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Strip casting apparatus.

@ An apparatus for continuously casting metallic strip mat-
erial comprising a tundish with a nozzle (24) comprising a
slotted element with the slot (30) having substantially uniform
cross-sectional dimensions throughout the longitudinal
extent thereof. Disposed outside the nozzle (24) is a cooled
casting surface (14) movable past the nozzle (24) in a direction
substantially perpendicular to the longitudinal axis of the slot
(30). The slot {30} is defined between first and second lips (32,
34) of the nozzle (24) which have inside surfaces (36,38) facing
one another at least at an inner portion of the slot (30). The
facing inside surfaces (36, 38) diverge from one another at an
outer portion {40,42) of the slot (30). The first and second lips
(32, 34) are further provided with bottom surfaces (44, 46)

= facing the casting surface (14) at a standoff distance less than
3.048mm (0.120 inch).
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STRIP CASTING APPARATUS

Tﬁe present invention relates to the casting of. strip
material at high quench rates and at high production rates.
More particularly, the present invention is directed to
apparatus for rapidly casting thin metallic strip material.

The apparent advantages and economic significance of
producing thin metallic strip material by a casting process,
as compared to the conventional rolling or reducing
oéerations, are numerous. The fact that strip casting may be
performed at such high quench rates as to produce amorphous
material is even more meaningful. However, it is equally
apparent that there are a multitude of strip casting
parameters which must be controlled or monitored to assure
that the cast strip is of acceptable quality and of uniform
composition and structure. For these reasons, those skilled
in the art appreciate the intricacies involved in the
development of a commercially successful étrip casting '
apparatus.

The general concept of casting thin metallic materials
such as sheet, foil, strip and ribbon was disclosed in the
early 1900's. For example, United States Patent Nos.

905,758 and 993,904 teach processes wherein molten material
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flows onto a moving cool sutface'and thermaterial is drawn
and hardened thereon into a,continuous tﬁin strip. These '
references teach that molten metal may be poured outo’tﬁé
smooth peripheral surface of a,rotating iiquidfccoled

copper drum or disc to fcrm strip materiels.r Despite early
disclosure of such concept; there is:ue;evidence of
commercial success of strip Castiug duriug the early part of
the 20th century. | :

Recently, in Unlted States Patents Nos. 3,522 836 ‘and
3,605,863 a method for manufacturing a contlnuous product,
such as metallic wire cr strlpfrom'nmlten_metal:has been
disclosed. These references teachithatja couvex meniscusr
of molten material shouldrprojectfrom ‘a nozzle. VA heat
extracting surface, such as a water—cooled drum, is moved
in a path substantlally parallel,to the outlet orifice and
into contact w1th the menlscus of molten ‘metal to
continuously draw material from the meuiscus to,form a
uniform continuous'prcduct, VThe above—deSc:ibed method is
commonly called the "melt draé“ prqcess1.as:the,heat
extracting surface moviug pest'the,menisCusrof molten metal
at the nozzle orificeiactuaily;hés'an eﬁfect on the tate of
molten metal flow, or’drag,'througﬁ-theruozzle.

More recent Strlp castlng developments focusron
relatively narrow reflnements in the metalllc strip castlng
art. For example, Un;tedVStates Patent No, 4,142,571 is
particularly ditected:toia;slct chstructicn:in'a‘metel
strip casting noZZierhsving stfingeut'dimensional
requirements. Aiso,'UnitedVStates Pateuthc. 4,0#7,462

pertains to the provision of a specific construction for



0040073
3

a stationary housing abgvé the peripheral surface of a chill
roll used for strip casting.

There are a number of othe;frapid quenching techniques
known in the art. For example, melt spinning processes of
producing metallic filament by cooling a fine molten stream
either in fﬁee flight or against a chill block have been
practised. Also known are melt extraction techniques, such
as crucible melt extraction disclosed in United Staﬁes-Paten£
No. 3,838,185 and péndant drop melt extraction techniques
taught in United States Patent No. 3,896,203. it has been
found difficult to produce uniform sheet or strip by such
alternative techniques of rapid casting. There are many
factors, such as casting temperature and pressure,rauxiliary
surface cooling fates,rsurfade coatings for the casting-
surface, and the like which appear to affect therprbduct
thickness and the quality Of rapidiy cast striprmaterial.

Despite the relatively 1long history of the art of strip
casting, and the recent developments in this area, strip
Casting'is nof a widely accepted and commercially;éignificant
operation at the present time. It appears that various
improvements, mbdifications and innovationé aré required in.
the art to effect a significant commercial impact inrthé
art of strip casting. 1In particular, proper relationships
among such variables as molten metal tundish construction,
nozzle orifice size and dimensidns, spacing from a
casting surface, speed at which such éurface is moved,
quench rates, metal femperature and feed rates, and the like
may require more accurate identification and interrelation in

order to accomplish the uniformity and consistency
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required for successful, commercial productionrof cast
strip. In particular, certain nozzle and slot 7

structures and their dimensional relationship to the casting
surface onto which strip material is cast, have been found
to be desirable to yield uniform strip casting results when
utilized in various casting parameters.

Accordingly, a new and improved aparatus for casting
relatively wide, thin strip material is desired which
overcomes the disadvantages of éhe prior arf structures.

Such desired apparatus should be reliable, more effecient and
more effective than the structures disclosed in the prior art,
and should lead to reproducibility, uniformity and
coﬁsistency in strip casting.

Among the objects of the present invention is the
provision of a strip casting apparatus which is capable of
continuously casting metallic stfip material of
substantially uniform dimension and substantially uniform
guality throughoui its length.

Another object of the present invention is the provision
of a strip casting apparatus having an outwardly diverging
nozile construction which promotes the efficient rapid casting
of metal strip material.

Another object of the present invention is to providé a
strip casting apparatus capable of reproducing successful
strip casting operations.

Another object of this invention is to provide a
strip casting apparatus which can effect sufficiently rapid
quenching of the produced strip to resultrin the production

of amorphous strip. However, it should be understood that
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the production of continuously cast crystalline material is
also comprehended by the present invention,

A further object of this invention is to identify
certain design and dimensional requirements, particularly with
regard to an outwardly diverging nozzle structure, which
permits continuous and repititious rapld casting of metallic
strip material of uniform dimension and uniform quality.

The present invention provides apparatus for
continuously casting metal strip cémprising:

a tundish for receiving and holding ﬁolten metal,

a nozzle comprising a slot disposed in the tundish with
the longitudinal extent of the slot approximating the width of
the strip to be cast, said slot having substantially uniform
cross-sectional dimensions throughout the longitudinal extent
thereof, '

a cooled casting surface at leést as wide as the strip
to be cast, disposed ouﬁside the nozzle and movable past the
nozzle in a difection substantially perpendicular to the
longitudinal axis of the élot,

said slot defined between a first lip and a second lip
of the nozzle and having an outer portion near the casting
surface and an inner portion remote from the casting surface,

said first lip and said second lip having substantially
planar inside éurfaces, facing one another at said inner
portion of the slot, said inside surfaces diverging from one
another at the outer portion of the slot, and

said first lip and said second lip having bottom

surfaces facing the casting surface at a standoff distance



0040073
6

less than 3.048mm (0.120 inch). |
The present invention will be more fully undefsiééﬁt
and appreciated with. reference to the accompanying =
drawings, in which:~-
Figure 1 is an elevation view, partially in cross—
section, illustrating a typical apparatus acéording tqrthé ,i,”}

present invention for continuously casting strip material.A

Figure 2 is a cross-sectional view on a larger scale

of an outwardly diverging nozzle in a strip casting apparatus
of the present invention.

Figures3,4 and 5rare cross—sectional wviews of.
alternative outwgrdly diverging nozzles in strip castiﬁg

apparatus of the present invention.

Referring particularly to the drawings, Figure 1
generally illustrates an apparatus for casting metallic ‘

strip material 10 in accordance with the present inwention.

This apparatus includes an element upbn which the strip 10
is cast. 1In a preferred embodiment a continuous strip 10
is cast onto a smooth, outer peripheral surface 14 of a-
circular drum or wheel 12 as shown in Figure 1. It should
be understood, however, that configurations otﬁér than
circular may be employed for the castiné element. For

example, a wheel with a smooth, frustoconical outer

peripheral surface (not shown) may be employed. Also, a
belt capable of rotating through a generally ovular path

may also be employed as the casting element. Regardless

4 em et e o bt M 0 he it b

of the configuration employed, the cooled casting surface

should be at least as wide as the EBtrip to be cast.
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In a preferred embodiment, the casting element
comprises a water cooled, precipitationrhardened copper
alloy wheel 12 containing abouti98% copper and about 2%
chromium. Coppér and copper élloys are choéen for their
hiéh thermal conductivity and weér resistance. However,
beryllium copper alloys, steel, brass, aluminum, aluminum
alloys or other materials may be utilized alone, or in
combination. For example, mulfipiece wheels having sleeves
of molybdenum or othef material may be employed. Likewise,
cooling may be accomplishéd with the use of a ﬁedium other
than water. Water is typicallyrchosen for its low cost and
its ready availability.

In the operation of the strip dasting apparatus of the
present invention, the surface 14 of the casting wheel 12
must be able to absorb the heat generated by contact with
moltel metal at the initial casting location 16, and such
heat must be conducted substéhﬁially into the copper wheel
during each fotatﬂoﬁ of'thé whéél. The initial-casting point 16
refers to therapproximate'locatibn on the casting'Surface 14
where molten metal 20 from a tundish 22 first: contacts the
casting surface 14. Cooling, by heat conduction, may be
accomplished by delivering a sufficient quantity of water
through internél passageways locatédrnear the periphery of the
casting wheel 12. Alternafively, the cooling medium may
be delivered directly to thé underside of the casting
surface. Understandably, refrigeratioh techniques and the
1ikermay be employed to accelerate or decelerate cooling

rates, and/or to effect wheel expansion or contraction
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during strip casting.

Whether a drum, wheel or belt is employed for casting,
the casting surface should be generally smooth and
symmetrical to maximize uniformity in strip caSting; Foxr
example, in certain strip casting operations the distance
between the outer peripherél casting surface 14 and the.
surfaces defining the orifice of the nozzle which is féeding
the molten materlal onto the casting sﬁrface 14 must not
deviate from a desired or set distance during the casting
operation. This distance shall hereinafter be called
standoff distance or gap. It is understandable that the gap
should be substantially maintained throughout the casting
operation when it is the intention to cast uniform strip
material.

It should be understood that if the casting element is
a drum or a wheel, the element should be carefully
constructed so as not to be out-of-round during operation
to ensure uniformity in strip casting. BAlong these lines, it
has been found that a drum or wheel which is out-of-round
by about 0.508mm (0.020 inch), or more may have a magnitude
of dimensional instability which unless cor:ecﬁedror
compensated during operation, may be unacceétable for
certain strip casting operations. It has been,fouﬁd that
acceptable dimensional symmetry, as well as the elimination
of problems associatedrwith weld porosity may be more readily
accomplished by fabricating the wheel or drum from a single,
integral slab of cold rolled or forged copper alloy.

However, as mentioned above alternative materifals, including
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sleeves and coatingsmay be employed.

The molten material 20 to be cast in the apparatus
described herein is preferably retained in the crucible
or tundish 22, which is provided with a pouring orifice or
nozzle 24. The nozzle 24 is typically, though not
necessarily, located at a lower portion of the tunaish 22
as shown in Figure 1. The nozzle 24 may be a segfrqte
element in the tundish 22 or, the nozzle 24 and tundish 22
may be monolithic, i.e. integrally formed, with all or any
portion of the tundish 22.

The nozzle 24, located in or forming a lower portion,r
of the tundish 22 may comprise a slotted element, as best
shown in Figure 2. The slot 30 is preferably
substantially centrally located in the nozzle element.

Such approximate central location of the slot 30 helps to
assure uniformity as the pressure of the molten metal bearing
thereagainst is substantially equalized during the casting
operation. Tt should be understood, however, that £he slot
30 may be located in off-centre positions as may be désired.

The longitudinal extent of'thé slot 30 should \
approximate therwidth of the strip to be cast. There does
not appear to be a limitation on the longitudinal eitent
of the slot, and slots as lbng as 914mm (thirty six inches}),
or longer, are comprehended by the present invention. It is
highly desired that the molten metal flow uniformly - |
through the slot 30 in the nozzle 24 of the present
invention in order to produce uniform, high quality strip
material. In an alternative embodiment, strip of various

widths may be simultaneously produced by cutting
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nmultiple longitudinally aligned slots 30 of appropriate
longitudinal extent in the nozzle area of the tundish 22,
as opposed to a single slot 30. Regardless of the size of
the slot 30, or slots, the cross—sectioﬁal dimensions of
each slot 30 should be substantially uniform throughout
the longitudinal extent thereof to pfoduce strip material
having uniform dimensions. In the operation of the strip
casting apparatus of the present inVention, the cooled
casting surface 14 moves past the slot 30 in a directién
substantially perpendicular to the longituainal axis of
the slot.

As shown in Figure 2, the slot 30 is defiﬂed between
a first lip 32 and a second lip 34 of the nozzle 24. The
first lip 32 is located at the downstream edge of the slot
30, with respect to the direction of movement of the
casting surface 14 indicated by the arrow in Figure 2. 1The
second lip 34 is located at an ﬁpstream edge of the slot with
respect to the casting direction. |

The first 1lip 32 and the second lip 34 have inside
surfaces 36 and 38, respectively, which are substantially
parallel to and facing one another at least at an inner
portion of the slot 30. The inner portion refers to that’
portion which is remote from the césting surface 14, i.e,
which is near the molten metal holding portion of the tundish
while an outer portion of the slot 30 refers to that portion
near the casting surface 14. It should be understood that
the innermost portion of the slot may be relieved or tapered.

For example, the innermost portion of the first lip 32 and/or
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the second iip 34 may,be.cut into a general‘v—shaPélrér'a
more rounded U-shape creating an initial funnel tyég
structure forrthe slot as illustrated in Figures 3 and 5.
Such relief of the ihnermost portion of the slot 30 may
assist in maintaining uniform molten metal flow patterns
and minimizing irregularities or turbulence during strip
casting. What is required by the present invention is that
the inside surfaces 36 and 38 are facing and parallel at
least at some inner portion of the slot 30.

Beyond such inner,'p;rallel, facing portion, in fhe
direction of tﬁe casting surface 14, the inside surfaces
diverge outwardly from one another at an outer portion of
the slot 30. Preferred,outwardly diverging surfaces are
indicated by reference numerals 40 and 42 in Figure 2.
Such outward divergengé of the inside surfaces may be. .
accomplished by alternative structures such as those shown
in Figures 3,4 and 5. It should be noted that only one
of the inside surfaceé needs to diverge to create the
neéessary relationship of outward divergence therebétween
as shown in Figures 37and 4. Also, curved surfaces,
radiused either inwardly 40 or outwardly 42 as shown in
Figure 5, may establish such outward divergence.-

From the outwardly diverging surfaces 40 and 42 the
first and second lips 32 an6734 extend to bottom surfaces
44 and 46 respéctively. Such bottom surfaées 44 and 46
of the lips 32 and 34 face the éasting surface 14, and are
located at a standoff distance, or gap, of less than 3.048mm

(0.120 inch) from the casting surface. In a preferred
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embodiment, the standoff distqnce é between the bottom
surface 44 of the first lip 32 and the casting surface 14
is as small as possible consistent with permitting the cast-
ing surface 14 to move thereunder in an unobstructed path.
In any event, the gap e between thé bottom surface 44 of
the first lip 32 and the casting surface 14.must be small
enough at the nozzle orifice to prevent significant molten
metal backflow therebetween during casting. The gap d
between the casting surface 14 and the bottom surface 46
of the second lip 34 is preferably less than 2.032mm
{(0.080 inch), and for casting certain allbysrinto thin
gauwge strip may be less fhén 0.254mm (0.010 inch).

Preferably, at least a portion of the bottom surfaces
44 and 46 are in substantially complete parallelism with
the casting surface 14, at least at the nozzle orifice.
When utilizing a drum or wheel, and a refractory nozzle 24, -
such parallelism may be accomplishedrby placing a sheet of
sandpaper, or the like, against-the casting surfacell4.
with the grit side of the sandpaper facing the nozzlé 24,
By moving the nozzle 24 into tight contact with the
casting surface 14, with the sandpaper disposed there-
between, and by moving the caéting surface 14 and
sandpaper simultanebusly past the nozzle 24, the bottom
surface 44 and 46 are ground by the grit into substantially
complete parallelism with the casting surface 14. Such
parallelism may be achieved even when round or other

curvilinear casting surfaces are employed. To achieve such



0040073
13
parallelism on most refractory nozzZles by tﬁis procedure,
400 to €00 grit sandpaper has been fouﬂd to be adequate.

I£ has also been found that thé corhers Eetween the
surfaces defining the slot 30 may be radiused to minimize
molten metal turbulence during casting. In certain
instances sharp cofners may be subjected to various
pressure and flow patterns which could create stress
conditions for nozzles 24 made of certain materials, and in
some instances, may cause the nozzle to break, crack or wear
during casting in a manner which may upéet balanced strip
casting conditions. Providing such rounded corners may
minimize the adverse affects of such turbulence and flow
through the nozzle 24.

The crucible 22 is preferably constructedrof a
material having superior insulatingrability. If the
insulating ability ié notrsuffigient to retain the molten
material at a relatively constant temperature, auxiliafy
heaters such as induction coils may have'to be provided in
and/or around the crucible 22, or resistance elements such |
as wires may be provided. A convenient material for the
crucible is an insulating bdard made from fiberized kaolin,
a naturally occurring, high purity, alumina—silicarfire-
clay. Such insulating,matérial is available under the trade
name Kaowool HS board. However, for sustained operations,
and for casting certain high melting temperature alloys,
various other materials may have to be employed for

constructing the crucible or the nozzle including graphite,

alumina graphite,»quartz, clay graphite, boron nitride,
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silicon nitride, siljicon carbide, boron carbide, alumina,
zirconia and various combinations or mixtures of such
materials. It should be understood that these materials may
be strengthened; for example, fiberized kaolin may be
strengthened by impregnating with a silicé gel or the like.

It is imperative that the orifice of the nozzle 24
remain open and its configuration remain substantially
stable throughout at least one, and preferably many'str;p
casting operations. It is understandable that the orifice
should not erode or clog, significantly, during strip
casting. Along these lines, it appears that certain
insulating materials may not be able to maintain their
dimensional stability over long casting periods..To obviate this
problem, lips 32 and 34 forming the orifice of the nozZle
24 may be constructed of a material which is better able to
maintain dimensional stability and integrity during
exposure to high molten metal temperatures for prolonged
time periods. Such materials may take the'form éf a single,
generally semi-circular element with a slot 30 cut ‘
therethrough or a pair of inserts held in the crucible to
form a slot 30 therebetween. In a preferred embodiment the
slot or slots in single elements may be cut ultrasonically
to ensure that the-desired slot dimensions are accurately
provided. Such nozzles 24 may be constructed of materials
such as quartz, graphite, clay graphite, boron nitride,
alumina graphite, silicon carbide, stabilized zirconia
silicate, zirconia, magnesia, alumina or other similar

molten metal resistant material. Such nozzles 24 may be

R

s
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held in the orifice of the crﬁcible mechanically, with
pressure, and/or with the aid of adhesives such as various
refractory'cements, spring biased mechanisms, or the 1ike;

The drive system and housing for the drum, wheel
or other casting surface 14 of the present invention should
be rigidly constructed to permit drum rotatibn without
structural instability which could cause the drum to slip
or vibrate. In particular, care should be taken to avoid
resonant frequenciés at the operating speeds for the
casting surface 14. The casting surface 14 should be
capable of moving at a surface speed of frqm 61 metres
(200 linear surface feet) per minute to more than 3048 metres
(10,000 linear surface feet) per minute, preferably 548 to
1219 metres (1800 to 4000 feet) per minute, when utilizing
a drum having a circumference of about 2.4 metres (8 feet),
; this rate calculates to a drum speed froﬁ about 25 rpm to
about 1250 rpm. A three horsepower variable speed
reversible, dynamically braked motor providés an adequate
drive system for an integral copper alloy casting drum
approximately 50.8 mm (2 inches) thick and about 2.4 metres
(8 feet) in circumference.

In one embodiment, the casting surface 14 on the wheel
or drum of the apparatus of the present invention is smooth.
It has been found that in certain applications, such as for
producing amorphous materials, finishing the peripheral
surface 14 of a casting drum 12 with 400- grit paper and

preferably with 600-grit paper may yield improved product

uniformity.
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In a preferred embodiment as illustrated in Figure 2,
the nozzZle 24 is defined by’an insert,made of cléy_graphite,
a molten metal resiétant'material,rheldriﬁ the walls Of,, 7
the crucible 22. The,sldt'3d is eut ulﬁrasonically in the
clay graphite nozzlé 24. The first lip327and thé second lip
34 of the nozzle 24 define the slo£'3OZtherebetweén. As
alternative,preferred;examples of nozzle 247materials, a
plate made of quartz or vycor m;teiiai ar;an;insert of
boron nitride maY3be,emplOyed; The”dESiredrslot forﬁing
the orifice 46, may be accuratelyrcutithérein with an
ultrasonic drill. A preferred'ohe piece eiement forming
a nozzle, as best illustréted in Figﬁre,z, maylée'
constructed of a semi-circular ring of moltén'ﬁefal
resistant material. In this eXample;ia slot having a
width of about 0.254 to about 2.032 mm (about 0.010 to
about 0.080 inch) between the facing, parallel”insiderr-
surfaces 36 and 38 may'berultraSOnicallyrdrilied into a
clay graphite insert ﬁaterial, and*the'inéert held in the
crucible 22. Tt should be un&etétbdd that the désign’of
the insert may be modified to assist in holding the insert
forming the nozzle 24 in the crucible 22. | 7

A preferred nozzle 24'of the é§pa:atu$:qﬁithe'
present invention is shbwn iﬁ enlaréed crbss-section in
Figure 2. 1In one embodiment of this qpparatué, the
dimensions indicated in Figure 2 have the following

preferred limitations.
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moxe
preferred.

" limitation

- 6.35-12.7mm

(.25-.50 inch)
3.175mm '
(0.125 inch)

0.508-1.524mm
(.02~ .0O6inch]

less than 0.254mm
(.010 inch)

less than 0.254mm
{.010 inch)

0.635-0.88%mm

3.175mm
(.125 inch)

17
- . : preferred
" dimension designation ~ limitation
"a bottom surface at least 0.0254mm
of first lip (.001 inch]
b width of slot 0.508-5.08mm
at maximum (.020~-.200inch)
divergence
c Bottom surface 0.254-4.064mm
of second lip (.0l1-.1l6 inch)
4a standoff 0.254 - 2.032mm
distance be- (.01 -~ .080 inch)
tween first .
lip and casting
surface
e standoff 0.254 - 2.032mm
distance be- (.010 - .080 inch)
tween second
lip and casting
surface
£ width of slot 0.254 - 2.032mm
between parallel, (.010 - .080inch) (.025-.035inch)
facing surfaces
g depth of diverg-1.27-5.08mm
ing area of slot (.050-.200inch)
h depth of para- 1.27-5.08mm

llel area of slot (.050-.200inch)

3.175mm
(.125 inch]j

In the production of amorphous strip materials the width

of the slot f is typically in the range of from about 0.254 to

1.016mm (0.010 to 0.040 inch).

In the production of

crystalline strip material, such as stainless steel, the

width of the slot f may be greater, perhaps as high as about

2.032mm (0.080 inch) if thick strip is being uniformly

produced in accordance with the present invention. Also,

the primary purpqse of a relief at an inner portion of the

slot 30, such as is shown in Figures 3 and 5 is to eliminate

clogging of molten metal in the orifice passage during strip

casting.
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In,an.exemplary operation of the aéparatus of the
present invention, mclten’hetal ie delivered,to a heated
crucible 22. It ls understood that a heater, such as
induction coils of resistance w1re, may be prov1ded in and
above the crucible 22 to malntaln relatlvely ‘constant molten
metal temperaturesras maf;be deeired. ,Alternatively; the
molten metalrmay be pOured directly ihto:a'preheated
crucible. The preheat temperature shou;d preventrfreezing
or clogging of the slot 30 during therinitial casting
operation, and the teﬁperatﬁre of the flowing metal should
thereafter keep the crqcihle 22 and hozile724 at eufficient
temperature to ensure uninterrupted'melten metal flow
through the'orifiee. In certain aﬁpliéations;'the nozzle
itself mayrbe*externaliyrheated throﬁgheﬁt'the casting
operation. Aleo, the metal—whiCh is fed tO'the erucible 22
may be superheated tbrailbw areertaih'degree of temperature
loss without adverse;y affeetingrthermetal'flow threugh the
nozzle 24. j :

Also, a metallostatic head height in the tundish 22
is preferably maintained at a”relativeiy—eenstant ievel,
typically at a level of less;than'254ﬁml(tenrinchesl
above the nozzle 24 throughout the castihg operation to -
assure that a- relatlvely constant statlc head pressure nay
be malntalned at the nozzle 24 This may be accomplished
by 1n1t1ally pourlng the molten metal into the crucible
to the desired helght and thereafter controlllng the rate
at Wthh additional molten metal is poured into the crucible
to maintain-&m metallostatic head},Itris'understandahie that

the rate at which additional molten metal is fed to the
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crucible 22 should be in substantial conformity with the
rate at which metal flﬁws from the nozzle orifice onto
the casting surface 14 in forming 'strip material.
Maintenance of a relatively constant height of metal in
the crucible assures that the molten metal flow pressure
through thé orifice is maintained relatively constant so
.as not to adversely affect the casting operation or the
quality of the strip material. Alternatively, externally
applied pressure may be employed to control the pressure
at the nozzle. '

The nozzle 24 of the present invention is
characterized by outwardly diverging lip surfaces 40 and
42 at the outer portion of the slot 30. Such structure
facilitates increased molten metal flow to a moving casting
surface 14, resulting in improved lateral flow of ﬁolten
metal onto a casting surface 14, and in the formation of
high quality strip material 10. In a preferred'embodiment
the width b of the orifice of the slot 30 at the outermost
divergent portion may be as wide as about 5.08mm (.200 inch),
which may be in excess of aboutrféur times the width f of
the slot 30 as measured between the inner, parallel facing
surfaces of the slot 30. Such structure provides a
relatively large casting cavity at the outer portion of the
nozzle 24, fed by a relatively narrow internal orifice.
Lateral movement of the molten metal inside such cavity
during strip casting has been found to improve the uniformity
with which metal is supplied to the casting surface 14,
and thus improve the quality of the strip 10 cast thereon.

As discussed above, the presence of such cavity further
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reduces the.tenaency iQr'nbzzle'blockage caused by
freezing becauée the garrow meterihg orifice is located .
further from the coOlrcasting suffacérl4. |

Various alloys mayibé'successfully cast using'the
apparatus'of the preseht—inveﬁtion, includingréertain
brazing alldys,,including'hickel;basedrbraziﬁg alloys,
stainless steel ana certain Silicon steél grades. In
certain applications, the castralloyrhas been shown to
be amorphous, and inrotherraépliéations, thercast strip
material has been'shoﬁh to Ee Ciystalline.,

During caéting'of,sﬁrip material, the tendency of the
strip 10 to,adhere'ﬁo the casting surface 14 for a
signifiéant distanée, such as several hundrédrmillimetresr
(several feet) orx more,'beyond the nozzle'has,been observed.
It is understandabie that if thé strip material remains on é
rotating castiné drum or wheel 12 for a full revolution
damage to the,nozzle orifice'cduld result,' It has been
found that the use 6f7a doctorrbladé, sﬁch as a knife type
element ridingrat oirngafrtheidrum'surface:l4, or an air
wiper, approximétely 0.76 to 1.83 métres (2.5 to 6 feet)
from the orifice, or mére; eaSily,counters such adherence.
With such an arrangement, the cast strip may be removed
from the drum by éuch,d0ctor bladé, Such doctor bladé has
been found particuiarly'usefulrihrthe production of
thinner amorphous stripfmateriais ﬁhich appear to have a
greater tendency,toradhere ﬁo the casting surface 14 than
do the crystalline striérﬁatérials; Tt is believed that

the force which retains the strip on the caéting surface
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may reflect the quality of the thermal contact betweén tﬁe'
strip and the casting surface.

' The casting of relatively high quality strip matewrial
including amorphous material, which for the purposes of
this invention includes materials which are at least 25%
amorphous, is feasible and practical using the apparatus
and procedures described above. Undexrstandably, the quench'
rates must be higher for amorphous material as compared to
crystalline material. Quench rates may be accelerated |

- such as by increasing the speed of the casting surface, or

the like.
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CLAIMS:

1. Appératus fo: contiﬁuously casting metal étrip
comprising: | 7 | ,

a tundishrfor rébéiving a§d holdipg molten metal,

é nozzle'cémprising'arsiOt diéposéd in the 7
tundish with the longitudinal extent of .the slot
approximating'the'widthrof tﬁe'strip torbe:cast,
said slot having'sﬁbsthniiallyruniform croéé-sectional
dimensions throughout fhe longiiﬁdipal'extent
thereof. | o -

a cooled caéting'su#face at 1§ést as wide as the
strip to be castn»dispdéeardutsidé ﬁhe=nozzlerand
moveable past £hé'nQ221¢ ihla'direction substantially
perpehdicular to the longitudinal axis of the slot,

said slot defined between a first lip and a
second lip of the nozzle, and having aﬁ outer portion
near the casting surfade,and anQiﬁner portion remote
from thercasting sﬁrface,r - |

said,first lip,and'said éecond 1ip having

substantially planar inside surfaces, facing one -
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another at said inner portion of the slot, said inside
surfaces diverging from one another at the outer portion
of the slot, and

said first lip and saidrsecond lip having bottom
surfaces facing the casting surface at a standoff
distance of less than 3;048mm.(0.l20inch).

2. Apparatus according to claim 1, wherein the
facing inside surfaces of the first and second lips
are papallel to one another at least at an inner portion
of the slot.

3. Apparatus according to claim 2, wherein the
bottom surface of the first lip is disposed toward the
easting surface for a length of at least twice the width
of the slot as measured between said parallel facing
surfaces.

4. Apparatus according to claim 2, or 3, wherein the
gap between the facing parallel inside surfaces of the first
and second lips is from 0.254 to 1.01l6mm ( .0l0 to .040inch).

5. Apparatus according to claim 2, 3, or 4, wherein
the gap between the inside surfaces of the first and
second lips at the outer portion of the slot is at least
0.254mm (.010 inch) greater than the gap between the
facing parallel inside surfaces of the first and second
lips.

6. Apparatus according to any one of the preceding
claims, wherein the gap between the inside surfaces of

the first and second lips at the outer diverging portion
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of the slot is from 1.016 to 4,572mm (.04 to .18 inch).

7. Apparatus according to any one of the preceding
claims, wherein the gap between the insidersurfaCesfof'
the first and second Iips at the outer diverging'portion-
of the slot is from 2.54 to 3.81mm (.10 to .15 inch) .

8. Apparatus according to any one bf thé'preceding
claims, wherein thé casting surface is movgble past the
nozzle at a rate of from 6i to 3048 metresr(ZOO to 10,000
linear surface féét) per minute. 7

9. Apparatus according to élaim 8} wherein the
casting surface is movable past the nozilé atra rate of i
from 548 to 1219 metres (1,8007to 4,000 lineér sﬁrface feet)
per minute. , 7

1o0. Apparatusiac¢ording éo any one of the preceding
claims, wherein the casting surfaceréompfiSes the peripheral
surface of a water coaled wheei. =

11. Apparatus aécording to claim 10, Wheréin the
wheel is made of a metalrséledted,frdm cépéer; copper alloy,
aluminum, aluminum alloy, steel, molybdenum and
combinations thereof. | ,

12. Apparatﬁs according to any one of the preceding
claims, wherein thé nozéle is constiuctédiof a materiai
selected from graphite, aiumina'graphite, clay gfaphite
quartz, fiberized kaolin,'boronrnitride, silicon nitride,
silicon carbide, borbn carbiae,falumina, zirconié,stabiiized
zirconia siliéate, magnesiarand'combinations thereof.

13. ApparatusracCordingrto ény qﬁe of the preceding
claims, wherein atrleast a po££ion of the bottom surfaces

of the first and secondrlip'are in compléterparallelism
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with the casting surface.
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