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Description

[0001] The invention relates to an apparatus provided
with a smelting cyclone.

[0002] In steel manufacturing smelting cyclones can
be used in the pre-reduction and melting of iron ore. In
this context iron ore is defined as metalliferous material
containing iron oxides. Such a smelting cyclone is pro-
vided with means to inject iron ore and means to inject
oxygen from a number of locations around the circum-
ference of the cyclone. The iron ore and oxygen are in-
jected in an about tangential direction therewith gener-
ating a vortex or whirling flow inside the cyclone. At the
same time a reducing process gas is introduced into the
cyclone which in combination with the injected oxygen is
partly combusted resulting in sufficiently high tempera-
tures to melt the iron oxides. The vortex or whirling flow
in the cyclone promotes mixing of the injected oxygen
and the reducing process gas and also heat exchange
with the iron oxides. As a result of the swirl motion, iron
ore particles and molten iron ore are separated from the
gas and collect on the wall of the cyclone wall from where
they flow downward to accumulate in a vessel where final
reduction takes place. Such smelting cyclones are known
for instance from EP0726326 and EP0735146.

[0003] EP0686703 and US5639293 both disclose an
apparatus with a smelting cyclone, a combustion cham-
ber below the smelting cyclone, and a collecting contain-
er for reduced iron compounds below the combustion
chamber. In the combustion chamber natural gas and
oxygen introduced through openings in the combustion
chamber is combusted producing a reducing gas.
[0004] US6214084 discloses a reactor with a cyclone
section and a converter section. A fuel and oxygen feed
conduit extends vertically downward from the top of the
reactor into the converter section of the reactor. A coal
supply line and oxygen supply 1are connected to the top
of the fuel and oxygen feed conduit.

[0005] A pilot plant with a nominal capacity of 60,000
tonne per year was built in 2010-2011 to test the combi-
nation of a smelt cyclone and a smelting vessel for pig
iron production. This pilot plant, constructed on the basis
of best available understanding at the time, did not an-
ticipate any particular difficulty in terms of getting molten
material from the smelt cyclone to flow downwards into
the smelting vessel below. However, in practice, there
were unexpectedly persistent cases of solidified material
forming at the bottom of the smelt cyclone. On occasion
these solidified accretions restricted gas flow between
the smelting vessel and the cyclone, giving rise to proc-
ess disturbances which forced the plant off-line.

[0006] Subsequent analysis of this unanticipated plant
feature revealed that the temperature inside a smelting
cyclone in operation was variable and, in particular, be-
came too low at times in the lower part of the smelting
cyclone, where the molten iron oxides flow from the
smelting cyclone into the metallurgical smelting vessel.
This resulted in cooling and solidification of molten ma-
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terial which had been formed higher up inside the smelt-
ing cyclone.

[0007] Itis an objective of the presentinvention to pro-
vide a smelting cyclone with a sufficiently high tempera-
ture that solidification of molten iron oxides in the smelting
cyclone is prevented.

[0008] It is another objective of the present invention
to provide a smelting cyclone with additional heating
means to prevent solidification of molten iron oxides in
the smelting cyclone.

[0009] It is another objective of the present invention
to provide oxygen gas injection means as additional heat-
ing means.

[0010] Itis still another objective of the present inven-
tion to provide oxygen gas injection means wherein com-
bustion of a pre-reducing process gas by this additional
heating means and the further combustion of a pre-re-
ducing process gas in the smelting cyclone are balanced.
[0011] Itis still a further objective of the present inven-
tion to provide an apparatus comprising a metallurgical
vessel with a smelting cyclone with additional heating
means to prevent solidification of molten iron oxides in
the smelting cyclone.

[0012] According to a first aspect of the invention one
or more of the above objectives are realized by providing
an apparatus for the production of molten iron comprising
a metallurgical vessel and a smelting cyclone for the pro-
duction of pre-reduced molten iron oxides, wherein the
smelting cyclone is provided on the top part of the met-
allurgical vessel and in open connection with the interior
of the metallurgical vessel and wherein the smelting cy-
clone is provided with a first and second opening, the
first opening serving as an inlet for reducing process gas
and as an outlet for molten pre-reduced iron oxides and
the second opening serving as an outlet for process gas,
with supply means to supply iron ore into the smelting
cyclone and with oxygen supply means to supply oxygen
into the smelting cyclone, characterised in that additional
heating means are provided to prevent solidification of
molten iron oxides at or near the first opening of the smelt-
ing cyclone, wherein the additional heating means com-
prise at least two oxygen injectors that in operation inject
oxygen from a location below the first opening of the
smelting cyclone in a direction such that the injected ox-
ygen will come into contact with process gas entering the
firstopening and wherein the atleast two oxygen injectors
are positioned outside the circumference of the first open-
ing as seen in vertical downward direction.

[0013] The term "oxygen" as used in the description
could mean an oxygen containing gas as well as pure
oxygen.

[0014] The temperature near the first opening of the
smelting cyclone will still be sufficiently high to have at
least part of the pre-reducing gas combust with the in-
jected oxygen. In order to have a high enough tempera-
ture at the first opening to prevent solidification of the
molten iron oxides at said first opening of the smelting
cyclone only part of the pre-reducing gas otherwise com-
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busted inside the smelting cyclone will be needed.
[0015] In most cases the smelting cyclone will be a
device with a cylindrical shaped passageway with oppo-
site first and second openings wherein the iron ore and
oxygen are injected in a central part of the device in a
more or less tangential direction to generate the vortex
or whirling flow inside the smelting cyclone. In operation
the smelting cyclone is usually positioned such that there
is a vertical passage from the first opening to the second
opening. With such a positioning of the smelting cyclone
the combustion of part of the pre-reducing gas at or near
the first opening of the smelting cyclone will also contrib-
ute in keeping the temperature inside the smelting cy-
clone at the location where the iron ore is injected at a
target value.

[0016] According to a further aspect it is provided that
the oxygen injectors are arranged such that in operation
the oxygen is injected in a direction which is at least par-
tially in line with the direction of flow of process gas en-
tering the smelting cyclone. With the term "oxygen injec-
tors" one or more oxygen injectors is meant unless it is
clear from the description that explicitly a single injector
or multiple injectors are meant.

[0017] The direction of gas flow inside the smelting cy-
clone is a combined round-going and up-going move-
ment wherein the up-going movement is generated by
the pre-reducing gas entering the smelting cyclone and
generated heat. Depending on the flow velocity of the
pre-reducing gas in upward direction and the distance
from which the oxygen is injected with respect to the first
opening of the smelting cyclone the oxygen could be in-
jected in a direction anywhere between a direction into
the first opening to a direction parallel to a plane perpen-
dicular to an imaginary vertical centre axis of the first
opening. Preferably the direction of injection is also given
a tangential component meaning that the direction is off-
set from said vertical axis.

[0018] By arrangingthe oxygen injectorsinthis manner
it can be realised that in operation combustion of the in-
jected oxygen and part of the pre-reducing process gas
takes place at or near the first opening of the smelting
cyclone, resulting in that part of the smelting cyclone be-
ing sufficiently heated.

[0019] Preferably a number of oxygen injectors are
spaced around the circumference of the first opening of
the smelting cyclone in order to be able to generate an
even heating of the part of the smelting cyclone around
the first opening thereof. The spacing of the oxygen in-
jectors around the first opening also comprises that the
oxygen injectors are positioned such that these are pref-
erably outside the path of the molten iron oxides coming
out of the smelting cyclone. With a vertical positioning of
the smelting cyclone this means that the oxygen injectors
are spaced around said opening and at a distance from
the first opening in both vertical as well as horizontal di-
rection to keep out of the vertical drop trajectory of the
molten iron oxides dripping or flowing from the smelting
cyclone.
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[0020] According to a further aspect of the invention it
is provided that the oxygen injectors are adjustable such
that the direction of injection of the oxygen can be ad-
justed. The easiest manner to make the direction of in-
jection adjustable is to provide that by rotating at least
part of an oxygen injector the direction of injection is
changed. In order to do so it is further provided that the
axis of rotation of the oxygen injector or injectors and the
direction of injection are at an angle with respect to each
other. This is realised for example by having a bend in
the oxygen injector or by providing a nozzle that directs
the injected oxygen at an angle with respect to the axis
of rotation of the oxygen injector.

[0021] It is further provided that the oxygen injectors
are connected to the oxygen supply for the oxygen supply
means to supply oxygen into the smelting cyclone. By
having a common oxygen supply it is easy to control the
total amount of oxygen supplied to the smelting cyclone.
Moreover, with such a common oxygen supply the oxy-
gen injectors can be adjusted to inject a fixed percentage
of the total amount of oxygen supplied to the smelting
cyclone.

[0022] According to another embodimentitis provided
that the oxygen injectors and the oxygen supply means
to supply oxygen into the smelting cyclone are separately
adjustable. With such a configuration the oxygen supply
can be controlled by adjusting every individual injector
which allows to have different amount of oxygen injected
by individual injectors or to shut of one or more of the
injectors.

[0023] According to still another embodiment the oxy-
gen injectors are provided with common flow meter
means and common adjusting means to adjust the total
amount of injected oxygen. With this setup the total flow
of the oxygen injectors can be monitored precisely and
adjusted by adjusting a common oxygen supply for all
oxygen injectors.

[0024] According to still another embodiment the oxy-
gen injectors are connected to an oxygen supply sepa-
rate from the oxygen supply for the oxygen supply means
to supply oxygen into the smelting cyclone. The advan-
tage of such an independent set-up is that the adjusting
of the oxygen injectors or the adjusting of the oxygen
supply for the oxygen supply means to supply oxygen
into the smelting cyclone will have no influence whatso-
ever on the other supply.

[0025] According to stillanother embodiment separate
oxygen supply systems are provided for each individual
oxygen injector. This allows a regulation in which the sup-
ply of oxygen of each oxygen injector can be totally in-
dependent from every other oxygen injector.

[0026] The oxygen injectors extend through the vessel
wall spaced around the circumference of the first opening
of the smelting cyclone. In combination with such a met-
allurgical vessel there is ample space and support to
mount the oxygen injectors at the right position with re-
spect to the first opening of the smelting cyclone.
[0027] According to yet another embodiment oxygen
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supply means are provided for in the apparatus in at least
three zones. These at least three zones comprise a zone
inthe requirements in the apparatus and/or requirements
to the reduction potential of the process gas.

[0028] The invention will be further explained on hand
of the example shown in the drawing, in which:

fig.1 shows schematically a smelting cyclone with ox-
ygen injectors below the smelting cyclone;

fig.2 shows schematically a number of oxygen injec-
tors positioned below the first opening of the
smelting cyclone at the bottom side thereof;

fig.3 shows a diagram of the oxygen supply system
to the smelting cyclone,

fig.4 shows a diagram of another oxygen supply sys-
tem to the smelting cyclone, and

fig. 5 shows schematically a smelting cyclone cou-
pled to a metallurgical vessel for the production
of molten iron.

[0029] Infig. 1 a smelting cyclone 1 is shown schemat-

ically with iron ore supply means in the form of a number
of iron ore injectors 2 and oxygen supply means in the
form of a number of oxygen injectors 3. The number of
such injectors will depend on the size of the smelting
cyclone but will in any way be more than the number of
injectors shown in this figure. These injectors are posi-
tioned such that the oxygen and the iron ore are injected
with tangential component as much as possible to gen-
erate a vortex or swirling motion inside the smelting cy-
clone.

[0030] The smelting cyclone 1 comprises an outer wall
4 against the inside of which a number of water cooled
segments 5 are mounted. These water cooled segments
5 have a cooling water inlet 6 and cooling water outlet 7.
The smelting cyclone 1 has a cylindrical shape with a
circular cross section with a first opening 8 at the bottom
side and a second opening 9 at the top side. Instead of
the cylindrical shape shown in the figure the smelting
cyclone can also have a prismatic shape, for instance a
right rectangular prismatic shape. In this example the
second opening 9 has a smaller diameter than the first
opening 8 because of a collar 36 at the top end of the
melting zone, which is also the end of the water cooled
segments 5 in the smelting cyclone.

[0031] The first opening 8 of the smelting cyclone is
where a reducing process gas 10 enters the smelting
cyclone. The partial combustion of the reducing process
gas with the supplied oxygen generating the heat for melt-
ing the iron ore and the remaining part pre-reducing the
iron ore. The resulting process gases 11 leave the smelt-
ing cyclone 1 through the second opening 9 which is con-
nected to an exhaust system not further indicated in the
drawing. The molten iron oxides 12 flow or drip along the
water cooled segments 5 downward and drop from the
last water cooled segment 5 into a container, such as a
metallurgical vessel, where the final reduction of the iron
oxides will take place. Depending on the connection be-
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tween the smelting cyclone and a metallurgical vessel
the molten iron oxides may also flow from the smelting
cyclone along the roof of the vessel and drip down the
wall into the molten bath. Against the water cooled seg-
ments 5 a layer of iron oxides will accumulate which at
the side facing away from the segments 5 allows a tem-
perature above the melting temperature of iron oxides.
[0032] The smelting cyclone 1 is connected to a cone
shaped wall 13 which may be the support of the smelting
cyclone with which it can be mounted on a metallurgical
vessel or it may be part of a metallurgical vessel to which
the smelting cyclone is fixed. The cone shaped wall 13
will also have to be cooled if it is mounted to or part of a
metallurgical vessel.

[0033] Although heat is generated in the smelting cy-
clone andinthe metallurgical vessel to which the smelting
cyclone will normally be fixed, the temperature at the first
opening 8 may get below the melting temperature of iron
oxides. This may lead to solidification of the molten iron
oxides and to accretions of solidified iron oxides.
[0034] Through the cone shaped wall 13 oxygen injec-
tors 14 project. In the given example the oxygen injectors
have a first part 15 which project at about a straight angle
through the cone shaped wall 13 and a second part 16
at an angle to the first part 15. The oxygen injectors 14
are positioned such that the injected oxygen will contact
the reducing process gas 10in the region of the first open-
ing 8 therewith preventing that the molten iron oxides can
solidify at this point.

[0035] The oxygen injectors 14 are rotatable around
the first part 15 thereof resulting in that the direction of
the injected oxygen can be varied.

[0036] In fig. 2 a possible arrangement is indicated
schematically. The oxygen injectors 14 are placed
around and below the circumference of the first opening
8 of the smelting cyclone, which could be done with two
opposite injectors, with three injectors at 120°, four injec-
tors at 90° and so forth. For clarity’s sake only two injec-
tors 14 are shown in the drawing.

[0037] The oxygen injectors 14 can be rotated from a
position where the oxygen is injected at an angle with
respecttothe firstopening 8 of smelting cyclone 1 without
atangential component, as indicated with the broken line
17, to a position where the oxygen is injected in a more
or less tangential direction with respect to the first open-
ing 8 indicated with the position of the second part 16 of
the injector.

[0038] A further example of an injector is indicated with
18 which comprises a straight part provided with a nozzle
at or near an outer end of the injector which direct the
oxygen leaving the injector at an angle. With the injector
being rotatable it is possible to cover a wide area with
the injected oxygen as indicated with the broken lines
19. It is of course also possible to have a nozzle at the
outer end of injector 18 and injecting the oxygen only in
tangential direction. Such an injector 18 does not need
to be rotatable.

[0039] Preferably the injectors 14 or 18 are all oriented
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the same with respect to the circumference of the first
opening 8 of the smelting cyclone 1, that is that all oxygen
is directed to the centre of the first opening 8 or away
from said centre, for example with a tangential compo-
nent or only in tangential direction. Moreover, the tan-
gential component or tangential direction of the oxygen
injected by each of the oxygen injectors 14, 18 is prefer-
ably in line with the direction of rotation in the smelting
cyclone 1.

[0040] Fig. 3 shows a diagram for the oxygen supply
to the oxygen injectors 3 of the smelting cyclone 1 and
the further oxygen injectors 14, 18. An oxygen supply
with control system is schematically indicated with 20
which is connected to a common duct 21 for a first group
22 of injectors 3 and a second group 23 of injectors 14,
18. The injectors 3, 14, 18 of both groups 22, 23 are each
provided with a valve 24 by means of which the ratio
between the oxygen supplied to the smelting cyclone 1
and the oxygen supplied to the injectors 14, 18 below the
smelting cyclone 1, as well as the total amount of oxygen
supplied, can be adjusted and fine tuned. This is impor-
tant because the ratio between the amount of pre-reduc-
ing gas needed to generate sufficient heat to melt the
iron oxides and to prevent that the molten iron oxides
could solidify again and the amount of reducing gas need-
ed to pre-reduce the iron oxides has to stay within a cer-
tain range to be most effective.

[0041] In fig. 4 another configuration for the oxygen
supply system is shown wherein the oxygen supply with
control system schematically indicated with 20 is con-
nected to a duct 21 for the first group 22 of injectors 3
and to a duct 25 for the second group 23 of injectors 14,
18. In this configuration the injectors 3 of the first group
22 are each provided with a valve 24 and the injectors
14, 18 of the second group 23 now have in the duct a
single adjustable valve 26 and a flow meter 27. This con-
figuration with flow measurement allows for an easier
adjustment for both groups 22, 23 of injectors.

[0042] Furtherconfiguration are possible such as a sin-
gle valve and a flow meter also for the first group of in-
jectors 3 or a single valve and a flow meter for every so
many injectors of the first group of injectors 3.

[0043] In yet another configuration, separate oxygen
supply system could be provided for each group 22, 23
of injectors with further control means to control the ratio
and amount of oxygen supplied to each group 22, 23 of
injectors.

[0044] Finally, separate oxygen supply systems could
be provided for each individual injector in group 22 and
23.

[0045] Fig. 5 shows an apparatus 30 consisting of a
smelting cyclone 1 coupled to a metallurgical vessel 29
for the production of molten iron. An oxygen supply with
control system, schematically indicated with 20, supplies
oxygen to the smelting cyclone via oxygen injectors 3, to
the metallurgical vessel 29 via lances 28 and to oxygen
injectors 14, which project through the roof 31 of metal-
lurgical vessel 29 below the first opening 8 of the smelting
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cyclone 1.

[0046] The metallurgical vessel 29 is provided with a
lining 32 of refractory material at the lower part of the
vessel. In this lower part liquid metal 33 accumulates with
on top thereof liquid slag 34 during operation of the ap-
paratus. Further, lances 35 are provided to inject coal
and additives in the liquid slag 34.

[0047] A configuration such as shown in fig. 5 allows
for the injection of the total oxygen supplied to the appa-
ratus distributed over oxygen injectors 3 in the smelting
cyclone, the oxygen injectors 14 below the first opening
8 of the smelting cyclone and the lances 28, where the
distribution is determined on basis of local heating re-
quirements in the apparatus and/or requirements to the
reduction potential of the process gas. Similar to the de-
scriptions for fig 3. and fig. 4, the oxygen supply to the
injectors 3, 14 and to lances 28 may be from a single
oxygen supply with control system 20, such as indicated
in fig. 5, properly configured with valves and flow meters
so to achieve the desired distribution among the injectors
and lances.

[0048] Another configuration (not displayed in fig. 5)
foresees in having a dedicated oxygen supply with con-
trol system for the injectors 3 present in smelting cyclone
1 and for the injectors 14 at or near the first opening 8 of
the smelting cyclone 1 and a dedicated oxygen supply
with control system for the lances 28.

[0049] In yet another configuration (not displayed in
fig. 5), dedicated oxygen supply systems with control sys-
tem are installed for oxygen injectors 3, for oxygen injec-
tors 14 and for lances 28.

[0050] In still another configuration (not displayed in
fig. 5), dedicated oxygen supply systems with control sys-
tem are installed for each individual injectors 3, 14 and
lances 28.

Claims

1. Apparatus for the production of molten iron compris-
ing a metallurgical vessel (29) and a smelting cy-
clone (1) for the production of pre-reduced molten
iron oxides, wherein the smelting cyclone (1) is pro-
vided on the top part of the metallurgical vessel (29)
and in open connection with the interior of the met-
allurgical vessel (29) and wherein the smelting cy-
clone (1) is provided with a first and second opening
(8, 9), the first opening (8) serving as an inlet for
reducing process gas and as an outlet for molten
pre-reduced iron oxides and the second opening (9)
serving as an outlet for process gas, with supply
means (2) to supply iron ore into the smelting cyclone
(1) and with oxygen supply means (3) to supply ox-
ygen into the smelting cyclone (1), characterised in
that additional heating means are provided to pre-
vent solidification of molten iron oxides at or near the
first opening (8) of the smelting cyclone (1), wherein
the additional heating means comprise at least two



10.

9 EP 2 794 931 B1 10

oxygen injectors (14, 18) that in operation inject ox-
ygen from a location below the first opening (8) of
the smelting cyclone (1) in a direction such that the
injected oxygen will come into contact with process
gas entering the first opening (8) and wherein the at
least two oxygen injectors (14, 18) are positioned
outside the circumference of the first opening (8) as
seen in vertical downward direction.

Apparatus according to claim 1, wherein the oxygen
injectors (14, 18) are arranged such thatin operation
the oxygen is injected in a direction which is at least
partially in line with the direction of flow of process
gas entering the smelting cyclone (1).

Apparatus according to claim 1-2, wherein the oxy-
gen injectors (14, 18) are arranged such that in op-
eration combustion of the injected oxygen and part
of the process gas takes place in the region of the
first opening (8) of the smelting cyclone (1).

Apparatus according to one or more of claims 1-3,
wherein the oxygen injectors (14, 18) are adjustable
such that the direction of injection of the oxygen can
be adjusted.

Apparatus according to one or more of claims 1-4,
wherein the oxygen injectors (14, 18) are connected
to the oxygen supply (20) for the supply means (3)
to supply oxygen into the smelting cyclone (1).

Apparatus according to claim 5, wherein the oxygen
injectors (14, 18) and the supply means (3) to supply
oxygen into the smelting cyclone (1) are separately
adjustable.

Apparatus according to claim 6, wherein the oxygen
injectors (14, 18) are provided with common flow me-
ter means (27) and common adjusting means (26)
to adjust the total amount of injected oxygen.

Apparatus according to one or more of claims 1-4,
wherein the oxygen injectors (14, 18) are connected
to an oxygen supply separate from the oxygen sup-
ply (20) for the supply means (3) to supply oxygen
into the smelting cyclone (1).

Apparatus according to one or more of claims 1-8,
wherein the metallurgical vessel (29) has a bottom
part with a refractory lining (32) for accommodating
a molten iron bath (33) and a water cooled pressure
resistant top part.

Apparatus according to one or more of claims 1-9,
wherein the metallurgical vessel (29) is provided with
coal supply means (35) and further oxygen supply
means (28) for the final reduction process of molten
iron (33) in the bottom part of the metallurgical vessel

10

15

20

25

30

35

40

45

50

55

(29).

11. Apparatus according to one or more of claims 1-10,

wherein oxygen supply means (3; 14, 18; 28) are
provided for in at least three zones.

Patentanspriiche

1.

Vorrichtung zum Herstellen von geschmolzenem Ei-
sen, umfassend einen metallurgischen Behalter (29)
und einen Schmelzzyklon (1) zum Herstellen von
vorreduzierten geschmolzenen Eisenoxiden, wobei
der Schmelzzyklon (1) auf dem oberen Teil des me-
tallurgischen Behalters (29) bereitgestellt ist und in
offener Verbindung mit dem Inneren des metallurgi-
schen Behélters (29) steht, und wobei der Schmelz-
zyklon (1) mit einer ersten und zweiten Offnung (8,
9) bereitgestellt ist, wobei die erste Offnung (8) als
ein Einlass zum Reduzieren von Prozessgas und als
ein Auslass flur geschmolzene vorreduzierte Eisen-
oxide dient, und die zweite Offnung (9) als ein Aus-
lass fir Prozessgas dient, mit Zufuhrmitteln (2) zum
Zufiihren von Eisenerzin den Schmelzzyklon (1) und
mit Sauerstoffzufuhrmitteln (3) zum Zufiihren von
Sauerstoff in den Schmelzzyklon (1), dadurch ge-
kennzeichnet, dass zusatzliche Heizmittel bereit-
gestellt werden, um eine Aushartung der geschmol-
zenen Eisenoxide an oder nahe der ersten Offnung
(8) des Schmelzzyklons (1) zu verhindern, wobei die
zusatzlichen Heizmittel mindestens zwei Sauerstof-
feinspritzer (14, 18) umfassen, die in Betrieb Sauer-
stoff von einem Ort unterhalb der ersten Offnung (8)
des Schmelzzyklons (1) in eine solche Richtung ein-
spritzen, dass der eingespritzte Sauerstoff in Kon-
takt mit durch die erste Offnung (8) eintretendem
Prozessgas kommt, und wobei die mindestens zwei
Sauerstoffeinspritzer (14, 18) aulerhalb des Um-
fangs der ersten Offnung (8), in vertikal nach unten
gerichteter Richtung, positioniert sind.

Vorrichtung nach Anspruch 1, wobei die Sauerstof-
feinspritzer (14, 18) so angeordnet sind, dass der
Sauerstoff in Betrieb in einer Richtung eingespritzt
wird, die mindestens teilweise auf die Richtung des
Stroms des in den Schmelzzyklon (1) eintretenden
Prozessgases ausgerichtet ist.

Vorrichtung nach Anspriichen 1-2, wobei die Sauer-
stoffeinspritzer (14, 18) so angeordnet sind, dass in
Betrieb die Verbrennung des eingespritzten Sauer-
stoffs und eines Teils des Prozessgases in der Re-
gion der ersten Offnung (8) des Schmelzzyklons (1)
stattfindet.

Vorrichtung nach einem oder mehreren der Anspri-
che 1-3, wobei die Sauerstoffeinspritzer (14, 18) so
einstellbar sind, dass die Einspritzrichtung des Sau-
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erstoffs eingestellt werden kann.

Vorrichtung nach einem oder mehreren der Anspri-
che 1-4, wobei die Sauerstoffeinspritzer (14, 18) mit
der Sauerstoffzufuhr (20) verbunden sind, damit die
Zufuhrmittel (3) Sauerstoff in den Schmelzzylinder
(1) zufihren.

Vorrichtung nach Anspruch 5, wobei die Sauerstof-
feinspritzer (14, 18) und die Zufuhrmittel (3) zum Zu-
fuhren von Sauerstoff in den Schmelzzyklon (1) se-
parat einstellbar sind.

Vorrichtung nach Anspruch 6, wobei die Sauerstof-
feinspritzer (14, 18) mit gemeinsamen Strommess-
mitteln (27) und gemeinsamen Einstellmitteln (26)
zum Einstellen der Gesamtmenge des eingespritz-
ten Sauerstoffs versehen sind.

Vorrichtung nach einem oder mehreren der Anspri-
che 1-4, wobei die Sauerstoffeinspritzer (14, 18) mit
einer von der Sauerstoffzufuhr (20) fur die Zufuhr-
mittel (3) zum Zufiihren von Sauerstoff in den
Schmelzzylinder (1) getrennten Sauerstoffzufuhr
verbunden sind.

Vorrichtung nach einem oder mehreren der Anspri-
che 1-8, wobei der metallurgische Behalter (29) ei-
nen unteren Teil mit einem refraktorischen Belag
(32), um einem Schmelzeisenbad (33) Rechnung zu
tragen, und einen wassergekuhlten, druckresisten-
ten oberen Teil aufweist.

Vorrichtung nach einem oder mehreren der Anspri-
che 1-9, wobei der metallurgische Behalter (29) mit
einem Kohlezufuhrmittel (35) und weiteren Sauer-
stoffzufuhrmitteln (28) fir den finalen Reduktions-
prozess des geschmolzenen Eisens (33) im unteren
Teil des metallurgischen Behalters (29) verseheniist.

Vorrichtung nach einem oder mehreren der Anspri-
che 1-10, wobei Sauerstoffzufuhrmittel (3; 14, 18;
28) in mindestens drei Zonen bereitgestellt sind.

Revendications

Appareil de production de fer fondu comprenant un
récipient métallurgique (29) et un cyclone de fusion
(1) pour la production d’oxydes de fer fondus pré-
réduits, ledit cyclone de fusion (1) étant fourni sur la
partie supérieure du récipient métallurgique (29) et
en connexion ouverte avec l'intérieur du récipient
métallurgique (29) et ledit cyclone de fusion (1) étant
doté d’'une premiéere et d’'une seconde ouverture (8,
9), la premiere ouverture (8) servant d’entrée pour
le gaz de procédé réducteur et de sortie pour les
oxydes de fer fondus pré-réduits et la seconde
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ouverture (9) servant de sortie pour le gaz de pro-
cédé, de moyens d’alimentation (2) pour alimenter
le minerai de fer dans le cyclone de fusion (1) etd’un
moyen d’alimentation d’oxygene (3) pour alimenter
de 'oxygene dans le cyclone de fusion (1), carac-
térisé en ce que des moyens de chauffage supplé-
mentaires sont pourvus pour empécher la solidifica-
tion des oxydes de fer fondus au niveau ou a proxi-
mité de la premiére ouverture (8) du cyclone de fu-
sion (1), lesdits moyens de chauffage supplémen-
taires comprenant au moins deux injecteurs d’oxy-
gene (14, 18) qui en fonctionnement injectent de
I'oxygéne depuis un emplacement se trouvant sous
la premiéere ouverture (8) du cyclone de fusion (1)
dansunedirection telle que 'oxygéne injecté viendra
au contact du gaz de procédé entrant dans la pre-
miéere ouverture (8) et lesdits au moins deux injec-
teurs d’oxygéene (14, 18) étant positionnés a I'exté-
rieur de la circonférence de la premiére ouverture
(8) comme observé suivant une direction verticale
vers le bas.

Appareil selon la revendication 1, lesdits injecteurs
d’oxygene (14, 18) étant agencés de sorte qu’en
fonctionnement 'oxygéne est injecté suivant une di-
rection qui est au moins en partie alignée avec la
direction d’écoulement du gaz de procédé entrant
dans le cyclone de fusion (1).

Appareil selon les revendications 1 a 2, lesdits injec-
teurs d’oxygéne (14, 18) étant agencés de sorte
qu’en fonctionnement la combustion de I'oxygéne
injecté et d’une partie du gaz de procédé se produise
dans la région de la premiéere ouverture (8) du cy-
clone de fusion (1).

Appareil selon I'une ou plusieurs des revendications
1 a 3, lesdits injecteurs d’oxygéne (14, 18) étant ré-
glables de sorte que la direction d’injection de I'oxy-
gene puisse étre réglée.

Appareil selon I'une ou plusieurs des revendications
1 a4, lesdits injecteurs d’oxygéne (14, 18) étant con-
nectés a l'alimentation d’oxygéne (20) pour que les
moyens d’alimentation (3) alimentent de 'oxygene
dans le cyclone de fusion (1).

Appareil selon la revendication 5, lesdits injecteurs
d’oxygene (14, 18) et lesdits moyens d’alimentation
(3) pour alimenter de I'oxygéne dans le cyclone de
fusion (1) étant réglables séparément.

Appareil selon la revendication 6, lesdits injecteurs
d’oxygene (14, 18) étant dotés de moyens de me-
sure de débit communs (27) et de moyens de régla-
ges communs (26) pour régler la quantité totale
d’oxygene injecté.
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Appareil selon I'une ou plusieurs des revendications
1a4,lesdits injecteurs d’oxygéne (14, 18) étant con-
nectés a une alimentation d’oxygéne distincte de
I'alimentation d’oxygéne (20) pour que les moyens
d’alimentation (3) alimentent de 'oxygéne dans le
cyclone de fusion (1).

Appareil selon I'une ou plusieurs des revendications
1 a 8, ledit récipient métallurgique (29) comportant
une partie inférieure dotée d’un revétement réfrac-
taire (32) pour recevoir un bain de fer fondu (33) et
une partie supérieure résistantala pression refroidie
aleau.

Appareil selon I'une ou plusieurs des revendications
1a9, ledit récipient métallurgique (29) étant doté de
moyens d’alimentation de charbon (35) et de
moyens d’alimentation d’oxygéne supplémentaires
(28) pour le processus de réduction final du fer fondu
(33) dans la partie inférieure du récipient métallurgi-
que (29).

Appareil selon I'une ou plusieurs des revendications
1a 10, lesdits moyens d’alimentation d’oxygene (3 ;
14 ; 18 ; 28) étant pourvus dans au moins trois zo-
nes.
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