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VALCRA -Technical work summary

Edoardo D’Amanzo - Rina Consulting [ edoardo.d’amanzo@ext.rina.org
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Overview of technical work and future needs

* Give an overview of technical outputs derived from RFCS
projects

(®) SWERIM

$sdenor o Analysis of feedback from the audience, collected during
( VALCRA events, with focus to direct involvment of steel
RyR producers

 Identification of common key-points, where future
BFi reasearch could be addressed
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¥ VALCRA background

Milestones of technical work

VALorisation and dissemination of RFCS projects results and experience in
steel surface quality issues: on as-cast CRAcks formation

(®) SWERIM
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Review & analysis of
EU projects and
literature



¥ Review of EU Funded Projects

Deliverables

mm D2.1

« Complete list of relevant reports and papers

- Classification of projects and literature to identify the main topics covered by EU funded research
(®) SWERIM +Spreadsheet list of 32 projects
«Spreadsheet list of 60 papers

— D

« List of topics

Analysis by argument of the collected reports

RI{A mm D2.3

« Classification and ranking of projects
« Assessment of the RFCS projects

x Materials «Success of project
% + Processing 3 -
. Institute «Industrial/economic impact

*TRL evolution

Bri C D31

‘sidenor

Review & analvsis of - State of the Art for each Research Topic
. y + Evolution of the state of the art in the last 25 years
EU pI‘OjectS a I‘Id *Best practices or solutions

Iiteratu re * Future developments
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¥ Review of EU Funded Projects

Project Assessment - Industrial application of idea/results
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% of projects with score 1,2,3
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¥ Review of EU Funded Projects

TRL evolution during project

INITIAL TRL FINAL TRL
20 10
43 16 TRL 2 - technology concept formulated .8- g validated in demonstrated
.°°_’. ) relevant
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¥ Analysis of RFCS projects

Definition of topics

(®) SWERIM
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RFCS projects have been divided, analyzed and ranked

Basic Knowledge

Modelling

~
-

Mould Powders

RFCS projects
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Process Optimization

Process control and sensors




¥ Analysis of RFCS projects

Interest by topic

INTEREST BY TOPIC

(®) SWERIM M low ™ Medium ™ High
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. 21%
Bfi “ 6%
oy 6%
BASIC MODELLING MOULD PROCESS PROCESS
KNOWLEDGE POWDERS OPTIMISATION CONTROLAND

SENSORS




¥ RFCS: where we are

Basic Knowledge

Fundamentals of the crack formation occurrence, involving all the chemistry and physics of the change of
state also related to the cooling pattern imposed by the operating conditions and the steel grade features

(®) SWERIM

. o PMAP
Thermal/Transformation C Cr and Mn
L ) ., Stress Cracks ! . !
«  Crack prevention in Continuous casting e - combined with
$sidenor - NITRIDES urtace cracks: microalloyed
¢ PRECIPITATION < Transversal cracks elements that
. PMAP < :
. KINPCC Intergranular cracks preC|p|.tate durlng
Rl‘H . . Internal segregation cracks: austenite
) Microalloyed steel with o . transformation
. -corner cracks
AI' TI’ N’ V’ B’ Nb Half-way cracks
&< ﬁ?ﬂi"ﬁiﬁg Near corner cracks
b Institute

Bellet, Michel, et al. Metallurgical and Materials Transactions A 40.11 (2009): 2705-2717.
[Hunt, B. Stewart, 9th ECCC, European Continuous Casting Conference, 2017, p. 620

v
BFI «  Study on brittleness of carbon steels during
solidification
«  /CCRACK
- PMAP

C, S [Mn/S], B, casting conditions
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¥ RFCS: where we are

Mould Powders

« Consumption Rate,
closely linked with the lubrication properties

®SWERIM oy Copper Sla
« Composition of Mould Powders, Plate  Rim

and its modification with interaction with steel
$sidenor composition

Casting Powder

—— Sintered Layer

Liquid Flux
Water
R|(F| ’ POWder feeding' e gf"ﬁ'gﬂ"]? 1. Thermal insulation
. . . . . ee e .
4 with the aim of consistent and reliable feed 2. Prevent reoxidation
trhough cIosed |00p control Liquid Steel 3. Absqrb |_nclu3|ons
W 4. Lubrication
&< Frocesing Solidified 5. Uniform heat transfer

Slag Film

* Modelling of mould powder,
direclty integrated with general modelling topic

Bfi




¥ RFCS: where we are

Process control and sensors

= Sensoring, for better process control \ |

Ladle
©SWERM & Mould powder monitoring, IR Camera Measurement \ /
®

of mould powder cover

\ J
: Tundish
$sicenor . . \ i /
= Fibre Optical Temperature Sensors, for mould @
monitoring Mould
{ @ ( Primary cooling
RI>H )

= Continuous Temperature Measurement in the .
Melt, (DynTemp®) N ey

Materials
% s Processing
b Institute

= Detection of surface defects
» development of the EMAT-EMAT[Electromagnetic
BF' Acoustic Transducer] system
« conoscopic holography




¥ RFCS: where we are
Modelling

* Numerical model for new cooling *  Multi-beam mode
strategies
* Roll forces, surface speeds and trapezium
®swerim ° Evaluation of as-cast microstructure. shape distortion were measured
CONTINUOUS . .
: EASTINE —)> r:é;g;iN " * measurement of strand deflection during
* 3D numerica inter-roll bulging
‘sidenor models in FEM to

simulate bending Heat transfer

Rl;Fl * Modelling of new

mould geometries * Numerical model for an adjusted design

Fluid for the cooling circuit in the copper
Materials dynamics
&‘ mive .+ model to describe mould plates
solidification of the
. o [1] R. D. Morales and P.E. Ramirez-Lopez,

steel inside the T Conerence Preceednm 008,10 solidification «  FEM model was utilised to compute the

BFI mould. resulting heat flux in the copper plates

* Full strand inter-roll bulging model




¥ RFCS: where we are

Process Optimization

It is the sum of contributions of all the other outputs. Where solution is tailored on specific steelgrade.

(®) SWERIM
> There is no a general recipe to
optimize the production
‘sidenor process
y > Many optimization
Rl)A strategies concern the

microalloyed steels.
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> Technical solutions, have
achieved a TRL 6/7 starting
from a TRL 2/3.

Mould

Heat flux, water AT
Casting speed

Mould oscillation
Mould taper

Powder properties
SEN design

Level control

Electric Mould Stirring
(EMS)

Secondary cooling
Design (ex. nozzle
position, distance, size,
etc)

Water flowrate
distribution

T trend along the
strand

Ladle
Chemical
Ladle Molten composition
Steel Superheat
Tundish R
Submerged Entry Nozzle N
Tundish
Steel protection
Mol t Meniscus Geometry (dams,
Liguid baffles)
Pool Torch | Stopper Ar flowrate
- = Support roll Cutoff | Powder selection
Spray oM g Solidifying Foud
Cooling e Shell . Solid
R < etallurgical Steel
ﬁrand 7 Rob o o B8 %
Vs »ry
/ . ;’ 153




Organization of technical and interactive events

VALorisation and dissemination of RFCS projects results and experience in

steel surface quality issues: on as-cast CRAcks formation
OL3:IV Wl WP2 Slag film characterisation Viem

Use of novel techniques e.g. for surface roughness and porosity

S e Thermo-mechanical simulation in 3D
$sidenor il — 3
. N
( i Ry
/
Materials Dissemination events ,, g -
&< RSl & interaction with - E’””’m"fn ;Ln;'.' F,‘ra::‘.:;?:;t‘:ﬁ;.ln:'.gn‘l?] ererien N
participants

Bfi
analysis of EU
ind literature




Audience feedback for identification of future needs

VALorisation and dissemination of RFCS projects results and experience in
steel surface quality issues: on as-cast CRAcks formation

(®) SWERIM
November 16"
VALCRA: A roadmap for future research targets about
‘sidenor cracks in continuous casting
SURVEY —
FERALPI siaenor
y ¢ @‘W SSAB
RI }H . Izaskun Alonso Ona
\\ Piero Frittella Anna Dahlstedt
s Dissemination == accnar ‘p S
%P8\ Processing events & Tl SPECIALI ArcelorMittal
" Insttote . . . RN 7egy; IMERYS
Interactlon WIth i . TRANSFORM TQ PERFORM Jean Francois
o o Andrea Francesco Ciuffini Domain
participants pr—— - g
BFI - v | [ voestolplne outokumpu f_';
Review & analysis of EU TATA ,
. . David Brooks
p rOJ ects an d | Iterature Begona Santillana Sergiv llie




¥ VALCRA - CC roadmap

Last milestone of the project

Which is the strategy to reduce crack occurrence, to better manage the
process, to increase process control?

(®) SWERIM
‘sidenor k
thFI. What's in the
, k - future?
Dissemination events &
L interaction with participants
Bfi <

Review & analysis of EU
projects and literature



¥ Steel continuous casting: where we go &=

Drivers

» [ncreasing complexity of steel grades

(®) SWERIM

= High quality

‘sidenor

an  ® Costreduction




Solidification in the mould

What we need:

machine alignment/setup ININIENEGEGEGEEEEEEES e /nnovative sensors

®@SWERIM | |\ iq heat transfer & primary cooling I

« Geometry of mould

T e « Inclusion control & fluid-dynamics

‘sidenor
dary cooling  EG—_— . :
erontary oot «  Mould coating/Mould design (channels, water
R|(H fluid flow in mould NN Main causes f/owraz‘e)
4 process control [N Of dEfECtS . 4
for «  Mould thermal monitoring
& Pecens chemistry - NN—_ flat products * Automatically refining of oscillation settings
0% 5% 10% 15% 20% 25% 30% 35% « Monitoring of mould powder layer
BF' » Measuring of temperature in mould copper

walls




¥ Steel continuous casting: where we go &=

Solidification in the mould - Modelling has a primary importance

Examples of models requested by industrial producers

(&) SWERIM
thermo-
$sidenor shell duzedizillzl transient
g with crack
evelopment . mould flow
evolution in
RIﬁFI. mesh
&* s powder
inieraction | fiuid flowand | solidification | fluid flow at
Bfl heat transfer heat transfer and fluid flow mould top

and fluid flow
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Mould powders

What we need

Find new powders for new steel grades
« Benchmark in characterization and properties prediction by models
« Development of F and C free powders

o  Modification of flux effect related to use new elements to reduce

costs (ex Ce vs Ni)

capper -

S fFluxPoWder BOROTRR
mold e n

Flix 3
 Rim Submerged Entry Nozzi&i

%Uuulc Flut R
Resolidif ed e ertrairmert ™ 0
Flux - jizic =
s argon0 it
i ) ~ poryR
Oscillation bubtles 7R
Mark . <3
e . jet
Contact /"‘p

Resistances yii

Alr Gap [ Molten Stee! Pool

Solldifying Steel
Shell

r-‘oz:le;
\ Inclusion
95 patticlesand
bubbles
e =—Ferrostatic
Nozzle” Seray - Pressure
Bulging




(®) SWERIM
‘sidenor
RI{A
& Materials
% s Processing
v Institute

Bfi

Detection of defects

Requirements

Online

Prediction quality deviation

Enhancing reliability of current solutions
Reduction of investment costs

Direct connection of defects detected with surface inspection
systems with specific parameters on continuous caster

Big data applications

Independent of specific application

Positive effect on Near-Net-
Shape Casting technology




Request of new and reliable models

What we need
What part of process/caster should

= Digital twins models focus on?
(®) SWERIM
s Characterization of material thermo-mechanical behavior as a _
$sidenor function of process conditions m Seconday cooling
. . M Straightening
» Online metallurgical based models
SEN/flow control
RI:H components

Strong connection with material characterization m Tundish

M Seconday steelmaking

,f& waeies — w - mplementation of big data analysis

v Institute

Implementation of models to cast new steel grades

Bfl

Ease of use, fast response, low CPU time

Virtual reality for training and technical decision making



¥ Steel continuous casting: where we go

Request of new and reliable models

What we need . . .
Keep in mind the current perception

= Djgital twins about modelling

(®) SWERIM
» Characterization of material thermo-mechanical behavior as a Software is too expensive
i . .. Hardware is too exXpensive. wm
‘sujenor function of process conditions 3 - - -~ o
o, »# = = ~ o
g Ledck of especialized training N9
» Online metallurgical based models g b =,
| O\ Lack of support/understanding in your organization /Cc»
RIbH . . o [ d [ d S ' 3‘1 , 9
= Strong connection with material characterization 5 | e - )
» | Not @lable;gsul_ts ——
,_& vaeiss — m Implementation of big data analysis
b Institute

27
Barriers are related to “not only”

B I . .
F Ease of use, fast response, low CPU time technical issues

Implementation of models to cast new steel grades

Virtual reality for training and technical decision making
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Sensors and monitoring

safety Which monitoring technique capture attention?
Energy and raw material savings
Reduction of defect occurrence
on the final product

Cost effectiveness / level of
investment

Reliability and accuracy (e.g.
reduce false-positive readings in

defect detection)

Independent of specific

CONTINUOUS MONITORING OF MEASURING OF MEASURING THE MONITORING OF CONTROL OF MELT DETECTION OF
B . TEMPERATURE SPRAY COOLING TEMPERATURE IN TEMPERATURE OF MOULD POWDER FLOWS DEFECTS
appllcatlon MEASUREMENT IN MOULD COPPER THE STRAND LAYER
TUNDISH AND WALLS SURFACE
MOULD

W Llow M Medium ™ High



Further needs

= Aging plants and equipment in EU
v’ Extend the effective life
® SWERIM v’ Adapt older casters to produce newer higher specification steel grades

= Integrated process control
‘sidenor

» Increased staff skills and training and a relevant role of R&lI
RI{A

Materials
xPB\4 Processing
b Institute

Bfl

= Resources and energy saving
Also, with respect to the overall aim of ‘carbon neutral’ steel production - Green Deal

= Other elements to be studied. Cu, Sn, tramp elements in general

= Near-Net Shape Casting: do further improvements in sensor, modelling and early detection of defects allow the
near net shape savings to be realised?
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¥ Conclusion

Roadmap for the future

N\
‘ Revamping Aging Plants

(&) SWERIM
Modelling and other Digital platforms / Modelling heat transfer
\
‘Sidenor ‘ Expand the knowledge to Alternative Elements (Ce, Cu etc)
|
q Sensors coupling to A.l. and other digital technologies to suggest
RI )H. corrective actions

=

Performing and environmental- friendly mould powders, linked to
a mould powder database

Materials
xPB\4 Processing
#B% Institute

Bfl

[
‘ Focus on spreading of research outputs in wide range of players

‘ Role of dissemination
V4
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Thanks for the attention!
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Stay informed
; @ http.//valcra.eu/

Materiat m https.//www.linkedin.com/company/european-
é& £ Processing continuous-casting-network

 Institute

VALCRA linkedin group
(linkedin.com/groups/13794289/)

ommission


http://valcra.eu/
https://www.linkedin.com/company/european-continuous-casting-network
https://www.linkedin.com/groups/13794289/

