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(57) Process for the continuous casting of a molten
steel to form high-quality billets or blooms, utilizing a de-
vice of the type comprising a buffer tank, an immersion
pipe, a casting mould, and a line for feeding the molten
metal to the buffer tank, the immersion pipe being con-
nected to the bottom of the buffer tank and, during op-
eration, extending as far as into the casting mould, the
buffer tank being designed so that it can be closed off
in a gastight manner and being provided in or in the vi-
cinity of its top wall with a suction opening, and the
feedline opening into the buffer tank in the vicinity of its
bottom, while the other end of the feedline is connected
to the bottom of a tundish, which bottom lies at a higher
level than that of the buffer tank, and means being
present for injecting a flush gas into the molten steel at
the location of the feedline, in which method argon is
injected as the flush gas, and gas is extracted from the
buffer tank via the suction opening until an absolute gas
pressure of < 15 mbar is established in the top of the
said buffer tank, and argon is injected in a volume of >
25 | STP (volume at standard temperature of 0°C and
standard pressure of 1 atmosphere) per tonne of cast
steel.
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Description

[0001] The invention relates to a process for the con-
tinuous casting of molten steel to form high-quality bil-
lets or blooms, utilizing a device of the type comprising
a buffer tank, an immersion pipe, a casting mould, and
a line for feeding the molten metal to the buffer tank, the
immersion pipe being connected to the bottom of the
buffer tank and, during operation, extending as far as
into the casting mould, the buffer tank being designed
so that it can be closed off in a gastight manner and be-
ing provided in or in the vicinity of its top wall with a suc-
tion opening, and the feedline opening into the buffer
tank in the vicinity of its bottom, while the other end of
the feedline is connected to the bottom of a tundish,
which bottom lies at a higher level than that of the buffer
tank, and means being present for injecting a flush gas
into the molten steel at the location of the feedline.
[0002] Adevice of the type mentioned in the preamble
has already been described in Dutch patent NL 1001976
for use in the casting of slabs. The aim of this device is
to counteract the formation of cracks and oxide inclu-
sions, which are often relatively large inclusions, by
flushing with a flush gas. To achieve this, the injection
of small volumes of, for example, argon is sufficient,
consideration being given, for example, to less than 5 |
(s.t.p.) per tonne of cast steel. Therefore, depending on
the geometry of the casting installation and the immer-
sion pipe, the operating pressure must not be too low.
For this known application, the operating pressure will
generally have to be approx. 100 mbar or higher.
[0003] In the case of slab-casting machines, casting
is often carried out using steel which has been degassed
in advance, the degassing being carried out, for exam-
ple, with the aid of a vacuum pan treatment. It is also
known to remove, for example, hydrogen from the cast
slabs in annealing furnaces.

[0004] In the case of billet-casting machines, the use
of vacuum pan installations and annealing furnaces is
not an attractive option owing to the smaller scale of the
production facilities. Therefore, there is a need for other
possible ways of counteracting the concentration of hy-
drogen in the liquid steel. In this context, it should be
noted that, for example when casting forged billets, it is
particularly important to reduce the concentration of hy-
drogen in the liquid steel in order to:

- counteract hydrogen embrittlement in forged steel.
Particularly when the final dimensions after forging
are very close to the cast dimensions, scarcely any
deformation takes place in order to remove the hy-
drogen. The stresses in these components (which
are often critical from the point of view of safety as-
pects, for example in the automotive industry) are
such that hydrogen embrittlement (at the grain
boundaries), may easily lead to cracks and fracture
without there being any possibility of measuring this
by ultrasound in the forged product (delayed crack-
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ing).

- counteract gas bubbles (pinholes). These gas bub-
bles are formed because solidified steel is able to
contain less gas than liquid steel.

[0005] The use of the device which is known from NL
1001976 in the manner described above does not pro-
vide adequate results when casting billets and blooms
if it is desired to achieve very low hydrogen concentra-
tions.

[0006] Anadvantage of very low hydrogen concentra-
tions in, for example, steel which is subject to consider-
able deformation consists in the fact that such concen-
trations prevent the formation of hydrogen-filled cavities
in the solidifying steel.

[0007] Therefore, the invention consists in the fact
that, in the method of the type which is known according
to the preamble, argon is injected as the flush gas and
that gas is extracted from the buffer tank via the suction
opening until an absolute gas pressure of < 15 mbar is
established in the top of the said buffer tank, and that
argon is injected in a volume of > 25| (s.t.p.) per tonne
of cast steel.

[0008] It should be noted that this gas pressure and
this volume differ considerably from the levels which are
customary when casting slabs.

[0009] By injecting flush gas, such as argon, into the
molten metal at the location of the feedline, gas bubbles
which have a relatively long residence time in the bath
between the injection location and the free surface of
the metal in the tundish can form in this feedline. As
these gas bubbles rise upwards, the pressure on them
will be reduced and the gas bubbles will acquire a larger
interface with the metal.

[0010] The bubbles of argon gas have two functions.
Firstly, the gas bubbles form nuclei for the formation of
hydrogen bubbles, with the result that hydrogen is dif-
fused out of the molten metal more quickly, and second-
ly the argon gas absorbs hydrogen inside the bubbles.
[0011] To achieve successful degassing, it is recom-
mended to position the means for injecting the flush gas
at the location where the feedline is connected to the
tundish. This makes the residence time of the bubbles
of argon gas as long as possible. According to the in-
vention, it is possible to achieve hydrogen concentra-
tions which may be as low as approx. 2 ppm if an abso-
lute gas pressure in the buffer tank of < 15 mbar is es-
tablished and if argon is injected in a volume of > 25 |
(s.t.p.) of cast steel.

[0012] Particularly good results can be obtained if the
absolute gas pressure in the buffer tank is < 10 mbar,
and if more than 33 1 (s.t.p.) of argon is injected per
tonne of cast steel.

[0013] Finally, the residence time of the argon gas
bubbles in the molten steel can be increased still further,
thus allowing further improved removal of hydrogen
from the steel, if the argon injected brings about a flow
of the steel along the surface of the bath. This can be
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achieved, for example, by causing the gas bubbles to
rise upwards in the buffer tank in the vicinity of a wall
which is at a distance from the location where the im-
mersion pipe is connected to the bottom of the buffer
tank.

[0014] The invention will now be explained with refer-
ence to a figure.

[0015] This figure diagrammatically depicts part of a
device for the continuous casting of steel. In order to
allow the invention to be clearly understood, various
components are not to scale.

[0016] Reference numeral 1 indicates, onan enlarged
scale, the inner wall of a casting mould for casting steel
billets. An immersion pipe 2 for supplying molten steel
extends to below the level 3 of the steel in the casting
mould.

[0017] The casting mould is intensively cooled (not
shown), with the result that a solidified shell 4 is formed,
the thickness of which increases in the downwards di-
rection. On leaving the casting mould, this solidified
shell 4 has to be sufficiently strong to be able to be with-
drawn further using mechanical means without it ruptur-
ing. The means for withdrawing the billet which is formed
in this way are not shown, but are in the form of a tradi-
tional set of rollers such as that which is depicted, by
way of example, in German Laid-Open Specification
2,017,469. In order to be able to carry out casting at a
relatively high speed, it is necessary to control the flow
of the molten steel without imposing an excessive cast-
ing impulse on the solidified shell, which is still soft,
since this could lead to this solidified shell being frac-
tured. Preferably, therefore, the immersion pipe is con-
nected to a buffer tank 5, which is closed off with the aid
of a cover 6, and a vacuum can be created, via the suc-
tion opening 7, above the molten steel which is situated
in the buffer tank 5.

[0018] Onthe one hand, the presence of a buffer tank
makes the flow of molten steel to and through the im-
mersion pipe 2 more regular, while furthermore, as a re-
sult of the reduced gas pressure above the molten steel,
the ferrostatic pressure in the immersion pipe is re-
duced.

[0019] Molten steel is fed to the buffer tank 5 through
the feedline 8, which is for its part connected to a tundish
9. This tundish 9 is able to ensure that there is a constant
flow of steel to the buffer tank 5, even if the molten steel
is supplied from the steel factory in batches via steel
ladles 10. Steel ladle 10 is for its part emptied into
tundish 9 via a casting pipe 11. With the aid of a stopper
rod 12, the flow of steel from the tundish 9 can be reg-
ulated in order to compensate for differences in the level
13 of the steel in the tundish. The stopper rod 12 can
also be used, if desired, to shut off the flow from the
tundish entirely. It is necessary to seek to ensure that
the level 14 in the buffer tank 5 remains as stationary as
possible, so that the casting conditions remain uniform.
Argon gas is injected at location 15 and forms bubbles
16 which are entrained to the buffer tank 5 by the stream
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of molten steel running through the feedline 8. In the
buffer tank 5, these bubbles form a screen 17 of bubbles
which rises upwards, in the direction of arrow 18, to-
wards the surface of the bath. In so doing, the stream
17 of bubbles causes the steel to flow along the surface
of the bath in the direction of arrow 19.

[0020] Owingtothe presence of the projection 20, the
stream of bubbles is additionally diverted in the upwards
direction. This also prevents gas bubbles from being en-
trained into the casting mould by the flow of liquid steel.
A simple projection made of refractory material and with
a height of approximately 10 cm is sufficient to achieve
this effect.

[0021] While they are moving through feedline 8 and
via the screen 17 of bubbles, the bubbles 16 grow, ini-
tially by taking up hydrogen and then as a result of the
ferrostatic pressure on these rising bubbles being re-
duced. As a result, the surface area of the bubbles is
increased to such an extent that hydrogen can be ab-
sorbed very intensively into the argon bubbles. Then, at
the surface of the bath, the hydrogen which is released
is extracted via suction opening 7.

[0022] In a practical situation, steel was cast at a rate
of 0.3 t/min. The temperature of the cast steel was
1500°C. In the steel ladle 10, a hydrogen concentration
of 6 ppm was detected. With a surface area of the steel
melt in the tundish of approximately 1 m2, an absolute
pressure of 10 mbar was maintained above the steel
surface 14. A hollow stopper rod 12 was used, and a
volume of argon gas of 10 | (s.t.p.)/min was injected into
the feedline 8 at the seal of the stopper rod. It was found
that the argon bubbles formed in the screen 17 of bub-
bles grew to a diameter of approximately 10 mm.
[0023] When measurements were carried out, it was
found that the hydrogen content in the cast steel had
been reduced from 6 ppm to between 1 and 2 ppm.
[0024] W.ithout injecting argon, but under conditions
which were otherwise identical, measurements showed
that the cast steel had a hydrogen content of between
4 and 5 ppm.

[0025] It should be noted that the novel process also
allows other components which are naturally gaseous
to be removed from the steel which is to be cast.

Claims

1. Process for the continuous casting of molten steel
to form high-quality billets or blooms, utilizing a de-
vice of the type comprising a buffer tank (5), an im-
mersion pipe (2), a casting mould (1), and a line (8)
for feeding the molten metal to the buffer tank (5),
the immersion pipe (2) being connected to the bot-
tom of the buffer tank (5) and, during operation, ex-
tending as far as into the casting mould (1), the buff-
er tank (5) being designed so that it can be closed
off in a gastight manner and being provided in or in
the vicinity of its top wall (6) with a suction opening
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(7), and the feedline (8) opening into the buffer tank

(5) in the vicinity of its bottom, while the other end

of the feedline (8) is connected to the bottom of a
tundish (9), which bottom lies at a higher level than
that of the buffer tank (5), and means (15) being 5
present for injecting a flush gas into the molten steel

at the location of the feedline (8), characterized in
that argon is injected into the stream of liquid steel

as the flush gas, and in that gas is extiracted from

the buffer tank via the suction opening (7) untilan 70
absolute gas pressure of < 15 mbar is established

in the top of the said buffer tank, and in that argon

is injected in a volume of > 25 | (s.t.p.) per tonne of
cast steel.

15
Process according to Claim 1, characterized in that
the absolute gas pressure in the top of the buffer
tank (5) is < 10 mbar, and in that more than 33 | (s.
1.p.) of argon is injected per tonne of cast steel.
20
Process according to one of Claims 1-2, character-
ized in that the argon injected brings about a flow
of the steel along the surface of the bath.
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