wo 2016/153693 A1 | I NF N1 0RO AR AR A R

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/153693 Al

29 September 2016 (29.09.2016) WIPO I PCT
(51) International Patent Classification: LAIL Sunilkumar C.; 1415 Old Meadow Road, Upper
B22C 1/00 (2006.01) Saint Clair, Pennsylvania 15241 (US).

(21) International Application Number: (74) Agents: CLINTON, Thomas et al.; Vesuvius USA, 250

PCT/US2016/019280 Park West Drive, Pittsburgh, Pennsylvania 15275 (US).
(22) International Filing Date: (81) Designated States (uniess otherwise indicated, for every
24 February 2016 (24.02.2016) kind of national protection available): AE, AG, AL, AM,
25) Filing L . Enalish AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(25) Filing Language: nglis BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(26) Publication Language: English DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
L. HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(30) Priority Data: KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
62/137,498 24 March 2015 (24.03.2015) us MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(71) Applicant: VESUVIUS CRUCIBLE COMPANY (heir PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
of the deceased inventor) [US/US]; A Corporation of the SD, SE, 8G, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN,

State of Delaware, 1209 Orange Street, Wilmington, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
Delaware 19801 (US). (84) Designated States (unless otherwise indicated, for every
(72) Inventor: JANSSEN, Dominique (deceased). kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(72) Inventors: MADDALENA, Roger; 418 Dickson Avenue, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,

Pittsburgh, Pennsylvania 15202 (US). SIMOES, Jose; Rue
de Port 3/12, B-7330 St. Ghilsain (BE). PATEL, Babu;
729 Timberview Drive, Findlay, Ohio 45840 (US). PIL-

TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SI, SK,

[Continued on next page]

(54) Title: METALLURGICAL VESSEL LINING WITH CONFIGURED PERFORATION STRUCTURE

(57) Abstract: A lining for a metallurgical vessel is contigured to

(-80

8(_) I OITOOII
60 6
CQ o 09\/0 -]
/64
<-34 / /I

-~

Fig. 3

have an engineered porosity. The lining contains a plurality of re-
gions, each extending in a primary plane of the lining, each region
having a ditfering value of total pore or perforation area as meas-
ured in a primary plane of the lining. The lining may be used to
form part or all of the working surface of the floors or walls of the
vessel. In casting use the lining produces an oxidation buffering lay-
er at an interphase of metal melt extending from the interface
between metal melt and the walls and floor of the metallurgical ves-
sel, such that when in casting use, the metal flow rate in said oxida-
tion butfering layer is substantially nil, and the concentration of en-
dogenous inclusions, in particular oxides, in said oxidation buffer-
ing layer is substantially higher than in the bulk of the metal melt.
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METALLURGICAL VESSEL LINING WITH CONFIGURED PERFORATION
STRUCTURE

FIELD OF THE INVENTION

[0001] The present invention generally relates to metal forming lines such as
continuous metal casting lines. In particular, it relates to a lining for a
metallurgical vessel, such as a tundish, capable of reducing substantially the
formation of oxide inclusions in the metal melt.

BACKGROUND OF THE INVENTION

[0002] In metal forming processes, metal melt is transferred from one
metallurgical vessel to another, to a mould or to a tool. For example, a tundish of
large capacity is regularly fed with metal melt by a ladle transferring metal melt
from a furnace to the tundish. This allows the continuous casting of metal from
the tundish to a tool or mould. Flow of metal melt out of metallurgic vessels is
driven by gravity through nozzle systems located at the bottom of the vessels,
usually provided with a gate system to control (open or close) the flow of metal
melt through said nozzle system. In order to resist the high temperatures of
metal melts, the walls of the vessels are lined with refractory material.

[0003] Metal melts, in particular steel, are highly reactive to oxidation and must
therefore be sheltered from any source of oxidative species. Small amounts of
aluminum are often added to passivate the iron in case oxidative species enter
into contact with the melt. In practice, it appears that often this is not enough to
prevent the formation of oxide inclusions in the melt that produce defects in a
final part produced from the melt. It is reported that a 10 kg steel casting may
contain up to one billion non-metallic inclusions, most of them being oxides.
Inclusions must be removed from the final part by grinding or cutting; these
procedures add to the production cost and generate large amounts of scrap.
[0004] Inclusions may be the result of reactions with the metal melt; these
inclusions are known as endogenous inclusions. Exogenous inclusions are
those in which materials not resulting from the metal melt, such as sand, slag,
and debris of nozzles; exogenous inclusions are generally thicker than
endogenous inclusions.

[0005] Endogenous inclusions comprise mostly oxides of iron (FeO), aluminium
(AloO3), and of other compounds present in, or in contact with the melt, such as
MnO, Cro03, SiOy, TiO4. Other inclusions may comprise sulfides and, to a
minor extent, nitrides and phosphides. Since metal melts are at very high
temperatures (of the order of 1600°C for low carbon steels) it is clear that the
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reactivity of an iron atom with an oxide is very high and reaction cannot be
prevented.

[0006] To date, most measures to reduce the presence of inclusions in a steel
casting is to retain them in the metallurgical vessel in which they were formed.
The present invention proposes a radically different solution by reducing
substantially the formation of endogenous inclusions in a metallurgical vessel
with simple, reliable, and economical means.

SUMMARY OF THE INVENTION

[0007] The present invention is defined by the attached independent claims.
The dependent claims define various embodiments. In particular, the present
invention concerns a lining for a metallurgical vessel for casting a metal melt.
Examples of such metallurgical vessels comprise a floor, surrounded by walls
over the whole perimeter of said floor, and an outlet, or multiple outlets, located
on said floor characterized in that at least a portion of the floor and/or of the
walls comprise means for creating in casting use an oxidation buffering layer at
an interphase of metal melt extending from the interface between metal melt and
the walls and floor of the metallurgical vessel, such that when in casting use, the
metal flow rate in said oxidation buffering layer is substantially nil, and the
concentration of endogenous inclusions, in particular oxides, in said oxidation
buffering layer is substantially higher than in the bulk of the metal melt.

[0008] In a particular embodiment, the structure for creating in casting use an
oxidation buffering layer comprises a porous immobilizing layer lining said floor
and at least some of the walls of the vessel, said immobilizing layer having an
open porosity, with pores or perforations of diameter and surface energy such
as to allow penetration therein by a metal melt, said highly porous immobilizing
layer being made of a substantially non oxidative material with respect to said
metal melt. The metal may remain in the molten form in the immobilizing layer,
or may be partially or completely converted to the solid state in the immobilizing
layer. A perforation is a channel or passage through a layer, enabling a fluid to
pass from one side of the layer to the other. The metal melt penetrating into the
porosity or perforation of this immobilizing layer becomes prisoner of the porous
or perforated structure, which acts like a cage; the flow rate becomes
substantially nil. As it is in close contact with the refractory material lining the
walls and floor of a metallurgical vessel, said refractory material being identified
as a major source of reagents for the formation of endogenous inclusions, be it
by diffusion of the ambient air or by reaction of some of the components thereof,
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the metal layer trapped in the immobilizing layer comprises a concentration of
endogenous inclusions much higher than the bulk of the metal melt.

[0009] The perforated or highly porous immobilizing layer or honeycomb
structure may be made of materials such as magnesia, alumina, zirconia,
mullite, and combinations of these materials.

[0010] In another particular embodiment of the invention, the porous or
perforated structure is configured to have a plurality of planar regions,
orthogonal to a direction of through porosity, having differing numerical values of
pore or perforation area. In an example of this embodiment of the invention, the
porous or perforated structure contains individual pores or perforations having a
larger pore or perforation cross-sectional area adjacent to one face of the pore
or perforation structure, and a smaller pore or perforation cross-sectional area
adjacent to another face of the pore or perforation structure.

BRIEF DESCRIPTION OF THE FIGURES

[0011] Various embodiments of the present invention are illustrated in the
attached Figures:

Figure 1 shows schematically the various components of a typical continuous
metal casting line;

Figure 2 shows schematically the definitions of terms used in describing the
geometry of a metallurgical vessel according to the present invention;

Figure 3 is a perspective drawing of a metallurgical vessel containing a lining
structure according to the present invention;

Figure 4 shows a schematic representation of the metal flow rate, Q and iron
oxide concentration as a function of distance from a wall or floor of a
metallurgical vessel according to the present invention;

Figure 5 shows schematically the definitions of terms used in describing the
geometry of a metallurgical vessel according to the present invention; and
Figure 6 is a perspective drawing of a portion of a sacrificial structure for use in
the casting of the perforated structure of a lining of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0012] As can be seen in the depiction of a casting apparatus (10) in Figure 1, a
tundish is generally provided with one or several outlets generally located at one
or both ends of the vessel, and away from the point where metal melt (12) is fed
from a ladle (14). Metal melt exits the ladle (14) through a ladle valve (16) and
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ladle nozzle system (18) into tundish (20), and exits tundish 20 through tundish
valve (24) and tundish nozzle system (26) into mould (28). A tundish acts much
like a bath tub with open tap and open outlet, creating flows of metal melt within
the tundish. These flows contribute to a homogenization of the metal melt and
also to the distribution within the bulk of any inclusions. Concerning endogenous
inclusions, it was suspected that the reaction rate (mostly oxidation) is strongly
controlled by the diffusion of reactive molecules. This assumption was confirmed
by an experiment, wherein a low carbon steel melt was held in a crucible placed
in a conditioning chamber free of oxygen. A pipe was introduced into said metal
melt and oxygen was injected at low rate. After a time, the metal melt was left to
solidify and the composition of the ingot thus obtained was analyzed. As
expected, the oxidized region was limited to a small region around the outlet of
the oxygen pipe, thus confirming the assumption that oxidization reaction is
strongly diffusion controlled. It follows that if metal flow can be stopped,
oxidation would stop too. Of course, this is not possible in a continuous casting
operation which, as its name indicates, is characterized by a continuous flow of
metal melt.

[0013] The second assumption which led to the present invention was that
oxidation reagents originate at the walls and floor of the metallurgical vessel. In
particular, it is believed that oxidation reagents come from two main sources:
(@) Reactive oxides of the refractive lining, in particular silicates such as
olivine ((Mg,Fe)2SiO4); and

(b) Air and moisture diffusing from ambient through the refractory lining of the
metallurgical vessel and emerging at the surface of the floor and walls of said
vessel (e.q., a tundish).

[0014] This second assumption was validated by lab tests.

[0015] The solution, therefore, proceeded from these two starting assumptions:
(@) Metal oxidation reaction rate is diffusion controlled, and

(b) Metal oxidation reagents are fed to the melt from the walls and floor of a
metallurgical vessel.

[0016] The inventors have proposed the following solution for preventing the
formation of endogenous inclusions in the bulk of the metal melt. If it were
possible to immobilize the atoms forming the metal melt close to the source of
oxidative species, i.e., the walls and floor of a metallurgical vessel, a
“passivating layer” or a “buffering layer” would form which would be left to
oxidize but, since diffusion is very slow and absent any significant flow, the
oxidation reaction would not spread to the bulk of the metal melt. This principle
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is illustrated schematically in Figure 4, wherein the flow rate, Q, of metal melt is
substantially zero over a distance, 0, from the wall or floor lined with a refractory
material. This interphase of thickness, 0, is called herein an “oxidation buffering
layer.” In said layer, the concentration of oxides is substantially higher than in
the bulk of the metal melt. The reason is that the source of oxidation species is
the walls and floor of the metallurgical vessel. Since the flow rate in the oxidation
buffering layer is nearly zero, the oxidation reaction is diffusion controlled and
therefore does not spread rapidly. Above said oxidation buffering layer,
however, the flow rate of the metal melt increases and oxidation reaction would
spread more rapidly but, absent any oxidation reagents, only very limited
oxidation reactions take place above the buffering layer.

[0017] It is clear that although oxidation reactions have been mentioned in the
above explanation, the same applies mutatis mutandis to other reactions such
as the formation of sulfides, nitrides, and phosphides, which reaction rates with
atoms such as Fe are also diffusion controlled.

[0018] Various devices or means for forming an oxidation buffering layer can be
proposed. In a first embodiment, the device takes the form of a perforated lining
structure. This perforated lining structure may be monolithic or may be
composed of a plurality of components. The perforated lining structure may be
used to line part or all of the floor of a refractory vessel, and may be used to line
part or all of the walls of a refractory vessel. The pores or perforations of the
lining structure have a diameter and surface energy such as to allow penetration
therein by a metal melt. The lining structure is made of a substantially non
oxidative material with respect to the metal melt.

[0019] The lining structure should be made of a material not reactive with metal
melts, in particular low carbon steels. Certain embodiments of the invention are
characterized by the absence of silicates. The materials used for making tundish
foam filters are suitable for making the lining structure of the present invention.
In particular, zirconia, alumina, magnesia, mullite and a combination of these
materials may be suitable for forming the lining structure of the present invention
and are readily available on the market.

[0020] The pores or perforations of the lining structure have a wall surface
energy compatible with the metal liquid being cast, and permit metal melt to
pass through the thickness of the lining structure until it reaches gettering
volumes within the lining structure, and the refractory lining forming the inner
walls and floor of the metallurgical vessel. The gettering volumes are configured
to maximize the area of the metal melt in contact with the refractory lining. The
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metal atoms in contact with the refractory lining enter in contact with oxidation
reagents, such as diffusing oxygen or components of the refractory lining, and
rapidly react forming oxides, in particular FeO in low carbon steel melts. The
metal melt, however, is trapped within the pores or perforations, and gettering
volumes, and cannot flow. Since the diffusion controlled spreading of the
oxidation reactions is very slow in still metal melts, the reaction will propagate
extremely slowly through the thickness, 0, of the lining structure. The metal melt
flowing over the lining structure is therefore not contacted by oxidation reagents
until the oxidation reaction has proceeded through the thickness, 0, of the layer,
which can take longer than a casting operation.

[0021] It is clear from the above explanation that foam materials traditionally
used as filters in casting operations can be used for forming an oxidation
buffering layer, but they are not used as filters, through which the metal flows in
and out, but to restrict the flow of metal. In an embodiment of the present
invention, a first material with a first porosity, or first summed cross-sectional
perforation area, is used as a first layer in contact with the body of the metal
melt, and a second material with a second porosity, or second open volume
summed maximum cross-sectional area, is used as a second layer, disposed
between the first layer and a third, backing layer of a lining structure. The
second porosity, or second open volume summed maximum cross-sectional
area of the second material in this embodiment is greater than the first porosity,
or first summed cross-sectional perforation area, of the first material.

[0022] As an alternative to foam panels, honeycomb panels can be used in
certain embodiments of the invention. These are used in addition to, and over,
the backing lining, and not as a replacement of the backing lining. The axis of
the honeycomb cells (i.e., extending from one opening to the other) should be
normal to the wall or floor it is applied to. Each cell can act, depending on the
position in which the panel is used in the lining, as either a first layer in which the
cells act as pores or perforations and control the flow of melt to a second layer
with greater porosity or cross-sectional gettering volume area as measured in a
plane parallel to the panel major plane, or as a second layer, in which the cells
of the panel act as gettering volumes and have, in sum, a greater cross-
sectional area of gettering volumes, as measured in a plane parallel to the panel
major plane, than the overlaying first layer has total cross-sectional area of
porosity, as measured in a plane parallel to the panel major plane. Honeycomb
structures are characterized by hexagonal cells. Other cell geometries, such as
cells having circular or square cross-sections may also be suitable. Zirconia,
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alumina, magnesia, mullite and combinations thereof may be used for the
honeycomb panels.

[0023] In another embodiment of the invention, a refractory vessel having a
backing layer is provided with ribs or protrusions extending into the interior of the
vessel. A first layer having pores or perforations is installed on the interior of the
refractory vessel so that a major surface of the first layer is in contact with the
ribs or protrusions of the backing layer. The ribs or protrusions are configured
so that gettering volumes are defined between the major surface of the first layer
facing away from the body of the metal melt and the surface of the backing layer
facing towards the body of the metal melt. The spacing between the major
surface of the first layer facing away from the body of the metal melt and the
surface of the backing layer facing towards the body of the metal melt may be in
the range from and including 1 mm to and including 50 mm, from and including 1
mm to and including 30 mm, from and including 1 mm to and including 20 mm,
and from and including 2 mm to and including 30 mm.

[0024] According to the present invention, a lining structure for a refractory
vessel may comprise (a) a first layer having a first layer first major surface and a
first layer second major surface disposed opposite to the first layer first major
surface, and (b) a second layer having a second layer first major surface and a
second layer second major surface disposed opposite to the second layer first
major surface, wherein the first layer second major surface is in contact with the
second layer first major surface, wherein the first layer comprises a plurality of
pores or perforations passing from the first layer major surface to the first layer
second major surface, wherein the second layer comprises at least one
gettering volume, wherein the at least one gettering volume is in fluid
communication with at least one first layer pore or perforation, and wherein the
at least one gettering volume is in fluid communication with the second layer
second major surface; and wherein the summed cross-sectional area of all
pores or perforations in the first layer is less than the summed maximum cross-
sectional area of all gettering volumes in the second layer.

[0025] In particular embodiments of the invention, the first layer and second
layer may comprise a single monolithic structure. The lining structure may be
comprised of zirconia, alumina, magnesia or mullite, or combinations of these
materials. The summed maximum cross-sectional area of all gettering volumes
in the second layer may be at least a factor of 10, at least a factor of 30, at least
a factor of 100, at least a factor of 300, at least factor of 1000, at least a factor of
3000, or at least a factor of 10000 greater than the summed cross-sectional area
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of all pores or perforations in the first layer. The second layer may comprise a
plurality of stand-off structures protruding from the second major surface of the
first layer. The second layer may comprise a plurality of alcoves having interiors
and opening in the direction of the second layer second major surface, and the
interiors of the alcoves may comprise gettering volumes. The second layer may
comprise a plurality of grooves having interiors and opening in the direction of
the second layer second major surface, and the interiors of the alcoves may
comprise gettering volumes. The second layer may also comprise a plurality of
standoff structures in communication with the first layer and the third layer. The
standoff structures may be formed in any suitable geometry, such as spheres,
cylinders, conic sections, or prisms of polygons. The first layer and third layer
may be provided with receiving geometries so that the standoff structures are
immobilized when the first layer is installed with respect to the third layer.
[0026] In particular embodiments of the invention, the first layer has a thickness
in the range from and including 5 mm to and including 150 mm, in the range
from and including 5 mm to and including 100 mm, in the range from and
including 10 mm to and including 150 mm, or in the range from and including 10
mm to and including 100 mm. In particular embodiments of the invention, the
second layer has a thickness in the range from and including 1 mm to and
including 50 mm, range from and including 2 mm to and including 50 mm, the
range from and including 5 mm to and including 50 mm, the range from and
including 1 mm to and including 25 mm, range from and including 2 mm to and
including 25 mm, and the range from and including 5 mm to and including 25
mm.

[0027] The lining structure of the present invention may further include a
nonperforated third or backing layer having a third layer first major surface in
contact or communication with the second layer second major surface. The
second layer may be formed from, or have a thickness defined by, a plurality of
stand-off structures protruding from the third layer first major surface.

[0028] The pores or perforations in the first layer may have a flared geometry at
their intersection with the first layer major surface. The pores or perforations
may have a cross-section geometry selected from the group consisting of
circular geometry, elliptical geometry, oval geometry, square geometry,
rectangular geometry, polygonal geometry, parallelogram geometry, and lens
geometry. The pores or perforations have a minimum cross-sectional diameter
from and including 2 mm to and including 50 mm, from and including 2 mm to
and including 40 mm, from and including 2 mm to and including 25 mm, and
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from and including 2 mm to and including 15 mm. The pores or perforations may
take the form of channels or slits defined by spacing between adjacent panels
forming the first layer, wherein the channels or slits provide fluid communication
between the first layer first major surface and the first layer second major
surface.

[0029] The present invention also relates to the use of the lining structure as
previously described in a refractory vessel, and to a metallurgical vessel having
an interior and an exterior, wherein the interior of the metallurgical vessel
comprises a lining structure as previously described.

[0030] The present invention also relates to a process for the minimization of
oxidation of a molten metal during transfer, comprising (a) transferring molten
metal to a vessel having a lining structure as previously described, and (b)
transferring the molten metal out of the vessel.

[0031] Figure 2 depicts a lining structure 30 according to the present invention.
First layer 34 has a first layer first major surface 36 and a first layer second
major surface 38 disposed opposite to the first layer first major surface 36.
Second layer 42 has a second layer first major surface 44 and a second layer
second major surface 46 disposed opposite to the second layer first major
surface 44. The first layer second major surface 38 is in contact with the second
layer first major surface 44. Third layer 50 has a third layer first major surface 52
and a third layer second major surface 54 disposed opposite to the third layer
first major surface 52. The first layer 34 comprises a plurality of perforations 60
passing from the first layer major surface 36 to the first layer second major
surface 38. Element 62 is the cross section of a perforation in the plane of the
drawing. The second layer 42 is shown as comprising at least one gettering
volume 64 in fluid communication with at least one first layer perforation 60. The
at least one gettering volume 64 is in fluid communication with the second layer
second major surface 54. Element 66 is the cross section of a gettering volume
64 in the plane of the drawing.

[0032] Figure 3 depicts a metallurgical vessel 80 containing a lining structure
according to the present invention, and having an interior volume 82. Element
84 is the shell, insulating layer and refractory safety layer within which the lining
structure is contained. Element 84 is in communication with third layer or
backing layer 50. Third layer or backing layer 50 is in communication with
second layer 42. Second layer 42 is in communication with first layer 34. Second
layer 42 contains a plurality of gettering volumes 64. An exposed first layer first
major surface 36 contains perforations 60 through which fluid communication is
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provided between interior volume 82 and manifold volumes 64. In use, molten
metal is introduced into interior volume 82. A portion of the molten metal is
admitted, through perforations 60, into the manifold volumes 64. The movement
of molten metal in manifold volumes 64 is constrained. The metal in manifold
volumes 64 may remain entirely or partially in the molten state, or may partially
or entirely undergo a phase change to the solid state. It is believed that metal in
either phase would contribute to the operation of the invention, as molten metal
would react with species emitted by backing layer 50 to prevent them from
passing into interior volume 82, and solid metal would provide a physical barrier
to species emitted by backing layer 50.

[0033] Figure 4 depicts graphs of properties within a metallurgical vessel
containing a lining according to the invention. Properties are shown with respect
to distance from the third layer 50 of a lining of the present invention, wherein
the flow rate, Q, of metal melt is substantially zero over a distance, 8, from the
third layer 50 of the lining, which may be a wall or floor lined with a refractory
material. This interphase of thickness 0 is called an “oxidation buffering layer.” In
this embodiment it corresponds to the thickness of a first layer 34 supported by
a second layer 42. First layer 34 is in communication with the interior volume 82
of the metallurgical vessel. Plot line 90 indicates metal flow rate with respect to
distance from third layer 50, with values increasing from left to right. Plot line 92
indicates concentration of oxides with respect to distance from third layer 50,
with values increasing from left to right.

[0034] Figure 5 depicts a cross section 100 of a lining of the present invention.
First layer 34 is supported by a second layer 42, which is in turn supported on
third layer first major surface 52 of third layer 50. First layer 34 contains
perforations 60 providing fluid communication between vessel interior volume 82
and manifold volumes 64. First layer internal major plane 102 is a plane
contained within first layer 34 and parallel to third layer first major surface 52 of
third layer 50. Second layer internal major plane 104 is a plane contained within
second layer 42 and parallel to third layer first major surface 52 of third layer 50.
[0035] A configured perforated structure of the present invention may be
installed on a backing lining of a refractory vessel placing a sacrificial structure
in contact with the backing lining. The sacrificial structure is configured so that,
when it is removed by combustion, heat, chemical or physical action, first and
second layers will be formed that will have structures enabling them to function
according to the present invention. Sacrificial structures may be constructed of
cellulosic, plastic, or other organic materials, graphitic materials, glasses,

10
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permeable minerals, gaseous materials or metals, and combinations thereof.
The material used in the sacrificial structure may take the form of a sheet,
powder, sprayed slurry or gel. One or more refractory materials are then applied
to the sacrificial structure to provide, after removal of the sacrificial structure, first
and second layers according to the present invention. The refractory materials
may be applied by gunning, spray, trowelling, casting, dry-vibration application,
shotcreting, grouting, pouring, injection, or placement of preformed pieces. The
refractory materials may then be dried, cured or stabilized to solidify them as
necessary. The resulting layered structure is then exposed to physical or
chemical action to remove or transform the sacrificial structure to create
manifold volumes in the second layer that may be in fluid communication with
the interior of the metallurgical vessel.

[0036] A configured perforated structure of the present invention may be
installed on a backing lining of a refractory vessel by providing a preformed
structure to serve as the first layer, and placing the preformed structure in
proximity to a third layer. The first layer and third layer may communicate with
each other by way of standoffs protruding from the first layer, by way of
standoffs protruding from the third layer, or by way of spacers disposed between
the first layer and the third layer. The second layer is formed between the first
layer and the third layer, and a manifold volume is formed in a volume of the
second layer not occupied by standoffs, spacers or other support structures.
Standoffs, spacers or other support structures may be disposed to provide a
second later having a thickness from and including 0.25 mm, 1 mm, 2 mm,
3mm, 4 mm, 5mm, 6 mm, 7 mm, 8 mm, 9 mm and 10 mm to and including 5
mm, 6 mm, 7, mm, 8 mm, 9 mm, 10 mm, 15 mm, 20 mm, 30 mm, 40 mm, 50
mm, 60 mm, 70 mm, 80 mm, 90 mm and 100 mm.

[0037] The perforations in the first layer may have any structure that permits
flow from the body of a metal melt through the first layer to a manifold volume of
the second layer. The perforations in the first layer may take any form, or
combination of forms, that enables them to function according to the invention.
The perforations have a cylindrical, prismatic or truncated conic shape.
Perforations may have a beveled, conical, right-angle or rounded profile at their
intersection with the first surface of the first layer. Perforations in the first layer
may take the form of channels or slits or gaps formed between adjacent panels
in configurations in which the first layer comprises an array of adjacent panels.
The channels or slits or gaps may form a continuous network. Individual
channels or slits or gaps separating a pair of adjacent panels may be continuous
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or may be discontinuous. The panels may be provided with standoffs that may
be oriented towards the third layer. Perforations may be formed by mechanical
methods, such as removal of a sacrificial material, by punching, or by drilling.
[0038] The perforations in the first layer may be formed by providing a sacrificial
material in a monolithic material applied to the third layer, in conjunction with, or
in the absence of, a sacrificial structure in communication with the third layer.
The sacrificial material and the sacrificial structure may then be removed or
transformed by methods described previously.

[0039] The manifold in the second layer may take the form of a volume in which
the spacing between the first layer and the third layer is maintained by cylindrical
forms, conical solid forms, rectangular prism forms, polygonal prism forms,
spheres, or ribs.

[0040] Figure 6 depicts a sacrificial structure 110 that may be used to form a
configured perforated structure according to the present invention. The sacrificial
structure contains a sacrificial manifold pattern 112 in communication with a first
layer perforation pattern 114. The sacrificial manifold pattern 112 may include
second layer standoff perforations 116 that provide communication between the
first layer and a third layer installed in a refractory vessel. In use, the sacrificial
structure 110 is placed in communication with the third layer so that the
sacrificial manifold pattern 112 is in communication with the third layer.
Refractory material is then cast on the first layer perforation pattern so that first
layer panels are formed between components of the first layer perforation
pattern 114, and so that cast material fills the second layer standoff perforations
116. Alternatively, the sacrificial structure 110 may be configured to mate with
the third layer so that protrusions from the third layer occupy at least a portion of
second layer standoff perforations 116. The cast material filling the second layer
standoff perforations 116 forms standoff structures between the first layer of the
configured perforated structure and the third layer of the refractory vessel lining.
The sacrificial material may then be removed by processes described
previously. The first layer of the configured perforated structure, resulting from
cast material filling empty volumes in the first layer perforation pattern 114,
contains perforations that may take the form of channels or slits or gaps
between adjacent panel structures. The channels or slits or gaps may be
continuous along an edge of a panel structure, or may be discontinuous. The
channels or slits or gaps may define a separation between panels from and
including 0.1 mm to and including 10 mm, from and including 0.5 mm to and
including 10 mm, from and including 1 mm to and including 10 mm, from and

12
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including 2 mm to and including 10 mm, from and including 5 mm to and
including 10 mm, from and including 0.1 mm to and including 20 mm, from and
including 0.5 mm to and including 20 mm, from and including 1 mm to and
including 20 mm, from and including 2 mm to and including 20 mm, from and

5 including 5 mm to and including 20 mm, from and including 0.1 mm to and
including 30 mm, from and including 0.5 mm to and including 30 mm, from and
including 1 mm to and including 30 mm, from and including 2 mm to and
including 30 mm, and from and including 5 mm to and including 30 mm. A slit is
a long, narrow opening. A slit may have length that is equal to or more than an

10 order of magnitude greater than its width.
[0041] A vessel constructed according to the present invention may be used in
metallurgical processes. A method of use may include introducing a molten
metal into a vessel having a lining according to the present invention, and
subsequently removing the molten metal from the vessel through a nozzle.

15
[0042] EXAMPLE |

[0043] Sample panels of a multi-layer tundish lining with a fugitive (or sacrificial)
inner (or second) layer were prepared. The fugitive inner layer is configured to
20 separate the first (or outer) layer and the third (or backing) layer during the

production of a panel.

[0044] The sacrificial layer may be formed from polystyrene sheet, foamed
polyethylene sheet, cardboard, foam polymer or corrugated sheet or any similar
25 material that will burn off under 2000 degrees F (1100 degrees C) and leave
minimum residue behind. For the specific examples described, cardboard
having corrugations on each side (heavy duty B flute) was used. The height of

the corrugations on each side of the cardboard was approximately 3 mm.
30 [0045] Steel entry hole formers were used to produce holes in the corrugated
cardboard. Wooden dowels having a diameter of 3 mm and a length of 38 mm

were inserted into the holes perpendicular to the plane of the cardboard.

[0046] Five panels were prepared for testing.
35
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[0047] Base panels were prepared from an ultralow cement alumina castable
similar to the material used as safety lining inside a steel tundish. The
dimensions of each base panel were 36 inches x 24 inches x 5 inches (90 cm x
60 cm x 12.5 cm). First, a tundish lining material (Basilite, a lightweight
magnesite-based spray material containing >70 wt% magnesia) was sprayed
over the base panel to about 1 inch (2.5 cm) thickness, using a Basilite spray
machine. Sacrificial layer sheets (20 inches x 12 inches, or 50 cm x 30 cm)
having different opening configurations according to Table | were then securely
pressed against the Basilite lining. Then, an alumina based material (alumina

>80 wt%) was sprayed to a thickness of about 1 inch (2 cm) all over the surface.

[0048] In the panels in which two separate side-by-side sacrificial layer sheets
were used (panels 2, 3, and 4), the side-by-side sacrificial layer sheets were

arranged so as to be separated by a gap of approximately one inch (2.5 cm).

[0049] In the construction of selected panels, rectangular openings were
provided in the sacrificial layer sheets. The rectangular openings in the sacrificial
layer sheets measured 1" x6” (2.5 cm x 15 cm). The volumes of these openings
were filled with refractory material during the construction of the panel, so that
direct contact was made, through the openings, between the linings in contact

with each of the surfaces of the sacrificial layer sheets.

[0050] TABLE |

PANEL | DESCRIPTION

1 No sacrificial layer sheet

2 Two (side-by-side) sacrificial layer sheets

a) sacrificial layer sheet with 22 transverse dowels, one rectangular
opening with longitudinal direction of opening oriented to
longitudinal direction of panel.

b) sacrificial layer sheet with 21 transverse dowels, two rectangular

openings arranged end-to-end with longitudinal direction of
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10

openings oriented to longitudinal direction of panel.

3 Two (side-by-side) sacrificial layer sheets

a) sacrificial layer sheet with 25 transverse dowels, two rectangular
openings arranged along a panel-corner-to-panel-corner diagonal
line, with longitudinal direction of openings oriented to longitudinal
direction of panel.

b) sacrificial layer sheet with 10 transverse dowels, three
rectangular openings arranged along a panel-corner-to-panel-corner
diagonal line, with longitudinal direction of openings oriented to

longitudinal direction of panel.

4 Two (side-by-side) sacrificial layer sheets

a) sacrificial layer sheet with 14 transverse dowels, two rectangular
openings arranged side-by-side and oriented perpendicular to
longitudinal direction of panel.

b) sacrificial layer sheet with 8 transverse dowels, three rectangular
openings arranged side-by-side and oriented perpendicular to

longitudinal direction of panel.

5 One sacrificial layer sheet with no transverse dowels, with three
rectangular openings: one at each end of the sacrificial layer panel
oriented perpendicular to the longitudinal direction of the panel, and
one opening located at the center of the sacrificial layer sheet and

oriented to the longitudinal direction of the panel.

[0051] Panels 1, 2, 3, and 4 remained intact after spraying with alumina spray.
On panel 5, the sprayed alumina began to slide downward. A visible crack was

produced in the alumina surface of panel 5.

[0052] After three hours of hot air drying, all of the panels were vertically lifted
and moved to the furnace floor.

[0053] It was observed that delamination and flattening of corrugated cardboard

occurred when it was wet and unsupported, as in the case of panel 5. The

15




WO 2016/153693 PCT/US2016/019280

10

15

20

25

30

surface flatness of the Basilite lining is important in the proper placing of the
fugitive layer. Making holes after spraying the alumina-based layer, and placing
dowels in the holes, may work only if the cardboard is supported after spraying

the Basilite layer.

[0054] The panels were then placed on a furnace floor for drying at 900 degrees
Fahrenheit (480 degrees Celsius). After firing, panels 1 and 2 exhibited no
significant parting cracks. Panels 3, 4 and 5 exhibited a parting crack,

predominantly at the base panel - Basilite interface.

[0055] A gap continuity check was performed on panel 2. Ink was introduced
into an opening formed in the first (or outer) layer of the panel. The ink was
observed to flow to other openings formed in the first layer of the panel, thus
confirming the formation of a network of gettering volumes extending across the
entire area formed by removal of the sacrificial layer.

[0056] A decreased bond strength of both Basilite and alumina was observed in

the contact areas produced by rectangular slots in the fugitive layer.

[0057] EXAMPLE I

[0058] A portion of multi-layer material was removed from a panel formed
according to the description in Example |, and was set for firing at 2000 degrees
F (1100 degrees C) for 2 hours. The cardboard fugitive layer was found to leave
a residue of 9 wt% by weight after the firing, having an LOI (loss on ignition)
value of 90.8 wt%. The residue contained 15.51 wt% Al203, 23.84 wt% SiOz,
51.32 wt% CaO, 3.15 wt% MgO, 0.70 wt% Naz0, 0.330 wt% P20s, 1.63 wt%
Fe203, 0.62 wt% K20, 0.019 wt% Cr203, 1.020 wt% TiOz2, and 0.053 wt% ZrOs.

[0059] The fugitive inner layer is converted to ash or other residue after the

panels are fired. In this case, the majority of the residue came from the

processing additives used for the manufacturing of corrugated cardboard.
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[0060] Numerous modifications and variations of the present invention are
possible. It is, therefore, to be understood that within the scope of the following
claims, the invention may be practiced otherwise than as specifically described.

17



WO 2016/153693 PCT/US2016/019280

CLAIMS
We claim:

1. (Original) A lining structure for a refractory vessel, comprising

a) a first layer having a first layer first major surface and a first layer second major
surface disposed opposite to the first layer first major surface, and

b) a second layer having a second layer first major surface and a second layer second
major surface disposed opposite to the second layer first major surface;

wherein the first layer second major surface is in contact with the second layer first
major surface;

wherein the first layer comprises a plurality of perforations passing from the first layer
first major surface to the first layer second major surface;

wherein the second layer comprises at least one gettering volume, wherein the at least
one gettering volume is in fluid communication with at least one first layer perforation,
and wherein the at least one gettering volume is in fluid communication with the second
layer second major surface; and

wherein the summed cross-sectional area of all perforations in the first layer is less than

the summed maximum cross-sectional area of all gettering volumes in the second layer.

2. (Original) The lining structure of claim 1, wherein the first layer and the second layer

comprise a single monolithic structure.

3. (Original) The lining structure of claim 1, wherein the lining structure is comprised of a
material selected from the group consisting of magnesia, alumina, zirconia, mullite, and

combinations of these materials.
4. (Original) The lining structure of claim 1, wherein the summed maximum cross-

sectional area of all gettering volumes in the second layer is at least a factor of 10

greater than the summed cross-sectional area of all perforations in the first layer.

18
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5. (Original) The lining structure of claim 1, wherein the second layer comprises a
plurality of stand-off structures protruding from the second major surface of the first

layer.

6. (Original) The lining structure of claim 1, wherein the at least one gettering volume

comprises at least one alcove.

7. (Original) The lining structure of claim 1, wherein the at least one gettering volume

comprises at least one groove.

8. (Original) The lining structure of claim 1, wherein the first layer has a thickness in the

range from and including 5 mm to and including 100 mm.

9. (Original) The lining structure of claim 1, wherein the second layer has a thickness in

the range from and including 1 mm to and including 50 mm.

10. (Original) The lining structure of claim 1, further comprising a nonperforated third
layer having a third layer first major surface in communication with the second layer

second major surface.

11. (Original) The lining structure of claim 10, wherein the second layer comprises a

plurality of stand-off structures protruding from the third layer first major surface.

12. (Original) The lining structure of claim 1, wherein the perforations have a flared

geometry at their intersection with the first layer first major surface.

13. (Original) The lining structure of claim 1, wherein the perforations have a cross-
section geometry selected from the group consisting of circular geometry, elliptical
geometry, oval geometry, square geometry, rectangular geometry, polygonal geometry,

parallelogram geometry, and lens geometry.
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14. (Original) The lining structure of claim 1, wherein the perforations have a minimum

cross-sectional diameter from and including 2 mm to and including 50 mm.

15. (Original) The lining structure of claim 1, wherein the first layer comprises an array
of adjacent panels, and wherein the perforations comprise a plurality of slits described

by adjacent panels.

16. (Original) A metallurgical vessel having an interior and an exterior, wherein the

interior of the metallurgical vessel comprises a lining structure according to claim 10.

17. (Original) Process for the minimization of oxidation of a molten metal, comprising
a) transferring molten metal to a vessel having a lining structure according to
clam 1, and

b) transferring the molten metal out of the vessel.
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