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(57) Abregé/Abstract:

A process Is disclosed for cooling molten steel, in particular by continuous casting of hoop-steel. At least part of the molten mass
that leaves a metallurgical vessel through a metal nozzle solidifies when contacting a cooling surface. According to the invention, a
gaseous stream that forms a reducing atmosphere Is directed onto the surface of the freely accessible liquid hoop-steel
Immediately after it leaves the metal nozzle and the surface of the hoop-steel is exposed to this gaseous atmosphere at least until it
Is completely solidified.

g
ey . RN

S '\'l'.'.

AU

: "..
KT
e
A

C an a d a http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




.m"

‘ ( PCT WELTORGANISATION FUR GEISTIGES EIGENTUM

I

i
%

Internationales Biiro 4
INTERNATIONALE ANMELDUNG VEROFFENTLICHT NACH DEM VERTRAG UBER DIE

INTERNATIONALE ZUSAMMENARBEIT AUF DEM GEBIET DES PATENTWESENS (PCT)

(51) Internationale Patentklassifikation 6 : (11) Internationale Vertffentlichungsnummer: WO 95/23661
Al
B22D 11/06 (43) Internationzles
Veroffentlichungsdatum: 8. September 1995 (08.09.95)
(21) Internationales Aktenzeichen: PCT/DES5/00196 | (81) Bestimmungsstaaten: AM, AU, BB, BG, BR, BY, CA, CN,
CZ, EE, H, GE, HU, JP, KE, KG, KP, KR, KZ, LK, LR,
(22) Internationales Anmeldedatum: 10. Februar 1995 (10.02.95) LT, LV, MD, MG, MN, MW, MX, NO, NZ, PL, RO, RU,

SD, SI, SK, TJ, TT, UA, US, UZ, VN, europiisches Patent
(AT, BE, CH, DE, DK, ES, FR, GB, GR, IE, IT, LU, MC,
(30) Prioritdtsdaten: NL, PT, SE), OAPI Patent (BF, Bl, CF, CG, CI, CM, GA,

P 44 07 873.0 4. Miirz 1994 (04.03.94) DE GN, ML, MR, NE, SN, TD, TG}, ARIPO Patent (KE, MW,

R 2184719
(71) Anmelder (fiir alle Bestimmungsstaaten ausser US): MAN-
NESMANN AG [DE/DE]; Mannesmannufer 2, D-40213 | Veréffentlicht

Drisseldorf (DE). Mit internationalem Recherchenberichi,
' " Vor Ablauf der fiir Anderungen der Anspriiche zugelassenen
(72) Erfinder; und Frist. Verdffentlichung wird wiederholt falls Anderungen
(75) Erfinder/Anmelder (nur fiir US): REICHELT, Wolfgang eintreffen.

{DE/DE};, Am Wendemannsfeld 52, D-47447 Moers (DE).
URLAU, Ulrich [DE/DE}; Am Feldrain, D-47445 Moers
(DE). FREIER, Paul [DE/DE]); Am Ostbahnhof 2, D-38678
Clausthal-Zellerfeld (DE). SPITZER, Karl-Heinz [DE/DE];
Stettiner Strasse 2, D-38678 Clausthal-Zellerfeid (DE).

(74) Anwilte: MEISSNER, Peter, E. usw.; Hohenzollerndamm 89,
D-14199 Berlin (DE).

{(54) Title: PROCESS AND DEVICE FOR COOLING MOLTEN STEEL

(54) Bezeichnung: VERFAHREN UND VORRICHTUNG ZUM KUHLEN SCHMELZFLUSSIGEN STAHLS

»

- zg
22 2)
= 5
M , B -

1 / .
17 = (= o 3

N | 3

' Pz :

1.1

-

(57) Abstract

A process is disclosed for cooling molten steel, in particular by continuous casting of hoop-steel. At least part of the molten mass
that leaves a2 metallurgical vessel through a metal nozzle solidifies when contacting a cooling surface. According to the invention, a gaseous

stream that forms a reducing atmosphere is directed onto the surface of the freely accessible liquid hoop-steel immediately after it leaves
the metal nozzie and the surface of the hoop-steel 1s exposed to this gaseous atmosphere at least until it is completely solidified.
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Process and Device for Cooling Molten Steel

The invention relates to a process for cooling molten steel, particularly continuous casting, in
which at least a portion of the molten metal that emerges from a nozzle of a metallurgical
vessel is solidified by means of contact with a cooling surface, as well as to 2 device for

implementing this process.

In continuous or strand casting, the molten metal is directed into a cooled mold. Contact
with the cooling mold causes a solidification front to form, beginning at the outside and

moving toward the interior of the strand. In order to improve the quality of the metal blanks,

. it 1s known to supply them with an inert gas.

For example, DE OS 21 63 928 proposes that during the production of steel blanks by means
of the continuous casting of a metal stream into a cooled mold, an inert gas be introduced over
the metal at the upper part of the mold in the vicinity of the surface of the molten metal.
The use of nitrogen or argon that has previously been liquified by compression and lowered

temperature,
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which is applied in liquified state to the surface of the steel blanks, is suggested. The
aforementioned document merely discloses exposing the molten metal to an inert gaseous
atmosphere and directing the gaseous jet in such a way that the molten metal of the blanks

is offset around a vertical axis in a rotational movement.

From DE 32 27 132 A1, it is known to surround a metal stream that emerges from a metering
nozzle with a protective mantle of inert gas, e.g., argon or nitrogen, in order to keep air away
trom the vicinity of the metal melt. This pressurized inert gas screens off the oxygen coming
trom the ambient air and in this way prevents reoxidation of the exposed metal melt meniscus,
The expert in this document does not undertake more extensive influencing of the molten
metal. Furthermore, the use of inert gas to treat metal strands or wires that are solidified
already or only heated is known. For example, in DE 35 06 597A1 a wire is exposed to a
lightly reducing gas in the housing of a cooling column. The gas used in this case is supplied
to the housing in an undirected fashion and serves exclusively to cool and, usually, to reduce
scale formation. In the cited casting processes, the inert gas is brought into contact with the

molten or the already solidified surface. In the case of continuous casting as known from DE

38 10 302, for example, the molten metal is deposited on a cooled continuous belt and the
exposed surface of the strand cools during its transport on the belt, so that the exposed surface

in the front area near the nozzle is still molten and solidifies later due to cooling.
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The object of the invention 1s to create a process
and a corresponding device that can influence the surface of

the continuously cast metal strand in respect to both 1ts

form and 1ts quality.

According to a first aspect the invention provides
a process for cooling molten steel, in which at least a
portion of a melt emerging from a metal nozzle of a
metallurgical vessel is solidified by contacting a cooling
surface, said process comprising the following steps:
directing a gas low in oxygen so that a reducing atmosphere

o

forms onto a surface of a freely accessible molten steel

strand immediately upon emerging from the nozzle, whereiln

the strand is exposed to the reducing atmosphere at least

until solidification is complete and the gas hits the

surface of the steel strand at an angle of between 0 and 45

degrees and in a quantity and a speed so that the strand 1is

pressed upon the surface thereby causing a reduction 1in

cross—-section.

According to a second aspect the invention
provides an apparatus for cooling molten steel, 1n which at
least a portion of a melt emerging from a metal nozzle of a
metallurgical vessel is solidified by contacting a cooling

surface, comprising: a housing for enclosing a steel strand

therein at least until solidification is complete, said

housing having an opening at one end for receiving the melt
immediately as it emerges from the nozzle and a strand exit
at an opposite end with sealing means at both the opening
and exit; a transport belt partially enclosed by said
housing and having an upperside and an underside, whereiln

said upperside of said transport belt supports the melt as

it exits from the nozzle and advances the steel strand
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through the housing; a cooling device in contact with the
underside of said transport belt; means for directing a gas
onto a surface of the steel strand, wherein said directing
means 1S enclosed in said housing and positioned at an angle
between 0 and 45 degrees relatlive to a plane defined by the
steel strand; and a gas supply station connected to said

means for directing the gas.

According to the method of the invention, a
gaseous stream 1s dilrected onto the surface of the freely
accessible molten steel strand directly after the latter

grulh

emerges from the metal nozzle of the metallurglcal vessel.

The surface of the strand 1s thereby exposed to a gas that
forms an inert atmosphere at least until the steel strand
solidifies completely. Along with gases low 1n oxygen,

e.g., flue gas, inert gases such as argon or nitrogen, 1n

prarticular, can be used.

The use of these gases 1ntensely i1nfluences the
surface of the steel strand; specifically, 1n the molten

area as well as in the solidified area and the area of

molten/solid transition. As a result, scaling 1s avoided.
Furthermore, using the gas 1n the vicinity of the nozzle
allows deliberate influence to be exercised on the heat
extraction and surface tension. Depending on the desired
quality of the steel strand or steel strip, the inventors
propose to either heat the gas and in thilis way prevent
solidification of the strand surface for a predeterminable
segment or, in another embodiment, to cool the gas to such
an extent that it is transported in liquid form. The
temperature of the gas can be established in either of the
two extreme ranges 1n predeterminable fashion. Of course,

the gas can also be used at room temperature.

_Ba_.
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In an advantageous further development of the invention, it is proposed that the gas be
directed onto the surface of the steel strand not only at a temperature, but also in a quantity
and at a speed that permit influence to be exercised on the form of the cast strand. First, the
surface can be deliberately pressed upon and the entire strand, for example, given a profile in
the form of a camber. However, it is also possible to direct the gas in such a way that the

gaseous kinetics have a complementary positive influence in reducing bulge formation.

An example of the invention is shown in the accompanying drawings. The drawings show:
Figure 1 Schematically: a longitudinal section through the casting unit;

Figure 2 Schematically: a cross-section.

Figure 1 shows a metallurgical vessel 11, wherein a metal melt M flows out of a metal nozzle

12.

The melt M is directed onto a transport belt 43, which is held as a continuous belt by 2

driving drum 41 and a guiding drum 42. On the underside of the carrying run of the
transport belt 43, there is a cooling device 44 that cools the steel strand S, which 1s transported

in the transport direction s.

The metal strand $ is surrounded by 2 housing 31, which surrounds the strand S at the exit

32 by a seal 33 in order to minimize gas leakage.

Gas nozzles 25 are run through the cover of the housing 31. These gas nozzles 25 are arranged
at an angle of between 0 and 45 relative to the steel strand S. The nozzles 25 are attached

to gas distributors 26, which
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are connected to a compressor 21 via the supply lines 23. The gas nozzles 25 can be
individually blocked by the blocking organs 24.

Between the compressor 21 and the nozzles 25, there is a heat exchanger 22, which can be used
to adjust the temperature of the gas that forms the reducing atmosphere or the temperature
of the inert gas in predeterminable fashion. The compressor 21 1s attached to a gas supply

station 29. Figure 1 shows a connecting line 28 that connects the gas supply station 29 to the

housing 31 in the area of the strand exit 32 via a collective gas line 27.

Using the same item numbers as Figure 1, Figure 2 shows a cross-section through a continuous
. casting unit. Figure 2 shows the arrangement of several gas nozzles 25 next to one another,
each of which has a blocking organ 24 and is attached to the distributor 26, which has the
supply line 23.

In the upper area of the guiding drum 42, there is a seal 34, which minimizes leakages between

the side walls of the housing 31 and the side shields of the drum 42.
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List of Items:

10 metal supply
11 metallurgical vessel
12 metal nozzle
20 gas supply
21 COMpressor . —
22 . heat exchanger
23 supply line
24 blocking organ
25  gas nozzle
26 distributor
27 collective gas line
28  connection line
29  gas supply station
30 gaseous atmosphere
31 housing
32 strand exit
33 seal (32)
34  seal (42)
40 casting machine
41 driving drum
42  guiding drum
43 transport belt

44  cooling device

S metal strand
s direction of transport
M melt
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CLAIMS:

1. A process for cooling molten steel, in which at

least a portion of a melt emerging from a metal nozzle of a

metallurgical vessel 1s solidified by contacting a cooling

O surface, said process comprising the following steps:

directing a gas low in oxygen so that a reducing

atmosphere forms onto a surface of a freely accessible
molten steel strand immediately upon emerging from the
nozzle, wherein the strand 1s exposed to the reducing

10 atmosphere at least until solidification is complete and the

gas hits the surface of the steel strand at an angle of
between 0 and 45 degrees and 1n a quantity and a speed so

that the strand 1s pressed upon the surface thereby causing

a reduction 1n cross-—section.

15 2. The process for cooling molten steel in claim 1,

wherein the gas 1s an 1nert gas.

3. The process for cooling molten steel in claim 1,
further comprising the step of setting a temperature of the

gas prior to directing the gas.

20 4. The process for cooling molten steel in claim 3,
wherein the step of setting the temperature comprises
heatling the gas to a temperature that prevents

prtm

solidification of the strand surface for a period of time.

5. The process for cooling molten steel 1n claim 4,

Ll R A L T R N N L T N IV W D Y R N o r W D . " .
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wherein the heated gas 1s applied to the strand surface in a
direction which 1s the same as a transport direction of the
steel strand in an area in which a solidification front,

beglinning on an opposite side of the strand to which the gas

1s belng directed, has not yet penetrated through a width of

the strand.

6. The process for cooling molten steel in claim 3,
wherein the step 0f gsetting the temperature comprises cooling

the gas until 1t reaches ligquid form.

7. The process for cooling molten steel in claim 6,
wherein the gas 18 directed onto the steel strand

lsokinetically and at an angle of less than 10 degrees from a

plane defined by the steel strand.

8. The process for cooling molten steel in claim 1,
further comprising the step of controlling speed and pressure
profile of the gas to produce a stream perpendicular 1n

direction to a transport direction of the steel strand.

9. The process for cooling molten steel in claim 8,
whereln the gas 1s directed and controlled such that the steel

strand forms a camber.

10. An apparatus for cooling molten steel, in which at
leagst a portion of a melt emerging from a metal nozzle of a
metallurglcal vessel 1s golidified by contacting a cooling

surface, comprising:

20337-468
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a housing for enclosing a steel strand therein at
least until solidification 1s complete, sald housing having an
opening at one end for receiving the melt immediately as it
emerges from the nozzle and a8 strand exit at an opposite end
with sealing means at both the opening and exit:

a transport belt partially enclosed by sald housing
and having an upperside and an underside, wherein said
upperside of said transport belt supports the melt as it exits
from the nozzle and advances the steel strand through the
hous ing;

a cooling device in contact with the underside of
sald transport belt; and

means for directing a gas onto a surface of the
stee]l strand, wherein sald directing means 1s enclosed in said
housing and positioned at an angle between 0 and 45 degrees
relative to a plane defined by the steel strand; and

a gas supply station connected to sald means for

directing the gas.

11. The apparatus for cooling molten steel in claim 10,
whereliln sald means for directing the gas comprises at least

one gas nozzle.

12. The apparatus for cooling molten steel in claim 11
wherein a number and arrangement of the at least one gas
nozzle in a transport direction of the steel strand and 1in a
breadth direction of the steel strand 1is dependent upon at
least one of a desired gas volume and a gas exXxlt speed onto

the steel strand.

20337-468
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13. The apparatus for cooling molten steel 1n claim 12,
wherein the at least one gas nozzle 1s arranged in the same
direction as the transport direction of the steel strand and

parallel to the nozzle 1in an immediate vicinity thereof.

14. The apparatus for cooling molten steel in claim 13,
further comprising a heat exchanger connected between the at

least one gas nozzle and sald gas supply station.

15. The apparatus for cooling molten steel in claim 14,
further comprising a compressor connected between said heat

exchanger and salid gas supply station.

16. The apparatus for cooling molten steel in claim 15,
further comprising a collective gas line attached to the
strand exXxlt end of salid housing and connected to sald gas

supply station.

FRTHERSTONHAUGH & CO.
OTTAWA, CANADA

PATENT AGENTS
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