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Ironmaking mm

Iron Making
Process

basic mechanism : iron oxide reduction at high temperatures
(e.g. Fe203 + 3CO - 2Fe +3C0,)




Ironmaking Processes ﬂ
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Conventional BF Route COREX Route FINEX Route

Lump Ore

Pellets Non-Coking Coal Fine Ore
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Hot Metal = ‘ "; |
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Corex and Finex advantages — lower capital investment and operating cost (15-20%)
— lower SOx, NOx and dust emission




Melter Gasifier
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HCI, DRI (Iron Ore) \

Coal, Additives iron and iron oxide supply

Coal, Coke, PCI (Fuels)
reduction gas generation, heat supply

Iron Ore, Additives 'l' Generator Gas

N\

Limestone, Dolomite, Quartz (Additives)

regulation of hot metal and slag quality

Dome /
Recycled Dust \
—

Oxygen\ e Freeboard
Fluidised Material dust reactions
Bed \ gas reactions
Fixed Bed
Oxygen :
~a B Cohesive Zone Bed
Hearth Raceway drying
final reduction
Hot Metal, Slag final calcination
1500 °C fuel gasification

Hearth

hot metal & slag removal




Software Tools
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* developed by Process System Enterprise (PSE) | « j [ibrary of subroutines for the thermodynamic

calculations
* equation-oriented modeling & simulation

software * uses thermodynamic data files (.cst or .dat)

exported from FactSage
* flow-sheeting interface

* calculation of complex multicomponent,

* sophisticated implementation of Newton solver multiphase chemical equilibria and their
associated energy balances

* gPROMS capabilities
»  steady-state simulation * not astandalone program
* dynamic simulation

J parameter estimation . . . . . ) )
- model-based experiment design * in combination with FactSage it provides rich

- steady-state and dynamic optimisation component list in the field of metallurgy




Software Tool Combination m
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Using ChemApp in gPROMS
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gas

non_squilibrium_ C8_mass_ percent ("FeZ03_hematite (=) #Fe203_hematite (=) ")= normalised_inlet mass_percent ("FeZ03");

Gibbs_reactor

non_squilibrium_ C8_mass_percent ("Fe304_magnetite (s) #Fe304_magnetite (=) ")= normalised_inlet _mass_percent ("Fe3oDd");

non_squilibrium_ C8_mass_percent ("KZO solid (=) #KZ0 solid(s) ")= normalised inlet_mass_percent ("K20");

x =
Temperature units sius Flowsheet.gas.outlet. mass_percent
I bos =l Time ... |_;[ E Actu... W7 VARIABLE RESULTS non_equilibri =10l x|
e ahenes e tunt]| ol 1, = Flowsheet. Gibbs_reactor.non_equilibrium_CS_mass_percent
Erreemerere | = | Time [0.0..0... [Fixedat | .0 =] Actual =0.0
Specify phase_constit... |Rows v
¥ Temperature 25 degrees Celsiuis | [H20_jig™ 0.0 - —
i HZ 1431225 phase constituents
¥ Pressure 53 barg - F—— T————
"H20_gas”  [4.257083 Ca0_liquid(liq)#Ca0 _liquid(iq) 0.0 ;I
€ Uniform for entire array (% Per element "Ha2s™ 0.0 A— —
or oo "Mn_liquid(lig)#Mn_liquid{ig) 0.0
H2 19.1139385 - . T e am
H20_gas [6.3771925 "o 48.12723 "Fe_liquid{lig) #Fe_liquid{ia) 0.0
Has o “coz” 46.174%6 "Ma20_liquid(liq) #Ma20_liquid(ig)” 0.0 J
7 Composten g(OZ B s LAY "AI203_liquid{iq) #A1203_liquid{ig)” 0.0
Slcoz |8 2983506 iitﬁ g g K20 _liquid{ia)#K20_liquid{liq)” 0.0
o’ "C vol_coal 0.0 "Ti02_liquid(iq) #Ti02_liquid{liq)™ 0.0
N2 o B "C_vol_coke™ [0.0 "MnO_liquid(lig) #MnO_liquid(liq)™ 0.0
[emmrn H_val” 0.0 "P_liquid{liq) £P _liquid{liq)" 0.0
¥  Flowrate 614,58742 malh — _Iig q)=+_lig q, .
AL N T I lioudlial#s liauidfial” 0.0 =l
5 vl 00 = ‘Table || Graph | Properties |
& I e 'E_Table | Graph | Properties I l
equilibrium_CS_mass_percent = phys_prop CS.EquilibriumAmount (temperature , pressure ,

=

Flowsheet.gas.outlet.mass_percent

Time ... I 'l E Actu...
-

comp...

components
FeCO3” 0.0 |
Fe203_H20" 0.0
H20_lig” |00

"HZ 1.431225
"H20_gas™ 4.267083
"H25" 0.0
02" 0.0
"co” 43,12723
"Co2" 46.17446
"CHe" 0.0
"CeHa"™ 0.0
2" 0.0

"C_vol_coal” [0.0
"C_vol_coke™ [0.0

"H_val™ 0.0
T™_vol™ 0.0
"0_vol” 0.0
"5 _vol” 0.0 -

non_equilibrium_ CS_mass_percent() ) :

outlet.mass_percent ("F=0")

outlet.mass_percent ("FeZO3_HZO0")

outlet.mass_ percent ("FeC0O3")

equilibrium_ C8 mass percent ("Fel wustite (=) #FeO_wustite (s)");
equilibrium_ C8 _mass_percent ("Fel03 (H20) solid(s) #Fe203 (H20) _=olidis) ")
equilibrium CS mass percent ("FeCO03 siderite (=) #FeC03 _siderite (=) "):




Testing the Software Combination ﬂ kL

> Boudouard

Homogenous Water-Gas-Shift

> Iron Oxide Reduction (Baur-Glaessner)

\




Boudouard Equilibrium TVT
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T. Reed, Free Energy of Formation of Binary Compounds, MIT Press, Cambridge, MA, 1972




Homogenous Water-Gas-Shift Equilibrium ﬂ
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volume composition [% vol.]
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J.M. Moe, Design of Water-Gas Shift reactors, Chemical Engineering Progress, 58 (3), 33, 1962




Iron Oxide Reduction in Equilibrium
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Baur-Glassner Diagram \

100 CO/H2 Reduction = 100030000
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T. Tappeiner, Ganzheiliche Betrachtung des Einsatzes von LRI im Hochofen zur CO2-Minimierung, MIT Press, Leoben, 2011




Melter Gasifier Model Structure
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Reactions Considered in Model Zones
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dust reaction oxide reduction / calcination
recirculated dust combustion C+0, > CO,
) WGS equilibrium CO,+H, & CO+H,0
o drying HZOquuid - Hzogas
e g st e pyrolysis volatile matter —» CO,,CO,
_ H,0,CH,,C,H,, H,,H,S,N,
4 Mg calcination MgCO, — MgO + CO,
o= Boudouard Equilibrium CO, +C < 2CO
S e e ! WGS equilibrium CO,+H, <> CO+H,O
—t e e 3Fe,0, + CO — 2Fe,O, +CO,
= — 3Fe,0, + H, — 2Fe,0, + H,0
- o red Fe,0, + CO —> 3Fe0 +CO,
. i
oxide redction Fe,0, + H, —> 3FeO + H,0
i FeO +CO — Fe+CO,
S st FeO+H, » Fe+H,0
» Ca calcination CaCO, —» CaO +CO,
o WGS equilibrium CO,+H, <> CO+H,O
";9_.‘-"_ (Thdn A
Cin hot metal direct definition
o W
= — S distribution Suir = (Ws sig)
iy [We ]
[m ]
P distribution MN ort =7 Mn'HM
zone calculated with ChemApp [MMn, HMI* (Mmin, Slag)
_ [Mpm]
Mn distribution Poort = }
[Mp v ]+ (Mp 51ag)




Defining Hot Metal / Slag Components

F Reactants - Equilib

File Edit Table Units DataSearch Help

Dzl +| =l

TIC] Plbar] Energld] Mazslg) Yolllitre]

o [=1 3

il Ee

1-10] 11-17]
Maszsz[g] Species Phase TIC) Pltotal]™ Stream# Data

[39286.24 [Fe | =l | | [1
* J4r70 Ic I & | I I
Wl EEZ Jsi I I-] . I I
+ 50526 [Mn | =l | | [1
+ [13452 [F | =l | [1
*+ 4346 B | =l | [1
*+ [204 5885 [FeD | =l | | [1
* 14897 3508 [can | =l | | [1
*+ [4673117126 [MaD | =l | 1
+ [12415 [sioz | =l | | 1

I~ Initial Conditians

Next >>

FactSage 6.3 Compound: | 3/15 databazes Solution: | 2/14 databases

-

F Menu - Equilib: Hot Liguids
File Units Parameters Help

TIC] Plbar] Energyll] Mazzla) Yolllitre)

www.thvt.at

=101 x|

m =/® x|

o2 &l

ts (17)

+ 4770C + 530 50 + E0926 Mn o+ 13462 P + 43465 +

|
2045665 FeO  + 14
3

C
gram) 93856.24 Fe

<| |

[

~ Product:

Compound species — Solution specie: Cusztom Solutions
[ gas € ideal &) real 1] = | + | Base-Phase | Full Hame N 0 fiwed activities
I” squeous 0 FastelM7C3 M7C3 | [ e e
* [+ pure liquids 14 Fastel CBCC CECC 412 petcestiicient
* [+ pure solids 1 FSstelCLE CUB_A13 Detals ..
I~ suppress duplicates _apply | FstelMHS MnFe)S_t e
* - custom selection FSstel-FES [FeMn)5_F o List
speciess 15 FSstelMas| M35I e _l's
Fistel FE13 Felsil [~ include molar volumes
FSstel-FESS FEBSI3 = .
-7 Total Species [max 1500] E5
arget —Legend i
- hahe - | - mtisadsts 7 ¥ Show al  selected Total Solutions [max 40 4
Estimate T[k): |1UUU +-selected 2 species: B0 cel
W ) ID solutions: 4 ﬂl
assldl: Default |
— Final Conditions E quilibrium
<Ay <B» TIC] Plbar] j Product HJ) j & nomal ol + barsitions
1500 <K :: trarzitions anly
0 steps [ Table o Calculate >> |
4 |FactSageB.3 | C\FactSage\E quil 8 DAT y

|FsteI-LIQU (Hot Metal): Al, AI20, AIO, C, Ca, Ca0, CaS, Fe, FeS, Mg, Mg0, MgS, Mn, MnO, MnS, O, P, S, Si, SiO, Ti, Ti20, TiS

Fmisc-FeLQ (Hot Metal): Al, AlI20, AIO, C, Ca, CaO, Fe, Mg, MgO, Mn, MnO, O, P, S, Si, SiO, Ti, Ti20, TiO

|FToxid_SLAGA (Slag): Al203, Al2S3, CaO0, CaS, Fe203, Fe2S3, FeO, FeS, MgO, MgS, Mn203, Mn2S3, MnO, MnS, SiO2, SiS2, Ti203, TiS3, TiO3, TiS2

FToxid_SLAGC (Slag): Al203, Ca3(P04)2, CaO, Fe203, Fe3(P04)2, FeO, FeP0O4, K20, K3PO4, Mg3(P04)2, MgO, Na20, Na3(P04), Si02, Ti203, TiO2

FToxid_SLAG? (Slag): Al203, Ca3(P04)2, CaC, CaCO3, Ca0, CaS, CaS04,Fe2(S04)3, Fe203, Fe3(P0O4), FeO, FeP04, FeS, K2C03, K20, K2S, K2504, K3P04,

Mg3(P0O4)2, MgC03, MgO, MgS, MgS04, Mn203, MnO, MnS, MnS04, Na2C03, Na20, Na2S, Na2504, Na3(P04), SiC, Si02, Ti203, TiC, Ti02




Multizone Melter Gasifier Flowsheet
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Simulation Results
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Transformed Simulation Results m b L

Hot Metal Slag \
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Summary
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several equilibrium reactions were tested successfully for the evaluation of the
software tool communication

a communication structure between gPROMS and ChemApp was established

a multizone model of a melter gasifier was developed with ChemApp calculation
routines implemented in the “Raceway & Hearth” zone

the simulation results were in good accordance with the real plant data for the
major components

deviation was observed in the Si, Mn components that are crucial for the
product quality

further investigation should be made for the determination of the cause of
deviation
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