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(57) Abstract: A blast furnace installation comprises a blast furnace (10), a gas cleaning unit and lateral top gas extraction tubes
connected between an upper topcone (14) of the blast furnace (10) and the gas cleaning unit. According to an aspect of the present
invention, the blast furnace installation further comprises a central gas uptake conduit (22) with an uptake opening (26) arranged in
the vicinity of a vertical axis of the blast furnace in an upper portion of the blast furnace (10) for extracting gas from an axial region
of the blast furnace (10); and an auxiliary gas cleaning unit (24) connected to the central gas uptake conduit (22) for cleaning gas ex-
tracted via the central gas uptake conduit (22).
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BLAST FURNACE INSTALLATION

Technical Field

[0001] The present invention generally relates to a blast furnace installation,
in particular comprising blast furnace and a gas extraction unit connected to a gas

cleaning unit.

Background Art

[0002] Blast furnace gas, also referred to as top gas, is a by-product of blast
furnace operation that is generated when the iron ore is reduced with coke to
metallic iron. The top gas, which is mostly composed of nitrogen, carbon dioxide
and carbon monoxide, is commonly used as a fuel within the steel works. It may
however also be used in external installations such as boilers and power plants.
As the top gas generally has a rather low heating value, it may be mixed with a
richer gas, e.g. natural gas or coke oven gas, before combustion. The top gas is
generally also fed through a gas cleaning unit before it is used further. In such a
conventional gas cleaning unit, particulate matter, such as blast furnace dust, is

generally removed from the top gas to provide a cleaner gas for combustion.

[0003] Top gas however also contains some undesired contaminants, such
as recirculating elements such as zinc and alkalis, which may have a negative
influence on the blast furnace operation. The introduction of such undesired
contaminants into the burden cycle may be unavoidable, such as when the

contaminants are naturally found in the charged raw materials.

[0004] It is generally accepted that in order to minimize the amount of
contaminants in the top gas, the charge material is carefully chosen not to exceed
a predetermined amount of such contaminants. In the case of zinc, for example, it
is generally accepted that Zn input must be limited to about 120 — 160 g/tHM,
although operations with higher Zn loads of up to 1 kg/tHM have been reported in
the past in Luxemburg and Lorraine with the use of Minett ore.

[0005] Such a limitation on the ZN load in the charge material is necessary
as too high a Zn concentration in the burden may lead to dramatic problems in the

blast furnace. A complex re-circulating Zn flow between Zn vapours and metallic
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Zn condensate is present in the blast furnace: as the burden descends in the blast
furnace shaft, Zn oxides start to be reduced. Once in a metallic state, Zn
evaporates in zones with a sufficiently high temperature. As soon as Zn vapours
come into contact with a colder surface, Zn starts to condensate and deposits on
the cold surface.

[0006] If Zn vapours are not eliminated, Zn scaffolds can start to build up in
the blast furnace wall region. Experience shows, that this Zn scaffolding areas are
usually in the upper shaft and throat as temperatures are lower in these regions.

[0007] In order to avoid this scaffolding phenomenon, it is nowadays
common practice on most modern blast furnaces to operate with an intensive
centre flow with high centre gas temperatures and velocities. Indeed, high centre
gas temperatures (>400°C — 1000 °C) permit to avoid any condensation of the Zn
in the furnace itself.

[0008] The collected top gas, which contains the Zn vapours, is extracted
from the blast furnace and fed through a conventional gas cleaning unit. Most of
the Zn will condensate on the surface of the fine particles which can be retrieved
from the extracted top gas e.g. in the form of wet scrubber sludge, such sludge
thus containing a fair amount of Zn. In a lower extent part of the Zn is found in the
dust collected at a primary stage of the conventional gas cleaning unit. . The
sludge may however also contain a non-negligible amount of residual iron and it
may be of advantage to further use the sludge to extract the remaining iron.
However, due to the high concentration of Zn in the sludge, the latter cannot be
fed back into the blast furnace, as the blast furnace cannot eliminate Zn. Indeed,
feeding the sludge back into the blast furnace would continuously increase the
amount of Zn in the system, which would further accentuate the problem of Zn
scaffolding.

[0009] Thus, the sludge from the wet scrubber is generally considered as
an unusable waste product with all its associated problems.

[0010] The recycling of the sludge is however not impossible. Indeed, a
method for treating sludge from iron-and-steelworks has been disclosed in
EP 1797 207, wherein the sludge is treated in a multiple hearth furnace and Fe



WO 2013/023950 PCT/EP2012/065375
3

and Zn are very efficiently recovered. The only downfall of this recycling method is

that a recycling plant with a multiple hearth furnace is relatively expensive.

Technical Problem

[0011] It is thus an object of the present invention to provide a blast furnace
installation with an alternative means for recovering zinc contaminants in the top

gas. This object is achieved by a blast furnace installation as claimed in claim 1.

General Description of the Invention

[0012] A blast furnace installation comprises a blast furnace with a charging
system arranged centrally above the furnace shaft and connected at the top of an
upper top cone of the furnace for feeding charge material into the furnace, a
conventional gas cleaning unit, and lateral top gas extraction uptakes connected
between the top cone, laterally with respect to the charging system, and the gas
cleaning unit. According to an aspect of the present invention, the blast furnace
installation further comprises a central gas uptake conduit having a lower uptake
opening arranged in the vicinity of a vertical axis of the blast furnace, in an upper
portion of the blast furnace for extracting gas from an axial region of the blast
furnace; and an auxiliary gas cleaning unit connected to the central gas uptake

conduit for cleaning gas extracted via the central gas uptake conduit.

[0013] In addition to the conventional lateral top gas extraction uptakes,
which are arranged at a distance from the vertical axis of the blast furnace, the
present invention provides a central gas uptake conduit. Whereas, the
conventional lateral top gas extraction uptakes extract gas from a lateral region of
the blast furnace, the central gas uptake conduit extracts gas from an axial region
of the blast furnace, thus allowing a more selective extraction of gas from the

furnace.

[0014] Particularly, said auxiliary gas cleaning unit is a gas cleaning unit
dedicated to treating zinc or zinc containing components contained in said gas
extracted via said central gas uptake conduit.

[0015] Preferably, the uptake opening of the central gas uptake conduit is

arranged in the top cone or throat region of the blast furnace, preferably at the
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level of the base of the top cone, that is below the openings of the lateral top gas

extraction uptakes.

[0016] The extraction of gas from an axial upper region of the blast furnace
allows extracting gas with high Zn concentration. Indeed, it has been found that
the Zn concentration in top gas is highest in this axial upper region, due to the fact

that there are the zones of higher gas velocities and higher gas temperatures.

[0017] A dedicated gas extraction in the axial region of the blast furnace
thus permits the extraction of a gas much richer in Zn than an average top gas
through the traditional lateral top gas extraction uptakes would be.

[0018] The Zn rich gas collected through the central gas uptake conduit is
then fed through an auxiliary gas cleaning unit, which is preferably specifically
adapted to collect Zn rich dust or sludge.

[0019] When compared to a traditional gas cleaning unit, the auxiliary gas
cleaning unit is fed with a gas richer in Zn and thus produces dry flue dust or
sludge that is also expected to be richer in Zn. Such an “enriched” sludge is a
product with an added value as it can easier be exploited in a dedicated recycling
unit or sold to a specialized company.

[0020] By enabling an improved extraction of Zn from the blast furnace, it is
possible to raise the limit of Zn load in the charge material. Indeed, it is even
possible to feed Zn rich sludge back into the blast furnace and thus extract the
residual iron in the dust or sludge.

[0021] It should also be noted that the central gas uptake conduit and the
auxiliary gas cleaning unit allow the recycling of Zn rich by products at reduced
cost when compared to recycling plants with multiple hearth furnaces.

[0022] According to a preferred embodiment, the blast furnace is provided
with a central gas uptake conduit that is arranged and formed so as to serve as
centre material feeding pipe, which is connected to a material hopper and to the
auxiliary gas cleaning unit. Indeed, such a centre material feeding pipe is in some
blast furnace installations used to feed further charge material, generally coke, into

the blast furnace.
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[0023] In case of an existing blast furnace installation, which is already
provided with a centre material feeding pipe, such an installation may thus be
easily adapted for use with the present invention. Indeed, the existing centre
material feeding pipe may be used as central gas uptake conduit and additionally
be connected to an auxiliary gas cleaning unit.

[0024] It is also worth noting that such a centre material feeding pipe /
central gas uptake conduit would be self-cleaning. Indeed, any Zn deposits on the
inner walls of the pipe would be abraded while coke or any other charge material

is fed through the pipe.

[0025] According to another preferred embodiment, the blast furnace is
provided with a central gas uptake conduit that is arranged and formed within or
on a probe reaching into the blast furnace. Such a probe may e.g. be an above
burden probe or an in burden probe.

[0026] It should also be noted that the uptake opening of the central gas
uptake conduit may be arranged above the burden level within the blast furnace.
Alternatively, it may be arranged below the burden level within the blast furnace.

[0027] A primary stage of the auxiliary gas cleaning unit may comprise a
cyclone for removing gross particles from the extracted gas. It has been found that
Zn generally tends to condensate to the finer particles. The gross particles
removed from the extracted gas thus generally have low concentration of Zn. Such
gross particles may therefore be more easily recycled, e.g. by feeding them back

into the blast furnace.

[0028] A second stage of the auxiliary gas cleaning unit may comprise a dry
gas cleaning unit, e.g. an electrobag filter, downstream of the cyclone for removing
flue dust from the extracted gas. As the Zn generally tends to stick to the finer
particles, such flue dust would be particularly rich in Zn. The use of electrobag
filters has the advantage that the flue dust remains dry and therefore uses less

volume than wet sludge would do.

[0029] The second stage of the auxiliary gas cleaning unit may also
comprise a scrubber downstream of the cyclone for removing sludge from the
extracted gas. For the same reasons explained above the removed sludge is rich

in Zn.
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[0030] Alternatively the auxiliary gas cleaning unit may comprise a venturi
ejector for the removal of fine particles from the extracted gas. Such a venturi
ejector, which comprises the injection of water, allows separating Zn rich dust from
the gas by using the phenomenon of different exit velocities of the gas and the
water. The fine dust particles are then removed as sludge..

[0031] Furthermore, the ejector permits to drive the gas back to the blast
furnace. According to an embodiment of the invention, the installation further
comprises a return conduit between the auxiliary gas cleaning unit and the blast
furnace for feeding cleaned gas back into the blast furnace. The cleaned gas,
which has been stripped of its high Zn content, may thus be fed back into the blast

furnace.

[0032] The cyclone may be connected to the return conduit for feeding back
gross particles removed by the cyclone into the return conduit for introduction into
the blast furnace. Gross particles, which are poor in Zn may therefore be fed back
into the blast furnace and the residual iron therein may be extracted. In this
configuration, the gross particles and gas are entrained by a second ejector placed
below the cyclone.

[0033] According to an embodiment of the invention, the installation may
further comprise a recirculation conduit between the dry gas cleaning unit and the
central gas uptake conduit for feeding flue dust removed by the dry gas cleaning
unit back into central gas uptake conduit. Re-circulation of cold flue dust
containing fine Zn particles into the central gas uptake conduit upstream of the
cyclone, scrubber or dry gas cleaning unit allows for hot Zn extracted from the
blast furnace to condensate on the recirculated colder flue dust, thereby increasing
further the Zn concentration of the particles.

[0034] According to a further embodiment of the invention, a combustion
chamber is arranged in the central gas uptake conduit for heating the extracted
gas fed to the auxiliary gas cleaning unit. Such a combustion chamber allows re-
evaporation of the Zn deposited on the bigger particles and a quick oxidation of
the Zn to ZnO, which may then be easier to separate as dust in the off-gas. This

combustion can also avoid a condensation of the Zn on the inner face of the pipes.
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[0035] It should be noted that, although the present application generally
mentions zinc (Zn), this is understood to encompass zinc-containing molecules

such as e.g. zinc oxide (ZnO).

Brief Description of the Drawings

[0036] Preferred embodiments of the invention will now be described, by

way of example, with reference to the accompanying drawings, in which:
Fig. 1 is a cross-section through a traditional blast furnace;

Fig. 2 is a cross-section through a portion of a blast furnace installation with an

auxiliary gas cleaning unit according to a first embodiment of the invention;

Fig. 3 is a cross-section through a portion of a blast furnace installation with an
auxiliary gas cleaning unit according to a second embodiment of the

invention;

Fig. 4 is a cross-section through a portion of a blast furnace installation with an
auxiliary gas cleaning unit according to a third embodiment of the

invention;

Fig. 5 is a cross-section through a portion of a blast furnace installation with an
auxiliary gas cleaning unit according to a fourth embodiment of the

invention;

Fig. 6 is a cross-section through a portion of a blast furnace installation with an
auxiliary gas cleaning unit according to a fifth embodiment of the invention;

Fig. 7 is a cross-section through a portion of a blast furnace installation with an
auxiliary gas cleaning unit according to a sixth embodiment of the

invention;

Fig. 8 is a cross-section through a portion of a blast furnace installation with an
auxiliary gas cleaning unit according to a seventh embodiment of the

invention;

Description of Preferred Embodiments

[0037] A blast furnace installation comprises a blast furnace 10, as shown in
Fig.1, with a furnace shaft 12, which has in an upper region a furnace top cone 14

through which charge material is fed into the furnace shaft 12. Laterally in the roof
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16 of the blast furnace top cone, openings are arranged for the connection of top
gas extraction uptakes 18 leading top gas from the blast furnace to a conventional
gas cleaning unit (not shown). A charging system 20 is arranged centrally above
the furnace shaft 12 for feeding charge material into the blast furnace 10. Due to
the central arrangement of the charging installation 20, the top gas extraction
uptakes 18 are arranged off-centre in the roof 16 of the blast furnace. Although the
charging system 20 shown in Fig.1 is of the bell-less top type, it should be noted
that other installations, such as e.g. two- or three-bell systems, are equally
possible and within the scope of the present invention.

[0038] Fig.2 shows the top cone 14 of a blast furnace with a central gas
uptake conduit 22 and an auxiliary gas cleaning unit 24. The central gas uptake
conduit 22 has an uptake opening 26 arranged centrally at the base of the top
cone 14 on the axis of the blast furnace 10. The central gas uptake conduit 22 is
configured as a centre material feeding pipe connected to a material hopper (not
shown) for feeding an additional charge material into the blast furnace in addition
to the charge material fed from the charging system 20. The central gas uptake
conduit 22 is further connected to the auxiliary gas cleaning unit 24, which
comprises a cyclone 28 and a dry gas cleaning unit 30 in the form of an electrobag
filter. In the cyclone 28, gross particles are removed from the extracted gas via a
gross particle exit 32. Such gross particles have low concentration of Zn. In the dry
gas cleaning unit 30, flue dust is removed from the extracted gas via dust exit 34.
Such flue dust has high Zn concentration. The remainder of the extracted gas may
be fed via feed pipe 36 to another installation (not shown) for further use.

[0039] Fig.3 shows the top cone 14 of a blast furnace with a central gas
uptake conduit 22 and another auxiliary gas cleaning unit 24. The auxiliary gas
cleaning unit 24 of Fig.3 comprises a scrubber 38 for removing sludge from the
extracted gas via sludge exit 40. Such sludge has high Zn concentration.

[0040] Fig.4 shows the top cone 14 of a blast furnace with a central gas
uptake conduit 22 and another auxiliary gas cleaning unit 24. The auxiliary gas
cleaning unit 24 of Fig.4 comprises a venturi ejector 42 for removing sludge from
the extracted gas via sludge exit 44. Such sludge has high Zn concentration. The
auxiliary gas cleaning unit 24 of Fig.4 further shows a return conduit 46 for feeding
cleaned gas back into the throat 14 of the blast furnace.
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[0041] Fig.5 shows the top cone 14 of a blast furnace with a central gas
uptake conduit 22 and another auxiliary gas cleaning unit 24. The auxiliary gas
cleaning unit 24 of Fig.5 comprises a cyclone 28 for removing gross particles from
the extracted gas via the gross particle exit 32 and a venturi ejector 42 for
removing sludge from the extracted gas via sludge exit 44. Furthermore, this
auxiliary gas cleaning unit 24 also comprises a return conduit 46 for feeding
cleaned gas back into the throat 14 of the blast furnace. The gross particle exit 32
is connected to the return conduit 46 and feeds gross particles having low Zn
concentration into the cleaned gas, which is fed back into the throat 14 of the blast
furnace. A further venturi ejector 48 is provided in the return conduit 46 for
entraining the gross particles.

[0042] Fig.6 shows the top cone 14 of a blast furnace with a central gas
uptake conduit 22 and another auxiliary gas cleaning unit 24. The auxiliary gas
cleaning unit 24 of Fig.6 comprises a cyclone 28 for removing gross particles from
the extracted gas via a gross particle exit 32 and a dry gas cleaning unit 30 for
removing flue dust from the extracted gas via dust exit 34. A recirculation conduit
50 is connected between the dust exit 34 and the central gas uptake conduit 22 for
feeding the removed flue dust, which is high in Zn concentration, into the central
gas uptake conduit 22 upstream of the cyclone 28. The flue dust is thereby further
coated with Zn and forms bigger dust particles.

[0043] Fig.7 shows the top cone 14 of a blast furnace with another central
gas uptake conduit 22 and an auxiliary gas cleaning unit 24. The central gas
uptake conduit 22 of Fig.7 is formed within an above burden probe 52 and has its
uptake opening 26 arranged centrally in the furnace throat 14 in the vicinity of the
axis of the blast furnace 10. The central gas uptake conduit 22 is connected to an

auxiliary gas cleaning unit 24 as shown in Fig.3.

[0044] Fig.8 shows the top cone 14 of a blast furnace with a central gas
uptake conduit 22 and an auxiliary gas cleaning unit 24 as generally shown in
Fig.2. According to Fig.8, a combustion chamber 54 is provided in the central gas
uptake conduit 22. Such a combustion chamber 54 is arranged for heating the
extracted gas, thereby allowing oxidation of the Zn to ZnO, which is easier to

separate.
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[0045] It should be noted that, although many different combinations have
been shown in Figures 2 to 8, these combinations are not exhaustive, indeed
many other combinations are possible and well within the scope of the present

invention.

Legend of Reference Numbers:

10 Dblast furnace 34  dust exit

12  furnace shaft 36 feed pipe

14  furnace top cone 38 scrubber

16 roof 40 sludge exit

18 conventional top gas extraction 42  venturi ejector
uptakes 44  sludge exit

20 charging system 46  return conduit

22 central gas uptake conduit 48 further venturi ejector

24  auxiliary gas cleaning unit 50 recirculation conduit

26 uptake opening 52 above burden probe

28 cyclone 54  combustion chamber

30 dry gas cleaning unit

32 gross particle exit
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Claims

1.

A blast furnace installation comprising a blast furnace, a gas cleaning unit and
lateral top gas extraction uptakes connected between an upper topcone of said
blast furnace and said gas cleaning unit

characterized by

a central gas uptake conduit, said central gas uptake conduit having an uptake
opening arranged in the vicinity of a vertical axis of the blast furnace, in an
upper portion of said blast furnace for extracting gas from an axial region of
said blast furnace; and

an auxiliary gas cleaning unit connected to said central gas uptake conduit for
cleaning gas extracted via said central gas uptake conduit.

The installation according to claim 1, wherein said auxiliary gas cleaning unit is
a gas cleaning unit dedicated to treating zinc or zinc containing components

contained in said gas extracted via said central gas uptake conduit.

The installation according to claim 1 or 2, wherein said uptake opening of said
central gas uptake conduit is arranged in the top cone or a throat region of said
blast furnace.

The installation according to any of claims 1 to 3, wherein said uptake opening
of said central gas uptake conduit is arranged at the level of the base of the
top cone. .

The installation according to any of claims 1 to 4, wherein said central gas
uptake conduit is formed by a centre material feeding pipe, said centre material
feeding pipe being connected to a material hopper and to said auxiliary gas

cleaning unit.

The installation according to any of claims 1 to 4, wherein said central gas
uptake conduit is within or on a probe reaching into said blast furnace.
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10.

11.

12.

13.

14.

15.

12

The installation according to any of claims 1 to 6, wherein said uptake opening
of said central gas uptake conduit is arranged above a level of burden within
said blast furnace.

The installation according to any of claims 1 to 6, wherein said uptake opening
of said central gas uptake conduit is arranged below a level of burden within
said blast furnace.

The installation according to any of claims 1 to 8, wherein said auxiliary gas
cleaning unit comprises a cyclone for removing gross particles from said

extracted gas.

The installation according to claim 9, wherein said auxiliary gas cleaning unit
comprises a dry gas cleaning unit downstream of said cyclone for removing

flue dust from said extracted gas.

The installation according to claim 9, wherein said auxiliary gas cleaning unit
comprises a scrubber downstream of said cyclone for removing sludge from

said extracted gas.

The installation according to any of claims 1 to 10, wherein said auxiliary gas
cleaning unit comprises a venturi ejector for removing sludge from said

extracted gas.

The installation according to any of claims 1 to 12, wherein said installation
further comprises a return conduit between said auxiliary gas cleaning unit and

said blast furnace for feeding cleaned gas back into said blast furnace.

The installation according to claims 9 and 13, wherein said cyclone is
connected to said return conduit for feeding gross particles removed by said

cyclone into said return conduit for introduction into said blast furnace.

The installation according to any of claims 10 to 14, wherein said installation

further comprises a recirculation conduit between said dry gas cleaning unit
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and said central gas uptake conduit for feeding flue dust removed by said dry

gas cleaning unit back into central gas uptake conduit.

16. The installation according to any of claims 1 to 15, wherein said installation
further comprises a combustion chamber arranged in said central gas uptake

conduit for heating said extracted gas fed to said auxiliary gas cleaning unit.
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