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(57) Abstract: A nozzle for use in the continuous casting of molten
metal which comprises two sidewalls and a bottom face connecting
the two sidewalls. There is also a central bore through the nozzle.
The nozzle further comprises at least one aperture in the bottom face
of the nozzle and at least one baffle located within the aperture con-
necting the two sidewalls. The baffle divides the aperture into a
plurality of outlets. The nozzle is characterized in that at least one
of the baffles at least partially extends beyond the bottom face of the
nozzle.
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Casting Nozzle With External Nose.

Specification.

Cross-reference tp related applications.

[0001] This application claims the benefit under 35 U.S.C. §120 of the filing date of U.S.
Provisional Application No. 60/525,532 filed November 26, 2003.

Field of the invention.

[0002] The present invention generally relates to nozzles used for the continuous casting of
liquid metal. More specifically, the present invention relates to an improved nozzle having a
plurality of outlets.

Description of the related art.

[0003] Thin-slab continuous casting (“TSC") is a recent casting technology for the production of
flat steel products. One of the main features of TSC is the relatively small thickness of the
casting mold as compared to the width of the casting mold. In the TSC process, liquid metal,
and in particular liquid steel, is generally poured into the mold of the casting machine through a
casting nozzle. A casting nozzle used for TSC is fashioned from refractory ceramic materials
and is shaped to fit within the upper portion of the mold cavity. The shape of the casting nozzle
takes the form of a tube with a generally cylindrical upper portion and a generally flat lower
portion. The flat lower portion is generally wider and thinner than the upper cylindrical portion.
The casting nozzle has a central bore that serves as a flow channel through which the liquid
metal flows as it moves through the nozzle. Liquid metal enters the flow channel at the upper
end of the casting nozzle, flows through the flow channel, and exits from the outlet end of the
flow channel in the lower portion of the casting nozzle. Baffles are often located at the outlet end
of the flow channel. Typically, the lower portion of the flow channel contains at least one baffle
that divides the flow channel into at least two outlets through which the liquid metal is discharged
from the nozzle into the mold.

[0004] As a result of the wide flat geometry of the lower part of the nozzle, the nature of the
thermo-mechanical properties of ceramic refractory materials, and the highly varying
temperatures to which the nozzle is subjected, the refractory body of the casting nozzle
experiences intense transient stresses during use. These stresses concentrate along the narrow
sides of the lower portion of the nozzle and in the region of the baffles during use. These
stresses become particularly severe during certain steps of the casting process. For example,
during nozzle pre-heating, the start of liquid metal flow through the nozzle, and the initial
immersion of the nozzle into the liquid metal pool accumulated in the mold. During these process
steps, the casting nozzle is subjected to rapid temperature changes and high stress
concentrations that can cause cracking of the refractory body of the nozzle. The cracking can
lead to the leaking of air into the nozzle, or the leaking of liquid metal out of the nozzle, and even
to nozzle breakage during use. Leaking and nozzle breakage can lead to casting process

disruptions and degradation of cast metal quality.
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[0005] Typically, at least one baffle connects the front refractory wall of the nozzle to the back
refractory wall of the nozzle, dividing the flow channe! so as to define a plurality of outlets. The
baffles do not extend beyond the outer edge of the flow channel. FIG. 1 shows the lower portion
of a traditional casting nozzle 10 with one baffle 12 dividing the flow channel 14 into two outlets
16, 18. FIG. 1(c) illustrates some of the typical locations of cracking 22, 24, 26 found in the
nozzle 10. FIG. 2 shows the lower portion of another casting nozzle 30 having three baffles 31,
32, 33 dividing the flow channel 34 into four outlets 36, 37, 38, 39. FIG. 2(c) also illustrates the
typical locations of cracking 42, 44, 46 in the casting nozzle 30.

[0006] Nozzles such as those illustrated in FIGS. 1 and 2 are subject to cracking of the
refractory body as the result of the concentration of stress in certain regions. These stresses
become particula‘rly severe during certain steps of the casting process, for example, nozzle pre-
heating, start of liquid metal flow through the nozzle, and initial immersion of the nozzle into the
liquid metal pool accumulated in the mold when the casting nozzle is subjected to rapid
temperature changes. During the aforementioned casting process steps, cracking of the baffles
and also cracking of the sidewalls frequenily occur. The general locations of these cracks are
illustrated in FIGS. 1(c) and 2(c). This cracking may lead to the leaking of air into the nozzle, or
the leaking of liquid metal out of the nozzle, and even to nozzle breakage during use. Leaking
and nozzle breakage can lead to casting process disruptions and degradation of cast metal
quality.

[0007] It has been discovered by the inventors, that cracking of the refractory body of a casting
nozzle, as discussed above, typically occurs in stages. The first stage of cracking includes the
formation of cracks in the baffles. This first stage may also be accompanied by cracking of the
sidewalls at their lower edges. The second stage of cracking involves the propagation and
growth of the baffle cracks. If a crack in a baffle grows to completely break the connection of the
baffle between the front and back refractory walls of the nozzle, the stress concentrations in the
sidewalls are intensified, causing the third stage of cracking. In the third stage of cracking,
sidewall cracks either, initiate at the lower sidewall edges and subsequently grow larger, or
sidewall cracks already present are caused to grow. In ether case, sidewall cracks may continue
to grow until complete failure of the nozzle occurs.

Summary of the invention.

[0008] Itis the object of the invention to provide a nozzle for use in the continuous casting of
molten metal, the nozzle comprising two sidewalls and a bottom face connecting the two
sidewalls, thereby defining a central bore through the nozzle. The nozzle further comprises at
least one aperture in the bottom face of the nozzle and at least one baffle located within the
aperture connecting the two sidewalls. The baffle thereby divides the aperture into a plurality of
outlets. The nozzle is characterized in that at least one of the baffles at least partially extends
beyond the bottom face of the nozzle.

Brief description of the several drawings.

[0009] FIG. 1ais a cross-sectional view of a traditional casting nozzle.
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[0010] FIG. 1bis a perspective view of the casting nozzle of FIG. 1a.

[0011] FIG. 1cis a perspective view of the casting nozzle of FIG. 1a, illustrating typical cracking
locations.

[0012] FIG. 2ais a cross-sectional view of a traditional casting nozzle.

[0013] FIG. 2b is a perspective view of the casting nozzle of FIG. 2a.

[0014] FIG. 2cis a perspective view of the casting nozzle of FIG. 2a, illustrating typical cracking
locations.

[0015] FIG. 3 is a cross-sectional view of a casting nozzle in accordance with a first
embodiment of the present invention.

[0016] FIG. 4 is a perspective view of the casting nozzle of FIG. 3.

[0017] FIG. 5is a cross-sectional view of a casting nozzle in accordance with an alternate
embodiment of the present invention.

[0018] FIG. 6 is a perspective view of the casting nozzle of FIG. 5

Detailed description of the preferred embodiments.

[0019] FIGS. 3 and 4 illustrates the lower portion of a casting nozzle 50 in accordance with an
embodiment of the present invention. The nozzle 50 comprises two sidewalls 51 and a bottom
face 58 connecting the two sidewalls 51, thereby defining a central bore 52 through the nozzle
50. The nozzle 50 further comprises at least one aperture 56 in the bottom face 58 of the
nozzle 50 and at least one baffle 54 located within the aperture connecting the two sidewalls 51.
The baffie 54 thereby divides the aperture 56 into a plurality of outlets. The nozzle 50 is
characterized in that at least one of the baffles 54 at least partially extends beyond the bottom
face 58 of the nozzle 50. ,

[0020] In the embodiment illustrated in FIGS. 3 and 4, the nozzle 50 preferably comprises three
baffles 54 that divide the aperture 56 into four outlets. However, it should be noted that any
number of baffles may be used, as long as the desired flow rates and flow patterns are still
achieved. The casting nozzle 50 includes baffles 54 that extend beyond the bottom face 58.

As can be seen, the extension of a baffle 54 beyond the bottom face 58 may take the form of a
protruding nose or protrusion 55.

[0021] As best seen in FIG. 4, the protruding nose 55 of a baffie 54 has the general shape of a
dome, and this dome-like shape is on the exterior of the bottom face 58 of the nozzle 50. The
dome like-shape can be trapezoidal or smoothly curved as shown in FIG.4, but the protrusion 55
of the baffle 54 must extend beyond the bottom face 58 of the nozzle 50. It should be noted that
the interior portion 53 of the baffle 54 that is between the sidewalls 51 still serves the traditional
purpose of dividing the flow of the molten metal in the central bore 52 into several flow streams
that exit the nozzle 50 through the plurality of outlets.

[0022] While the protruding nose 55 of the baffle 54 may extend out any distance from the
bottom face 58 of the nozzle 50, it is preferable that the distance of extension of the protrusion
55 beyond the bottorn face 58 of the nozzle be at least equal to one-half of the thickness of the

central bore 52 in the region of the baffle 54. The thickness of the central bore 52 is defined as
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the distance of separation between the two sidewalls 510f the nozzie 50.

[0023] FIGS. 5 and 6 illustrate the lower portion of a casting nozzle 70 in accordance with an
embodiment of the present invention. The nozzle 70 comprises two sidewalls 71 and a botiom
face 78 connecting the two sidewalls 71, thereby defining a central bore 72 through the nozzle
70. The nozzle 70 further comprises at least one aperture 76 in the bottom face 78 of the
nozzle 70 and at least one baffle 74 located within the aperture connecting the two sidewalls 71.
The baffle 74 thereby divides the aperture 76 into a plurality of outlets. The nozzle 70 is
characterized in that at least one of the baffles 74 at least partially extends beyond the bottom
face 78 of the nozzle 70.

[0024] In the embodiment illustrated in FIGS. 3 and 4, the nozzle 70 preferably comprises three
baffles 74 that divide the aperture 76 into four outlets. However, it should be noted that any
number of baffles may be used, as long as the desired flow rates and flow patterns are still
achieved. The casting nozzle 70 includes baffles 74 that extend beyond the bottom face 78.

As can be seen, the extension of a baffle 74 beyond the bottom face 78 may take the form of a
protruding nose or protrusion 75.

[0025] As best seen in FIG. 6, the protruding nose 75 of a baffle 74 has the general shape of a
section of a cylinder, and this cylindrical-section shape is on the exterior of the nozzle body.
Alternatively, the protruding nose could have the shape of a section of a pyramid, trapezoid, or
rectangular box, although a curved convex surface as shown in FIG. 6 is preferable. As
discussed above with regard to the embodiment shown in FIGS. 3 and 4, the protrusion 75 of the
baffle 74 must extend beyond the bottom face 78 of the nozzle 70. It should be noted that the
interior portion 73 of the baffle 74 that is between the sidewalls 71 still serves the traditional
purpose of dividing the flow of the molten metal in the central bore 72 into several flow streams
that exit the nozzle 70 through the plurality of outlets.

[0026] While the protruding nose 75 of the baffle 74 may extend out any distance from the
bottom face 78 of the nozzle 70, it is preferable that the distance of extension of the protrusion
75 beyond the bottom face 78 of the nozzle be at least equal to one-half of the thickness of the
central bore 72 in the region of the baffle 74. The thickness of the central bore 72 is defined as
the distance of separation between the two sidewalls 710of the nozzle 70.

[0027] A characteristic feature of a casting nozzle of the present invention is the incorporation
into the nozzle body of an external protrusion on a baffle. The presence of an external baffle
protrusion significantly diminishes stress concentrations in all of the critical regions in the lower
nozzle body and significantly reduces the sensitivity of the nozzle body to cracking during nozzle
preheating, start of liquid metal flow through the nozzle, and initial immersion of the nozzle into
the liquid metal accumulated in the mold, or any other occasion when the casting nozzle is
subjected to rapid temperature changes. The presence of an external protruding nose
significantly inhibits cracking of the baffle equipped with the nose and thus interrupts the first and
second stages of nozzle cracking so as to render nozzle leakage and ultimately nozzle failure by

sidewall cracking to be considerably less likely. The inventors have found that it is preferable to
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fashion a casting nozzle such that all baffles have an external protruding nose, however even

the inclusion of a single nose in a casting nozzle with multiple baffles provides a significant
reduction in stress concentration and thus a great reduction in the potential of failure by cracking.
[0028] Obviously, numerous modifications and variations of the present invention are possible.

5 ltis, therefore, to be understood that within the scope of the following claims, the invention may
be practiced otherwise than as specifically described.
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We claim:

1.

10.

11.

A nozzle for use in the continuous casting of molten metal, the nozzle comprising:

a) two sidewalls and a bottom face at an outlet end of the nozzle connecting the two

sidewalls, thereby defining a central bore through the nozzle;
b) at least one aperture in the bottom face of the nozzle; and

c) atleast one baffle located within the aperture, and connecting the two sidewallls,

thereby dividing the at least one aperture into a plurality of outlets;

characterized in that at least one of the baffles at least partially extends beyond the

bottom face of the nozzle.

The nozzle of claim 1, characterized in that the nozzle comprises three baffles.

The nozzle of claims 1 or 2, characterized in that the baffles extend beyond the bottom

face of the nozzle a distance equal to approximately one half of the distance between

the two sidewalls at the baffies.

The nozzle of claims 1 to 3, characterized in that all of the baffles at least partially

extend beyond the bottom face of the nozzle.

The nozzle of claims 1 to 4, characterized in that the portion of the baffle extended

beyond the bottom face of the nozzle is cylindrical in shape.

The nozzle of claims 1 to 4, characterized in that the portion of the baffle extended

beyond the bottom face of the nozzle is trapezoidal in shape.

The nozzle of claims 1 to 4, characterized in that the portion of the baffle extended

beyond the bottom face of the nozzle is curved and convex in shape.

A nozzle for use in the continuous casting of molten metal, the nozzle comprising:
a) two sidewalls and a bottom face at an outlet end of the nozzle; and

b) more than one outlet in the bottom face of the nozzle; and

c¢) a protrusion from the bottom face of the nozzle in between at least one pair of

outlets.
The nozzle of claim 8, characterized in that the nozzle comprises three protrusions.

The nozzle of claims 8 or 9, characterized in that the protrusion extend beyond the
bottom face of the nozzle a distance equal to approximately one half of the distance

between the'two sidewalls at the outlet.

The nozzle of claims 8 to 10, characterized in that a protrusion is present between each

pair of outlets.
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12. The nozzle of claims 8 to 11, characterized in the protrusions are cylindrical in shape.
13. The nozzle of claims 8 to 11, characterized in that the protrusions are trapezoidal in
shape.
14, The nozzle of claims 8 to 11, characterized in that the protrusions are curved and
5 convex in shape.
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Fig. 3 Fig. 4
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