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(57) Abrége/Abstract:

The Invention relates to a method for producing pig iron. lron ore Is reduced In a reduction shaft (1) for forming sponge iron
which Is subseqguently introduced Into the head of a melt-down gasifier (3). The sponge iron Is melt open In said gasifier by
means of a gasifying means that is also introduced into the head of the melt-down gasifier and an oxygen-containing gas and Is
melt-down to form liquid pig iron, whereby a reduction gas Is produced at the same time. Said reduction gas Is discharged from
the head of the melt-down gasifier and Is supplied to the reduction shaft for reducing the iron oxide. Operation of the melt-down
gasifier i1s controlled In such a way that a reduction gas having a certain composition and being present in a certain amount is
produced so that the sponge iron that Is Iintroduced into the melt-down gasifier i1s provided with a high metallisation degree.
Operation of the melt-down gasifier Is also controlled by introducing iron oxide therein. The metallisation degree of all the iron
carriers which are introduced into the melt-down gasifier Is reduced in relation to the metallisation degree of the sponge iron and
by means of said iron oxide.
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(57) Abstract: The invention relates to a method for producing pig iron.
Iron ore 1s reduced in a reduction shaft (1) for forming sponge iron which
is subsequently introduced into the head of a melt-down gasifier (3). The
sponge 1ron is melt open 1n said gasifier by means of a gasifying means
that s also introduced into the head of the melt-down gasifier and an oxy-
gen-containing gas and is melt-down to form liquid pig iron, whereby a re-
duction gas is.produced at the same time. Said reduction gas is discharged
from the head of the melt-down gasifier and is supplied to the reduction
shaft for reducing the iron oxide. Operation of the melt-down gasifier is
controlled in such a way that a reduction gas having a certain composition
and being present in a certain amount 1s produced so that the sponge iron
that 1s introduced into the melt-down gasifier is provided with a high met-
allisation degree. Operation of the melt-down gasifier is also controlled by
introducing 1ron oxide therein. The metallisation degree of all the iron car-
riers which are introduced into the melt-down gasifier is reduced in relation
to the metallisation degree of the sponge iron and by means of said iron ox-

(57) Zusammenfassung: Bei einem Verfahren zur Erzeugung von Rohei-
sen wird Eisenerz in einem Reduktionsschacht (1) zu Eisenschwamm re-
duziert und dieser anschlieBend in den Kopf eines Einschmelzvergasers (3)
eingebracht. In diesem wird der Eisenschwamm mit Hilfe eines ebenfalls
in den Kopf des Einschmelzvergasers eingebrachten Vergasungsmittels so-
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wie eines sauerstoffhaltigen Gases aufgeschmolzen und zu fliissigem Roh-
eisen emgeschmolzen, wobei gleichzeitig ein Reduktionsgas erzeugt wird.
Dieses wird aus dem Kopf des Einschmelzvergasers abgefiihrt und dem Re-
duktionsschacht zur Reduktion des Eisenoxids zugeleitet. Der Betrieb des

Einschmelzvergasers wird so gesteuert, dal ein Reduktionsgas von solcher Zusammensetzung und in solcher Menge erzeugt wird,
daf} der in den Einschmelzvergaser eingebrachte Eisenschwamm einen hohen Metallisierungsgrad aufweist. Der Betrieb des Ein-

schmelzvergasers wird zusétzlich dadurch gesteuert, dafl Eisenoxid in diesen eingebracht wird, durch das der Metallisierungsgrad

der insgesamt in den Einschmelzvergaser eingebrachten Eisentrdger gegeniiber dem des Eisenschwar

s herabgesetzt wird.
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Method for producing pig iron

The invention relates to a method according to the

preamble of claim 1.

In a plant for producing pig iron from iron ore, in

which a reduction shaft and a melting gasifier are

coupled to one another, during the charging of the
melting gasifier with the reduced iron carriers and
calcined loading materials only via the reduction shatft

and with carbon carriers wvia the coal line, it is only

possible in very few cases and for quite short periods
of time to operate both units without their influencing
one another in a negative manner. The two units are
operationally connected to one another 1n such a way
that normally the operation of the entire plant 1is
shifted alternately for a period 1n favour of the
reduction shaft and then for a period in favour of the
melting gasifier. For a period of time, sufficient
reduction gas is thus produced in the melting gasifier,
by which means the reduction shaft is operated with a
high specific amount of reduction gas and the 1iron
carriers and loading materials, which are charged from
the reduction  shaft into the melting gasifier have a
high degree of metallisation and calcination.
Consequently, the energy requirement 1in the melfting
gasifier is lower, the temperatures of pig iron, slag
and/or dome rise, the amount of oxygen is lessened and

the amount of reduction gas produced 1in the melting
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gasifier becomes smaller. In turn, an inadequate
amount of reduction gas for the reduction shaft results
in a lower degree of metallisation and calcination of
the charge introduced into the melting gasifier such-
that the energy redquirement 1in the melting gasifier
rises agailin, the temperature 1level 1n the melting |
gasifier drops, the specific amount of oxygen for the
gasifier is increased and the new cycle begins again
afresh with a higher input of energy. Only through the
selection of raw materials which are matched to one
another and by the early introduction of counter-
measures 1s it possible to avoid the formation of such
cycles with all their negative consequences such as pig
iron which 1is too cold or too hot, fluctuations in the
silicon, carbon and sulphur content of the pig iron,
and the 1like. In order to produce usable pig iron
continuously, the plant is operated with a much higher
spécific energy consumption and with a much greater
fluctuation in the quality of the pig iron than would
"be the case if the two units were operationally

uncoupled from one another.

From this arises the object o0of the present I1Invention
which consists 1in operationally uncoupling the two
units from one another and operating them without their

influencing one another in a negative manner.

This object 1is accomplished according to the invention
by the features quoted in the characterising part of
claim 1. Advantageous developments of the method
according to the invention arise from the subordinate

claims.

Through the combined charging, matched to one another,
of the melting gasifier with a well reduced sponge

iron, i.e. one with a high degree of metallisation,
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from the reduction shaft, and with ilron oxlde

preferably via the gasification agent line, there are

supplied to the melting gasifier overall iron carriers
with a controlled metallisation, which 1is relatively
‘independent of the metallisation of the sponge iron
alone, such that the operation of the melting gasifier
1s optimised. Through the direct introduction of the
iron oxide wvia the head of the melting gasifier,
additional oxyden 1s supplied to the latter and reacts
with fine particles of gasification agent in the dome
of the melting gasifier, exploiting the surplus amount
of heat. In order to avoid a lack of carbon in the
dome of the melting gasifier and to counteract the
oxidation, by excess oxygen, of CO to form CO;, in
addition to iron oxide, gasification agent undersize is
also supplied to the melting gasifier via  the
gasification agent 1line. Through a melting gasifier

which 1s balanced in terms of energy and through an

adequate amount of reduction gas for the reduction
shaft, both units are thus operated without influencing

one another.

A high and uniform metallisation of the sponge iron
from the reduction shaft gives sufficient latitude for
the latter to be adapted, through the addition of the
iron oxide, to the excess energy in the upper region of
the melting gasifier and to the quality of the raw

materials, particularly of the gasification agent.

The degree of metallisation of the sponge iron from the
reduction shaft should be maintained above 90%,
preferably above 92%, and reduced by the addition of
the iron oxide to roughly 88% or to an even lower
value, 1f exXcess gas production is economically viable
(e.g. for producing sponge iron or generating power).

In this case, introducing gasification agent undersize
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and.- blowing increased amounts of oxygen into the dome
of the melting gasifier makes sound technical and

economic sense.

In order to be able to use all the iron oxide occurring

during the sifting of the 1ron carriers and a portion
of the gasification agent undersize, the degree of
metallisation of the sponge 1ron from the reduction
shaft and the amount of oxygen for the dome of the

melting gasifier are correspondingly adapted.

The increased energy requirement for the reduction of
the 1ron oxXxide undersize and the gasification of the
gasification agent undersize in the upper region of the
charge bed and 1n the dome region of the melting
gasifier are covered by blowing increased amounts of

oxygen into the dome of the melting gasifier.

Undersize containing carbon is supplied to the melting
gasifier via the gasification agent line in order to

cover the increased requirement for carbon carriers in

the dome region of the melting gasifier and to prevent
the combustion of CO into CO,.

Through the additional input of oxygen in the form of
iron oxide, volatile components of the gasification
agent undersize and gaseous oxygen into the upper
region of the melting gasifier, an adequate amount of
" reduction gas 1s produced 1n the melting gasifier, and
thus the reduction shaft can be operated with a high
and uniform  specific amount of reduction gas,
independently of the proportion of volatile

constituents of the gasification agent.

By uncoupling the operation of the reduction shaft in

this way from the operation of the melting gasifier,
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what 1s achieved 1is that these two main unlits can be

operated without influencing one another.

The invention is explained in greater detail below with
the aid of an embodiment reproduced in the figure. The
latter shows 1in schematic view a plant comprising

essentially a reduction shaft and a melting gasifier
f

or producing pig iron from 1lron ore.

Via a charging device 2, 1iron ore lumps, possibly with
unburned loading materilals, are charged 1into the
reduction shaft 1 from above. The reduction shaft 1

communicates with the melting gasifier 3 1in which a

reduction gas 1is produced from a gasification agent,
containing carbon and introduced via a delivery pipe 4,
and from an oxygenous gas which 1s supplied vlia das
pipes 5. This reduction gas 1s led out of the head of
the melting gasifier wvia a pipeline 6, freed in a hot
gas cyclone 7 of solid constituents, especially coal
dust and fine-grained coal, and then reaches the
reduction shaft 1 via a pipeline 8. In this shaft, the
reduction gas flows through the column of iron ore and
loading materials in counterflow 1in relation to said
column and in so doing reduces the iron ore to sponge
iron. The at least partially spent reduction gas 1s
drawn off at the upper end of the reduction shaft 1 via

a top gas pipeline 9.

Reduction gas which is not required is supplied to a

different application via a pipeline 10,

The coal dust deposited in the hot gas cyclone 7 is led
back wvia a pipeline 11 by means of a transport gas,
preferably nitrogen, to the melting gasifier 3 and, as

it enters the latter, 1s gasified by dust-burners
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disposed in the wall of the melting gasifier 3 and to

which oxygenous gas is also supplied.

Via delivery worms 12 and fall-pipes 13, the sponge

iron produced in the reduction shaft 1 is introduced

into the head of the melting gasiflier 3.

At the base of the melting gasifier 3, liquid pig 1iron
gathers and above it liquid slag, and these are
intermittently drawn off respectively wvia a discharge

aperture 14 or 15.

Before the gasification agent is introduced via the
delivery pipeline 4 into the dome of the melting
gasifier 3, iron oxide 1is mixed into the latter,
preferably consisting of the sifted undersize of the
iron ore before it is charged into the reduction shaft

furnace. This could otherwise not be used for the

reduction process. With direct use of the undersize 1n
the melting gasifier 3, however, there are no negative
effects on the process to be feared, 1f the undersize
is only added in the amount necessary for opérating

reduction shaft 1 and melting gasifier 3 uncoupled from

one another.

The gasification agent supplied vVvia the delivery

n in

e

pipeline 4 includes undersize contalning carbc
order to cover the increased requirement for carbon
carriers for producing the reduction gas 1in the dome

region of the melting gasifier 3 and to prevent

combustion of CO i1nto COa.

The introduction of oxygen in the form of iron oxide,

volatile components of the gasification agent (coal)
undersize and possibly additional gaseous oXygen into

the upper region of the melting gasifier 3 takes place




CA 02396690 2002-05-28

WO 01/48251 7
PCT/EP00/11870

with the proviso that an adequate amount of reduction

gas of constant composition, especially with a low CO;
and H;O content and a maximum CO and H, content, and of
a constant temperature 1s formed in order to be able to
operate the reduction shaft 1 independently of‘ the
proportion of volatile constituents of the gasification
agent and thus uncoupled from the operation of the

melting gasifier 3.

The reduction gas 1s led into the reduction shaft 1 in
such an amount that high metallisation of the sponge
iron 1s achieved. This should be over 90%, 1if possible
over 92%, on leaving the reduction shaft 1. The
effective degree of metallisation, preferably 88% or
below, 1s then set by correspondingly metered addition
of the i1ron oxide via the delivery pipeline 4. It 1s
also possible to mix the iron oxide with the sponge
iron led out of the reduction shaft 1, before this

mixture is introduced 1into the head of the melting

gasifier 3. The level of effective metallisation is

lowered by the addition of the iron oxide, in relation
to the degree of metallisation of the sponge iron
produced in the reduction shaft 1, insofar as it has to
be possible to cover current energy shortfalls in the
melting gasifier 3 Dby withdrawal of the 1ron oxide
addition. Insofar as the energy shortfall in the
melting gasifier 3 stems from a drop 1in the degree of
metallisation of the sponge 1ron coming from the
reduction shaft 1, as an alternative to or 1n addition

to withdrawing the iron oxide addition, the specific

.

rates of gasification agent or energy carrier can be
increased. By this means additional reduction gas 1is
made avallable to the reduction shaft, such that the

metallisation 1s increased again.
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1. Method for producing pig iron, 1in which iron ore
is reduced to sponge iron in a reduction shaft (1)
and this sponge 1ron 1is then introduced into the
head of a melting gasifier (3) and melted there
with the aid of a gasification agent, also
introduced into the head of the melting gasifier
(3), and an oxygenous gas to form liquid pig irdn;
there being simultaneously produced a reduction
gas which is led away from the head of the melting
gasifier (3) and supplied to the reduction shaft

(1) to reduce the iron oxide,

characterised in that

the sponge iron introduced into the melting

gasifier (3) has a high degree of metallisation of

over 90%, and in that 1in addition 1ron oxXide 1s
introduced into the melting gasifier (3) to reduce

the degree of metallisation.

2. Method according to claim 1, characterised in that
that iron oxide lumps in the form of iron ore are

used.

3. Method according to claim 1 or 2, characterised 1in
that the iron oxide is introduced via a delivery
pipeline (4) for introducing the gasification

agent.

of claims 1 to 3,

4 . Method according to one

characterised in that the degree of metallisation
of the sponge iron from the reduction shaft (1) 1is

over 92%.

5. Method according to one of c¢laims 1 to 4,
characterised in that through the addition of the

iron oxide, the degree of metallisation of the
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iron carriers introduced into the melting gasifier
(3) 1is reduced to roughly 88% or an even lower

value.

6. Method according to one of claims 1 to 5,

characterised in that at least a portion of the

oxygenous gas 1s blown into the dome reglon of the

melting gasifier (3).

7. Method according to one of <c¢claims 1 to 6,
characterised in that undersize containing carbon
is supplied to the melting gaslfier (3) 1in the
dome region wvia a delivery pipeline (4) for

introducing the gasification agent.

8. Method according to one of <claims 1 to 7,
characterised in that a mixture of i1ron oxide and

sponge iron 1is charged into the melting gasifier
(3) .

- 9. Method according to one of claims 2 to 8,
characterised 1in that 1iron oxide undersize 1s
charged as the lumpy iron oxide carrier into the

melting gasifier.
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