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(57) Abréegée/Abstract:
The invention relates to an immersion nozzle, for example of the kind used for continuously casting a metal melt.
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The invention relates to an immersion nozzle, for example
of the kind used for continuously casting a metal melt.
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IMMERSTON NOZZLE

SPECIFICATION

The invention relates to an immersion nozzle (also called
submerged entry nozzle), for example of the kind used for

continuously casting a metal melt.

EP 1 036613 Bl discloses the basic structural design of
such an lmmersion nozzle. The immersion nozzle encompasses
a tubular body and a pouring channel, which extends from a
first end section of the tubular body, where a metal melt
enters the pouring channel, to a second end section, where
the metal melt exits the pouring channel via at least one
outlet opening. As evident from the publication, immersion
nozzles with two diametrically opposed lateral outlet
openings are encompassed by prior art, so that the melt is
laterally diverted in two directions from an initially
purely vertical flow direction before exiting the

immersion tube.

In generic nozzles, it is known to supply an inert gas like
argon to the metal melt, for example so as to prevent so-
called "clogging”, i.e., to prevent growths from narrowing

the cross section of the pouring channel.

The disadvantage to this process is that gas bubbles of
significant size form in part, and are entrained in the
metallurgical molten bath with the melt stream. Such gas
bubbles can exhibit a diameter of several millimeters, but

at times diameters in the centimeter range as well.

As soon as the melt i1s transferred from the immersion tube
into the molten bath of the metallurgical vessel (for
example, an ingot mold of a continuous casting system),
especlally large gas bubbles bubble up in the molten bath,

but additional problems are here encountered as well:
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- Turbulences arise in the transitional area between the
influencing wear of the immersion tube;

- The casting level (surface of the melt bath) can
flucfuate, in partlculal in the contaox Zone r@latxve

to the immersion tube;
- The slag can foam;

- Rising gas bubbles can break up a slag layer lying on
the melt bath and/or a:castiﬁg'pOWdéf iayér. The melt
may undealrably come into contact with the ambient air
in the process. Slag can also be drawn into the melt.

zhang et. al. “Physical, Numerical and Industrial
Investigation of Fluid Flow and Steel Cleanliness 1in the
Continuous Casting Mold at Panzhihua Steel” describe the
fiow conditions in immersion tubes when gas is injected in
AIS Tech 2004, WNashville (US}, September 15-17, 2004,
nssociatiocn Iron Stee) Téc’hholo‘a'}* p Wa ‘*ﬁ‘-'rekndal-@ PA '{'US&- -
379-804 . Under certaln ﬂpe;atlﬁg ccndlt ons, gas and rmit
separate. Thls ylelas in part very large gas bubbles, wh ch

exit the immersion tube and penetrate into the melt.

The object o©f the invention 1is to eliminate these
disadvantages, and to offer an immersion nozzle that
vermits, as far as possible, transport of a metal melt in a
metallurgical melting vessel without problems, even i1f the
melt contains gas bubblesf

n order to achieve this object, the invention proceeds

from the following idea:

The described formation of gas bubbles, including larger
gas bubbles, mostly can not be prevented. To  the
contrary, it is metallurgically necessary for certain
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applications. The concept according to the invention
;anclvea mak;ng the existlng gas bubbles as harmles'-"- as
poss:Lble. In addltlon, the 1nvent}.on 1s Qased on the idea
of prov:l.ilng a way to remove the gas bubbles form the
molten stream before the metal melt is routed out of the

immersion ‘tube and into a molten metal bath of a

metallurgical melting vessel.

The invention here relies on the fact that gas bubbles
within a metal melt rise '(':'f.?loat up) . The larger the gas
bubbles and the lower tha V1scos ity of the met al melt tha
greater the tendency of the gas bubbles to rlse In other
words, i par icular the undesir ably large gas pbubkbbles with

small gas bubbles.

-Aga ‘nst this backar@p, the spemflc idea of the invention

is in prov.ldlng a chamber _,ust before the melt exits the
immersion tube, in Wi’llCh these types of gas buobles can

rise {escape). The chamber acts as a col la cting taﬂ}( oL
buffer vessel for the mentioned gas bubbles before the

latter get into the metal bath (the ingot).

Additional considerations relating to the invention
invelve either returnlng this gasﬁ these gas bubbles tc the
melt stream within the immersion tube, spec1flcally in such
a way as to comminute the gas bubbles as they are
introduced in the melt stream, thereby rendering them
largely harmless, or remove the gas from the system in an
alternative empodiment, meaning into  the ambient
atmosphere,

In its most general embodiment, the invention hence relates
to an immersion nozzle with the following features:

1.1 A tubular body:
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1.2 A pouring channel that extends from a first end
section of the tubular ’ib--r:z-dy where a metal melt enters
the p@uring chamme1'£0'a second-end-seation where the
metal melt exits the pouring channel via at least one

outlet opening;

1.3 At least one chember in the area of the second
section, which runs behind the respective outlet

and extends towards the first end section.

An immersion nozzle with the features I.l1 and 1.2 is prior
art, which will now be optimized by the structural design

In an immersicn nozzle of the kind known from EP 1 036 613
Bl cited above, the melt in the pouring channel at first
runs vertically from the top downwards, before it is

divided znd runs out of the immersion nozzle via two

dizmetrically opposed lateral outlet openings at an angle
of about 60°.

The invention now provides a champer at the second end
sectiorn of the :immersion nozzle, said chamber being in

fluid connection with the pouring channel, so that gas

pubbles transported within the melt stream can rise from
the melt stream into the chamber thereby being removed from
that part 0f the melt that flows into t"he me.--tail-lau rgical

melting'vessei or i%s metal bath respectively.

The emphasis 1is here placed on removing especially large
gas bubbles, meaning gas bubbles with az diameter of several
nmillimeters {up to the centimeter range), for example, from
the system, because these gas bubbles disrupt the process

n a speclal way, as described above.
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remain largely unchanged relative to prior art.

The chamber can ocriginate from a section of the pouring
channel along which the metal melt flows at an angle of >0
and <90° relative to the axial direction cf the tubular
body. If the flow conditions in the metallurgical vessel
oermit, the angle can also be 2 90°, enhancing the tendency

of gas bubble separation.

In the mentioned example, this would be the section in
the vertical flow

which the metal melt is diverted from
direction laterally to the outlet openings.

Ine chamber may follow the pouring channel essentially
radially outwardly, so that the limiting wall of the
pouring channel forms an inner wall ©of the chamber.

around the pouring channel, or consist of several chambers,
spaced apart from each other.

With respect to the embodiment of an immersion nozzle
according to EB 1 036 613 Bl, for example, two chambers are

preferably provided, wherein each chamber is allocated to
one of two melting streams at the outlet side end.

The invention further provides at least one additional

connecting area (an opening) to the pouring channel at a
distance to the first connecting area with the pouring
channel thereby imparting a kind of bypass function
to the chamber. Gas bubbles that have risen to the top
in the chamber from its lower end  (viewed  in the
primary direction of flow of the melt) can be returned
to the pouring channel, and hence into the melt
stream, at the upper end of the chamber, meaning the

end of the chamber facing the first end sthion-Cf ﬁhe
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p@mn g channel. It was here  discovered that when
stream, the gas bubbles are c:omn.nuted to a scale that
causes the least damage. In o-ther w-{:sz:ds,a the gas is not
removed form trse system J.n this embodiment, however, the
gas bubbles are comminuted to a scale where they no longer
po 5 e the cited problems in the metallurgical vessel, even
after entering into the molten bath. Rather, the comminuted
gas bubbles can then slowly rise, without turbulence and

any destruction of slag and casting powder layer.

ABccording to another embodiment the chamber prov ides an
.openlng at a diSta"lCE to :Lts lower end meanlnq offset
t-q*i«:;a_m‘s.-. t’he flrst end secTion ij the 1*rtm mcm nezzle,
whi ch opening provides & connection to ’Ch e ambient

atmosphere during proper use of the immersion nozzle.

Tn a typical application of the kind described in EP 1 036
612 Bl, this means that the openlng is arranged sbove the
q:1;»;*’1(3 level or above a castlng pmwder level, and in any case
above the moiten metal bath, when the immersion nozzle 15
in the mounted P@Sltioﬁﬂ ?ha:&fqgeg 1n t515 embadlmeng, the

'qas %s reuted'aut of ﬁhe area of the immersion nozzle into

The vpouring channel itself and its shape, paitiﬁﬁlﬁr in
he second end secticn towards the outlet op@nina or ocutlet
openings can be des.lcmed accordlng to prlor art. It is
advantageous f01 the pourlng channel ta be de51gned i thﬁ
second section in such a way that th@ metal meit flOWb out
cf the outlet ooenlng at an angle > 9 and < 90Q *@l&tlve Lo
the ax.Lal alrection of the tubular body, since this calms
the melt stream, and the gas bubbles can still rise towards
the top sufficiently.

The mentioned flow angle can be limited tc > 45% and < 75°
in another embodimeﬂt.
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The immersion nozzle can be manufactured with conventional
processes, and using refractory materials, for example as a
casted or pressed workpiece, made of a batch based on
Al,0,, TiO,, 2r0O,, MgO, CaO, etc.

The size of the chamber depends on the application 1in
question. The transition area (opening area) between
pouring channel and chamber will normally exhibit a cross
sectional area of 7-30 cm’, and the chamber as a whole: a
volume of 50-250 cm’, for example, in connection with an
immersion nozzle having a length of 900 mm, an outer
diameter of 120 mm, a pouring channel diameter of 70 mm and;
a cross sectional area of the outlet opening(s) of approx.

50 cm’.

Any directions 1indicated in this specification and the
claims relate to a functional position of the immersion
nozzle during use as intended.

The invention will be described 1in greater detail below
based on two exemplary embodiments, wherein Fig. 1 and 2
each show a schematic view of an outlet side (second) end
of an immersion nozzle according to the invention, on the
left on Fig. 1, while prior art is presented on the right.

Components that are 1identical or operate the same are
labeled with the same reference numbers on the figures.

Fig. 1 shows an 1immersion nozzle with a tubular body 10, a
pouring channel 12, which extends essentially
concentrically to the axial central longitudinal axis L of
the tubular body, specifically from a first end section 14
of the tubular body, where a metal melt enters the pouring
channel, to a second end section 16, where the metal melt
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exits the pouring channel 12 wvia twe lateral outlet

The pouzring cha m’;el 12 :1.3 demgned :Ln the area of th@
second end qection 16 m sacb a way that the metal melt‘
charges its onginal purely vertical dlxection of flm:;.
(arrow V), and the melt stream splits into two partial
flows (arrows T1, T2), which initially run at an angle o of
about 50° relative to the direction of flow V towards the

outlet openings 18.1, 18.2.

This change in direction is sugparted Dy an end-side
faceplate 13 of the immersion nozzle with oppositely
slanted inclined surfaces 15.1, 15.2. ’I’hls all represents

nrior art, and is shown in the right portion of Fig. 1.

The melt stream entrzins gas bubbles, for example from an
inéﬁt.gas treatment of the melt, wherein these gas bubbles
can exhibit a varrlnu size. This is diagrammatically
deneoted 1n *qe rlg;u pcrtlan of Fig. l'by arrows A, B, and
c, whe*e4n C dﬁpi»ts 3 typlcdl dlreatlﬁn of - lww for lax ger
gas buhblea, B a tjpxcal dlrectlon of flaw fo* medwum 517ed
gas bubbles, and A the direction in which the smallest gas
bubbles are routed into the melt bath S. In other words,
more or less homogeneously in the melt bath S, the larger
gas bubbles, especially those with a diameter exceeding 1
mm, rise in the molten bath S, causing the metallurgical
problems specified above. For example, these larger gas
b“‘bbles can break up a slaq 133’ er 2 6 lying on the moltep
bath and/or a c¢asting powder layer, as also denoted
diagrarmmatically in tne right portion of Fig. 1.

The immersion nozzle according to the invention is
distinguished from this pricr art by the geometry shown on
the left of Fig. 1:
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The immersion tube is out wardly expanded at @ppo.smng areas
of the lower end section 16 by a respective chamber 20,
which is bordered by an upper wall surfaca 200, an outer
and ‘@ateral amoznkng wall surface 203 that runs parall zl
to the body 10, and a part of the bmdv 10 an@,Lg cpen to
the bottom (toward the faceplate 15). In the upper area of
the chamber 2C, adjacent to the upper wall 20c, body 10 has
an opening 21 that provides a flow connection between the
interior of the body 10 (the pouring channel 12} and
chamber 20. ' :

Iﬁ]‘ni.‘ie Lhe melt stream ;Ls dlscharged laterally frcm the
1merslcn nozzle at the leawer end of the unmm:'s r:m nozzle
at 18.1, 18.2 as in prior art, wherein the finest gas
bubbles are essentially entrained similarly 1n arrow
direction &, and medium sized gas bubbles in arrow
direction B as described before, the chamwber 20 makes it
possible toc how prevent gas bubbles from rising in the
mclten bath S and destroying a slag or castlng powder
layer, 1instead zrepping them in the chamber 20 as dencted
by arrow C' . These luxge gas b1bbles than pass tﬁrmugh-the
opening 21 and return to the melt stream in the second end
section 16 of the body 10, where the gas bubbles are
comminuted by the casting jet stream, as diagrammatically
denoted by smaller circles in the area of opening 21.

These newly comminuted (smaller) gas bubbles, e.g. argon
bubbles, are then entrained with the melt stream agair in
arrow d:.r:ec:tzon V, and introduced via the outlet opening
1'8i .1 {and qlmllarly given a carrespondlng aes:i.gn on the
other side via outlet opening 18.2) into the molten bath S
of the metallurgical vessel 24, specifically according to
arrow directions A and B.

The erbodiment according to Fig. 2 differs from the

embodiment according.to'éig* 1 in that the Qpenlng(s} 21
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between the chamber(s) 20 and pouring channel 12 in the
upper wall section 20c of the chambers 20 is/are replaced
by gas outlet Openlngs 23 through which the gas bubbles can
escape  into the  ambient atwasphere U, as also

dlagramma§LCaily:denated‘by circles.

In the embodimert shown on Fig. 2, the immersion nozzle is
dimensioned in such a way that the upper limiting wall 20o
of each chamker 20 runs above the molten bath § or
corresponding slag or casting powder layer 26, so that the
sas bubbles exi: ing via the gas outlet openlngs 23 Ccé&n

escape directly into the ambient atmosphere,

nn immersion nozzle according to the invention includes the

twiiowlng f@atures.

|

The immersion nozzle i1is designed as a one-plece
component, meaning that the <tu bu lar body and

consist of the same Lef:acforv ceramic ma @rial;

- The pouring channel cross section corres maﬁda to the

inner cress section of the tubula; quy,':n a tubu?a*‘
body shaped like a circular cylinder (beaween -the
first and seccnd end section), the g¢ross section of

the melt stream is also circular in this section.

- Regularly there are no inserts or fittings in the
tubnlar body.

- The alverSLOn area fow the melt at the Gutlet smdp at
the second erzd sm,tl.on of Lh& tubular body is an
;ntegxgl ccmponent of the immersion nozzle,
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immersion tuba do not cbange du :mg use (except for

exrosion).

As a rule, the immersion tube is des;lgned in such a
way that the melt flowing vertically from the top down
is divided at the second end section into at least two
alldtat’e’d a "dh'-ahb"éf, wblch w’i"i’é‘ﬁ v1e:wed :1.n the
oefere tl‘*e area where the melt stream or a por**ion
thereof exits the immersion nozzle.
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An immersion nozzle comprising:

a tubular body (10);

a pouring channel (12), which extends from a first end
section (14) of the tubular body (10), where a metal
melt enters the pouring channel (12), to a second end
section (16), where the metal melt exits the pouring
channel (12) via at least one outlet opening (18.1,
18.2); and

at least one chamber (20) in the area of the second
end section (16), which runs behind the respective
outlet opening (18.1, 18.2) in the flow direction of
the metal melt, and extends towards the first end
section (14) wherein the at least one chamber (20) 1is
bordered on the inside by the tubular body (10),
characterized by at least one connecting opening (21)

between the at least one chamber (20) and the pouring

channel (12).

The immersion nozzle according to claim 1, wherein the
at least one chamber (20) essentially runs parallel

to the pouring channel (12).

The immersion nozzle according to claim 1, wherein the
at least one chamber (20) proceeds from a section of

the pouring channel (12), along which the metal melt
flows at an angle >0 and <90 degrees relative to the

axial direction of the tubular body (10).

The immersion nozzle according to claim 1, wherein the
connecting opening (21) adjoins an upper end of the at

least one chamber (20).

The immersion nozzle according to claim 1, wherein the
pouring channel (12) at its second end section 1s
designed in such a way that the metal melt flows out

of the outlet opening (18.1, 18.2) at an angle >0 and
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<90 degrees relative to the axial direction of the

tubular body (10).

The immersion nozzle according to claim 1, wherein the
pouring channel (12) at its second end section (16) 1is
designed in such a way that the metal melt flows out
of the outlet opening at an angle >45 and <75 degrees
relative to the axial direction of the tubular body
(10).
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