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Description

[0001] The invention relates to a pouring nozzle. Such
pouring nozzle may be used for the transfer of a metal
melt from one (upper) metallurgical vessel to a second
(lower) metallurgical vessel, for example for the transfer
of a steel melt from a ladle to a tundish.

[0002] Such pouring nozzles are made of at least one
refractory material (to withstand the high melt tempera-
tures) and comprise a tubular region, defining a first part
of a pouring channel, and a plate like region with an orifice
defining a second part of said (common) pouring channel.
Said plate like region which usually is integral with said
tubular region is arranged at one end of the tubular mem-
ber. This leads to a T-like design of the total pouring noz-
zle.

[0003] Typically two of said pouring nozzles are ar-
ranged in the outflow area of a metallurgical melting ves-
sel. One of said two nozzles being mostly arranged within
the refractory lining of the vessel, e.g. within a well block.
This so called inner nozzle is mounted with its tubular
region at its upper end and the plate like region at its
lower end.

[0004] By this instalment the plate like region may be
used as one part of a sliding gate valve. For this purpose
the plate like region has a flat surface at its free (lower)
end, which flat surface running perpendicular to a longi-
tudinal axis of the pouring channel, i. e. more or less
horizontal in the mounted position of the pouring nozzle.
[0005] Correspondingly a second nozzle (often called
outer nozzle or exchange nozzle) may be installed below
said inner nozzle, e.g. mounted vice versa with its plate
like part at its upper end and the tubular part at its lower
end. This nozzle often may be moved after installation.
Again the free surface of the plate like region should be
flat so as it may be used as a sliding surface within a 2
or 3 plates sliding mechanism.

[0006] It is further known to encapsulate a least part
of such a nozzle by a metallic envelope (metal casing).
This casing stabilizes the nozzle and facilitates the ex-
change of the nozzle. The metallic can further provides
the necessary geometrical accuracy for effective fit with
a corresponding operational or exchange mechanism
and mechanical support to the relatively brittle refractory
ceramic nozzle components.

[0007] Due to a combination of thermo-mechanical
forces established during preheat of the nozzle, ex-
change motion and/or cast operation stresses are creat-
ed within the nozzle which may result in cracks through
its wall, especially at the transition area where the plate
and tubular portions meet.

[0008] The inventors have analyzed by computer sim-
ulation studies the origins of said crack formation. It was
noted that for the lower (moving) element the highest
stresses occur over the support mechanism for said noz-
zle and being greatest at the central transverse axis over
the loading mechanism. In the classical "T" form of a
pouring nozzle these support forces create a highly
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stressed zone between the support surface and the pour-
ing channel along which a crack may propagate from the
exterior to the bore (pouring channel) of the tube section
under the support flange (the plate like member).
[0009] It was further observed that under operating
conditions differential expansion causes surface deflec-
tion. Whilst the surfaces of the pair of plates around the
pouring channel remain in intimate contact with each oth-
er plate surfaces in the outer areas become separated
as illustrated in figure 1.

[0010] Itis an object of the invention to provide a pour-
ing nozzle which may either be used as inner or outer
nozzle which provides the necessary accuracy for effec-
tive fit within a corresponding holding or pushing mech-
anism while at the same time providing the necessary
stability over the range of the temperatures encountered
in assembly, preheat and operation.

[0011] It has been found by the inventors that the dis-
advantages of prior art devices may be overcome by the
arrangement of at least one stiffening element within the
refractory material of the plate like member or between
said plate like member and the metallic envelope. A fur-
ther alternative, which leads to similar results, is to make
the stiffening element part of the metallic envelope such
that the stiffening element then protrudes into the refrac-
tory material of said plate like member.

[0012] In its most general embodiment the invention
relates to a pouring nozzle made of at least one refractory
material and comprising a tubular member defining a first
partof a pouring channel and a plate like member integral
with said tubular member and projecting from the tubular
member along its periphery at the one end, said plate
like member having an orifice defining a second part of
said pouring channel and a flat surface at its free end,
which flat surface running perpendicular to a longitudinal
axis of said pouring channel, at least part of the plate like
member and/or of the tubular member being encapsu-
lated by a metallic envelope, wherein at least one stiff-
ening element is arranged within the refractory material
of said plate like member, between said plate like mem-
ber and the metallic envelope or protruding from said
metallic envelope into the said plate like member.
[0013] The design configuration of the external encap-
sulation facilitates introduction of integral stiffening within
the support can. The extra rigidity provided by such in-
tegral, internal stiffening elements introduces the poten-
tial to absorb the point loading forces from a correspond-
ing support mechanism and distribute any such forces
evenly across a wide area of the encapsulated refractory
ceramic material and thereby onto the head and tubular
regions of the nozzle.

[0014] Various design configurations of the integral
stiffening elements are possible to provide maximum
strength with minimum weight and maximum compatibil-
ity with the support mechanism of the nozzle change de-
vice.

[0015] According to one embodiment the pouring noz-
zle comprises two stiffening elements, arranged at op-
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posite ends of said plate like member. Typically the plate
like member is shaped as a parallelepiped, especially
when used within a sliding gate arrangement. It then com-
prises two (of four) opposite support flanges against
which the support mechanism acts.

[0016] The stiffening elements may have various
shapes. They can be shaped as arod, as a helical spring,
as a bar or the like.

[0017] Along with pouring nozzles comprising a plate
like member with a circular free surface area the plate
like member may have the shape of a ring.

[0018] The stiffening element (reinforcement element)
may be fully surrounded by refractory ceramic material
(first alternative). It may also be arranged between the
refractory ceramic material and the metallic envelope (al-
ternative 2). In alternative 3 the reinforcement member
is part of the metallic envelope and arranged like a flange
along the inner wall of said envelope. All these three em-
bodiments will be further disclosed by examples herein-
after.

[0019] The stiffening element may be arranged such
that one of its surfaces forms part of the flat surface of
the plate like member. It is then preferably arranged at
the outer periphery of the flat surface of the plate like
member. This minimizes the risk of any deflection in the
outer peripheral region of the plate like member accord-
ing to figure 1.

[0020] As principally disclosed in EP 1 133 373 B1 a
shock absorbing interface zone may be arranged be-
tween the basic (inner) refractory material and the stiff-
ening element(s) and/or the (outer) metallic envelope.
Said shock absorbing interface zone may be made of a
second refractory material which becomes deformable
at temperatures experienced during use of said pouring
nozzle in metal casting. For further details reference is
made to EP 1 133 373 B1.

[0021] The inventive concept may be applied to pour-
ing nozzles of a strong T-shape, i. e. nozzles comprising
a plate like region the supporting surfaces of which run-
ning more or less parallel to the flat surface at their free
end. The concept may as well be applied to nozzles ac-
cordingtofigure 3of EP 1133373 B1 (identical to nozzles
according to EP 1 590 114 B1) comprising bearing sur-
faces (opposite the free flat surface) which bearing sur-
faces form an angle unequal 90° with the longitudinal
axis of the pouring channel.

[0022] Inthelatter case part(s) of the stiffening element
(s) form part of the chamfered surface sections (bearing
surfaces).

[0023] The stiffening element(s) may be made of any
material improving the manufacturing, use or exchange
of a pouring nozzle for metal casting. One of the most
favourite materials is metal but a ceramic of high modulus
of rupture may be favourite as well.

[0024] Further features of the invention are disclosed
in the sub claims and the other application documents.

[0025] The invention will now be described in more de-
tail relating to the attached drawing, which schematically
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shows:

Figure 1: A cross sectional view of a pouring nozzle
according to prior art after use.

Figure 2: A cross sectional view of a pouring nozzle
according to the invention (embodiment 2).

Figure 3: A cross sectional view of a pouring nozzle
according to the invention (embodiment 3).

Figure 4: A cross sectional view of a pouring nozzle
according to the invention (embodiment 1).

[0026] Figure 1 shows aninner nozzle 10 and an outer

nozzle 12 of a generally T-shaped design with flanges of
similar geometric design but both nozzles 10, 12 could
as well be characterised by identical designs.

[0027] During use under operating conditions at ele-
vated temperatures differential expansion causes sur-
face deflection within said known nozzle. A contact be-
tween the respective flat surface sections 10s/12s is only
maintained around a central pouring channel 14 while
outer surface areas 12so separate and create unre-
strained regions free to deflect under the pressure of clos-
ing forces (arrows C) creating a bending/tearing stress
concentrated at the meeting point of the plate like part
and the tubular element which may cause a crack "CS"
from the exterior towards bore 14.

[0028] Nozzle 12 offigure 2 comprises a tubular region
12t defining afirst part of pouring channel 14. Said tubular
part 12t is made from a common refractory ceramic ma-
terial and is integral with a plate like region 12p following
upwardly. Said plate like region 12p is of larger cross
sectional area than part 12t and comprises an inner part
12pi made of the same refractory material as tubular
member 12t and two metallic parts 12pm running along-
side two opposite sides of the inner part 12pi. While the
inner surfaces of the metallic parts 12pm are touching
the corresponding outer surface areas of the refractory
part 12pi the outer surfaces of part 12m are in contact
with an envelope 16, as described hereinafter.

[0029] Said plate like member 12p provides aflat upper
surface 12s at its free end (opposite tubular part 12t)
which surface 12s being defined by a combination of cor-
responding surfaces of the refractory part 12pi and said
two metal reinforcement inserts 12pm, presenting stiff-
ening elements. Following the outer (peripheral) design
the said stiffening elements (metallic parts 12pm) are
characterised by an upper vertical outer surface 12pmo,
followed by an inclined surface portion 12pmi while the
respective inner walls are running vertical from upper sur-
face 12s to the respective lower ends.

[0030] A metallic can 16 encapsulates the plate like
member 12p and the annexed area of tubular member
12t. The longitudinal axis of this nozzle 12 is marked as
"L

[0031] When nozzle 12 of figure 1 is replaced by one
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incorporating the design shown in figure 2 with the inte-
gral stiffening members, the temperature conditions aris-
ing from service again generate a differential thermal de-
flection across the plate surface 12s. However the said
stiffening elements 12pm bear the pressures from the
closing mechanism and prevent them from establishing
any bending stress moment across the refractory mate-
rial of the nozzle 12.

[0032] Besides this important effect nozzle 12 accord-
ing to figure 2 provides the further advantage that its
chamfered bearing surfaces, provided by the can sec-
tions opposite surface sections 12pmi present increased
mechanical stability because the stiffening elements
12pm are arranged directly behind this bearing surfaces.
[0033] A similar effect may be achieved by a pouring
nozzle 12 according to figure 4 which differs from that of
figure 2 just in the arrangement of said two stiffening el-
ements 12pm.

[0034] Both stiffening elements 12pm are designed as
rods (bars) and placed within the refractory ceramic ma-
terial of plate like member 12p, i.e. they are fully sur-
rounded by said refractory material.

[0035] The respective cross sectional area is adapted
to the outer design of plate like member 12p. Especially
said stiffening element 12pm provides inclined lower sur-
face sections 12pmi running parallel to corresponding
inclined bearing surfaces 16b of metal can 16.

[0036] Figure 3 represents a pouring nozzle 10 used
asaninnernozzle according toinner nozzle 10 of figure 1.
[0037] Nozzle 10 again comprises a tubular part 10t
followed (here: at its lower end) by a plate like part 10p.
The transition area between tubular part 10t and plate
like part 10p is marked as "T".

[0038] Figure 3 shows that tubular part 10t is - at its
lower end - surrounded by a sleeve 18, made of a refrac-
tory material different to that of part 10t. This sleeve 18
continues around the plate like member 10p and in turn
is encapsulated by an outer metallic envelope 16 which
ends shortly before the free and flat surface area 10s at
the lower end of nozzle 10.

[0039] A shock absorbing interface layer "S", made
from a material which becomes deformable at the tem-
peratures experienced during use of said pouring nozzle,
may be introduced between the refractory pouring nozzle
element 10p and the second surrounding refractory
sleeve 18.

[0040] Followingthe shape of sleeve 18 can 16 is char-
acterised by a cylindrical part at its upper end, followed
by an inclined (outwardly extending) portion 16b and an
outwardly extending horizontal part 16h followed by a
final vertically running portion 16v.

[0041] That part of envelope 16 provided by horizontal
part 16h and vertical portion 16v is mechanically rein-
forced by two stiffening elements 10pm, protruding from
opposing inner wall of envelope 16. Both of said stiffening
elements are designed as rods with a rectangular square
section. They are replacing part of encapsulating material
of sleeve 18.
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[0042] The refractory material of tubular part 10t ex-
tends into the area of plate like member 10p and is char-
acterised by an outwardly tapered portion 10pi providing
the inner part of surface section 10s around the pouring
channel 14.

[0043] Thetwo metal bars 10pm again act as stiffening
elements similar to stiffening elements in figures 2 and
4. According to the embodiment of figure 3 theses stiff-
ening elements 10pm are integral part of the outer me-
tallic envelope 16.

[0044] The shape of the can and any adjacent stiffen-
ing means like 12pm or 10pm in any of the embodiments
shown may have a profile suited to any specific mecha-
nism configuration.

Claims

1. Pouring nozzle made of at least one refractory ma-
terial and comprising a tubular member (10t, 12t)
defining a first part of a pouring channel (14) and a
plate like member (10p, 12p), integral with said tu-
bular member (10t, 12t) and projecting from the tu-
bular member (10t, 12t) along its periphery at one
end, said plate like member (10p, 12p) having an
orifice defining a second part of said pouring channel
(14) and a flat surface (10s, 12s) atits free end, which
flat surface (10s, 12s) running perpendicular to alon-
gitudinal axis (L) of said pouring channel (14), atleast
part of the plate like member (10p, 12p) and/or of
the tubular member (10t, 12t) being encapsulated
by a metallic envelope (16), wherein at least one
stiffening element (10 pm, 12pm) is arranged be-
tween said plate like member (10p, 12p) and the me-
tallic envelope (16) or part of said metallic envelope
and arranged like a flange along the inner wall of
said metallic envelope (16).

2. Pouring nozzle according to claim 1, comprising two
stiffening elements (10pm, 12pm), arranged at op-
posite sides of said plate like member (10p, 12p).

3. Pouring nozzle according to claim 1, wherein the
stiffening element has the shape of a rod.

4. Pouring nozzle according to claim 1, wherein the
stiffening element has the shape of a helical spring.

5. Pouring nozzle according to claim 1, wherein the
stiffening element has the shape of a ring.

6. Pouring nozzle according to claim 1, wherein the
stiffening element (10pm) is part of the envelope
(16), which stiffening element (10pm) protrudes from
the inner wall of said envelope into said refractory
material of said plate like member (10p).

7. Pouring nozzle according to claim 1, wherein the
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stiffening element (12pm) is arranged such that one
of its surfaces forms part of the flat surface (12s) of
the plate like member (12p).

Pouring nozzle according to claim 7, wherein the
stiffening element (12pm) is arranged at the outer
periphery of the flat surface (12s) of the plate like
member (12p).

Pouring nozzle according to claim 1, wherein cham-
fered surface sections of said plate like member op-
posite its flat surface form an angle a between 20
and 85° with the longitudinal axis (L) of the pouring
channel.

Pouring nozzle according to claim 9, wherein part(s)
of the stiffening element(s) form part of the said
chamfered surface sections ().

Pouring nozzle according to claim 1, comprising a
second refractory zone (18) between the envelope
(16), the stiffening element(s) (10pm) and the plate
like member (10p).

Pouring nozzle according to claim 11, where a shock
absorbing interface zone (S) is arranged between
zone (18) and plate like member (10p) and made
from a refractory material, which becomes deform-
able at temperatures experienced during use of said
pouring nozzle.

Pouring nozzle according to claim 1, comprising at
least one metallic stiffening element (10pm, 12pm).

Pouring nozzle according to claim 1, comprising at
least one high density ceramic stiffening element
(10pm, 12 pm).
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