Hall-Heroult Process

» Electrochemical Process to Reduce Alumina to Alumin um
— Alumina is dissolved in a molten fluoride solvent called cryolite
2 Al,O3cryoiite) T 3 Clanode) = 4 Algiquiay + 3 COxg
12 e
T =960°C

Electrical work is needed:
| = 200-400 kA
E=4V

Electrolyte (cryolitic bath)
NaAlF; + (AlF;) ., cess T CaF, + Al O,
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Hall-Heroult Process

Electrochemical Process to Reduce Alumina to Alumin

— Alumina is dissolved in a molten fluoride solvent called cryolite
Electrolyte (cryolitic bath)

NazAlFg + (AlF;) o cess T CaF, + Al,Oq

um

o

CR = NaF / AlF; (molar)
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Hall-Heroult Process

 Examples:

1)
2)
3)
4)
5)
6)
7)
8)

Create a “stream” for a standard bath

Phase Diagrams (CR = 2.2; 5% CaF ,)

Phase Diagrams (% Al ,0; vs xs-AlF ;; 5%CaF,)
Adding reactants to the electrolyte (Al  ,0,)
Adding reactants to the electrolyte (Na ,CO,)
Adding reactants to the electrolyte (AIF )
Carbide formation in the cathode blocks

Cathode / Collecting Bar / Refractory / Na
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Hall-Heroult Process

« Example #1: Create a“ stream ” for a standard bath

Create a stream of the following electrolyte

Na AlF,
+12.2 wt.% AlF, \
+5.0% CaF, \

Couverture

+3.0% ALO, . \

-------------

Geléo\ ot Anode précuite Anc

N
{

The stream will be constrained in

—

T

enthalpy at 960°C.

Caisson

Métal

Carkioiis 4-—"_{, amm/

This stream will be used as reactant \" "+ Barre collectrice
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in several following examples. | —
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[solation=
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Hall-Heroult Process

« Example #1:. Create a “ stream ” for a standard bath

FThall Database

79.8% Na,AlF,
+12.2 wt.% AIF,
+5.0% CaF,
+3.0% Al,O,

F Reactants - Equilib

Fle Edit Table Units DataSearch Help

Dia| +| =

T(Z) Platm) Energy(d) Massig) Vaolllitre)

EIDOX

TER:]

Mass(g) Species Phase T(C) P(otal)™ Stream# Data

INa3AIFE \salid-1-FThall > |5 I I FThall
* ez AIF3 solid1-FThall perovs v | 25 I I FThall
s |CaF2 solid-1-FThall solid-al » | [25 f f FThall
* 3 Alz03 salid-1-FThall gamma v | [25 I I FThall

FactSage 6.2 bete Compound:

= P(tatal) is the hydrostatic pressure abowve the phase.
For a gaseous stream this is the sum of the
partial pressures of the species in that stream.

2724 databases Solution: 1/22 databases

[v Initial Conditions

4
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Hall-Heroult Process

« Example #1: Create a“ stream ” for a standard bath

F Menu - Equilib: HALLHEROULT Standard Bath (]

Ble Units Parameters Help
0= = T(C) Platm) Energy()) Mass(g) Valilitre) m ™ &
Reactants (4)
[gram) 79.8 Na3AlFG + 12.2 AlF3 + 5 CaFz + 3 AlZO3
(25C.51-FThall #1) (25C.51-FThall#1) (25C.51-FThall#1) (25C.51-FThall#1)
Products
Compound species Solution species Custarn Solutions
| oas - 0 * -+ BasePhase | Full Name
[ 0 + FThal-Batha, ABath
|— pure liguids 0 FThall-Bath? YBath
|— pure solids 0 FThall-CryL Ma-Cryalite-L
[ suppress duplicates appaly l—_l'haII-Cr_yH NE_'L'C_WDI”E'H Pseudanyms
FThall-Lig Ligquid-Alloy ;
species: 0 FThalFFCC FCC apply [ List.
FThalkBCC " [ include molarvalumes
FThall-tono haonoxide
Target L p Total Species (max 16000 10
BLEn

species: 10 Select
solutions: 1

+-selacied 1 v Show & &l ( selected Total Solutions (rmas 40) 1

Default
Final Conditions Equilibrium
| | | TiC) ||P(atm) ﬂ|DeIta HL.Iy ﬂ ® normal O
| | /260 i | ~ | g
(" predominant Calculate >>

[0 M

Factsage 6.2 beta

chworkshop\EquiHALLHEROULT _Standard_Bath DAT

G’actSage‘”
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Hall-Heroult Process

« Example #1:. Create a “ stream ” for a standard bath

F Results - Equilib. 960 C FactSage 6.2 beta

Save or Print 4
Plot L
s file

T(C) Platm) Energy(d) Mass(g) Yolllitre) m

Recycle all steams ... |3 ali03 =

,21-FThall,

arm fe properues .

Fact-xML L4
Fact-Ontimal \ Summary of streams *
act-optima ] .
Directory (c:workshoply ... ALL solutions
Refresh .. E wt.% ALF3 Scoord
FETTEES wt.% ALF3 4dcoord
+ 3.6775E-03 wt.% ALZFE
+ Z2.0830 wt, % Naio
+ 0.71345 wt.% AlZ03 Jcoord
+ 1.0269 Wt %
+ 1.3856E-04 wt. % T A _—
+ 17078 % Save File in c:\workshop\Mixt*. dat
+ 0.20986 wE. % Ca

FThall-Bath4 ABath

Mole fraction of sub)
Enter a stream file number

Cancel

Hia (1 -9999)

Al (v

AL (IV) ar enter a stream file name (up to 26 characters), for example
AlZ

Ca My wery fenvorite stream

F - avoid the special characters 7@/ 1™ "8 20+ <31,

o]

HALLHEROULT_Standard_Bath

Jdystem component

Ca 1.3564E-02 2.5666E-02
al 0.12374 0.15763
Na 0.24132 0.26216

®2

s

thtSage‘”
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Hall-Heroult Process

« Example #2. Phase Diagrams

The cryolite (Na ;AIF ) liquidus and the alumina (Al ,O) solubility
are very important for the cell operation.

The formation of a side-ledge protects the cell
lining from the corrosive electrolyte.

Alumina has to be transported in the bath | Couverturs
to the reaction site under the anode. \
So a high solubility is better. &

Gelée;,.ﬁa::.::::;i;:;izg? Anode précuite Ang
A mapping of these phase diagram e — =
Caisson )
features will be useful. Carbons Coinedas,

Barre collectrice

Isolation=

G'at:‘tSageTM Hall-Heroult Process - 8 CRCT Vouea



Hall-Heroult Process

« Example #2. Phase Diagrams (CR = 2.2; 5% CaF

F Components - Phase Diagram

Ele Edit Units DataSearch Help
FThall database |'J " [

1-3 |

CR = NaF / AIF,

T(Z) Platm) Energy(d) Massig) Vaolllitre)

Components

[NaF2.2(AF3)1.0]
CR=22 ///////////»Pﬂ

(NaF)z.z(AlFs)Lo/

AI203

File | Open “HALLHEROULT Isoplethall”

EOX

==

FactSage 6.2 bete Compound: | 2/24 databases

Solution: 1/22 databases

thtSage‘” Hall-Heroult Process - 9
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Hall-Heroult Process

 Example #2: Phase Diagrams (CR = 2.2; 5% CaF )

F Menu - Phase Diagram: (NaF)2.2(AIF3)1.0 - CaF2 - Al203

File Units Farameters
O &

Components (3)

Products
Compound species

Wariables

Help

E=al=2k"

T(C) Piatm) Energy(d) Mass(g) Yol(litre)

| (gram) (NaF)2.2(AIF3)1.0 + CaF? + 4203 |

Solution species Custom Solutions

*|+ gas @ jdeal(” real 34 * | + | Base-Phase Full Name
[ 0 + FThall-Batha, ABath
|_ pure liguids 0 FThall-Eath? 7Bath
& |+_ pure solids 39 + FThall-CryL MNa-Cryolite-L
[ supprass duplicates apply * FFhaII—CryH NE_'_C_rmee_H Pseudonyms
*-custom selection | FThall-Lig Liquic-Alloy )
species: 73 + FThall-FCC FCC apply | List ..
I FThal-BCC ECC v includ | |
include molar volumes
| FThall-tono Monoxide )
Target Legend TDTEUSDBEEIES (max 1500) 108
|- immiscible 3 [v Show @ all  selected Total Solutions (mae 40 10
+-selected 4 P
species: 35 Seladt
salutions: 0
Yariables Phase Diagram
| T(C) | 100CaF2/(L+CaF ||1 DDA|203;(L+CaF| || | y
| &o010s0 | 5 | 010 | | >

[T(C) s 100AI203/(L+CaF2+Al203) - L=(NaF)2.2(AF3)1.0 ]

Calculate >>»

FactSage 6.2 beta

chworkshopiPhasHALLHEROULT |soplethall DAT
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Hall-Heroult Process

 Example #2: Phase Diagrams (CR = 2.2; 5% CaF )

F Variables: (NaF)2.2(AlF3)1.0-CaF2-Al203 T(C) vs composition #1.

e X-axis
Yariables Tand P
100A|203 _ 0_10 o Lt’i" compositions Temperature Fressure
1(NaF),,(AIF,), , +1CaF, +1A1,0, % P | pm o
A | floctle) = o] - Mes -
. Biiiilc bdin: (300 IIIIIIII
¢ Y-aXIS Ysteps:
— T =800 - 1050°C steps 10 |
Compositions {(mass)
[L=(NaP2. 2(aF3)1.0 |
e Constants e g constant <
— P=1atm '

100 CaF2 O + o . Hoamis -
1(NaF),,(AIF,), , +1CaF, +1Al,0, ' :

Cancel

G’actSage‘” Hall-Heroult Process - 11 CRCT Vouea



Hall-Heroult Process

« Example #2: Phase Diagrams (CR = 2.2; 5% CaF )

- EX

F Figure
File Add Edit Wiew Help

BN N

User : FactSage Workshop

NaF), . (AlIF - CaF, - ALLO
msla(ss 100) gJ!'J((NgI):LOngIFJ) . 4CaF,¥A10.)

‘?act&age’"

[T A

ABath + ALD(S4)

ABath + Ma-Cryolite-H + ALD_(54)

4 5] g
mass 100AL,0;/((NaF), ,(AlF), ,+CaF,+AlLO;)

FactSage 6.1 |8?El 125 [X = 10944444 % = 1033,1731

|ABath + AI2030(s4) |c:\workshop\EquiIib.ﬁg /J

thtSage‘”
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Hall-Heroult Process

 Example #3: Phase Diagrams (% Al ,0; vs xs-AlF ;; 5%CaF.)

F Components - Phase Diagram ‘:”:JZ‘

File Edit Units DataSearch Help
FTha” database O] + TIC) Platm) Energy(J) Mass(g) Volflitre) il =R

1-4 |
Na,AlF,
Components
AIF3(€XC€SS) [Na3AIFg :
Can AIF3
CaFe

A|203 #1203
T =960°C

File | Open “HALLHEROULT Isothermal2”

FactSage 6.2 bete Compound: | 2/24 databases Solution: | 1/22 databases

thtSage’" Hall-Heroult Process - 13 CRCT Vouea



Hall-Heroult Process

 Example #3: Phase Diagrams (% Al ,0; vs xs-AlF ;; 5%CaF.)

F Variables: Na3AlF6-AlF3-CaF2-Al203 composition #2. vs composition #1. @
i X'aXIS Yariables T and P
100 A| = v Lc’i compositions Temperature Fressure
3 =0-50 constant - constant -
I @ T(C) (@ Pfatm)
- " log P
A v
) Y-aX|S Ysteps:
* steps: |10
100 AlO, —0-10
1Na,AIF, +1AIF, +1CaF, +1A1,0, Compositions (mass)

L=MaiAlFb

e (Constants

— T =960°C
— P=1atm
100CaF,

=5.0
1Na,AIF, +1AIF, +1CaF, +1Al,0,

Cancel

G’actSage‘” Hall-Heroult Process - 14 CRCT Vouea



Hall-Heroult Process

 Example #3: Phase Diagrams (% Al ,0; vs xs-AlF ;; 5%CaF.)

F Figure User : FactSage Workshop |:||E”Z|
Fle Add Edt Wew Help

4
v Na,AlF; - AlF, - CaF, - ALLO,
- 960°C, mass 100CaF,/(Na,AIF.+AIF,+CaF,+ALO,) =5 GactSage‘"
| A
I ' I ' I ' I '

ABath + ALO(s4) + Al
ABath + ALO (54)

L TT R B |

mass 100AL 05/ (Na; AlF;+AlF;+CaFy+AlOs)

[~ ABath + Ma-Cryalite-H

20 30
mass 100A1F,/(Na,AlF+AIF,+CaF,+ALO,)

FactSage 6.1 845 38 X = 52430556 ¥ = 11 |4Bath + AZ03G4) e tworkshop\Equilb.fig /A

thtSage’" Hall-Heroult Process - 15 CRCT Vouea



Hall-Heroult Process

 Example #4: Adding reactants to the electrolyte

The thermal/heat balance on the electrolytic cell is very important

The following additions are frequent: | - \M

Al , O, for the reduction reaction

. (\ L)
s |
2

“)r)77777)l777/bm

AR
N
vl
1 AN
) //
9 Ar

Na,CO; to increase CR
3 Na,CO, + 2 AlF; — 6 NaF + Al,O, + 3 CO, \

Gelée> =TT Anode précuite Ang
| B Rasnas
AlF ; to decrease CR éz
g/'? 32 Matal
Caisson—s= // £ 7
Carbone “% / /Cathode?
CR - NaF / AIF3 (m0|al’) : l; Barre colloctrlcje//j/‘l///z

I ——— Yt TRl
— e

Isolation=

All these reactants are much colder than the cell (10°C — 200°C)

G’actSage‘” Hall-Heroult Process - 16 CRCT Vouea



Hall-Heroult Process

 Example #4: Adding reactants to the electrolyte (A

 File | Open “HALLHEROULT_ Add_Alumina”

F Directory Equilib (My Files) - file c:\workshop\EquiHALLHEROULT_ Add_Alumina. DAT

File Edit Tools

=le| 9| =

File Date | Description
Ex_AlMg-Sr-Terary | 18Mov04 | AFMg-Srternary alloy system / Mg + Sr+ Al
Ex_CH4-02 | 19Fehl4 | Adiabaticflame temperature, DeltalH)=0 / <1-4> CHA + <A> 02

Ex_MgCl2_02_F2| 15Jan0d  hgCl2 02 F2 /1000 MgF2 + 0.001 M2+ 002
HALLHEROULT _Add_AIF3 | 9an10 | standard bath at 9600C [/ 1.0E+06 [HALLHEROULT _Standard_Bath] + ©
HALLHEROLULT _Add_Alumina Adiabatic; standard bath at 9600C / 1.0E+06 [HALLHEROULT Standar
HALLHEROULT_Add_Soda | 98ay10 | withfwithout touching metal; standard bath / 1.0E+06 [HALLHEROULT_:
HALLHEROULT Cathode_CollectingBar | 9May10 | C - Fe - Si02/AI203 + wariable P{Mg) & 960cC /1000 Fe + 10000 C
HALLHEROULT _Liquidus | 9May10 | 12.2% AIF3Z, 5% CaFe, 3% Al203 - liquidus temperature [ 79.8 NalAlFG +
HALLHEROULT Scolubility | 9May10 | Alurina solubility at 3600C f <82.3-82 34> Na3AIFE + <12.5-12 54> AIF3

HALLHEROULT _Standard_Bath | 3May10  HALLHEROULT Standard Bath / 79.8 Na3AIFE + 12.2 AIF3 + 5 CaFZ +
Metal_Treatment_01 | BMay10 | AZ91 : solubility of HZ at 7000C for log1 0F(HE) from -5 to 0.5 by 01 / 30+
Metal_Treatment_01h | BbMay10 | AZ91 : Degassing with Ar & 7000C and 1 atm / 1.0E+06 [_AZ91_H2_01&
Metal_Treatment_2b | BMay10 Fluxes : HT-H25C on Flux #1 / <0.428954> MnCIZ2 + <0.483184> KCl+ <[
hetal_Treatment_2c | BMay10 | Fluxes : HT-H25C on the reference flux (KhgCI3) / <0.42899A> MnCI2 + -
Metal_Treatment_3 | 6Mayw10 | Fluxes : Efficiency in the removal of Na and Cain AFS%kg / <0.425994>
_ceramics | BMay10 | Mg-ARZ-TIB2-C /Mg + 985 A1+ 05 Zr+ <B> TiBZ2 + <A> C
FactSage 6.1 chyworkshopEquiHALLHEROULT _Add_Alumina DAT

1,05)

X

G’actSage‘”
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Hall-Heroult Process

 Example #4: Adding reactants to the electrolyte (A 1,0,)

F Reactants - Equilib :”E|g|
Ble Edit Table Units CataSearch Help
1. n of Bath
O ton of Bat O +] T(C) Platm) Energy(J) Mass(g) Valilitre) i = ‘ 7 ‘
(stream @ 960°C)
1-7 |
Alumina @ 125°C _
Mass(g) Species Phase T(C) Pftotal)*™ Stream# Data
y-Al,O4 06 [HALLHEROULT_ || [[Stream] |50 I I
CX-A|203 * |cazeA> Al203 solid-1FThall gamma « | 125 I 2 FThall
AlLO (H O) *+ <704 Al203 solid-4-FThall cornd w | [128 I E FThall
2~3\1 12
* s> Al203(H20) 'salid-2-FACTSS boeh w | [125 I 2 FACTS3
* o INa2C03 |solicH-FACTS3 RARE [ E FACTER
o
Nazcos(s) (@ 20 C) * [o (Al lliquic-FThal | [s60 I E FThall

solid-1-FThall perovs - FThall

Al gy (@ 960°C)

dd a new Reactant Cirl+R I{ltre) m | ™ | 7 |
Insert new reactant before [HALLHEROQULT _Standard_Bath] ...

Delete reactant [HALLHERCULT _Standard_Bath] ...

AIF3(S) (@ 500C) 1

Initial Conditions

ixtures and Streams Impaort a mixtura
Import a stream (or single-ine mixture) Y HALLHEROULT Standard_| N
_AZ91_HZ2_0latm_700C S% 1% Zn@ 7

Export list of reactants *| Edita mixture or stream M
Import list of reactants 4 Directory (cworkshoply) ..
e - - rrrel
Clear
Example v | fres I |2 FThall
+ [ega> I4I203(H20) |solic-2-FACT3 bosh v | [125 I |2 FACTE3 I

thtSage’" Hall-Heroult Process - 18 CRCT Vouea



Hall-Heroult Process

 Example #4: Adding reactants to the electrolyte (A 1,0,)

F Menu - Equilib: Adiabatic; standard bath at 960oC E”D|R|
10 ton Of Bath File Units Parameters Hel
P
(Stream @ 9600C) O & & T(Z) Platm) Energy(l) Mass(g) Yolllire) m ™ ¥
Reactants (7)
(grarn) 1.0E+06 [HALLHEROULT _Standard_Bath] + <9254 AIZO3 + <70A> AIZO3 + <BA>
: (960C.#1) (125C.s1-FThall #2) (125C.s4-FThall #2) 125C.s
+ 5 kg Alumina | )
V_AIZO:), Products
Compound species Solution species Custom Solutions
G'A|203 *[ gas @ jdeal” real 110 * | + | Base-Phase Full Name
[ 0 + FThall-BathA ABath
A|203(H20) |_ faure liguids I FThall-Bath? ?Bath
o |+_ pure solids 67 + FThall-CryL Ma-Cryolite-L
[ suppress duplicates apply Jlf FI-I::”I-ICI?H NL?Cgijltle_H Fseudonyms
. . " *- custom selection all-Lig IQuIG-~lloy -
Adiabatic Addition species. 177 + | FThallFcC FCC apply [ List..
| FThal-BCC BCC [ include malarvalumes
| FThall-tono Monoxide .
0= aH =0 e e
- none - |- immiscible 3 [V Show @ all  selected otal Solutions {rnex

Estirnate T(C): |900 +-selected 4 species: 35
BlE

solutions: 10
Default

Einal Conditions Equilibrium
@ | ” i) ||P(atm) j |De|ta H(J) ﬂ ® normal i
£ | | |1 |E| (c‘: " open
n Iw Calculate »>»
FactSage 6.2 beta chworkshop\EquiHALLHEROULT _Add_Alumina DAT

G’ac:tSageTM Hall-Heroult Process - 19 CRCT Vouea



Hall-Heroult Process

 Example #4: Adding reactants to the electrolyte (A 1,0,)

([ m](6¥d

F Results - Equilib 953.16 C I'actSage 6.2 beta

outpUt  Edit F Results - Equilib 953.16 C FactSage 6.2 beta
O || |3 T(C) Platm) Energy()) Mass(y) valilire) | Cutput  Edit 5
O|&| & & T(C) P(atrm) Energy() Mass(g) Vol(litre]
|[gramj 1.0E+06 [HALLHEROULT Standard Bath] + <9Z5A» AlZ03 + <70A> A
(960, 1, stream, #1) (125,1,=s1-FThall, #2) [(125,1,=4-FThall,#2; (125,1
[gram) O N=aZcod + 0 AL + 0 ALF3 = + 1.0050E+06 gram ABath
[20,1,s1-FACTSZ, #3) [(960,1,1ligq-FThall,#4) (50,1,=1-FThall, #5) (1.00350E+06 gram, 17398. mol)
[953.16 <, 1 =atm, ==1.0000}
0.24523 ol gas_ideal [ 44.426 wt. % NaF
[4.6852 gram, 0.24523 mol, 24.8677 litre,| 1.8986E-04 o/ml) + 18,3502 wt.% AIF3 Scoord
[953.16 ¢, 1 atm, ==1.0000) + Z7.780 wt. % ALF3 4eooord
[ 0.70402 HZO + 3.6TZ0E-03 wt.% ALZFG
+ 0.29139 HF + Z2.3739 wt. ¥ Halo
+ 4.,2504E-03 NaalFd + 0.81323 wt.% AlZ03 Scoord
+ Z.Z095E-04 NalAlF5 + 1.2210 wt. % A1I03 deoord
+ 7.132Z4E-03 [NealFd4) 2 + 1.6139E-04 wt.% AlZO3
+ Z.4232E-05 NaF + 44,5393 wt. ¥ CaFi
+ 7.8358E-06 HZ + 0.24125 wt. % Cald
+ 6.3034E-0O6 AlF3
+ 3.7204E-0¢6 [ Mole fraction of sublattice constituents:
+ 1.9335E-06 [HaF) 2 Na 0.63409
+ 1.7961E-06 [HF) Z al (V) 0.13204
+ 1.86170E-08 NaalZfr? Al (IV) 0.19825
+ 7.5476E-07 OH ala 1.3103E-035
+ 1.3310E-07 NaoH Ca 3.5611E-02
+ 8.8770E-10 =l mEmmmmmmmm e ———— =
+ 5.7Z73E-10 CaFZ F 0.96506
+ 3.4043E-10 [A1F3) 2 Q 3. 4935E-02
+ 1.7406E-10 Na
+ 8.2947E-11 o] System component Mole fraction Mass fraction
+ 8.097ZE-11 F Ca 1.3494E-02 Z.55339E-02
+ 4.0819E-11 HOOH Al 0.12317 0.15944%
+ 3.653Z7E-11 HOO Ha 0.24027 0.Za6085
+ 9,4098E-12 HiF3 F 0.59937 0.53773
=S === o] Z.1697E-02 1.6393E-02

(o]
=h
(0% oY
o
oQ
D

™ Hall-Heroult Process - 20 CRCT "%



Hall-Heroult Process

 Example #5: Adding reactants to the electrolyte (N

 File | Open “HALLHEROULT_ Add_Soda”

F Directory Equilib (My Files) - file c:\workshop\EquiHALLHEROULT Add Soda.DAT
File Edit Tools

=le| 9| =

File Date | Description
Ex_AlMg-Sr-Terary | 18Mov04 | AFMg-Srternary alloy system / Mg + Sr+ Al
Ex_CH4-02 | 19Fehl4 | Adiabaticflame temperature, DeltalH)=0 / <1-4> CHA + <A> 02

Ex_MgCl2_02_F2| 15Jan0d  hgCl2 02 F2 /1000 MgF2 + 0.001 M2+ 002
HALLHEROULT _Add_AIF3 | 9an10 | standard bath at 9600C [/ 1.0E+06 [HALLHEROULT _Standard_Bath] + ©
HaALLHEROULT Add_Alumina | 9May10 | Adiabatic; standard bath at 3600C / 1.0E+06 [HALLHEROULT_Standar
HALLHEROULT _Add_Soda withfwithout touching metal; standard bath / 1.0E+06 [HALLHEROULT _:
HALLHEROULT Cathode_CollectingBar | 9May10 | C - Fe - Si02/AI203 + wariable P{Mg) & 960cC /1000 Fe + 10000 C
HALLHEROULT _Liquidus | 9May10 | 12.2% AIF3Z, 5% CaFe, 3% Al203 - liquidus temperature [ 79.8 NalAlFG +
HALLHEROULT Scolubility | 9May10 | Alurina solubility at 3600C f <82.3-82 34> Na3AIFE + <12.5-12 54> AIF3

HALLHEROULT _Standard_Bath | 3May10  HALLHEROULT Standard Bath / 79.8 Na3AIFE + 12.2 AIF3 + 5 CaFZ +
Metal_Treatment_01 | BMay10 | AZ91 : solubility of HZ at 7000C for log1 0F(HE) from -5 to 0.5 by 01 / 30+
Metal_Treatment_01h | BbMay10 | AZ91 : Degassing with Ar & 7000C and 1 atm / 1.0E+06 [_AZ91_H2_01&
Metal_Treatment_2b | BMay10 Fluxes : HT-H25C on Flux #1 / <0.428954> MnCIZ2 + <0.483184> KCl+ <[
hetal_Treatment_2c | BMay10 | Fluxes : HT-H25C on the reference flux (KhgCI3) / <0.42899A> MnCI2 + -
Metal_Treatment_3 | 6Mayw10 | Fluxes : Efficiency in the removal of Na and Cain AFS%kg / <0.425994>
_ceramics | BMay10 | Mg-ARZ-TIB2-C /Mg + 985 A1+ 05 Zr+ <B> TiBZ2 + <A> C
FactSage 6.1 chyworkshop EquiHALLHEROULT _Add_Soda.DAT

a,C0O,)
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Hall-Heroult Process

« Example #5: Adding reactants to the electrolyte (N  a,CO,)

F Reactants - Equilib ]
1.0 ton of Bath , Reactants - Equil SOX
File Edt Table Units DataSearch Help
(stream @ 960°C) D/ + T(C) Platm) Energy(J) Mass(a) Vol(ite) Mo &%
1-7 |
0
Na,COy, (@ 20°C)
Mass{g) Species Phase T(C) Pitotal)*™ Stream# Data
1.0E+06 HALLHEROULT_ « | ([t 951] 1 1
Algqy (@ 960°C) | J | | |
' * o Al203 [solic-1-FThall gamma ¥ | [125 i 2 FThall
* o Al203 |solic-4-FThall cannd | [125 I 2 FThall
Bags of Na,CO; can * o AI203(H20) |solid-2-FACTE3 boeh v | [125 [ 2 FACTS3
added manually to the + [[<10008> Na2C0o3 |solid-1-FACTS3 > [ [ 3 FACTS3
cell. + |<10004> Al Jliquic-FThall > | [980 L E FThal
+ o AIF3 |solic-1-FThall peravs v | [50 i 5 FThall

A bag can partially

touch the metal pad
below the bath and
react with it.

[v Initial Conditians

FactSage 6.2 bete Compound: | 2/24 databases Solution: | 1/22 databases
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Hall-Heroult Process

 Example #5: Adding reactants to the electrolyte (N

1.0 ton of Bath
(stream @ 960°C)

Na,COs (@ 20°C)
Al gy (@ 960°C)

Bags of Na,CO; can
added manually to the

cell <B> =10 kg \

A bag can partially
touch the metal pad
below the bath and
react with it

<A> =0 or 2 kg

Fle Units Parameters Help
Ol & T(C) Platm) Energy(l) Mass(g) Wol(litre) m =S
Reactants (7)
(gram) 1.0E+06 [HALLHEROULT _Standard_Bath] + 0 AI2O3 + 0 AlZO3 + 0 Al
(9B0C.H#1) (125C.51-FThall #2) (125C. s4-FThall #2) (125C=
| | »
Products
Compound species Solution species Custarn Solutions
*+ gas @ jdeal real 110 * | + | Base-Phase Full Name
[ 0 + FThal-Batha, ABath
|— pure liguids 0 FThall-Bath? YBath
& |+— pure solids 67 + FThall-CryL MNa-Cryalite-L
[ suppress duplicates appaly * l—_l'haII-Cr_yH NE_'L'CQ’DME'H Pseudanyms
*_ custom selection | FThall-Lig Ligquid-Alloy _
species: 177 + FThall-FCC FCC apply [ List ..
| FThalkBCC " [ include molarvalumes
| FThall-tono haonoxide _
Target Legend Total = eqes mex 1600) 212
- none - |- immiscible 3 v Show & &l ( selected Total Solutions (max 40l 10
Estimate T(C): |300 +-selected 4 species; 35 o
solutions: 10
Equilibrium
<A | <B> TIC) ||P(atm) ~|lDetaHiy  ~|| | @ nomal ©
i " open
Wi 2 |1_n I 0 P
| ! Calculate »>»
FactSage 6.2 beta chworkshop\EquiHALLHEROULT _Add_Soda DAT

a,C0O,)

F Menu - Equilib: with/without touching metal; standard bath

G’actSage‘”

Montreal
2010

CRC
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Hall-Heroult Process

« Example #5: Adding reactants to the electrolyte (N  a,CO,)

F Results - Equilib 954.35 C, A=0 (page 1/2) FactSage 6.2 beta L EX

Qutput  Edit  Show Pages
Bags Of Na2C03 nlel @3 —— F Results - Equilib. 954.35 C, A=0 (page 1/2) FactSage 6.2 beta
[= ! L"r at
<B>=10 kg Qutput  Edit  Show Pages
954,35 C, A=0 )| 064.33 C, A=2 R I
: D= &3 TIC) Piatr) Energy(J) Mass(g) Vol
| [gram) 1.0E+06 [HALLHEROULT Standard Bath] + 054,35 . A= \964.33 C, A=2
{960, 1, skream, #1) (125,1,51-FThall, #2) (125
metal pad {gram) <1000({10)> NaZcod + <1000a> Al + O 2 801cE-co 3
(20,1,s1-FACTS3, #3) (960,1, lig-FThall, #4) | 1 20e1m-£n alz
<A> =0 kg '
04,765 mol gas_ ideal
— + 9, +
{4206.0 gram, 94.765 mol, 9545.3 litre| 4. 9.8670E+05 gram ABath
2 (9.8670E+05 gram, 17160. mol)
(954.35 ¢, 1 atm, s=1.0000) J
(954.35 C, 1 =tm, ==1.0000)
Result { 0.99560 coz {45,085 b aE
+ 4.0538E-03 NaAlFd . W s e
+ 18.943 wt.% ALF3 Scoord
¥ Z.2367E-04 NaZZlF5 -
+ £.3508E-05 (HoalFd) 2 + Z26.775 wt.% AlF3 4coord
t o eriom-on g + 3.2159E-03 wt.% ALIF6
T < 960°C v 1 ae7am-05 CZ +2.3315 wt. % NaZo
+ EISSBBE—DE o2 + 0.80580 wt. % A1203 Scoord
+ 5.6895E—EIE A1F3 + 1.1387 Wt ¥ AEOS dooord
i 2:2416E—DE {NaF) 2 + 19097, gram Na-Cryolite-H
+ 1.3530E-06 Han L2 FT (19097. gram, 92.%16 mol)
4.2 kg gas + 5 7a54E-10 P [054.35 C, 1 atm, ==1.0000)
3 + 2. 7307E-10 (A1F3)2 [ 8%.390 wt.% NaialFé
(9.5 m?3 gas) + 2.5504E-10 coFz * 3.2304 wt.# NadAlFd[2+]
*17M2E-00 W L it wel mawelo]
. T . -
986.7 kg bath * 1.1079E-10 © + 4.0213 t.% CalAlF6[3+
+ 0.2387E-11 F . we. % Ca [3+]
19.1 kg Na..AlF + 3 5307E-12 OLLE + 0.17066  wt.$% CalAlF4[5+]
: 3 6 + 1.7625E-13 A1FZ . . .
+ 1.7420E-13 Hao Mole fraction of sublattice constituents:
+ 1.4534E-15 COF Nal[+] 0.9040z2
+ 2.0224E-16 2loFz va b.182Z8E-02
+ 4,3389E-17 OF Ca[2+] 3.3249E-02
+ 3.4397E-13 e
Lo o AIFE[3-] 0.95699
AIF4[-] 4,3012E-02
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Hall-Heroult Process

« Example #5: Adding reactants to the electrolyte (N  a,CO,)

F Results - Equilib 964.33 C, A=2 (page 2/2) FactSage 6.2 beta
Bags of Na,CO; | cutpur Edit Show Pages
_ Dl fl3 T(C) P{atm)
<B>"1Okg Quiput  Edit  Show Pages
954.35 C, A=|Z|| - 964.33 C, A=2 ||
O || &= T(C) Piatm) Energy()) Mass(g) Vo

lgram) 1.0E+06 [HALLHEROULT Standard Bath] +
{960, 1, stream, #1) (125,1,s1-FThall, #2) (125, 954.35C. a=0 '954-33C,A=2'\

F Results - Equilib 964.33 C, A=2 (page 2/2) FactSage 6.2 beta

metal F)Ei(j igram) <1000(10)> NaZcod + <1000A> AL + O & —_— =
{20,1,s1-FACTS3, #3) (960,1, lig-FThall, #4) (5{
<A> =2 kg + 1.0006E+06 gram ABath
.02l wol  gas_ideal {1.0096E+06 gram, 17526. mol)
[2209.9 greem, 77.021 wol, 7821.1 litre, |2.83 TO&4.34 C, 1 =@cm, s=1.0000)
(964,33 2, 1 atm, a=1.0000) [ 44.782 wt.% NaF
Result [ 0.98372 co + 18.194 wt.% A1F3 Scoord
+ 1.1328E-02 o2 + 27.514 wt.% AlF3 4coord
+ 4.5852E-03 HadlFd + 3.4791E-03 wt.% ALZFE
+ Z.5164E-04 NaZilF5 + Z.5290 wt. % Waio
+ 6.8985E-05 [NallF4d) 2 + 0.84515 wt.% AlZ03 Scoord
T > 960°C + 3.2724E-05 HaF s R
+ 6.7124E-06 ALF3 F Results - Equilib 964.33 C, A=2 (page 2/2) FactSage
+ 2.8147E-06 {HaF) 2
+ 1.4270E-06 Hall2F7 Output  Edit  Show Pages
+ 5. - z| pn| =
2.2 kg gas premen | ol i LR
+ B.ZBE3E-10 AlFZ 054 35 C, A=0 -964.33 C, &=2 -
(7.8 m?3 gas) + 3.2301E-10 (31F3)2 ) ’ |
+ 3.6450E-12 AlF ]
1009.6 kg bath + 3.6237E-12 CALF 11+ 212711 gram C_graphite
+ 3.2125E-12 COF2 {212.71 gram, 17.710 mol)
0_2 kg C + 1.9440E-12 c3oz i964.33 ¢, 1 atm, 51, ==1.0000)
+ 5.3327E-14 COF
+ 4.8969E-14 F + 0.00000 gramw  NalAlF6 solid beta
+ 3.0305E-14 Hal (964.33 ¢, 1 atm, 52, a=0.64662)
+ 1.9898E-15 CaF
+ 8.5763E-1% c2o + 0.00000 gram Na3AlF6 solid alpha
+ 1.0736E-16 Hao (964.33 ¢, 1 atm, 51, a=0.57647)
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Hall-Heroult Process

 Example #6: Adding reactants to the electrolyte (A

e File | Open “HALLHEROULT_Add_AIF3”

F Directory Equilib (My Files) - file c:\workshop\EquiHALLHEROULT_Add_AIF3.DAT
File Edit Tools

=le| 9| =

File Date | Description
Ex_AlMg-Sr-Terary | 18Mov04 | AFMg-Srternary alloy system / Mg + Sr+ Al
Ex_CH4-02 | 19Fehl4 | Adiabaticflame temperature, DeltalH)=0 / <1-4> CHA + <A> 02

Ex_MgCl2_02_F2| 15Jan0d  hgCl2 02 F2 /1000 MgF2 + 0.001 M2+ 002
HALLHEROULT Add_AIF3 standard bath at 96 { 1.0E+06 [HALLHEROULT _Standard_Bath] + |
HaALLHEROULT Add_Alumina | 9May10 | Adiabatic; standard bath at 3600C / 1.0E+06 [HALLHEROULT_Standar
HALLHEROULT_Add_Soda | 98ay10 | withfwithout touching metal; standard bath / 1.0E+06 [HALLHEROULT_:
HALLHEROULT Cathode_CollectingBar | 9May10 | C - Fe - Si02/AI203 + wariable P{Mg) & 960cC /1000 Fe + 10000 C
HALLHEROULT _Liquidus | 9May10 | 12.2% AIF3Z, 5% CaFe, 3% Al203 - liquidus temperature [ 79.8 NalAlFG +
HALLHEROULT Scolubility | 9May10 | Alurina solubility at 3600C f <82.3-82 34> Na3AIFE + <12.5-12 54> AIF3

HALLHEROULT _Standard_Bath | 3May10  HALLHEROULT Standard Bath / 79.8 Na3AIFE + 12.2 AIF3 + 5 CaFZ +
Metal_Treatment_01 | BMay10 | AZ91 : solubility of HZ at 7000C for log1 0F(HE) from -5 to 0.5 by 01 / 30+
Metal_Treatment_01h | BbMay10 | AZ91 : Degassing with Ar & 7000C and 1 atm / 1.0E+06 [_AZ91_H2_01&
Metal_Treatment_2b | BMay10 Fluxes : HT-H25C on Flux #1 / <0.428954> MnCIZ2 + <0.483184> KCl+ <[
hetal_Treatment_2c | BMay10 | Fluxes : HT-H25C on the reference flux (KhgCI3) / <0.42899A> MnCI2 + -
Metal_Treatment_3 | 6Mayw10 | Fluxes : Efficiency in the removal of Na and Cain AFS%kg / <0.425994>
_ceramics | BMay10 | Mg-ARZ-TIB2-C /Mg + 985 A1+ 05 Zr+ <B> TiBZ2 + <A> C
FactSage 6.1 chyworkshop\ EquiHALLHEROULT _Add_AIF3.0AT

IF,)
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Hall-Heroult Process

« Example #6: Adding reactants to the electrolyte (A

1.0 ton of Bath
(stream @ 960°C)

AIF 3 (@ 50°C)

F Reactants - Equilib
File Edt Table Units DataSearch Help

IF,)

D& +| T(C) Platm) Energy(J) Mass(g) Volfire) i o | |
1-7 |
Mass(g) Species Phase T(C) Pftotal)= Stream# Data
[HALLHEROULT_ | [[Strear] T L L
* o Al203 [solic-1-FThall gamma ¥ | [125 i 2 FThall
* o Al203 |solic-4-FThall cannd | [125 I 2 FThall
* o Al203(H20) |solic-2-FACTS3 boeh v | [125 I E FACTS3
* o Na2CO3 |s0lic-1-FACTS3 ~] [0 i [3 FACTS3
* o Al lliquic-FThall > | [980 I E FThall
* <0004 |AIF3  [solid-1-FThall perovs | |50 B 5 FThall

FactSage 6.2 bete Compound:

2/24 databases

Solution:

1/22 databases

[v Initial Conditians
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Hall-Heroult Process

 Example #6: Adding reactants to the electrolyte (A IFy)

F Menu - Equilib: standard bath at 9600C f“D|R‘
10 ton Of Bath File Units Parameters Help
(Stream @ 9600C) O & | T{C) Platm) Energy(J) Mass(g) Yol(lire) n ™| %
Reactants (7}
(grarm) 1.0E+06 [HALLHEROULT _Standard_Bath] + 0 AlZO3 + 0 AIZO3 + 0 Al
0 (960C.#1) 125C.s1-FThall #2) (125C.s4-FThall #2) 125C.s
+5kgAIF3(S) (@ 50°C)| « | N
Products
. . L Compound species Solution species Custom Solutions
AdlabatIC Addltlon *[+ gas @ jdeal(” real 110 * | + | Base-Phase Full Name
[ 0 + FThall-BathA, ABath
|_ pure liguids 0 FThall-Eath? 7Bath
& |+_ pure solids &7 + FThall-CryL MNa-Cryolite-L
Q - AAH - 0 [ suppress duplicates apphy * I—_l'haII-Cr\T,fH NE_I_C_WDHJ(E_H Fseudanyms
*-custom selection | FThall-Lig Liquic-Alloy )
species. 177 + FThall-FCC FCC apply | List ..
: FThal-BLL BCL [ include malar valumes
| FThall-tono Monoxide )
T el
- hone - |- immiscible 3 [v Show (& all selected otal Solutions (max

Estimate T(C): |900 +-selected 4 species: 3% Select
10

solutions:
Default
Equilibrium
s | " e ” Flatmm) hd |Delta H(J) ﬂ ® normal
| | |1 |D ((: (" open
r [1 calculation ] Calculate >>
FactSage 6.2 beta chworkshop\EquiHALLHEROULT _Add_AIF3.DAT

G’ac:tSageTM Hall-Heroult Process - 28 CRCT Vouea



Hall-Heroult Process

« Example #6: Adding reactants to the electrolyte (A IF;)

F Results - Equilib 956 C FactSage 6.2 beta

1.0 ton of Bath Qufput Edt C
O = &= T(C) Platm) Energy()) Mass(g) Wolllitre Ey o
(Stream @ 9600C) () &l () Platm) oy(J) (o) “olilitre) mE B‘IH
FS
+ 1.0050E+06 gram ABath
+ 5 kg AIF 3(5) (@ SOOC) [1.0050E+06 gram, 17443. mol)
[(036.00 C, 1 atm, ==1.0000)
[ 44.874 wt. % NaF FThall
+ 18.9359 wt.% ALF3 Jcoord FThall
T - 956000C + 27.487 wt. % AIF3 dcoord FThall
+ 3.8431E-03 wt.% ALZFE FThall
+ 2.0426 wt. % NaZo FThall
+ 0.70987 wt.% AlZ03 Jcoord FThall
+ 1.0292 wt. ¥ A1Z03 deoord FThall
1005.0 kg Bath + 1.4380E-04 we.® ALZO3 FThall
+ 4.6861 wt. % CaFz FThall
+ 0.2Z0758 wt. % Cad FThall)
Mole fraction of sublattice constituents:
Na 0.63545
Al (V) 0.13424
Al (1V) 0.19462
alZ 1.3605E-05
Ca 3.5687E-02
F 0.97009
o] 2.9915E-02
System component Mole fraction Mass fraction
Ca 1.349gE-02 2.5539E-02
Al 0.12437 0.15845
Na 0.24031 0.26085
F 0.60322 0.54111
u] 1.8602E-02 1.4052E-02 =z
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Hall-Heroult Process

« Example #7:. Carbide formation in the cathode block s

The lifetime of the cell is very dependent on the cathode block
(graphite) lifetime.

The cathode blocks can be degraded by mechanical erosion, but also

by chemical reactions with the penetrating sodium vapors and
liquid electrolyte . \ \ Y -

Sodium is generated at the metal

Geléo\ ] Anode précuite Ang
bath interface with

-------------

N
. "y"k'

2 Métal
)

5%,

LA A

X
N

Caisson
Carbone—~—

3 NaF + Al ~ AlF;+ 3 Na

|
N

. Barre colilectrice

e S S S S L S— — —— — — — Y S S S S Y S S S S
e e

Residual N, and CO can be | = lsolatlon=
present in the carbon pores init.
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Hall-Heroult Process

« Example #7. Carbide formation in the cathode block

F FactSage

Slide Show  Programs  Tools  About

ctiage 6.1

Info Calculate Manipulate

Predom Mixture

FactSage Workshop

Databases

OptiSage

1
g8 l_:j TT-Technolo gies

www.facts age.com

FactSage(TM) 6.1

S
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Hall-Heroult Process

« Example #7. Carbide formation in the cathode block

C with small
amounts of N & O

F Components - Phase Diagram

Fle Edit Units DataSearch Help

0| = ﬂ TI(C) Platm) Energy()) Mass(g) Vallitre)
1-5 |
Components
(NaF)2 2(AIF3)1.0
Bath; CR=2.2 CaF?
#1203

> |(c)0.3938(M)0.0001(0)0.000

> |Na

Penetrating Na

File | Open “HALLHEROULT_ Cathodel”

FactSage 6.2 bete Compound: | 2/24 databases Solution: 1/22 databases

S

ERE]

thtSage‘”
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Hall-Heroult Process

« Example #7:. Carbide formation in the cathode block s

« FACTS53
— Gas species
— NaCNq)
- C

e Fthall
— Bath
— Metal

F Menu - Phase Diagram: last system

File Units Parameters Wariables Help

"o e

O H T(C) Platm) Energyl)) Mass(g) Volllitre)
Components (5)
| fgram) (NaF)2.2{(AIF3i1.0 + CaF? + AlZ03 + (C)0.9995(M)0.0001(0)0.0001 + Ma |
Products
Compound species Solution species Custom Solutions
*|+ gas @ jdeal(” real 88 * | + | Base-Phase Full Name
[ 0 FThall-BathA, ABath
& |+_ pure liguids 1 + FThall-Eath? 7Bath
& |+_ pure solids B0 + FThall-CryL MNa-Cryolite-L
[ supprass duplicates apply * FFhaII—CryH NE_'_C_rmee_H Pseudonyms
*-custom selection | FThall-Lig Liquic-Alloy )
species: 149 + FThall-FCC FCC apply | List ..
I FThall-BCC BCC M includ | |
include molar volumes
| FThall-tdono honoxide )
el
|- immiscible 3 [¥ Show @ all " selected otal Solutions (max
+-selected 4 -
species: 40 Seladt
saolutions: 110

Variables
| T(C) | 100CaF2/(L+CaF ||1 DDA|203;(L+CaF| b7{L+CaF2+AI20 || Ma/[L+CaF2+Al2 |
| 960 | 5 | 010 | 5 | 0om

[100AI203/(LsCaF2+Al203) vs Naj(L+CaF2+Al203) - L-(NaF)2.2(AIF3)1.0 M=[C)0.9895(N)0.00C

FactSage 6.2 beta

Phase Diagram

i

=

Calculate >>»

G’actSage‘”
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Hall-Heroult Process

« Example #7:. Carbide formation in the cathode block s

F Variables: (NaF)2.2(AlIF3)1.0-CaF2-Al203-(C)0.9998(N)0.0001(0)0.0001-Na composi...g

. Yarnables Tand P
i X'aXIS v \_ﬁ compositions |E| Temperature Fressure
1 Na - 0001 %4 & T(c) constant - & P{atr) constant -
1(NaF),,(AIF,),, +1CaF, +1 Al,O, Ap log10e) v] 0 | -
0-0.01 kg Na / kg of bath e
Ysteps:
* steps:
o Y'aXIS Compositions (mass)
100 Al 203 [L=(MaF)2.2(4F3)1.0 M=(C)0.9998(M)0.0001(0)0.0001 |
=0..10 L + [0 |caF2 + Al2O3 + Moo Na |constant v
1 (NaF )2-2(A| F3)1-0 +1Cak, +1 AL, * L o+ CaF2 + AI203+ E Mo+ E Ne
0 — 10% ALO; in the bath
Cormposition #
’Fﬂ rrax = 4
« Constants
~ T=960°C & P=1atm
100 Ca, =5 CaF, is 5% of th f the bath
1(NaF),,(AIF,),, +1CaF, +1 AL,O, arz1s oo ot the mass ot the ba
1C L
=5 <« The carbon to bath mass ratio is fixed at 5.0
1 (NaF )2.2(A| |:3)1.0 +1CaF, +1 Al,O; (arbitrary)
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Hall-Heroult Process

« Example #7:. Carbide formation in the cathode block s

F Figure User ;: FactSage Workshop |:||E“Z|
Fle Add Edt View Help

|

(NaF)z.z(AlFa)m N Can 3 Alzoa o (C)n.sasa(N)u.unm(o)u.unm -Na
Gooca mass 100CaF./((NaF), ,(AIF,), ,+CaF,+AlL,O,) = 5, _ns:ass (C)s 5535(N) 6004 (O) 5 000 (N

10 ; , . ,

S =

maF,+AlC

ctiage

=

I ! I
Bath 4 ¢ + AIN b ALO,

gas + Bath + C + ALO, gas + Bath + C + AIN + ALO, Bath + CJ AI,C, + AIN + ALO,

¥ A4 v T

gas + Bath + C

A1,C,+ AIN

gas + Bath + C

]

CryoliteH + G+ AN

Bath + Ma-|

gas + Bath + Ma-Cryolite-H + C + AlN

mass 100AL,0,/((NaF),,(AlIF,), ;/+CaF,+ALO,)

gds + Bath + Ma-Cryalite-H ¢+ C Bath + Ma-Cryolite-H + C + AT+ AN

0.002 0.004 0.006 0.008
mass Na/((NaF),,(AlF,), ,+CaF,+AlLO,)

FactSage 6.1 B46 200 X =0.0105 ¥ = 7.8846154 TBath + C + AMC3 + AN c:hwvorkshop\Equilib. fig
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Hall-Heroult Process

« Example #8: Cathode / Collecting Bar / Refractory

/ Na(g)

The current collecting bar (steel) entrapped inside the cathode block

(C-graphite);

a SiO,/Al, O, layer is beneath it;

I\ A‘!‘E{Zfl;, §
\ 17 S NPT
Na(vapors) percolated through the \
Cathode block from the metal pad; \ :
Geloe. ) nZ557] Anode précuite Ang
. =7 5= -
Unwanted reaction products can §¢
increase the electrical resistivity -:x.a;’ s
Caisson =/ X
s w7 44y
(. Jsare colleciries 1
T = 900-960°C = —— e
G’actSageT” Hall-Heroult Process - 36 CRCT Vo



Hall-Heroult Process

« Example #8: Cathode / Collecting Bar / Refractory  / Na;,

F Reactants - Equilib |:”:|8|
File Hdit Table Units DataSearch Help
D +] T(C) Platm) Energy(J) Mass(g) Volfitre) i = | %
e FACT53 5]
— Gas species
. Mass(g) Species Stream#
i FTOde [To00 Fe | =1 |
— Refractory Mat. * [10000 c | [ | i
+ canna> 5i02 1
e FSstel : : | : j : : :
+ e20nay AlZO3 1
— Steel
* o [Na | [ | i

File | Open “HALLHEROULT _Cathode_CollectingBar”

[ Initial Conditions

FactSage 6.2 bete Compound: | 3/24 databases Solution: | 2/22 databases
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Hall-Heroult Process

 Example #8: Cathode / Collecting Bar / Refractory

9600C

F Menu - Equilib: C - Fe - Si0O2/Al203 + wvariable P(Na) @

/ Na(g)

File Units Farameters
O =

Reactants (5)

Help

=y

= T(C) Piatm) Energy(d) Mass(g) Yol(litre)

E=al=2k"

+ 0 Na |

Custom Solutions

91 calculations

FactSage 6.2 beta chworkshop\EquiHALLHEROULT _Cathode_CollectingBar DAT

| fgram) 1000 Fe  + 10000 © +  <8004A» S5i02  + <2004 AIZO3
Products
Compound species Solution species
[+ gas @ ideal(” real 32 * | + | Base-Phase Full Name -
[ 0 + FSstelDIAM DIAMOND_A4
|_ pure liguids 0 + FSstel-FCC FOC_AT:Me(CN)
& |+_ pure solids 1 + FSstel-BCC BCC_AZ
| suppress duplicates apply * Fostel-ALSZ AlsFed
*- custom selection + FSstel-ALFE AlFESl_ALPHA
species: 103 + Fostel-ALT3 Al13Fed
+ FSstel-FE-L Fe-LIQUID
+ FSstel-ALMI ALMMNSI_ALPHA ﬂ
Target Legend
I immiscible 2 [v Show @ all 1 selected
o= elaciogd 1 species: 104
. Select
saolutions: 23
——kinal.Conditions
| <A | | 1@ | |rem | |PraductHpy) ~ |
|05 | 1950 L |

1 fixed activities
0 ideal solutions
0 activity coefficients

Details ..

Pseudonyms

apphy [ List ...

[ include molar volumes

Total Species (max 16001 212
Total Solutions (mae 40 23

Detault

Equilibrium

(" normal + transitions
i

(& normal
(" transitions anly

Calculate >>»

G’actSage‘”
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Hall-Heroult Process

FilF AT I
P\a IS varied Nlelg
from 10 1% atm to Fle Edt Show Sort
Reactants (5) -
-1 i = —T 0
10+ atm Selected: 32/32 GAs|  [£[Page ¥ j
[ (gram)1000 Fe  +
+ |C|:|de | Species | Data | Phase |T|V| Activity -
' + 9 COfg) FACTS gas 5,1267E-06
=t ragics ; A+ 10 ceow FACTS gas £ 0459E-21
[EEEm= shcae ] ood B e [cog FACTS gas 1.1802E-12
[+ gas @ idenl( real 32 [l | T Ca02(g) FACTS gas 1.4355E-22
e 1 ] [ i i : ! e
r: 13 Nalg) il Na.L(g) FACTE gas 0.1ooo
] v 14 MNaz(g) FACTS gas 9.2678E-04
*[+ | e + 15 NaOfg) FACTE gas 1.5059E-16
[ | v + -select * 16 Allg) » ;
. o .17 AI2(g) Fixed Partial Pressure
v - standard stable phase + 18 AlC) Enter the value of log10(p)
I - dormant (metastable) phase * 14 AlO(a) (or for a range of valuas enter irst last step’) for
F - formation target phase v 2 Al02(g) 13 Maig).
. 21 ARO(G) Cancel
Tard P - precpitate target phase g . . . )
' ) + 22 (A2 () Fress [Cancel] if the partial pressure is no longer fixed.
S - Schel cocling gas phase . >3 Sitg)
C - composition target ... 100 10 010 I
Ideal Solution 4
Final
li Help ... ‘ Select/Clear... | Clear ‘ Ok,
05 | |50
- !
[ 91 calculations Calculate >>
Factsage 6.2 beta chworkshop\EquiHALLHEROULT _Cathode_CollectingBar. DAT
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Hall-Heroult Process

 Example #8: Cathode / Collecting Bar / Refractory

Extract & Plot
Results

F Results - Equilib a=1.00E-10 (page 1/91) FactSage 6.2 beta

Stream File
Format

Fact-=ML
Fact-Cptimal

Refresh ...

B Hesis e

Mepeat Plot - 10g14]

Ele Help

F Results Processor: c:\workshop\EquiD.res

1000 Fe + 10000 C+ <B00A> Si02 + <200A> AI203 + -

[

- 1
, | a=1.58E-10 | a=2.00H

, | 10000 ¢ +

i

PR T T i s T T T S S S S S S

1.0699E-05 mol
[3.0203E-04 gram,
[950.00 c,
0.
L3T784E-02
.Z2061E-10
.0000e-10
Z646E-12
LETEIE-12
.84Z0E-15
LA531E-16
.6363E-17
.6495E-19
LBZT4E-Z0
L4950E-21
LZBTRE-Z2
LZT0ZE-22
LB141E-23
L693T7E-23
LT188E-23
.1043E-24
LZB04E-Z6

=R R XA N R R T R S SN SN S S

gas_ideal
1.0699E-
1 atm,
986zZ2

FE11R-_"77

<800

05 wo
=%

Axes

activity
mole

F Axes: log10(gram) vs loglO{activity)

Y-variable X-variable  Swap Axes

-Eis

[log1 Digram)]

Na g,

—#-Exs

FrEXIrIL 5
]
tick ewvery IE

FAIRIFTILT

LU

Cancel

FAEXIFTILIT
FAIRIFTILT

tick ewvery

[log1 D{activity)|

-10

]

|
] 6
]

17

Refrash

[0 selected |

v color

Losooed) T [v full screen
Select size: IQ_ no: |87 v reactants  ( Yiewer
(® chemical [v file name & Figure
(" integer #

Repeat

FactSage 6.1

chyworkshopyEquillres

(" none

Ihdan10

971 sets

wA~TED

W

G’actSage‘”
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Hall-Heroult Process

« Example #8: Cathode / Collecting Bar / Refractory ~ / Na,

X-axis : 109 19(Pya)

Na, Is species #13

Y-axis :log ;p(grams)

Select all species with
“Mole (max)” >0

F Species Selection - EQUILIB Results: log10(gram) vs log10{activity)

File  Show
+| # | Species | Mole (min) | Mole (max) || Fract. (min) | Fract. (max) | Act. (min) | Act (max)
208 Fe2Si04(s) 1] 1] 1] 1] 1.0309E-16 8.5157E-03
208 Fez5i0d(s2) 0 0 0 0 B.9169E-18 7 3660E-04
210 Fe2Zi04(s3) 1] 1] 1] 1] 3.9969E-15 7.4238E-04
211 FezAl45iR018(;: 0 0 0 0 36473E-37 2 5390E-02
212 Fe3Al2Si3012(: 0 1] 1] 1] 1.9522E-33 6.5999E-04
SOLUTIONS
+ | 213 GAS 1] 1.0699E-05 1] 1] 7.B539E-04 1.
214 Dlak 0 0 0 0 0502257 0502257
+ 215 FCC 1] 13.714 1] 1] 0.990296 1.
+ 218 BCC 0 20.449 0 0 0.925347 1.
217 ALBZ 1] 1] 1] 1] 0.423855 0.54455
218 ALFE 0 0 0 0 0 1.1714E-257
219 AL13 1] 1] 1] 1] 1] 1.5071E-207
220 FE-L 0 0 0 0 0.734095 0.543108
221 ALK 1] 1] 1] 1] 1.9427E-251 2.375EE-137
222 HCP 0 0 0 0 0706753 0736318
223 BCCZ 1] 1] 1] 1] 0.850103 0.996067
+ | 224 SLAGAR# 0 9.9456 0 0 0.786151 1.
225 SLAGARZ 1] 1] 1] 1] 0.786157 1.
Y log10{gram) »: log1 0{activity) Mass Order . -
select species enter one species # ® mole ® integer# Select Top |15 j [11 species selected |
-uge "+ i~ (" mass (max)
13 grarm
(" fraction (max)
Clear ‘ Ma() [ source | O activity (mea) | 0K
[Click on the "+" coluran to add or remove species]

G’actSage'”
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Hall-Heroult Process

« Example #8: Cathode / Collecting Bar / Refractory

At low log 15(Pya)

C
+ Austenite(fcc)
+ Refractory (SiO , + mullite)

At intermediate log 15(Pna)

C
+ Austenite(fcc)
+ Albite (NaAlSi ;0g) + SIO,

Higher :
+ Slag
+ Nepheline (NaAISiO ,)

At high log 15(Pya)

C
+ Ferrite(bcc)
+ Slag (Na,SiO; + NaAlO ,-NaAISIiO 4 )

F Figure User : FactSage Workshop

File Add Edit “iew Help

D‘@‘E‘D‘ &‘Q‘X‘JE@J ﬂmj Selected |

/ Na(g)
COxX

1000 Fe + 10000 C + <800A> SiO2 + <200A> Al203 +
c:\workshop\Equi0.res 9May10

A4 T

login(gram)

-06

log,(activity) Na(g)

FactSage 6.1 734 647 [ =-1.0555556 Y =-3.5692308

-04

< hworkshop \EQUILIB.FIG

thtSage‘”
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