Processing - Combustion and Heat

1. Introduction to combustion

2. Compound databases : FactSage Browser & View Data - FACT53, SGPS

3. Simple combustion : CH, + 20, => CO, + 2H,0 — isothermal, adiabatic

4. Combustion in air : <Alpha> variable <1-A> CH, + <0.21A> O, + <0.79A> N,
5. Real air and non-ideal calculations

6. Private compound data : ‘coke’, ‘anthracite’ and HSFO ‘high sulfur fuel oil’
data —combustion calculations

7. Equilibria : reduction kiln - pre-reduction of the Ni ore by ‘coke’ and ‘HSFO’

8. Macro processing : Excel i/o - maximum flame temperature
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Introduction to combustion

Definition of combustion or burning:
fuel + oxidant => product species + exothermic heat

Fuels often include organic compounds (especially
hydrocarbons) in the gas, liquid or solid phase. Combustion
reactions can be slow burning or rapid explosions

Many combustion reactions involve C-H-O where CO, and
H,O are the dominant product species.

carbon: Cs) + O, => CO,

hydrogen: H, + 050, => H,0

methane: CH, + 20, == CO,+ 2H,0
butane: CHy, + 650, =>4CO,+ 5H,0
acetylene: CH, + 250, = 2C0O,+ H,O
kerosene: CHo6(l) +18.50,() =>12 CO, + 13 H,0

thioformaldehyde: CH,S + 6F, => CF,+ 2HF + SF4

None of the combustion reactions are stoichiometric as written
above - product gases form complex chemical equilibria with
O, O4, OH, H*, e etc. especially at high temperatures.
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FactSage Browser - compound databases FACT53, SGPS

| How to use the databases
The old FactSage 5.0 FACT databases

| [ELEM] - FactSage elements databasse
|| [FACT] - FACT slide show databases

[FToxid] - FACT oxide database:
%] [FT=al] - FACT =alt databaze:
[FTmisc] - FACT sulfide, alloy, micellanecus dajabasze
FThall] - FACT database for Hall aluminum prq i
[FThelg] - FACT agueous (Helgeson) databas|
FTpulp] - FACT pulp and paper databaze:
[FTiite] - FACT light metal alloy databases:

File

.| [FACTS3] - FACT 5.3 compound database, list of compounds
[SGPS] - SGTE pure substances database, list of compounc

View About.

SEHEEE

-

FactSage 6.1 - Summary of Databases

|0verview of databases

Compound Databases :

FACTS3 - FACT 5.3 compound database
SGPS - SGTE pure substances database

[FScopp] - FactSage copper alloy database:
FSlead] - FactSage lead alloy database:
[Fslite] - FactSage light metal alloy databaze:
FSstel] - FactSage steel alloy database:
[FSupsi] - FactSage ultrapure silicon databasq

5| [FSnebl] - SGTE noble metal alloy database:
SGnobl] - SGTE 2008 noble metal alloy datab
= [SG=old] - SGTE solder alloy database:

! SGnucl - SGTE nuclear database:
5 [SGTE] - SGTE 2004 alloy database: |
SGTE] - SGTE 2007 alloy database:

= [BIMST - SGTE free binarv allov database:

10

Database documentation. ..

Summary of databases|
How to use the databases
The old FactSage 5.0 FACT databases

[ELEM] - FactSage elements database
[FACT] - FACT slide show databases
[FACTS3] - FACT 5.3 compound database, list of compounds
[SGPS] - SGTE pure =ubstances database, list of compounc

3 [FToxid] - FACT oxide database:

[FT=alt] - FACT =alt database:

[FTmisc] - FACT sulfide, alloy, micellanecus databazes:
[FThall - FACT database for Hall aluminum process:
[FThelg] - FACT aguecus (Helgeson) database:
[FTpulp] - FACT pulp and paper database:

[FTiite] - FACT light metal alley databases:

2 [FScoppl - FactSage copper alloy database:
[FSlead] - FactSage lead alioy database:
[Fslite] - FactSage light metal alloy database:
[FSetel] - FactSage steel alloy database:
[FSupsi - FactSage ultrapure silicon database:

[FSnebl] - SGTE noble metal alioy database:
[SGnobl] - SGTE 2008 noble metal alloy database:
[5G=old] - SGTE solder alloy database:

[5Gnucl] - SGTE nuclear database:

[SGTE] - SGTE 2004 alioy database:

[SGTE] - SGTE 2007 alloy database:

[BINS] - SiGTE free binary alloy database:
[SGUN] - SGTE unary database:

[TDnucl - Thermodata nuclear database:
n | »

-

m

FACTS3 - FACT general compound database

- contains data for over 4500 compounds (pure substances).

- contains data from standard compilations as well as most of the
data for those compounds which have been evaluated / optimized
to be thermodynamically consistent with the FACT FToxid, FTsalt,
FThall, ... etc. solution databases (see below).

- FACTS3 database further information:

1. List of Compounds,
2. Further Information.

SGPS - SGTE pure substance database

- contains data for for over 3400 compounds (pure substances)
compiled by the SGTE groups.

- in general these data are not necessarily thermodynamically
consistent with the SGTE solution databases.

- SGPS database further information:
1. List of Compounds.

Revised: 06/06/2009 |
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View Data - compound databases FACT53, SGPS

its: T(K) Platm] Energy(l] Mass(mall

: T [l Fite it Units Surmmary Datsbases Table Greph  Help
Enter a list of e--e-mee-n-ts or a compound ar AL 185 Compoinds [FACTE - FACTEA - Factoage compound database [2009)]

Examplasz: HE=] FACTSE ©
Al5-0 - compounds of &), 5 anddor O H FACTS3 &

Sid2 - compaund HI+] ol O Summary of FACT53

Fe2(504)3 - compound H2[-] FapTRds b . .
Sl I s a2 mcrss ¢ | C-H-O compoind species
DH[-] - ahioh HZ[+] FACTS3 &

cl-] FACTS: &
= FACTEEZ E1 52 ©
i~ Preszure- = rEnemgp———— 1 Data % CI+] FACTSS &

* atm ‘ | ‘ * Compound FACTS3 &
—~ ;

ALL: - all compounds

FACTES G
¢ bar i cal SErET— il

{7 C_Units 1) Platm) Eneroy0) Massmol s
File: Edit

r Databaze

Units Summary Databases Table Graph Help
Surmary ! Add ... ! Remove ... ! iF.ﬁ.l:T 53 vi [FACTS3 - FACTS3 - FactSage compound databaze [2009] ]

[cAFact5age\FACTDATAN S 53base. odb | Phases | Cp(T) | H(M | G | SN | Volume | Magnetic| Refs. | Trans.
[ FACTEZ - FactSage compound database [2009] |

Marme: Carbon
Formula *Weight: 12.011
E-l-e-m-g-n-t-2 or Compotind Drlﬁ‘»LL:;E-H-D Staichiometic Cormpound: ©

E it ! RSB ! Phasze Cp Bange, K | Density, g/ml | Ref.

raphite 2 IRl 2 266893 128 143

e 100000-B00000 TR

diamand 295,15 - 3000.00 | 3514773 149
29515 - 2600.00 ,

2E00.00 - E000.00 s 128

gas

Compound Database : FACT53
Elements : C-H-O Compound data on C(s1) C(s2) and C(qg)
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Reaction — Simple Combustion

——— T
G oeesers RS s

Gﬁct o= ]
O ELEM  [J FScopp '
== FSlead .

Eact53 ] FSlite TIC) Flatm] Energeld] bazs(mol] Volllitre)

|| FToxid FSstel

] FTzalt O FSupzr [ 5Gsd to i

] FTmize [J FSnobl [ SGn

[] FThall

E Elzi:g DOE{JIET E E]I-.TIJ Mazz{mol] Species Phase TIC] Pfatmj™ Activity Data
O Frite  [low& ™ [lon |1 |CH4 |gas =] 1= ] ]
-Information - Heaction only acces 2 B |02 ;9'33 :j 25 | |
Click on a bos to include [or exclude] a datg

compound and zolution databaze [when av _

[nate, thiz iz NOT recommended). = i'l !EDE iEI-f'lS _"j !T ] ]
[f databaze iz stored an pour PC bt nok liztd = 12 {H20 iEI-E'IS stearn _:_J T | |

Hphons Units: C, atm, J, mol
Default | Data Search : Fact53
Phases: gas
Reactants:  Standard states

[ non standard states

Mext »»

Fa_n:tSag_eE_EbE Compound:
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Reaction — Simple Combustion

da

File Units Output Figure Help

Ol = E ...... Q‘ TIC] Flatm) Energeld] Mass(mal] Yalllitre]

— Reactants

CH4
[25C.q)

+ 202 -
[25C.q)

Coz + 2 HZO
(T.al (T.g]

T(C) | DeltaH{J] | DeltaG{J) |DeltaVol(live] | Delta SU/K) | Delta Cpd/K) | Dela A () [T

2500 B0:T0 8008344 | 0O00OCE+00 4373 934 G003344
00000 E7ezTa 14791586 | 2400202 | 172501 51792 | -15034785
200000 -520300.2 229E7523 | ABEIELD2 | 283478 F2232 | 234B0158
300000 | 3486854 189301 | 7A23FE.02 | 325956 81197 32635174
400000 | 1704848 41361705 | O7854E.02 | 373435 BEOIE | 42353210
BO0DOD | 116531 1255764 | 1.2247E+03 | 411718 @32 52436705
5000.00 118531 G12E576.4 | 1.2247E+03 H1FE 9342 E243705 T

TO0EL03 T 409495 29141 F1841958 [T

4936.54 0.0 S0E1634.7

1. Set product T =25 > calculate isothermal reaction
2. Set product T = 1000 - 5000 > calculate Delta(H) at T
3. Set Delta(H) = 11653.1 > calculate T = 5000 C

4. Set Delta(H) = 0 > adiabatic temperature 4936.54 C

Calculate |

0
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Equilib — Simple Combustion

Units: C, atm, J, mol

TIC] Platm) Energeld] Mass(mal] Yalllitre]

Massfmel) Spaa Phase TICI  Pltotall™ Streamdt Data
|1 |CH4 | = | i |1
* 2 |02 I =] I i
Reactants:
CH, + 2 0O,
Initial conditions: not defined

I Initial Conditions

Mext »»
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Equilib - Data Search

47 Reactants - Equilib

Data Search elp

[ File Edit Table Units
Di| +]
1-2 |

Maszz[ma

F:an:'t'S:age E.2 bet Compol

Databases - 2/24 compound databasesz, 0/22 solution databases

TIC) Platm] Energul]] kazzimol] Vaolllitre]

'SG TE componds only

] ELEM [ Fscopd L] BINS solutions anly
e ] FSlead SGPS no data
I FSlite =——{T-SErfE—

1 FTnxid ] FSstel  [J SGnobl Clear Al I
[] FTsalt [ FSup=i [] 5Gzold

O FTmize [J FSnobl  [J SGnucl Select Al I
[C] FThall

0 FThely Offer [0 10nuel Add/Remove Data‘
] FTpulp [J OLIE O oue ; =

] FTlite ] ous ] oLiL JefreshD atat I
Information -

] EXAM

Miscellaneous
I:I SGSL I:I SGTE™

Data Search:

Compound databases: FACT53 & SGPS
Options: Default - no plasmas, C,H,. x=2

Click on a bow to include [or exclude] a databaze in the data search. Mommally databazes are 'coupled’ - that iz botk the
compound and solution databaze [when available] will be selected, To 'uncouple' a databases click-mouse-right-button
[hiate, thiz iz NOT recommended].

If databaze iz stored on your PC but not izted here then you must ‘add the database to the list' - click on ‘4dd/Remove .\

Options

Drefauilt

Inzlude

] gazeous ionz [plazmaz)
] aqueous species
1 limited data compounds [25C)

Limits
Organic species CrHy. .. *[max] = 1?2_‘

Minimum zolution components: C 1 8 2 cpts

Cancel

Liactsye
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Equilib Selection Window — simple combustion

43 Menu - Equilib: last system

D= =

-~ Reactantz [2]

i} Products
— Compaund species -
*[+ gas & ideal © real
[ aqueous
|_ pure iquids
* [+ pure solids

* - cuztom zelection
Fpecies

ar

[T suppress duplicates apply I |
a3

— Target
« FIoTE -

Estimate T(£): [7000
P azzmal); [D

Products -Compound species:
Gases : FACT53 only (no duplicates)

Liquids: none;
Solids: C(s1) only

&3 Selection - Equilib
File Edit Show Sert

File Units  Parameters  Help || [Selected: 37/34] | NNRIESIE =l=cted |

[GAS | [ Sorted by Code |
+ |Code Species | Data| Phase |T|V¥| Activity
+ B C2H40[a2] FACTS acetaldehyde
i CH3CH2OH[g)  FACTS gas
+ N LHOCH:=OH(ge]  FACTS [ch3)lo
i HCOUH(g) FACTS gas
+ CHECO0HRIG] FACTS gas
| Hig] 3GPS g
 Helgl =GP g
| Cla) =GP g
| C2lg) =GP g
| C3(al =GP g
Cd[a) SGPS g
| Csi) (SGPS g
45 Celg] 5GP g
[ i 5GPS g
Show Selected | Selectall | Clear 0K

M1 | Platm)

Add all species containing

Add all species from database

Rermowve all species containing

FACTS3
SGPS

1000

1

I
=

Rernowve all species from database

[ FactSage 6.2 beta
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Equilib Menu Window — simple combustion

' File Units Parameters

Help
[ =

TIC) Platm] Energul]] kazzimol] Waolllitre]

— Heactants [2)]

[ suppress duplicates aEE'E!

* - cuztom zelection

ZpeCies 38

~ Products
Compound species- — Solution species — Cugtam Solutiong:
[+ gas O idealt real 37 0 fived activiies
I— AqUEnLE 1] | - hone - 0 ldeal_snlutinn_ﬂ_
|— pure liquids 1] [ actraty costhicients
* F pure zolidz 1 Dretails

—Pzeudonymz————

apply. T Lisl |

[ include molar volumes

e Final Conditions: Totol Species (mas 1500) 38
Targe- i Total Solutions [maz 40) O
R | Temperature; 0 5000 step 1000 | | e

sirmate T
Pressure: 1 dect |
b ass{rmol); ;D — Default |
- Final Conditions : ~ Equilibrium
<t izt I TICH IPEatmj ;ﬂ’j‘-"n:.du;t HiJ) j mormal O narmal + bansitions
[osooo1oo0 4 | % € open
i'IEI- steps [ Table b calculations BIERAMmMANE £

FactSage 6.2 beta

{iactsye
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Equilib Results Window — FACT output

47 Results - Equilib 1000 C
Output Edit Show Pages
O[] ]3| TIC) Platr) Energyld) Massimol) Vollitie)

oc -1000C- |2000c | 3000C | 4000C |

=
P
&

ﬂ CH4 + 2 G2 = -
=
3.0000 mol gas_ideal
{B0_040 gram, 3.0000 mol, 313.42 litre, Z2.553BE-04 g/ml)
{1000.00 €, 1 atm, a=1.000a0)
{ D.88865 HZC FACTS3
+ 0:-33332 CoZ FACTS3
+ 1.1253E-05 HZ FRCTS3 =
+ S9_78759E-08 0z FACTS3 i
+ 9_1820E-0% 20 FACTS3
+ 1.6B02ZE-0& 0OH FACTS3
+ Z.3B40E-03 H FRCTS3
+ 3.3553%E-10 o] FACTS3
+ 1.1425E-10 HCO FACTS53)
The cutoff concentration has been specified to 1.0000E-10
e o e v e e e e o o e e e e e e o o e e e e e e o o e e e e e e o o e e e e e e e o e e e ol e e e o e e e o e e e o e o e e e e
H = v 5 Cp
(J {J) litre) JSED WJAED
o ok e ok e ke ol ke o ok e o e e o ke o ok e o e e ol ke o ok e o e e ol ke o ok e e e e o e e ke e o e o o e e ke e e e e o e e ke e o e o
-T7.53084E+05 -1 _75201E4+06 3_.13413E+0z2 7T.8480%E+0Z2 1_48408E+02
Total mass/gram = 80.040
Results:
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ FACT vs ChemSage Output
T = 1000.00 € Print cut-off 10-10
P = 1_00000E+00 atm

Combustion 11
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Equilib Results Window — Chemsage

Qutput | Edit  Show Pages

Save or Print

Plot

Equilib Results file
Stream File

Format
Fact-XML

Fact-Cptimal

TIC) Platm] Energul]] kazzimol] Waolllitre]

4000 ¢ | s000¢C |

ChemSage Format
FACT + Chemb5age F
Chemb5age + FACT

PR Pl R Pl Pl R A8 Al Al ol A8 Al Al At A R Pl Al R At R Pl A ol At Pl R 8 R At R Pl A 8 Rt R Pl R 8 Rt R Pl R R

T = 1000.00 C
D = 1_00000E+00 atm
¥V = 3_13415%E+02 dm3

STRE&aM CONSTITUENTS
CH4
0z

PHRSE: gas_idesal
HZD

oz

HZ

oz

cc

OH

AMOUNT /mol
1.0000E+00
Z . 0000E+00

EQUIL RMOUNT MOLE FRACTION

mol

&.68885E-01
3.3332E-01
1.1253E-05
8. 7979E-06
5.1820E-0d8
1. 6802E-048
Z2_.3840E-03
2 ALRL9E-1N

ha3s been speciriied To 1._00U0UE-10

o e e o e ke o e e o e ol o e o o e o o e ol e e e e o o ol ol ol e e o ol ok o e

FACT Format

Cp
{I/E)

e e e e o e e e ol e ol e e

1.45408E+02

Results:
ChemSage Output

FUGACITY
atm
G_6EE5E-01
3_3332E-01
1.1Z53E-05
5_T979E-06
5_1820E-0&
1 _g8B0ZE-0&
Z2.3B40E-03
2 ARRSE-1N

Combustion
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Equilib — Duplicate data in Fact53 & SGPS

EEET

A Sele

Selection - Equilib
File F_dj:t Show .’:}urt

|*,F Menu - Equilib: last system

File Units Parameters Help

WR=21"

TIC) Platm) Enerayl)]

Selected: 49 E |:

Sorted by Code

—
- Reactants [2) + | Code Species | Datar| Phase [ T|¥|
CH3CHZOHig)  FACTS: gas
ST CHICH2OHgZl  FACTSE [chilZo |
HCOOH(g) FACTE: gas |
CHACOOH(g) FACTSS gas |
— Products Higl SGPS g |
~ Compound species- —Solution species Héig] SGPS | g |
| * [+ gas (% ideal ™ real 45 E[g.|.]- SEPS g |
[— aque?us. 1] i - none E2[g] SGF‘S g |
[ pure liquids 0 i C3(a) SGPS g |
i C4ig) SGPS g |
¥ suppress duplicates E'EE'E! Colg) (SGPS g |
species: 49 CHio) S6PS g I
CH=(g] SGPS g (|
~Targd SUPPress duplicates > apply | |
e [ |
Estirmate T[k]: i1EIEIEI |
Mass{mal): i‘n—' Show Selected | Select All Select/Clear... :
~ Final Conditions : — - - Equillium — B B
£y B I TIC} IPiatmj ;j;]f!{]:.du;t HiJ) _vj | * pmamnal O normal + bransitions
[oso001000 1 | ! {{: wansitions orly " oper
ﬁﬁ_ sHeps [ Table [ calculations | | e Calculate >» I

_ FactSage 6.2 beta

Montreal
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Equilib Reactants Window — combustion in air

Data Search: FACTS53 only
G Resctant - Equi ===

File Edit Table Unitf DataSearch [Help

O ||;.’*i | i' TIC) Piatm] Energyl)] Massimol] Yollitre] ™ B" ,@;I |

1-3 |
Masz[mol] Species Phaze TILC)
fe1 {CH4 |gas ~| [
+ 0zt [0z |gas ~| |5
+ [cn 738 IE gas | s

Reactants:
<1-A> CH, + <0.21A> O, + <0.79A> N,

Initial conditions: defined

** Pltotal] is the hydrostatic preszure above the phaze,
For a gageous stream this iz the sum of the
partial prezsures of the speciez in that stream.

¥ Initial Conditions

Mext »»

{iactsye
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Equilib Menu Window — combustion in air

File Units Parameters Help
Ol = E TIC) Platm] Energul]] kazzimol] Waolllitre]

—Heactants [3]

1A CH4 o+ <024 02+ <0734 W2

[25C.0.41] [25C.0.41] [26C.0.81]
~ Products
—Compound gpecies———— — Solution species — Cugtam Solutiong:
[+ gas & ideal ™ real 73 0 fived actvites
B aqueous 0 | - hiOhE - 0 ideal solutions
o [ actraty costhicients
[ pure liquids 0 i
*[4 pure solids 1 [ etails
" ;u;.'-mex*l:. -'.|':Irl|=-'.-:‘li-h‘ apply — Pzeudonymg————
* - custom zelection
; o 0n0 anoiu jul
species Final Conditions: ey 7| Lot |
<A>: 01 step 0.01 [T include molar wolumes
~Target- Temperature: undefined Ha: gﬂﬁﬁes fr[ﬂaﬁ 15315” ?_’;
Target phaze; P . zelected otal Saolutions [mas
ressure: 1
E stirmate T[C): ;WDU ]
B Delta(H): 0  Select |
bzl ) i — Diafault |

- Final _I;unditiuns : ~ Equilibrium
A B I TICH IPfatﬂ’i] jlﬁﬁﬁaHf&j: j @ pomal O mommal + fransitions
010m | [1 [0 ({: transtionzonly ¢ open
I8 steps [T Table [101 calculations HIERRBHAR Calculate 33
| FactSage 6.2 beta .

{Pactsye Combustion 15 CRCT "o



Equilib Results Window — combustion in air

Qutput | Edit  Show Pages

Save or Print
Plot

Equilib Results file

Stream File

Format
Fact-xXML
Fact-Cptimal

Refresh ...

M o %

TIC] Flatm) Energeld] Mass(mal] Yalllitre]

Plot Results ... 140981 C, A=0 84 I 1500.55 C, A=0.85 I 15831 C. A=D 86 |

Repeat Plot - ... C,A=l}.?3| 97948 C. _-1=u.19| 106276 C, A=0.8 |

r.m] 1207.27 C, A=0.95 | 999.2 C, A=0.96 | T79.19C, _&=0.9?| 54505 C, _ﬁ.=cr.93|
88 | 1880.48C. A~0.89 -1956.74C A=09- | 190728 ¢, A-0.01 | 1763.51 C. 4~092 |

+ <0.734> HZ =
{25,1,q, #1)

dezal

inl, 185.55 litre, 1.4858E-04 g/ml)

B i S e S T i S S R S

e = el e =

Q_700&8

0_.18804

B.0BZ0E-02Z
1_T7796¢E-02
7.B8546E-03
Z_0%08E-03
1.06B3E-03
9 _5B9ZE-04
5 _B675E-04
1_0533E-04
3.0315E-07
7.7384E-08
4 _5343E-08
3_.5B835E-08
2.271L0E-08
1_47Z21E-08
B_£893E-0%8
3.2471E-05
Z2.8037E-05

atm, a=1.000a)
Nz
HZO
coz
co
HZ
CH
o2
HO
H
o]
HOO

Output >
Plot Results ...

HONOD (g2)
HCOHO (g)

Combustion 16
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Equilib Results Window - combustion in air - plot results

ﬁ Plot: T{C) vs ﬂpha

Eile Help

i| Y-variable

FactSage 61 | cf

n 5

il

|

activity
mole
mole fract.
gram
weight %
Alpha
T(C)
Platm)
Delta Cpll)
Delta GiI}
Vol(litre]
Delta HiJ)
Delta V(litr
Delta 5(1)

- page -

¥

leglO(y)
IngY)
exp(Y)

1

phase distribution

§ &7 Axes: TO) vs Aipha

A-variable Swap Axes

—r-anis — F-anis
mnaRimLIm 2000 mnaRimLIm
tick everny tick everny

Cancel

Refrezh

7EE 03

27TE03 | Axes >

T(C) versus <Alpha> ...

i H

- Dizplay-

W color [T full screen
”':':ﬁ V¥ reactantz: 7 Wiewer
al V¥ filename ' Figure

Plokt->> J

[ FMapdd [ 107 sete

g

{iactsye
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Equilib Results Window - combustion in air - plot results

User : FactSage Workshop

| File Add Edit View Help

_I_I_I_I ® 5@ % | = &5 o x|

;I; I[Iitrel

s Mg

-3.4072E-08

i
4
EI EIEIEIEIEE
28 85
1 EIEI
1-;
'1-355:?
i
181,

Plot >>

Figure : T(C) versus <Alpha>

4 Déén’ I: LIJ

& SE?EE 0a

IDI UD

E|1 11
100,

size: IEI_ Fick: |_
= chemical
= integer #

= hohe

~ Digplay

v color

[ full screen

¥ reactants 7 Wiewer
[ filename Figure
Plot »»

FactSage 6.1

438 3

X: 0.84 ¥ = 2350.7692 . | Fhdanlo | 101 zets
{iactsye Combustion 18 CRCT "5



Equilib Results Window - export results to Excel

Qutput | Edit  Show Pages

Save or Print 3 Save or Print Ac ., azz(mal) Walllitre] "T i | BE o

Plot 3 Repeat Save m.sm,.&:u.ml 159&.55{:,.&:&.351 1593.1 C, _:!L=€}.E|5|
Equilib Results file » FUTESIESTCA=0TTBUTSET, A=0.78 | 979.48 c,_ak=u.79| 1062.76 C, A=0.8 |
Stream File b
F . \ P.Futl 1207.27 C, A=0.95 | 999.2 C, A=0.96 | T79.19C, _&=u.9?| 54505 €, A=0.08 |
arma
88 | 1880.48C. A=0.89 -1956.74C A=0.9- | 190728 ¢, A-0.01 | 1763.51 C. 4~092 | '
[
Fact-XML P I+ <o.7%a> w2z = -
: (25,1,.g, 1) i
Fact-Cptimal 4 | L H
pess Output>
Refresh ... jol, 185.55 litre, 1.4858E-04 g/ .
rr se—rre—Tatnm, a=1_0000) Export to Excel file etc.
| 0.70088 Mz :
+ 0.18804 HZO |
+ B.0220E-02 coz — Dutput X/
+ 1_7796E-02 fs)
P He —Page Range - — Type of Output
+ 2.0903E-03 COH v Al101 pages ot Frinter setup
+ 1.06895-03 oz
+ 5_5892E-04 NO " Current page 31 T Testfile [“ta)
4 E_B67S5E-04 H " Equilib Fesults File [E quit.res]
+ 1_0593E-04 O 5l file [ =]
+ 3.0215E-07 HOO
i e Hoz % Excel 5preadshest
+ 4_.5343E-08 HzO " Open Test Spreadshest Spreadsheet setup ..
4+ 3.5895E-08 HNO o e
+ 2_Z710E-08 HOCH ave Tert Spreadshes
+ 1_4721E-08 u —SrreprTerr T
+ B_£693E-03 MHZ
4+ 3.24715-09 HONC (g2} Cancel
+ 2 _B037E-09 HONC (g) _.l
™ H r . = Montreal
Liactsage Combustion 19 CRCT "



Mixtures — Mixture Module

FactSage Workshop

Calculate Manipulate

Reaction Results
Predom
Fact-xML
Equilib Figure
Phasze Diagram Reset

OptiSage (TS

TS ?—‘ f www.lacts P;fgf?: .COoMm

Thermfact and GIT-Technologies FactSagefTM) 6.1

{Pactsye Combustion 20 CRCT "o



Mixtures — real air

bixures 3nd peams —
' File Edit Tsble Units DataSearch Help Mixture or Stream? i
[ ||j"iﬂ! _-|:J TIC) Platm] Energul]] kazzimol] Waolllitre] |
1-4 |
Mazz[mol] Species Phase TI[C] Pltotal]
{0.78054 T fgas | | 1
+ [0.20948 [0z |gas ~| | I
+ [0.00939 i [gas ~| | [ Save mixture in [Air_Real]
+ [0.00031 {coz fgas | | I1 | ||
] ; Enter a stream file number K
Real air: 1 mole gas mixture at 25°C: | 129933 ELm
0.78084 N2 + 0.20946 02 + 0.00939 Ar + 0.00031 C02 ar enter a stream file name [up to 26 characters). for .ﬂl

example
by wem favaorite stream

- avoid the special charackers MEM e n o I

i.ﬁ.ir_Hea“

i tatal moles

{iactsye Combustion 21 CRCT "o



Mixtures — real air

Eile:| Edit® Table

Units DataSearch Help Mixture or Stream?

Mew Ctri+M TIC] Flatm) Energyld] Massmal] Yallitre]
Open .. Ctri+0
! Directories ... Ctrl+D —
G CHrles 47 Directory Mixtures and Streams -
Save As . Ctrl+A S padl e it S Tagl
e =
Exit 7z
File Date Description
* |0.00339 Ji A Fod
+ [3.00031 o2 Air_simple | 2May10 | Combustion calculations migture /0./AMN2+ 02102
Mi_ore | 4Mayl0  Mifeed for reduction kiln migture £ 21 Mg + 45228 Si02 + 31 Fed03 + 2672 Mid + 0.7 Col
File > Directories ....
Directory of Mixtures
i1 tatal roles

| FactSage B.1 |EWDrksth'xF'rDcessing'xh-1i:-:t.-'l'-.ir_Fl eal DAT

{iactsye
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Mixtures — importing [Air_Real] mixture into Equilib

& rescans - e S =~ -

.'; File | Edit| Table Units DataSearch Help

_Dﬂ Add a new Reactant Ctel+R () Massmal] Yalllire) &l gfl

Inzert new reactant before CH4 ..,
Delete reactant CH4 ...

Drelete all blank reactants

Mixtures and Streams r Import a mixture * lata |
B order e teainnts . Import a strearn (or single-line mixture) 3 Air_Real Combustion calculations midure

, . . Air_Simple Combusti lculations mixt
Export list of reactants r Edlit a rixture or stream k AR SRR R G R MRS

; : : : Mi Mi feed f duction kiln mint
Import list of reactants r Directory (c\FactWin\Processing') ... R A A

i
Clear
Example
R E

File Edit Table Units DataSearch Help _
O |E,'=-| i‘ TIC] Piatm] Enerayl)] Massimol] Yolitre] HER_IE S |

12|

Mazz[mol] Species Phasze TIC] Pltotal]™ Steamit Data
fc1-8s |CH4 |gas ~| Jooooo 1o I

+ [ehs [&ir_Peal] | [[5tream] 5 |1 j2
[&ir_Real]
Combustion_calculation
bole fractions:

1.0000E +00 T atal
7.e084E-01 N2
2.0946E-01 O2
9. 3900E-03 A
J1000E-04 CO2

{Pactsye Combustion 23 CRCT "o



Equilib — Data Search options

| File Edit

Dl=| +| m

Unif

DR Searchi sy

- Options

— Inzlude

gazeous iong [plazmas]

Limnits

Default I —

[] limited data compounds [25C)

Organic species CxHy..., ¥[max] = |4_

=

Minirmumn solution components: €3 1 (F 2 cpts

TIC) Platrm] Energul]] Mazzmal] Walllitre]

IET =R

-2
Mazz[maol] Species Phaze TIC] Pltotal]™ Streamit Data
[<1-85 {CH4 |gas ~| [ o i
+ [ |[4ir_Real] ~| |[Stieam] |25 i 2

Data Search > Options :

- include gaseous ions (plasmas)

- up to 4 carbon

atoms per molecule

v Initial Canditions

Mext »»

Combustion 24

CRCT
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Equilib Menu Window — real gas adiabatic settings

|| File Units Parameters Help

[ =]

TIC) Platm] Energul]] kazzimol] Waolllitre]

— Heactants [2)]

14 CH4  + <Ar [Air_Real
[25C.0.41) [25C.#2)

* - cuztom zelection

¥ suppress duplicates ap

~ Products
Lompound species -
“ [+ gas O ideal & real 152
| e 1
[ pure liquids 0
*[4 pure solids 1

L1

— Solution species

Real gas adiabatic calculation
with <A>=0.90

— Cugtam Solutiong:

0 fised actiiies
0 ideal zolutions
[ actraty costhicients

Cretails

—Pzeudonymz————

apply. T Lisl |

16 atens I Table

1 calculation

ZpeCies 153
[T include molar wolumes
Total Species [max 1500] 153
— Target- iz ———
s n,:,ie : Legend T Show &zl € celected Tatal Solubionz [max 40] o
E stimate T[C]: ;WDU species 0 et |
ki i ;I:I golutions: BoLZEES
azg(maol); Drefault |
- Final Conditions : ~ Equilibrium
A ib TIC) E 1liDelaHy) - @ pomal O mommal + fransitions
C 1
Daq I in = Open

Calculate »»

-4

FactSage 6.2 beta

#
i

{iactsye
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Equilib Results Window — real gas adlabatlc temperature

quilib 1956.59 C FactSage 6.2 beta
| Output Edjrz "hcw-—'agec

(IEEETE

TIC] Platm] Ernergull] Massimal] Walllitre)

Mm@ <A>= 0.90, Delta(H)=0
=> Product T = 1956.59 °C

<1-BA> CH4 +

<A¥ [Air Real]
(25,1, g,8#1) (25,1, stream, §2)

Double-Click on H20 for View Data

1.0144 mol gas_real _ - -
(27.673 gram, 1.0144 mol, 185.61 Iitre, L_ESIOE—T| i I(glllg'

I31955 59 ¢, 3 a=1.0000) ﬁ H20  Units: T{(.:?:!'..P![‘:.'EI.'] = i:h =

:_ 3::;?1 ;;o || File Edit Units Summary Databases Table Graph Help

+ 8.0547E-02 sas [FACTSS - FACTSS - FactSage compound databaze [2009] |

+ 1.8307E-02 co

roeseRa ke Phases | Cp(T) | H(M | G(M | S(M | Volume | Magnetic| Refs. | Trans.

+ 2_0540E-0%2 oH

+ 1_0012E-0%3 oz I arne; 'wiater

+ 9.2217E-04 Ho Yolume data

+ 5_S516E-04 B

+ 1.0242E-04 o - :

e s Mon-ideal gas properties

i Z:;gii;:gz ﬁg; Tc Pc Y Omega Dipole Moment

+ 3.5044E-08 HNO 9] [bar] [ce/mol] [Debyesz]

+ Z.1934E-08 HOCH

i & G F47.300 221.200 B7.100 0.344 1.800

+ 5_0183E-09 HE3

+ 3_0700E-09 HONO {gZ)

TR BRI EIONO () Expanszivitiez / Compressibilities / Derivative of Bulk

+ Z.3880E-09 HCO

+ Z_0858E-03 NHZ [-hiore-]

+ 1.2517E-09 NE

+ 3_1171E-10 HNCO

+ 1.0240E-10 HCH

+ 5_3615E-11 e .

+ B_2714E-12 el-] View Data

+ B_ZOTTE-12 HCOOH . .

+ 7.1106E-12 NCO - non-ideal gas propel‘tles of HZO(g)

+ E_GATIE-1Z H30[+]

+ 4_0521E-12 oz

g HHET, HO[+] bl e T T—r —r AT oS T o s e = —— =

= gaents s goak] FactSage £.1 || c:AFacts age\FACTDATANVFS53base odb [v5.0] 4549 compounds read-only o

+ 3.7444E-13 cN . | :

+ 3_7375E-13 OH[-1 - < = oo,

+ 1I_3Z8%0E-13 H ‘

+ &_6316E-14 HONO] R

Traa =oxei Gaseous ions (plasma) .

™ ; : . Montreal
4 %ctSage Combustion 26 CRCT "%



Compound — new private database

File | Edit

' Compound

Upit= View Too

Compound >
New Database ....

Mew Database...

Open Database...
Close FUELBASE

Upgrade FUELBASE to 5.0

=

ation on FLUELBASE

ame (4 chars)

pea A3 Create a new FactSac d DataBase
iRt
= Savein: g,

e R l Name Date medif.. Type Size

v B1 FSupsiBASE || Deswri o~ o

----- r B FThalBASE | | [[Privatsl| Recent Places = = oo9¢

----- ¢ B1 FThelgBASE a I Empiles

----- r B3 FTliteBASE - i FR0I0

-r 81 FTmiscBASE Desktop I FACTDATA,

----- r B1 FToxidBASE - |, FactHelp :

..... ¢ B3 FTpulpBASE A B Figiiees Create a new private compound
wor 01 FTsaltBASE petd || MACROS database in c:\Workshop :
.r TIR 1 |

@ FUELBASE Ay | MemoHASP FUELbase .cdb

----- r B1 SGnoblBASE ~~ AT

----- ¢ B1 SGhuclBASE L "P .
m-r B SGPSBASE . W PR
FactSage.1 | (C:\Workshoph\F etwork

File mame: IFLIELI::uase
Save as type: lFad-Win Compound DataBase ".COE)

v e E ek E
Tags

Led Lo

Save

Cancel

{iactsye
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Compound — new private fuel data on ‘coke’

—

;r_ng[g_\,g': Joules Preszure: atm

File Edit Unit: View Tools ViewData Help
i Furmula;C _EJ_&;}QJ

| H-r B0 ELEMBASE

|E-+ & FACTSIBASE
..' i
| T F =

FSocoppBASE
FeleadBASE
FEliteBASE
FEnoblBASE
FSstelBASE
FSups=iBASE
FThallBASE
FThelgBASE
FTliteBASE
FTmiscBASE
FToxidBASE
FTpulpBASE

s

e
(O T T T T O e

| 1, W FUELBASE
! El‘ o
L 51

e G = = a1 9))

m

= C;:urcup-:uerties
weight [12.011 g/mol
Compound Mame Reference no.

coke U1 28 |14g

Caomments

Modified: 2010 kay 07

private compound data on 'coal’

Drag and drop C(s1) from FACT53
Save 'coke' in FUELbase.cdb

FactSage 6.1 |Modified | C:\Waorkshop\FUELBASE.CDB (v5.0) 1 compounds read/write

Combustion 28

CRCT
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Compound — new private fuel data on ‘anthracite’ & ‘HSFO’

Cp: 2004 J/mol.E

e - ! [ T
47 Compound & Fuel =
File Edit Units View | Tools| ViewData Help = —
= ' ' = - Gross Heating Yalue [~ nat & Salid
;_Fnrmula!.(.:HS _ j"alE Deen (positive value only) BTUAL ¢ Liguid
acate L.
—r & FThallBASE ' [14000 Fuel #2:
w-r O FThelgBASE Copy data to new Compound “'aight- ol ) .
Gor B FTiiteRASE - Sewt Yeatom 1 Gross heating - H,O(l) product
----- r B3 FTriscBASE Fuel clao 90.00 43.03 219 - Heat = 14000 btu/lb
r g gnxildgiglé - Hi—1“ 10.00 5647 - Weight %90% C + 10 %H
..... ¢ pulp I : V Ii ‘an hr i '
¢ & FTsalBASE sl 000 000 save as solid 'anthracite
ERESg T UELEASE Fuel Properties
= W {Description (¥4 chars max) T
@l 51 |Private Fuel compound databasdll | pg 5= ' - ; —
S | o e I v
Bk 81 Vel \Gross Heating Value [~ {58 © Solid
Ell’ SC73IH97 = (positve value only) EITU,.“Ib & Liguid
i ke LT (18300
| 5-r £ SGnohlBASE : Fuel #3:
“eight- .
‘ """ ' g gg;&'}iﬁE %wt %atom || - Net heating - H,O(l) product
1 cl67 87.00 4244 || - Net heat = 18300 btu/lb
| .+ £ SGsoldBASE H 9.8 380 5697 || - Weight% 87% C, 9.8 %H, 3.2%S
|w-r B SGTEBASE . | 5[3.2 320 058 || - Save as liquid ‘HSFO’
FactSage6.1 | C:\Workshop)\ FUELBASE.CDB (v5.0) 3 compounds read/ “Fuel Properties — high sulfur fuel oil
) — |l |Formula: SC73H97
DH form: -130027.429234512 J/mol
DH form: -55.7866644547237 BIU/1b
Weight: 1002.0625 o/mol

Liactsye
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View Data — summary of FUEL compound data

s
Enter a list of e-le-m-e-n-t-z or a compound or ‘ALL'
Examples
Al-50 - compounds of A1, 5 anddor O
Si02 - compound
Fe2504)3 - compotind
Cu[++] - ation
OH[-] - ahian
ALl - all compoundzs
i~ Prezzure i~ Energy i~ Data- — ‘ |
i atm Lo % Compound  fm— i — o
 bar O cal T Golhion |!: |7 ALL compounds  Units T(K) Patm] Energyi]) Mass(mol —
File. Edit. Units Sumwmary Databases Table Graph Help
—Database [FLEL - Private Fuel compound database |
C FUUEL 51 52 =
Summar_l,l...l Add . l Hemnvi... I IFLIEL =l eu FUEL o
[Cworkshop"FUELBASE.CDE | SEEAEAT MRl b
[ Private Fuel compound database |
E-l-e-mee-het-2 or Compound or .-'-‘-.LL:!
E wit | nforrnaar l (1] 4
|
|
FactSage 6.1 || C:4wlorkshophFUELBASE.CDE [+5.0] 3 compounds read/write ,__ff |
™ ; ~=1" Montreal
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Equilib — combustion of HSFO ‘high sulfur fuel oil’

| File Edit Table Units Data Search Help

O @i ﬂ TIF] Plpsi] Energy(Btu] Mass(lb] Volift3)

1-2]
] Databases - 2/25 compound databaszes. 0/22 solution databases
Mazs(lb] Species Phaze & s
1 [5C73H97 [iquidFUEL hsfa ct Sur SGTE
COELEM [ FScopp [ BINS
+ 4
|6 |o2 |oasFACTS3 ] FACT [ FSlead [ SGPS
Fact53 -Slite O sGTE
| FToxid -Satel ] 5Gnobl
] FTsalt O FSupsi ] 5Gsold

] FTmise [] FSnobl [ 5Gnucl
[C] FThall

OfFthels Ofher [ 1Dnuc
] FTpulp ] OLIF ] oLic
] FTlite ] oLG ] oLL

Information -

Compound:  C:¥wforkshophFUELBASE.CDB
- Private Fuel compound database

Options

Compounds only Miscellanec
zolutions only [] EXAM FUEL
Clear &l I | Mouse-right-click for er
SelectAl |
Add/Bemove Data I

=l stangze

|

Fact53 and FUEL
compound databases

[nizlude

Mext »>

| 0/22 databases

FactSage 6.2 betl Compound: | 2725 databases Solution: Diefault | ] aqueous species

] gazeous ionz [plazmas)

1 limited data compounds [25C)

Limits
Organic species CrHw. . ®[mad] =

kinimum zolution components; O 1

Gh(:‘tSageIM Combustion 31
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Equilib — combustion of HSFO ‘high sulfur fuel oil’

7 Menu - Equili last systen
File Units Parameters Help

Ol = E TIF] Plpszi) EnerguiBtu] Mazzlb] Wallft3] ﬁﬁ B ]@T i

~Reactants [2]
[lb) SC7IHA7 4 B 02
[77F lig-FUEL #1] [77F gFACTRI H1]
— Products
— Compound species-—l — Solution species
[+ gas ¢ ideal © real E4i i i
[ aquecus 1] - none - || Output Edit Show Pages
* [+ pure liquids ! D= &3] TIF) Plpsi] Energy(Btu) Mass(lb) Yollft3)
[ pure solids 0 :
[~ suppress duplicates E'EE'E!
- cLigtom SElEEED;:ies- o \1b) SCT3HST + £ 0z =
R ' {77,1,1igq-FUEL, $1) (77,1,g-FACTSS, §1)
Te_241 mol gas _ideal
— Target- Legend—— {2828 .8 gram, T7€.241 mol, 1864.8 litre, 1_5170E-03 g/ml)
- NONE - [ Show & all € selectec (77.00 F, 14_700 psi, a=1.0000)
Estirmate T[k]: i1IZIIIIE| species: 0 { U_5f3'?"u' 02,.
i q Select | + 0_42893 CozZ
Massllbl: [B e + 3_1344E-02 HzO
+ 5_3102E-03 025 (CH) 2
- Final Conditions I~
by B» | TIFI [ Pipsi) v |[DekaHEm) ~] || + 0.75501 b H20_ liguid
| {344 _ZB gram, 15_.110 mol)
I?? |14-? ! (77.00 F, 14_.700 psi, L1, a=1.0000)
i‘lEl. stens [T Table 1 zalculation ‘
| The cutoff concentration has been specified to 1_0000E-10
. - x l - . o )
_ FactSae B.2 beta | e:vworkshophProcessingE quiCombustiohénthtracite DAT DELTA H DELTE & DELTR 7 DELTZ 5 DELTE ©
] — — ) o B {Btu) {Btu) {E£3) {Btu/F) {Btu/I
Net heat Of . B )
. —1_81823E+04 -3)_7744ZE+04 -1_01407E+03 -8.16334E-01 32_70051F
combustion L

{iactsye Combustion 32 CRCT "o



Databases — Reduction Kiln

S [ orver ﬂ.}énih i

Rk |

Wet Ore Stockpile

Air West Block (Repect)

HEFO
Air

"-Imll _I-

Liguid Sulphur |

Hot Calcine (T00°C

N e o o e B B
Shag to Drisposal area (IS50°C)

e m N R ames
Furnace Matte (S0"C)

Silica Fin:r_ '
Scrap | Drversire

FUEL HSFO, coke

Databases Fact53 Liquid Sulfur, Off-Gas
FTOxid Hot Calcine (O-products), Dried Ore Feed
FTMisc Hot Calcine (S-products)

{iactsye Combustion 33 CRCT "



Equilib — Reduction kiln

Reduction Kiln

Liquid Sulfur (1 wt.%)

Hot Calcine (720°C)

HSFO
+ Air

»  Off-Gas (300°C)

J:-l Dried Ore Ni Feed

Partial pre-reduction of the Ni ore
-NiO + C/H ~ Ni+ CO/H,

Sulfuration of the Ni

Preheat the mineral
- combustion of high sulfur fuel oil ‘HSFO’ => 720°C
- not too hot - must avoid liquid phases and calcine sinter

Remove last traces of water

G’actSage'”

Combustion 34 CRCT "



Equilib — Reduction kiln

Off-Gas (300°C)

»
»

Products at 720°C : Pre-reduction of Ni & Fe; Liquid Sulfur (1 wt.%) L Dried Ore Feed
A= Zjo
Hot Calcine (720°C) HSFO
Air

2 MgO + 46 SiI2 + 31 Fe2B + 2.672 NNO + 0.1 CoO + 1.5 C

C42H57S1 + 20.7 [Air_Real] =

vol % N2
vol % CO
vol % H2
vol % CO2
vol % H20
vol % CH4

0. 48174E-01 vol % H2S
0. 29676E- 02 vol % COS
0. 24462E- 02 vol % NH3)

Dried Ore : 2
Li quid Sul fur + 1.0 S
HSFO + A r + 4.6
100.48 litre Gas |dea
( 45. 973
+ 29.233
+ 15. 034
+ 7.0830
+  2.4305
+ 0.19281
+
+
+
+ 3.2422 gram Beta_N 2S
+ 0.76615 gram Pyrrhotite
+ 1. 2169 gram FCC

+ 70.820 gram Ort hopyr oxene

+ 22.735 gram divine

(F€o.30346N 0.37071Va0. 32583) 25

( I:eO. 86984NI 7. 6389E- 2C05. 2665E- 2va1. 1030E- 3) S

34.464 wt.% Fe + 62.184 wt.% N + 3.3517 w.% Co

(Mo, 40234F€0. 59766) { MJo. 83571F€0. 16304F€3"3. 5434k 2} [ F€3*3 54345 4Si 0. 99065] Si O

( Ing. 55007Fe0. 4496C02. 0573E- 4N| 1. 2512E- 4) { NgO. 59855Fe0. 3985C01. 1586E- 3N| 1. 7900E- 3} Si 04

G’actSage'”
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Equilib — Macro Processing

' Reactants - E
File | Edit Table Units DataSearch Help
Mew Ctrl+ TIF] Plpsi) Enenge(Biu] kass(lb] Wollft3] ?“I %l .I.y;l |
Open ... Ctrl+C
Directories ... Ctri+D
i 3
ey i Species Phase T(F] Ptotal]** Streamit Data
Macro processing » Run H I
Exit Run macro ...
Edit macro ...
Macro processing - an introduction ...

Macro processing - Manual ..

File VWiew About..,

Macro Processing Manual - FactSage 6.0

. Introduction
. Macro Commands
. Saving the Equilib file
. Creating a Macro File
. Running the Macro File
. Macro Variables, Functions and Commands
. Equilib Macro Files
. Phase Diagram Macro Files

A linmdimen

MNex

200 = [T | | [ [P =

e

L1}

J e
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Macro Processing - Manual

[Macros htm] RSN

.dat} when asked to 'Enter the name of an Equilib file” . i

2. Macro Commands gf.'\?.';-,ﬁﬁ’i-‘**‘rr#.m,  Browser - [Macros htm] '—?‘(—
File View About..

A macro file has 4 principal command - al =

i Q2% & @B

2 ; -
For”qumIlb calculations you can qf e M ol = R T i
equilibrium, and then save (SAVE or

* &
(*.xls) file and Xml (*.xml) files. | apeEND ‘FileName' *string

File View About..

'@a@% & B

y y S/ Append 'string' to end of a
For Phase Diagram calculations th{ | 2ppewp 'FileNamel' FILEMAME 'Filelame?'

(SAVE and SHOW) in a figure (*fig) fi // Bppend file 'FileName?' to
- : Summary of $Thermochemical$ Variables: $E *§, $M_*$, $R_*$, $U_*$
Because macro processing is maifl capc // press the
module. Examples of Phase Diagraill caprrion ‘string: // set macro || Thermochemical variables are case sensitive and system dependent. They are defined by the Equi® dat o
y ) . CLOSE 'Filename' // used with or calculated during the equilibrium calculation (CALC’) and can not be modified by you (except by editing t
The following 7 lines illustrate the conflf cory 'source’ 'Target' // copy .txt,|| Phas*.datfile) - see the 'SET macro command for the thermochemical variables that you can modify.
processing:
DELETE 'FileName® // delete .txll An example of the common thermochemical variables is given in the macro file 'EquiEx List Results ma
// (same as Efll example of most calculated thermochemical variables including solution intregral and partial properties and ¢
OPEN EQUI1234.DAT /f Load is given in the macro file 'EquiEx_List Thermo.mac’. An example of the 'SET command is given in
CALC // and (| ERROROFF // suppress elll 'EquiEx SET Warables mac’
SAVE EQUI1234.TXT // Bave ERRORON J/ resume err
SHOW EQUI1234.TAB // Save
SHOW EQUILIZ34. XML // Savelf| EWD // last line Legend: - note, all thermochemical variables are case sSensitive.
SAVE MIXT1234.DAT GAS Iy EXIT // dauit (see
END /S Term B = Rlpha
FIGURE 'Filenamel.fig’ // display thfll 2 = activitcy
l | FIGURE ‘'Filename2.fig' SUPERIMPOSE B.= Beta
' // superimpos{]|l C = Cp heat capacity
- o = compound (pure substance)} or molar cp
l HIDE // hide Facts{]| D = data source
HIDEMACRO // hide the m E = extended name (data source and name)
IF "Valupel' = [€ > =< »= <»] 'Value?' e = glements [+ electron phases) i.e. components
// 'IF' state F = total Gibbs free energy
; f = molar Gibbs free energy
|« | LLL g = grams
h = molar enthalpy
— — R — H = total enthalpy
i = integer
4 = dintemoar

HI

A
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Equilib — running a macro

47 Reactants - Equilib
[Fie) Edit Table

Lmits

Data Search  Help

Mew
Open ...

Directories ...

ChernSage files

Macro processing

Exit

Ctri+M
Ctri+
Ctri+D

TIF] F'[psi]. Energy(Btu] Mass(lb] Walft3)

il L IES

Species

Phase T[F]

Pltotal]™ Steam#t Data

Run C\Waorkshop\MACROS\EquiEx_CH4-02-a.mac

Run macro ...

Edit macro ...

Macro processing - an introduction ...

Macro processing - Manual ..

Solutian:

Favorite Links

[
= Recent Places

B Desktop
M Computer

More »»

Folders

L Workshop
|/ Chemb&age
. Baamples
L. F80I0
L, FACTDATA
. FactHelp

- moa . ;
‘ Organize > === Views - . Mew Folder

Date modified

Tyne Size

m;
| 21| EquiEx CH4-02-a.mac

S EqUIEL CFE-0Z2-B.mac
| EquiEx_CH4-02-c.mac
E,L EQUIEx Insert_Results_Advanced.mac
E, EQUIEx Insert_Results_Simple.mac
o E, Equikx_List_Files.mac

- EEquiEx_List_Functions.mac

E,L Equibx_List_Results.mac

[=] EquiBx_List_Thermo.mac
5 EEQUIE}{_MQCE_GZ_FZ.NMC
| 2] Equibx_SET Variables.mac

~ | = EquiEx_Xls_Simple 10.mac

File name: EquiBx CH4-0Z-a.mac

o

m

[ Equilib macro file (EQUI"mac * ]
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Macro processing — Excel i/o : maximum flame temperature

Clipboard ( Font ] Alignment [ | Mumber £
A4S - k I | 0.6461

A B | e [ o | E F
2 IF 0 <=0 GOTO Checkénswer
23 Alpha DeltaH Temperature T{change}  Alpha(inc) MARK CHECKANSWER

| 00:00:51 [F 0.0001 =0.0000 GOTO QUIT
29 | 0.6 i) 2757.36 2757.36 0.01 00:00:51 MARE QUIT
25 0.61 0 2768.59 11.23 0.01 00:00:51 SHOW

[ 00:00:581 MSGEODX Timax] = 2784.79 at <Alpha: = 0.646
26|  0.62 0 2776.55 7.96 0.01 00:03:17 SHOW EQUIEx_CH4-D2.tt
37 . 0.63 o 31781.66 5.11 0.01 00:02:44 EMND ... macro processing terminated |
28| 064 - - e 0.01
29 0.65 O — —

! 43 Results - Equilib 278479 CF
30 0.66 oIS BEE S AR, S
31 | it e S Riges
32 ;ﬂ.lpha Dell O ||j"l ir»ﬂl 3]' TIC] Platm] Energyl] Massimal] Yalllitre)
33 0.64 0.4

[ Cancel
4, 0641 94 (25,1,q,#1) (25,1,q9,$1)
35|  0.642 - — g 0
36 0.643 0 2784.63 9.00E-02 0.0 A S L _
: {26.852 gram, 1.2691 mol, 318.44 litre, 8.2752E-05 g/ml)
3?_ {.b44 0 2784.7 0.07 0.4 {2784.79 C, 1 atm, a=1_0000%
38 (.645 o 2784.76 6.00E-02 0.1 L 0.3%&20 HzO
: + 0.17357 co
39| 0.646 0 2784.79  3.00E-02 0.4 8 aeean i
40 0.647 0 27848 1.00E-02 0.4 + 8.9519E-02 Hz
41 0.648 0 2784.79  -1.00E-02 0.0 e e =
121 | + 5.59E0Z-02 H
43 Alpha DeltaH Temperature T(change}  Alphalinc) I :_22223:32 Eo-o
l'-l-"-}_. 0.646 o 2784.79 2784.79 0.0 3 l:EBBSE—GE HOOH T
45 0.6461 0 278479 o 0.0 + 7.0843E-07 HCO
—:! + 1.5292ZE-08 03
46 + B_9138E-09 HzCO
47 + 1.06Z5E-10 HCOOH P

: + 2 _7313E-11 c
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