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@ Method and apparatus for continuous strip casting.

Metal strip is continuously cast using a primary solidifica-
tion zone in the form of a chamber for molten metal, the
chamber being defined in part by an oscillating cooling wall
upon which solidification of the molten metal can take place,
creating one face of the ultimate strip. Heat is withdrawn from
the cooling wall to promote solidification of the metal. A
secondary solidification zone adjoins the primary solidification
zone and receives the solidified metal from the primary zone.
The secondary zone is defined in part by a further cooling wall
facing oppositely from the oscillating cooling wall in the primary
zone. Solidification of the molien metal takes place against the
further cooling wall in the second zone to create a second face
of the metal strip. The metal in the secondary solidification zone
is maintained against the further cooling wall to prevent liquid
breakout. Heat is also withdrawn from the further cooling wall.
The formed metal strip is withdrawn from the primary zone
through the secondary zone.
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Description

METHOD AND APPARATUS FOR CONTINUOUS STRIP CASTING

This invention relaies generally io a method and
apparatus for producing thin steel slabs and strip,
and has 1o do particularly with a process by which
such materials can be directly cast.

BACKGROUND OF THIS INVENTION

One conventional method of making steel strip is
to use the well known contiinuous casting process to
make slabs which may typically be 200 mm to 250
mm thick. These slabs are then put through a hot
strip mill where they are rolled down to a thickness of
typically 1.8 to 4.8 mm, whereupon they are passed
through a cold finishing mill to achieve the final
thickness.

In contrast to the procedure just described, there
are also thin strip casting methods currently used
which employ some form of double or twin roll caster
to produce a strip having a typical thickness of
between about 2 mm and about 12 mm. Representa-
tive of this process is French patent 2547518, issued
December 21, 1984. Another typical patent is
U.S. 4,546,814, issued October 15, 1985.

A significant departure from the twin roll casting
concept is represented by Japanese patent applica-
tion 2230458, assigned to Nippon Steel Corp. In this
development, a container with an open top is defined
by a sloping bottom wall and a weir (lateral wall)
extending around three sides. The bottom wall is
water-cooled and receives the input of high-fre-
quency vibratory energy to reduce friction. Hot metal
is poured into the basin so defined, and solidifies as
a layer against the cooled bottom wall. This layer is
then withdrawn through the missing fourth wall,
coming off as a strip which passes between one or
more pairs of nip rollers.

A major disadvantage of this Japanese develop-
ment is the fact that the meli has its top surface
exposed fo the air. Moreover, in the region where
the strip is exiting from the continuous casting mold,
the upper surface of the molten steel literally
"becomes” the top surface of the final cast product.
This is very disadvantageous due to the fact that the
upper surface of the melt tends to become covered
with slag, flux or oxides which are undesirable as
inclusions in the top surface of the finished strip.
Additionally there are certain fluid flow problems
associated with frying to cast from a liquid surface,
problems that can coniribute to a rough {wavy)
solidified surface.

It is an object of one aspect of this invention to
provide an improved strip casting mold that does not
suffer from the disadvantages of the Japanese
development, in that it is designed to minimize the
risk of entrapping floating materials in the cast
product, and provide a smooth and fine-grained
steel structure.

GENERAL DESCRIPTION OF THIS INVENTION

More particularly, this invention provides an
apparatus for the manufacture of metal sirip,
comprising:
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a primary solidification zone in the form of a chamber
for containing molten metal, the chamber being
defined in part by an oscillating cooling wall upon
which solidification of the molten metal can take
place, thus creating one face of the metal strip,

first cooling means for withdrawing heat from said
cooling wall,

a secondary solidification zone adjoining the primary
solidification zone and adapted to receive solidified
metal from said primary zone, the secondary
solidification zone being defined in part by a further
cooling wall facing oppositely from said oscillating
cooling wall, whereby solidification of the molien
metal can take place against the further cooling wall
to create a second face of the metal strip, the
secondary solidification zone including means for
maintaining the metal strip juxtaposed against said
further cooling wall,

second cooling means for withdrawing heat from
said further cooling wall,

and extracting means for withdrawing the metal strip
from said primary zone through said secondary
zone.

Further, this invention provides a method for the
continuous manufacture of metal strip at or near the
desired final thickness, the method comprising the
steps:
metering molten metal into a primary solidification
zone in the form of a chamber, the chamber being
defined in part by a cooling wall,
withdrawing heat from said cooling wall so that the
metal solidifies in a layer against the cooling wall,
thus creating one face of the metal strip,
oscillating said cooling wall to discourage the
solidified metal from adhering to the cooling wall,
passing the layer of solidified metal into a secondary
solidification zone adjoining the primary solidifica-
tion zone, the secondary solidification zone being
defined in part by a further cooling wall facing
oppositely from said first-mentioned cooling wall, so
that solidification of the molten metal takes place
against the further cooling wall to create a second
face of the metal strip,
maintaining the metal strip juxiaposed against said
further cooling walil to avoid break-out of molten
metal from said chamber,
and withdrawing the metal strip from said secondary
zone.

GENERAL DESCRIPTION OF THE DRAWINGS

Several embodiments of this invention are illus-
trated in the accompanying drawings, in which like
numerals denote like parts throughout the several
views and in which:

Figure 1 is a schematic view of the major
components of a strip casting facility;

Figure 2 is a vertical sectional view through a
strip casting mold constructed in accordance
with one embodiment of this invention;

Figure 3 is a horizontal sectional view taken at
the line 3-3 in Figure 2;




3 EP 0342020 A2 4

Figure 4 is an elevational view of a variant of
the construction of Figure 2;

Figure 5 is a vertical sectional view taken at
the line 5-5 in Figure 4,

Figure 6 is a horizontal sectional view taken at
the line 6-6 in Figure 5; and

Figure 7 is a schematic drawing of a second
embodiment of this invention.

DETAILED DESCRIPTION OF THE DRAWINGS

Attention is first directed to Figure 1, which shows
a ladle 10 delivering molten steel to a tundish 12.
From the tundish 12 the molten steel passes to a
strip casting mold 14 which will be described in
greater detail later in this specification. The strip
casting mold 14 continuously casts a steel sirip
which passes through a housing 16, and then
through a plurality of rollers 18 which re-direct the
strip into a horizontal direction. A laminar spray
cooling mechanism 20 is provided fo reduce the
temperature of the strip, and finally the sirip is coiled
in a coiling facility 22.

Attention is now directed fo Figure 2, which
illustrates the details of construction for one em-
bodiment of a strip casting mold 14.

An internal chamber 24 has an open top end 26,
and is defined between a substantially vertical face
28, substantially vertical insulating side walls 30 (only
one seen in the sectional view of Figure 2), and an
insulating oblique wall 32. Near the top of the mold
14, the oblique wall 32 joins a short vertical wall 34.
The walls 32 and 34 are surfaces of a monolithic
refractory block 36 which is held in place by frame
members 38, bottom support panel 39, and vertical
panel 40.

The vertical face 28, in the embodiment illustrated,
is the inside face of a panel 43 which is preferably of
high-conductivity copper. The panel 43 constitutes a
cooling wall which is coated with boron nitride due to
the "slippery” nature of this material with respect to
solidified steel. While boron nitride is considered to
be a preferred low-friction material that could be
advantageously used in this invention, it is emphas-
ized that other materials with similar properties
could be selected, and the present invention should
not be considered limited to this particular material.
As can be seen in Figure 2, the panel 43 is part of a
complex geometry which includes horizontal integral
fins 50. The fins 50 are spaced apart vertically, and
define chambers into which cooling water can be
sprayed from a plurality of appropriately positioned
nozzles 52 connected to pipes 54. The complex of
which panel 43 forms a part includes side walls 56
(only one being seen in the vertical sectional view of
Figure 2).

it will be noted that the panel 43 does not extend
the full height of the wall. The panel 43 is connected
to a top wall 60 which defines the bottom extremity
of an insulation chamber 62 in which insulation is
provided. The top of the chamber 62 is defined by a
plate 64. The insulation provided in chamber 62 may
be alumina or an alumina-graphite composite. Such
insulation may be coated on the inside face 65a with
a material such as zirconia {Zr20s).

Panel 43 is integral at the bottom with a flange 60a
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that rests on a plate 64a. Structures 65 are shown
schematically to represent support means for the
strip caster.

As can be seen in Figure 2, the intended level for
the molten steel is at the line 66, this line being above
the upper wall 80 of the cooling unit. This means that
heat is not withdrawn from the melt in the upper
region. As a result, the upper layers of the melt
remain at a high temperature and do not contribute
material to the forming sirip. This avoids the creation
of a surface meniscus and prevents the inclusion of
flux, slag and oxides in the strip as it solidifies
against the panel 43. The solidification thus begins at
some chosen depth below the surface of the melt
but still proceeds against a continuous integral face. .

Looking toward the bottom of Figure 2, it will be
noted that there is provided a further cooling wall 68
spaced leftwardly away from the surface of the
bottom portion of the panel 43. The forming steel
strip will be withdrawn through the gap between
these two portions. A typical gap may be in the
region of 12 mm. The wall 68 is C-shaped in section,
and cooperates with a vertical panel 69 to define a
water chamber 70, fed through pipes 72 and 74. The
wall 68 may also have a boron nitride or equivalent
coating 76 which is intended to reduce friction with
the strip.

The provision of the chamber 24 is of advantage in
that 1) it allows the use of conventional feed means
such as nozzles, and 2) it promotes stabilization of
the melt temperature.

it is convenient to regard the structure of the
Figure 2 embodiment as providing two separate
solidification zones: a first solidification zone ex-
tending from the level of the upper wall 60 (at the top
of the panel 43) down to the level of the bottom of
the refractory block 36, and a second solidification
zone extending below the first solidification zone as
far as the bottom of the further cooling wall 68. The
rightward face of the ultimate strip is formed against
the vertical face 28 of the panel 43 in the first
solidification zone, and the leftward face of the
ultimate strip is formed against the further cooling
wall 68 in the secondary solidification zone.

The distinction between the first and second
solidification zones is clarified in Figure 7, o which
attention is directed. Figure 7 is a2 schematic vertical
sectional view of another embodiment of this
invention, somewhat distorted in terms of the strip
thickness in order that the process of strip solidifica-
tion can be better understood.

In Figure 7, a chamber 224 is shown to be defined
in part between a sloping insulating wall 232 and a
vertical cooling wall 228, the latter being of high-con-
ductivity copper coated with boron nitride. The
cooling wall 228, against which water jets 252 are
directed, has a cooling effect only up to its top flange
260. The numeral 262 identifies insulating material
above the cooling wall 228, thus ensuring that slag
and impurities at the surface of the melt will not be
drawn into the forming strip.

The first solidification zone is encompassed by the
bracket 245, which in this embodiment extends only
to the botiom of the cooling wall 228.

Below the first solidification zone, the secondary
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solidification zone extends as far as the bottom of a
cooling unit 268, the construction of which would be
the same as that shown at 68, 69 and 70 in Figure 2.
In Figure 7 the secondary solidification zone is
encompassed by the bracket 247.

In Figure 7, the thickness of the forming strip is
exaggerated. As can be seen by the profile 270, the
strip progressively increases-in thickness in the
downward direction within the first solidification
zone 245, due to the cooling effect of the cooling
wall 228. Once the strip has left the first solidification
zone, however, the increase in thickness from the
right side proceeds at a very reduced rate. Within the
secondary solidification zone, the cooling effect of
the unit 268 causes solidification to proceed from
the left side, rapidly increasing in thickness until the
entire strip is solid. Solidification is preferably
completed within the secondary solidification zone
247. In a preferred embodiment, the unit 268
undergoes oscillation which may be horizontally
parallel to the strip, or vertically, or a combination of
these motions.

It is to be noted that, in the embodiment illustrated
in Figure 2, solidification from the right side of the
ultimate strip is not confined to the first solidification
zone but continues into the secondary solidification
zone, due to the fact that the panel 43 exiends to the
bottom of the secondary solidification zone.

Returning to Figure 7, those skilled in the art will
realize that, because the opposing surfaces of the
strip have been separately crystallized from opposite
directions, it is likely that shrinkage cavities or voids
271 will occur along the interior plane where the two
solidification fronts come together. In a preferred
embodiment, these voids are welded together
(eliminated) by withdrawing the formed strip 273
using extraction rolls 275 which not only pinch and
pull the strip 273 downwardly, but also reduce its
thickness. The pressure applied to achieve thick-
ness reduction can be adjusted to weld up any
contained voids 271. Of course, back-up rolls {not
illustrated) could be used to reduce any tendency for
the strip to develop a crown as a result of the
thickness reduction process. Ideally, the rolls 275
serve severai purposes: 1) they weld up the voids, as
already stated, 2) they planish the surface to make it
smoother, and 3) they achieve the final thickness
specified by the customer without having to change
the gap from the first to the second solidification
zone.

Within the secondary solidification zone 247 in
Figure 7 there are provided pressure rolls 279 which
are resiliently mounted so as to exert a leftward
force against the strip in the secondary solidification
zone. This force keeps the sirip pressed against the
cooling unit 268, thus preventing a breakout of
molten metal in the secondary solidification zone. It
is contemplated to provide a stop for the rolls 279,
which fixes the minimum distance between the
cooling unit 268 and the rolls 279. In the embodiment
of Figure 2 the rolls 279 are not present, because the
panel 43 exiends through to the bottom of the
secondary solidification zone 247. However, the
embodiment of Figure 2 will require a greater degree
of monitoring and control, since the gap beiween the
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panel 43 and the wall 68 is fixed.

Also illustrated in Figure 7 are a plurality of heating
elements 281, the purpose of which is to add heat to
the melt to ensure that it remains above the liquidus
temperature. The lowermost heating element 281a is
of particular importance because it adds heat close
to the critical neck area where alumina could be
deposited against the wall 232.

Attention is now directed to the remaining figures
for an explanation of additional features.

The variant shown in Figures 4-6 includes a lower
sealed water chamber 80 fed by an inlet tube 82, an
upper sealed water chamber 84 delivering water to
an outlet tube 86, and a plurality of laterally spaced
vertical grooves 88 linking the chambers 80 and 84,
the configuration of the grooves being best seen in
Figure 6.

Figure 6 is a horizontal section which cuts through
the panel 68 toward the bottom of the Figure 5
structure, and it will be seen that the panel 68 is
integral with two end structures 90 which are
movable in such a way that the lateral spacing
between the panel 68 and the panel 43 can be
adjusted. This adjustability allows control of the
initial thickness of the sirip. It is to be noted that
Figures 4-6 show the panel 43 as one layer of a
three-part composite plate which includes layers 43a
and 43b. While such a construction could be
employed, it is considered that a single layer (as in
Figures 2 and 7) is preferable.

As already mentioned with reference to Figure 7,
this invention contemplates the use of oscillation or
vibration in order to reduce sticking of the strip to
the cooling walls. More particularly, it is contem-
plated to provide a particular pattern of oscillation in
a "walking” arrangement, wherein the panel 43
moves in a closed loop. The closed loop involves, in
sequence, inward (leftward) movement to achieve
contact with the forming strip, then downward
movement to urge the strip downwardly, then
outward (rightward) movement to break or reduce
contact with the strip, then upward movement. Such
a repeating cycle will encourage the solidifying strip
to move downwardly, since upward movement of the
pane! 43 occurs after it has withdrawn away from the
strip. There is a possibility that the cyclic motion of
the panel 43 just described will leave oscillation
marks on the product. For this reason it is
contemplated to utilize high frequencies so that any
such marks will be very closely spaced and thus less
visible. It is important o realize that the cyclic
movement described above can result from the
superimposition of horizontal and vertical motions,
and that the loop may be other than a strictly
rectangular or circular path.

Figure 7 further illustrates in broken outline a
housing 282 encompassing the rolls 275 and the
secondary zone 247. The housing 282 provides a
reducing atmosphere to diminish scale formation
and to prevent reoxidation of the metal strip.

Lowering the friction between the strip and the
panel 43 is of considerable importance due to the
high ratio of frictional drag to product weight. Similar
problems do arise with the continuous casting of
thicker materials like slabs, but because of the
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surface-to-weight ratio, it is possible to use oil or flux
to reduce friction and allow the weight of the product
to supply most or all of the required downward pull.
In the present development however it is expected
that an additional downward pull on the strip product
will be necessary. However, because of the very high
temperature of the strip as it emerges from the mold,
its tensile strength is very low. This means that the
degree of pull that can safely be exerted is limited.
The use of reduction rolls 275 for this purpose has
already been described with reference to Figure 7.

It is to be understood that the designation of
boron nitride as a coating on panel 43 does not imply
a limitation in terms of the scope of the invention.
The important thing about the panel 43 is that it be
capable of transferring heat away from the chamber
24, and that it present a relatively "slippery” surface
to the hot melt. A new material called SIALON may
prove to be equivalent or superior to boron nitride
for the coating. More specifically, the coating
material should have extreme temperature resist-
ance under reducing and even oxidizing conditions
{i.e. around 1600° C). Further, it should have
excellent geometric thermal stability, i.e. a low or
zero coefficient of thermal expansion. The thermo-
conductivity of the material should be at least as high
as that of steel, and ideally it should have a low heat
capacity. While boron nitride is not ideal in terms of a
low heat capacity, its low density tends fo compen-
sate to some degree. Finally, the material shouid
have a "non-wetting” aspect and low friction, since
this tends to overcome or reduce any “coupling”
friction with respect to the strip. It is considered that
a modest amount of “sliding friction” will be
beneficial for a proper application of the walking
oscillation described earlier.

It will be appreciated that the apparatus of the
present invention could have other orientations than
that illustrated. For example, the surface 28 in
Figure 2 could be angulated with respect to the
vertical.

For the process of this invention, the importance
of temperature control cannot be overemphasized.
Temperature control regulates the rate of cooling
(solidification) of molten metal on the cooling wall
and also regulates or maintains the molten metal
temperature in the mold for casting. This is critical to
attaining a high quality product.

Conitrolled cooling in both the longitudinal and
transverse directions at the cooling wall is con-
sidered important for the aitainment of fiat strip with
good surface quality. In the cooling system shown in
Figure 2, the water spray system is not mechanically
connected to the panel 43, which leaves the panel
free owing to the decreased mass, to oscillate more
readily at any desired impressed frequency. Control
of the spray nozzles may be accomplished by
thermocouples embedded in the panel 43 at various
locations or zones. The thermocouples could pro-
vide data for computer analysis and control of the
cooling on a zone-by-zone basis. The fins 50 integrat
with the panel 43 assist in defining the cooling
zones, increase cooling capacity, and prevent
distortion of the panel 43.

As already mentioned with reference to Figure 7, it
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is contemplated to heat the molten steel by
induction, in order to offer temperature control.
Precise temperature control of the molten steel and
elimination of temperature fluctuation experienced
with tundish feed and minor line speed variations
would result in improved strip shape, surface quality
and thickness conirol. The use of induction coils
would accommodate this additional feature.
It will thus be appreciated that the present
invention offers a number of advantages:
(a) high speed casting of strip;
(b) simplified strip production by essentially
eliminating the hot strip mili operation;
(c) excellent surface quality of strip due to
restricting slag to the molten metal surface, and
(d) a good strip shape (flatness) due to the
close control of the heat profile.

Consideration For Mold Oscillation

The governing design criterion -for the vertical
oscillator component for a thin strip caster is that the
maximum mold velocity must exceed the strip
velocity to produce a stripping effect between the
strip and the cooling wall. :

In the preferred embodiment, the horizontal
oscillation component for a thin sirip casting
machine will be coupled to the vertical motion to
simulate a "walking beam” effect. The mold will
remain in contact with the steel strip during the
down stroke of the vertical motion. At the end of the
down stroke the mold will move horizontally away
from the strip. Contact between the mold and the
strip will not occur again until the mold is at the top
of its vertical stroke.

To achieve the "walking beam” motion, the
oscillator frequency in the horizontal plane must be
the same as the oscillator frequency in the vertical
plane. The stroke length will be selected based on
the desired stand-off distance between the mold and
the steel strip.

While several embodiments of this invention have
been illustrated in the accompanying drawings and
described hereinabove, it will be evident to those
skilled in the art that changes and modifications may
be made therein without departing from the essence
of this invention, as set forth in the appended claims.

Claims

1. An apparatus for the manufacture of metal
strip, including a primary solidification zone in
the form of a chamber for containing molten
metal, the chamber being defined in part by an
oscillating cooling wall upon which solidification
of the molten metal can take place, thus
creating one face of the metal strip, first cooling
means for withdrawing heat from -oscillating
cooling wall, and extracting means for with-
drawing strip from said primary solidification
zone,
characterized in that,
there is further provided a secondary solidifica-
tion zone adjoining the primary solidification
zone and adapted to receive solidified metal
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from said primary zone, the secondary solidifi-
cation zone being defined in part by a further
cooling wall facing oppositely from said oscillat-
ing cooling wali, whereby solidification of the
molten metal can iake place against the further
cooling wall to create a second face of the metal
strip, the secondary solidification zone includ-
ing means for maintaining the metal strip
juxtaposed against said further cooling wall,
and second cooling means for withdrawing heat
from said further cooling wall.

2. The apparatus claimed in ¢laim 1, in which
said means for maintaining comprises at least
one roller resiliently mounted to urge the metal
strip against said further cooling wall.

3. The apparatus claimed in ¢laim 1, in which
said means for maintaining comprises an exten-
sion of said oscillating cooling wall.

4. The apparatus claimed in claim 1, in which
said extracting means comprises a pair of
extracting rolls.

5. The apparatus claimed in claim 4, in which
said extracting rolls also serve as reduction
rolls so that internal voids in the strip can be
welded, the surface planished and the final
thickness achieved.

6. The apparatus claimed in claim 1, in which
said further cooling wall undergoes oscillation.

7. The apparatus claimed in claim 1, further
comprising a housing enclosing the metal strip
where it emerges from the first and second
zones, and means for providing a reducing
atmosphere to diminish scale formation within
said housing.

8. The apparatus claimed in claim 1, in which
the oscillating cooling wall is substantially flat
and extends substantially vertically, the sec-
ondary zone being below the primary zone, said
chamber being further defined by a first insulat-
ing wall opposite said oscillating cooling wall,
the first insulating wall sloping downwardly and
toward the oscillating cooling wall, said cham-
ber being further defined by second and third
insulating walls.

9. The apparatus claimed in claim 8, in which
the first insulating wall contains heating means
for supplying heat to the melt, at least adjacent
the lower portion of the first insulating wall, in
order to discourage the deposition of alumina
on said lower portion.

10. The apparatus claimed in claim 1, in which
the oscillation of the oscillating cooling wall has
a component in the direction parallel to the
direction of general movement of the metal strip
and a component in the direction perpendicular
to the oscillating cooling wall, the components
being synchronized to impart a walking motion
serving to decrease drag between the oscillat-
ing cooling wall and the solidified metal adja-
cent to the oscillating cooling wall.

11. The apparatus claimed in claim 8, in which
the oscillation of the oscillating cooling wall has
a component in the vertical direction and a
component in the horizontal direction perpen-
dicular to the oscillating cooling wall, the
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components being synchronized to impart a
walking motion serving to decrease drag bet-
ween the oscillating cooling wall and the
solidified metal adjacent to the oscillating
cooling wall; and in which said further cooling
wall also undergoes osgcillation.

12. The apparatus claimed in claim 6, in which
the said further cooling wall undergoes horizon-
tal oscillation parallei with the strip.

13. The apparatus claimed in claim 11, wherein
said first cooling means comprises a plurality of
jets for spraying water such that the water
carries heat away from the oscillating cooling
wall, the apparatus comprising adjustment
means for adjusting the water flow through the
various jets so as to control thermal gradients
over the face of the oscillating cooling wall; said
second cooling means comprising a water
chamber in thermal contact with said further
cooling wall, and means for delivering water to
and removing water from said water chamber.

14. The apparatus claimed in claim 13, wherein
each said cooling wall includes an inner layer of
boron nitride and an outer layer of high-conduc-
tivity copper.

15. The apparatus claimed in claim 13 or 14,
wherein the extracting means comprises ex-
tracting rolls adapted to exert sufficient press-
ure to reduce the thickness to ensure the
welding of internal shrinkage cavities.

16. The apparatus claimed in claim 13 or 14,
wherein the extracting means comprises ex-
tracting rolis adapted fo exert sufficient press-
ure to reduce the thickness sufficiently to
ensure the welding of internal shrinkage ca-
vities, and wherein the apparatus further com-
prises a housing enclosing said extracting rolls
and said secondary zone, along with means for
providing a reducing atmosphere within said
housing to prevent reoxidation of the metal
strip.

17. The apparatus claimed in claim 8, in which
the oscillating cooling wall has an upper edge
which lies below the intended level of the
meniscus of the metal meli, thereby ensuring
that surface materials at the metal meniscus will
not be drawn into the forming metal strip.

18. A method for the continuous manufacture
of metal strip at or near the desired final
thickness, the method comprising the steps of:
metering molten metal into a primary solidifica-
tion zone in the form of a chamber, the chamber
being defined in part by a cooling wall, with-
drawing heat from the cooling wall so that the
metal solidifies in a layer against the cooling
wall, thus creating one face of the metal strip,
oscillating said cooling wall to discourage the
solidified metal from adhering to the cooling
wall,
characterized by the further steps of:
passing the layer of solidified metal into a
secondary solidification zone adjoining the
primary solidification zone, the secondary so-
lidification zone being defined in part by a
further cooling wall facing oppositely from said
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first-mentioned cooling wall, so that solidifica-
tion of the molten metal takes place against the
~ further cooling wall to create a second face of
the metal strip, maintaining the metal strip
juxtaposed against said further cooling wall to
avoid break-out of molten metal from said
chamber, and withdrawing the metal strip from
said secondary zone.

19. The method claimed in claim 18, in which
the step of withdrawing heat from the cooling
wall is done in a manner that ensures a
substantially uniform heat extraction across the
cooling wall in the direction perpendicular to the
general movement direction of the metal strip.

20. The method claimed in claim 18, in which
the step of oscillating the cooling wall includes a
component in the direction parallel to the
direction of general movement of the metal strip
and a component in the direction perpendicular
10 said first-mentioned cooling wall, the compo-
nents being synchronized to impart a walking
motion serving to decrease drag between said
first-mentioned cooling wall and the solidified
metal adjacent thereto.

21. The method claimed in claim 18, in which
the step of oscillating the cooling wall is done in
a repeating overlapping cycle which incorpor-
ates first moving the wall toward the chamber to
achieve frictional contact between the cooling
wall and the metal strip, then moving the wall
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toward said secondary zone to urge said metal
strip toward said secondary zone, then moving
the wall away from the chamber to reduce
frictional contact between the cooling wall and
the strip, then moving the wall in the direction
opposite the direction of said second move-
ment.

22. The method claimed in claim 18, in which
the metal strip is withdrawn at a speed which
ensures that solidification is completed within
the secondary solidification zone.

23. The method claimed in claim 18, further
including the step of reducing the thickness of
the metal strip, whereby to weld any internal
voids in the strip.

24, The method claimed in claim 23, in which
the step of withdrawing and the step of
reducing are accomplished simultaneously by
using reducing rolls to withdraw the metal strip.

25. The method claimed in claim 18, in which
the step of withdrawing heat from the cooling
wall is accomplished by spraying water on the
cooling wall.

26. The method claimed in claim 18, further
including the step of oscillating said further
cooling wall.

27. The method claimed in claim 26, in which
the oscillation of the further cooling wall takes
place horizontally parallel to the strip.
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