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Steelmaking Overview

Example of Chemical Composition
Steel Grade APl N80
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Steelmaking Overview
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Steelmaking Overview

Flat products

Tin plate

eGalvanized

eCar body (electrogalvanized)
eSteel drums

eStructural

\Welded pipes
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Steelmaking Overview
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Steelmaking Overview

Round bars products
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Raw Materials

Virgin Iron Units Virgin Iron
Units

Slag Formers
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Scrap

Classification

Chemical composition <

Scrap

Classification

LERGTELS
level
Alloy

content

Physical dimension .
and density =
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Scrap

sources

Obsolete scrap

Obtained from steel
products beyond the end
of their useful life (e.g.
demolished buildings and
ships, discarded
machinery, cars and

domestic objects)

Steelmaking for non specialists- ISTE-C139
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Prompt scrap

New scrap coming from
other industries which
process steel products
(e.g. cuttings, turnings,

TenarisUniversity

Revert scrap

Internal recycled scrap
from within the
steelmaking and forming
process (e.g. ladle and
tundish skull, crop ends
from continuous casting or
rolling operations)

March 19 13
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Scrap

Scrap: Heavy
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Scrap

Scrap: Light
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Scrap

Scrap: Bundles
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Scrap

Scrap: Turnings
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Raw Materials

Scrap

Virgin lron Units
Sponge Iron
Pig Iron
Slag Formers

Ferroalloys
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Raw Materials

Scrap

Virgin lron Units
Sponge lron
Pig Iron

Slag Formers

Ferroalloys
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Virgin Iron Units

Sponge Iron (DRI)

Sponge lron

Steelmaking for non specialists- ISTE-C139
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The typical chemical composition of sponge iron is:

= Metallic Iron: 87 to 88.5%

Metallization (% metallic iron / %total iron): 93.5 to 95.5%

Carbon: 1.9% to 2.5%

Equivalent Carbon (Ctotal-Cnecessary for FeO reduction): 0.9 to 1.3%
Others = > non metallic gangue: 3,5%:; SiOz: 1.5% to 2%;

Al203: 0.7%; P: 0,05%:; S: 0,003%.

TenarisUniversity March 19 20
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Virgin Iron Units

Effect of the gangue in sponge iron and slag weight
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Raw Materials

Scrap

Virgin lron Units
Sponge Iron
Pig Iron
Slag Formers

Ferroalloys
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Virgin Iron Units

Pig Iron

Pig lron
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The typical composition of the pig iron produced in
Siderar is:

C:3t05% Si:0.10 to 0.50% Mn: 0.20% P: 0.08%
$:0.045% Rest: Fe

TenarisUniversity March 19 23
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Raw Materials

Bucket charge
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ON TOP: Light Scrap. This layer has the
purpose of protecting the roof from the
electric arc (light scrap quickly melts allowing
the electrodes to descend faster and prevent
the roof from long time exposure to the arc)

IN THE MIDDLE: Heavy scrap should be
placed in this area. This prevents the
electrodes from breaking due to heavy-scrap
falls, which might happen if it were charged
at the top position. Mixed scrap is also
charged in the middle section, above heavy
scrap.

AT THE BOTTOM: Light scrap, in order to
soften the fall of heavy scrap that might
damage the furnace. It also helps a better
closing of the bucket preventing the material
from falling out of it when moving.

TenarisUniversity March 19

E. Rey
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Raw Materials

Main operative parameters affected by metallic
charge

e Chemistry of liquid heel at melt-down stage
e Metallic yield — losses to the slag and fumes
e Tap-to-tap time

e Electric energy consumption

e Electrode consumption

e Slag formers consumption

e Maintenance costs (panels, roof, etc)

e De-oxidant and ferroalloys consumption

Steelmaking for non specialists- ISTE-C139 TenarisUniversity March 19
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Raw Materials

Scrap
Virgin Iron Units
Slag Formers

Ferroalloys
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Slag Formers

( Which is the use of slag formers during the steelmaking process ? )

Desphosphorization Desulphurization

Electrical | | Capacity to
Energy efficiency . /= capture inclusion

Protection of
refractories
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Slag Formers

Main slag formers used in EAF and/or LF

Limestone CaCoO; ~ 55 <5 <2 <5 <2

Lime Ca0 ~92 <2 <3 <3 <2

Magnesite MgO <2 <5 <5 ~ 90 <10

Dolomitic lime | CaO-MgO ~ 60 <1 <1 ~ 40 <2

Ca-aluminate | Ca0O-Al;0; ~ 50 <5 ~ 40 <2 <2

Alumina Al;O; chemically| <1 <5 ~95 <1 <1
produced

Bauxite Al,0; <2 <15 ~70 ~0 ~15
Calcinated

Fluorspar CaF; ~ 65 CaF; <15 <15 <5 i

\—
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Slag Formers

Lime
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Raw Materials

Scrap
Virgin Iron Units
Slag Formers

Ferroalloys
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Ferroalloys
How to evaluate a ferroalloy ?

e Alloy content (single / complex)
e Carbon content
e Residual elemnts: Cu — Sn — Al — Si

e Granulometry
e Melting point
e Density

e Cost per point

Steelmaking for non specialists- ISTE-C139 TenarisUniversity
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Metallic

Ferroalloys R ———

FeMn 0.754 0.95
FeMn (refined) 0.84 0.95
Fe Si Mn (Mn) 0.65 0.95
Fe Si Mn (5i) 0.16 0.85
Fe Si 0.753 0.85
Fe Mo 0.68 0.92
Ni (electrolitic) 0.999 0.99
Cu (electrolitic) 0.999 0.99
Fe Cr (high carbon) 0.665 0.93
Fe Cr afinado 0.70 0.93
Fe Ti Cored-wire 0.702 0.82 0.360
FeV 0.79 0.90
Nv (V) 0.795 0.90
Nv (N) 0.085 0.49
Fe Nb 0.658 0.90
S Cored-wire 0.999 0.75 0.168
Si Ca (Si) 0.60 0.90 0.213
Ca Si (Si) 0.30 0.90 0.160
Si Ca (Ca) 0.30 0.15 0.213
Ca SI (Ca) 0.60 0.15 0.160
CaCNz 0.25 0.60 0.160
Fe B Cored-wire 0.0625 0.93 0.452
Al in wire 0.995 0.74 0.307
Al in bars 0.98 0.30
Carbons
Carbon wire 0.96 0.99 0.125
Carbon 0.95 1.00
Fe Mn () 0.065 1.00
Fe Mn afinado 0.010 1.00
Fe Cr (c) 0.065 1.00
Fe Cr afinado 0.010 1.00
Fe Si Mn (c) 0.020 1.00
Steelmaking for non specialists- ISTE-C139 TenarisUniversity March 19
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Electric Arc Furnace Steelmaking

Metallurgical operations
Equipment Description

Sequence of Operation

Steelmaking for non specialists- ISTE-C139 TenarisUniversity
Confidential and owned by or licensed to
TFNARIS

March 19
E. Rey

34



Electric Arc Furnace Steelmaking

Metallurgical operations
Equipment Description

Sequence of Operation
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Metallurgical Operations

e Oxidation (Si — Mn - Cr)

e Slag formation

e C-O reaction

e Heating up of the liquid steel
e Dephosphorization

e Homogenization

Steelmaking for non specialists- ISTE-C139 TenarisUniversity
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Metallurgical Operations

Fe-C Diagram

*Pig iron

DRI
«Steel

- 1535°
Delta ferrite

1390°C

Austenite

910°C

Alpha ferrite ™~

Austenite

4.3%0

enite + Fe;C

, 0.83%

Ferrite + FezC

0.02%0

Steelmaking for non specialists- ISTE-C139
Confidential and owned by or licensed to
TFNARIS

TenarisUniversity

1130°C

723°C

March 19
E. Rey



Slag formation

The slag affect the following parameters

e Thermal and chemical insulation of the bath
e Dephosphorization
e Pick-up of oxides from the bath

e Electric arc coverage (foamy slag)
e Protection of water cooled panels
e Reduction of the arc “noise”

View Demo

March 19
E. Rey
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Slag formation

Typical chemical composition of the EAF slag

Chemical Reference : :

iy meaw e source of the chemical compounds in the slag
Cald 33,5%; 3.9 Melting of lime (calcium and dolomitic ime) and sponge iron gangue
Feld 29.0%; 5,4 Oxidation of Fe durning oxygen injection and Fed contamed in the sponge iron
Si0iz 15,1%: 1,5 Oxidation of Sillicon contained in the scrap and sponge iran gangue
Mg 11,6%; 2.4 Melting of dolomitic lime and refractories erosion
MnO 1,9%; 0,5 Oxidation of Manganese contained in the scrap
ALD; 5.1%; 0,6 Oxidation of Aluminium contained in the scrap
Py0s 0,9%; 0,1 Oxidation of Phosphorous contained in the load

Binary Basicity index = [Ca0/510;] from 2 to 2,5 approximately

Ternary Basicity index = [CaOD/(5i0+Al:0:)] from 1,7 to 1,9 approximately

Steelmaking for non specialists- ISTE-C139 TenarisUniversity March 19
Confidential and owned by or licensed to E. Rey
TFNARIS



Slag formation

Slag quality and characteristics

During normal operation, the amount of slag can be between 8 and
10% of the bath weight according to the metallic charge.

e Viscosity
e MgO solubili
e Oxidation Power

e Dephosphorizat:

= Liquidus tempe .cao/mMgo - b Viscosity ~
eCaF2 - b Viscosity

«CaO/SiO2 - b Viscosity

eTemperature - b Viscosity

Steelmaking for non specialists- ISTE-C139 TenarisUniversity March 19
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Slag formation

MgO saturation for
slag of low basicity
Index with FeO as a
parameter

Mgo
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Slag formation

Influence of the binary
basicity index and FeO
content in the slag on the
FeO activity
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Slag formation

Distribution of P between the slag and metal bath

given different CaO-and FeO con};ent.E
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Slag formation

Distribution of P between the slag and metal bath

given different CaO and FeO con
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C-O reaction

Decarburization.

Chemical energy input.

Phosphorus removal.

Oxidation of other elements.
Thermal and chemical homogeneity.
Foamy slag formation.

Removal of Hydrogen and Nitrogen.
Total Oxygen needed for a Heat.

Sources of Carbon.
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Decarburization

Consists in the carbon removal contained in the metallic

charge.

C+220,« CO

The amount of carbon and oxygen to be added into the EAF

should be carefully calculated, controlled and balanced.

Steelmaking for non specialists- ISTE-C139 TenarisUniversity March 19
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Decarburization

C-O Equilibrium Relationship:

—— VWacher - Hamilton (equilibrium @1600"C)
—— Siderca {real values)

pa il
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-""--..-_-___.-"-__
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Chemical energy input

Oxygen and methane gas react generating an important

amount of energy (exothermic reactions)

C+ %0, « CO + 1.5 kWh/Nm= of O,
CO+220, « CO, + 4.8 KWh/Nm?3
CH, +20, « CO, + 2H,0 + 8.9 kWh/Nm= of CH,

Steelmaking for non specialists- ISTE-C139 TenarisUniversity March 19
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Phosphorus removal

e Oxygen reacts with phosphorus present in the bath

e Phosphorus pentoxide reacts with CaO present in the slac

2P + 5FeO «  P,Og + 5Fe + heat
P,Og + 3Ca0 «  2(PO,)3 + 3Ca?* in the slag/metal interface

The P removal is temperature dependant, the lower the

temperature the higher the removal.

Steelmaking for non specialists- ISTE-C139 TenarisUniversity March 19 49
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Oxidation of other elements

The oxidation process generates oxides that can be

removed through the slag
Si + 0O, « SiO, (slag)
Mn + %2 0, « MnO (slag)
2Cr+ 10, « Cr,0O5 (slag)

Unfortunately O, also reacts with Fe forming different iron

oxides that are eliminated in the slag affecting the metallic
yield performance.

Steelmaking for non specialists- ISTE-C139 TenarisUniversity March 19
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Thermal and chemical
homogeneity

The C-0O reaction produces gases which
generate an upward stirring movement

allowing the thermal transfer and
Improving the chemical kinetics.

Steelmaking for non specialists- ISTE-C139 TenarisUniversity March 19 51
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Foamy slag formation

The bubbling gases encourage the “foaming” of the slag

necessary for the protection of the wall refractories and the
slag line.

C+1%20, « CO
FeO + C « CO + Fe in the slag

Steelmaking for non specialists- ISTE-C139 TenarisUniversity March 19
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Removal of Hydrogen and
Nitrogen

The CO bubbles produce both a pick-up and drag effect on

the H2 and N2 dissolved in steel.

_____

_____
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Confidential and owned by or licensed to E. Rey
TFNARIS

53



Total Oxygen needed for a heat

The following factors must be taken into account:

Dissolved oxygen in the bath
+ Oxygen present in FeO contained in the slag
+ Oxygen needed to burn carbon and oxidize other elements

+ Oxygen needed for methane combustion

Total Oxygen [m3]

Steelmaking for non specialists- ISTE-C139 TenarisUniversity March 19 54
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Sources of Carbon

The most common Carbon sources are:

e Cast iron and/or pig iron
e Sponge iron equivalent carbon

e Scrap’s average carbon content
e Coke loaded In the scrap bucket
e Coke pneumatically injected

Steelmaking for non specialists- ISTE-C139 TenarisUniversity
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Electric Arc Furnace Steelmaking

Metallurgical operations
Equipment Description

Sequence of Operation
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EAF description

Main parts

Voltage Transformer 0 -~
Conducting Bar :
Refrigerated Cables :

Conducting Tubes 2 lga
R
Tap Hole

Steelmaking for non specialists- ISTE-C139
Confidential and owned by or licensed to
TFNARIS
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§. Click on items

Electrode columns
Fixed and Mohile Clamps

/& toview details
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EAF description

Electric conducting and regulation system

Voltage Transformer {

Conducting Bar

Refrigerated Cables
—" L

Conducting Tubes

Arms

Tap Hole :

§. Click on items
= . toview details
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EAF description

Electric conducting and regulation system

e Electric conducting system is designed using a minimum power
loss criteria. This implies:
e Minimum conductor length
e Use materials with maximum electric conductivity
e Avoid operation with high electric density

e Electric regulation system must control:
e Arc stability
e Arc power input
» Electric efficiency

|

e

View Demo

Steelmaking for non specialists- ISTE-C139 TenarisUniversity March 19
Confidential and owned by or licensed to E. Rey
TFNARIS

59



EAF description

EAF body

[ Voltage Transtormer 8 ¢
" Conductingtar |8
Refrigerated Cables I

Conducting Tubes ool
T T T
Tap Hole __

Steelmaking for non specialists- ISTE-C139
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Electrode columns
Fixed and Mohile Clamps
Fume Extraction System

Cyllindrical Shell

Furnace Hearth

4. Click on items
/&) toview details
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EAF description

Furnace hearth refractory and cylindrical shell

=

1

Safety Tap
Lining Hole

Hearth Refractory Hearth Granular
Bricks Ramming Material

Door Refractory
Bricks
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EAF description

Fume extraction system

Voltage Transformer 0 A
Conducting Bar -

Refrigerated Cables

Conducting Tubes ool
T T T
Tap Hole __

Steelmaking for non specialists- ISTE-C139
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EAF description

Fume extraction system

e Collect the fumes and hot gases from the furnace

e Transport them to a cooling and cleaning system before being
released to the atmosphere.

Steelmaking for non specialists- ISTE-C139 TenarisUniversity March 19
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EAF description

EBT system

[ Voltage Transtormer 8 ¢
" Conductingtar |8
Refrigerated Cables I

Conducting Tubes ool
T T T
Tap Hole |

Steelmaking for non specialists- ISTE-C139
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EAF description

Tap hole

7

Steelmaking for non specialists- ISTE-C139
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EAF description

EBT system

» Allows the transference of the liquid bath from the EAF to the ladle
for further processing

Flapper Valve

Steelmaking for non specialists- ISTE-C139 TenarisUniversity March 19
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EAF description

EAF movements

(Tilting: de-slagging and tapping -

View Demo

e Clamp/unclamp to adjust the working length of the
electrode

e Electrodes up and down movements for arc length
regulation

e Roof lower/raise/swing to allow scrap charging ﬁ

View Demo

e Opening/closing of the working door

» Slide of the EBT flapper valve

N
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EAF description

Auxiliary equipments

 Mechanic arc system for sampling (steel) and measuring (O, and
temperature)

e Equipment to prolong the electrode columns

e Oxy-gas burners

e Oxygen injection lances

e Carbon injection lances
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Electric Arc Furnace Steelmaking

Metallurgical operations
Equipment Description

Seqgquence of Operation

Steelmaking for non specialists- ISTE-C139 TenarisUniversity
Confidential and owned by or licensed to
TFNARIS

March 19
E. Rey

69



Sequence of Operation

Preparation

(1) I
irii)
105 —— # Tapped steel: 80 ton. 3500 E!
é | ] T_nta_l charge: 105 ton. ;- Preparation
ap—— * Ligguid heel: 15 ton. aoon O , Loading the furnace
- = Tap to tap: 55 min. " with the bucket
T - 2500 Z . Melting of the
P @ ~ metallic charge
- Bl - E Leading and melting
5 Matallic charge = of sponge iron
"g 45— = 15 E Refining
£,y lpepsranon oo & Tapping
i 3
15 s 2
o] : ; . . . - - - - o ¢ Click on items
.lIb[ll 05 .ﬂl:'lﬂ o5 Oo:z0 an:2s 0o:3o 0o:as i0:40 ad:-45 0050 =55 G100 . to view details
TenarisSiderea EAF no.d - Operative sequence
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Sequence of Operation

Preparation

e After tapping the previous heat
« Visual inspection to evaluate refractory state
e Slag line repaired by gunning basic material (MgO)

e EBT is cleaned and sealed with refractory sand

P

A

View Demo
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Sequence of Operation

Loading and melting the metallic charge

(2)+(3)

120

105 —+—— = Tapped steel: 80 ton. /
g » Total charge: 105 ton. ] //

TR Lime

= gy — = Liguid heel: 15 ton.
E = Tap to tap: 55 min. /
& 75 _flat bath temporature
|E 2nd bucket / CLE ) e T1
. - |
e 1st bucket | -
5 | Metallic charge
"'g 45
2 »
w

15

Steelmaking for non specialists- ISTE-C139

T T T
D15 0620 00:25 00:30 nas 0d0:40 45 00:50

TenarisSiderca EAF no.d - Operative sequence
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Preparation

, Loading the furnace

with the bucket

. Melting of the
" metallic charge

Loading and melting
of sponge iron

5 Refining
1 Tapping

l" Click on items
= to view details
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Sequence of Operation

Loading the metallic charge

e More than 1 bucket can be loaded to the furnace.

e When more than 1 bucket is used, special attention must be
taken:
— Avoid over-melting the metallic charge.
— Have enough available volume.

e Energy losses due to radiation when the roof is opened.

=

A

View Demo
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Sequence of Operation

Melting the metallic charge

e Special attention must be paid to preserve the electrodes and have
a stable arc.

e Oxygen is injected from the beginning to speed up the process

e When continuous charging system is available sponge iron can be
loaded during this stage

A

View Demo

Steelmaking for non specialists- ISTE-C139 TenarisUniversity March 19 74
Confidential and owned by or licensed to E. Rey
TFNARIS



Sequence of Operation

Loading and melting of Sponge Iron

| Preparation

Laading the furnace
with the bucket

Melting of the
metallic charge

Loading and melting
of sponge iron

Refining
Tapping

@ :
120 -
105 — = Tapped steel: 80 ton. /

g = Total charge: 105 ton, : //.d'/

TR Limme
= gyt = Liguid hesl: 15 ton.
= Tap to tap: 55 min. < e /

§ 75 e _flat bath temporature.

E | L | LI i T1

e =

§ Matallic charge

"g 45

Exn l7.

w

15 e
—

I I I I
MWEE 0005 0 GEID 015 002000 06025 O0En

I I T
35

TenarisSiderca EAF no.4 - Operative sequence
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Sequence of Operation

Loading and melting of Sponge Iron

e According to plant technology

e Part of total sponge iron can be charged in the buckets together
with scrap

e The rest is charge using a continuous charging system
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Sequence of Operation

Refining

: (5) i
120 : - 4000
1054 = Tapped steel: 80 ton. / 3500 E,
g « Total charges: 105 ton. v / T2 & Preparation
« Liquid heel: 15 ton. ing :
= gy = Liqui oo O Loading the furnace
E = Tap to tap: 55 min. / with the bucket
e _flat bath temporature. ——- 2500 = Melting of the
E rCLUBN gy : metallic charge
= = energy Theshes E Loading and melting
§ Matallic change M1 -k of sponge iron
g 45 e E Refining
2 > 1000 E Tapping
15 so0
2, : . . T ' I ' ' ' ? Click on items
(EE 05 HETD D15 o220 om:2s D@30 00:3% id:40 a:-45 D54 HESS  F1:0 l "

TenarisSiderca EAF no.d - Operative sequence
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Sequence of Operation

Tapping

I (8] :
120 A000
105 — = Tapped steel: 80 ton. / 3500 EI
g = Total charge: 105 ton, e //.d'/ T2 >
= gpl— = Liguid heel: 15 ton. T
E = Tap to tap: 55 min. /
o7 . _flat bath temporature — L 500 &
IE v Lithon T -;
= =
= B0 = energy Theshes B
§ Matallic change I m
= s L 1500 o
% -
3 u 17. 1000 £
) =
15 so0
i ; T T T T T T T T o
(=) [N HETD D15 o220 om:2s D@30 00:3% id:40 a:-45 D54 HESS  F1:0

TenarisSiderca EAF no.d - Operative sequence

Steelmaking for non specialists- ISTE-C139
Confidential and owned by or licensed to
TFNARIS

TenarisUniversity
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Melting of the
metallic charge

Loading and melting
of sponge iron

Refining
Tapping

l' Click on items
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a
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Sequence of Operation

Tapping - Ferroalloy additions

e Bulk addition @ tapping.
— High temperature
— Strong stirring

e Trimming addition @ ladle (secondary Steelmaking)
— Controlled operation
— Small additions
— Stirring (double Argon plug)
— Temperature (Heating)
— More time required

Steelmaking for non specialists- ISTE-C139 TenarisUniversity March 19
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Sequence of Operation

Tapping — Sequence of additions

For example: tapping 80 tons of liquid steel (tal)
e @ 5 tons: synthetic slag is added

— Protect the steel from re-oxidation and nitrogen pick-up

e @ 10 tons: aluminum addition
— For steel deoxidation
— Helps to obtain a fully melted homogeneous slag.

e @ 30 tons: ferroalloys and carbon addition.

— Pointing 0.020/0.030 below minimum specification preventing any error
in the weight of the additions.
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Sequence of Operation

Tapping — Sequence of additions

For example: tapping 80 tons of liquid steel (tal)

C Mn Yield at tapping (20)
% % C Mn
FeMn High C 6.5 75.4 100 92
%C % Mn
Last Furnace Sample 0,050 | 0,20
First LF Sample (aim) 0,125 | 1,00
Added with Ferroalloys 0,075 | 0,80
0 iq stee
ngeI\/In — /OMn ><I:nllqs I ><_|.0
M Ncontent )(M Nyield
100 100
0.80>80tn %10
kgFeMn = = 923k
J 754 82 J
100 /100
923kg ¥0-9/ 00
0 Coaoed = %100 %100 = 0.075%
80tn X10

Steelmaking for non specialists- ISTE-C139
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Agenda

Steelmaking Overview

Raw Materials

Electric Arc Furnace Steelmaking
Secondary Steelmaking

Continuous Casting of Round Bars
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Secondary Steelmaking

Metallurgical operations
Plant Lay Out
Equipment Description
Sequence of Operation

Ferroalloy Additions
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Secondary Steelmaking

Metallurgical operations
Plant Lay Out

Equipment Description
Sequence of Operation

Ferroalloy Additions
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Metallurgical Operations

Involves all the process and operations since the EAF tapping until
the start of the casting.

e Chemical composition of the steel grade
being manufactured

e Steel cleanliness in accordance to the final
application

e Control the contents of N, O and H

e Maximize the productivity and avoid quality
problems associated with bad castability.
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Metallurgical Operations

Main reactions

Primary Sec. Steelmaking Continuous Casting
Steelmaking LF - VD
EAF -

Oxidizing == |==Pp Reducing

Deoxidation

Carbon-oxygen reaction Desulphurization Cleanliness/Castability
Dephosphorization Inclusion modification Argon bubbling
Steelmaking for non specialists- ISTE-C139 TenarisUniversity March 19 86
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Metallurgical Operations

Deoxidation

Oxygen content (dissolved or forming oxides) in the liquid steel

must be minimized.

[ I Dissolved oxygen [O]
700 - I Combined oxygen Ogy

Total
oxygen

Oxygen (ppm)
D
8

200 |
100 ¢
0 [
Before After
Deoxidation
Steelmaking for non specialists- ISTE-C139 TenarisUniversity March 19
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Metallurgical Operations

Deoxidation

Deoxidants are chemical elements capable of capturing oxygen

dissolved or as an oxide, to transform it into a more stable oxide
which migrates and dissolves into the slag.

Strong [ Are the first t_o rea_ct, capturir)g the free oxygen or |
d idants oxygen contained in weak oxides. e.g. strong
€oxi _deoxidants are calcium, aluminium, titanium )
Weak [They have less oxidation power. They can be A
deoxidants reduc_:ed by a strong deOX|dan't.. e.g. wear
_deoxidants are manganese, silicon, carbon )

Steelmaking for non specialists- ISTE-C139 TenarisUniversity March 19
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Metallurgical Operations

Deoxidation with Aluminum

Aluminium reduces nearly all oxides present in the steel and slag

(except CaO at any temperature and MgO below 1550°C).

1. 2 Al + 3 FeO « (Al,05)+3 [Fe]
2. 4 Al + 30, « 2 (Al,0O,)
3. 4 Al + 3 SIO, « 2 (Al,O3) + 3 [Si]
4. 2 Al + 3 MnO « (AlL,O3) + 3 [Mn]
5. 10 Al + 3 (P,O:) « 5 (Al,O3) + 6 [P] [ ]in the liquid steel
() in the slag
Steelmaking for non specialists- ISTE-C139 TenarisUniversity March 19 89
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Metallurgical Operations

Deoxidation with Carbon

Carbon reacts with iron oxide and dissolved O. Both reaction are

affected by the atmospheric pressure.

1. C+ FeO « {CO} + [Fe]
2. C + [O] « {CO}

[ 1 in the liquid steel

() in the slag

{ } gas
Steelmaking for non specialists- ISTE-C139 TenarisUniversity March 19 90
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Metallurgical Operations

Desulphurization - Why should we remove sulphur?

7

During solidification, Mn and S combine in the interdendritic
liquid forming MnS inclusions. These inclusions can be easily
_deformed during hot rolling.

As cast : Rolled

.-_/‘:‘: ________.n.-—u-_-_._—-'

MnS segregated at MnS stringer in the
grain boundaries rolling direction
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Metallurgical Operations

Desulphurization - Why should we remove sulphur?

7

Elongated inclusions may impair the mechanical properties
and affect the quality of the final product.

\

Through-thickness RA, %

30 40 50 60 /0 80 90 100

W * Sulfur content (ppm)
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Desulphurization — Why she

80 :

= 70} Mild steel / Acier doux

Sl | C0B%C

2 - 0,54% Mn

g 50} - 0,07% Si

x

W 40}

Z

w

~ 30

>

< 20t

w1or Titanic
0 L 1 H . L
-40 -20 0 20 40 60

TEMPERATURE ( C)

A comparison of the results of Charpy tests on specimens of plate steel from
the Titanic with a similar steel produced in the early 1950's.
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Metallurgical Operations

Desulphurization reaction

In practice, the reaction that control desulphurization is:

- 3[S] + 3 (Ca0) + 2 [Al] « 3 (CaS) + (Al,O,)

It is the result of two reactions:

e 2[S]+ 2 (Ca0) « 2 (CaS) + 2 [O]
- 3[0]+ 2 [Al] « (AlL,O,)

[ 1 in the liquid steel

() in the slag
Steelmaking for non specialists- ISTE-C139 TenarisUniversity March 19 94
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Metallurgical Operations

Argon bubbling

The effectiveness of the secondary steelmaking process is mainly
based on the stirring of the liquid steel in the ladle.

Stirring is used in the different stages of the process.

e Thermal and chemical homogenization
e Heating

e Flotation of inclusions

e Slag / Metal reactions

Steelmaking for non specialists- ISTE-C139 TenarisUniversity March 19
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Metallurgical Operations

Thermal losses

No argon stirring

Tapping the EAF to Ladle to
—a well preheated tundish
ladle-40° C

R L T T L e

CaSi injection
-1 ©C
Soft argon stirring
-1.0° C/min
Strong argon stirring
-2.5°C/min
Moderate argon stirring
-1.2° C/min
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Secondary Steelmaking

Metallurgical operations
Plant Lay Out
Equipment Description
Sequence of Operation

Ferroalloy Additions
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Plant Lay Out

Standard Practice and Vacuum Practice

Each of Tenaris plants have different equipment and layout.
However, their operational practices can be grouped as follows:

~

-
 [LFe cc o
Standard Practice \LF ® TS ® CC ) View Demo  View Demo

~

Vacuum Practice LF ® VD ® CC

- _/

View Demo
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Secondary Steelmaking

Metallurgical operations
Plant Lay Out
Equipment Description
Sequence of Operation

Ferroalloy Additions
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Equipment Description

The ladle
The ladle iIs used to performed all of the metallurgical

operations in secondary steelmaking, improving quality and

productivity.
: “ Castlng

Frepa ratlnn H E

Tapping ((l

q i ~ ﬁ'ﬁ T N
——. ne n» l
i "

Continuous
Casting
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Equipment Description

The ladle
The inner part of the ladle is refractory lined. The refractory

must withstand the contact with the liquid steel and the
slag during the process (@ 1550/1680°C)

Lateral arms - .
= SR SE

J_’ i Refractory wall

Argon injection

Slide gate

& porous plug J

Support legs

Steelmaking for non specialists- ISTE-C139 TenarisUniversity March 19 101
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Equipment Description

The ladle

Tilting Rod Slide Gate Hydraulic Cylinder

: ¥ =, e —_— .
kel (T I -' '&Jr i _
Porous Plugs ‘ ¢ | g ~~

L
v 1 i
LI "-'_
= g . | \ ¥
: | ! 1 / Y
- - | . I_.r_‘&\ I .II ' 4
T = ) . i oy {," = —
- p o b F ¥ ¥
1 . - i -._. , 2 s, , \\\‘ 2
- 3 - Ry b <4 # 2 =3
. s =" b " A s
= g N g TAE
e T B = = 'L o x 1

= : = il slide Gate

Argon Pipe

Support Legs

March 19
E. Rey
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Equipment Description

The ladle furnace (LF)

Weighing and charging
system

Refrigerated
roof & fumes
extraction
system

Steelmaking for non specialists- ISTE-C139 TenarisUniversity March 19 103
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Equipment Description

The ladle furnace (LF)

It works as a buffer station between the EAF and CC improving line
flexibility and global productivity of the steelmaking process.
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Equipment Description

The ladle furnace (LF)

Cored-wire is a hollow tube filled with different powder/granular

materials such as CaSi (calcium silicide), ferroalloys (FeB, FeTi) or
other elements (Al, C)

Inyechion machine

Injection tube

Steelmaking for non specialists- ISTE-C139 TenarisUniversity March 19 105
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Equipment Description

The trimming station (TS)

It is a further stage of the LF where the final adjustments of the

liquid bath are performed.

Wire injection tube in
stand by position Control room

Wire injection machine External controls
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Equipment Description

The trimming station (TS)

The operation performed in TS are:

e Stirring of the liquid steel with argon injection
e Temperature measurements and sampling of steel and slag

e De-oxidation of the slag
e Small additions (adjustments) of materials: manually or by
cored-wire injection.

Steelmaking for non specialists- ISTE-C139 TenarisUniversity March 19
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Equipment Description

The vacuum degasser (VD)

Consist in placing the ladle in a very low-pressure atmosphere while

bubbling argon through its bottom.

Alloy addition hopper

& View port

To the vacuum system

# Heat shield

# Ladle
{@———————=& Argon inlet

Vacuum chamber

Porous plug
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Equipment Description

The vacuum degasser (VD)

e Strong mixing action between the slag and steel, accelerating
slag-metal reactions: de-oxidation and desulphurization

e Agglomeration of inclusions of alumina and aluminates which

Improves steel cleanliness

e Facilitates the elimination of gases dissolved in the steel
(Nitrogen, hydrogen and oxygen)
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Secondary Steelmaking

Metallurgical operations
Plant Lay Out

Equipment Description
Sequence of Operation

Ferroalloy Additions
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Sequence of Operation

Tapping — Sequence of additions

For example: tapping 80 liquid tons (tal)

e @ 5 tons: synthetic slag is added
— Protect the steel from re-oxidation and nitrogen pick-up

e @ 10 tons: aluminum addition
— For steel deoxidation
— Helps to obtain a fully melted homogeneous slag.

e @ 30 tons: ferroalloys and carbon addition.

— Pointing 0.020/0.030 below minimum specification preventing any error
in the weight of the additions.
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Sequence of Operation

LF treatment

oC i LABORATORY

(12-13)
Strong 5) i' g
Medium {13 M 3
Moderate - @ (68) {10) §
Soft | (11) x _
I/min < Period of alloying and heating > ' ;z;::: ﬂ
Processing time (min)
w= Stirring with Argon @ Temperature Point "G": FTT + 25 °C
« LF Power on (heating) @ CaSi Injection Point "H": FTT
FTT: final treatment temperature
Steelmaking for non specialists- ISTE-C139 TenarisUniversity II;/If?l?rch 19 112
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Sequence of Operation

LF treatment

r . - )y x
1. Ladle positioning
below the roof and
argon System
k connection )
4 ; : : ) ' (12-13)
2. Visual inspection strong | s) -
: | z :
and slag sampling. . = :
Evaluation of @) P 10) 2
Moderate 4 g
| freeboard J s I g | &
H lotation
Ifmin S Pariod of dlloying and heating s ; ;EI: Ifune ﬂ
3. Start of Stirring Processing time (min)
— Stirring with Argon @ Temperature Point “G"; FTT + 25°C
—— LF Power on (heating) @ (CasSiInjection Point "H™: FTT
Steelmaking for non specialists- ISTE-C139 TenarisUniversity March 19 113
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Sequence of Operation

LF treatment

7 1 "C
4. First heating and
deoxidizing mix
addition to the slag
G J
(12-13)
Strong | ) L O
_ = i
Medium -3 ¥(9) %
Moderate - @ 6-8) (10) g
e - . Flotat
i - i otation
lfmén: 18 Ptiriod of alloying and heating s Red Zone ﬂ
Processing time (min)
— Stirring with Argon @ Temperature Point “G"; FTT + 25°C
—— LF Power on (heating) @ (CasSiInjection Point "H™: FTT
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Sequence of Operation

LF treatment

4 N °C
5. Temperature
measurement and
steel sampling for
| chemical analysis |
= {12-13)
(5)
5t - - Q
rong z 5
Modarate — (@) L Lo (10) E'
Soft | I it
i - L Flotation
min: 18 Pafiod of alloying and heating 40 Red Zone ﬂ
Processing time (min)
— Stirring with Argon @ Temperature Point “G": FTT + 25°C
—— LF Power on (heating) @ Casi Injection Point "H™: FTT
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Sequence of Operation

LF treatment

6. Main Heating

7. Addition of
deoxidizing mix to
the slag

8. Adjustment of
chemical analysis
according to the
| first sample

Strong -

Medium

(1-3)

Moderate -

Soft
Ifmin

(4)

(5)

(69) (10)

(11)

(12-13)

i
1]
in

=)
]
=
o
-]

Y
5.

1

Pariodof alloying and heating

E

Flotation
Red Zone ’l

Steelmaking for non specialists- ISTE-C139
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— Stirring with Argon
—— LF Power on (heating)

TenarisUniversity

@ Temperature
@ (CasSiInjection

Processing time (min)

Point *G"; FTT + 25°C
Paoint "H": FTT
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Sequence of Operation

LF treatment

9. Stirring for steel
homogenization

Strong -

Medium

(1-3)

Moderate -

Soft
Ifmin

(4)

(5)

(6-8)

| gxuu

{10)

(11)

(12-13)

i
1]
in

=)
]
=
o
-]

Y
5.

1

Pariod of alloying@nd heating

E

Flotation
Red Zone ’l

Steelmaking for non specialists- ISTE-C139
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— Stirring with Argon

—— LF Power on (heating)

TenarisUniversity

@ Temperature
@ (CasSiInjection

Processing time (min)

Point “G": FTT +25°C
Point "H": FTT
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Sequence of Operation

LF treatment

r ) <
10. Second
sampling and
temperature
measurement.
. J
{12-13)
Strong - &) 5
=
Medium -3 E
Moderate - @ &8 g
soft | Aok
Ifmin e i Flotation
Pariod of dlloying a Red Zane .]
Processing time (min)
a— Stirring with Argon @ Temperature Point "G": FTT + 25°C
= LF Power on (heating) @ Ca5i Injection Point "H™: FTT
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Sequence of Operation

LF treatment

o
11. Start of Red
Zone
Strong -
Medium -]
Moderate - @ &8 (10)
Soft |
Iimin | Flotation
Pariod of dlloying and heating Red Zane .]
Processing time (min)
a— Stirring with Argon @ Temperature Point "G": FTT + 25°C
—— LF Power on (heating) @ CaSi Injection Point "H™: FTT
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Sequence of Operation

LF treatment

oc
12. Injection of CaSi é? ? £
D
] ] B E
13. Final flotation -~ o
14. Final samplin
p g Strong - &)
of steel and slag g
Medium (1-3) ¥(9)
a \ meodita - (4) (6-8) {10)
15. Final temperature Soft - (11)
I/min  |fe - - -
measurement Pariod of allaying and heating
— Stirring with Argon - Temperature
—— LF Power on (heating) @ CaSi Injection
Steelmaking for non specialists- ISTE-C139 TenarisUniversity
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Point “G"; FTT + 25 °C
Point "H": FTT
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Sequence of Operation

Chemistry evolution

% A A
£
o
-y A
- - = < g
e o Y
Upper limitof| 7% 4 % 1 e N v ] o b0 [0 0 (O .. ... :
specification ""‘-._..._______ |
. Target “':----------__
§ | |
- | |
Lower limit of Y, 1
spe(i'ication ........................... .'- ........................................ . --------------------------- -
@A) :/ [
' Flotation
I/min By Period of alloying and heating ah Red Zone >
Processing time (min)
e Carbon - = Ferroalloys (Mn, Cr, Si, etc.)
- Microalloys = = Sulphur
(A) Arrival time of the results of M1 (B) Arrival time of the results of M2
from the laboratory. from the laboratory. 4
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Secondary Steelmaking

Metallurgical operations
Plant Lay Out
Equipment Description
Sequence of Operation

Ferroalloy Additions
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Ferroalloy Additions

When are ferroalloy added?

\
4 At tapping N ( LE—TS - VD
Big quantities or bulk Small quantities or
addition trimming additions
- High temperature = Controlled operation
- Strong stirring e Stirring (double Argon plug)
e Fast - Temperature (Heating)
e More time required
\_ L J
4 )

e Steel temperature: consider the melting point of FeX
e Cooling Effect: different for each FeX (std=0.03 °C/kgFeX)
e Stirring

e Time to complete the process
\ J
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Ferroalloy Additions

Alloying process

Ferroalloy (solid)

FeX (S)
enough temperature to reach
melting point
FeX (1) Ferroalloy (liquid)
dissolve element “X” in the steel
“X” dissolved In
X (1) steel near the area
of addition
“X” dissolved
X (dissolved) homogeneously in
all the steel
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Ferroalloy Additions

Additions calculation

where,

Steelmaking for non specialists- ISTE-C139

%DX steel

ngeX XWNoFeX Yok eX,iad X100

tnliq steel

AX %: increment in % of element “X”

FeX: Ferroalloy containing element “X”

% FeX: 9% content of element “X” in the FeX

TenarisUniversity

Confidential and owned by or licensed to

TENARIS
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Ferroalloy Additions

Additions calculation

Yield at Yield LF
%Al kg/m tapping % | addition %
Aluminum wire 99.5 0,307 74 100

%Al ><I:nliq steel ><10

MA wire =
% Al content x% Al yield xky
100 100 m|
Alwire
Steelmaking for non specialists- ISTE-C139 TenarisUniversity March 19
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Agenda

Steelmaking Overview

Raw Materials

Electric Arc Furnace Steelmaking
Secondary Steelmaking

Continuous Casting of Round Bars
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Continuous Casting of Round Bars

Overview

Process Characteristics
Equipment description
Sequence of Operation
Defectology
Charge-to-thousand

Productivity
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Continuous Casting of Round Bars

Overview

Process Characteristics
Equipment description
Sequence of Operation
Defectology
Charge-to-thousand

Productivity
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Overview

Continuous Casting Machines

The purpose of continuous casting machine
IS to transform the liguid steel into solid bars

with the geometry, dimensions and quality
requested by the rolling mill.
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Overview

Continuous Casting Machines

There is a wide variety of CC machines according to the shape of the
product, the production capacity and the mechanical, metallurgical
and operational designs.

I ] 1] v Vv Vi VI
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Overview

Continuous Casting Machines in Tenaris

VERTICAL TYPE CCM
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Overview

Continuous Casting Machines in Tenaris

CURVED TYPE CCM
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Continuous Casting of Round Bars

Overview

Process Characteristics
Equipment description
Sequence of Operation
Defectology
Charge-to-thousand

Productivity
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Process Characteristics

Steel solidification
Bar cooling in the casting machine takes place along three areas:

e Primary (mould) mould

e Secondary (spray and roll cooling)
e Final (cooling bed).

radiation

cooling
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Process Characteristics

Steel solidification: Primary Cooling
This heat transfer is performed through strong water cooling of

the outer wall of the copper mould. The water flow rate depends
on the operating conditions

ﬁ'g o [The water flow rate, temperature, N

| : 2| and the inlet and outlet pressures

| | 1 ijiefﬂad‘ﬂ are key parameters to achieve a
r:opper/_ | \_Suitable heat transfer )
mold ’ =

l,3 2 t _INLET
— 1 H k- —
? —» QUTLET
COPPER MOLD T Mold assembly
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Process Characteristics

Steel solidification: Secondary Cooling

The direct contact of the guide rolls with the hot strand generates
heat extraction by conduction.

It is proportional to the surface and
time of contact. It represents a

small fraction of the heat extraction
by spray cooling.

March 19 137

TenarisUniversity
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Process Characteristics

Steel solidification: Metallurgical Length

It is defined as the length of the liquid core inside the bar from
the meniscus to the first section completely solidified.

219.6 mm X

1.65 mfmin
027 Resto

Diameter
Casting Spd
faterial
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Process Characteristics

Steel solidification: Metallurgical Length

It depends on the casting speed, the casting temperature and

the steel grade. On the other hand, secondary cooling has little
influence on the metallurgical length.

Length [m]
19

Solidification le

16.5

14

11.5 — - ' /
Liquid pooW

6.5 7('/ e

4 - . i
0.7 0.9 1.1
Casting speed [m/min]
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Process Characteristics

Steel solidification: Metallurgical Length

The existence of a liquid core mainly depends on the thickness of
the solid shell, which grows following the relationship:

E=K.t2

where,

E = thickness of the solidified shell

K = a constant that depends on the shape factor of the bar, the
thermal conductivity of steel and on the difference between the

casting temperature and the surface temperature of the bar.
t = time elapsed
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Process Characteristics

Solidification structure

n Chill zone

Equiaxial
Central zone

B Columnar area
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Continuous Casting of Round Bars

Overview

Process Characteristics
Equipment description
Sequence of Operation
Defectology
Charge-to-thousand

Productivity
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Equipment Description

Curve CC machine

Ladle

Liquid

tundish powder Ladle shroud

Casting powder tundish

Submerged entry nozzle

Copper

mould steel meniscus

Primary

cooling ™~ Solidifying Torch cut-off

shell point
Foot rolls

L
7
Secondary cooling "

(spray cooling)

metallurgical
length

Round bar

Support rolls .' T p——

Steelmaking for non specialists- ISTE-C139
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Equipment Description

Ladle turret

Its purpose is to move the ladle from the waiting position to the

pouring position in a short period of time to allow a continuous
casting sequence.

Rotating turret
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Equipment Description

Ladle shroud

Steelmaking for non specialists- ISTE-C139
Confidential and owned by or licensed to

TENARIS

To avoid air-steel contact, a
ceramic tube connected to the
collector nozzle of the ladle is
used. During casting it remains
submerged in the liquid steel of

the tundish, in such a way that
the liquid steel jet never gets in
contact with the air (except at
the beginning of the first heat of
the sequence or during the ladle
change).

TenarisUniversity March 19
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Equipment Description

Tundish

Its design and dimensions (e.qg. its depth, distance between
strands, and distance between the ladle discharge and the

submerged entry nozzles of the central strands), have a relevant
influence in the steel cleanness.

PARTITION WALLS STOPPER RODS

OVERFLOW

SAFETY & INSULATING
LINING (Walls & Bottom)
WORKING LINING

TUNDISH

NOZZLES  |MmPACT PLATE
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Equipment Description

Tundish flow control devices: stopper rod

Ladle

Stopper rod

Tundish

Sub entry
nozzle

External
strand

Central strands

Steelmaking for non specialists- ISTE-C139
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Equipment Description

Tundish flow control devices: slide gate

Short internal nozzle
top plate (fixed) \
\
middle plate (mobile) <

1

[ Collector to submerged | —

entry nozzle

bottom plate (fixed)

Lower plate
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Equipment Description

Automatic Powder feeder to mould

The target is to achieve the automatic continuous addition of mold
powder into the copper mould.
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Equipment Description

% Steel
~» SEN

& Casting powder
- Liquid slag
Copper mold
Steel
Heat flow Solid shell
Nauld slag enters.
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Equipment Description

Submerged entry nozzle

To prevent the air and steel contact a ceramic tube known as

submerged entry nozzle (SEN) is used.

With sliding Gates With Stopper Rods

\m%/m N

Steelmaking for non specialists- ISTE-C139
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Equipment Description

Copper mould

This is the most important component of the CC. It has a double

function:

Membrane

Oscillating Lever

Cylinder

Copper Tube
Water S S
cooling B = i (R
A,otroller segment
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Equipment Description

1st zone of secondary cooling: Foot rolls

It is a high intensity cooling zone and water flow rate varies

according to the diameter of the bar and casting speed

e T e e L
r el __,_]'_-l;'i'lli-i';j_ll-l_'_ L I
‘ | i :'JI] %h?“%:-
| -
{-- porti lingotera
:l.lfll —— ‘I".' :' = :_- - :
—.“:if ‘ :
E;:T:,:.‘.“:L-.'—J' S i
LW 1} _'_'_[—\—\_
| 5
N,
MERH e, A~
e 1 |_;, J_ .I_
G S
] -
oo . % ’—_ID
oy

g e nalde
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Equipment Description

2nd zone of secondary cooling

It is formed by a set of rolls for support and guidance, on the
major radius. The cooling intensity is lower than in the first zone.

Steelmaking for non specialists- ISTE-C139 TenarisUniversity March 19 154
Confidential and owned by or licensed to E. Rey
TFNARIS




Equipment Description

3rd zone of secondary cooling

The length of this zone practically doubles the previous one. In
some CCM the 3rd zone has no water cooling and the bars cool
down by radiation and/or direct contact with rolls.
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Equipment Description

Cooling Intensity per zone

a0

25

20

15

10

Cooling intensity
IImin*m

ZONE 1 ZONE 2 ZONE 3
15 4 8
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Equipment Description

Withdrawal - straightening units

They have the following functions:
e Lift the dummy bar to the “start cast” position.
e Control the speed of the dummy bar during the CC start up.
e Control the speed of the hot continuous bar during casting.
e Straighten the bar from curved to straight shape (only in the case of
one point of unbending).

GROOVED ROLLS
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Equipment Description

Run out table

It transports the bars from the cutting zone to the marking (bar
iIdentification) position, and then to the cooling bed.

Steelmaking for non specialists- ISTE-C139 TenarisUniversity March 19 158
Confidential and owned by or licensed to E. Rey
TFNARIS



Equipment Description

Bar cutting unit

The bar cutting unit cuts the bar to specified length according to the
Rolling Mill requirements.
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Equipment Description

Bar Marking Machine

Steel grade

Strand number

Order No.
Heat number
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Equipment Description

Cooling bed

It is the last zone of the CC. along this area a gradual cooling of
the bars - between 800 and 400 °C - is obtained
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Continuous Casting of Round Bars

Overview

Process Characteristics
Equipment description
Sequence of Operation
Defectology
Charge-to-thousand

Productivity
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Sequence of Operation

CCM Preparation

Sequence
CCM Casting :
< Intermix
Fly-tundish
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Sequence of Operation

CC machine preparation

They are all the operations performed from the closure of the
strands of the last heat of a sequence until the start of casting the
next sequence.

Machine test
Tundish operations
Heating of submerged nozzles

Sealing of the dummy bar inside the copper
mould

Tundish centering

Ladle operation
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Sequence of Operation

Start-up operation: dummy bar

The dummy bar is a chain like articulated steel bar which length
depends directly on the CC radius. It must be long enough to cover
the distance from the copper mould to the withdrawal units.

DUMMY BAR

STORAGE OF DUMMY BARS OUTSIDE THE CASTER
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Sequence of Operation

Start-up operation

The dummy bar is lifted using the withdrawal units until its
head enters approximately 20 cm into the mould bottom.
The space between the dummy head and the mould wall is

sealed using a “sealing cord”.
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Sequence of Operation

Start-up operation

3. An anchor is linked to the dummy bar head to join it with the
hot bar. Some steel pieces are placed around the link to accelerate
the cooling of the first liquid steel that gets into the mould

EXAMPLE OF ANCHOR

Steelmaking for non specialists- ISTE-C139 TenarisUniversity March 19
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Sequence of Operation

Start-up operation

4. The liquid steel solidifies around the anchor to form a
permanent joint between the dummy bar and hot bar.

5. When the steel in the mould exceeds a certain level (submerged
nozzles height) the dummy bar starts dragging the hot bar
driven by the withdrawal units.

6. When the joint goes beyond the withdrawal rolls, the separation
of both bars takes place (first cut) and only the hot bar remains on

the strand line.
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Sequence of Operation

Continuous casting

The Continuous Casting is flexible and adapts to the scheduled
production of the steel mill.

e Heats of the same steel grade in a sequence
(using the same tundish)

eHeats of different steel grades (intermix) in a

sequence (using the same tundish)

» Heats of different steel grades in Fly-tundish
(change of tundish without restarting the machine
with the dummy bar). Do not generate intermix
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Continuous Casting of Round Bars

Overview

Process Characteristics
Equipment description
Sequence of Operation
Defectology
Charge-to-thousand

Productivity
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Defectology

Surface / Sub-surface Defects
Internal Defects

Dimensional Defects
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Defectology

Surface / Sub-surface Defects

Internal Defects

Dimensional Defects
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Defectology

Surface and subsurface defects are those that appear in the
surface of the bar and continue some millimetres under the skin. The
length and depth qualifies the severity of the defect.

The main Surface or sub-surface defects are:
—Longitudinal cracks and depressions (BLC)
—Transversal cracks (BTC)

—Deep oscillation marks (BDO)

—Slag entrapments in the bar (BEN)
—Continuous casting interruption marks (BCI)
—Cutting torch marks (BCT)

—Surface pores (BPO)
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Defectology

Longitudinal crack

Longitudinal
crack

Roll marks
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Defectology

Longitudinal depression

b o

Longitudinal

i depression
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Defectology

Transveral crack

Transversal crack

Oscillation mark
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Defectology

Deep oscillation mark

s

I

- Oscillation

- mark
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Defectology

Continuous casting interruption mark

TR

Interruption
of casting
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Defectology

Cutting
torch mark
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Surface
pores
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\
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Defectology

Surface pores
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Defectology

Surface / Sub-surface Defects
Internal Defects

Dimensional Defects
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Defectology

Internal defects are those found inside the bar. They are very
difficult to detect unless a destructive test is performed on the bar

(macroetch , Baumman test, etc).

The main Internal defects are:
—Bar with central porosity (BCE)
—Chill Zone cracks (BCH)
—Halfway cracks (BHW)
—Centerline cracks (BCC)

—Bars with macroinclusions (BIN)
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Defectology

Central porosity

Central
porosity
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Defectology

Halfway crack

Halfway crack
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Defectology

Chill zone crack

Crack in chill
zone
fe? :'\
Steelmaking for non specialists- ISTE-C139 TenarisUniversity March 19 185
Confidential and owned by or licensed to E. Rey

TENARIS



Defectology

Centerline crack
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Defectology

Macroinclusions

Inner radius
zone

t‘;',"r‘ij?. kY
Macroinclusions
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Defectology

Surface / Sub-surface Defects
Internal Defects

Dimensional Defects
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Defectology

Dimensional defects are those that change the standard
dimensions and shapes of an specific bar size.

Most of these defects are detected by simple visual inspection.

The main Dimensional defects are:
—Qvalization
—Withdrawing roll marks
—Bar length out of specification
—Twisted or bent bars
—Bars with diameters larger than scheduled
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Defectology

Oval bar

Ovalization 11.6%
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Defectology

Mechanical mark

.
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Continuous Casting of Round Bars

Overview

Process Characteristics
Equipment description
Sequence of Operation
Defectology
Charge-to-thousand

Productivity
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Charge-to-thousand

The concepts ‘metallic yield’ and/or ‘charge-to-thousand’ are related
to the capacity of the CC to transform the liquid steel into bars, that
meet rolling specification.

Part of the total liquid steel in the ladle is lost during casting
operation. These losses are divided into two groups:

Steelmaking for non specialists- ISTE-C139
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Charge-to-thousand

Liquid steel / Casted bar

Standard steel in tundish Cut losses
6% 6%

Additional steel in tundish for “Fly tundish’
12%

Reoxidation
12%

Example for a 80 ton ladle
Liquid steel / Casted Bar = 1017

Ultraclean steel (Practice)

n
Steel in ladle -
35%
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Charge-to-thousand

Casted bar / Net Good bar

Ultraclean steel (Practica)

Example for a 80 ton ladle 4%

Casted Bar / Met good bar = 1033 Fly tundish {bar cut)

%

Quality discard {operative anomalig)
11%

Intermix Heads and tails
509% 194%;
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Continuous Casting of Round Bars

Overview

Process Characteristics
Equipment description
Sequence of Operation
Defectology
Charge-to-thousand

Productivity
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Productivity

This parameter guantifies the tons of bars cast per hr. of operation
(ton/hs). It is affected by several factors:

e Internal factors, originated in the caster
— Size of the bar in operation (caliber)
— Losses of the sequence

e External factors, originated in other stage of the production line
— Steel Temperature / Casting speed
— Castability
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Productivity

1. Variation of productivity due to the effect of the bar size

Bar Steel Max. Metric
diameter rade Casting weight of

9 speed the bar
a 148 mm 600 3.0 m/min | 132 kg/m
b 170 mm 600 2.6 m/min | 175 kg/m

Productivity (tn/h) = casting speed » metric weight » number of strands = 60 min

a) Productivity = 3 m/min = 132 kg/m = 4 strands = 60 min = 95 tn/h

b) Productivity = 2.6 m/min = 175 kg/m = 4 strands = 60 min = 109 tn/h
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Productivity

2. Variation of productivity due to the number of strands in operation
(strand losses)

Productivity (tn/h) = casting speed * metric weight » number of strands = 60 min

Bar diameter 170 mm

b.1) Productivity = 2.6 m/min = 175 kg/m = 4 strands = 60 min = 109 tn/h

b.2) Productivity = 2.6 m/min = 175 kg/m = 3 strands = 60 min = 82 tn/h

3. Variation of productivity due to casting speed

b.1) Productivity = 2.6 m/min = 175 kg/m = 4 strands = 60 min = 109 tn/h

b.2) Productivity = 1.6 m/min = 175 kg/m = 4 strands = 60 min = 67 tn/h
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Productivity

B0 140
70 120
60 100
50 2
3 80
40 g
g 60
30 o
a0
20
0 0
148 170 215 254 290 148 170 215 254 290
Bar diameter [mm)] Bar diameter [mm])
®». 4 strands / Vc max "™ 4 strands / Vc max

-0 3 strands / Ve max

Bar Vc MAX
diameter [m/min]
148 3 Casting time
170 2,6
215 1,75
254 13
290 1,05

=0 3 strands / Vc max

Bar Ve MAX
diameter [m/min]
1 3 Productivity
170 2,6
215 1,75
254 13
290 1,05
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Tenaris Casters

Dalmine Siderca Tamsa Donasid
Ladle capacity
tn 100 84 160 100
Steel in Ladle, std 95 std 160
tn VD 89 81 VD 146 90
Number of
Strands 4 4 5 3
Bar diameter, 320 - 370 148-180- 148-170- 215 — 254 — 215 - 270 — 310 — 148 — 180 —
mm — 395 225 - 330 215 290 - 310 330 - 370 225 - 270
Vertical Curved Curved Curved Curved Curved
Design CC1l cC2 cCc2 CC3
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Tenaris Casters

Dalmine Dalmine Siderca Siderca Tamsa Donasid
CC1 cc2 CC2 CC3
Capacity, tn 18 18 12 14 38 14
Shape T T rectang rectang T T
Anti- Anti- baffleswith | baffles with Anti- Anti-
_ Dams - baffles turbulence turbulence oriented holes | oriented holes turbulence turbulence
Tundish pad pad pad pad
Flow control Stopper rod Stopper rod Stopper rod Stopper rod Stopper rod Stopper rod
Mold Oscillator mechanic Hydraulic mechanic Hydraulic Hydraulic Mechanic
o
Level control radioactive
Secondary cooling water spray cooling
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TenarisUniversity

Many Thanks.
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