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1. Introduction |ntrOdUCtiOn

EAF Sﬂag Sources of
valuable raw

NEVCHEUS

Only in some cases
this products are

Internal reuse can
reused in the allow obtaining a lot

steelworks as raw of advantages
material substitutes

Wy

Sy

TSI A, 0

Main Components:
Iron and Calcium Oxides

— Variability of their Economic Environmental
L_]F' S)Mag composition Advantages Advantages

Not perfectl
P Y Reduction of raw Reduction of waste

known effects on ; ra\ ]
process behaviour, material exploitation disposal

product yield and

quality
Main Components: . .

. o Compliance with
Calcium, Silicum, Reduction of waste ever more stringent
Aluminium and disposal costs environmental

regulations

Magnesium Oxides

The slag (or other by-products/waste) reuse could improve the Plant Sustainability
and its Competitiveness following the Strategic Research Agenda of the European
Steel Technology Platform
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1. Introduction |ntrOdUCtiOn

|
Purpose of the work

Analysis of the process behavior, performance and steel composition when slags
are reused in an Italian Steelworks

Case Studies

Replacement of lime and dolime by total LF Slag Replacement of lime and dolime by total LF Slag
recovery (CS 1) recovery and partial recovery of EAF slag (CS 2)

Two modules of the EIRES general purpose monitoring tool |

were used
KPI tool Process Simulation tool

Evaluation of process modification on

production environmental
route | impact

energy impact  steel quality product yield
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EIRES General Purpose Monitoring Tool

f Plant data \

sources

Plant IT
system

Overall Database
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The EIRES general purpose

| asrens Y| (159
monitoring tool allows:

—

Asgen® Simulation
Workbook

Aspen® Simulation
Workbook

Input Output . . .
* monitoring the behaviour of
e e | 3 the plant in terms of
; \?S' model J 1 ;S‘ p

o
c
~
°
c
-~
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o

Inputdb

sustainability in common and

Process Simulation tool .
uncommon scenarios

* making online evaluations or

[ Only ASPEN® based-Simulation Tool

offline simulations

and KPI tool were exploited in this WOI‘kJ

monitoring product quality In
terms of steel composition




EIRES Tool - Aspen®-based Simulation Tool

Aspen®-based Simulation Tool = three sub-

l modules:
3 e * a production process model (the only one used
2. EIRES NS T ol in this work)
Aspen® Simulation Asgen® Simulation

General " Workbook |Workbook « a fumes network model

Purpose Input Output . k d I

Monitoring a water network mode

Tool

Production process model

It was validated for 11 steel families that include steel grades with similar features

Prediction error lies below the 2% for some parameters (e.g. EAF electric energy, steel quality and amount,
temperatures during the process)

For other parameters (e.g. amount of dust) the error is bigger but still lower than a threshold value
it allows:

* simulating the different steps of a real electric steel production route
1. Electric Arc Furnace

Charge, Melting, Oxygen addition, Furnace opening, De-Slagging, Refining
2. Ladle Furnace
Refining, De-Slagging
3. Degassing (VD) if required and composition refining
4. Continuous Casting (CC)
* monitoring each mass and energy streams and transformations
« controlling production yield and product composition

v

g
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EIRES Tool - Aspen®-based Simulation Tool

Production process model

INPUTS

OUTPUTS

EAF

Scrap Charge (different scrap types)

Non-Scrap Charge (e.g. lime, anthracite)

Burners (natural gas, oxygen)

Other additions (blowing graphite, oxygen)
Fe-Alloys during tapping

Temperature after melting (or EAF electric power)
Time of EAF Power ON

LF

Fe-Alloys

Argon Volume Flow

Temperature input in VD/CC (or LF electric power)
Time of LF Power ON

VD

VD Pressure

Argon Volume Flow

CC

Fe-Alloys after VD and before CC

T before starting casting

Output for KPIs

Unit
Operati Output for KPIs Other Output
on
Electric Energy (or
Temperature after melting)
Chemical Energy
EAF Energy from Burners
EAF slag
Metallic Charge Mass of Steel
: Temperature of Steel
Non-Metallic Charge Composition of Steel
Electric Energy (or (also H, content)
Temperature input in Composition of Slags
VD/CC) Mass and Composition of
Fumes and Dusts before
LF LF slag the fumes treatment
Metallic Charge
Non-Metallic Charge
VD
Desired Steel
CC

Simple MS Excel® sheets linked to the model by Aspen Simulation
Workbook® represent the human machine interface (HMI) of the model




EIRES Tool — KPI Tool

KPI tool allows:

« providing the values of some defined Key

2 EIRES Process Indicators (KPIs) = evolution of
General the environmental, energy and resources
Purpose performance of the steelworks during il [ o A
¥O°Or:'t°r'”9 common process or in case of modifications _:mi::l |||||]|

tt KPI tool
« obtaining global indexes - global view of

the sustainability of the steelworks

KPIs computed in this study:

« KPI, required electric energy (ratio between the electric energy consumed in steel production
and the amount of produced steel);

« KPI;, specific non-metallic charge materials (ratio between weight of non-metallic charge
materials and the amount of produced steel);

« KPI,, metallic yield (percentage ratio between produced steel and the amount of metallic
charge);

+ KPI; specific EAF slag (ratio between the amount of EAF slag and the amount of produced
steel);

+ KPIl4 specific LF slag (ratio between the amount of LF slag and the amount of produced steel);

« KPI,, total amount of slag (ratio between the total amount of produced slags and the amount
of produced steel).
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Simulation of internal reuse of slags

Simulations were carried considering one of the most
produced steel family in the considered steel plant

Steel Alloy Content [wt %

C Si Mn Cr \ B

¢
0.12-0.25 X 0.9:1.6 <0.25 <0.25 <0.0008

Simulations provided related EAF and LF slags’
compositions

3. Simulation of 100%
internal —_—
reuse of

60%
slags

40%

20%

0%
EAF Slag LF Slag
#CAO =FEO =SIO2 #AL203 7z MGO = Other

Slags appear valid substitutes for some raw materials
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Simulation of internal reuse of slags

Replacement of lime and dolime by total LF slag recovery

(CS 1)

« LF was completely reused in the process but only a part of lime/dolime was replaced

Replacement of lime and dolime by total LF slag recovery
and partial recovery of EAF slags (CS 2)

« EAF slag was added to LF slag in order to completely replace the lime/dolime

3. Simulation of
internal
reuse of
slags

EAF charge phase

a. standard route

Metallic Charge | Non Metalllc Charge ' Auxmary Calculator

e “ b. modified route
[[ Slag Charge |J
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reuse of
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Simulation of internal reuse of slags

Replacement of lime and dolime by total LF slag recovery

(CS 1)

Positive Negative
effects effects

= Standard Route

KPI 21 KPI 14

—LF slag completely
recycled

Reduction of non- 3
metallic raw mater:)al KPI18 ..
feed (KPli2) 2 -18%

. ----LF slag completely
KP112 recycled and EAF
slag partially
recycled

Slight increase of KPI 15

i i lectric
metallic requwed e .
ne efyfi?;;(t'iczap‘m) energy (KP12) >+2.5%

|ncrea|\seSOIKP‘;‘c’d)u°ed This scenario appears to
slag 21); i
o e on RS be a good compromise
between process
efficiency and increased

by product reuse




Simulation of internal reuse of slags

Replacement of lime and dolime by total LF slag recovery

and partial recovery of EAF slags (CS 2)

Positive Negative
14 — Standard Route
effects effects NN
1 —LF slag completely
recycled
Significant increa L A
of required electrisce KPI1g . S 7 KPI12 ---.::C;La:gdc:%pge::y
gnergy (KP'Z) >+ 7 slag partially
f/o < bigger amount e recycled
_ _ Ol matter to
3. Simulation of be melted
internal Reduction of non.
reuse of metallic raw materig) Signifi
feed gnificant Increas
slags L) > 55% sl This scenario appears not
replacementeof (KP,ZZ))f i ,increment icall d
) _ relat
llme/dohme managemenetdcosts econom ca y an
environmentally viable
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Conclusions

Simulation studies were carried out through
a general-purpose monitoring tool

\J

For one of the most produced steel family,
simulated slags appear having high amount
of valuable compounds (e.g. CaO, MgO)

The replacement of lime/dolime was
evaluated by reusing LF slag with or
withouth EAF slag

LF slag could be a good material to replace
partially lime and dolime, while maintaining a
good steel quality and yield

EAF slags addition into the process
appears a not economically and
environmentally solution

]

4. Conclusions ra” | -
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Conclusions

The followed approach provides useful
Indications and information on non-standard
scenarios preliminary to real plant
Implementation

An early identification of most promising

solutions is possible

\

Risky and economically cumbersome plant
trials related to non-viable options can be
avoided




Conclusions

Increasing the
electric steelworks
competitiveness

y

ainability of the
production process

ation of the
rnal reuse of by
products and
wastes in the electric
steel cycle

IS study is the
starting point for
deeper studies
and real
experimentations

4. Conclusions
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