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Description

BACKGROUND OF THE INVENTION

[0001] This invention relates to continuous casting of steel strip in a strip caster, particularly a twin roll caster.
[0002] In a twin roll caster, molten metal is introduced between a pair of counter-rotated horizontal casting rolls which
are internally cooled so that metal shells solidify on the moving roll surfaces and are brought together at the nip between
them to produce a solidified strip product delivered downwardly from the nip. The term "nip" is used herein to refer to
the general region at which the casting rolls are closest together. The molten metal may be poured from a ladle into a
smaller vessel from which molten metal flows through a metal delivery nozzle located above the nip, forming a casting
pool of molten metal supported on the casting surfaces of the rolls immediately above the nip and extending along the
length of the nip. This casting pool is usually confined between side plates or dams held in sliding engagement with end
surfaces of the casting rolls to dam the two ends of the casting pool against outflow, although alternative means such
as electromagnetic barriers have also been proposed.
[0003] When casting steel strip in a twin roll caster, the strip leaves the nip at very high temperatures of the order of
1400°C and can suffer very rapid scaling due to oxidation at such high temperatures. Such scaling may result in a
significant loss of steel product. For example, 3% of a 1.55 mm thick strip (typical scale thickness 23 microns) can be
lost from oxidation as the strip cools. Moreover, such scaling results in the need to descale the strip prior to further
processing by pickling to avoid surface quality problems such as rolled-in scale, and causes significant extra complexity,
cost and environmental concerns. For example, the hot strip material may be passed directly to a rolling mill in line with
the strip caster and thence to a run out table on which it is cooled to coiling temperature before it is coiled. However,
scaling of the hot strip material emerging from the strip caster progresses so rapidly that it may be necessary to install
descaling equipment to descale the material immediately before it enters the in line rolling mill. Even in cases when the
strip is cooled to coiling temperature without hot rolling, it will generally be necessary to descale the strip either before
it is coiled or in a later processing step.
[0004] To deal with the problem of rapid scaling of strip emerging from a twin roll strip caster, it has been proposed
to enclose the newly formed strip within a sealed enclosure, or a succession of such sealed enclosures, in which a
controlled atmosphere or atmospheres is maintained in order to inhibit oxidation of the cast strip. The controlled atmos-
phere can be produced by charging the sealed enclosure or successive enclosures with non-oxidizing gases. Such
gases can be inert gases such as nitrogen or argon or exhaust gases from fuel burners.
[0005] United States Patent 5,762,126 discloses an alternative relatively cheap and energy efficient way of limiting
exposure of the high temperature strip to oxygen. The strip is caused to pass through an enclosure where oxygen is
extracted from the atmosphere by the formation of scale. The enclosure is substantially sealed so as to control the
ingress of oxygen into the enclosure atmosphere and control the extent of scale formation. In this method of operation,
it is possible to rapidly reach a steady state condition in which scale formation is brought to low levels without the need
to deliver a non-oxidizing or reducing gas into the enclosure.
[0006] U. S. Patent 5,816,311 discloses a way of controlling the extent of scale formation by providing downstream
a chamber where groups of nozzles spray a quenching medium onto the strip. The quenching medium was a methyl
alcohol, water, or mixture of methyl alcohol and another quenching medium liquid at room temperature. It was expected
that water spraying in a nitrogen atmosphere would lead to unacceptable levels of oxidation as water contains dissolved
oxygen and the breakdown of water (steam) to oxygen and hydrogen would provide further oxidation; however, it was
surprisingly and unexpectedly found as described in the’311 patent that it was possible to limit the thickness of oxide
on the strip to no more than 0.5 microns. Additionally, it was surprisingly found that these levels of oxide were tolerable
for cold rolling without pickling and then metal coating of the strip. This quenching of the steel strip was found, however,
to result in uneven cooling of the steel strip introducing stresses and other defects in the strip.
[0007] International Patent Application PCT/AU00/01478 discloses how a substantially non-oxidizing atmosphere can
be cheaply and effectively produced within a downstream enclosure, through which the hot cast steel strip passes, by
introducing water in a fine mist spray to generate steam within the enclosure. The stream generation increases the
gaseous volume within the enclosure so as to produce a positive pressure in the enclosure which substantially prevents
the ingress of atmospheric air. It can also produce an increased level of hydrogen gas within the enclosure to significantly
reduce the oxygen level in the enclosure and reduce the rate of oxidation of the strip. In the disclosure of International
Application PCT/AU00/01478, it was considered necessary to isolate the enclosure in which steam is generated from
the enclosure to which the casting rolls are exposed so as to avoid the risk of exposure of the casting pool to water or
steam. We have now found, surprisingly, that by the introduction of water in a fine mist spray, the conversion of the
water to steam and the production of hydrogen gas is so effective that it is possible to generate increased levels of
hydrogen gas in an enclosure to which the casting rolls are exposed, either by allowing communication with gas flow
between that enclosure and the downstream enclosure into which the fine mist spray is introduced and/or by direct
introduction of a fine mist spray into the enclosure to which the casting rolls are exposed. By direct introduction of the
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fine mist spray into the enclosure to which the casting rolls are exposed, it is also possible to omit the separate downstream
enclosure.

SUMMARY OF THE INVENTION

[0008] The present invention provides a method of continuously casting steel comprising:

(a) forming a casting pool of molten steel on chilled casting surfaces of at least one casting roll;
(b) moving the chilled casting surfaces to produce a solidified steel strip moving away from the casting pool;
(c) guiding the solidified strip through first enclosure adjacent the casting roll surfaces, and optionally thereafter
second enclosure, as it moves away from the casting pool;
(d) sealing the first enclosure and, if present, the second enclosures against ingress of atmospheric air separately
or with an intercommunication between said enclosures permitting gas flow from the second enclosure to the first
enclosure; and
(e) introducing water into at least one enclosure in form of fine mist to produce an increased level of hydrogen gas
within the enclosure while tending to avoid liquid water contact with the steep strip, characterised in that introducing
water in the form of a fine mist produces an increased level of hydrogen within the first chamber while tending to
avoid water contact with the casting surfaces of the casting roll or rolls and the steel strip.

[0009] A "fine mist" herein is a water spray where, in general, the water evaporates and is converted to steam before
reaching the surface of the strip. There may still be the odd water droplets that reach the strip, but the intention is to
avoid contact of the liquid water with the strip. Too much liquid water on the strip can cause uneven cooling of the strip.
The precise droplet size and range of sizes of the water in the fine mist will be dependent on the temperature of the strip
in the enclosure where the fine mist is sprayed, and the location of the spray nozzles within the enclosure and their
distance from the strip. Notably, the location in relation to the droplet size and range is sensitive where the fine mist is
sprayed in the first enclosure to avoid contact of the liquid water with the casting surfaces of the casting roll or rolls. The
droplet size and range of the fine mist should be selected for the particular embodiment according to the geometry to
provide flexibility in operation, and for the generation hydrogen gas while avoiding contact of the liquid water with the
strip and the casting surfaces.
[0010] The step of introducing water in the form of fine mist to generate steam also produces a positive pressure in
the enclosure where it is introduced, namely, either the first enclosure and the second enclosure. However, if the fine
water mist is sprayed into the second enclosure, and not into the first enclosure, the first and second enclosures are
directly interconnected or spaced from each other by one or second enclosures are directly interconnected or spaced
from each other by one or more chambers, with a passageway therebetween, through which gas can flow from the
second enclosure to the first enclosure. This passageway may be the same or a different passageway from the pas-
sageway through which the cast strip moves from the first enclosure to the second enclosure. In any event, the sealing
of the first enclosure and/or the second enclosures need not be complete, but only sufficient to provide a positive
atmosphere within the first enclosure, and if present the second enclosure, with a reduced level of oxygen and an
increased level of hydrogen gas in relation to the external atmosphere.
[0011] In an embodiment where the fine mist is sprayed into the second enclosure to produce hydrogen gas therein
and flows into the first enclosure through a connecting passageway, water may in addition be introduced into the first
enclosure in form of a fine mist to generate steam therein and to increase the level of hydrogen gas therein while tending
to avoid liquid water contact with the steel strip and the chilled casting surfaces of the casting roll or rolls.
[0012] In an alternative embodiment, the first enclosure and the second enclosure may be separately sealed against
ingress of atmospheric air, and water may be introduced into the first enclosure in form of a fine mist to produce an
increased level of hydrogen gas therein while tending to avoid liquid water contact with the steel strip and the casting
surfaces of the casting roll or rolls. Such water introduced as a fine mist also generates steam within the first enclosure
to produce a positive pressure therein and avoid egress of atmospheric air into the first enclosure. In this embodiment,
water may additionally be introduced into the second enclosure in form of a fine mist to produce an increased level of
hydrogen gas and/or to generate steam producing a positive pressure therein, while tending to avoid liquid water contact
with the steel strip.
[0013] In any embodiment, the cast strip may be guided through the first enclosure and into the second enclosure on
a transit path through said connecting passageway. Alternatively, the strip may be guided from the first enclosure into
the second enclosure along a transit path through a second passageway and/or through a connecting chamber or
chambers separated from said first passageway through which gas flows between the enclosures.
[0014] The invention further provides apparatus for casting steel strip comprising:

(a) a pair of generally horizontal-positioned casting rolls forming a nip between them;
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(b) metal delivery system to deliver molten steel above the nip between the casting rolls to form a casting pool of
molten steel supported on the rolls;
(c) a cooling system to chill the casting rolls;
(d) a drive system to counter-rotate the casting rolls in opposite directions;
(e) said casting rolls having chilled casting surfaces to produce a cast strip delivered downwardly from the nip;
(f) a first enclosure adjacent the casting rolls through which the cast strip passes on a transit path away from the nip;
(g) optionally a second enclosure through which the cast strip passes after the strip has passed through the first
enclosure;
(h) enclosure seals sealing the first enclosure and, if present, second enclosures separately or with an intercom-
munication between the first and second enclosures permitting flow of gas between said enclosures; and
(i) at least one water spray operable to spray water in form of a fine mist into at least one enclosure to produce an
increased level of hydrogen gas within the enclosure while tending to avoid liquid water contact with the steel strip,
characterised in that the at least one water spray is operable to spray water in form of a fine mist to produce an
increased level of hydrogen gas within the first enclosure while tending to avoid liquid water contact with the casting
rolls.

[0015] The fine mist water spray further may generate steam within one or both of the first and second enclosures.
[0016] The apparatus for casting steel strip also may have strip guides to guide the strip delivered downwardly from
the nip through a transit path in the first enclosure and through a transit path in the second enclosure.
[0017] The first enclosure and the second enclosure may be interconnected by a connecting passageway capable of
permitting flow of gas therebetween, and the water sprays may comprise one or more water spray nozzles mounted in
the second enclosure operable to spray a fine mist into that enclosure adjacent the steel strip while tending to avoid
liquid water from contacting the steel strip, to generate steam and increase the level of hydrogen gas in both enclosures.
[0018] In the described method, the cast steel strip may be delivered to a hot rolling mill in which it is hot rolled as it
is produced. The strip may exit the second enclosure before entering the rolling mill, and in this embodiment, may
comprise a pair of mill rolls between which the strip passes to exit the second enclosure. However, the strip may remain
within the second enclosure as it enters into the rolling mill, or the rolling mill may be positioned between the first and
second enclosures. This positioning of the rolling mill may be achieved by sealing the second enclosure against mill
rolls or a housing of the rolling mill.

DESCRIPTION OF THE DRAWINGS

[0019] In order to more fully explain, particular embodiments will be described in detail with reference to the accom-
panying drawings in which:

Fig. 1 is a vertical cross-section through a steel strip casting and rolling installation constructed and operated in
accordance with the present invention;
Fig. 2 illustrates essential components of a twin roll caster incorporated in the installation and including a first hot
strip enclosure;
Fig. 3 is a vertical cross-section through the twin roll caster;
Fig. 4 is a cross-section through end parts of the caster;
Fig. 5 is a cross-section on the line 5-5 in Fig. 4;
Fig. 6 is a view on the line 6-6 in Fig. 4;
Fig. 7 illustrates a section of the installation downstream from the caster which includes a second strip enclosure
and an in-line rolling mill; and
Fig. 8 illustrates a modified embodiment which incorporates additional water mist sprays.

DETAILED DESCRIPTION

[0020] The casting and rolling installation illustrated in Figs. 1 to 7 comprises a twin roll caster denoted generally as
11 that produces a cast steel strip 12 which passes in a transit path 10 across a guide table 13 to a pinch roll stand 14.
After exiting the pinch roll stand 14, the strip passes to a hot rolling mill 16 in which it is hot rolled to reduce its thickness.
The rolled strip exits the rolling mill and passes to a run out table 17 on which it may be force cooled by a fine mist from
water jets 18 and thence to a coiler 19.
[0021] Twin roll caster 11 comprises a main machine frame 21 which supports a pair of parallel casting rolls 22 having
casting surfaces 22A. Molten metal is supplied during a casting operation from a ladle 23 through a refractory ladle outlet
shroud 24 to a tundish 25 and thence through a metal delivery nozzle 26 above the nip 27 between the casting rolls 22.
Molten metal thus delivered forms a casting pool 30 supported on the casting surface 22A of the casting rolls 22. This
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casting pool 30 is confined at the ends of the rolls by a pair of side closure dams or plates 28 which are applied to
stepped ends of the rolls by a pair of thrusters 31 comprising hydraulic cylinder units 32 connected to side plate holders
28A. The upper surface of casting pool 30 (generally referred to as the meniscus level) may rise above the lower end
of the delivery nozzle 26 so that the lower end of the delivery nozzle is immersed within this casting pool.
[0022] Casting rolls 22 are internally water cooled so that metal shells solidify on the moving casting surfaces of the
casting rolls and are brought together at the nip 27 between the rolls to produce the cast strip 12, which is delivered
downwardly from the nip between the rolls.
[0023] At the start of a casting operation, a short length of imperfect strip is produced as the casting conditions stabilize.
After continuous casting is established, the casting rolls are moved apart slightly and then brought together again to
cause this leading end of the strip to break away in the manner described in Australian Patent Application 27036/92 so
as to form a clean head end of the following cast strip. The imperfect material drops into a scrap box 33 located beneath
caster 11, and at this time, a swinging apron 34, which normally hangs downwardly from a pivot to one side of the caster
outlet, is swung across the caster outlet to guide the clean end of the cast strip onto the guide table 13 from where it is
fed to the pinch roll stand 14. Apron 34 is then retracted back to its hanging position to allow the strip 12 to hang in a
loop beneath the caster before it passes to the guide table 13 where it engages a succession of guide rollers 36.
[0024] The twin roll caster may be of the kind which is illustrated and described in some detail in granted Australian
Patents 631728 and 637548 and United States Patents-5,184,668 and 5,277,243 and reference may be made to those
patents for appropriate constructional details which form no part of the present invention.
[0025] Between the casting rolls and pinch roll stand 14, the newly formed steel strip is enclosed within a first enclosure
denoted generally as 37 defining a sealed space or atmosphere 38 adjacent the casting surfaces 22A of casting rolls
22. First enclosure 37 is formed by a number of separate wall sections which fit together at various seal connections to
form a continuous enclosure wall. The enclosure 37 is comprised of a wall section 41 which is formed at the twin roll
caster to enclose the casting rolls, and an enclosure wall 42, which may extend downwardly beneath wall section 41,
to engage the upper edges of scrap box 33 when the scrap box is in its operative position. The scrap box and enclosure
wall 42 may be connected by a seal 43 formed by a ceramic fiber rope fitted into a groove in the upper edge of the scrap
box and engaging flat sealing gasket 44 fitted to the lower end of wall section 42. Scrap box 33 may be mounted on a
carriage 45 fitted with wheels 46 which run on rails 47 whereby the scrap box can be moved after a casting operation
to a scrap discharge position. Screw jack units 40 are operable to lift the scrap box from carriage 45 when it is in the
operative position so that it is pushed against the enclosure wall 42 and compresses the seal 43. After a casting operation
the jack units 40 are released to lower the scrap box onto carriage 45 to enable it to be moved to the scrap discharge
position.
[0026] First enclosure 37 further comprises a wall section 48 disposed about the guide table 13 and connected to the
frame 49 of pinch roll stand 14 which includes a pair of pinch rolls 50 against which enclosure 37 is sealed by sliding
seals 60. Accordingly, the strip exits the first enclosure 37 by passing between the pair of pinch rolls 50 and passes into
a second enclosure denoted generally as 61 through which the strip passes to the hot rolling mill 16.. Most of the first
enclosure wall sections may be lined with fire brick and the scrap box 33 may be lined either with fire brick or with a
castable refractory lining. Alternatively, all or parts of the first enclosure wall sections may be formed by internally water
cooled metal panels. The enclosure wall section 41 which surrounds the casting rolls is formed with side plates 51
provided with notches 52 shaped to snugly receive the side dam plate holders 28A when the side dam plates 28 are
pressed against the ends of the rolls by the cylinder units 32. The interfaces between the side plate holders 28A and
the enclosure side wall sections 51 are sealed by sliding seals 53 to maintain sealing of first enclosure 37. Seals 53 may
be formed of ceramic fiber rope.
[0027] The cylinder units 32 extend outwardly through the enclosure section 41 and at these locations first enclosure
37 is sealed by sealing plates 54 fitted to the cylinder units so as to engage with the enclosure wall section 41 when the
cylinder units are actuated to press the side plates against the ends of the rolls. Thrusters 31 also move refractory slides
55 which are moved by the actuation of the cylinder units 32 to close slots 56 in the top of first enclosure 37 through
which the side plates are initially inserted into the enclosure and into the holders 28A for application to the rolls. The top
of first enclosure 37 is closed by the tundish, the side plate holders 28A and the slides 55 when the cylinder units are
actuated to apply the side dam plates against the rolls. In this way the complete enclosure 37 is sealed prior to a casting
operation to establish the sealed space 38 adjacent the casting surfaces 22A of casting rolls 22.
[0028] The second enclosure 61 may be separate from the first enclosure 37, where the strip can be held in a separate
atmosphere in second enclosure 61 up to the hot rolling mill 16. Rolling mill 16 contains a series of pass line rollers 62
to guide strip horizontally through second enclosure 61 to the work rolls 63 of rolling mill 16 which are disposed between
two larger backing rolls 64. Second enclosure 61 is sealed at one end against pinch rolls 50 by sliding seals 65, and at
the other end, it is sealed against the working rolls 63 of rolling mill 16 by sliding seals 66. The sliding seals 65 and 66
could be replaced by rotary sealing rolls to run or the strip in the vicinity of the pinch rolls and reduction rolls, respectively.
[0029] Second enclosure 61 is fitted with a pair of water spray nozzles 67 and 68 that are each operable to spray a
fine mist of water droplets adjacent the surface of the steel strip as it passes through the second enclosure, and thereby
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to generate steam within the second enclosure while tending to avoid liquid water contact with the steel strip. Spray
nozzle 67 is mounted in the roof of enclosure 61 downstream from the pinch roll stand 14. Nozzle 68 is located at the
other end of enclosure 61 in advance of the rolling mill 16. The nozzles 67 and 68 may be standard commercially available
mist spray nozzles operable with a gas propellant to produce a fine mist of water. In the illustrative method of the present
invention the gas propellant may be an inert gas such as nitrogen. In a typical installation the nozzles will be operated
under nitrogen at a pressure of around 400 kPa. The water may be supplied at around 100-500 kPa pressure, although
the pressure of the water is not critical. The nozzles are set up to produce a fine mist spray across the width of the strip
to generate steam within the second enclosure 61.
[0030] In operation of the illustrated caster, both of first enclosure 37 and second enclosure 61 may initially be purged
with nitrogen gas prior to commencement of casting. Prior to casting, the water sprays are activated so that as soon as
the hot strip passes into second enclosure 61 steam is generated within that enclosure so as to produce a positive
pressure preventing ingress of atmospheric air. The supply of nitrogen may be terminated after commencement of
casting. Initially the cast strip will take up all of the oxygen from the first enclosure 37 to form heavy scale on the strip.
However, the sealing of space 38 of first enclosure 37 controls the ingress of oxygen containing atmosphere below the
amount where substantial amounts of oxygen are taken up by the steel strip. Thus, after an initial start up period the
oxygen content in the first enclosure 37 will remain depleted and limiting the availability of oxygen for oxidizing of the
strip. In this way, the formation of scale on the cast strip is controlled without the need to maintain a supply of nitrogen
to space 38 of the first enclosure 37.
[0031] As previously described, pinch roll 14 is provided with sliding seals 60, 65 to slide on the pinch rolls 50 at the
division between first and second enclosures 38 and 61. The pinch rolls and seals are effective to prevent a back flow
of liquid water from second enclosure 61 but pinch roll stand 14 provides a gas flow passageway around the two ends
of the pinch rolls 50 by which gas can flow from the second enclosure 61 to the first enclosure 38. It has been found in
operation of the apparatus that the intercommunication between the two enclosures by this interconnecting passageway
is quite sufficient to permit increased levels of hydrogen to flow from the second enclosure 61 into the first enclosure
37. This is shown by the following results obtained by operation of a twin roll casting and rolling installation as illustrated
in the drawings and testing with and without the operation of the fine mist water sprays 67 and 68. Gas sampling of the
atmosphere within both the first enclosure 37 and the second enclosure 61 was carried out at the locations A, B and C
indicated in Fig. 1 with the following gas analyses reported in Table 1 below. The remainder of the gas in the atmospheres
analyzed is nitrogen gas (N2).

[0032] It will be seen that the levels hydrogen within the first enclosure 37, although smaller than the levels in the
second enclosure 61, are still increased substantially by operation of the fine mist water nozzles in the second enclosure
61. The increased levels of hydrogen in both the first and second enclosures 37, 61 are associated with a marked
reduction in oxygen content and dramatically reduce scale formation. It is further seen that there are elevated humidity
levels in both the first and second enclosures indicating the presence of steam, and both enclosures are under positive
pressure by the presence of steam. The increased hydrogen level may be explained by catalytic reaction of water
molecules in the fine mist under the high temperature conditions surrounding the steel strip within the second enclosure
to form hydrogen gas. Oxygen gas simultaneously formed from water molecules is taken up by oxidizing of the strip
during initial passage of the strip through the second enclosure, so that a substantial quantity of hydrogen gas is generated.
Subsequent oxidation of the strip is suppressed by the hydrogen gas and the positive pressure within the second
enclosure which limits ingress of atmospheric air, but is sufficient to maintain the hydrogen content in the second enclosure
and to produce a very thin layer of scale on the strip which has been found to be desirable on hot rolling to avoid sticking
in the roll bite. It has been found that the very thin layer of scale produced in the extremely moist atmosphere in second
enclosure 61 serves as a strongly adherent lubricant which minimizes roll wear and operational difficulties at the rolling
mill. At the same time, because the fine mist spray is generated into steam in the second enclosure, contact of the steel

Table 1

Oxygen
(O2)

Water
(H20)

Hydrogen
(H2)

Carbon Monoxide
(CO)

Carbon Dioxide
(CO2)

(vol %) (vol %) (vol %) (vol %) (vol %)

Casting Pool 0.2 0.11 0.10 0.05 < 0.01

A First Encl 2.5 - 1.0 2.25 - 0.6 0.4 - 0.15 0.2 - 0.0 0.36 - 0.06

B First Encl 3.0 - 1.0 2.1 - 0.3 0.4 - 0.1 0.13 - 0.0 0.2 - 0.0

C Sec’d Encl 0.5 1.6 - 0.7 0.5 - 0.31 0.08 - 0.0 0.01 - 0.0
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strip with liquid water tends to be avoided and the prospect of uneven cooling of the strip is substantially reduced if not
eliminated.
[0033] Fig. 8 illustrates a modification to the casting and rolling installation by which additional water spray nozzles
71, 72 are arranged to generate a fine water mist spray in the first enclosure 37. Apart these additional spray nozzles,
the installation illustrated in Fig. 8 is the same as previously described. Accordingly, the other components have been
identified in Fig. 8 by the same reference numerals as in Fig. 1. Spray nozzles 71, 72 are similar to the nozzles 67, 68
and may be operated in similar fashion and under the same conditions to spray a fine water mist adjacent the surface
of strip 12 while attending to avoid liquid water contact with the strip. Further, spray nozzles 71, 72 are positioned toward
the exit end of enclosure 37 to minimize the possibility of liquid water coming into contact with the casting surfaces 22A
of casting rolls 22. A curtain gate seal may be installed at a location between the spray nozzles 71, 72 and the casting
rolls as indicated at 73 to further minimize this risk.
[0034] It is also shown from Fig. 8 that the operation with increased levels of hydrogen gas in first enclosure 37 can
be achieved by the fine mist spray from nozzles 71, 72 without the operation of nozzles 67, 68 in the second enclosure
61, and without the presence of second enclosure 61.

Claims

1. A method of continuously casting steel comprising:

(a) forming a casting pool of molten steel on chilled casting surfaces of at least one casting roll;
(b) moving the chilled casting surfaces to produce a cast steel strip moving away from the casting pool;
(c) guiding the cast strip through a first enclosure adjacent the casting surfaces, and optionally thereafter through
a second enclosure, as the strip moves away from the casting pool; and
(d) sealing the first enclosure and, if present, the second enclosure against ingress of atmospheric air; and
(e) introducing water into at least one enclosure in form of fine mist to produce an increased level of hydrogen
gas within the enclosure while tending to avoid liquid water contact with the steep strip, characterised in that
introducing water in the form of a fine mist produces an increased level of hydrogen within the first chamber
while tending to avoid water contact with the casting surfaces of the casting roll or rolls and the steel strip.

2. The method as claimed in claim 1 where the first and second enclosures are separately sealed and the water is
introduced into the first enclosure in form of fine mist to produce an increased level of hydrogen gas within the first
enclosure while tending to avoid liquid water contact with the steel strip and the casting surfaces of the casting roll
or rolls.

3. The method as claimed in claim 1 where water is introduced into the second enclosure in form of fine mist to produce
an increased level of hydrogen gas within the second enclosure while tending to avoid liquid water contact with the
steel strip, and comprising in addition the step of flowing gas with an increased level of hydrogen from the second
enclosure to the first enclosure.

4. A method as claimed in claim 1, 2 or 3, wherein the strip exits the first chamber at a temperature in the range of
about 1300°C to 1150°C.

5. A method as claimed in any of claims 1 to 4, wherein in order to produce the spray mist, the water is forcibly propelled
by a gas propellant through one or more mist spray nozzles.

6. A method as claimed in claim 5, wherein the gas propellant is an inert gas.

7. A method as claimed in claim 5, wherein the gas propellant is nitrogen.

8. A method as claimed in any one of claims 1 to 7, wherein the strip is passed from the first enclosure to the second
enclosure through a pair of pinch rolls.

9. A method as claimed in claim 8, wherein the pinch rolls are operated to reduce the strip thickness by up to 5%.

10. A method as claimed in any one of claims 1 to 9, wherein the first and second enclosures are initially purged with
an inert gas before commencement of casting of said strip so as to reduce the initial oxygen content within the
enclosures.
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11. A method as claimed in claim 10, wherein the purging reduces the initial oxygen content within the enclosures to
between about 5% to 10%.

12. A method as claimed in claim 10 or 11, wherein the purging gas is nitrogen.

13. A method as claimed in claim 10, 11 or 12, wherein during casting of said strip the first enclosure is continuously
charged with inert gas.

14. A method as claimed in claim 10, 11 or 12, wherein during casting of said strip the oxygen content in the first
enclosure is maintained at a level less than the surrounding atmosphere by continuous oxidation of the strip passing
therethrough.

15. A method as claimed in any one of claims 1 to 14, wherein the solidified strip is delivered to a hot rolling mill in which
it is hot rolled as the strip is produced.

16. A method as claimed in claim 15, wherein the hot rolling mill is disposed at the exit to the second enclosure and
seals that enclosure so as to hot roll the strip as it exits the second enclosure.

17. Apparatus for casting steel strip comprising:

(a) a pair of generally horizontal-positioned casting rolls (22) forming a nip (27) therebetween;
(b) a metal delivery system (23, 25) to deliver molten steel above the nip between the casting rolls to form a
casting pool (30) of molten steel supported on the casting rolls;
(c) a cooling system to internally cool the casting rolls;
(d) a drive system to counter-rotate the casting rolls in opposite directions;
(e) said casting rolls having cooled casting surfaces (22A) to produce a cast strip delivered downwardly from
the nip;
(f) a first enclosure (37) adjacent the casting rolls through which the cast strip passes on a transit path away
from the nip;
(g) optionally a second enclosure (61) through which the cast strip passes after the cast strip has passed through
the first enclosure;
(h) enclosure seals sealing the first enclosure and, if present, the second enclosures; and
(i) at least one water spray (67, 68, 71, 72) operable to spray water in form of a fine mist into at least one
enclosure to produce an increased level of hydrogen gas within the enclosure while tending to avoid liquid water
contact with the steel strip, characterised in that the at least one water spray is operable to spray water in
form of a fine mist to produce an increased level of hydrogen gas within the first enclosure (37) while tending
to avoid liquid water contact with the casting rolls.

18. The apparatus as claimed in claim 17, wherein the first enclosure (37) and, if present, the second enclosure (61)
are separately sealed, and the water spray (71, 72) is capable of spraying water into the first enclosure (37) in form
of fine mist to produce an increased level of hydrogen gas within the first enclosure while tending to avoid liquid
water contact with the steel strip and the casting rolls (22).

19. The apparatus as claimed in claim 17 wherein the water spray is capable of spraying water into the second enclosure
(61) in the form of fine mist to produce an increased level of hydrogen gas within the second enclosure while tending
to avoid liquid water contact with the steel strip, and the first enclosure (37) and the second enclosure (61) are
sealed with an interconnecting passageway between the enclosures to allow gas to flow from the second enclosure
to the first enclosure to produce an increased level of hydrogen gas within the first enclosure.

20. The apparatus as claimed in claim 17, 18 or 19, comprising in addition strip guides (13, 62) to guide the strip delivered
downwardly from the nip through a transit path (10) in the first enclosure (37) and through a transit path in the second
enclosure (61), if the second enclosure is present.

21. The apparatus as claimed in any one of claims 17 to 20, wherein the at least one spray (67, 68, 71, 72) is disposed
so as to spray water mist toward an upper face of the steel strip.

22. The apparatus as claimed in any one of claims 17 to 21, wherein the first and second enclosures (37, 61) are
separated from one another by a pair of pinch rolls (50).
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23. The apparatus as claimed in claim 22, wherein the pinch rolls (50) are operable to reduce the strip thickness.

24. The apparatus as claimed in any one of claims 17 to 23, and further comprising a hot rolling mill (16) disposed so
as to hot roll the strip as it is produced.

25. The apparatus as claimed in claim 24, wherein the hot rolling mill (16) is disposed at the exit to the second enclosure
(61) and seals that enclosure so as to hot roll the strip as it exits the second enclosure.

Patentansprüche

1. Verfahren zum kontinuierlichen Gießen von Stahl, umfassend:

(a) Ausbilden eines Gießvorrates geschmolzenen Stahls auf Hartgießflächen wenigstens einer Gießwalze;
(b) Bewegen der Hartgießflächen, um ein Gussstahlband zu erzeugen, das sich vom Gießvorrat wegbewegt;
(c) Führen des Gussbandes durch eine erste Umhüllung, die den Gießflächen benachbart ist, und wahlweise
anschließend durch eine zweite Umhüllung, währen sich das Band vom Gießvorrat wegbewegt; und
(d) Abdichten der ersten Umhüllung und, sofern vorhanden, der zweiten Umhüllung gegen das Eindringen vom
Umgebungsluft; und
(e) Einleiten von Wasser in wenigstens eine Umhüllung in Gestalt von feinem Nebel, um einen erhöhten Pegel
von Wasserstoffgas innerhalb der Umhüllung zu erzeugen, wobei dazu tendiert wird, einen Flüssigwasserkontakt
mit dem Stahlband zu vermeiden, dadurch gekennzeichnet, dass das Einleiten von Wasser in Gestalt eines
feinen Nebels einen erhöhten Pegel von Wasserstoff innerhalb der ersten Kammer erzeugt, wobei dazu tendiert
wird, einen Wasserkontakt mit den Gießflächen der Gießwalze oder -walzen und dem Stahlband zu vermeiden.

2. Verfahren nach Anspruch 1, bei dem die erste und die zweite Umhüllung getrennt abgedichtet werden und das
Wasser in die erste Umhüllung in Gestalt eines feinen Nebels eingeleitet wird, um einen erhöhten Pegel von Was-
serstoffgas innerhalb der erstem Umhüllung zu erzeugen, wobei dazu tendiert wird, einen Flüssigwasserkontakt
mit dem Stahlband und den Geißflächen der Gießwalze oder -walzen zu vermeiden.

3. Verfahren nach Anspruch 1, bei dem Wasser in die zweite Umhüllung in Gestalt feinen Nebels eingeleitet wird, um
einen erhöhten Pegel von Wasserstoffgas in der zweiten Umhüllung zu erzeugen, wobei dazu tendiert wird, einen
Flüssigwasserkontakt mit dem Stahlband zu vermeiden, und weiterhin enthaltend den Schritt des Strömenlassens
von Gas mit einem erhöhten Wasserstoffpegel von der zweiten Umhüllung in die erste Umhüllung.

4. Verfahren nach Anspruch 1, 2 oder 3, bei dem das Band die erste Kammer bei einer Temperatur im Bereich von
etwa 1.300°C bis 1.150°C verlässt.

5. Verfahren nach einem der Ansprüche 1 bis 4, bei dem zur Erzeugung des Sprühnebels das Wasser zwangsweise
durch ein Gastriebmittel durch eine oder mehrere Nebelsprühdüsen getrieben wird.

6. Verfahren nach Anspruch 5, bei dem das Gastriebmittel ein inertes Gas ist.

7. Verfahren nach Anspruch 5, bei dem das Gastriebmittel Stickstoff ist.

8. Verfahren nach einem der Ansprüche 1 bis 7, bei dem das Band von der ersten Umhüllung zur zweiten Umhüllung
durch ein Paar Andruckwalzen überführt wird.

9. Verfahren nach Anspruch 8, bei dem die Andruckwalzen betätigt werden, um die Banddicke um bis zu 5% zu
verringern.

10. Verfahren nach einem der Ansprüche 1 bis 9, bei dem die erste und die zweite Umhüllung zu Beginn mit einem
inerten Gas gespült werden, bevor mit dem Gießen des Bandes begonnen wird, um so den anfänglichen Sauer-
stoffgehalt innerhalb der Umhüllungen zu verringern.

11. Verfahren nach Anspruch 10, bei dem das Spülen den anfänglichen Sauerstoffgehalt innerhalb der Umhüllungen
um etwa 5% bis 10% verringert.
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12. Verfahren nach Anspruch 10 oder 11, bei dem das Spülgas Stickstoff ist.

13. Verfahren nach Anspruch 10, 11 oder 12, bei dem während des Gießens des Bandes die erste Umhüllung fortwäh-
rend mit einem inerten Gas geladen wird.

14. Verfahren nach Anspruch 10, 11 oder 12, bei dem während des Gießens des Bandes der Sauerstoffgehalt in der
ersten Umhüllung auf einem Pegel gehalten wird, der geringer ist als die umgebende Atmosphäre, indem das Band,
das diese durchläuft, fortwährend oxidiert wird.

15. Verfahren nach einem der Ansprüche 1 bis 14, bei dem das erstarrte Band einem Warmwalzwerk zugeführt wird,
in dem es warmgewalzt wird, wenn das Band erzeugt wird.

16. Verfahren nach Anspruch 15, bei dem das Warmwalzwerk am Ausgang zur zweiten Umhüllung angeordnet ist und
diese Umhüllung verschließt, um so das Band warmzuwalzen, wenn dieses die zweite Umhüllung verlässt.

17. Vorrichtung zum Gießen eines Stahlbandes, enthaltend:

(a) ein Paar im wesentlich horizontal angeordneter Gießwalzen (22), die zwischen sich einen Spalt (27) bilden;
(b) ein Metallzuführsystem (23, 25), das geschmolzenen Stahl über dem Spalt zwischen den Gießwalzen zuführt,
um einen Gießvorrat (30) geschmolzenen Stahls zu bilden, der auf den Gießwalzen ruht;
(c) ein Kühlsystem, das die Gießwalzen intern kühlt;
(d) ein Antriebssystem, das die Gießwalzen in entgegengesetzten Richtungen dreht;
(e) wobei die Gießwalzen gekühlte Gießflächen (22A) haben, um ein Gussband zu erzeugen, das vom Spalt
nach unten abgeführt wird;
(f) eine erste Umhüllung (37), benachbart der Gießwalzen, die das Gussband auf einem Übergangsweg weg
vom Spalt durchläuft;
(g) wahlweise eine zweite Umhüllung (61), die das Gussband durchläuft, nachdem das Gussband die erste
Umhüllung durchlaufen hat;
(h) Umhüllungsabdichteinrichtungen, die die erste Umhüllung und, sofern vorhanden, die zweite Umhüllung
abdichten; und
(i) wenigstens eine Wassersprüheinrichtung (67, 68, 71, 72), die betätigt werden kann, um Wasser in Gestalt
eines feinen Nebels in wenigstens eine Umhüllung zu sprühen, um einen erhöhten Pegel von Wasserstoffgas
innerhalb der Umhüllung zu erzeugen, während dazu tendiert wird, einen Flüssigwasserkontakt mit dem Stahl-
band zu vermeiden, dadurch gekennzeichnet, dass die wenigstens eine Wassersprüheinrichtung betätigt
werden kann, um Wasser in Gestalt eines feinen Nebels zu sprühen und so einen erhöhten Pegel von Was-
serstoffgas innerhalb der ersten Umhüllung (37) zu erzeugen, während dazu tendiert wird, einen Flüssigwas-
serkontakt mit den Gießwalzen zu vermeiden.

18. Vorrichtung nach Anspruch 17, bei der die erste Umhüllung (37) und, sofern vorhanden, die zweite Umhüllung (61)
getrennt abgedichtet sind und die Wassersprüheinrichtung (71, 72) in der Lage ist, Wasser in die erste Umhüllung
(37) in Gestalt eines feinen Nebels zu sprühen, um einen erhöhten Pegel von Wasserstoffgas innerhalb der ersten
Umhüllung zu erzeugen, während dazu tendiert wird, einen Flüssigwasserkontakt mit dem Stahlband und den
Gießwalzen (22) zu verhindern.

19. Vorrichtung nach Anspruch 17, bei der die Wassersprüheinrichtung in der Lage ist, Wasser in die zweite Umhüllung
(61) in Gestalt einen feinen Nebels zu sprühen, um einen erhöhten Pegel von Wasserstoffgas innerhalb der zweiten
Umhüllung zu erzeugen, wobei dazu tendiert wird, einen Flüssigwasserkontakt mit dem Stahlband zu vermeiden,
und die erste Umhüllung (37) sowie die zweite Umhüllung (61) mit einem Zwischenverbindungs-Leitungsweg zwi-
schen den Umhüllungen verbunden sind, um es dem Gas zu gestatten, von der zweiten Umhüllung in die erste
Umhüllung zu strömen, um einen erhöhten Pegel von Wasserstoffgas in der ersten Umhüllung zu erzeugen.

20. Vorrichtung nach Anspruch 17, 18 oder 19, zusätzlich enthaltend Bandführungen (13, 62), die das Band, das aus
dem Spalt nach unten abgeführt wird, durch einen Überführungsweg (10) in der ersten Umhüllung (37) und durch
einen Überführungsweg in der zweiten Umhüllung (61) zu leiten, sofern die zweite Umhüllung vorhanden ist.

21. Vorrichtung nach einem der Ansprüche 17 bis 20, bei der wenigstens eine Sprüheinrichtung (67, 68, 71, 72) ange-
bracht ist, die einen Wassernebel auf eine Oberseite des Stahlbandes sprüht.
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22. Vorrichtung nach einem der Ansprüche 17 bis 21, bei der die erste und die zweite Umhüllung (37, 61) voneinander
durch ein Paar Andruckwalzen (50) getrennt sind.

23. Vorrichtung nach Anspruch 22, bei der die Andruckwalzen (50) so betätigt werden können, dass sie die Banddicke
verringern.

24. Vorrichtung nach einem der Ansprüche 17 bis 23, und weiterhin enthaltend ein Warmwalzwerk (16), das so ange-
ordnet ist, dass es das Band walzt, während dieses erzeugt wird.

25. Vorrichtung nach Anspruch 24, bei der das Warmwalzwerk (16) am Ausgang der zweiten Umhüllung (61) angeordnet
ist und diese Umhüllung abdichtet, um so das Band warmzuwalzen, wenn dieses die zweite Umhüllung verlässt.

Revendications

1. Procédé de coulage d’acier en continu, comprenant les étapes consistant à :

(a) former un bassin de coulée d’acier fondu sur des surfaces de coulage en coquille d’au moins un rouleau de
coulée ;
(b) déplacer les surfaces de coulage en coquille pour produire une bande d’acier coulé s’éloignant du bassin
de coulée ;
(c) guider la bande coulée à travers une première enceinte adjacente aux surfaces de coulage, et facultativement,
suite à ceci, à travers une seconde enceinte, à mesure que la bande s’éloigne du bassin de coulée ; et
(d) sceller la première enceinte et, si elle existe, la seconde enceinte, par rapport à l’air ambiant ; et
(e) introduire de l’eau dans au moins une enceinte sous forme de brume légère pour produire un niveau accru
d’hydrogène gazeux à l’intérieur de l’enceinte tout en tendant à éviter le contact de la bande d’acier avec de
l’eau à l’état liquide, caractérisé en ce que l’introduction d’eau sous forme de brume légère produit un niveau
accru d’hydrogène à l’intérieur de la première chambre tout en tendant à éviter le contact de l’eau avec les
surfaces de coulage du rouleau ou des rouleaux de coulée et la bande d’acier.

2. Procédé selon la revendication 1, dans lequel la première et la seconde enceintes sont scellées séparément et
l’eau est introduite dans la première enceinte sous forme de brume légère pour produire un niveau accru d’hydrogène
gazeux à l’intérieur de la première enceinte tout en tendant à éviter le contact de la bande d’acier et des surfaces
de coulage du rouleau ou des rouleaux de coulée avec de l’eau à l’état liquide.

3. Procédé selon la revendication 1, dans lequel l’eau est introduite dans la seconde enceinte sous forme de brume
légère pour produire un niveau accru d’hydrogène gazeux à l’intérieur de la seconde enceinte tout en tendant à
éviter le contact de la bande d’acier avec de l’eau à l’état liquide, et comprenant de plus l’étape consistant à acheminer
du gaz avec un niveau d’hydrogène accru de la seconde enceinte à la première enceinte.

4. Procédé selon la revendication 1, 2 ou 3, dans lequel la bande quitte la première chambre à une température allant
d’environ 1300 °C à 1150 °C.

5. Procédé selon l’une quelconque des revendications 1 à 4, dans lequel afin de produire le jet de brume, l’eau est
propulsée en force par un gaz propulseur à travers une ou plusieurs buses de pulvérisation de brume.

6. Procédé selon la revendication 5, dans lequel le gaz propulseur est un gaz inerte.

7. Procédé selon la revendication 5, dans lequel le gaz propulseur est de l’azote.

8. Procédé selon l’une quelconque des revendications 1 à 7, dans lequel la bande est acheminée de la première
enceinte à la seconde enceinte à travers une paire de rouleaux pinceurs.

9. Procédé selon la revendication 8, dans lequel les rouleaux pinceurs sont actionnés de sorte à réduire l’épaisseur
de la bande dans une proportion pouvant aller jusqu’à 5 %.

10. Procédé selon l’une quelconque des revendications 1 à 9, dans lequel la première et la seconde enceintes sont
initialement purgées par un gaz inerte avant le commencement du coulage de ladite bande de sorte à réduire la
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teneur initiale en oxygène à l’intérieur des enceintes.

11. Procédé selon la revendication 10, dans lequel la purge réduit la teneur initiale en oxygène à l’intérieur de l’enceinte
de 5 % à 10 % environ.

12. Procédé selon la revendication 10 ou 11, dans lequel le gaz de purge est de l’azote.

13. Procédé selon la revendication 10, 11 ou 12, dans lequel pendant le coulage de ladite bande, la première enceinte
est chargée continuellement en gaz inerte.

14. Procédé selon la revendication 10, 11 ou 12, dans lequel pendant le coulage de ladite bande, la teneur en oxygène
dans la première enceinte est maintenue à un niveau inférieur à celui de l’air ambiant par oxydation continue de la
bande passant à travers celle-ci.

15. Procédé selon l’une quelconque des revendications 1 à 14, dans lequel la bande solidifiée est acheminée vers un
laminoir à chaud, dans lequel elle est laminée à chaud à mesure que la bande est produite.

16. Procédé selon la revendication 15, dans lequel le laminoir à chaud est disposé à la sortie de la seconde enceinte
et il scelle ladite enceinte de manière à laminer à chaud la bande à mesure qu’elle quitte la seconde enceinte.

17. Appareil de coulage d’acier, comprenant :

(a) une paire de rouleaux de coulée (22) positionnés dans un sens généralement horizontal formant entre ceux-
ci une zone de pincement (27) ;
(b) un système de distribution de métal (23, 25) conçu pour distribuer de l’acier fondu au-dessus de la zone de
pincement entre les rouleaux de coulée pour former un bassin de coulée (30) d’acier fondu supporté sur les
rouleaux de coulée ;
(c) un système de refroidissement pour refroidir intérieurement les rouleaux de coulée ;
(d) un système d’entraînement pour entraîner en rotation inverse les rouleaux de coulée dans des directions
opposées ;
(e) lesdits rouleaux de coulée ayant des surfaces de coulée refroidies (22A) pour produire une bande coulée
acheminée vers le bas à partir de la zone de pincement ;
(f) une première enceinte (37) adjacente aux rouleaux de coulée à travers laquelle passe la bande coulée sur
une voie de passage s’éloignant de la zone de pincement ;
(g) facultativement, une seconde enceinte (61) à travers laquelle passe la bande coulée après que la bande
coulée a traversé la première enceinte ;
(h) des joints d’enceinte scellant la première enceinte et, si elle existe, la seconde enceinte ; et
(i) au moins un jet d’eau (67, 68, 71, 72) actionnable pour pulvériser de l’eau sous forme de brume légère dans
au moins une enceinte pour produire un niveau accru d’hydrogène gazeux dans l’enceinte tout en tendant à
éviter le contact de la bande d’acier avec de l’eau à l’état liquide, caractérisé en ce que ledit au moins un jet
d’eau est actionnable pour pulvériser de l’eau sous forme de brume légère pour produire un niveau accru
d’hydrogène gazeux à l’intérieur de la première enceinte (37) tout en tendant à éviter le contact des rouleaux
de coulée avec de l’eau à l’état liquide.

18. Appareil selon la revendication 17, dans lequel la première enceinte (37) et, si elle existe, la seconde enceinte (61)
sont scellées séparément, et le jet d’eau (71, 72) est apte à pulvériser de l’eau dans la première enceinte (37) sous
forme de brume légère pour produire un niveau accru d’hydrogène gazeux à l’intérieur de la première enceinte tout
en tendant à éviter le contact de la bande d’acier et des rouleaux de coulée (22) avec de l’eau à l’état liquide.

19. Appareil selon la revendication 17, dans lequel le jet d’eau est apte à pulvériser de l’eau dans la seconde enceinte
(61) sous forme de brume légère pour produire un niveau accru d’hydrogène gazeux à l’intérieur de la seconde
enceinte tout en tendant à éviter le contact de la bande d’acier avec de l’eau à l’état liquide, et la première enceinte
(37) ainsi que la seconde enceinte (61) sont scellées avec un passage d’interconnexion entre les enceintes pour
permettre au gaz de circuler de la seconde enceinte à la première enceinte afin de produire un niveau accru
d’hydrogène gazeux à l’intérieur de la première enceinte.

20. Appareil selon la revendication 17, 18 ou 19, comprenant de plus des guides de bande (13, 62) pour guider la bande
acheminée vers le bas depuis la zone de pincement à travers une voie de passage (10) dans la première enceinte
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(37) et à travers une voie de passage dans la seconde enceinte (61), si la seconde enceinte existe.

21. Appareil selon l’une quelconque des revendications 17 à 20, dans lequel ledit au moins un jet (67, 68, 71, 72) est
disposé de sorte à pulvériser une brume d’eau vers une face supérieure de la bande d’acier.

22. Appareil selon l’une quelconque des revendications 17 à 21, dans lequel la première et la seconde enceintes (37,
61) sont séparées l’une de l’autre par une paire de rouleaux pinceurs (50).

23. Appareil selon la revendication 22, dans lequel les rouleaux pinceurs (50) sont actionnables pour réduire l’épaisseur
de la bande.

24. Appareil selon l’une quelconque des revendications 17 à 23, comprenant en outre un laminoir à chaud (16) disposé
de sorte à laminer à chaud la bande à mesure qu’elle est produite.

25. Appareil selon la revendication 24, dans lequel le laminoir à chaud (16) est disposé à la sortie de la seconde enceinte
(61) et scelle cette enceinte de sorte à laminer à chaud la bande à mesure qu’elle quitte la seconde enceinte.
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