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A plant for producing raw iron and/or sponge jron
has a direct-reduction shaft furnace (1) for lump iron ore, a
melt gasifier (3), a conduit connecting the melt gasifier (3)
to the shaft fumace (1) for a redueing gas, a supply conduit
(13} connecting the shaft furnace (1} to the melt gasifier {3)
for the raduction product in sald furnace (1), a top gas line
(14) leading out of the shaft furnace (1) wiih lines (5,6, T)
opening into the melt gasifier (3) for oxygen-containing gas
and carbon vehicles and a mun-off (11) on the melt vessel
(3) for raw iron and slag. To make it possible to process
not only Jump but also fine ore economically over a wide
range of quantities, the plant has at least one fluidised bed
reactor (15, 16) to accept fine ore, a reducing gas inlet {21)
thereinto, an exhaust gas outlet (22) from the fluidised bed teactor (15) and an extractor (34) for the reduction product formed in said
fluidised bed reactor (15, 16), in which the top gas outlet (14} of the shaft furnace (1) and the exhause gas outlet (22) of the fluidised bed
reactor (15} open into a cleaning device (23) and then into a heater (25, 26) from which leaves the reducing gas inlet line (21) of the
fluidised bed reactor (15, 16).

{57) Zusammenfassung

Eine Anlage zur Herstellung von Roheisen und/oder Eisenschwamm weist einen Direktreduktions-Schachtofen (1) fiir sttickiges
Eisenerz, einen Einschmelzvergaser (3), eine den Einschmelzvergaser ¢3) mit dem Schachtofen (1) verbindende Zuleitung (4) fiir ein
Reduktionsgas, eine den Schachtofen (1) mit dem Einschmelzvergaser (3) verbindende Forderleitung (13) fiir das im Schachtofen (1)
gebildete Reduktionsprodukt, eine vom Schachtofen (1) ausgehende Topgas-Ableitung (14), mit in den Einschmelzvergaser (3) mindenden
Zuleitungen (5, 6, 7) fiir sauerstoffhiltige Gase und Kohlenstofftriiger und einen am EinschmelzgefiB (3) vorgesehenen Abstich (11) fiir
Roheisen und Schlacke auf, Um nicht nur Stiickerz, sondern auch Feinerz in einer breiten Variationsmaglichkeit hinsichtlich Menge energic-
und produktoptimiert zu verarbeiten, ist die Anlage durch mindestens einen Wirbelbettreakror (15, 16) zur Aufnahme von Feinerz, eine
Reduktionsgas-Zuleitung (21) zu diesem Wirbelbettreaktor (15, 16), eine Abgas-Ableitung (22) aus dem Wirbelbettreaktor (15) und eine
Austragsverrichtung (34) fir das im Wirbelbettreaktor (13, 16) gebildete Reduktionsprodukt gekennzeichnet, wobei die Topgas-Ableitung
(14} des Schachtofens (1) und die Abgas-Ableitung (22) des Wirbelbettreaktors (15) in eine Reinigungseinrichtung (23) und nachfolgend
in eine Heizeinrichtung (25, 26) minden, von der die Reduktionsgas-Zuleitung (21) des Wirbelbettreaktors (15, 16) ausgeht.

_————--_i




Abstract:

Plant and Process for the Production of Pig Iron and/or Sponge [ron

A plant for the production of pig iron andfor sponge iron includes a direct-reduction shaft
furnace (1} for lumpy iron ore, a melter gasifier (3), 4 feed duct (4) for a reducing gas
connecting the melter gasifier (3) with the shaft furnace (1), a conveying duct (13) for the
reduction product formed in the shaft fumace (1) connecting the shaft fumace (1) with the
melter gasifier (3), a top-gas discharge duct (14) departing from the shaft furnace (1), feed
ducts (5, 6. 7) for oxygen-containing gases and carbon carriers running inte the melter gasifier

(3) and a tap (11) for pig iron and slag provided at the melting vessel (3).

In order to be able to process not enly lumpy ore, but also fine ore within a wide vaniation
range with regard to quantity in a manner optimized in terms of energy and product, the plant
is characterized by at least one fluidized bed reactor (14, 16) intended to receive fine ore, a
reducing-gas feed duct (21} leading to he fluidized bed reactor (15, 16), an offgas discharge
duct (22) departing from the fluidized bed resctor (15) and a discharge means (34) provided
for the reduction product formed in the fluidized bed reactor (15, 16). wherein the top-gas
discharge duct (14) of the shaft furnace (11 and the offgas discharge duct (22) of the fluidized
bed reactor (15) run into & purification means and subsequently into 4 heating means (25, 26)

from which the reducing-gas feed duct (21) of the fluidized bed reactor (15. 16) departs.
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1
The invention relates to a plant for the production of pig iron and/or sponge iron,
comprising a direct-reduction shafr fumace for lumpy iron ore. a melter gasifier, a feed duct for
a reducing gas connecting the melter gasifier with the shaft furnace. a conveying duct for the
reduction product formed in the shaft furnace connecting the shaft furnace with the melter
gasifier, 2 top-gas dischurge duct departing from the shaft furnace, feed ducts for oxygen-
containing gases and carbon carriers running into the melter gasifier and a tap for pig iron and
slag provided at the melting vessel. Furthermore, the invention relates to a process for
producing pig iren and/or sponge iron using this plant. '
A plant of this type is known, for instance, from AT-B - 376.241 as well as from DE-C
- 40 37 977. There, lumpy iron ore is reduced to sponge iron in a shaft furnace in a fixed-bed
direct reduction zone. The sponge iron subsequently is melted in the melter gasifier in a
meltdown gasifying zone under supply of carbon carriers and oxygen-containing pas. In the
melter gasifier, a CO and Ha-containing reducing gas is produced, which is fed to the direct
reduction zone of the shaft furnace via the feed duct connecting the melter gasifier with the
shaft furnace, is reacted there and is drawn off as a top gas. In practice, that plant and process
have proved successful for processing lumpy iron ore, by which ore having a grain size of
above 3 mm, preferably above 6 mm, is understood.

The invention is based on the object to provide a plant as well as a process, by which
not only lumpy ore, but also fine ore can be processed, in particular fine ore having a grain size
of between 0 and & mm. preferably between 0 and 4 mm. In particular, it is to be feasible to
widely vary the charging amount of lumpy ore and fine ore in proportion to the overat!
charging amount of ore while being able to operate the plant in a manner optimized in terms of
energy and product over a wide range of the ratio of lumpy ore o fine ore amounts. This
means that the product produced. i.e.. pig iron and/or sponge iron, complies with a high guality
standard at & minimum energy input. in particular exhibits a high degree of metallizaton and
purity, such that further processing will be ensured without any problems,

With a plant of the initially defined kind, this object is achieved by ar least one fluidized

bed reactor intended 1o receive fine ore, & reducing-gas feed duct leading to said fluidized bed
reactor, an offgas discharge duct departing from the fluidized bed reactor and a discharge
means, preferably a briquettng means, provided for the reduction product formed in the
fluidized bed reactor, wherein the wp-gas discharge duct of the shaft furnace and the offgas
discharge duct of the fluidized bed reactor run into a purification means, such as a scrubber,
and subsequently into a heating means from which the reducing-gas feed duct of the fluidized
bed reactor departs.

The processing of fine ore to sponge iron in a fluidized bed reactor, in principle, is
known from US-A - 5,082,251, There, the reducing gas is produced by catalytic reformation
of desulphurized and preheated natural gas with overheated water vapor in a reformer furnace.

That process allows for the production of high-quality sponge iron, yet exclusively from fine




By the combination according to the invention, of a shaft furnace plant as initially
described with a fluidized bed reactor thereby forming a portion of the reducing gas fed to the
fluidized bed reactor by the reducing gas produced in the melter gasifier and reacted w top gas
in the shaft furnace, it is feasible to operate the plant at an optimum utilization of the energy
from the energy carriers supplied, wherein the quantitative portion of fine ore or lumpy ore in
the overall charging amount is variable within wide ranges even with an operation using
exclusively fine ore being conceivable. Thus, according to the invention the amount of the ore
type available in each respective case, i.e., fine ore or lumpy ore. cun be taken into account in
an optimum manner. Failures in the processing of lumpy ore caused by a high portion of fines
as can occur in the prior art are avoidable in a simple manner because the fine ore merely must
be separated and supplied to the fluidized bed in the fluidized bed reactor. This also helps to

substantially reduce the problems invalved in the storage of ore. Moreover, it is no longer

necessary, as has been the case in the prior art, to process lumpy ore and fine ore in different
plants involving accordingly high investment expenditures (avoidance of pelletizing plants).
Preferably, the feed duct for reducing gas formed in the melter gasifier is directly
connected with the top-gas discharge duct of the shaft furnace via a bypass for bypassing the
shaft furnace. Consequently. reducing gas that is not required for the reduction in the shaft
furnace can be used as an excess gas for controlling the composition of the reducing gas
introduced into the fluidized bed reactor and for increasing the capacity of fine ore processing.
Advantageously, a CO: stripping means is provided in the reducing-gas feed duct of the
fluidized bed reactor for reducing the CO: content of the offgas formed in the fluidized bed
reactor. Furthermore. the top-gas discharge duct of the shaft furnace advantageously runs into
the reducing-gas feed duct of the fluidized bed rzactor while aveiding the CO, stripping means.
In order to ensure the reducing gas temperature required for the direct reduction in the
fluidized bed process. an afterburning means is provided in the reducing-gas feed duct of the
fluidized bed reactor. in which part of the reducing gas is burnt under oxygen feeding. Thereby,

it is feasible to adjust the temperature of the reducing gas according to the desired demands

without any remarkable gas loss.

If an increase in capacity is sought in the production of pig iton in the meler gasifier,
excess reducing gas available to the fluidized bed reactor suitably is fed to the shaft furnace for
lumpy iron ore, to which end the reducing-gas feed duct of the fluidized bed reactor is
connected with the reducing-gas feed duct of the shaft furnace via a branch duct.

If melting of the spenge iron produced in the fluidized bed reactor is desired, e.g., for
utilizing excess energy of the melter gasifier, sponge iron suitably is introduced into the melter
gasificr at least in partial amounts, to which end a conveying means for introducing the
reduction product reduced in the fluidized bed reactor and preferably briquetted afterwards
runs into the meler gasifier,

The process according 1o the invention for producing pig iron and/er sponge iron is

characterized in that lumpy ore is reduced to sponge iron in a fixed-bed direct reduction zone,



the sponge iron is melted in a meldown gasifying zone under supply of carbon carriers and
oxygen-containing gas and a CO and Hax-containing reducing gas is produced, which is
introduced into the fixed-bed direct reduction zone, is reacted there and is drawn off as a top
gas, and that fine ore is reduced to sponge iron in a fluidized-bed direct reduction zone
according to the fluidized bed method, wherein top gas from the fixed-bed direct reduction
zone and/or reducing gas produced in the meltdown gasifying zone, which are subjected to
CO: stripping and heating, as well as offgas forming in the fluidized-bed direct reduction zone
are fed to the fluidized-bed direct reduction zone and drawn off as an offgas.

Suitably, the offgas from the fluidized-bed direct reduction zone is mixed with top gas
from the fixed-bed direct reduction zone and/or with reducing gas produced in the meltdown
gasifying zone and is fed to the fluidized-bed direct reduction zone,

In order 1o reduce the CO; content of the reducing gas fed to the fluidized-bed direct
reduction zone to the desired extent, the offgas from the fluidized-bed direct reduction zone
suitably is subjecied to CO» stripping.

To adjust the optimum temperature of the reducing gas used in the fluidized-bed direct
reduction zone, it is heated in @ heat exchanger. To this end, afierburning of the reducing gas,
which preferably is provided in addition, may also be effected.

Advantageously, the reducing gas formed in the meltdown gasifying zone is fed to the
fluidized-bed direct reduction zone while avoiding CO, stripping.

Dirsct reduction in the fluidized bed process may be effected in two or several steps, as
1s known, for instance, from US-A - 5,082.251. Furthermare, it is possible to carry out direct
reduction by aid of a circulating fluidized bed known. for instance, from EP-B - 0 364 865.

To take im0 account different charging amounts of lumpy ore and/or fine ore, a portion
of the reducing gas fed to the fluidized-bed direct reduction zone advantagecusly is branched
off and fed to the fixed-bed direct reduction zone.

To utilize the energy to the optimum degree, preferably at least a portion of the sponge
tron formed in the fluidized-bed direct reduction zone 1s melted in the meltdown gasifying
ZOne,

By means of the plant and process accarding 1o the invention it is possible to vary the

charging amount of lumpy ore within a range of between 0 and 100 %, preferably between 30

and 60 %, of the overall ore input and to form the balance charge to 100 % of fine ore,

In the following, the invention will be explained in more detail by way of an exemplary
embadiment schematically iflustrated in the drawing, wherein the Figure represented in the
drawing illustrates the process scheme of 4 plant according to the invention.

Lumpy iron ore is top-charged into a shaft furnace { by a conveying means 2 via a
sluice system not lustrated, optionally along with fluxes. The shaft fumace 1 communicates
with a melter gasifier 3, in which a reducing gas is produced from coal and oxygen-containing

- gas, which reducing gas is fed to the shaft fumace 1 through a feed duct 4, a gas scrubbing and
KJ HAZ};\ a gas cooling means optionally being provided in the feed duct 4.
kS 7




The melter gasifier 3 comprises a supply duct $ for solid carbon carriers, 2 feed duct 6
for oxygen-containing gases as well as, if desired, supply ducts 7 for carbon carriers that are
liquid or gaseous at roorn semperature, such as hydrocarbons, as well as for burnt fluxes.
Molten pig iron 9 and liquid slag 10 collect within the melter gasifier 3 below the meltdown
gasifying zone 8 and are tapped via a tap 11

The lumpy ore reduced to sponge iron in the shaft fumace 1ina fixed-bed direct
reduction zone 12 is supplied along with the fluxes burnt in the direct reduction zone 12
through a conveying duct 13 connecting the shaft furnace I with the melter gasifier 3, for
instance, by means of delivery worms or the like not iHlustrated in detail. A top-gas discharge
duct 14 for the top gas formed of reducing gas in the direct reduction zone 12 Is connected 10
the top of the shaft furnace.

The plant, furthermore, comprises two fluidized bed reactors 15, 16 consecutvely
arranged in series, fine ore being conducted via a fine-ore supply duct 17 to the first fluidized
bed reactor 15 and from there via a conveying duct 18 to the consecutively arranged fluidized
bad reactor 16. The material completely reduced in one fluidized-bed direct reduction zone 19
each of the fluidized bed reactors 15, 16 (sponge iron), upon emergence from the second
fluidized bed reactor 16, is supplied to a briquetting plant 20 where it is hot- or cold-
briquetted. Prior to introducing the fine ore into the first fluidized bed reactor 15, it is
subjected to an cre preparaiion, such as drying, which, however, is not llustrated in detail.

Reducing gas is conducted through a gas duct 21 in counterflow ta the ore flow, from
the fluidized bed reactor 16 to the fluidized bed reactor 15, Le., to the fluidized-bed direct
reducton zones 19 provided in the fluidized bed reactors and is camied off the first fluidized
bed reactor 15 - viewed in the ore flow direction - as an offgas through an offgas discharge
duct 22,

Both the top gas drawn off the shaft furance 1 and the offgas drawn off the fluidized
bed reactor 15 are each cooled and washed in a purification means 23 preferably designed as a
wet scrubber and subsequently are mixed by the top-gas discharge duct 14 and the offgas
discharge duet 22 running together. The mixed gas thus formed is passed through a CO;
stripping means 24, preferably designed as a COa scrubber, and is freed from CO». After this,
heating of the mixed gas to a temperature of about 400°C is effected in a heat exchanger 25.
Following upon the same, there is an afterburning means 26, in which part of the mixed gas is
burnt under oxygen supply, the mixed gas thus attaining the temperature required for the direct
reduction in the fluidized bed reactors 15, 16 of up to about $50°C. This heated mixed gas
then is available to the fluidized bed reactors 13, 16 as a reducing gas.

The lumpy ore and the fine ore are supplied 10 the plant either from separaie stockyards

or if mixed ore is to be processed this is subjected to ore sereening, whereupon the coarse-

grain fraction is supplied to the shaft furnace | and the fine-grain fraction is supplied to the
fluidized bed reactor 15,




According to a preferred embodiment, only the offgas of the fluidized bed reactors 15,
16 is subjected to COz scrubbing and the top gas drawn off the shaft furnace I, via a bypass
duct 27 provided to the CO, scrubber, is mixed with the offgas only after CO, scrubbing of the
same. If only slight amounts of fumpy ore - based on the fine ore amounts charged - are
employed or possibly no lumpy ore is reduced at all, the reducing gas formed in the melter
gasifier 3, which in that case merely functions as coal gasifying reactor, may directly be
branched off the feed duct 4 running into the shaft furnace 1, via 2 bypass duct 28 bypassing
the shaft furnace 1. This bypass duct 28 enters into operation also if excess gas incurs in the
melter gasifier 3, i.e., more reducing gas than is required in the shaft furnace 1. By aid of this
excess gas the gas composition of the reducing gas introduced into the fluidized bed reactars
15, 16 may be controlled. Thereby, an increase in the amount of fine ore reduced in the
fluidized bed reactors 15, 16 can be obtained.

In case that an increase in the capacity of the reduction of lumpy ore in the shaft
furnace 1 is required, excess gas of the reducing gas fed to the fluidized bed reactors 15, 16
may be introduced into the shaft furnace 1 via a branch duct 2.

Both the pig irom and the briquetted sponge iron are prucessed in & compact steel
works, for instance equipped with electric furnaces and converters. If necessary, briquetted
sponge iron also may be charged into the melter gasifier 3 through a conveylng means 30 and
melted there. This is advantageous. in particular, if excess energy is available in the meler
gagifier 3.

Advantagecusly, the heat exchanger is operated with part of the offgas from the
floidized bed reduction. which s fed through a duct 31. Offgas that is not required for the
reduction process or the heat exchanger 25 {s supplied to other consumers through an export-
gas discharge duct 32. This applies also for excess wp gas, which may be supplied to
consumners trough a discharge duct 33. The discharge ducts 32 and 33 advantageously run
into a gas collection tank, such as a gasometer, for the intermediate storage of the export gas
and of the top gas. Thus, differences in gas production and deviations in pressure within the
system may be checked and balanced out

The briquetting plant 20 may be replaced with a discharge means 34, such as. e.g.. a
cold discharge means.

The wet scrubber 23 and the CQ, scrubber 24 may be bypassed by a bypass duct 33
departing from the feed duct 4. This is advantageous because the gas leaving the melter gasifier
3 has a slight CO; content and it is, therefore, pot necessary to conduct the pas through these
means as long as the elevated sulfur content in the gas is not bothering. In addition, the system
offers the epportunity of adjusting the CO- content in a more concerted manner. A dust
separator 36 Is integrated in the bypass duct 35.

All of the conveying means and gas ducts are equipped with control crgans and

compressors in a usual manner.




Example:

In a plant corresponding to the drawing and having a production capacity of 100 t/h of
briguetted sponge iron of fine ore and approximately 100 ¥/h of sponge iron of lumpy ore,
148 vh of fine ore were introduced into the fluidized bed reactors 15, 16 and 149 t/h of lumpy
ore were introduced into the shaft furnace 1.

Limestone, dolomite and quariz are charged into the fluidized bed reactor 15 and/or
into the shaft furnace 1 as fluzes in an amount of 27 th.

Coal in an amount of 800 kg/t of pig iron as well as uxygen in an amount of 540 Nm'/t
of pig iron are introduced inta the melter gasifier 3.

109 t/h of sponge iron are discharged from the shaft furnace 1 and charged into the
melter gasifier 3 and melted there. Pig iron incurs in an amount of 100 b and has the

following chemical compusition:

Table 1
Fe 949 %
C 43 %
S 04 %
S 0.04 %
P 0.08 %

30 t/h of slag are formed in the melter gasifier 3.
The reducing gas forming in the melter gasifier 3 by coal gasification, upon scrubbing
and cooling, is injected into the direct reduction zone 12 of the shaft furnace I ar about §50°C.

It incurs in an amount of 190.000 Nm'/h, having the following chemical composition:

Table 1
CO (%] 69.60
COy [%) 2.83
Hs> [%] 22,57
H20 [%] 1.54
H1S8 ppm 500.00
CHy [%] 0.51
Na AT [%] 2.90

Its calorific value is 11,300 kJ/ Nm",
The wp gas emerging from the shaft furnace 1 incurs in an amount of 160,000 Nm’/h.
Its chemical composition is indicated in Table HI below.




Table 11
CO %] 42.30
CQOy [%} 35.87
Hz [%] 15.80
Ho0 %] 226
H»S ppm 125.00
CHy[%] .06
Na,Ar [%] 270

lis calorific value is 7.435 kJ/ Nm'.

The fine ore charged into the fluidized bed reactor 15 is comprised of ore having a
maxirmum grain size of 8 mm, Itis reduced to sponge iron in two steps and subsequently is hot-
briquetted. The hot-briguetted sponge iron has a degree of metatlization (Fepe/Fewm) of 92 %.

The reducing gas injected into the fluidized bed reactors 15, 16 is formed by mixing of
the top gas drawn off the shaft furnace 1 with a portion of the offgas drawn off the fluidized
bed reactor 15 arranged first in the flow direction of the fine ore. This offgas incurs in an
amount of 189,766 Nm'/h and has the following chemical composition:

Table TV
CO [%] 4141
COy %] 25.28
Hy [%] 17.10
HyO [%] 1.50
HaS ppm 2.3
CHy [%] 3.50
No,AT %] 1121

Tts calorific value is 8,337 kJ/ Nm'. 20,905 Nm' of this offgas are branched off as an
export gas for other purposes of use via the export-gas discharge duct 32,151,000 Nm'/h of
this offgas are mixed with the top gas drawn off the shaft furnace after both the top gas and
the offgas have been subjected to wet scrubbing.

The mixed gas thus formed (311.000 Nm'/h} has a calorific value of 7,873 kJ/ Nm'. Its
chemical composition is as follows:




Table V
CO[%] 41.87
COy (%] 30.73
Ho [%] 16.43
Ha0 [%] 1.89
Ha1S ppm 75.14
CHy %] 2.24
N Ar [%] 6.83

After €O scrubbing of this mixed gas in the CO; scrubber 24, its chemicat COMPpOSItion

is as follows:

Table V1
CO [%] 61.34
COn %] 0.45
Hs [7Z] 24.07
H>0 {%] ¢.70
HaS ppm 111
CHy [%] 332
NoAr[%] 10,11

Tt amounts 10 211,140 Nm/h, its calorific value being 11.547 &/ N, The gas carried
off the CO- serubber 24, which mainly contains CO;, incurs in an amount of 100.860 Nm'f.
Its chemical composition is indicated in Table VII below,

Table VLI
CO %] 1.29
COs (4] 93.8]
Ha [%] 0.51
HaO [%] 4.37
H-S ppm 229.3%
CHy %} 0.00
NaAr %) 0.00
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After this, heating of the mixed gas is effected
in the heat exchanger 25 by burning offgas carried off the
fluidized bed reactor 15 through gas duct 31 in an amount
of 17,861 Nm’/h. For guch burning the feeding of air in an
amount of 32,184 Nm’/h is necessary.

Oxygen in an amount of 5,083 Nm’h is fed into the
mixed gas thus heated in the heat exchanger 25 such that a
partial combustion of the mixed gas takes place. This
mixed gas heated to a temperature of 820° then is available
as a reducing gas for the direct reduction of fine ore in
the fluidized bed reactors 15 and 16 in an amount of
210,846 Nm'/h, having a calorific value of 10,947 kJ/Nm’.

Its chemical composition is indicated in Table VIII below.

Table VIII
Co [%] 58.16
CO; [%] 3.60
H, [%] 22.82
H,0 [%] 2.19%
H;S ppm 1.11
CH, [%] 3.15
N, AR [%] 10.09

In thisg specification, except where the context
requires otherwise, the words “comprise”, “comprises” and
“comprising” mean “include”, “includes” and “including”,
regpectively, ie. when the invention is described or
defined as comprising specified features, variocus

embodiments of the same invention may also include
additional features.

He\schong\Keepyspeci\Speci 35871, 95.dec 23702799
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A plant for the production of pig iron and/or
sponge iron, comprising a direct-reduction shaft furnace
for lumpy iron ore, a melter gasifier, a feed duct for a
reducing gas connecting the melter gagifier with the shaft
furnace, a conveying duct for the reduction product formed
in the ghaft furnace connecting the shaft furnace with the
melter gasifier, a top-gas discharge duct departing from
the shaft furnace, a plurality of ducts for oxygen-
containing gases and carbon ¢arriers running into the
melter gasifier and a tap for pig iron and slag provided at
the melter gasifier, characterized by at least one
fluidized bed reactor intended to receive fine ore, a
reducing-gas feed duct leading to the or each fluidized bed
reactor, an offgas discharge duct departing from the or the
last of the fluidized bed reactor(s) in flow direction of
the reducing gas and a discharge means provided for the
reduction product formed in the or each fluidized bed
reactor, wherein the top-gas discharge duct of the shaft
furnace and the offgas discharge duet run into a
purification means and subsequently into a heating means
from which the reducing-gas feed duct of the or each
fluidized bed reactor departs.

2. A plant according to claim 1, characterized in
that the digcharge means is a brigquetting means.

3. A plant according to claim 1 or 2, characterized
in that the purification meansg is a scrubber.

4. A plant according to any one of claims 1 to 3,
characterized in that the feed duct for reducing gas formed
in the melter gasifier is directly connected with the top-
gas discharge duct of the shaft furnace via a bypass for
bypassing the shaft furnace.

5. A plant according to any one of claims 1 to 4,

characterized in that a €0O; stripping means is provided in
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the reducing-gas feed duct of the or each fluidized bed
reactor.

6. A plant according to claim 5, characterized in
that the top-gas discharge duct of the shaft furnace runs
into the reducing-gas feed duct of the or each fluidized
bed reactor while avoiding the C€O; stripping means.

7. A plant according to any one of claims 1 to 6,
characterized in that an afterburning means is provided in
the reducing-gag feed duct of the or each fluidized bed
reactor.

8. A plant according to any one of claims 1 to 7,
characterized in that the reducing-gas feed duct of the or
the first of the fluidized bed reactor(s) is connected with
the feed duct of the shaft furnace via a branch duct.

9. A plant according to any one of claims 1 to 8,
characterized in that a conveying means for introducing the
reduction product reduced in the or each fluidized bed
reactor runs into the melter gasifier.

10. A plant according to c¢claim 9, characterized in
that the reduction product reduced in the or each fluidized
bed reactor iz briquetted before being transported by a
conveying means into the melter gasifier.

11. A procesgs for the production of pig iron and/or
gponge iron comprising a plant according to any one of
claims 1 to 10, characterized in that lumpy ore is reduced
to a sponge iron in a fixed-bed direct reduction zone, the
sponge iron is melted in a meltdown gagifying zone under
gupply of carbon carriers and oxygen-containing gas and a
C0 and H;-containing reducing gas is produced, which is
introduced into the fixed-bed direct reduction zone, is
reacted there and is drawn off as a top gas, and that fine
ore is reduced to sponge iron in a fluidized-bed direct
reduction zone according to the fluidized bed method,
wherein top gas from the fixed-bed reduction zone and/or
reducing gags produced in the meltdown gasifying zone, which
are subjected to CO, stripping and heating, ag well as
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offgas forming in the fluidized-bed direct reduction zone
are fed to the fluidized-bed direct reduction zone and
drawn off as an offgas.

12. A process according to claim 11, characterized in
that the offgas from the fluidized-bed direct reduction
zone is mixed with top gas from the fixed-bed direct
reduction zone and/or with reducing gas produced in the
meltdown gasifying zone and is fed to the fluidized-bed
direct reduction zone.

13. A process according to c¢laim 11 or 12,
characterized in that the offgas from the fluidized-bed
direct reduction zone ig subjected to Co; stripping.

14. A process according to any one of claims 11 to
13, characterized in that the reducing gas fed to the
fluidized-bed direct reduction zone isg heated in a heat
exchanger.

15. A process according to any one of claimg 11 to
14, characterzied in that the reducing gas fed to the
fluidized-bed direct reduction zone is subjected to
afterburning.

16. A procegg according to any one of claims 11 to

15, characterized in that the reducing gas formed in the

meltdown gasifyving zone ig fed to the fluidzed-bed direct
reduction zone while avoiding COQ; stripping.

17. A process according to any one of claims 11 to
16, characterized in that direct reduction is carried out
in the fluidized-bed direct reduction zone in two or more
steps.

18. A process according to any one of claims

11 to 17, characterized in that a portion of the reducing
gas fed to the fluidized-bed reduc¢tion zone is branched off
and fed to the fixed-bed direct reduction zone.

18. A procegs ac¢cording to any one of c¢laimsg
11 to 18, characterized in at least a portion of the sponge
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iron formed in the fluidized-bed direct reduction zone is
melted in the meltdown gasifying zone.

20. A process for operating a plant according tc any
one ¢f claimg 1 to 9, characterized in that the charging
amount of lumpy ore is varied within a range of between 0
and 100% of the overall ore input and the balance is
comprised of fine ore,

21. A process according to claim 20, characterized in
that the charging amount of lumpy ore is varied within a
range of between 30% and 60% of the overall charge input
and the balance igs compriged of fine ore.

22, A plant substantially as herein described with
reference to the accompanying drawing.

23, A process substantially as herein described with
reference to the accompanying drawing.

Dated this 23" day of February 1999

VOEST-ALPINE INDUSTRIEANLAGENBAU GMBH

By its Patent Attorneys
GRIFFITH HACK
Fellows Institute of Patent and

Trade Mark Attorneys of Australia
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