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* Including Electrical and Automation Systems as well as Service and Spare Parts

l SimuSage for Metallurgical Processes Simulation

Business areas SMS Siemag
Service
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General idea for primary energy melting - process

Introduction Optimum source of energy input and energy utilizati on by scrap melting

Steel plant

Source of Combustion Electrical Energy for
PEM prlmary energy heat energy melting

) we ; /\
power station

AOD
» Improved utilisation of gas energy content
Energy . .
BOF » High thermal efficiency
» Reduction of production costs
Costs « Reduction of investment costs

Reduction of capital costs
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Primary Energy Melting — process line

Conventional EAF rout

Introduction

PEM % Hot metal _* ﬁ ==
’ ==
EAF
AOD 100% melting and overheating
PEM - EAF rout
BOF

Melting unit EAF
85-90% melting 10-15% overheating
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Melting unit design

scrap,
1 v 1 lime, coal

secondary post

Introduction - {——of——» combustion and

guenching
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PEM \ post combustion air
e o
AOD
o o o)+ Ooxygen
<+— natural gas
BOF —,  continuous tapping
into the EAF




EIEMAEl SimuSage for Metallurgical Processes Simulation
S aroe Simulation of PEM — process

Counter-current reactor
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3-step simulation of counter flows: cold scrap — burning gas (natural gas — oxygen burner)
- Temperature exchange

- No mass exchange

Introduction - No chemical reactions between scrap and gas

— Scrap — Gas

Melter

_—

A

\ 4

PEM <—— Heater

AOD

Temperature

3'dstep

BOF

Enthalpy

1-step simulation of counter flows: cold scrap — burning gas (natural gas — oxygen burner)
with the partial slagging of scrap

- Temperature exchange

- No mass exchange

- No chemical reactions between scrap and gas
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Simulation of 3-step process

Calculation of energy consumption for the smelting of scrap

Basis  3Crap |Gas I

1st step: calculation of solidus temperature and energy consumption

for heating the scrap up to solidus temperature

Input fields

-7 Resultfield ~~~_
—-77,_ -7 of1step RN

_ — - - - 4/ -
é//’ |1492.1 £ IISSD =i
ScrapHtdz

= e B 22 PR

—

Heater | Melker
\V Heaterlteratar
& Report Editor

—— Main Scrap.ScrapIn ——:>> =
ChenDFI HetTest
Rank 1
Tolnit Heater
Strean Type Solid Feed
Material ID scrapl
Edit mode MATERTIAL SELECTION

Input from edit field : 1000 kg
Anous 1000 0000 kg
-45989 7961 kJ

c
B 1 barg
Voluns 0 dn3
FCC_Fs
Encunt 380 kg
Enthslpy: 141815 6353 kJ
Constituents:
Fe 373.7  ka 97.37 %
c 1 kg 0.1 % -
S 0,15 kg 0.015 %
Si 1 kg 0.1 %
Hn 4 kg 0.4 %
3 0,15 kg 0.015 %
Components
c 1 kg 0.1 %
Fe 373.7  ka 97.37 %
Hn 4 kg 0.4 %
3 0.15 kg 0.015 %
| 5 0,15 kg 0.015 %
4

=|of x|

ScrapEn

Si 1 g 0.1 =
K| ;l_l
Thieshold Amaunt: 1E |3 3.

@ [kalwtz  © [Mm3mel ¢ kMl |
3

Caloulate
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Simulation of 3-step process

Calculation of natural gas consumption for the smelting of scrap under given solidus
temperature difference and end temperature of the off gas
=lox|

Basis |Scrap IGas I

Introduction

2nd step : calculation of natural gas consumption for the energy demand of the melter
under given solidus temperature difference (solidus temperature + solidus temperature

difference
Solidus termperature difference 300 & FEEEFEEEFEFEFEER5>  Matural gas consurption Rm3 ID
PEM
Input fields Result fields
AO D End temperature of the off gas 300 °C FEEEEEEEErrExx>  Matural gas consumption Rm3 ID

3 step : calculation of natural gas consumption for the energy demand of the heater and
BOF the melter under given gas end temperature after heater without assuming any problem at
solidus temperature calculation

Caloulste |

10



SMS
SIEMALG SimuSage for Metallurgical Processes Simulation

SIS arove Simulation of 3-step process

Calculation of natural gas and oxygen consumption for the smelting of scrap under given
temperature, lambda and combustion efficiency

o] x|
. Easi S Gas
Introduction o | s |
Iteration: calculation of natural gas
amount via energy balance with a
_ solution error of 0.93. The energy
PEM Result fields equilibrium scrap melting — natural gas
consumption is checked too.
I44.2380922 M H IF oc R
MatGas LY rdrd é‘ =0
Fad i=i+1
AO D M QutSkream Iteratar Quk GasLineCul
[o0.866310¢  hma — T T
Ceygen
BOE [-2 fo.s Input fields
lambda efficiency
Combustion: stoichiometric calculation of
oxygen amount via mole number of
carbon, hydrogen and oxygen
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Simulation of 1-Step Process
Calculation of natural gas and oxygen consumption for the melting of scrap under given
off gas temperature, lambda, combustion efficiency and slagging fraction
A Formi N ol x|
Melting |
Introduction
l o) |
o —> |
PEM 2516180 _ MatGas m Brenerﬂ)ut -%z: BrennerGas ‘ Bmz » N |
BIB421 e H [ GasSplit M _El}i'?i 22 Flué2’
Heygen IR [D-Sm ﬁ ; Gaz G azcoalin
Gaz
Stoichiometric - > e e
AOD calculation of oxygen iy i = Sisg? |
amount via mole =
number of carbon, =— — \
hydrogen and oxygen IS—) "
Faaa——‘ Slltera.tj:;‘t l BEL LY
e aggingf.ctual
BOF e 003673757 < FractionSlagging
TOfas Lambda Efficiency FractionSlagging
300 1.2 03 0.1 Input flelds
Steeltield GazFPerTonSteel  D2PerTonStes!
0885709754322 33663590298 1?8.8542888349 ReSU|t fleldS
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AOD - process

Introduction

liquid metal,
PEM cooling scrap
alloying material
lime
oxygen
AOD y9
BOF

oxygen
argon/
nitrogen
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Reaction mechanisms in AOD-converter
liquid metal (C £ 3.5%) - stainless steel (C< 0.05%, Cr > 10%, Ni, Mo, Mn, Ti,...)

Introduction
PEM
AOD  [Criovdstionatmyere
- 2[Cr]+320,=Cr,0;
[Cr] Tuyere
(Fe ,Mn) CI‘ZDJ film O O\ —
BOF O O Do |
€]
STEEL: CI", M]l, Mﬂ, Nis Cs Pr Sn N9 O [C} oxidation at tuyem
[C] +1/20,=CO
Metals oxidation: [Fe] +%{02} =(FeO) 2[Cr] +%{02} =(Cr03) [ ] melt
() slag
Decarburization: [C] + %{Oz} ={CO} 3[C] +(Cr203) & 2[Cr] +3{CO} {}gas
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=1of x|

Calculation | Resulks I

18000 kg

Introduction MeltEaF
bk —>
SlagEAF
PEM
I E Gasout
Ly MeltIn ﬂ é *z é =0
SuREE P N Slagout
’ [N 4 PbPhase
AOD - Ph&ttEala é
1 [t750 Melkout PbOutputLnitl
™ Lass, k1
o kg H % Temperature, *C
BOF o |
240 Mm3 H current skep |5
02

[=]
=
=
(2]
3I

l

IEI Mm3
Skeam

Restart | |5 Calculate steps
240 Mm3

2

l

=
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Introduction

Simulation of steam injection

PEM

AOD

BOF

{ Form1 =lol x|
Calculation Result5|
Step O2,Mm3 L Ar N Steam,Mm3 N2, Nm3  Meltkg [Clwk % [Siwh % [Crlwk  [MR]we% [Felwt®s  [Slagka {CF), Wk, %
1 240 :EI 1] 240 169585,4907C 5.8325653554 1.0565291020 75.205185862 14601785580 a
Z2 240 a 1] 240 158258.221154.631529495 1. 1312454820 78.32805755 15661051650 a
51 240 a 1] 240 14445.44512 3.293143917 1. 2347853810 7E.0916361517.141511140 a
4 240 a 1] 240 1273709520 1,.718887620 1.391969565 0 7720609742 19, 422381420 a
5 240 a 1] 240 10752.09967 0,118991267 1.510751002 0 7092127522, 57717052 194.213053720
Results table:
Input data
Step
O,, Nm?3
Ar, Nm?3
Steam, Nm?3
N,, Nm?3
Melt output Slag output Off gas output
Melt, kg Slag, kg Off gas, Nm3
[C], wt.% (Cr), wt.% {Mn}, vol.%
[Si], wt.% (Mn), wt.% {CO}, vol.%
[Cr], wt.% (Fe), wt.% {H2}, vol.%
[Mn], wt.%
[Fe], wt.%
KI i
Copy |
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BOF - process

Oxygen blowing through the top lance

Charge of
hot metal, cooling scrap, lime

Introduction

PEM

AOD

BOF
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Introduction

PEM

AOD

BOF

Emulsion generation in BOF-converter

secondary emulsification
slag

bath decarburization

- —

=

18

slag

——_____._C)__.

] i : 3 [&] .I
[ ] L
L ] . -
peimary emulsification
{a) direct m=raeec
"“9_,2 S i
(9]
b) indirect 0P
slag O,
o 4okt a
- I TV =

generation of CO-bubbles

butk metal
metal droplets

[0 bubbles

enfrained Fel
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Oxidation reactions in BOF-converter

silicon oxidation at the begin of oxygen blowing [Si] +2[0] <=>(SI0,)

Introduction iron slagging (partly) [Fe] + [O] <=>(FeO)
manganese slagging [Mn] + [O] <=>(MnO)
PEM
phosphor burn off 2 [P]+ 5[0] <=> (P,05)
AOD : :
slag enrichment with the oxygen 2 (FeO) + [O] <=> (Fe,05)
phosphor stabilisation in the slag by the lime 3 (Ca0) + (P,0s) <=> (Ca0); (P,0s)
BOF
main decarburisation [C] + [O] <=> {CO}
partly post combustion {CO}+[0O] <=> {CO,}

all reaction with [O] can also proceed with 1/, {O,} from gas phase

19
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Process simulation with melt bulk mixing

g -Mixing source

Introduction

v
C,-?
PEM concentration in volume A | Va —Volume A
A
V | mixing volume | V
AOD
A 4
Cg -2 Vg — volume B
— concentration in volume B B
& (c,v,)=V T,V T, + 9 (c,w,)=viE, VT

dt dt
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Process simulation with melt bulk mixing

Mixing with a mixing source

— Concentration in volume A — Concentration in volume B

Introduction 0.20

PEM 0.16 -

0.12
AOD

N\
\
0.08
BOF /

Concentration

0.00

o
=
N
w
IN

Time
21
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Process simulation with melt bulk mixing

coolant
gas Q, gas
‘| heating o P >
slag former
slag former 1
@6)—- postcomb.
‘gas
v
o(%) s pimay o )
| reaction slag
slag
& el + metal
gas
. secondary /O X
P : > P = e
| reaction S
slag slag
+ metal + metal
liquid metal
- » heating | > >
scrap scrap
stirring gas
iterator
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Process simulation with melt bulk mixing

r DynCon ngﬂ

. coolant sf_) IM_)
Introduction & ; e

asga
‘JI_) -, ‘J_) > |~. g _)LJ . M. L > PC.out . —)f - :
sfin T |- sf sf heati P sf_5F_psplt e it | ss gg onmmer
slag former — P
___qb
PEM J D post mb.

js
- B

AOD (2 3 P (bl = ] -—
smi_in o re = On R1-out P ant er ssrlnlasmk

slag I
+ metal * gt
e
PZ_gas
— 7 sec(  _Qaar ) —_— > —_—
BOF Imm2' -’uzﬂ ' y @ 2.t _z‘k
Slasgm sm_spllt re 2 19N RZ_out = LRt L T "
sla
+ metal : SCrap — e — + rr?etal
C-diff—  surapDit R liciife i B2
o iq etal
b e J t I_)
A stirrin i
e Y ] L—> | = > 4=
sg’;a'“p Soap ol | SErap st scrap hesting | S9-S0 o peie ID_ fii scrap_iter * LgEcs_Fkap
stirring gas - S
iterator

Reset | Stop | Skart:
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