(19)

Europdisches
Patentamt

European
Patent Office

Office européen
des brevets

9

(11) EP 2 880 188 B1

(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) IntCl.:
of the grant of the patent: C21D 8102 (2006.07) C22C 38/00 (2006.07)
27.07.2016 Bulletin 2016/30 C22C 38/06 (2°5:97 B22D 11/12(2096.%)
B22D 11/126 (2006.01) B21B 1/46 (2006.07)
(21) Application number: 13744440.2 C22C 380220050V C22C 38/38 20050V
(22) Date of filing: 29.07.2013 (86) International application number:
PCT/EP2013/002241
(87) International publication number:

WO 2014/019673 (06.02.2014 Gazette 2014/06)

(54)

METHOD FOR PRODUCING STEEL STRIP OF CARBON STEEL
VERFAHREN ZUR ERZEUGUNG VON STAHLSTREIFEN AUS KOHLENSTOFFSTAHL
PROCEDE POUR PRODUIRE UNE BANDE D’ACIER EN ACIER AU CARBONE

(84)

(30)

(43)

(73)

(72)

Designated Contracting States:
AL AT BE BG CH CY CZDE DK EE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR

Priority: 30.07.2012 EP 12005543

Date of publication of application:
10.06.2015 Bulletin 2015/24

Proprietor: Tata Steel Nederland Technology B.V.

1970 CA IUmuiden (NL)

Inventor: MOSTERT, Richard
NL-1970 CA IJmuiden (NL)

(74)

(56)

Representative: Kruit, Jan

Tata Steel Nederland Technology BV
Group Intellectual Property Services - 3G37
P.O. Box 10000

1970 CA ljmuiden (NL)

References cited:
JP-A- 2003 055738 US-B1- 6 855218
BLAZEK K ET AL: "Calculation of the Peritectic
Range for Steel Alloys", 2007 AISTECH
CONFERENCE PROCEEDINGS,, 1 January 2007
(2007-01-01), XP008158649, cited in the
application

GARCIA-SANCHEZ ET AL: "Mecanismos de
fractura a alta temperatura en aceros eléctricos
no-orientados(", REVISTADE METALURGIA, vol.
43, no. 4, 1 January 2007 (2007-01-01), pages
266-271, XP055047076, ISSN: 0034-8570

EP 2 880 188 B1

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 880 188 B1 2

Description

[0001] The invention relates to a method for producing
steel strip of carbon steel using a thin slab caster such
asadirectsheetplant (DSP) or direct sheet caster (DSC),
in which the steel is continuously cast and in the same
installation semi-continuously rolled, or a conventional
slab caster with a hot connect to a hot rolling installation.
[0002] Itis known thatitis difficult to produce peritectic
steels having a carbon content in the order of 0.1 wgt%.
The surface quality of the slabs deteriorates as a result
of the volume changes which accompany the transfor-
mation from the ferritic phase to the austenitic phase;
surface cracking or break-outs of the partially solidified
shell occur, which cause damage to the installation and
production delays. Moreover, on continuous casters with
hot-connect, such as a DSP or CSP, rectifications of sur-
face defects is not generally possible and surface defects
on the cast strand lead to surface defects on the coil. As
a result, steels having a carbon content above approxi-
mately 0.075 wgt% are not produced in this way. In con-
trast, slabs produced in conventional casters can be in-
spected and repaired before rolling, so it is possible to
cast peritectic steels on conventional casters and roll
these on a hot rolling installation.

[0003] Furthermore it is known that certain elements
influence the carbon content in which steel is peritectic.
This can be determined by a formula for the so-called
carbon equivalent, in which the elements in the formula
give a fictive carbon content. An overview of these ele-
ments determining the carbon equivalent is given in the
article "Calculation of the Peritectic Range for Steel Al-
loys" by Kenneth E. Blazek et. al. in Iron & Steel Tech-
nology, 2008, Vol. 5, No. 7, pp. 80-85.

[0004] DocumentUS6 855218 B1 discloses a method
for producing steel strip using a thin slab caster with a
hot connect to a hot rolling installation. The steel com-
position preferably comprises (in wt%) 0.12-0.3 C,
1.2-3.5 Mn, 1.1.-2.2 Al.

[0005] Itisthe object of the invention to provide a meth-
od for producing steel strip of carbon steel using a thin
slab caster such as a DSP or DSC for continuously cast-
ing the carbon steel or a conventional slab caster with a
hot connect to a hot rolling installation.

[0006] It is a further object of the invention to provide
a steel strip with a steel composition that can be used on
a thin slab caster.

[0007] According to the invention one or more of these
objects is reached by providing a method for producing
steel strip of carbon steel using a thin slab caster such
as a DSP or DSC for continuously casting the carbon
steel or a conventional slab caster with a hot connect to
a hot rolling installation, comprising the following steps:

providing a molten steel containing the following el-
ements (in weight %):

0.06-0.17C
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max 3.0 Mn

0.11-2.0 Al

max 0.01 Ca

0.1 - 0.5 Si and optionally one or more of the
following elements:

max 1.0 Cr
max 1.0 Mo
max 0.1 P
max 1.0 Cu
max 2.5 Ni
max 0.2V
max 0.2 Ti
max 0.1 Nb
max 0.01 B

the remainder being Fe and unavoidable impurities;
providing the molten steel to the mould of a thin slab
caster or conventional slab caster with hot connect;
casting the steel into a strand;

cutting the strand into slabs;

rolling the slabs into strips after the slabs have un-
dergone a temperature equalizing or reheating step.

[0008] The carbon steel types known from the prior art
that are suitable for casting using a thin slab caster or
conventional caster with hot connect all have an Al con-
tent below 0.1 weight %. The inventors have found that
aluminium is the most suitable element to increase the
carbon equivalent of the steel, such that steels having a
carbon content between 0.06 and 0.17 weight % can be
used in a thin slab caster or conventional caster with hot
connect outside the peritectic range. In many cases the
addition of Al to a hitherto peritectic steel does not impair
the performance of the product. In particular in advanced
high strength steels the addition of aluminium improves
the formability of the steel by the TRIP effect.

[0009] Manganese isadded as austenite stabiliser and
to give strength to the steel. It is unusual to add more
than 3 weight % manganese in view of casting problems.
The optional elements mentioned above are added when
such is desired to provide a specific steel quality. These
elements are usually added to change the mechanical
properties and the purpose for which the steel type is
used. Calcium is added to improve the castability and
forms calciumaluminates with Al.

[0010] Itis possible that the steel contains a more lim-
ited amount of carbon, for instance 0.07 - 0.15 weight %
C, preferably 0.07-0.12 weight % C. Inthese more limited
ranges for carbon the use of Al is especially needed.
[0011] Itis also possible that the steel contains a more
limited amount of manganese, for instance 0.1 - 3.0
weight % Mn, preferably 0.5 - 2.5 weight % Mn, and more
preferably 1.0 - 2.0 weight % Mn. Such more limited
amounts of manganese are generally used in casting ad-
vanced high strength steels.

[0012] Furthermore, the aluminium content of the steel
can be more limited, forinstance when the carbon content
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is more limited or when other elements are added. Pref-
erably, the steel contains 0.3 - 1.5 weight % Al, more
preferably 0.3 - 1.0 weight % All, still more preferably 0.5
- 0.8 weight % Al.

[0013] The steelcontains0.1-0.5weight % Si. Usually
the amount of silicon in steel is kept relatively low.
[0014] Chromium is often added to certain steel types
for strengthening the steel. Due to its price, usually only
limited amounts are added in carbon steels. According
to a preferred composition the steel contains 0.1 - 1.0
weight % Cr, more preferably 0.3 - 0.8 weight % Cr.
[0015] According to a preferred method the molten
steel has the composition of an advanced high strength
steel, such as a dual phase steel.

[0016] Forthe atpresentusual strength levels between
600 and 1200 MPa, such dual phase steels have a com-
position containing the following elements (in weight %):

0.06-0.17C
0.9-3.0 Mn
0.1-2.0 Al
0.01-1.0Cr
0.01-0.5Si
max 0.01 Ca
max 0.5 Mo
max 0.05 P
max 0.1 Cu
max 0.1 Ni
max 0.1 Nb
max 0.01 B
the remainder being Fe and unavoidable impurities.

[0017] The elementsinthe dual phase steels as shown
above are even more limited to reach certain strength
levels, such as DP600, DP 800, DP1000 or DP1200.
Apart from the amount of aluminium, the amount of the
elements are known for dual phase steels that are not
produced on a DSP, CSP or conventional slab caster
with a hot connect.

[0018] According to a second aspect of the invention
there is provided a hot rolled steel strip of carbon steel
produced with the method according to the first aspect
of the invention.

[0019] Accordingtoathird aspectofthe inventionthere
is provided a cold rolled and annealed steel strip of car-
bon steel produced by cold rolling and annealing the hot
rolled steel strip according to the second aspect of the
invention.

[0020] The invention will be elucidated referring to the
example described below.

[0021] Asteeltypeaccordingto the invention has been
cast, having the following composition in weight %:

C 0.090
Mn 1.650
Al 0.650
Si 0.250
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(continued)

Cr 0.575

the remainder being iron and inevitable impurities.
[0022] This steeltype has been castin the direct sheet
plant (DSP) using a standard moulding powder in the
mould, with a casting speed of approximately 4.5 m/min.
After temperature equalisation in the tunnel oven, the
slabs have been rolled in the seven-stand rolling equip-
ment of the DSP to an end thickness of 3 mm.

[0023] Visual inspection of the cast slabs showed no
transverse cracks in the surface of the slabs. Dropping
experiments of cold slabs showed that the slabs are not
prone to cracking during handling.

[0024] As a comparison, a typical standard steel type
cast on the DSP has the following composition in weight
%:

C 0.045
Mn 0.220
Al 0.035
Si inevitable impurity
Cr inevitable impurity

the remainder being iron and inevitable impurities.
[0025] The comparison between the standard steel
type and the steel type according to the invention shows
that the steel type according to the invention has a higher
content of all the elements in the steel. This is partly due
to the fact that it is the intention to produce an advanced
high strength steel, in this case a dual phase steel, after
cold rolling of the hot rolled strip.

[0026] The carbon content of 0.090 weight % in the
steel type according to the invention is such that without
additional measures a peritectic steel would be formed
during solidification of the steel in the mould of the DSP,
which transformation from the §-phase to the y-phase in
the iron-carbon diagram causes changes in the volume
of the steel leading to the loss of contact between the
cast steel and the mould. This results in anirregular cool-
ing of the steel slabs, in turn leading to cracks.

[0027] The addition of a larger amount of aluminium
has been found to result in the steel being peritectic at
higher carbon contents than usual. At 0.090 weight %
carbon the steel is not peritectic in the mould; as a result
the slab is cooled in the same way as the standard type
steel, and no cracks occur. Without the cracks, the steel
type according to the invention can be processed in the
DSP without risks of surface cracking and damage to the
installation due to break-outs.

[0028] The steel produced in accordance with the in-
vention can be a hotrolled steel strip or a cold rolled and
annealed steel strip, which in the latter case can be hot
dip galvanised or galvannealed.

[0029] It will be clear that other steel types than the
steel type of the example can be used in the DSP or
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another caster with a hot connect to a hot rolling instal-
lation without the risks for the rolls of the DSP or the
caster. The scope of protection is not limited by the ex-
ample, but determined by the claims.

Claims

1. Method for producing steel strip of carbon steel using
a thin slab caster such as a DSP (direct sheet plant)
or DSC (direct sheet caster) for continuously casting
the carbon steel or a conventional slab caster with
a hot connect to a hot rolling installation, comprising
the following steps:

providing a molten steel containing the following
elements (in weight %):

0.06-0.17C
max 3.0 Mn
0.1-2.0Al
max 0.01 Ca
0.1-0.5 Si

and optionally one or more of the following ele-
ments:

max 1.0 Cr
max 1.0 Mo
max 0.1 P
max 1.0 Cu
max 2.5 Ni
max 0.2V
max 0.2 Ti
max 0.1 Nb
max 0.01 B

the remainder being Fe and unavoidable impu-
rities;

providing the molten steel to the mould of a thin
slab caster or conventional slab caster with hot
connect;

casting the steel into a strand;

cutting the strand into slabs;

rolling the slabs into strips after the slabs have
undergone a temperature equalizing or reheat-
ing step.

2. Method according to claim 1, wherein the molten
steel contains 0.07 - 0.15 weight % C, preferably
0.07 - 0.12 weight % C.

3. Method according to claim 1 or 2, wherein the molten
steel contains 0.1 - 3.0 weight % Mn, preferably 0.5
- 2.5 weight % Mn, more preferably 1.0-2.0 weight%
Mn..

4. Method according to any one of the preceding
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claims, wherein the molten steel contains 0.2 - 1.5
weight % Al, preferably 0.3 - 1.0 weight % Al, more
preferably 0.5 - 0.8 weight % Al.

Method according to any one of the preceding
claims, wherein the molten steel contains 0.2 - 0.5
weight % Si.

Method according to any one of the preceding
claims, wherein the molten steel contains 0.1 - 1.0
weight % Cr, preferably 0.3 - 0.8 weight % Cr.

Method according to any one of the preceding
claims, wherein the molten steel has the composition
of a dual phase steel.

Method according to any one of the preceding
claims, wherein the molten steel has the composition
of a dual phase steel and contains the following el-
ements (in weight %):

0.06 -0.17C
0.9-3.0 Mn
0.1-2.0Al
0.01-1.0Cr
0.1-0.5 Si
max 0.01 Ca
max 0.5 Mo
max 0.05 P
max 0.1 Cu
max 0.1 Ni
max 0.1 Nb
max 0.01 B
the remainder being Fe and unavoidable impu-
rities.

Patentanspriiche

1.

Verfahren zur Herstellung von Stahlband aus Koh-
lenstoffstahl unter Verwendung eines Dinnbram-
mengielers wie einer DSP (Direct Sheet Plant: Di-
rektplattenanlage) oder eines DSC (Direct Sheet
Caster: DirektplattengieRers) zum durchgehenden
Giellen des Kohlenstoffstahls oder eines konventi-
onellen BrammengielRers mit einer Warmverbin-
dung zu einer Warmwalzanlage, die folgenden
Schritte umfassend:

Bereitstellen eines geschmolzenen Stahls, der
die folgenden Elemente enthalt (in Gew.-%):

0,06-0,17C
max. 3,0 Mn
0,1-2,0Al
max. 0,01 Ca
0,1-0,5Si
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und optional eines oder mehrere der folgenden
Elemente:

max. 1,0 Cr
max. 1,0 Mo
max. 0,1 P
max. 1,0 Cu
max. 2,5 Ni
max. 0,2 V
max. 0,2 Ti
max. 0,1 Nb
max. 0,01 B

wobei der Rest Fe und unvermeidbare Unrein-
heiten sind;

Bereitstellen des geschmolzenen Stahls fir die
Form eines Dinnbrammengielers oder
konventionellen BrammengielRers mit Warm-
verbindung;

GieRRen des Stahls zu einem Strang;
Schneiden des Strangs in Brammen;

Rollen der Brammen zu Streifen, nachdem die
Brammen einem Temperaturausgleich- oder
Wiedererwarmungsschritt unterzogen wurden.

Verfahren nach Anspruch 1, wobei der geschmolze-
ne Stahl 0,07 - 0,15 Gew.-% C, bevorzugt 0,07 - 0,12
Gew.-% C enthalt.

Verfahren nach Anspruch 1 oder 2, wobei der ge-
schmolzene Stahl 0,1 - 3,0 Gew.-% Mn, bevorzugt
0,5-2,5 Gew.-% Mn, bevorzugter 1,0 - 2,0 Gew.-%
Mn enthalt.

Verfahren nach einem der vorhergehenden Ansprii-
che, wobei der geschmolzene Stahl 0,2 - 1,5 Gew.-
% Al, bevorzugt 0,3 - 1,0 Gew.-% Al, bevorzugter
0,5- 0,8 Gew.-% Al enthalt.

Verfahren nach einem der vorhergehenden Ansprii-
che, wobei der geschmolzene Stahl 0,2 - 0,5 Gew.-
% Si enthalt.

Verfahren nach einem der vorhergehenden Ansprii-
che, wobei der geschmolzene Stahl 0,1 - 1,0 Gew.-
% Cr, bevorzugt 0,3 - 0,8 Gew.-% Cr enthalt.

Verfahren nach einem der vorhergehenden Ansprii-
che, wobei der geschmolzene Stahl die Zusammen-
setzung eines Dualphasenstahls hat.

Verfahren nach einem der vorhergehenden Ansprii-
che, wobei der geschmolzene Stahl die Zusammen-
setzung eines Dualphasenstahls hat und die folgen-
den Elemente enthalt (in Gew.-%):

0,06-0,17C
0,9-3,0 Mn
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0,1-2,0Al
0,01-1,0Cr
0,1-0,5Si
max. 0,01 Ca
max. 0,5 Mo
max. 0,05 P
max. 0,1 Cu
max. 0,1 Ni
max. 0,1 Nb
max. 0,01 B

wobei der Rest Fe und unvermeidbare Unreinheiten
sind.

Revendications

Procédé de production d’'une bande d’acier au car-
bone au moyen d’'une machine a couler des brames
minces telle qu’'un DSP (direct sheet plant : installa-
tion permettant la production directe de toles) ou un
DSC (direct sheet caster : machine de coulée per-
mettant la production directe de toles) pour couler
en continu l'acier au carbone ou d’'une machine a
couler des brames conventionnelles avec raccorde-
ment chaud a une installation de laminage a chaud,
comprenant les étapes suivantes :

approvisionnement d’un acier fondu contenant
les éléments suivants (en % en poids) :

0,06 20,177 de C
3,0 max de Mn
0,1a2,0dAl
0,01 max de Ca
0,1a0,5deSi

et éventuellement un ou plusieurs des éléments
suivants :

1,0 max de Cr
1,0 max de Mo
0,1 maxde P
1,0 max de Cu
2,5 max de Ni
0,2 max de V
0,2 maxde Ti
0,1 max de Nb
0,01 max de B

le reste étant du Fe et des impuretés
inévitables ;

approvisionnement de l'acier fondu dans le
moule d’'une machine a couler des brames min-
ces ou d’'une machine a couler des brames con-
ventionnelles avec raccordement chaud ;
coulée de I'acier en toron ;

découpage du toron en brames ;
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laminage des brames en bandes aprés que les
brames aient subi une étape d’égalisation de
température ou de réchauffage.

Procédé selon la revendication 1, ledit acier fondu
contenant 0,07 a 0,15 % en poids de C, de préfé-
rence 0,07 a 0,12 % en poids de C.

Procédé selon la revendication 1 ou 2, ledit acier
fondu contenant 0,1 a 3,0 % en poids de Mn, de
préférence 0,5 a 2,5 % en poids de Mn, plus préfé-
rablement 1,0 a 2,0 % en poids de Mn.

Procédé selon I'une quelconque des revendications
précédentes, ledit acier fondu contenant 0,2 a 1,5 %
en poids d’Al, de préférence 0,3 a 1,0 % en poids
d’Al, plus préférablement de 0,5 a 0,8 % en poids
d’Al.

Procédé selon I'une quelconque des revendications
précédentes, ledit acier fondu contenant 0,2 20,5 %
en poids de Si.

Procédé selon I'une quelconque des revendications
précédentes, ledit acier fondu contenant 0,1 a 1,0 %
en poids de Cr, de préférence 0,3 a 0,8 % en poids
de Cr.

Procédé selon I'une quelconque des revendications
précédentes, ledit acier fondu ayant la composition
d’un acier a deux phases.

Procédé selon I'une quelconque des revendications
précédentes, ledit acier fondu ayant la composition
d’un acier a deux phases et contenant les éléments
suivants (en % en poids) :

0,06 20,177 de C
0,9a3,0de Mn
0,1a2,0dAl
0,01a1,0deCr
0,1a0,5deSi
0,01 max de Ca
0,5 max de Mo
0,05 maxde P
0,1 max de Cu
0,1 max de Ni
0,1 max de Nb
0,01 maxde B

le reste étant du Fe et des impuretés inévitables.
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