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@ Apparatus for strip casting having a heated orifice.

@ A strip casting apparatus is disclosed comprising a
tundish (10) for receiving and holding molten metal and an
orifice passage (14) defined between two spaced lips (18,19)
through which the moiten metal is delivered to a casting
surface located within 3.048mm (0.120 inch) of the orifice
passage and movable past the orifice passage at a speed of
from 61 to 3048 metres (200 to 10,000 linear surface feet) per
minute. In the apparatus of the present invention at least one
lance (42,72) is disposed with a tip (44,74) of the lance (42,72)
directed toward a cavity in the tundish adjacent at least a
portion of the material defining at least one of the lips (18,19)
of the orifice passage (14). Equipment is provided for
delivering reactive gases through the lance (42,72) and into
the cavity, and at least one aperture (46,76) is provided
through which combustion products from the reactive gases
escape the cavity in the tundish (10). One lip (18,19} defining
the orifice passage (14) of this invention may comprise a
molten metal resistent plate (40,70). The improvement of this
invention comprises a heat conductive iayer (48,78) in the
cavity in the tundish (10) at least at a location where the
reactive gases from the lance (42,72) impinge against the
tundish material.
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APPARATUS FOR STRIP CASTING

HAVING A HEATED ORIFICE

The present invention is directed to strip casting
apparatus comprising an improved tundish assembly wherein
an orifice of the tundish is able to be heated prior to
and during a strip casting operation. More particularly,
the present invention pertains to a heat conductive layer
provided in the tundish at least at a location where
reactive gases impinge against the tundish material.

In the development of strip casting apparatus it
has become increasingly apparent that the nozzle or orifice
passage through which the molten metal passes to a casting
surface, is a critical feature. 1In particular, the slot
defining the orifice passage must have a substantially
uniform width dimension across the longitudinal extent
thereof. The spacing of the orifice lips from a casting
surface during a casting operation is also important. ' The
maintenance of the slot dimensions during a casting
operation and minimizing the possibilities of the orifice
passage freezing during a casting operation have become more
critical considerations as the width of the strip material,

and likewise the overall width of the orifice passage,
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increases.

In a co-filed patent application of the present
applicants entitled Strip Casting Apparatus With Heated
Orifice an apparatus for heating the orifice in a strip
casting tundish is set forth. Generally, such apparatus
includes at least one lance with the tip thereof disposed
within a cavity in the tundish. By delivering reactive
gases through such lance and into the cavity, heat transfers
through the lips defining the orifice passage and keeps such
lips hot before and during the casting operation.

It has been found, however, that such reactive gases
can adversely affect certain tundish materials, especially
when used over prolonged periods. For example, such constantly
impinging gases may cause flame abuse and chemical attack
of the tundish materials, particularly at the location in the
tundish where such reactive gases impinge against the
tundish materials.

Accordingly, a new and improved apparatus for casting
metallic strip material is desired which permits heating
of the orifice passage, yet ensures thaf the tundish
materials are protected from flame abuse,'chemical attack and
the like as a result of the heating operation.

Among the objects of the present invention is the
provision of a strip casting apparatus able to heat the
orifice passage without adversely affecting the tundish
material during heating.

Another object of the present invention is to provide
an improved strip casting apparatus in which at least one

of the surfaces forming the orifice passage of the tundish
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may be continuously heated, before, during or after a
casting operation without adversely affecting thé tundish
material.

Another object of the invention is to provide a heat
conductive layer within the tundish at a location where
reactive gases impinge against the tundish material which
layer is able to protect the tundish material from flame
effects and chemical attack, and yet promotes heat
transfer therethrough to maintain the orifice passage in a
heated condition.

Anothér object of this invention is to provide a strip
casting apparatus in which the dimensions qf the slot
defining the orifite- passage in the apparatus of the present
invention can be adequately maintained even when relatively
wide strip material is being cast.

The present invention provides strip casting apparatus
comprising a tundish for receiving and holding molten metal,
and an orifice passage defined between two spaced lips
in the tundish through which the molten metal is delivered
to a casting surface located within 3.048mm .(0.120 inch)

. of the orifice passage and movable past the orifice passage
at a rate of from 61 to 3048 met£es (200 to 10,000 linear
surface feet) per minute, at least one cavity in the
tundish adjacent at least a portion of the material defining
at least one of the lips of the orifice passage, at least
one lance disposed through a portion of the tundish with a
tip of said lance directed toward said cavity, means for

delivering reactive gases through said lance and into said
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cavity to provide sufficient heat in said cavity to cause
heat transfer through the lip to heat at least a portion
of said orifice passage, at least one aperture in
communication with said cavity through which combustion
products from the reactive gases escape the cavity in the
tundish, énd a heat conductive layer in the cavity in the
tundish at least at a location where reactive gases from
the lance impinge against the tundish material.

The invention will be more fully understood and
appreciated with reference to the accompanying drawings,
in which:-

Figure 1 is a side elevation view, partly in section,
of a tundish for use in apparatus of the present invention
illustrating means for heating a plate forming part of an
orifice passage.

Figure 2 is a front elevation view of the tundish shown
in Figure 1.

Figure 3 is a side elevation view, partly in section,
of an alternative tundish for use in apparatus of the present
invention.

Figure 4 is a front elevation view of the tundish
shown in Figure 3.

Figure 5 is a front elevation view of an alternative
tundish for use in apparatus of the present invention.

Referring particularly to the drawings, the Figures
illustrate various preferred appraratus of the present
invention. As shown in Figures 1 through 4,the apparatus

includes a tundish generally designated by reference
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5
numeral 10. The tundish 10 has an internal cavity 12
also called the molten metal pouring passage. Such passage
12 is identified by broken lines in the side elevation
portion of Figures 1 and 3. The internal cavity, or
passage 12 is designed. to receive and hold molten metal.
The tundish 10 further includes a nozzle or orifice passgge
14, through which the molten metal in the tundish 10 is
delivered to a casting surface 16.

In the présent invention, the orifice passage 14 is
defined between two lips; an upper lip 18 and a lower lip
19. As best shown in Figure 2, the lips 18 and 19 are
substantially unformly spaced from one another across
the longitudinal extent of the orifice passage at a width
of at least 0.254mm (0.010 inch).

In a preferred embodiment, molten metal is
delivered from the orifice passage 14 onto the outer
peripheral surface 16 of a water cooled precipitation
hardened copper alloy wheel containing about 99%.copper.
Copper and copper alloys are chosen for their high thermal
conductivity and wear resistance al£hough other materials
may be utilized for the casting surface 16. In the
operation of the apparatus of the present invention, the
casting surface 16, whether round, flat or ovular, is
movable past the nozzle at a speed of from 61 to 3048 metres
(200 to 10,000 linear surface feet) per minute.

As shown in the drawings, the tundish 10 may
consist of at least one upper block 20 and at least one

lower block 30. As used in the present invention, the
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terms upper and lower, as well as the terms front and rear
are used with general respect and reference to the casting
surface 16, with the terms upper and rear referring to
locations away from the casting surface 16. The upper and
lower blocks 20 and 30 of a preferred tundish 10 of the
present invention are preferably vertically aligned and
secured together. Such vertical alignment is discussed and
explained in a co-filed patent application of the present
applicants entitled "Apparatus For Strip Casting". It
should be appreciated that the secured blocks must not allow
molten metal in the passage 12 to pass through the interfaces
of the assembly. It should also be understood that in
instances where the orifice passage 14 is located at an
interface, as shown in Figure 2, molten metal is intended to
pass therethrough. Therefore, the interfaces through
which molten metal must not pass, as defined above, is not
intended to include an orifice passage 14 of the tundish 10.

Any number of intermediate blocks, such as blocks
22 and 24 may be disposed between the upper block 20 and
the lower block 30 when a vertically aligned tundish is
utilized. It should be understood that various alternative
tundish designs may be employed such as horizontally aligned
and secured blocks of molten metal resistent materials, or
monolithic structures may be utilized.

The blocks utilized in a preferred apparatus of the
present invention must be of a material which is resistant
to molten metal attack. In this regard, it has heen found

that refractory boards, such as insulating boards made from
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fiberized kaolin are suitable. Additional materials

including graphite, alumina graphite, clay graphite, fire

clay, quartz, boron nitride, silicon nitride, silicon carbidé,
boron carbide, alumina, zirconia, stabilized zirconium
silicate, alumina,silica, magnesia, chrome magnesite and
combinations of such materials may also be used to construct
such blocks.

In a preferred embodiment, the tundish is constructed
of vertically or horizontally stacked sections of 38mm
(1.5 inch) thick Kaowool fiberboard. It should be noted
that thicker or thinner blocks may be employed depending
upon the desirable strip casting conditions. The 38mm
(1.5 inch) thick blocks are utilized in a preferred embodiment
because of their commercial availability. Furthermore, such
fiberized kaolin blocks are preferred because of their
relatively low cost and because of the relative ease Qith
which they can be drilled and carved into desired
configurations. However, it should be understood that other
materials such as those enumerated above, may perform
equally well and may be cast instead of carved into any
desired configurations.

The tundish 10 typically includes a molten metal
pouring passage 12 consisting of at least one introductory
passage portion 32. The introductory passage portion 32
extends through the tundish and is in communication with a
base passage portion 34 formed in a hollow section at a
lower portion of the tundish 10. The opening for the
introductory passage 32 is preferably located in an upper

surface of the tundish as shown in Figures 1 and 3.
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However, such opening may be disposed elsewhere. Also as
shown in the Figures it is preferred that the opening be
slightly radiused into a funnel shaped structure to
facilitate metal transfer therethrough.

The base passage portion 34 and the orifice passage 14
are important features in the strip casting apparatus:.of the
present invention. The base passage 34 is typically carved
or cast in the bottom portion of the tundish 10. Though not
required, the majority of a bottom surface 38 of the base
passage 34 1is preferably disposed below the vertical height
of the orifice passage 14. In a preferred embodiment, at least
a portion of the bottom surface 38 of the base passage 34 is
disposed at least 7.62mm (0.3 inch) below the nozzle 14.
Furthermore, it is desirable that the bottom surface 38 of the
base passage 34 extend toward or approach the nozzle at an
angle of at least 30° from horizontal.

The orifice passage 14 through which molten metal is
fed onto a casting surface 16 has a substantially uniform
width dimension, W, throughout the longitudinal extent
thereof. Such width dimension, W, is at least 0.254mm
(0.010 inch)and is less than 3.048mm (.120 inch), or more
preferably less than 2.032mm (.080 inch). In a most
preferred embodiment such width dimension, W, is within the
range of from 0.508mm to 1.524mm (0.020 to 0.060 inch), and
even more preferably from 0.762 to 1.27mm (0.030 to 0.050
inch).

The orifice passage 14 may be constructed in a number
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of ways in the apparatus of the present invention. 1In a
preferred embodiment, at least one lip defining the
orifice passage 14 consists of a molten metal resistant
sheet or plate. For example, as illustrated in Figure 2,
the orifice passage 14 may be formed between a bottom
surface of a plate 40 defining the upper lip 18 of the
nozzle 14, and a portion of the front wall of the tundish
10, defining the lower 1lip 19 of the nozzle 14. Tt should
be understood that the orifice passage 14 could
alternatively be formed between a lower plate and the
tundish 10, or between two facing plates. Regardless of
which method is used to provide the orifice passage 14
the strict dimensional tolerances mentioned above must be
maintained.

In the present invention at least one cavity is
provided in the tundish 10 adjacent at least a portion
of the material defining at least one of the lips of
the orifice passage 14. Such cavity may consist of the
bottom portion of a chimney or aperture 46 which is
discussed below. Also, such cavity may be provided to
extend between multiple apertures as shown in Figures 2
and 4. Alternatively, such cavity may be provided in the
tundish 10 across substantially the complete extent of the
material defining one of the lips of the orifice passage as
shown in Figure 5. Preferab}y,a plate 40 and/or 70 defines
at least one of the lips of the orifice passage. In such
embodiment, a portion of the tundish material which is

adjacent the outside surface of such plate with respect to
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the orifice passage 1l4. may be removed to provide the required
cavity. As discussed below, reactive gases are delivered into
such cavity, and the heat from such gases must be transferred
through the tundish material to heat the orifice passage 14.
Therefore the cavity must be close enough to the orifice
passage 14 to acéomplish this result, which necessarily
depends on the heating température and the thermal conduct-
ivity of the tundish materials.

As also mentioned above, at least one surface forming
the orifice passage 14 preferably comprises the bottom
surface of a separate, molten metal resistant sheet or plate
40. When employed, such plate 40 is integrally mounted or
otherwise disposed in the tundish 10. As shown, it is
preferable that the upper 1lip 18, of the orifice passage 14
comprise a lower surface of a plate 40 of molten metal resist-
ant material. It should .be understood that it ié more
critical to maintain the surface of the upper 1lip 18 of the
orifice passage 14 during casting, as compared to the surface
of the lower lip 19, and, therefore, it is preferable to use
a molten metal resistant plate 40 at such location. However,
the bottom lip 19 or alternatively both lips 18 and 19 forming
the orifice passage‘l4, such as shown in Figures 3 and 4, may
consist of plates 40 and/or 70. The plate 40 and/or 70
should be at least as resistant to the molten metal as is the
remainder of the tundish material, and preferably, the plate
comprises a material which is significantly more molten metal
resistant than the remainder of the tundish 10. As shown in
Figure 2 the plate 40 may be fitted into an appropriate slot

cut in the bottom surface of an intermediate block 24 of a
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tundish 10. Alternatively, the plate 40 may comprise a block
or portion of a block of the tundish 10. The plate 40 should
have a greater length than the longitudinal extent of the
orifice passage 14. Thus, the peripheral end portions of the
plate 40 are sandwiched between adjacent blocks 24 and 30 in
the assembly illustrated in Figures 1 and 2.

In a preferred embodiment the tundish is primarily
constructed of fiberized kaolin and has an orifice passage 14
defined by a boron nitride plate 40. However, other materials
may be employed for the tundish and plate materials including
silicén nitride, silicon carbide, boron carbide, silica,
alumina, zirconia, stabilized zirconium silicate, gréphite,
alumina graphite, fire clay, clay graphite, quartz, magnesia,
chrome magnesite, and combinations of such materials.

As illustrated in the drawings a lance or multiple lances
are provided through the tundish 10 with their tips 44
extending into the cavity adjacent the orifice passage 14.

As shown in Figures 1, 2 and 5 appropriate lances 42 extend
into such cavity to heat the plate 40 forming the upper lip

18 of the orifice passage 14. In the preferred embodiment, at
least one lance 42 is disposed in the tundish with the tip 44
thereto directed into the cavity and toward the outside
surface of the plate 40. Also, as illustrated in Figures 1
and 2, a corresponding aperture or chimney is provided in the
tundish 10 through which the combustion products are delivered

from the lance 42 may escape the cavity in the tundish
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In an alternative embodiment illustrated in
Figures 3 and 4 means may be provided to heat a cavity
provided adjacent each of a pair of plates 40 and 70 forming
both the upper lip 18 and the lower lip 19, of the
orifice passage 14. In addition to the lances 42
discussed above for heating the upper lip 18 of the
orifice, such construction would require at least one
lance 72 disposed in the tundish 10 with the tip 74
thereof directed into @& cavity adjacent the lower plate
70 to heat the lower lip 19 of the orifice passage 14. Also,
a corresponding aperture or chimney 76 may be provideé in
the tundish 10 through which the combustion products
which are delivered from the lance 72 to the cavity adjacent
the plate 70 may escape the cavity in the tundish 10.

It should be understood that any number of lances or
lances with any number of multiple tips, as shown in
Figure 5, may be employed usually dependent upon the width-
of the strip to be cast from the tundish 10. By utilizing
such heating lances sufficient heat is provided and
maintained in the cavity to cause heat transfer through the
tundish materials to the corresponding lip of the orifice
passage 14 to keep the nozzle hot before and during strip
casting. When a plate 40 and/or 70 is utilized the
temperature of the entire plate 40 can be raised to the
desired level prior to the initiation of a strip casting
operation. 1In a preferred embodiment a lance is provided
for every 50 to 76émm ( 2.0 to-3.0 inches) of width of the
orifice passage 1l4. It has been found that heating such

plates near the melting temperature, i.e. within at least
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about 10% of the melting temperature, of the alloy to
be cast, typically prevents metal freezing in the
orifice passage 14 which may otherwise occur especially
at the initiation of a casting operation..Also,
preheatiné of such plates at or near the metal casting
temperature allows any expansion or contraction effects to
occur and appropriate compensation to be maﬁe before
casting begins. Therefore, preheating assures that the
preset orifice dimension and the spacing from the casting
surface remain established throughout the casting operation.

In a preferred embodiment high temperature reactive
gases are directed through the lance. Such reactive gases:
pass through fhe tip of the lance and the flames are directed
into the cavity and toward the material defining that lip of
the orifice passage 14. Preferred reacti&e gases include
acetylene-air, acetylene-oxygen and natural gas-oxygen
mixtures. To reduée the possibility of undesired flame
effects on such material, such as the plate 40, or plates
40 and 70 illustrated in the drawings, a more resistant
heat conductive layer 48 and/or 78 1s provided on at least
a portion of the upper surface of the upper plate 40 and
the lower surface of the lower plate 70 at least at the
location where such flames impinge against the plate 40 and/or
70. Such layer 48 serves to absorb the flame abuse,
including restricting chemical attack, and further serves to
transfer the heat to and through the plate 40 and/or 70.
In‘a preferxed eﬁbodimeht, such layer 48 is from 4.76 to
6.35mm (0.1875 to 0.25 inch) thick graphite, although other

materials may be employed. A protective layer, or
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multiple layers hay be applied to a boron nitride plate
by using graphite bearing cements or other refractory
coating substances. The heat conductive layer of the
present invention includes those materials which absorb
thermal and chemical abuse, and are functionally able to
transfer heat therethrough as discussed above.

As shown in Figures 1 and 3 a drain plug 62 may be
provided in a lower portion of the tundish. Such drain
plug is preferably located vertically below the orifice
passage or nozzle 14 with respect to the force of
gravity. The purpose of the drain piug-62 is.to quickly
stop molten metal from being delivered from the orifice
passage 14 when it is desired to stop a casting ope;ation.
It will be appreciated by those skilled in this art that
it.-is important to stop a casting o?eration aé quickly as
possible. Otherwise, uneven and offen intermittent streams
of molten metal may flow through the nozzlé 14 at the end
of a casting operation and such interﬁittént streams may
impinge onto the Fapidly moving casting surface without the
control necessary to make strip material. Thus, such
uncontrolled drippings of molten mefal through'tﬁe nozzle
at the end of a casting operation ténd to splash onto the
successfully cast product and may ruin thé strip and perhaps
damage some of the strip casting eéuipment. Aiso, in order
to effect the reusability of the tundish it is important
that the molten metal in the cavity 12 be drained from the
tundish 10 at the end of a caéting operafion. By removing

such plug 62 substantially all of the molten metal in the

-
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tundish passes through the plug orifice and therefore the
tundish 10 and the plates 40 and/or 70 forming the
orifice passage 14 may be reusable in subsequent casting
operations. It should be understood that proper receptacles
should be provided to receive the molten metal which passes
through the plug orifice from the tundish as the plug 62

is removed.
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CLAIMS

1. Strip casting apparatus comprising a tundish for
receiving and holding molten metal, and ah orifice passage
defined between two spaced lips in the tundish through
which the molten metal is delivered to a casting surface
located within 3.048mm (0.120 inch) of the orifice passage
and movable past the orifice passage at a rate of from 61
to 3048 metres (200 to 10,000 linear surface feet) per minute,
at least one cavity in the tundish adjacent at least a portion
of the material defining at least one of the lips of the
orifice passage, at least one lance disposed through a portion
of the tundish with a tip of said lance directed toward said
cavity, means for delivering reactive gases through said lance
and into said cavity to provide sufficient heat in said cavity
to cause heat transfer through the lip to heat at least a
portion of said orifice passage, at least one aperture .in
communication with said cavity through which combustion
products from the reactive gases escape the cavity in the
tundish , and

a heat conductive layer in the cavity -in the tundish at
least at a location where reactive from the lanée impinge
against the tundish material.

2. Apparatus according to claim 1, wherein the heat
conductive layer is provided on the outside surfaée of a plate
forming at least one of the lips of the orifice passage.

3. Apparatus according to claim 1 or 2, wherein the
tundish is constructed of a molten metal resistant material
selected from boron nitride, gquartz, graphite, clay graphite,

fire clay, silicon nitride, silicon carbide, boron carbide,
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silica, alumina, zirconia, stabilized zirconium silicate,
magnesia, chrome magnesite, and combinations thereof.

4, Apparatus according to claim 2, wherein the plate is
of a molten metal resistant material selected from boron
nitride, quartz, graphite, clay graphite, fire clay, silicon
nitride, silicon carbide, boron carbide, silica, alumina,
zirconia, stabilized zirconium silicate, magnesia, chrome
magnesite and combinations thereof.

5. Apparatus according to claim 2, wherein the plate
is boron nitride.

6. Apparatus according to any one of the preceding
claims, wherein the heat conductive layer is graphite.

7. Apparatus according to any one of the preceding
claim;, wherein the heat conductive layer has a thickness of
from 4.76 to 6.35mm (0.1875 to 0.25 inch).

8. Apparatus according to claim 6, wherein said layer
is adhered to the tundish material by means of a graphite

bearing refractory cement.
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