0.652276 ] 0
oftset ¥ 78 0_GAS 1.4589E-11 | 7.7MPE-OF | 23791E-12 1.2542E 06 1] 0
: 73 MN_GAS 1.128 1.126 0.182918 0.183953 ] 0
FactSage 7.3 wr WS E 302\E wercizet Equill.ies 2BJuI22 4 sels
Display Mass Order Select Tap ,ﬁﬂ T s
« » . « » e -
Choose “Sn_Gas” under the option of “ELEMENTS M sowcs | | & moief| | S inegert o ecee o]
[~ phase ~ fraction [max] :
. « »” . . " aram rachion fmax phases with zero mass
(NOT the option of “Gas”). This is all the Sn e ® qsiiyne oo ok
- page
. . . ecies. 4 pages
contained in the gas phase. From the option of
[{] » L .
Gas”, you would see Sn exists as Sn, Sn,, Sn0O, Sn0,, Choose “mole” as Mass unit.

0,Sn,, 03Sn3, 0,Sny,, SnCl, SnCl,, and SnCl, (major
species of Sn carrier).
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Equilib Module: Recovery of Tin from Tin Cans

Results: let us plot the data (this time we use Output\Plot)

G Results Processor wAMSE302\Exercise\Equi

File Help

Oures G Axes: mole vs T(C)

ps

[5n + 0.2Fe + 2002 + 01502 - I"r'—vanable" X""E”Eblel Swep

[gtl=7
Yariables | ini ¢
a:li\;ity E haxiz H-axiz
mole fractm:;n SpECies 1} ECtIUIt_'," ECti‘n"it_""
e R 2 |
0 5 mole fract. soln. species maole fract, soln, species
Platm] 1 i Il
Delta Etp[.J.r‘K] 25.765] mjrimum ICI minimum EDD gram gram
Della Gil) -3 RIZIE . :
DVTII[Iit:‘ﬂ] p EBSSEEES tih every tick every weight % soln. species weight % soln. species
Delta[litre] 32.738] A A
Deltta S[JE"K] -26.607] Alpha -'tlphﬂ
- page - 1
Axes Graph Cancel @ ¥ 1@
D selpcted — - P(atm) P(atm)
seeld nofT T
o | W o] o e Delta Cp(J/K) Delta Cp(I/K)
I_A_u 5 . ‘ ; integer # ¥ :T:';:;: * Figure
HES epeat hone
offsel ¥ Delta G{J) Delta GIJ)
: Vol(litre) Yol(litre)
FactSage 7.3 v AMSEI02ME xercizehE quill.res 26Jul22 4 sety
Delta HiJ) Delta H(J)
Delta V(litre) Delta V(litre)
Delta S(/K) Delta S(J/K)
. (gas)
We wish to plot ang " ~T graph. - page - - page -
B ]
leg10(Y) log10(X)
In(Y) In(x)
exp(Y) exp(X)
1Y 17X
phase distribution ratic

Sustainable Materials Processing Lab
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Equilib Module: Recovery of Tin from Tin Cans

Results: let us plot the data (this time we use Output\Plot)

{7 Figure  User: Materials Science, U. of Toronte - O *
File Add Edit View Help
Olelalelslslalx] | = gl o @ As seen from the graph, the total
Sn + 0.2Fe + 2CI2 + 01502 + : :
w:\MSE302\Exercise\Equi0.res 26Jul22 amount Of Sn n the gas phase 1S Close
' ' ' ' ' to 1.0 mol at the four temperatures
o | | | we investigated. This means that
essentially all the Sn is recovered
?_; o (Recall the total Sn input is 1.0 mol).
rs 2500 |
_y 1| Save the graph.
e Savein: | Exercise j |‘=_“F E-
Mame - Date medified Ty
1.000 [l Sn_GAS Sn_GAS No items match your search.
(@) Filename:  [Tin_Chlor_Part | FIG | Save
< Save as type: |FACTfigures (" fig) j Cancel
FactSage 7.3 550 615  |X= 71422222 ¥ = -0.40083607 Ci\FactSage\EQUILIE.FIG
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Equilib Module: Recovery of Tin from Tin Cans

PartIl.

For Part II, we will be looking at what happens if the amount of oxygen supplied
is not sufficient to oxidize the exposed iron.

Assume the amount of the exposed iron is a variable: for 1 mol of Sn, the amount
of the exposed iron varies from 0.2 to 0.6 mol. The temperature is fixed at 600 °C.
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Equilib Module: Recovery of Tin from Tin Cans

Back to the Reactants Window:

{Lj’ Equilib - Reactants — >
File Edit Table Units Data5earch Data Evaluation Help
Ol + TIC) Platm] Energyl)] Quantity(molL alliie] i oo
4 Cuantity O >
1-5] .
Enterthe amount of the reactant. Examples: 10 14307 1.234e-4
Quantity[mol) Species Phaze Far example, the formation of water:
1 [5n [solid1 Solidlwh] | 10.5 gzz
+ || <M_I' IFe |solid1 bec — : —
A composition variahle "A" (alpha) may be specified in the form <aA+b> ar <a+hA> where a and b are
+ |z |Ciz |ga$ constants, A is calculated ar specified |ater.
Examples: <A> <1+24> <3.7A+6>,
+ |01 o2 |gas Faor example, a binary mixture between copper and nickel:
<Ay Cu
+ [o5k4 R |gas [ ERENY;
A composition variable "B" (beta) may be specified in the farm <a4 +bB+cAB+d> where a b, cand d are
constants, A and B are specified later in the Menu Window, WWhereas vou can specify or calculate a
range [First. Last Step] of <A, far example [0.0 1.0 0.1]. only one constantwalue of <B» can be specified.
For example the oxidation of various quantities of hydrogen by oxygen diluted in nitrogen. Say wou want
ta hawe 1 male total of input gases yau might enter:
<A H2
+ <1-A-B> 02
+ <B> M2
[t the fixed quantity of M2 is 0.1 male, then in the [Menu WWindow] you waould specify <B> = 0.1 and give a
range for alpha, say <A» =[0.00.901].
L
ok
_——
FactSage 7.3 Compound: | 1/14 databazes Solutior: | 0/15 databases |
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Equilib Module: Recovery of Tin from Tin Cans

Menu Window
G Equilib - Menuw: comments . Final Conditions O ¥
File Units Parameters Help
0= & TIC
Reactants (5] In most cases you specify values of T and P (and <A> and <B> if necessany).
sno o+ 4 Forexample T=1000and P=1.
[25C.:1.81] (25
—— Arange is indicated by|[FIRST LAST (STEF, optional)]) Far example '[500 10007 inthe T calumn means T
'E" uets _ . =600 and 1000; '[5001050 100" means T =500, 6O0, 700 ... 1000 and finalky 1050,
ompolhd species Salution ph
[ ofr e 1=l Leawe the column blank ifitis not specified.
[T aqueous 0
[+ pue liquids 10 “When the reactant initial conditions hawve been specified ("Initial Conditions" box in [Reactants Window] is
[+ pue solids 22 'checked") a column for extensive variables (Delta H, Delta Y, etc.) is activated. Mowwou hawe the option
specifying only one of T or P together with one of the extensive variables.
TpECies: 73
If wou only specify one wariahle, say P =1, then vou can perform a Target Phase calculation ie. that
S— temperature is calculated when the Target Fhase becomes stable. You must specify which compoaound or
- e Legend ™ colutian is the target phase. Inthe case of solutions, the target may be a Formation Target Fhase (unit
Estiate T(<): [1000 activity) or Precipitate Target Phase (unit activity, 100% males). Click onthe Target Phase frame with the
uanttyimol: [T mouse-right-button far details.
Final Cgnditions E quilibrium
i B> I TIC) || Platm] j|DeIta HiJ) j * normnal ™ nommal + transitions
0.20.6 07 [=] I | £ tranzitions anly
10 steps [ 5 calculations | | T open Calculate >
—»| Temperature
FactSage 7.3 v SE 302E wercizetE quil—
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Equilib Module: Recovery of Tin from Tin Cans

Results: plot the ngflas)

G

~<Alpha> graph

File Help
Sno+ <AxFe + 20012 + 01502 +
Variables | Mini - G Plot Species Selection - Equilib Results: mole vs Alpha
G Aoes: mole v Alpha File Show Select
] ] +| # | Species | Mole [min) | Mole [max] | Fraction [min]) | Fr
Y-variable X-variable Swap Axes B5 Fe304 i i i
e BE  FeCl2 1] 0.597804 ] 0
- - E7  FeCl3 1] i ] 0
T-ais Az B8 FeOCI ] 0 0 i
89 5n 0 0 0 i
70 &n 0 i ] 0
. . 1 S0 0 1} I] 0
MR 4 MR 72 5Sn02 2EB13E02 015 ] Ml
.. .. 73 5nCl2 a 1} 1] 0
v v X SOLUTIONS
. . 74 GAS 1.416 15667 ] i
tick every (0.2 tick. everny ] ELEMENTS
+ 75 5n_GAS .85 0.973187 0157411 o
TE | Fe GAS 21963E-03 | 357E0E-02 | 4.5903E-04 &,
77 CLGAS 28044 4 058613 o
= = 78 O_GAS 22979613 | 1.4044E-09 | 4.4215E-14 2
Cancel Refrezh 79 M GAS 1128 1128 0183805 D.I

Axes Species Graph

1 zelected Labels Drizplay

see:[3 mofd ||V u:u:ulu::r | [ full screen
et —

Select

* chemical
 integer 8 v reactants

Repeat O o v file name

offset [

FactSage 7.3 WS E 302NE mercizehE quill res 2BJulZ2 5 zetz

* Figure
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Equilib Module: Recovery of Tin from Tin Cans

Results: plot the ng‘(flas) ~<Alpha> graph

{7 Figure  User: Materials Science, U. of Toronto - O *
File Add Edit View Help

Dl(Elal blse X | S 8|8 &x=5E

Sn + <A>Fe + 2CI2 + 0.1502 +
w:\MSE302\Exercise\Equi0.res 26Jul22

<! Selected |

4.000

It is noted that after an initial drop in the total amount of Sn in
the gas phase when <Alpha> increases from 0.2 to 0.3 mol.

som |- After that, the total amount of Sn in the gas phase remains
constant as more unoxidized iron is available. This is not

® AT
A 4

250 |

expected because the unoxidized iron would presumably
i consume Cl, and thus less Cl, is available to chloridize Sn to
form gaseous SnCl,. So what is going on?

1500 |

1000 |
Sn_GAS Sn_GAS Sn_GAS

Save the Graph with the name “Tin_Chlor_Part II”
, , , , . . . . |

0.2000 0.2500 0.3000 0.3500 0.4000 0.4500 0.5000 0.5500

Alpha j
< >
FactSage 7.3 177 4 X = 0.25925926 Y = 4.5983607 C:\FactSage\EQUILIB.FIG
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Equilib Module: Recovery of Tin from Tin Cans

Results: plot the amounts of major species

& Plot Species Selection - Equilib Results: mole vs Alpha O >
File Show Select
I‘ « gas phase Mole [max] | Fraction [min] | Fraction [max] | Activity [min] | Activity [max]
dueEdUs EpEEiEE
o E720BE-26  4.2895E-26 45121E-26 4.2895E-25 45121E-26
¥ pure liquids 0.564 0.353954 0398307 0359354 0.398307
v pure solids 42531E-29  25807E-29 3.0036E-29 2 5A07E-29 3.0036E-29
e 55443E-17  2.8856E-21 35387E-17 2 BE56E-21 A5387E-17
5.4456E-10  2.3112E-18 3.4758E-10 23112E-18 3.4758E-10
ELEMENTS 7.2709E-27  25163E-29 4 B408E-27 2 5163E-39 4 B40BE-27
..................... 31263E-10  1.711BE-14 1.9954E-10 1.7116E-14 1.9954E-10
o 1E593E-14  95586E-19 1.0594E-14 9.5586E-19 1.0594E-14
1.8E96E-15  B.34R4E-24 1.1933E-15 B.3464E-24 1.1933E-15
Clear S OoFOE. T 1 AF1AF .29 2 EAADE DT 1 AR1AF-39 2 R44BE-2T7
11 . E-42 2 7E52E-30
l? It is suggested that ELEMENTS not be shown. We o5 S
131 want to plot the species not elements. E-54 | 53442644
14 E-09 7.2154E-07
15 CI2 24340E-08  41771E-04  1.7183E-08 2 BEE1E-04 1.7189E-08 2 BEE1E-04
16 CI0 11542618 1.9504E-12  8.1510E-19 1.2449E-12 8.1510E-19 1.2449E12
17 rinz 1 FRARF - T RAAAF-M 1 2419F 31 2 AMROF-M 1 2419F -1 2 APROF M
Dizplay Mass Order Select Top Iﬁj K - lected |
' integer # - 1 j FPECIES FEIECIE

[ zource * mole i i
¢ mass [max] — ignare species and

[ phase

" fraction [max) 3
{ hagzes with zero mass
Clear [~ hame pE 7 activity [rmax)] F Ok
Select ...

[ Click on the '+' column to add of remaove species. |

| lpage]
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Equilib Module: Recovery of Tin from Tin Cans

Results: plot the amounts of major species

{I.:r' Plot Species Selection - Equilib Results: mole vs Alpha —>

File

Show  Select

Double left click to sort the species.

7
74
73
fi]
4

EE
2
40

|+ +||+ +|

72
53

i 7B

23
A
28
15
a0

14
a9

+| i | Species | Mole [min] ||Hule [ma:h'.]

J raction [min] | Fraction [max] A.c:twlty [min] |

Activity [max]

ClGAS 28044 4 059613 0.65179 1]

G&S 1.416 1.5667 1] 0 'I 1

M_GAS 1.128 1.128 0183305 0.235757 0 1]

Sn_GAS 0.85 0.973187 0157411 0177654 0 1]

SnCl4 0549316 0.973153 039329 0E21135 0.32329 0621135
FeCl2 1] 0.537304 1] 0 0.434254 1

M2 0.564 0.564 0359934 0.333307 0.359934 0332307
SnCl2 3.4256E-05 0300134 2. 1864E-05 0.211336 2. 1864E-05 0.211336
SnO2 2EB813E-02 015 1] 0 1 1

Fe203 1] 4.2125E-02 1] 0 6.9173E-04 1

Fe_GAS 21963E-03 | 35YR0E-02 | 4.5903E-04 5.8254E-03 0 1]

FeCl3 3.6463E-04  271823E-02  Z257E5E-04 1.3329€-02 2.5755E-04 1.3929E-02
[FeCl3)2 203NE-06  EE795E-03  1.4358E-06 4.13995E-03 1.4353E-08 4.1395E-03
FEl:l . 0 L ol

cz | These four species have the most significant amounts (we are
o | not considering “N,”). Choose these four species.

Sl

Clear

Dizplay Maszs Order
[ source * mole
[ phasze
" gram
[ name .

[ Click on the '+' column to add or remove species. |

- lpage]

" integer #

" maszs [max)
" fraction [max)
" achivity [max]

select Top [15 =]

ignore zpecies and

r :
phazes with zero mass 0K
Select ...
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Equilib Module: Recovery of Tin from Tin Cans

Results: plot the amounts of major species

G

File Help
Sn o+ b Fe + 2C12 + 01502 +

| i | Minimum |  Maximum
ﬁ Axes: mole vs Alpha 1

4
0.E51791

: : 27014
-awiz Fe-awis 92 £5

28

. . GO0
FrERImLIm |'|| ]

Y-variable X-variable Swap Axes

M ] ] A7 462
-8.3809E +05

tick every ] 11225
Adjust the maximum value to 1.
Canicel Refresh

Species Graph
Labels Display
size:[3 poc[4 | | ¥ color [ full screen

Select colors ..
* chemical " Wiewer
v reactants -
* Figure

v file name

" integer #
Repeat ™ naone

offzet v

FactSage 7.3 WS E 30ENE mercizeE quill.rez 2BJulZ2 5 zetz
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Equilib Module: Recovery of Tin from Tin Cans

Results: plot the amounts of major species

G Figure  User: Meterals Scence, U, of Toronto _ g | As seen from the graph, there is a
nlslglol wlslelx | = 8a] ox|E complex chemistry occurring as more
Sn + <A>Fe + 2CI2 + 01502 + exposed iron is available for reaction
wANISES02ExerciselFquid.res 26Jul22 without adequate oxygen to convert
it to Fe, 0;.

(i) Some Sn forms solid SnO, and this

5 would represent a Sn loss since
T Sn0, is not volatile and will
rJ . . .
remain with the solid waste
é 0500 | £ ] Stream-
(ii) Some Cl, is wasted by reaction

with iron to form solid FeCl,.
/ (iii) The Sn volatilization does remain
- “respectable” because of the
. | / | . | formation of stannous chloride

SnCl, in the gas phase.

<

FactSage 7.3 185 10 X =0.264 Y=1.1372951 C\FactSage\EQUILIB.FIG |
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Equilib Module: Recovery of Tin from Tin Cans

Part III (Process Control)

The above calculations can be used to guide the production. If significant
quantities of FeCl, are detected in the outlet product stream, then this is a sign
that we need to add more O, (i.e., air) to oxidize the metallic iron to Fe, 0. The
secret in operating this tin recovery process efficiently is to maintain the oxygen
flow to keep the iron as Fe, 05, but not to over-oxidize the metals, either.

Bearing this in mind, let us simulate the process in FactSage.

Note: in the actual tin recovery process, the amount of the exposed iron is
unknown, and the assumption of 0.2 mol of the exposed iron for 1 mol of Sn in
Part I calculation is not universally valid.
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Equilib Module: Recovery of Tin from Tin Cans

Back to the Reactants Window

47 Equilib - Reactants — >

File Edit Table Units Data5earch Data Evaluation Help

O | D."'l il TIC] Platm] Energyl]] Guantitmal] *olllitre] "TI Bl ):;J’l

1-5]
Quantity(mol) Species Phase T[C] Pfotal™ Stieam# Data
f1 f3n fsolid1 Solidiwhl  «| |25 f1 [1
* et |Fe fsolid-1 bec x| |5 f1 [
+ |2 G |gas BIRE [1 [2
EE— = SE [ h
+ 28285 [z [gas ~| [= [ E I

— For every mol of Fe, 0.75 mol of O, is required to form 0.5 mol of Fe, 0.

—» For every mol of 0,, 3.76 mol of N, is introduced.

[v Initial Conditions |

FactSage 7.3 Compound: | 1/14 databaszes Solution; | 0415 databages v
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Equilib Module: Recovery of Tin from Tin Cans

Menu Window

G Equilib - Menu: comments — >

File Units Parameters Help

Ol = E TIC] Platm] Energyld] Quantity(mol] “olflitre) IW | Bl }Jl

—Reactants [5]

Sh + <A Fe o+ 202+ <0784 02+ <2824> N2

[26C.51.81] [26C.s1.81] [25C.0.42) [25C,0.H3] [25C,0.43]
— Products
— Compound species————— — Solution phases — Cuztam S olution, . :
o — 0 fed st Same settings as Slide.
[ gas & ideal ™ real 41 0 ideal solutian T
|_ aqueoLs a Pzeudonyms -
|+_ pure liquids 10 ’7 apply T Edt.. |
|+_ pure zolids 22 —Wolume data—————————
o assume malar volumes of
golids and liquidz = 0
species 73 include molar volume data
and phyzical properties data
[T paraequilibrium & Gmin  edit |
[leest ~ Legend Yirtual species: 1]
- hiohe - v Show @ &l O zelected g P . [ T T
. otal Species [max
E stimate T(K]: I'IDDD -
e [ ) i ID_ szll:lui;uz::zz: g Select | Total Solutions [max 200 0
e e ' Total Phases (max 1500] 33

— Final Conditions E quilibrium
hs B TIC) Platrn] ;I Delta HiJ] LI % mormal = nommal + transitions
020601 EOO 1 ~ hanszitions only
10 steps [ Table " open Calculate >> |
FactSage 7.3 | v SEI0E wercige\EquiTin_Recovern. DAT
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Equilib Module: Recovery of Tin from Tin Cans

Results: plot the ngflas) ~<Alpha> graph

{3 Figure  User: Materials Science, U. of Toronto - O *
File Add Edit View Help

0@ w 2leX| | = &2 o x|

=l Selected |

-

Sn + <A>Fe + 2CI2 + <0.75A>02 + | High recoveries of Sn to the gas phase are
w:\MSE302\Exercise\Equil.res 26Jul22 .
| | | | | | achieved regardless of the amount of exposed
iron. You are recommended to check the major
1500 |- .
Species.
.
L 3.000 |- -
T ‘? Plot Species Selection - Equilib Results: mole vs Alpha
S 2500 L i File Show Select
+| i | Species | Mole [min]) | Mole [max) | Fractio
] 77 CLGAS 1 1 0.4765¢
EEE 1 79 | N_GAS 1128 3.384 0.1838C
74 | GAS 15667 26965 0
2 M2 0,564 1,692 0.3593¢
a0 - 1 4 SnCl 0572948 0973195 03608
75 Gn GAS 0972994 | 0973233 | 01159
) ) ) " 89 Fe203 82125602 0.281996 0
100 e e S 4 76 |Fe_GAS I5E90E-02 | 3.G009E-02 | 4.2903
72 5n02 26767E02  2700BE02 O
29 FeCl3 21623602 24992602 92603
o ] 31 (FeCiaR 5O0137E03  B.579RE-03  1.8533F
2% FeCl2 BEISTED4  S03EEE4 33513
, . . . . . . . 15 Ci2 A177IED4  E39S1E04 20008
0.2000 0.2500 0.3000 0.3500 0.4000 0.4500 0.5000 0.5500 an Snll2 T ADREF-NR 4 REITE.NR 1T RA2RE
Hpha v
£ >
FactSage 7.3 444 614 K= 041748148 ¥ = -0.40163934 C:\FactSage\EQUILIB.FIG
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Equilib Module: Recovery of Tin from Tin Cans

Save the Graph and Equilib settings: “.dat” file

Save the Graph with the name “Tin_Chlor_Part III”. Also, go back to the Menu
Window, save the Equilib settings as a “.dat” file.

Save File in wi\MSE302\Exercise\Equi®.dat X
Enter the file nurmber oK
(1 -9339] -
o enter the file name, for example w

by wer favonte calculation

- avoid the special characters /71755

|'I"|n_Hecnver:,'_VariaI:ule Fe|
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Equilib Module: Recovery of Tin from Tin Cans

A Note on the Real-world Production

In the actual production, with the majority of Sn being recovered as SnCl, to the
gas phase, Fe, 05 that forms on the exposed iron will become a “protective” layer.
Consequently, the amount of O, required will be difficult to predict ahead of time,
and we will need to monitor the process for free Cl, and FeCl, to ensure that we:

(a) add enough chlorine — we will need to keep the free Cl, at around 2% in the
gas phase; and,

(b) add enough air to prevent iron chlorination.

For the commercial-scale production, an effective operating strategy that has
been proven successful is to monitor the oxygen level in the off-gas and to
control the feed rates of chlorine and oxygen (in air) to match the amounts of
iron and tin that are actually reacting.

The following exercise focuses on the tin chlorination process with variable

oxygen and chlorine.
66
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Equilib Module: Recovery of Tin from Tin Cans

Exercise 1. A Small Excess of Both Chlorine and Oxygen

In the first exercise, we will supply excess chlorine and oxygen to the reactor. In
doing so, we will have some oxygen that can be measured in the product stream
and some excess chlorine (that we can absorb and reuse). By having a (small)
excess of both the reacting gases, we ensure that there will always be a driving
force for the reactions we want.

For simplicity, we shall assume chlorine and oxygen that are supplied have the
same excess ratio.
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Equilib Module: Recovery of Tin from Tin Cans

Exercise 1. A Small Excess of Both Chlorine and Oxygen
& e Reactanc] - 5

File Edit Table Units

0l We are again calculating the tin recovery based on 1 mol of Sn.

1-5]

—»| The number of moles of the exposed iron are variable.
Quantitp[mol] Species Phase TIC]) Pltotal)*™ Streamit Data
] |Sn solid1 Solidwh) | [25 1 1

| Fe To recover 1 mol of Sn as SnCl,, 2 mol of Cl, are required. By

* ez F———— [oz o ;1

N 5 > multiplying a factor <B> greater than 1, we are providing excess Cl,,

s 2 and the excess ratio is calculated as (B — 1) X 100%.
If you need help regarding B (beta), right click to open “Help”.

To oxidize <A> mol of Fe to Fe, 03, at least <0.75A> mol of O, are required. If
—»| we use the same excess ratio as Cl,, then the number of moles of O, that are
supplied are <0.75AB>.

[¥_Initial Conditon ||

For every mole of O, introduced, 3.76 mol of N, is introduced.

FactSage 7.3 Compound: | 1/14 databazes Solution: | 0/15 databases
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Equilib Module: Recovery of Tin from Tin Cans

Exercise 1. A Small Excess of Both Chlorine and Oxygen
& Equilib—comments

File Units
01| 2| &

—Reactants [h)

Parameters

Help

TIC) Platr) Energyll] Quantity(mol] Yolllitre)

=™ 2

Sn + 2fdx Fe o+ 2B CI2 + <075AB> 02+ <2.821AB» N2
[25C.s1.81]  [2BC.s1.41) [25C.0.42] [25C.0.43] [25C.0.43]
— Products
— Compound species — Solution phases — Customn Solutions ———
* | + | BaszePhase Full Name 0 fiwed activiies _IDEta"S"'
[+ gas @& ideal ¢ real 41 0 ideal solutions
|_ aqueoLE 1] Pzeudonyms -
|+_ pure liquids 10 ’7 apply [ Edit... |
|+_ pure zalids 22 —Walume data—————————————
& as;gfme rﬂu:lu_lar _\:u:ulunl'u_les of
—=% We are considering the effect of the amount of the iron that is reacting.
[T paraequibium & Gmin_edt | |
— Targe
- hone- . . 0 . . .
b IW—L A small excess ratio (~10%) is used for both the input chlorine and oxygen.
Quantiyimoll [0 soldins: 0 —— | 7 Phases ma 1500 33
—Eipal Condition: E quilibrium
<A <B> TIC] Fatm] ;I Dielta HEJ) ;I & rnomal O nomal + bansitions
02102 11 a00 1 [ " transitions anly
10 steps Takle " open Calculate 3> I
. . °
| FactSage 7.3 |w:"\MSEEDEHEHercisethuiTinﬁ We are C0n51der1ng the process at 500 °C.
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Equilib Module: Recovery of Tin from Tin Cans

Exercise 1. A Small Excess of Both Chlorine and Oxygen

After the calculation, plot the total amount of Sn in the gas phase. For varying
amounts of iron reacting, is the recovery of Sn efficient? What are the levels of
oxygen and chlorine in the off-gas?
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Equilib Module: Recovery of Tin from Tin Cans

Exercise 2. Adding Too Much Air

In the second exercise, we will consider the situation if the process is out of
control and too much air is introduced to the reactor.

We will consider the fixed amount of the exposed iron: for 1 mol of Sn, 0.2 mol of
the exposed iron. For the input chlorine, the excess ratio is set as 10%.

Let us vary the amount of oxygen supplied.
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Equilib Module: Recovery of Tin from Tin Cans

Exercise 2. Adding Too Much Air
£ Equilib - - X

File Edit Table Units
0l We are again calculating the tin recovery based on 1 mol of Sn.

1-5]

—»| The number of moles of the exposed iron are 0.2.
_ll|uantit [mol] Species Phase TIC] Ptotal]®™ Streamit Data

1 [5n |solid1 Solidiwh] =] [25 f1 |1
+ [pz_F— [Fe [solid1 bec = i
+ “&'— c2 I e G =
o [FFRT7S e B 5| Excess Cl, is supplied, <B> will be set as 1.1 (Menu Window) to give
+ [Cosea 1 |2 10% excess ratio.

[

To oxidize 0.2 mol of Fe to Fe, 03, at least 0.15 mol of O, are required. If excess
—»| 0, are supplied, a factor, <A>, greater than 1, is multiplied. The excess ratio of
0, is then (A — 1) x 100%.

For every mole of O, introduced, 3.76 mol of N, is introduced.

FactSage 7.3 Compound: | 1414 databases Salutior: | 0415 databases
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Equilib Module: Recovery of Tin from Tin Cans

Exercise 2. Adding Too Much Air
G Equilib—comments

File Units Parameters Help
Ol = E TIC] Platm] Energyl)] Quantity(mol] “alllitre) Iﬁ |B| ];l'l
—HReactants [5]
Sn + 02Fe + <2Bx CI2 + <0184 02+ <05E44> M2
[Z25C.e1.81]  [25C.=1.81) [25C.0.42] [25C.0.43] [25C.0.43]
— Products
— Compound species Solution phazes Cuztam Saolutions -
= | + | Base-Phasze Full Name 0 fiwed activities _IDEta"S"'
[ gas & ideal ™ real 41 0 ideal solutions
|_ aquenus a Fzeudonyms -
|+_pure liquids 10 |_ sl [T Edit ... I
|+_ pure zolids . . . :
The excess ratio of O, is between 0 to 100%, which means <A> varies
#===l from 1 to 2.
T = e —C— ]
— Targel
- none| . . 0 . . .
i - IW—L A small excess ratio (~10%) is used for the input chlorine.
Quantity(mol]: | sobtions: 0 ——— | 7 Phacesmax1500] 33
— Einal Condition E quilibrium
Lo B> TIC] Platm] ;I Delta HiJ) ;I * namnal ™ nomnal + tranzitions
1201 1.1 500 1 ™ hranzitions only
10 steps [ Table " open Calculate >» I
. . °
——m st et anT| Y€ are considering the process at 500 °C.
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Equilib Module: Recovery of Tin from Tin Cans

Exercise 2. Adding Too Much Air

After the calculation, plot the number of moles of SnCl,(g), Cl,(g), Fe,05(s) and
Sn0, (s) against <A>. With increasing the excess oxygen supplied, is Sn efficiently
recovered to the gas stream? Why?

Also, plot the mole fraction of oxygen in the off-gas against <A>. If the oxygen
level in the off-gas is measured and it reaches ~150 ppm, you would know to cut
back on the air feed to the reactor. This means that it would be possible, at least
in principle, to use an oxygen analyzer to drive an air flow control valve.

Note that the partial pressure of oxygen does not rise very steeply with excess air,
because it is “buffered” by the formation of SnO,. The formation of SnO, means
that less chlorine is used for chlorination of Sn so that chlorine will rise in
tandem with oxygen, and the chlorine is present at much higher concentrations
(please plot the mole fraction of chlorine in the off-gas against <A>).
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Equilib Module: Recovery of Tin from Tin Cans

Exercise 2. Adding Too Much Air

In an actual process, the excess Cl, supplied to the reactor would result in the
presence of free Cl, in the off-gas. It would be necessary to keep the free Cl, in
the off-gas in a range of 11~20 vol.%, or even higher, to provide the driving force
for the chlorination process. This requires a careful control of the addition rate
of chlorine. The free Cl, in the off-gas can be recovered and recycled.
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Equilib Module: Recovery of Tin from Tin Cans

Exercise 3. Changing the Amounts of Both Chlorine and Iron to the Reactor

In the third exercise, we will be looking at the effects of the varying amounts of
both Cl, and the exposed iron that reacts on the chlorination process. This can
be done by setting the amounts of Cl, and iron as variables (next page).

Note: when <B> is used, the calculations are repeated for each value.
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Equilib Module: Recovery of Tin from Tin Cans

Exercise 3. Changing the Amounts of Both Chlorine and Iron to the Reactor
&7 Equilib -Reactants | - X

File Edit Table Units
0l We are again calculating the tin recovery based on 1 mol of Sn.

1-5|

—» The number of moles of the exposed iron are variable <B>.
.__ﬂluantit '[mol) Species Phasze TIC] Pltotal™ Streamit Data
|| f5n [solidk1 Solidiwh] =] [25 1 1
+ [t [Fe fsolid1 boe EAREE [1 [
+ [z} joiz

Different levels of input Cl, are tested by changing <A>: A =1

+ [le3102e:] |N2 —

*+ e | o> . . "
means stoichiometric addition of Cl,.

To oxidize <B> mol of Fe to Fe, 03, at least <0.75B> mol of O, are required. If

we assume the excess rate of O, is 10%, then <0.825B> mol of O, are added.
I

—»{ For every mole of O, introduced, 3.76 mol of N, is introduced.

I Inial Condibions |

FactSage 7.3 Compound: | 1/14 databazes Soluton: | 0415 databases v
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Equilib Module: Recovery of Tin from Tin Cans

Exercise 3. Changing the Amounts of Both Chlorine and Iron to the Reactor
G Equilib —cu:ur'nments

— et
File Units Parameters Help
Ol = E TIC] Platm] Erergel)]) Quantity(mol] Volllitre) Iﬁ |B| :"l
—HReactants [5]
Sk +  <Br Fe + <2&: CI2 + <0.828B8> 02 + <3102B> M2
[25C.51.81] [25C.51.H1] [25C.0. 82 [25C.0.43] [25C.0.43]
~ Products
— Compound species Solution phazes Custam Saolutions -
= | + | Base-Phasze Full Name 0 fiwed activities _IDEE"IS"'
[ gas & ideal ™ real 41 0 ideal solutions
|_ aquenus 1] Fzeudonyms -
|+_pure liquids 10 |_ sl [T Edit ... I
|+_ pure zolids

—

TpECiE

Cly (e, A > 1),

— Targel
- FIOKE]

We cover the range from under-supply of Cl, (i.e., A < 1) to over-supply of

N | = e e

E stifnate T(K]: I'I ]

For every mole of Sn recovered, 0.2 mol of Fe reacts.
Quanity{moly: |0 saldns: D T e e 15001 33
— Einal Condition E quilibrium
Lo B> TIC] Platm] ;I Delta HI) ;I ' nomal ™ naomal + transitions
negzo0z 0.z 500 1 " transitions only
10 sheps [ Table " open Calculate »> |
. . o
— st e | Y€ are considering the process at 500 °C.
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Equilib Module: Recovery of Tin from Tin Cans

Exercise 3. Changing the Amounts of Both Chlorine and Iron to the Reactor
G Equilib -comments

— *
File Units Parameters Help
0zlg TIC) Platm) Eneraul)) Quantitylmell Yollitre] m ||!| )1|
—Reactantz [5]
Sh +  <BxFe o+ 420 CI2 +  <0826B> 02+ <3028 M2
[25Cs1.81) [2BCs1H1)  [26C.0.42) (26C.0.#3) [25C.0.53)
~ Products
— Compound species Solution phazes Custom Salutions -
* | + | Base-Phase Full Hame 0 fired activities 4|D3ta'|3"'
[+ gas & ideal " 1ed  H U ideal solutions
|_ AqUEDLIE 1] Pzeudanyms -
|+_ pure liquids 10 r aoply [ Edi .. |
|+_ pure zolids .
We cover the range from under-supply of Cl, (i.e., A < 1) to over-supply of
= Cl, (ie, A > 1)
_ [T parasquilbrium & Grrin _edit | |
— Targe
- Farne-
e Iﬁ—L For every mole of Sn recovered, 0.6 mol of Fe reacts.
Quantity{mall: [ soions: 0 Phases (max 1500 33
— Final Oonditions E quilibrium
b I <Bz TIC) PYatrn] LI Delta HiJ] ;I @ nomal 7 nomal + ransitions
n&z20z 0.6 500 i 7 hranzitions only
10 steps Table " apen Calculate >> |
. . o
| FactSage 7.3 |w:'\MSEEEQ'\EHercise\EquiTin_lF|| We are ConSIdermg the process at 500 °C.
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Equilib Module: Recovery of Tin from Tin Cans

Exercise 3. Changing the Amounts of Both Chlorine and Iron to the Reactor

After each calculation with different <B>, plot the levels of oxygen and chlorine
in the off-gas (e.g., mol fraction) against <A>.

Save the three graphs and use the Figure Module to superimpose them. Make
sure you use different line types so that the conditions can be differentiated.

(a) From the superimposed graph, can you see the correlation between the
oxygen level in the off-gas and the chlorine supplied to the reactor?

(b) Can you suggest proper operating conditions (i.e.,, <A> and <B> values) based
on the total Sn recovered to the gas phase?

(c) Given B = 2, if we wish to increase the recovery of Sn to the gas phase, should
we increase or decrease the excess rate of 0,7
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Equilib Module: Recovery of Tin from Tin Cans

Final Thought

You need to be aware that all the above calculations that have been performed
using FactSage are equilibrium calculations. The real process may behave
differently, because of kinetics.
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Equilib Module: Oxidation of Iron

The oxidation of metals is one of the very important chemical reactions. Take the
oxidation of iron for example. The species that may exist at equilibrium include
metallic iron (bcc, fcc) and various types of iron oxides. The thermodynamic data
for metallic iron are stored in FactPS, and the data for oxides can be found in
both FactPS and FToxid. (You should use the View Data Module to check the
Compounds and Solutions for the Fe-O system)

Reminder: when multiple thermodynamic databases are selected, special care
must be taken so that the same compound is selected only once.

For iron oxides, iron can take the oxidation state of Fe?* and Fe3*. To aid your
understanding, we can view Fe?*t and Fe3" as two separate species. The relative
amounts of Fe?* and Fe3* depend on the oxygen potential (i.e., oxygen partial
pressure). Therefore, when calculating the equilibrium involving the metal
oxides with different oxidation states, the oxygen partial pressure, Py, must be
specified. The input amount of the gas component will be automatically adjusted
so that the desired Py, is met. 87
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Equilib Module: Oxidation of Iron

Let us study the oxidation of iron by looking at the dependence of the
oxidation state of iron on the oxygen partial pressure. We will adjust Py, and
see what iron oxide is stable. We will fix the temperature at 1400 °C, the
pressure at 1 atm.
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Equilib Module: Oxidation of Iron

Reactants Window

&7 Equilib {Reactants — >

IFiIE Edit Table WUnits Data Search Data Evaluation Help

N+ | TIC) Patm] Energyi)] Quanity(mal) Vollite] Ij i 8
—»| Don’t forget the Directory.

Select the units.

Quantity[mol] Species Phaze T(C] Ptotal]*™ Streamit Data
1 |Fe | = | 1
100 |02 | = | £

We will oxidize 1 mole of iron. For the quantity of O,, we set the value to 0 since it will be
—| automatically adjusted when we define Po, (we only need to tell FactSage that the system
contains oxygen).

We don’t need to check “Initial Conditions”

because we are not calculating the changes in <—|
the thermodynamic properties. [ Initisl Condiions

Hext >>»

FactSage 7.3 Compound: | 1/14 databazes Solution; | 0/15 databazes v
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Equilib Module: Oxidation of Iron

Reactants Window: Database(s)
& quil -fesctanc ]

File Edit Table Units [DataSearch | Data Evaluation Help
Ol ﬂ TIC) Platm) Energel)] Quantity(mal] Yolllire] m| ™

X

1 G Data Search

Databases - 3/14 compound data

Guct sd FactPS is selected because we need to consider 0,(g).
Focthsl H 5 FToxid contains models for some solid solutions of iron oxide, for example,

FToxid | | Os
| FTsalt O . .
= —t spinel and wustite.

I FThall

0] Fro.cu ot FTmisc contains the model for liquid Fe with limited solubility of oxygen.

Biras Do H¥ (Same database selection when calculating the Fe-0, phase diagram.)

[ T'meph
[ TDnucl

[ FTlite [ FTnucl

Information -

Compound: C:\Fact5agesFACTDATANTIiteB0baze. cdb
- FTlite - FACT Al-alloy and Mg-alloy compounds [2019]

Solution: C:MFactSage FACTDATANTIteB0z0ln. sdo
- FTlite - FACT Al-alloy and Mg-alloy solutions [2019)

Options - search for product species

Include compounds ————— Limitz

[ gaseous ions [plasmas) Organic species CxHy..., X[mas] = |2—
Defat D aqusous species Minimum zolution components: C 1 @& 2 cpts

[ limited data compounds [25C) P i P
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Equilib Module: Oxidation of Iron

Menu Window: Set Py,

G Equilib last system G‘ Selection - Equilib - no results - O *
File Units Parameters Help File Edit Show Sort
D E,"' E Selected: 5/5] [Gas ] [+ denates species excluded by default]
—Reactants [2 —-12 —-0.1 0.1 :
@ + Jcee] sd We set Py from 107'% to 10" atm at 10°"* atm intervals.
+ O T =
0Z(g) FactPS gas + I
030l i
2 02(q)
4 Fi
— Products FE[DQ] - -
— Compound species - el[g) - clear Fixed Partial Pressure >
+  +  -celect
| Enter the value of log10(p]
r|+_ gaz (+ ideal  real ] v - standard stable phase [;lé%r[a]range of values enter 'first last step'] for
I AQUEDLE I 0 ! - dormant (metastable) phase & Cancel |
I_ pure liquids ] F - formation target phase Presz [Cancel] if the partial pressure is no longer fixed.
I_ P sl L P - precipitate target phase
C

Right Click

— Target
- FIoHE -

E shirnate T[E): IWUU
Cluantiby[rmol]: IEI

Right Click

- compaosition target ...

L - cooling gas phase ..

Ideal Solution »

>

Help ...

activity

log10(activity)

"—12-1].1 0.1 I

" Final Conditions | ‘ [~ pemit selection of %' species  Help | Suppress Duplicates | Edit pricrity list : | ‘
Lp LB Show Selected | Selectal | Select/Clear.. | Cear | ok |
25
10 steps [~ Table 1 caleulation ] | © fopen Calculate 3> |
All gaseous species are selected, and
== . i Z
the ideal gas model is used. 86
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Equilib Module: Oxidation of Iron

Menu Window: Select Pure Solids

& Equiliblast system — .
File Units Parameters Help G Selection - Equilib - no results - O
D Ii’! E File Edit Show Sert
Reactants (2] Selected: 5/13] SOLID _ [selected |+ denotes species excluded by default
- ho results -
+ | Code | Species | Data | Phase |T |\I"| Activity | Minimum | M aximum
+ i3 iFEls) FactPs  bee W
+ 10 Felz2] FactP5  foo W
Product = 11 Fell[g] FactPS | ‘wWustite i
T [FHE3 _ | Ix FeZ03(s) FactPS  hematite M
Compound species Solutior| |4 Fe201s2) FactFs | HighFressuieH |V
= | bes Fe203(=3) FactPS | High-Pressure-H W
|: gaz (v ideal  real 5 kS 15 Fe304(s) FactP5 Magnet?te W
i " 1B Fe304(s2) FactPS | Magnetite W
r aqueaus w |17 [ Feanssa FactFs | HighFressurem | Y
pure liguids 0 bt 18 Feald(z4) FactPS |High-Fressure-m W
Iw + pure solids [ I + Fe203z] FTowid  hematite W
+| E Fe203s2) Flosid High-PressueH W v
+ = = SRR o

* - cugtom seleclion

Right Click

Target Legen
- NONg -

Estimate T[K): 1000
Cuantiby(mal): {0

Final Conditions
| < | <B> | T

FeO is excluded because FToxid_MeO (solution, wustite) is a better
model; Fe203 is excluded because FToxid Fe203 is used; Fe304 is
excluded because FToxid_SPINA (solution, spinel) is a better model.

[v permit selection of ¥’ species Help |

Suppress Duplicates | Edit priority list : |FT owid FTmisc FactPS

Show Selected | Select &l

| Select/Clear... | Clear |

0K

| | | 2500

L |

(" | tranzitions anly

All pure solids are selected with the
suppression of duplicates.

120 calculations | | T

Calculate »>»

<
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Equilib Module: Oxidation of Iron

Menu Window: Select Solution Phases

G Equilib last system - W Custem Solutions 4

File Units Parameters Help

Ol = E TIC] Platm) Erergel] Quantitymol] Yollitre] “ ::Il Bl :"l

—Heactantz [2] Ideal Solutions: © Phases

Fe + 002

& Fixed Activity: 1 Species
2: 02(g): Logl10fa) = -12 -0.1 0.1 (i.e. 120 values)

— Products
— Compound species——— 1 Solution phazes — Cuztom Solutions -
| Details ... |

= | + | Base-Phase | Full Hame 1 fiwed activities
[+ gas & ideal ¢ real & +  FTmiscFeld Fe-lig 0 ideal solutions
|_ AQUEDLE 0 | FTomid-SLAGA | A-Slaglig all oxides + S Fzeudonyms -
[ pure liquids 0 + | FTosidSPINA £-Spinel ( apply [ Edt.. |
* [ pure solids 5 + | FTowid-ten & G A onowide —%olume data—————————————
- azzume molar volumes of
* - cuztom selection solids and liquids = 0
SpeCies: 10 include molar volume data
and physical properties data
Gt edit |
— Target . . .
none-_{ o Select all the solution phases: two liquid o
E ztimate T[E): |1EIEID . . . c
iy i | SOlutions and two solid solutions. 200
g ) T || | | Toral T e Thar Lol 11
— Final Conditions E quilibrium
<A> <B T(C] Platm] ;I Praduct H[J] LI & pomal O nomal + transitions
2500 1  rangitions only
MRS steps [T Table 120 caleulations | | open Calculate 33 |
| FactSage 7.3 | 4
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Equilib Module: Oxidation of Iron

Menu Window: Set Final Conditions

{7 Equilib last system - x
File Units Parameters Help
Ol = E T[C] Platm] Energpll] Cuantitymol] olllitre) B H
— Reactantz [2]
Fe + 002
— Products
— Compound species———— — Solution phases — Custom Saolutions —————
= | + | BasePhase | Full Name 1 fiwed activities _IDEta'IS"'
[+ gas & ideal © real 5 +  FTmiscFeld Fei 0 ideal solutions
[T aqueous 0 | | FToxidSLAGA | A-Slagig all oxides + S Pzeudonyms -
[ pure liquids 0 +  FTosidSPINA A-Spinel ( apply T Ll
* [+ pure salids 5 + | FToxd-Mel_a A-Monozide ~Volume data————————————
o azsume molar volumes of
* - custom selection salids and liquids = 0
species: 10 include malar wolurne data
and physical properties data
~Targst Legend This option permits us to find all the transition temperatures
= et = | - imrizible 1
Estimete Tk} [1000 +-selected 3 between different oxidation products.
Quartitymol} [3 ' [ TotslPhases imex 1500) 11 |
— Final Conditions — Equilibrium
by <B» TIC) IP[atm] ;: ProtEso ;i L pmtema—] % fiarmal 4+ Bansihions
1400 |1 ™ transitions only
10 stepd ™ Tatle 120+ caleulations| | open Calculate 33 I
. . . °
The oxidation of iron occurs at 1400 °C.
FactSage 7.3 . A
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Equilib Module: Oxidation of Iron

Results: When Py, = 10~* atm

G’ Equilib | Results a=1.00E-04 (page 27/123)—

Output  Edit  Show Pages  Final Conditions

D= @5 5

a=T.E|‘4E-'D|5] a=1.{I'DE-05] a=1.26E-Di| 2=1.58E|
2=0.001 ] 2=0.001

a=0.0005 | a=0.0006 ] 2=0.0008

T(0

Platrm] Energpl)] Cuantitymol] *olllitre]

- O X

L B

ﬁ] a=2.i}l}E-05] .1=2.51E-{I'il a=3.16E-{ril a=3.93E-{I'il a=5.DlE-ﬂil

2=631E-05 | a=7.84E-03
T = 1400 C
F =1 atm
v = 0 dm3

JTREAM CONSTITUENI3
Fa
o2

EMOTUNT /mol

1.
0.

| *o2/g9aa_ideats

€.

QO00E+00
QoQlE+00
€E€5EE-0]

& l E!
= Let us view the result when Py, = 10™* atm. [«

il

This is the amount of O, that is automatically calculated,
which gives the required partial pressure of O,.

EQUIL AMOUNT MOLE FRACTICH FUGACITY
EHARIE: gas_ideal mol
0.0000E+00 5_SEE0E-01 1.0000E-04

[+] 0.0000E+00 2.3145E-023 CZLc4E-
Fal 0. 0000E+00 7 _0002E-05 7_0241E-06 . . « . » - . .
- oloooomens  1.aassmes  1aseze0e | The solid solution “Spinel” is the oxidation
o2 0.0000E+00 5.342€E-11 %.2755E-15
TOTAL: 0. 000pe = = e d b 1 1 ty 1 h
PHASE: Spinel mol MOLE FRACLION ACTIVITY pI‘O UCt ecause ltS aCthl IS 10 T €
Fa204 7.4€55E-02 2_235%E-01 1.5232E-01 s
Fesosi-] neae-os  zosece-or  sassee-oz| | COMPOSition can be expressed as Feg 4254700.57153-
Fea04[1+] 1.4832E-01 4_447HE-01 2.€45%E-01 - -
Fa204[2-) 2. E823E-02 1_1072E-01 2_13€2E-02
FalO4[5-] 1.442€E-04 4_22€0E-04 2.58150E-07
FelO4[€-] 7.2650E-05 2_17HEE-04 %.101%E-08
IOTAL: 2. 3348E-01 1. 0000E+00 1. 0000E+00

Jite fractiom of sublattice constituents:

Fe[2+]T 0.22452 Gtoichiometry = 1 Fe[2+]10 0.230589 Stoichiometry = 2

Fe[2+]T 0. EE507 Fel2+10 0.EERTE

___________________________________________________________________ va[olQ €.504€E-04

Fe[2+10 0.2205% Stoichiometzy = 2 ;irst.em component T:E.E;.fmul Ll;;ﬁu;:gqtm Hu;e_qj;:;t:nn H:;?'?g;;;t.:nn

Fe[3+10 0.€€87E o 1.2338 21.342 0.57152 0.27€50

£ Curie temperature = STL_B7 C
Average magnetic moment/atom = 442832 90
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Equilib Module: Oxidation of Iron

Results: Plot the masses of oxidation products, i.e., gram~Py,.

G’ | Plet: gram wvs log1D{activity) |
File

Help

Axes | Variables | Minimum | M aximum
X-axis activity 1] 1
mols 0 47 Plot Species Selection - Equilib Results: gram vs log10(activity) O >
G Axes: gram vs logl0(activity) x File Show Select
Vrvariable  X-variable  Swep Axes +| # | Species | Gram [min] | Gram [max] | Wt [min] | Wt % [max) | Activity [min] | Activity [max]
¥-awis s |9 MeO A A-Monoxide
o 18 Fel I 54,756 31.803 96.918 4.8603E-02 0.873358
-’ masimun [0 masimn [T ;3,3 ;?IEI?; I 29,93 30319 EB.197 T344E-08 2.7745E-02
42 —ure Ll
miman [0 ]| | i e [+ 2 Fe 0 55,845 0 0 7IB0E07 T
tick every tick every 21 Fe 1] 0 0 0 7.3035E-07 0.993796
eaod | 22 Fe203 1] 79.844 0 0 2 B470E-06 1
23 Fe203
Cancel Refresh 24 L] . L .
| | 17 oo You will see this info only after you define Axes.
- Page - 25 GAS 1 0 0 i 24383807 0.794358
Species Graph gg EBL:QGAm g D D 0 134126-04 | [0.931864
0 selected Labels g wnn
s e I T P T 0, has a code number “2” (second column).
lag Dfactivity] Select szl _line + 2 SPINA 0
{+ chemical + 30 Meld_g 1] 74.849 0 0 7.6703E-02 1
" integer # ELEMENTS
Ares ™ nhone i Fe_GAS I 0 0 0 0 1] =
aoffset  |v*
Y- gram X: log10[activity] Display Mass Order Select Tap '15 =il
FactS 713 "W MSE 30ME s\ E ouill zelect species - enter one species # - -~ + integer # —-I_Ll L gpeies selaipl
actSage 7. : A4E wercizetE quillies T 5 - sEurce mole ® fEse (e ignore spaciss and
phase = ™ fraction [max) i
Clear 0z I hame C activity (1] phases with zero mass oK
- Select ..
[Click on the "+ column to add or remove species. | [page]

Sustainable Materials Processing Lab
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Equilib Module: Oxidation of Iron

Results: Plot the masses of oxidation products, i.e., gram~Py,.

{3 Figure  User: Materials Science, U. of Toronto — O *
File Add Edit View Help

olefmle wlslex| | = 82 o x|

4 Selected |Line cFe203 stating at x =-12p =0

Fe + 002 N
W:\MSE302\Exercise\Equi0.res 16Aug22
T _stacesr  NRA——— N
‘I‘ T
B 60
of 1 | This graph shows that the oxidation
o | { | products at 1400 °C are affected by
ol | | the oxygen partial pressure.
— -
FactSage 7.3 103 1 X =-11.537778 ¥ = 115.57377 Ch\FactSage\EQUILIB.FIG
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Equilib Module: Mixing Properties

Recall we studied the solution properties by looking at an isothermal mixing
process (Chapter 4.3). Now let us calculate some mixing properties using the
Equilib Module.

Say we would like to mix varying amounts of liquid Pb and liquid Fe at 2500 °C
and 1 atm. We assume the total amount of Pb and Fe is 1 mole.

The mixing process can be described as the following:

2500 °C,1 at
XppPb(D) + (1 — Xpp,)Fe(D) 7% 1 mole Solution

93
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Equilib Module: Mixing Properties

Reactants Window: Define Reactants

47 Equilib | Reactants — >

File| Edit Table Units Data Search Data Evaluation  Help
N 4] TIC) Platm] Energyld) Guantiia) Vallitre] m 5

———| Don't forget the Directory.

Quantity(g) Species Phase TIC] Pltotal)*™ Stream# Data
1 Pt | =l | 1
*h |Fe | =1 | | I

—| Species that are being mixed.

[ Initial Conditions

Mext >»

FactSage 7.3 Compound: | 1/14 databaszes Solution: | 1/15 databases -

94
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Equilib Module: Mixing Properties

Reactants Window: Database(s)

File Edit Table Units| DataSearch DataEvaluation Help
O G’DataSearch

L

File View About..

Databaszes - 1/14 compound databaszes, 1/15 solution databg

Gact SGTE e | Q|OI0|2|%| & [ sexchphase dogams Found: 101fps Fo 2l
zolutions anly

kj Database documentation...

[ FactPs [ [ BINS

O Floxid [ O sGps | nodalabase ::f]] Catoral itfgf:f;f;;: diagrams Search results for: ”
O FTsalt O Osee - f |=| How to use the databases Pb Fe

O Fimisc [ [ SGsold Clearsl | i

[ FThall [ELEM] - FactSage elements database

E EI:::ZEN Other Add/Remaove Data | 1 _E] [FTdemo] - demanstration database for slide shows List of Phase Diagrams:

----- _E] [FactPS] - FACT pure substances database, list of compounds j
D FThelg D ELEM D 5Gnobl  §I é [SGPS] - 3GTE pure substances database, list of compounds E‘Fe -Pb: | FSCODP l FSlead | FSstel l

W

O FTpulp [ FTdemo [J SpMCBM  [ofeoiDaiabioces | || :FTIite ISGTE2011 | SGTE2014 |
] TDmeph Gl [FTovidl FACT nvide datahaze: SGTE2017 |

FTlite

Infojmation -
on 'Cancel' to ignore any changes., ¢

[ FTnuel [ TDnucl

We use the Documentation Module to find which databases contain the
optimized parameters for the Pb-Fe system.

FTlite is selected.
Deefaul [ aqueous species . . I

[ limited dsta compounds [25C] Minimurm solution components: O 1 &) 2 cpts

Optionsz - se.
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Equilib Module: Mixing Properties

Reactants Window: Choose Units and Input the Quantity of Species
47 Equilib [Reactants] — X

File Edit Table Units Data Search Data Evaluation Help

D[z + [ T(C) Platm) Ererayll] Quantityimel] Yallitre) } ﬁgﬂ

1.2 . .
| Choose the units. Use mol for quantity.
Quantitymol] Species Phase TIC] Pltotal)*™ Stream#t Data
f<a |Pb | 2| | 1
| [e1-20] [Fe | = | I [1

»| We have variable amounts of Pb and Fe.

[ Initial Conditions

Mext >»

FactSage 7.3 Compound: | 1/14 databases Soluton: | 1/15 databazes v
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Equilib Module: Mixing Properties

Reactants Window: Specify the Initial Conditions

&7 Equilib [Reacijnts - ¥

File Edit Table Units Data Search Data Evaluation Help

D= +] [ TICT Platm] Energyil] Suantity{mal] x.fn|[|ine]|ﬁ LIEd

1.2 .
| Choose the units.
Quantity[mol] Species Phase TIC] Pltotal)*| Streami Data
[<a> [Fh Jliquid ~||[2500 10 1
* [t Fe [liquid ~||zs00 |10 {4
—| We are mixing liquid Pb and liquid Fe.

Both liquid Pb and liquid Fe are initially
at 2500 °Cand 1 atm.

* Ptotal] iz the hydrostatic prezsure above the phaze.
Far a gaseous stream thiz iz the sum af the
partial pregzures of the species in that stream.

v Initial Conditions

Mext »>>

: Check “Initial Conditions”
Soluton: | 1/15 databaszes

FactSage 7.3 Compound: | 1/14 databases
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Equilib Module: Mixing Properties

Menu Window: Select Products and Define Final Conditions

&7 Equilib last system — x>
File Units Parameters Help
Ol = E TIC) Platm]) Erergel)]) Quantitymol] Yollitre] B ];J'

Reactants [2)

<y Pb + <14 Fe
[2500C liq.#1] [2600C Jiq. 2]

Products
Compound speciesz Solution phases Cuztom Solutions

= | + | Base-Phase | Full Hame 0 fiwed activities
[ gas & f‘ ] [ FTlite-Ligu Liquid Eal salutions
[ aqueous 0 FTlite-241 FCC-A1 Paagegloryms . |

[ pure liqu

[ ruwesdil Choose FTlite-Liqu only, and use the default [I]-option. From the Pb-Fe phase diagram

(Documentation), it is seen that the immiscibility exists for liquid Pb and liquid Fe.

_IEETer——
Target

o We would like to perform the calculations from
Eshirnate TIE.): IW’
Quantitmoll | pure Fe to pure Pb using the step of 0.005.

Final Conditions Equilibrium
i <B | TIC) Platm] j|DeIta HiJ] j * mormnal ™ normnal + tansitions

01 0.008 | | 2500 1
10 steps [ =1 RN |

—»| The mixing process is isothermal.

(" tranzsitions only

FactSage 7.3
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Equilib Module: Mixing Properties

Results

E Equilib § Results A=0.013 (page 4/201) |

Output  Edit  Show Pages

D|=| &IE @)

A=0.12

Final Conditions

TIC) Platm] Enengyl)] Quantityimol] Yolllite]

O

Ofl=ated

x

A=|}.D|5] A=I}.065] A=0.07 A=u.0:f5] A=D.DE| A=D.DE§] A=|}.{r?] A=Er.1}95] A=D.1] A=D.1|}i| A=|}.11| A=0.115
A=D | A=0.005 | A=0.01 A=0.02| A=0.025| A=D.03| A=0.035| A=0.04| A=0.045| A=0.05| A=0.055 |

T = 2500 C . L
;2.7 |—rP{ Final conditions.
¥V =0 dm3
STREAM CONSTITUENWIZ AMOUNT fmol TEMFERARTURE/C ERES3URE/atm 3
Fb liguid 1_S000E-02 250000 1. 0000E+00 1
Fe_ liguid S_B500E-0L 250000 1. 0000E+00 2
Cp_ INI H INI 3 INI & INI V_INI
J.E-1 J J.E-1 J dm3
-------------------------------------------------------------------
4.5755SE+01  1.1€133E+05  1.1S€45E+02 -2.156€0E+05  0.00000E+D
EQUIL AMOUNT MOLE FRACTION ACTIVITY
= 5.8485E-01 §.8941E-01
Fb 1_2032E-02 1_Z20€SE-02 S _£014E-01
TOTAL: S_SEBRE-DL 1. 0000E+D0Q
Jystem component Amount/mol Amount,/gram Mole fraction MHas
Fb 1_23032E-02 2.453%5 1.30€5E-02 !
Fe 0.58485 54_555 0._98753 0
mol MOLE FRACTION ACTIVITY
S 1.4845E-04 4. TEIEE—03 S_B5%41E-01
Fb 2.9E€85E-03 S._€01l4E-01
TOTAL: 2.1165E-02 1. 000DE+D0
System component Amount/mol Ampount/gram Mole fraction Mass fraction
FEb 2.SEB5E-D02 0. €1507 0.55337 o
Fe 1.4845E-04 8.23500E-03 4. TE3EE-02 1
--------------------------------------------------------------------
DELTA Cp DELTA H DELTA 3 DELTIA & DELTA W

—>

Fact3age 7.2 FY |

Thermodynamic properties before mixing.

CREAM |

Two stable immiscible liquids: Liquid#1 is
Fe-rich and Liquid#2 is Pb rich.

However, these two liquids are described
using the same model, but the possibility of

immiscibility was considered.

33€lE-02
95664

b frad

-SBETD
-33255E-032
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Equilib Module: Mixing Properties

Results (Cont’d)

& Equilib { Results A=0.015 (page 4/201) |

Output  Edit  Show Pages  Final Conditions

D= &IE @

A=0.12

TIC) Platm) Energyl)] Guantity{mal] Walllitre]

- O >

Lli=ald

A=0105| A=0.11| A=0.115

A=006 | A=0.063 | A=007| A=0.075| A=0.08 | A=0.085 | A=0.09| A=0.095| a=01] | | |
A=0| A=0005| A=0.01 | - A=0.015- [|a~002| A=0.025| =003 | A=0035| A=0.04| 4=0045| A=005| a=0.055 ]

These are the changes in thermodynamic properties

2_1B35BE+00 1_Z2€B5E+02

5_35522E-01 —2_S5H154E+02 0_00000E+00

1
Fe 0.508485 54.555 0.58753 R !
FHRIE: Liguid#fza mol MOLE FRACTICN ACTIVITY
Fe 1.4845E-04 4.7E2EE-D2 S.8541E-01
FL 2. SERSEZD S _S5237F_01 S _E£012F
TOTAL: 2_11FSE-032 1. 0000E+00 J_DDDDEE . . . ]
Syscen component mmosfe/mel  mewns/omam  wele e=aceid Of MIXing during the isothermal mixing.
Eb 2.5EpSE-03 0.€1507 0.553237
EFe 1_48pBSE-04 B._2S00E-032 4_TE2IEE-02 1_3255E-02
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
DELIZ Cp DELIA H DELIA 3 DELIA & DELIA ¥
J.E-1 J J.E-1 J dm3

These are the thermodynamic properties

| of the system after mixing.

4.79350E+01  1_.17358E+05  1.20180E+02 -2_15818E+05  0.00000E+0
cp H 3 [=
J.E-1 I J.E-1 I
Liquidfl 4.78250E+01 1_17T102E+05 1.15750E+02 -2.14%81E+05
Liquidfz 1.092€€E-01 2_SE742E+02 4. 2040€E-01 -5_3€B40E+02

Cot—off limit for phase activities = 1_00E-T73
Databazes: FLlite 7.2

Final conditions: <A> = 0 1 0_.005, T(C) = 23500, Flatm) = 1

Data Jearch options: exclude gas ions; organic CxHy.. Eimax) = 2; min soln cpts = 2

of the stable phases after mixing.

1, These are the thermodynamic properties

Sustainable Materials Processing Lab
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Equilib Module: Mixing Properties

Results: Make Plots A,ix 92500 .c~Xpp

ﬁ Figure  User: Materials Science, U. of Toronto
File Add Edit View Help

olslalo] m/selx | = &z o x|

<A>Pb + <1-A> Fe
W:\MSE302\Exercise\Equi0.res 15Aug22

This is the immiscibility region.

oA T
A

Detta G(J)

You might ask, what if liquid Pb and
liquid Fe are completely miscible and
form a single liquid solution?

-EED

-850

Alpha

£
FactSage 7.3 1270 X = 0.074074074 Y = 149.89754 C\FactSage\EQUILIB.FIG
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Equilib Module: Mixing Properties

Menu Window: Select Products and Define Final Conditions

scibility. The single-phase setting is chosen.

& Equilibla:t system — x>
File Units Parameters Help
Ol = E TIC) Platm]) Erergel)]) Quantitymol] Yollitre] B ];J'
—Heactantz [2]
b Ph + <14 Fe
[2500C liq.#1] [2600C Jiq. 2]
— Products
— Compound species — Solution phases Cuztom Solutions -
= | + | Base-Phase | Full Hame 0 fiwed activities %I
[ gz & ideal ¢ real D + FTlite-Liqu Liquid el zolutions
[T aquecus 0 FTiite-A1 FCL-A1 [ Peogonyms ———
|_ pure lig
[ ]jpuse SDq This time, we do not consider the immi
[n] [m 30 g Tu [ B n )
speciss: i include molar volume data
and physical properties data
[ parzequilibrium & Gmin  edit |
U ~ Legend Virtual species: 1
- OnE - +-selected 1 ¥ Show ™ al © selected A=
Estimate TiK): |00 ] Total Species [max SO00 2
o " IEI— szll:lueticsﬁz: 12 Select | Total Salutions [max 200] 1
e el ' Total Phases [max 1500] 1
— Final Conditions Equilibrium
hs Bz TIC) Platm] ;I Delta HiJ] ;I ' nomal ™ nomal + ransitions
010,005 2500 1 " mansitions only
10 stepr [ Table 201 calculations || | open Calculate 3> |
| FactSage 7.3 | v
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Equilib Module: Mixing Properties

Results: Make Plots A,ix 92500 .c~Xpp

{7 Figure  User: Materials Science, U. of Toronto - O *
File Add Edit View Help

Dlslue] nlslex] | 2| 8] o x| EmC s |
Ve =]
" <A>Pb + <1-A>Fe
'/ W:\MSE302\Exercise\Equil.res 15Aug22
Al
]

-
j=
T
r
Alpha -
LI« | >
FactSage7.3  |207 616 (X =0.19259259 ¥ = -1574.7951 C:\FactSage\EQUILIB.FIG 4
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Equilib Module: Mixing Properties

Results: Use the Figure Module to superimpose the two figures

ﬁ Figure  User: Materials Science, U. of Toronto
File Add Edit View Help

- ] *

D ol & ia X o B 82 @ x|[m <] seected [Lne: [ ating st =0y = 23221

<A>Pb + <1-A>Fe
W:\MSE302\Exercise\Equil.res 15Aug22

Al

Lactsye

4000 -

3000 -

AT

2000 -

Delta G(J)

1000 -

___ Twoliquids (immiscibility)

-1000

Single liquid

Clearly, if the system exists as two
liquids, that is, immiscibility is
considered, the Gibbs energy of the
system would be much lower than if
single liquid exists. Therefore, two

liquids are more stable.

Alpha

Sustainable Materials Processing Lab

0.80 1.00

FactSage Team
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Equilib Module: Mixing Properties

Results
Use the [I]-option for FTlite-Liqu, please plot other mixing properties
Amixhz2500 °c~Xpb and ApixS2500 °c~Xpb-

Then, please go back to the Menu Window, and save the solution properties for
FTlite-Liqu.

(It is also recommended that you use Fact-XML to plot all the solution properties)
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Equilib Module: General Tips

Some general tips for the Equilib Module are summarized in a Q&A format
Q1: How to perform calculations when the mass of the reactant changes?

A1: You can use <A> or <aA + b> or <a + bA> where “a” and “b” are constants
and <A> (alpha) is a variable to represent the quantities of the reactants.

Q2: How to calculate the adiabatic flame temperature?

A2: After inputting the initial temperature, you can leave the final temperature
blank, and set 0 for the Enthalpy change .

Q3: I saw in the FToxid database, the slag is modeled as SLAGA, SLAGB, SLAG?,
which one should I select?.

A3: On the Menu window, right click on FToxid-SLAGA, FToxid-SLAGB, FToxid-
SLAG?, and then check the phase information. You should find the description
which details the elements that are considered in the phase model, and then
choose the model which contains the elements of interest.
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Equilib Module: General Tips

Some general tips for the Equilib Module are summarized in a Q&A format

Q4: I want to perform some calculations about high-temperature treatment of
solid wastes (slag, fly ash, mine tailings, municipal solid wastes...)?

A4: Sine the solid wastes are mostly high-order systems, trial-and-error
calculations are required to find the optimal phase selection. If the molten oxide
slag is expected, “FToxid-SLAG?” can be used for preliminary calculations; if you
are interested in the chlorine behavior, you should select the FTsalt database.

Q5: How to control the oxygen partial pressure?

A5: You need to use the FactPS database. Right click on the gas (Compound
species on the Menu Window), then right click on the “+” column of O, to set the
activity which is numerally identical to partial pressure of O, in the ideal gas

mixture. The oxygen input amount will be automatically calculated.
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Equilib Module: General Tips

Some general tips for the Equilib Module are summarized in a Q&A format

Q6: How to calculate the equilibrium composition of slag by specifying the
activity of the slag components?

A6: Right click on the FToxid-SLAGA, and use the [C]-option. This will permit us
to specify the activity of the slag component.

Q7: How to determine the solidus temperature and liquidus temperature?

A7: Right click on the liquid phase (e.g., FTlite-Liqu), and use the [P]-option for
the calculation of liquidus temperature and [F]-option for the calculation of
solidus temperature. Also, you need to leave the temperature (Final Conditions)
blank. However, for a complicated system, these two temperatures may not be
obtained by this approach. In this case, it is suggested to activate the “normal +
transitions” option, and generate the graph to find these two temperatures (We
will discuss this in the advanced applications).
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Equilib Module: General Tips

Some general tips for the Equilib Module are summarized in a Q&A format

Q8: What should I do if the solution model does not contain the species I want to
calculate? For example, TiO, is not included in the FToxid-SLAG.

A8: If the amount of the species is low, we can consider using the dilute solution
model. Instructions can be found in the help file (Select/Slide Show/Advanced
Features).

Q9: Based on the information shown in the Documentation Module, the system |
am investigating has not been optimized by any of the available FactSage
databases? What should I do?

A9: Please consider building a private database for the system of interest using
the assessment papers that have been published.
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Equilib Module: General Tips

Some general tips for the Equilib Module are summarized in a Q&A format

Q10: I want to analyze a system containing metastable phases, for example, Fe-C
system. What should I do?

A10: Do not select C(s) (Graphite), but select Fe;C(s) (Cementite), and then
perform the calculation.

Q11:1am experiencing “Abort” issue (no solution) even though it is a simple
problem?

A11: You can try to add a small amount of argon (e.g., 1E-6) to the list of
reactants.
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In-Class Exercise

Question 1. Use the Equilib Module to solve the following questions.

(1) 1 mole of H,0 becomes a gas mixture at 2500 °C and 1 atm. Calculate the
equilibrium partial pressure of H, in the gas mixture.

(2) For a gas mixture containing 2 mole of H,0, 0.79 mole of N,, and 0.21 mole of
0,, calculate at 25 °C and 1 atm the equilibrium partial pressure of H,O.

(c) Heating of LVDS 3 (NaHCO;) results in the formation of Na,CO5, CO,, and
H, 0O, find the minimum temperature for this reaction.

(d) Find the Enthalpy for 1 mole of H,O (s), 1 mole of H,0 (1), and 1 mole of
H,0 (g) when the temperature is 150 °C and the pressure is 1 atm.

(e) Find the composition and temperature of the system when 10 | of energy is
supplied to 1 gram of water at 25 °C.

(f) Calculate the final temperature when 1 gram of ice (0 °C) and 2 gram of hot
water (90 °C) are mixed. Assume no heat exchange with the surroundings.
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In-Class Exercise

Question 2. Mixing Properties
(1) Use FTlite database to calculate the Al-Mg phase diagram. T'(°C) ~ Xy,

(2) From the diagram, you should see that at 800 °C, the system exists as liquid
over the entire composition range, i.e., Xmg varies from 0 to 1. Calculate and plot
for the liquid phase Ap,ixgg00 «c~Xmg and Apixhgoo cc~Xmg-

(3) From the diagram, you should see that at 500 °C, the system may exists as
two coexisting phases or single phase over the entire composition range.

Calculate and plot the molar Gibbs energy of the system when Xy, varies from 0
to 1.
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