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€) Method for casting ingots and apparatus for carrying out the method.

@ A method of casting a metal bath (2) to single ingots,
where the bath is supplied into a preferably vertically posi-
tioned mould (1), in which the bath'solidifies and is moulded to
aningot with across-sectional geometry substantially in agree-
ment with the cross-sectional geometry of the mould, and
where the bath is supplied, moulded and caused to solidify in
asubstantually tubular and thin-walled metal casing (1) consti-
tuting or comprised by said mould, which casing (1) is caused
to follow along with the ingot in process steps subsequent to
the casting, which casting is carried out intermittently as
down-hill casting where bath in known manner is supplied at an
upper portion of the mould, casing, or intermittently as up-hill
casting where bath in known manner is supplied at alower por-
tion of the mould, casing.

The method according to the invention is characterized
especially in that said casing in process steps subsequent to
the casting in a manner known per se is caused to be consumed
and in a suitable process phase finally removed so as not to be
included in products manufactured of the ingot, and the casing
(1) is caused to be consumed instead of the ingot material
inside thereof in orderto increase the yield of the ingot material,
and that a hot top (16) is provided externally against an upper
portion (b, 15) of said casing (1).

The invention also relates to an apparatus for carrying out
the method.
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Method at casting a molten bath and apparatus for

carrying out the method

This invention relates to a method at the casting of
a molten bath intermittently to so-called ingots. The
invention also relates to an apparatus for carrying
out the method.

Industrial manufacture of metal products comprises in
most cases the production of ingots to be worked sub-
sequently, in such a manner, that a metal bath in a
cooling mould, an ingot mould, is cast either inter-
mittently towhat usually is called an ingot, or .

is continuously extruded. The ingot mould has the ob-
ject to mould the bath to desired geometry and to maint-
ain this bath geometry during an initial solidifying
phase. The heat excess of the bath is hereby conducted
away both via the ingot mould and directly to the
surrounding. As a result of the direct ingot mould
contact, in combination with the relatively shorter
thermal conduction distance within the ingot, the
crystals in the surface zone of the ingot are much finer
than the crystals formed lateron at a greater depth

in the ingot. When a shell of sufficient thickness has
been formed against the inner surface of the ingot

‘ mould in order to withstand the internal metallostatic

25

30

pressure from the bath, the ingot mould has served its
moulding function. In this phase the ingot disengages
from the inner walls of the ingotf mould, due to solid-
ification shrinkage and thermal contraction in the
growing shell. The heat flow from the ingot mould is
hereby reduced considerably, because the thermal con-
duction substantially has come t6 an end. Thereafter,
the continued heat emission takes place substantially
by free convection and radiation. |
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Permanent ingot moulds for intermittent casting require
a high degree of maintenance and, in addition, good
planning and much space, because dtherwise Zimterrupt-
ions of work will occur and ingot surfaces of low
quality are obtained, which latter directly result in
reduced yield.

The ingoté, after having been cast, are transported
either hot or substantially cold for being worked. Prior
to their working, the ingots are heated, usually in a
furnace. This implies additional material losses and,
consequently, decrease in yield, which are caused by
so-called scaling, i.e. oxidation of the surface layer
of the ingot, and in certain cases by decarburization
in a layer beneath the oxidized one. The decarburized

15 layer normally must be removed lateron in the manufact-

uring process, for example by descaling. Intermittently
cast alloyed carbon steels of certain grades can loose
up to 5% of the ingot weight by rough furning.

The present invention has the object to provide a method

20 and an apparatus for use at the casting of a metal bath

intermittently in ingot moulds to single ingots, by

which method and apparatus the aforesaid problems and
disadvantages of known art are reduced substantially.

The invention also comprises a hot top arrangement,

25which facilitates a.o. the handling of the top.

The invention, thus, relates to a method of casting a
metal bath to single ingots, at which the bath is
supplied to a mould preferably of vertical position,

in which the bath solidifies and is moulded to an ingot

30with a cross-sectional geometry substantially in agreem-

ent with the cross-sectional geometry of the mould,
and the bath is supplied into and moulded and caused

to solidify in a substantially tubular and thin-walled
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metal casing constituting or comprising said mould,
which casing is caused to follow along with the ingot
through process steps subsequent to the casting, which
is carried out intermittently as down-hill casting, at
which the bath in known manner is supplied at an upper
portion:of the mould, casing, or intermittently as |
bottom casting, at which the bath in known manner is
supplied at a lower portion of the mould, casing.

The method is characterized especially in that said
casing in process steps subsequent to casting is caused
in a.manner known per se to be consumed, and in a suit-
able process phase finally is removed so as not to be
included in products made of the ingot, that the casing
is caused to be consumed instead of the ingot material
inside thereof in order to increase the yield of the
ingot material, and that a hot top is provided outwardly
against an upper portion of said casing.

The invention also relates to an apparatus at the cast-
ing of a metal bath to single ingots, where a mould is
provided,which preferably is positioned vertically, and
into which the bath is intended to be supplied and to
s01idify and be moulded therein to an ingot with a cross-
-sectional geometry substantially in agreement with the
cross-sectional geometry of the mould, which mould com-
prises or constitutes a substantially tubular and thin-
-walled metal casing, into which the bath is intended

to be supplied, and which is intended to follow along

with the ingot through process steps subsequent to cast-

ing, which is intended to be carried out intermittently

as down-hill or up-hill casting.

The apparatus is characterized -especially in that said
casing is intended, in a way substantially known per se,
in process steps subsequent to casting to be consumed
and in a suitable process step finally to be removed so

as not to be included in products made of the ingot,
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which casing is consumed instead of the ingot material
inside thereof in order to increase the yield of the
ingot material, and that a hot top arrangement Is:iocated
outwardly against an upper portion of said casing.

The invention is described in greater detail in the
following, with reference to embodiments and to the
accompaﬁying drawings, in which Fig. 1 is a schematic-
ally shown vertical central section through an apparat-
us according to the invention applied to down-hill cast-
ing, Fig. 2 is a section A-A according to Fig. 1, Fig. 3
is a schematically shown vertical central section

through an apparatus according to the invention applied
to bottom casting,'Fig. 4 is a section B-B according to
Fig. 3, Fig. 5 is a schematically shown vertical central
section through an apparatus accrding to the invention,
with a first preferred embodiment of a hot top according
to the invention, Fig. 6 is a schematically shown vertic-
al central section through an apparatus according to

the invention, with a second preferred embodiment of a
hot top according to the invention, Fig. 7 is a schemat-
ically shown vertical central section through an appar-
atus according to the invention, where an external down-
ward directed and insulating layer is provided for obtain-
ing a directional solidification of the ingot, Fig. 8

is a schematically shown vertical central section through
an apparatus according to the invention, where a divided
support for the casing is provided, and Fig. 9 is a
secticn C-C according to Fig. 8.

In Fig. 1 the numeral 1 designates a substantially tub-
ular and preferably thin-walled metal casing according
to the invention which is positioned substantially vert-
ically. The casing 1 is intended to constitute or be
comprised in the mould, into which a metal bath 2 is in-

tended to be supplied and to solidify therein and thereby

35 be moulded to an ingot. At the embodiment according to

Fig. 1, the bath 2 is intended in a way substantially

known per se.to be supplied intermittently at the upper
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portion 5 of the casing 1 as down-hill casting with
a tapping jet 3 from a ladle U4 or corresponding device.
The casing material, of course, is to be adapted to

‘the ingot material at least so that the fusion point

of the casing is higher than the casting temperature.

The cross-sectional geometry of the casing I, Fig. 2,
agrees substantially with the cross-sectional geometry
of the ingot to be. In Fig. 2 a square cross-section
is shown, but the cross-section, of c@ﬁ?%e, can be
chosen at option and, for example, may Bé rectangular
or circular.

6 designates an outer pipe with the ﬁébéssary well-
-defined wall thickness, an ingot mould or correspond-
ing device, which is located about the casing 1 to
support the same when there is risk for the casing to
buckle at the supply of the bath. 7 designates a layer
of steel sand, olivine sand or corresponding material
located between the casing 1 and support 6 with the
object of adjusting when the casing 1 does not abut
perfectly the support 6. The thickness of the layer 7
in the Figures is slightly exaggerated for the sake

of clearness.

Especially at high requirements on the purity of the
metal, a bottom 8 preferably of metal suitably is

joined to the casing 1, for example by welding.

9 designates a base, for example a casting plane.

A casting protection 10,'indicated in Fig. 1, can be
inserted between the portion 5 and the nozzle 11 of

the ladle 4, and a plastic cover 12, cardboard cover 12
or corresponding cover can be provided at the portion 5.

In Figs. 3 and 4 a second embodiment is shown,where
the casting is carried out intermittently as bottom
casting, and the bath 2 is supplled at the 1ower port-
ion 13 of the casing 1 via channel brleS 14 The base

9 in this case is a bottom casting platform 9, on which
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several ingots can be cast simultaneously in known
manner. In the case of bottom casting, preferably a
bottom 8 with a hole 8° is provided at the lower port-
ion 13 of the caéingﬁndia¢cover'120f plastic, card-
board or corresponding material is provided at the
portion 15 opposite to the portion 13 of the casing,
as shown-in Fig. 3. It may also be suitable to prov-
ide a cover 12 adjacent said bottom 8 with a hole,
as shown by dashed line in Fig. 3. The support 6 and
layer 7 are arranged in a way and have a function
corresponding to dowh-hill casting, and the cross-
-sectional geometry of the casing 1 can be chosen
correspondingly. The cover and bottom are used prim-
arily at high material purity requirements.

Space is preferably to be 1eft for a hot top 16, which
is shown schematically in Figs. 1 and 3. The space is
to be left in connection to the upper portion of the
casing 1, Figs. 1 and 3, in which case the support 6
preferably is a support also for the hot top 16. The
support 6 and layer 7 terminate slightly beneath the
uppermost portion 1° of the casing 1.

-

In Figs. 5-7 different embodiments of hot top arrangem-
ents are shown in greater detail.

At the embodiment shown in Fig. 5 a top holder 17 is
provided extending in the circumferential direction

of the casing, by means of which holder plates 18 or
the like are held. The plates 18 may project upward
above the casing 1, whereby bath can be permitted to
rise over the casing. The plates normally cannot be
re-used. 19 designates a plate-shaped cover intended
to cover the upper portion of theycasing. It is, of
course, also possible to establish a cover by powdered
material.

At the embodiment shown in Fig. 6 also a top holder 17
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is provided, with a space formed between the holder

17 and the casing 1, in which space powdered material
20 is located. In this casetile bath preferably is

not intended to rise above the casing, and the powder--
ed material 1s intended to be re-used.

According to a preferred embodiment, the hot top is
designed-with downward decreasing wall thickness, at
least at the lower portion 21 of the top, as shown in
Figs. 5 and 6, whereby a directional solidification
is intended to be obtained.

In Fig. 7 an embodiment is shown schematically, at which
an insulating layer 22 is comprised by the hot top,

as in Fig. 7, or in connection to the lower portion

of the hot top, which layer extends downward from the
upper portion of the casing élong a substantial part
of the casing height. The layer preferably has a down-
ward decreasing wall thickness. By means of said layer
a directional solidification is intended to be obtain-
ed, and a possible demand of conicity of the-casing is
intended to be reduced or entirely eliminated. In

Fig. 7 a layer of powdered material 20 is shown locat-
ed in a downward extending top holder 17. A corres-
ponding layer, of course, can be obtained by means of
plates or the 1like.

In Figs. 8 and 9 a further embodiment of a support for
the casing 1 is shown. Supporting plates 23 or the like
are arranged to the side of each other in the circum-
ferential direction of the casing and abut the holder.
Support beams 24 or the like preferably are provided
for'supporting and strutting the plates 23. At the
embodiment shown, four plates 23 are provided for the
square casing cross-section, one plate for each side of
the casing where the plates can be moved to and from
the casing. At the casting operation, the platesvzj
can be retained in place, for example, by clamping
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members 25 extending in the circumferential direction,
as indicated schematically in Figs. B and 9, or they
may be arranged so as via the beams to rest against

an outer mculd 6, indicated by dashed line. It also can
be imagined that the Support plates preferably via the
beams are arranged so as to run on rails or the like

in the floor, on which the casing etc. are erected.
This can be arranged in an obvious manner (not shown).

At the lower casing portion adjoining the floor or
corresponding support, preferably a sealing 26 by
powdered material is provided, as in Figs. 8 and 9.

At the arrangement comprising an outer niould 6, Figs.
8 and 9, supporting members 24° suitably are provided,
preferably between the beams 24 and outer mould, which
supporting members 24° are adjustable to the geometry
of the casing 1, so that adjustment can be made a.o.
to the distance between the casing and outer mould 26.

The method according to the invention and the mode of
operation of the apparatus according to the invention

20 substantially should have become apparent from the

above description.

The casing 1, thus,s.positiomed on a casting plane 9
with or without supports 6,7, whereafter.the bath 2
is supplied by down-hill or up-hill casting. The bath

25is protected against impurities by the bottom and cover

8 and, respectively, 12. The bath also is protected
by the casting protection 10. It also can be imagined
that air is evacuated from the casing 1 and inert gas,
for example argon, is filled intoathe casing 1 by

30 expedient means prior to the casting. Supports are

applied when there is buckling risk of the casing. Such
risk arises, for example, when a casing 1 of low-carbon
steel sheet metal of a few millimeters thickness is
filled with a steel bath of a heat exceeding about

1% . . . -
351500°C and the casing cross-section is not circular.
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A possible support can Be removed when a self-support-
ing solidified shell has been developed adjacent the

casing 1.

At the embodiment according to Figs. 8 and 9 where the

support is divided and consists of plates 23 or the like,
the removal of the support is facilitated.

By means of a hot top according to the invention, the
top handling is facilitated considerably. When the

hot top is provided externally in relation to the
casing 1, good ingot surfaces are obtained even at

its top end. The design with downward decreasing wall
thickness yields a directional or accentuated direct-
ional solidification. Due to the fact that the layer
22 extends a substantial distance downward on the ingot,
a more extensive directional solidification can be
obtained, whereby the demand of conicity of the casing
can be eliminated, which facilitates considerably the
manufacture of the casing. This facilitates also the
hot working of the ingot.

The casing 1 is permitted to unite with the solidified
bath and to follow along with the ingot thus moulded
during the continued manufacturing process. The

casing 1 is hereby diminished in thickness during the
continued process steps by scaling etc. The remaining
casing is removed by machining in a process step deemed
suitable. The casing 1 thus prevents losses of ingot
material due to scaling, decarburization:etc.The casing,

of course, is made of a simple and inexpensive material.

As should have become apparent from above, the invention
renders possible large savings as a result of reduced
material losses. The invention specifies a particularly
simple arrangement for achieving these savings. Of ess-
ential importance is also that tne,hqtftgp,haqdling is
simplified considerably and that good surfaces are ob-

tained even in connection to the top.
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The invention has been described above with reference
to some embodiments. More embodiments and minor alter-
ations, of cdurse, can be imagined without therefore
abandoning the invention idea. The cross-sectional geo-
metry of the casing-ingot, as mentioned, can be chosen
at option.

The method and apparatus according to the invention

can also be applied to casting processes other than
those referred to above, for example to casting accord-
ing to SE-PS 7706696-7 where a gas—-powder mixture is
injected into a casting jet, a jet of molten metal.

As casting protection is used here preferably a collar
between the outlet opening for the molten metal and

the casing 1, which collar preferably opéns inside the
casing. The said method can be used at intermittent
casting, but per se also at continuous casting.

At divided supports in the form of plates 23 or the
like, of course, several embodiments can be imagined.
The support, for example, can be made only as a two-
-piece support.

The invention, thus, must not be regarded restricted
to the embodiments set forth above, but can be varied
within the scope of the attached claims. -
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Claims

1. A method of caéting a metal bath to single inpgots,
where the bath 1s supplied into a preferably vertically
positioned mould, in which the bath solidifies and is

5 moulded to an ingot with a cross-sectional geometry
substantially in agreement with the cross-sectional geo-
metry of the mould, and where the bath is supplied,
moulded and caused to solidify in a substantially
tubular and thin-walled metal casing constituting or

10 comprised by: said mould, and which casing is caused
to follow along with the ingot through process steps
subsequent to the casting, which casting is carried
out intermittently as down-hill casting where bath in
known manner is supplied at an upper portion of the mould,

15 casing, or intermittently as up-hill casting where bath
in known manner is supplied at a lower portion of the
mould, casing, characterized in that
said casing (1) in process steps subsequent to the
casting is caused in a manner known per se to be con-

20 sumed and in a suitable process step finally is re-
moved so as not to be included in products manufactured
of the ingot, that the casing (1) is caused to be
consumed instead of the ingot material inside thereof
in order to increase the yield of the ingot material,

25 and that a hot top (16) is provided externali& against
an upper portion (5,15) of said casing (1).

2. A method as defined in claim 1, c haracter -

ized i n that the casing (1) is supported by

an outer pipe (6) provided about the casing and having
30 the necessary wall thickness, an-ingot mould (6) or

another support.

3. A method as defined in claim 2, charater -
ized i n that the casing (1) is supported by
means of supporting plates (23) or the like, which are

35 providec to the side of each other in the circumferent-
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ial direction of the casing and abut the casing at
least during an initial phase of the casting.

L, A method as defined in claim 3, character -
ized in that said supporting plates (23) are .

5 supported by means of an outer pipe (6), outer mould
(6) or the like, and that means (24,24°) are provided
between the plates (23) and outer mould (6) for such
adjustment to the casing geometry that a support is
achieved.

10 5, A method as defined in e¢laim 2, character -
ized 1in that a layer (7) of sand or corres-
ponding material is provided between the casing (1)
and said outer pipe (6), said ingot mould (6) or corr-
esponding device, for adjusfment purpose.

15 6. A method as defined in claim 2,3,4 or 5, c ha r -
acterized in that said outer pipe (6),
ingot mould (6), supporting plates (23) or correspond-
ing means are removed after a self-supporting solidif-
ied shell has been developed adjacent the casing (1).

207- A method as defined in claim 2,3,4,5 or 6,
characterized 1in that the hot top (16)
is caused to rest against said outer pipe (6) or corr-
esponding device, and the casing (1) projects above

the outer pipe or corresponding device.

25 8. A method as defined in claim 2,3,4,5,6 or 7,
characterized in that a directional
solidification at the upper portion of the casing (1)
is caused to take place by means of a hot top (16)
with downward decreasing wall thickness at least at

30 the lower portion of the hot top.

9. A method as defined in claim 2,3,4,5,6,7 or 8,
characterized in that a directional

solidification is caused to take place by means of



10

15

20

25

; 0110854

an insulating layer (22) comprised in the hot top (16)
or connected to the lower portion of the hot top, which
layer preferably has a downward decreasing wall thick-
ness and extends downward from the upper portion of

the casing along a substantial part of the total casing
height, whereby a poséible demand of conicity of the
casing can be reduced or entirely eliminated.

10. A method as defined in any one of the preceding
claims, c haracterized in that the
hot top (16) is caused to be formed by means of a
powdered material (20), which is caused to fill a
space formed between the casing (1) and a top holder

(17), and said material preferably is re-used.

11. A method as defined in any one of the preceding
claims, c haracterized 1in that a
bottom (8) preferably of metal is provided at the
lower portion (13) of the casing (1), whereby the
risk of impurities to be admixed to the bath is

reduced considerably.

12. A method as defined in claim 11, where -the
casting is carried out as bottom casting, ¢ ha r -
acterized in that a centering of the
inflow of the bath into the casing (1) is obtained

by co-action between said bottom (8), which for this
purpose is provided with an inlet hole, and thevup-hﬂl
casting platform used at the casting.

13. A method as defined in any one of the preceding
claims, characterized in that a

casting protection {10).is used, and that the casing

30 (1) is filled with ine®t gas, for example argon gas,

prior to the casting, preferabiy after evacuation of
air.

14, An apparatus at the casting of a metal bath to
single ingots, comprising a mould intended to be posit-
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ioned preferably vertically, into which mould the

bath is intended to be supplied and to solidify and
be moulded therein to ingots with a cross-sectional
geometry substantially in agreement with the cross-

5 -sectional geometry of the mould, which mould comprises
or consists of a éubstantially tubular and thin-walled
metal casing, into which the bath is intended to be
supplied, and which mould is intended to follow along
with the ingot in process steps subsequent to the

10 casting, which casting is intended to be carried out
intermittently as down-hill or up-hill casting,
characterized 1mn that said casing
(1) in a manner substantially known per se is caused
in process steps subsequent to the casting to be

15 consumed and in a suitable pfocess step finally to
be removed so as not to be included in products manuf-
actured of the ingot, and the casing (1) is consumed
instead of the ingot material inside thereof in order
to increase the yield of the ingot material, and that

20 a hot top (16) is located externally against an upper
portion (5,15) of said casing (1).

15. An apparatus as defined in claim 114,
characterized in that an outer pipe
~ (6) with necessary wall thickness, an ingot mould (6)

25 or the like (23) is located about the casing (1) as
a support.

16. An apparatus as defined in claim 15,

characterized in that supporting

plates (23) or the 1like are located removably to the
30side of each other in the circumferential direction

of the casing and abut the casing, and that preferably

supporting beams (24) or the like serve as support

and strutting for the plates (23).

17. An apparatus as defined in claim 16,
s35characterized in that supporting
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members (24°) are located between the supporting
plates (23) and an outer pipe (6), outer mould (6)
or the like, which supporting members (24°) are
adjustable to the geometry of the casing (1) so that
adjustment can be made a.o. to the distance between
casing and outer mould.

18. An ‘apparatus as defined in claims 15,16 or 17,
characterized imn that a layer (7)
of sand or corresponding material is located between
the casing (1) and outer pipe (6), ingot mould (6)

or corresponding device for adjusting purpose.

19. An apparatus as defined in claim 15,16,17 or 18,
characterized in that the hot top

(16) rests against said outer pipe (6) or corresponding
device, and the casing (1) projects upward above the

outer pipe (6) or corresponding device.

20. An apparatus as defined in claim 14,15,16,17,18
or 19, characterized 1in that the hot
top (16) at least at its lower portion has a downward

20decreasing wall thickness whereby a directional solidif-

ication is intended to be obtained.

21. An apparatus as defined in claim 14,15,16,17,18,
19 or 20, c haracterized in that an in-
sulating layer (22) is comprised in the hot top (16) or

25connected to the lower portion of the hot top, which

layer (22) extends downward from the upper portion of
the casing (1) along a substantial part of the height
of the casing (1), and said layer (22) has a preferably
downward decreasing wall thickness, by means of which

30layer a directional solidification is intended to be

obtained.

22. An apparatus as defined in claim 14,15,16,17,18,
19,20 or 21, characterized in that the
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hot top (16) consists of a powdered material (20) loc-
ated between the casing (1) and a top holder (17), which
powdered material (20) preferably is intended to be
re-used.

23. An apparatus as defined in claim 14,15,16,17,18,
19,20,21 or 22, characterized in that

a bottom (8) preferably of metal is located at the lower
portion (13) of the casing (1), whereby the risk of ad-
mixture of impurities into the bath is reduced consider-
ably.

24, An apparatus as defined in claim 23 where the
casting is carried out as up-hill casting, c haract -
erized in that said bottom (8) is capable to
co-act with the up-hili casting platform used at the
casting so that the inflow of the bath is centered via
an inlet hole comprised in the bottom (8).

25. An apparatus as defined in claim 14,15,16,17,18,
19,20,.21,22,23 or 2, c haracterized 4in
that a casting protection (10) is comprised therein,
and that it comprises means for filling inert gas, for
example argon gas, into the casing (1), and preferably
also means for evacuating air from the casing (1).
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