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) Improved continuous lubrication casting molds.

@ A method and apparatus for continuously casting mol-
ten metals and alloys is disclosed wherein a lubricating
agent is supplied over substantially the whole of the mold
surface 5 through an inner mold member 2 which extends
the length of the mold and which is porous. Lubricant is fed
to the porous member 2 via a lubricant plenum 7 surroun-
ding the porous member. Coolant is fed to a coolant cham-
ber 9 from a cooling jacket 10 to effect cooling of the lu-
bricant by heat transfer through the dividing wall 11.
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IMPROVED CONTINUOUS LUBRTCATTON CASTTNG MOLDS
The invention relates to concepts and means for .

providing casting molds which permit effective‘heat
transfer and efféctivé'lubriqation over the total area
of the casting mold. '

Casting molds are used to shapé'molten metal and

- to éxtract heat from this_metal to form a solid

casting. These molds have two baslc characteristics.
The first is to extract héat‘tc effect solidification,
and the second is to provide a parting agent or
lubricant to prevent'adherehcé betweén the molten
metal and the mold. The distribution of the parting
agent or lubricant.ovéf the surface of the inner mold
wall has a substantial effect on the surface quality
of the solid casting, excesslive amounts and
concentrations of lubricant leading to pores in the
surface of the casting and small amounts and
concentrations of lubricant leading to a scaly casting
surface. _

In a continuous or semi-continuous casting the
heat extraction 1s génerally accomplished through
the use of water cooling on the back side of the mold
liner. The cooling water is generally applied over
the complete mold surface, but can be circulated
through channels machined in the body of the mold.
The high thermal conducti#ity of the mold material
provlides for rapld extraction of heat from the whole
internal area of the mold. ‘

Lubrication in continuous or semi-continuous
casting has been typically accomplished eilther by the
use of mold washes or by other continuous means. The
mold washes generally consist of oils or greases and
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contain parting agents such as graphite or other
non-metalllc partlculate. "They have a short llfe,
and thus are generally used only in seml~continuous
casting operations. The continuous 1ubrication means
fequires feeding lower viscoslty olls to the molten
metal menlscus.. Accordingly, thelr effectlveness 1s
restricted to thls meniscus region. Such continuous
systems have also been modifled for use in hoft taop

or closed mold casting where the lubrlicant is fed to

: the meniscus-mold reglon.

The above known lubrication technlques have
obvious disadvantages 1n that they have limited life
or provide lubrication only at the initial polnt of
contact between the molten metal and the casting mold.
It is well known: -that metal-mold contact also occurs
in regions - away from this initial polnt of contact.
For Iinstance, in the casting of long freezing range
alloys the inverse segregatilon process provides for
contact between the exudlng segregate andrthé mold,
towards the exit end of the casting'mold. In such
instances, which are numerous, the aforementiloned
lubrication techniques'are clearly ineffectlve. Just

- as the heat extraction means afforded by the casting
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mold 1s generally accomplished over the full mold
surface, there is also a need to profide lubrication
over the total mold surface.

Varlous approaches have been taken in the prior
art for attaining satlsfactory lubrication of casting
mold surfaces. One approagh utilizes a supply of
lubrlcant which 1s injecpgﬁjat the inlet end of the
casting mold during the'éZsting run. Variations of
such an approach are depicted in French Patent No.
1,050,375, United States Patents 3,263,283, 4,057,100,
4,103,732, 4,157,728 and German Patent T42,771.

The French Patent '375 and the United States

‘Patents '283, '100 and '728 generally utilize either

L
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a serles of lubricant injector passages or sllts to
inject lubricant into the mold cavity at the inlet
end thereof, whille United States Patent '732 ‘utilizes
a lubricating ring which is rotably held in a recess
around the upper or lnlet edge of the casting mold.
The ring in the '732 patent 1s provided with a

'plurality of radially inwardly directed lubricant

distribution channels. During casting the ring is
rotated causing lubricant to flow around the entire

. periphery of the inlet end of the casting mold.

German Patent TU2,771 teaches supplying lubricant
to an end portion of a casting mold. The lubricant
1s fed to the inner surface of the mold by passing it
through a porous metal ring located at the end of the
mold. : :

Another lubricating approach for continuous
casting molds 1s deplcted in United States Patent'
2,825,947.- This patent is primarily directed to
providing a layer of a substantially liquid refractory
having a high flﬁidity between ﬁhe molten metal
meniscus and the mold wall, but further discloses a
ring of lubrication parts arranged at the approximate

midpoint of the casting mold.

In yet another approach to providing mold‘surface
lubrication, British Patent 1,176,139 discloses )
spraying the internal walls of a mold with a thin
layer of metal particles welded together in a matrix.
A series of lubricant passages is formed in the wall
of the mold and supply lubricant to the particulate
sprayed layer. The layer 1s penetrated through.
interstices between the layer particles forming a
lubricant layer on the inner surface of the mold.
Lubrication in this sysﬁem, however, is intermittent
due to carbonizing of the oll and consequent blockage
of the interstices. Subsequent combustion of the
carbon reopens the interstices.
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.In United States Patent 3,451,465 a lubricant
passage is shown at the inlet end of a casting meld,
Inbricant in the passage penetrates into the mold
casting chamber by capillary action through a porous
member located adjacent to the passage and the chamber.

Finally, United States Patent 4,044,817 teaches
lubricating a casting mold by impregnating a liner
with lubricant under a vacuum. The '817 patent is
directed primarily to increasing the life of a graphite
dle or mold and notes that in some plainable manner
lubrication of the cast metal interface 1s achileved.
The graphite mold impregnation is carried out in a
separate operation and is not carried out during

1

continuous casting. : . -

A1l of the aforementioned prior art patents
suffer from at least two basic drawbacks. First,
because the lubricant reservoir or source depends on _
severely limlted numbers and/or geqmetric arrangements
of lubricant supply passages, it becomes impossible
to assure the desired supply along the entire length
of the mold surface:. Secondly, it would be highly
desirable to be able to control the amount of
lubricant suppllied to selected portions along ther
length of the mold while still assuring sufficient
lubrication along the entire mold length.

This inventlon discloses concepts and means for
providing casting molds which provide improved and
effective heat transfer and lubrication over the total
area of the casting mold. The improved and effective
heat transfer and lubrication is achieved by providing
Passages within or through the mold section through
whlch lubricant can be introduced to the mold surface
and by providing a lubricant source which runs along
a substantial pdrtion of the length of the mold.

-
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One means for providing lubricant passages in
accordance with . this invention 1s to provide such
passages as an intrinsic characteristic of the mold.
This 1s readily achileved by'fabricating the mold
utilizing powder metallurgy techniques wherein the
contlinuous open pore ffaction present after sintering
provides the routes for transmitting the lubricant
to the casting flace of the mold. This continuous
open pore fraction is readily controlled within the
powder metallurgy art by such means as control of
powder particle size, distribution, compaction
pressure, sintering cycle, ete. It furthermore can
be supplemented by incorporation of particulate which
is decomposable during the sintering cycle. Molds
made by theée techniques possess a characteristic
permeabllity dependent upon the continuous open pore
fraction and the mold thickness.

As an alternative, the
lubricant passages may be provided in the form of ‘
discrete feed holes which may be machined into a mold
after initial fabrication or which may be incorporated
into.the mold during fabrication, as for example by
the use of wires and the 1like during the pressing
operation when utilizing the powder metallurgy
fabrication route.

In another aspect of this invention, the
permeability or ability of the mold to transmit
lubricant through to the internal surface of the mold
is varied within the length of the casting mold.

This provides for varlable lubricant transfer rates
to different parts of the casting surface enabling
iubficant flow to be focused in those reglons of
molten metal-mold or ingot shell-mold contact.



10

15

20

25

30

.. 0060359

The term permeabllity as used herein defines
the ability of the mold to transmit lubricant
through to the internal surface of the mold.

The invention will be further described with reference to
the accompanying drawings which illustrate various embodiments
of continuous casting molds according to this invention, like
reference numerals being used to depict like parts.

In the drawings:

Figure 1 is a partial section in accordance with this
invention, showing a porous mold wall and a peripherally
continuous lubricant plenum, :

Figure 2 is a view similar to Figure 1 of a mold in accord-

ance with another embodiment of this invention, showing a porous

. mold wall having a plurality of distinct uniform cross-section

Iubricating paé.sages therein, and further showing a substantially
- full height lubricant plenum having distinct lubricant supply
channels along the length thereof.
Pigure 3 is a view similar to Figure 1 of a mold in accord-

ance with another embodiment of this invention, showing a porous

. mold wall having a plurality of distinct uniform c;‘oss-section
lubricating passages of varying sizes therethrough.

Figure 4 is a view similar to Figures 1 t6 3 of a mold
in accordance with another embodiment of this invention, showing a
porous mold wall having a non-uniform tapered cross-section.
' Figure 5 is a view similar to Figures 1 to 4 of a mold in
accordance with yet another embodiment of this invention, showing
a porous mold wall having a non-unifo:m; particle density or porosity
along the length thereof.

Figure 6 is a sectional view in accordance with this

invention, showing a porous mold wall and continuous lubricant plerum.

Figure 7 is a partial sectional view in accordance with
this invention, showing a preferred embodiment of a porous mold

wall and lubrication and coolant plenums.



10060359
_7_

Figure 8 is a partial sectional view of a horizontal

L]
casting apparatus employing a porous mold as in Figure 7.

1 b bt M.
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Referring to Fligure 1, there 1s shown therein a
partlial section of 2 mold in accordance wlth a flrst
preferred'eﬁbodiment'of thls invention. Casting meold

20 shown therein consists in part of a casting mold

section g'having'a casting surface 5, a lubrlicant
chamber or plenum 7, and a coolant chamber or plenum

9. Lubricant chamber or.plenum 7 is formed by

casting mold section 2 on one side and by lubricant
chamber wall 11 on the other, and 1s supplied wilth
lubricant vla the lubricant supply conduit 15.
Circulated lubricant is returned via return condult
17. Coolant chamber or plenum 3 1s formed on two
sides by coolant wall 8 and chamber wall 11. Coolant
Jacket 10 is connected by plurality of coolant flow
channels ;3 formed in coolant wall § to coolant plenum
9,. and supplles coolant vla channels 13 to plenum 9.
The entire mold wall structure 1s coveﬁed by the mold
top plate 18. ' ' ’

As an alternative to providing c¢irculation of

_ lubricant 4in-lubricant plenum 7, lubricant can be

supplied to plenum 7 via a supply means such as supply
condult 15, but-thereafter the lubricant can be
retained at a desired pressufe rather fhan being
circulated. In such a case return condult 17 is
maintained closed or 1s not provided.

As can be seen from Figure 1, lubricant may be
provided to the permeable casting mola 2 via lubricant
chamber or plenum 7 which covers the total outer
surface of casting mold section 2. This lubricant
chamber or plenum 7 is backed by the second chamber
or plenum 9 which contains the coolant, typically
water. The wall between these two chambers, in this -
case lubricant chamber wall 1ll, should be solid
sections of a high conductivity metal such as copper
or aluminum.
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In the embodiment of Flgure 1 the water or other
coolant used provides a means for extracting heat and
sollidifying an lngot shell. This water can thereafter
be deflected onto the emerging ingot and be used to
complete the solidificatlon proeess. One of the
primary benefits of the mold arrangement in accordance
with this invention is that unlike other known prior

-art casting molds the lubricant in casting mold 20

assists in this heat transfer process along .
substantially the entire length of the casting mold
which effects solidification of the ingot shell by
£illing the gap formed by shrinkage between the mold
and the forming ingot with lubricant.

Another significant benefit of the casting mold
20 in accordance with the present invention is the
abllity of . .the lubricant supply system of mold 20 to
Supply lubricant to substantially the entire casting
surface 5 qulckly, continuously and efficiently, and
in amounts and locatlions desired, as a partial result

. of utilizing a lubricant chamber or plenum 7 running

continuously around the perlphery of and substantially

_ along the entire length of porous casting mold section

2. , ,
It 1s also envisaged that the intrinsic
permeabllity of the casting mold sectlon 2 can be
supplemented by provision of discrete parzllel-sided
or cylindrical feed holes 12, as depicted in Figure

2. Such holes can be machined into the mold before

or after the sintering operation, or can be
incorporated during the pressing operation by use

of ﬁires, fibers or other suitable media. Use of
wires which are non-compressable provide for retention
of good geometrical control of these passages during
the pressing operation; such wires would be withdrawn
from the "green™ body prior to sintering.
Alternatively, use of organic flbers which are
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decomposable during sintering may facilitate
fabrication. 'Thé'lubricationApassages.forméd by these
techniques may be geemetrically arranged at willl to
supply lubricant to those regions of the mold wall
where contact with the molten metal or solidifying
ingot shell is foﬁnd to be most troublesome. ' -

In the case of the Figure 2 embodiment of the
present inventlon, lubrlicant plenum 7 has been provided
with a series of peripheral vertical ribs 16 which form
a serles of vertical channels 14. Lubricant plenum 7
in this embodiment is provided with a maln header 19
which runs around the mold periphery. Lubricant is
suppliéd to main header 19 and is thenrfed to the
vertical channels 14 which run down the length of the
casﬁing mold 20 and casting mold sectlon 2. Whille
this lubricant plenum design can be utilized to feed
lubricant to a porous casting mold section 2, as shown

"in Figure 1, 1t is particularly sultable where

lubricant is to be fed to the casting mold section
surface via dlscrete holes, in which case the vertical
feed channels would provide lubricant directly into

tHe pattern of discrete holes. :

‘The concept of utilizing a channelled lubricant
plenum wherein the channels run Substanﬁially the
entire length of the casting mold section provides
the same cooling benefit as discussed hereinabove

. with respect to the continucus lubricant plenum-

depicted 1n Figure 1. It should also be emphasized
that such a channelled lubricant plenum 1s equally
applicable when using any porous mold absent feed
holes 12, inasmuch as . the intrinsic permeabillty of

- the mold serves to dispersé the lubricant as it flows

through the mold. .In other-words, greaﬁer_coﬁerage
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-1s achieved on the'innér mald surfape even though the

lubricant emanates from a narrow feed channel. Thus,
the feed channels must be spaced so as to provide

lubrication over the full inner mold surface. As

described above, this lubrication mode with discrete
feed channels rather than a full plenum can also be
backed by a water cooling plenum. .

"~ Another embodlment for controlling the amount of

-lubricant directed to selected areas of inner mold
. easting surface 5 1s depicted in Figure 3. The feed

holes 12' are shown therein to be of varying cross-
sectional dimension in traveling the length of the
casting mold section 2, l.e., the feed holes 12"
are-largest at the top portion of mold section 2, and
get progressively smaller in traveling down teward
the bottom of mold section 2. It should be apparent
that the number, geometrical placing, density, and
cross-sectlonal dimensions of feed holes 12' can be
arranged as desired to provide added supply of
lubricant to.critical areas of casting surface 5 of
mold section 2. Flgure 3% depicts an embodiment where
larger amounts of lubrication are supplied to the
upper area of casting mold 20 to overcome the effect
of the vaporizing of lubricant as a result of contact
with the hot molten metal as it is initially brought
into contact with casting surface 5.

As stated hereinabove, molds manufactured via
the powder metallurgy route possess a continuous
open pore fraction that provides the routes for
transmitting the lubricant to the casting face ¢f the
mold. Molds made by this process possess a
characteristic permeabllity dependent upon the
éentinuéus open pore fractlon and the mold thickness.
It is this permeabllity which significantly
determines the rate lubricant can be fransferred
through to ‘the internal surface of the mold.
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Figure 4 deplcts a preferred embodiment of this
invention wherein the rate lubricant can be transferred
through to the internal surface of mold sectlon 2" 1s
varied by varying the thickness of casting mold section
2" along the length thereof, the rate belng lower as it
gets thicker, or in the case of Figure 4, in traveling
down the length of the casting mold 20.

Figure'5 shows yet another preferred embodiment in
accordance wlth this invention for varying the
continuous open pore fraction and thus the perméability
of casting mold section 2''' along. substantlally the
entire length thereof. As can be seen from Figure 5,
the casting mold section 2''' has an open pore fraction
which decreases in travlelng downwardly aleng the '
length of casting mold 20. The permeability of '
casting mold section 2''' thus diminishes in traveling
in this direction aloﬁg casting surface. 5 of casting
mold section 2'''. As discussed héreinabove, the
continuous open pore fraction is readily controlled
within the powder metallurgy art by such means as
powder particle size, distribution, compaction pressure,
sintering cycle, etc. It furthermore can be
sppplemented by 1ncorporaﬁion of particular which is

'décomposable during the sintering cycle.

Accordingly, within the teachings of this
invention it is clear that the permeability can be
changed within the 1éngth of the casting mold to
provide for variabie lubricant transfer rates to
different parts of the casting surface. By this -
means, lubricant flow can be focused in those regions
of molten metal-mold or ingot shell-mold contact or
other regions as desired. :

' Referring now to Figure 6 there is shown by way
of example a casting mold in accordance .with the
present invention for contlnuously or semi-continuously
casting molten matgrials such as metals or alloys.

-
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Where possible the same reference numerals as described
abdvé”have béén employed for corréSponding eXfements of
the apparatus. -The apparatus is shdwn in operation
except that the means for pouring the metal into the
casting mold and the means for wlthdrawing the-
solldified casting are'no&'shdwn. The casting mold
section 2 as .shown can be constructed in the manner as
described in reference to the prior embodiments.
Surrounding the casting mold section 2 are a lubricant
chamber or plenum 7 and a coolant chamber or plenum 9.
Lubrlcant 1s supplied to the lubricant plenum 7 via
sﬁpply condulft 15 and surrounding pressure
equalization chamber 21 which is connected to the
lubricant plenum 7 by means.of a slot or slots 22.

The lubricant travels downwardly in the lubricant
plenum- 7 and exits therefrom via slot or slots 23 and

. return condult 17. The slots 22 and 23 are formed in

the lubricant chamber wall 1l. In this manner,
lubricant is substantially uniformly distributed over
substantlally the entlre length:of the lnner surface
S of the casting mold section 2 to provide a
substantially uniform flow through the porous mold
section 2 emerging at casting surface 5. 1If desireqd,
however, as in accordance with the previous embodiments -
a nonuniform flow of lubricant can be provided. For
example, the lubricant flow at the upper portlon of
the casting mold sectlon 2 can be made larger than
the lubricant flow at the lower portion of the casting
mold section 2 as shown in Flgure 4.

Coqlant such as water flows into the coolant
jacket or pressure equalization chamber 10 via one
or more fluid input conduits 24. The coolant then
flows through coolant flow channels or slots 13 into
the coolant plenum 9. From the plenum 9 the coolant
1s discharged through dlscharge slot 25 onto the

- emerglng surface qf the solldifying casting 27.
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Cooling to solldify a shell of the molten material

28 within the mold 1s provided primarily by the

lubricant and secondarlly by the discharging coolant,

"It is.preferred in accordance with this ‘
embodiment that the lubricant be circulated through
the lubricant plenum 7 and. that at a remote location
the lubricant 1is dirculatéd through a heat exchanger
to cool it so that -1t will provide appropriate cooling
at the mold interface. Therefore, in accordance with
this embodiment, the lubricant provides the primary
coolant system for the solidifying casting and the
discharging water from slot 25 provides a secondary
éooling system to complete the solidificatlon process.

"It is within the contemplation of this '
embodiment of the invention to provide ribs 16 as in
the embodiments of Flgures 2 and 3 to.not only dlrect
lubricant tp discharge holes which may be provided in
the casting mold sectlon but also to provide lmproved
cooling by making direct connectlion between the porous
mold sectlon 2 and the water coolant plenum 3. These.
ribs then serve not only to distribute lubricant in
the lubricant plenum 7 but also to provide improved
heat - transfer between the water cooled plenum g and
the_moldl§urface‘§. However, 1t 1s not belleved
essential to employ the rlbs in accordance wlth the
present invention and therefore they need be used
only in those cases where the added cocoling or cther
function they can provide is required. It is apparent
that feed holes 12 or 12' of varying cross section
could also be employed in the mold of PFlgure 6.
Fﬁfther, the casting mold section 2 can include a
varying thickness as described in reference to Figure
5 or a varyling open pore fraction as described in
reference to Figure 5.

Referring now to Flgures 7 and 8, a still more
preferred emquimgnt of the present invention will
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be described. In accordance wlth this embodiment, the
mold can be employed for éither vertical or horizontal
casting in a seml-continuous or continuous manner.

The vertical casting mode is shown in Figure 7 while

a horizontal casting arrangement 1s shown in Figure

9. The mold of thils invention since it provides a
uniform and“substantially continuous film of lubricant
over the entire casting surface 5 1s belleved to allow
more rapld caéting in either the vertical or horizontal
sense. |

Referring now to Figures 7 and 8, the casting'mold
section 2 is essentially as deseribed by reference to
the previous embodiments particularly Figure 6. It
has a substantially uniform wall thickness from the
top of the mold top plate 30 to the bottom of the
lubricant plenum 31. . The wall thickness then tapers
down over the length of the .water or coolant appli-
catlion plenum 32.

It is recognized as previously described herein
that there will be a certain amount of bleeding of
lubricant from the lubricant plenum ;;;to a portion of
the casting surface 5 higher than the height of the
lubricant plenum 31 and lower than the height. of the
lubricant plenum 31. The lubricant plenum 31
surrounds the casting mold section 33 as in the
previous embodiments. Lubricant supply conduit
is connected to lubricant pPlenum 31 via pressure

-equalization chamber 35 and slot or slots 36.

Simllarly, the lubricant plenum 31 is connected to
the return condult 37 vla pressure equalization-
chamber 38 and slot or slots 39. In this manner a
substantially uniform flow of lubricant is provided
in the lubricant plenum. '

The lubricant which has passed through the
lubricant plenum 31 pressure equalization chamber 38
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1s carried by return condult 37 to a pump MO which

- pumps the lubricant into heat exchanger hl whose

purpose ls to reduce the tempgrature ‘of the lubrilcant

to a teﬁperature which wlll be effective for hedt

transfer in the mold. The lubricant is then pumped
from the heat exchanger 41 by the pump 40 through the
input conduit 34 back into the lubricant application
system. dbviously; additional lubricant 1s added to
the circulating flow as required from supply 42 to make
up for the lubricant lost during the casting operation
which flows out through the porous mold section.g.
Below the surrounding lubricant application
system 1s a surrounding coolant application system
43. The coolant application system 43 comprises
supply condult or condults E&'which provide a flow of
coolant under pressure lnto pressure equallzation '
chamber 45 through slot or slots 46 into the coolant
plenum 47 and then through slot or slots 48 discharging
agalnst the solidlifying casting surface via discharge
slot 49.. The dlscharge slot is formed on one side by .
the wall 50 and on the other side by an impervious
layer 51 over the immer surface of the casting mold
section 33 which ﬁapers down in thickness over the
length of the coolant application system 43. _This
impervious layer 51 can be a solld metal layer, a
densély compacted layer or other material as desired.
it is intended to prevent the coolant from passing .

~ through the. porous mold -surface so that lubricant

from the plenum 31 can pass even to the downstream
tlp of the porous mold sectlon 33. ' The casting is
withdrawn'from the mold by means of a conventional
ram 52 and bottom block 53. '

In Figure 7 the supply system for the molten
material 28 1s not shown. However, any. desired
system as are well-known in the art could be emp loyed.
In this mold embo@iment the lubricant application
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system 31 and the coolant applicatlon system 43 both
surround the casting mold sec?%on.-'However, the
lubricant zpplication system 31 surrounds a first -
portion of the casting mold section 2 length and the
coolant application system 43 surrounds a different
and downstream portion of the casting mold section 2.
Therefore, primary cooling 1s provided by the lubricant
and secondary cooling 1s provided by the coolant.

If desired,.as In acceordance with any‘of the

. previous embodiments it 1s possible with the embodiments

of Figure5'7 and 8 to employ feed holes 12 or 12' of
varying cross sectlion. Vertical ribs 16 between the
plenum wall 54 and the inner casting mold section
surface 55 would also be of value 1f desired for i
iﬁcfeasing'the heat transfer by taking advantage of the
heat transfer from the coolant manifold as connected
via the wall 54 and walls 56 and 57 which separate the
lubricant and coolant application systems. However,
1t 1s not believed that such ribs are essential in
the embodiment of Figures 7 or 8. Further, varying
the thickness of the casting mold section 2 or the
varying the open pore fraction as in Figures 4 and 5
could also be employed in the embodiments of Figures
8 and.g. ' '
Referring now to Figure 6 , the mold is in every
sense the same as described by reference to Figure 7’
except it 1s oriented so that the castihg is withdrawn
horizontally. In Figure 8 the molten material supply
system is shown. It comprlses a partially shown
furnace 60, trough 61, molten metal flow contrdl
system or valve 62 which controls the flow of molten
material from the trough 61 through the downspout 63
into the tundish 64. The control system 62 controls
the helght of the molten materlal in the tundish 64
in order to control the flow rate of molten material
into the mold. The molten -material exits from the
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tundish horizontally via conduit 65 which is in direct communica-
tion with the entrance to the casting mold. The solidifying
casting 27 is withdrawn by withdrawal mechanism 65. The withdrawal
mechanism provides the drive to the casting 27 for withdrawing it
from the mold section. Any desired withdrawal system 66 as are
known in the art could be employed. .

This embodiment is adapted for casting horizontally a
variety of shapes including cylindrical, rectangular, strip and
others as desired. .

It has been found that lubricant flow rates through the
permeable cas‘bin;g' mold section are desirably in the range of about
.1 $o 10 cc/in®/min, (0.016 %o 0.16 cc/cm?/min) with a preferred
rate in the range of about .5 to 5 -cc/inz/min (0.08 to 0.8 cc/cme/min).

While the permeability is substantially dependent upon
the viscosity ‘and temperature of the lubricant selected, where the
lubricant is substantialiy continuously circulated .’chrough the
lubricant plenum a pressure drop across the mold section from the
lubricant plenum side to the casting side thereof in the range of
about .01 to 5 psi (0.G7 to 35 kN/m2) is normally desirable, with
a preferred pressure drop being in the range of about .1 to
1psi (0.7 to 7 k:N/mz). In thg embodiment where the Jubricant is
not cifcula.ted through the plenum, it is desirasble to maintain
lubricant in the plenum at a pressure in the range of about 1 %o
100 psi (7 to 700 kN/mz), and preferably in the ranse of about.

5 to 50 pei (3.5 to 350 kN/m?).

It is envisaged that this invention can be used for
casting all metals and a]_.loys. Selection of the mold material,
mold permeability, lubi'icant, etc., will be devendent upon the
particular alloy or metal being cast. Accordingly, the mold material
may be selected from copper, aluminum, or other metals and alloys,
graphite, boron nitride or other thermally conductive mabterials.,
The lubricant may be selected from castor oil, rapeseed oil, other

vegetable or animal oils, esters, paraffins, other synthetic liguids,

ard any other suitable lubricents typically utilized in the casiing arts.

PP Y
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It should be a substantial adventage of the wolds in
accordance with this invention employing a porous casting wmold
section ’.chat they will be less susceptible in the casting of
materials such as copper alloys to the deposition ¢f zinc from
zinc vapors on the mold wall itself. This should extend the life
of the mold to a very large degree. ~ Similar types of benefits

may be provided when the mold is used with other metals or alloys.
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<. Claims

1. Apparatus for the continuous or semi-continuous
casting of metals comprising a mold to which the molten metal %o be
cast can be fed in a continuous or semi-continuous mamner and from

which a solidified ingot can be continuously or semi-continuously

withdrawn, and means for supplying a lubricant to the mold surface

during the casting of theée metal, cha.ra.cteriséd in that the mold
comprises an inner porous membhér 2 extending substantially the
whole length of the mold and providing over substantially the
whole length of the mold a porous lubricant-receiw}ing mold surface
5, énd means for supplying lubricant to said surface over substan-
tially the whoie length thereof, said lubricant supplying means
comprising a lubricant chamber 7 extending substentially the whole
length of said porous member 2 and defined on one side thereby,

and means 15 for supplying lubricant to said chamber.

2. Apparatus according to claim 1, characterised in that
means 15, 17 are provided for continuocusly circulating lubricant

into_ and out of said chamber. ~

5. Apparatus according to claim 1 or 2, including means

. for cooling the lubricant.

4. Apparatus acoording to claim 3, characterised in that
said means for cooling the  lubricant comprises a coolant chamber 9
separated from the lubricant chamber 7 by a thermally conductive
wall 11 and means 10, 13 for supply:.ng coolant to said coolant

chamber 9.

5. Apparatus according to claim 4, vherein said coolant
chamber 9 extends substaniiclly the whole length of <the lubricant

chamber 7.
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6. Apparatus according to any one of the preceding
claims, characterised in that said porous member 2 comprises an
upstream section extending over the major part of its length and
whose outer (relative to the axis of the mold) surface defines
on one side said lubricant chamber 7_ and a downstream section
extending over a minor part of its length and projecting axially
beyond said lubricant chamber 7, the said downstream section having
an impervious outer surface 51, and means 43 being provided to
direct coolant against said impervious outer _surface thereby to

cool said dovmnstream section of the porous member.

T. Apparatus according to claim 6, characterised in that
said coolant directing means 43 comprise a coolant chamber 47
surrounding said déwnstream section of the porous member 2, means
44 for supplying coolant to sé.id chamber and means 48 for feeding
coolant from said chamber over said impervious surface 51 and
directing said coolant through nozzles 49 onto the surface of the
ingot as it emerges :ﬁ:'om the mold.

8. Apparatus according to any one of the preceding claims,
characterised in that the permeability of said porous member varies
along the length thereof.

9. Apparatus according to claim 8, characterised in that
the porosity of said porous member varies along the length thereof.

10. Apparatus according to claim 8, characterised in that
the porosity of the porous member is constant and its thickness
varies along its length.

11, A method for the contimuous casting of metals which
comprises supplying molten metal to be cast to a continuous casting
mold, supplying 2 lubricant to said mold to lubricate the mold

surface, and withdrawing the cast metal from the mold, characterised
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in that the lubricant is supplied to the casting surface by means
of a porous member defining on one side said casting surface and
on the other a lubricant chamber and supplying lubricant to said
chamber whereby the lubricant permeates through said porous member

over substantially the whole length of the casting surface.

12, A method according to claim 11, characterised in
that the lubricant is cooled in or before feeding to said chamber

therety to effect cooling of the porous member.

13. A method according to claim 12, characterised in that
the lubricant is cooled in situ in said chamber by indirect heat
exchange with a coolant supplied to a cooling chamber adjacent said
lubricant chamber and separated therefrom by a thermally conductive
wall member. o

14. A method according to claim 11, characterised in that
the lubricant is circulated into and out of said lubricant chamber
and extemally cooled before recirculation to said chamber.

15. A method according to any one of claims 11-14,
cha.ré.cterised in that said lubricant is applied to.the ouber suxface

of the porous member over a major upstream part of its length when

considered in the casting direction, and in that a coolant is applied

to the outer surface of the porous member over a minor downstream
part of its length, said downstream part being provided with an
impérvious outer surface to prevent said coolant from permeating

into the porous member.
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