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(54) Title: METHOD FOR PRODUCING LIQUID PIG [RON
(54) Bezeichnung: VERFAHREN ZUR HERSTELLUNG VON FLUSSIGEM ROHEISEN
(57) Abstract

A method for producing liquid pig iron or steel intermediate products made
from lumpy ferriferous material in a melt-down gasifier, whereby coal and gas
containing oxygen are added, a reduction gas is formed simultaneously and the
ferriferous material is melted. Pieces of coal are introduced into the melt-down
gasifier from above, forming a static bed in the melt-down gasifier in conjunction
with the ferriferous material, whereby said coal discharges its proportion of
volatile hydrocarbons into the domed area above the static bed and the dust
burer is inclined from above at an angle to the surface of the static bed. The
dust burner is operated and controlled in such a way that combustion of at least
40 % of the proportion of carbon in the fine-particled carbon carriers results
in the production of COz. The invention also relates to a device for carrying
out said method. The invention makes it possible to reduce the amount of dust
discharged from the melt-down gasifier with the reduction gas and to reduce the
tendency of any further discharged dust to agglomerate.

(57) Zusammenfassung

Verfahren zur Herstellung von flissigem Roheisen oder Stahlvorprodukten aus stiickigem eisenhiltigem Material, in einem
Einschmelzvergaser, in dem unter Zufuhrung von stiickiger Kohle und sauerstroffbiltigem Gas bei gleichzeitiger Bildung eines
Reduktionsgases das eisenhiltige Material eingeschmolzen wird, wobei stickige Kohle dem Einschmelzvergaser von oben zugefiihrt
wird und, zusammen mit dem eisenhaltigen Material, im Einschmelzvergaser ein Festbett bildet und dabei ihren Anteil an flchtigen
Kohlenwasserstoffen in den iiber dem Festbett befindlichen Kuppelraum abgibt und wobei Staubbrenner schrig von oben gegen
dic Oberflache des Festbetics gerichtet werden. Der Betrieb der Staubbrenner wird dabei so gesteuert, dass die Verbrennung des
Kohlenstoffanteils der feinteilchenférmigen Kohlenstrofftriger zu mindestens 40 % zu CO; erfolgt. Gegenstand der Erfindung ist auch eine
Vorrichtung zur Durchfthrung des Verfahrens. Durch die Erfindung ist es moglich, die mit dem Reduktionsgas aus dem Einschmelzvergaser
ausgetragene Staubfracht und die Agglomerationsneigung des weiterhin ausgetragenen Staubes zu verringern.




Abstract

Process for producing 1liquid pig iron or
primary steel products from iron-containing material in
lump form in a fusion gasifier (1), in which, with lump
coal and oxygen-containing gas being fed in, and with
simultaneous formation of a reduction ge&s, the iron-
containing material is fused, lump coal being fed to
the fusion gasifier (1) from above and, together with
the iron-containing material, forming a static bed (6)
in the fusion gasifier (1) and thereby giving off its
fraction of volatile hydrocarbons into the dome space
(11) located above the static bed (6), and pulverized-
fuel burners (15) being directed obliquely from above
towards the surface of the static bed (6). The
operation of the pulverized-fuel burners (15} is in
this case controlled in such a way that the combustion
of the carbon fraction of the carbon carriers in fine
particle form takes place in a proportion of at least
40% to form CO;. Subject-matter of the invention is
also an apparatus for implementing the process.

The invention makes it possible for the dust
burden carried with the reduction gas out of the fusion
gasifier (1) to be reduced and for the tendency to
agglomerate of the dust still carried out to be
reduced.

Figure 1
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Process for producing liquid pig iron

The invention relates to a process for producing
liquid pig iron or primary steel products from iron-
containing material in lump form, such as partly and/or
fully reduced iron sponge, in a melter gasifier, in which,
with lump coal and possibly other carbon-containing
material and oxygen-containing gas being fed in, and with
simultaneous formation of a reduction gas, the iron-
containing material is melted, possibly after prior full
reduction, lump coal being fed to the melter gasifier from
above and, together with the iron-containing material,
forming a fixed bed in the melter gasifier, thereby giving
off its fraction of volatile hydrocarbons into the dome
space located above the fixed bed, and pulverised-fuel
burners, which are operated with a carbon carrier in fine
particle form and an oxygen-containing gas, passing
through the shell of the melter gasifier in a horizontal
cross-gsectional plane of the dome space at approximately
equal distances from one another and being directed
obliquely from above towards the surface of the fixed bed,
and relates to an apparatug for carrying out the process.

In the following specification, the term “fusion
gasifier” has in some instances been used in place of the
term “melter gasifier”, which is more commonly used in
Australia. Similarly, the term “fused” has been used
instead of the more common term “melted”. These words
should be read interchangeably.

In processes of the type mentioned above, it is known
to feed lump coal directly to the fusion gasifier as a
source of energy. The coal is in this case fed to the
fusion gasifier from above and subjected to shock heating
in the fusion gasifier on account of the temperatures
prevailing therein. The heating of the coal in this
pyrolysis step causes its fraction of volatile
hydrocarbons to be driven out and given off as gas into
the dome space. Since it is necessary to convert the

H:\susanp\keep\50360-99 speci voestpigiren.doc 15708701
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hydrocarbons in the reduction gas that are released during
the pyrolysis, until now a dome temperature of
approximately 1050°C hag been required to ensure thermal
decomposition within a certain residence time in the

fugion gasifier.
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This thermal decomposition then has the
consequence that, apart from hydrogen, carbor in the
form of soot is formed as a reduction gas component

according to

CHy ======> "L H, + nC 4]

which represents an additional, very fine-grained dust
burden.

Owing to the size of the dome space and low gas
velocities, uneven gas distribution and consequently
inhomogenecus gas mixing occurs. This 1leads to
inadequate heating of <c¢cal particles located in
critical zones, consequently to incomplete
degasification, with the result that the coal dust
which is drawn off with the reduction gas out of the
fusion gasifier tends to agglomerate.

A further effect of the inadequate gas mixing
in the dome space is that the residence time of the
hydrocarbons in critical zones of the dome space is not
adequate to ensure their complete thermal
decomposition. This in turn has adverse effects on the
reduction potential of the reduction gas drawn off out
of the fusion gasifier.

It is also known to feed additional energy to
the fusion gasifier through pulverized-fuel burners
directed obligquely from above towards the surface of
the static bed. Such burners are operated with carbon
carriers in fine particle form, usually carbon-
containing, process-own dust, and an oxygen-containing
gas, for example tonnage oxygen or air. The operatiocn
of these pulverized-fuel burners usually takes place
substoichioﬁetrically, i.e. apart from introducing
additional energy into the fusion gasifying process,
the purpcse of the pulverized-fuel burners 1is to
generate reduction gas components (CO and Hj).

The object ‘of the present invention is thus to

provide a process in which the reaction conditions in
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the dome space of the fusion gasifier are set in such a
way that the formation of soot during the decomposition
of hydrocarbons driven out from the coal is largely
prevented. It is intended overall for the dust burden
carried by the reduction gas out of the fusion gasifier
to be reduced and also for the tendency to agglomerate
of the dust still carried out to be reduced.

This ©object 1is achieved according to the
invention by the operation of the pulverized-fuel
burners with a carbon carrier in fine particle form and
oxygen-containing gas being controlled in such a way
that the combustion of the carbon fraction of the
carbon carrier in fine particle form takes place - in a
way corresponding to the set stoichiometry - in a
proportion of at least 40% teo form COz, whereby the
volatile hydrocarbons given off by the coal are
converted in an oxidizing manner.

The COz, which flows from the burners to the
place where the hydrocarbons are released, causes the
latter to be converted no longer thermally (see above),

but in an oxidizing manner, according to

CHp + n CO, > 2nCO + m/z H, an

It is known from the prior art that this
reaction proceeds adequately rapidly even at relatively
low temperatures in the presence of a catalyst, for
example Fe dust, which 1is in any event present in
sufficient quantity in the dome space of the fusion
gasifier.

The process according to the invention makes it
possible for the first time for the thermal
decomposition of the hydrocarbons driven out of the
coal to form hydrogen and soot to be largely prevented
and at the same time for additional reduction gas
components to be obtained.

According to a preferred embodiment of the

process according to the invention, the operation of
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the pulverized-fuel burners is controlled in such a way
that the combustion of the carbon fraction of the
carbon carrier in fine particle form takes place in a
proportion of at least 70% to form CO:.

Since the thermal decomposition and oxidizing
conversion of the hydrocarbons are reactions competing
with one another, it is of advantage if the oxidizing
conversion 1is preferred by offering more or - with
respect to the hydrocarbons - an excess of oxidants in
the dome space.

According to a further embodiment of the
process according to the invention, the pulverized-fuel
burners are alighed in such a way that a gas-mixing
turbulent flow 1is generated in the dome space by the
burner flames.

The generation of a gas-mixing turbulent flow
has the effect on the one hand of ensuring a more even
mixing through and consequently warming through of all
the gases and solid particles located in the dome
space, on the other hand consequently cof alsoc making
the residence times of the gases and solids in the dome
space more uniform, so that consequently a fuller,
ideally complete, oxidizing conversien of the
hydrocarbons is made possible.

For generating this gas-mixing turbulent Zflow,
it is of advantage if the pulverized-fuel burners are
aligned along lines extending askew in the same sense
with respect to the vertical central axis of the fusion
gasifier.

The pulverized-fuel burners are thus directed
obliquely downwards, proceeding from the shell of the
fusion gasifier, but are not aligned in a converging
manner, that is not towards the vertical central axis
of the fusion gasifier, but "point"™ to a certain extent
past the central axis.

This embodiment has the advantage that the
pulverized-fuel burners generate a spiral-form

turbulent flow, which is particularly suited for even
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mixing through of the components of the dome space and
for making their residence time more uniform.

A further advantage is that the burner flames
are not directed straight at the charging point of the
coal, that is the central region of the surface of the
static bed, thereby preventing excessive thermal grain
disintegration being caused by abrupt degasification.

Further subject-matter of the invention
concerns an apparatus for producing pig iron or primary
steel material from iron-containing material in lump
form, such as partly and/or fully reduced iron sponge,
with a fusion gasifier with a charging device for lump
coal, a reduction-gas discharge line with a solids
separator for drawing off generated reduction gas, a
gas line for oxygen-containing gas, a feeding device
for the iron-containing material, a run-off for molten
slag and molten pig iron, as well as with pulverized-
fuel Dburners, each pulverized-fuel burner being
provided with a dust line for carbon carriers in fine
particle form and a supply line for oxygen-containing
gas, and there being provided a lower portion of the
fusion gasifier for receiving liquid pig iron or
primary steel material and liquid slag, a central
portion for receiving a static bed of lump coal and
iron-containing material in lump form, as well as an
upper portion as a dome space, and the pulverized-fuel
burners passing through the shell of the fusion
gasifier in a portion at a certain height of the dome
space and being arranged essentially evenly spaced from
one another and directed obliquely from above towards
the surface of the static bed.

Such an apparatus is characterized accerding to
the invention in that the charging device for lump coal
is arranged in such a way that the feeding direction of
the lump coal is aligned essentially in line with the
vertical central axis of the fusion gasifier and in
that the pulverized-fuel burners are aligned along
lines extending askew in the same sense with respect to

the vertical central axis of the fusion gasifier, the
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pulverized-fuel burners with the dust line and the
supply line being designed for an at least 40%
conversion of the carbon fraction of the carbon carrier
in fine particle form into CO:.

According to an advantageous feature of the
apparatus according to the invention, the lines along
which pulverized-fuel burners are aligned have in each
case the same normal distance from the vertical central
axis of the fusion gasifier.

To be understood here as the normal distance is
a distance of that straight line which, with the two
other straight lines, that is the line along which a
pulverized-fuel burner 1is aligned and the wvertical
central axis of the fusion gasifier, in each case
encloses a right angle.

A turbulent flow which utilizes the geometry of
the fusion gasifier or of the dome space particularly
advantageously, in particular a spiral~-form turbulent
flow, can be achieved in this way. ‘

According to a further feature of the apparatus
according to the invention, two to six, preferably
four, pulverized-fuel burners which are evenly spaced
from one another and pass through the shell of the
fusion gasifier are provided.

The invention is explained in more detail below
in the drawings Figure 1 and Figure 2.

Figure 1 schematically shows a vertical section
through a fusion gasifier 1. The fusion gasifier 1 is
fed lump coal via a charging device 2, for example a
screw conveyor system. By means of a feeding device 3,
the fusion gasifier 1 is also fed iron-containing
material in lump form, for example iron sponge. The
fusion gasifier 1 is also fed, via gas lines 4, an
oxygen-containing gas, in particular tonnage oxygen, as
obtained from an air disintegration plant.

Lump coal and iron sponge form in a central
portion 5 of the fusion gasifier 1 a static bed 6, in
which the lump coal is gasified by means of the oxygen-

containing gas to form a CO- and Hy;-containing
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reduction gas, and the iron sponge is thereby possibly
fully reduced and smelted to form liguid pig iron.

Molten slag 8 and molten pig iron 9, which are
tapped via a run-off 10, collect in a lower portion 7
of the fusion gasifier 1.

The reduction gas formed during gasifying of
the coal is drawn off out of the upper portion 12 -
formed by a dome space 11 - of the fusion gasifier 1
via a reduction-gas discharge line 13 and dedusted in a
solids separator 14, for example a hot cyclone.

Above the static bed 6, pulverized-fuel burners
15 pass through the shell of the fusion gasifier 1 in
such a way that, during operation of the pulverized-
fuel burners 15, the burner flames 16 are directed
obliquely from above towards the surface of the static
bed 6. Each of the pulverized-~fuel burners 15 has a
dust supply line 17 for <carbon carriers in fine
particle form, for example dust deposited in the solids
separator 14, as well as a supply line 18 for oxygen-
containing gas.

Figure 2 represents a horizontal secticn
through the fusion gasifier 1, for instence at the
level of the pulverized-fuel burners 15.

The pulverized-fuel burners 15 are arranged in
such a way that they are directed obliquely from above
towards the surface of the static bed (Figure 1) and
peint past the centre of the fusion gasifier 1, that is
they extend askew with respect to the vertical central
axis of the fusion gasifier 1 (Figure 2).

This arrangement of the pulverized-fuel burners
15 has the effect that the gases and solid particles
rising up out of the static bed 6 and located in the
dome space 11 are set into a rotating turbulent flow
20, achieving the overall effect of making the
residence time of all the gas and solid components in
the dome space 11 more uniform and consequently
improving the mixing through.

The charging device 2 for lump coal opens out

into the fusion gasifier 1 essentially in line with the
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vertical central axis 19. The individual pieces of
coal are thus not exposed directly to the heat acticn
of the burner flames 16, thereby aveoiding the pieces of
coal exploding due to abrupt heating or degasification.

When the coal meets the static bed, the coal
gives off its volatile constituents (hydrocarbons, tar
components) in a pyrolysis step. The operation of the
pulverized-fuel burners is controlled in such a way
that the carbon fraction of the carbon carriers in fine
particle form fed via dust 1lines 17 burns in a
proportion of at least 40% to form CO;.

The volatile constituents given off by the coal
are either converted directly after release in an
oxidizing manner according to equation (II}, by the
"CO, streams" directed at the place where they are
released, or are mixed with one another, by the
turbulent flow prevailing in the dome space 11, and
consequently converted for the most part, the iron dust
carried with the reduction and other gases out of the
static bed € into the dome space 11 acting in a
catalyzing manner.

The process according to the invention and the
apparatus according to the invention make possible a
largely complete oxidizing conversion of the
hydrocarbons given off with the wvolatile constituents
from <coal, whereby the fraction of the volatile
constituents thermally decomposed according to equation
(I) to form soot is greatly reduced and the dust burden
carried with the reduction gas out of the fusion
gasifier 1 causes no or significantly less caking in
downstream apparatuses.

The invention is not restricted to the
exemplary embodiment represented in the drawings Figure
1 and Figure 2, but alsc covers all the means known to
a person skilled in the art that can be used for

implementing the invention.




.
"esges
. .
LYYy}
- -
ssee
e ee

.

o v e
oses

-
sasses
. .

10

15

20

25

30

THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. Process for producing liquid pig iron or primary
steel products from iron-containing material in lump form
in a melter gasifier, the process comprising the steps of:
- feeding iron-containing material, an oxygen-
containing gas and lump coal into the melter gasifier, the
lump coal being fed into the melter gasifier from above
and forming a fixed bed with the iron-containing material,
with the release of volatile hydrocarbons from the coal
into a dome space above the fixed bed and the formation of
a reducing gas;

- feeding carbon carriers in fine particulate form
with an oxygen-containing gas into the melter gasifier
through pulverised-fuel burners, the pulverised-fuel
burners being located radially about the melter gasifier
and projecting into the shell of the gasifier obliquely
from above towards the surface of the fixed bed;

wherein the pulverised-fuel burners are operated so that
at least 40% of the carbon fraction of the carbon carrier
in fine particulate form is converted to form CO,, thereby
enabling the volatile hydrocarbons to be converted in an

oxidising manner.

2, Process according to claim 1, characterised in
that at least 50% of the carbon fraction of the carbon
carrier in fine particle form is combusted to form CO,.

3. Process according to omne of claims 1 or 2,
characterised in that at least 70% of the carbon fraction
of the carbon carrier in fine particle form is combusted
to form CO;.

4. Process according to any one of claims 1 to 3,
characterised in that the pulverised-fuel burners are
aligned in such a way that a gas-mixing turbulent flow is

H:\susanp\kesp\50360-99 speci voestpigiron.doc 15/08/01
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generated in the dome space by the burner flames.

5. Process according to any one of claims 1 to 4,
characterised in that, for generating a gas-mixing
turbulent flow, the pulverised-fuel burners are aligned
along lines extending askew in the same sense with respect
to the vertical central axis of the melter gasifier.

6. Apparatus for producing ligquid pig iron or
primary steel material from iron-containing material in

lump form, including:

- a melter gasifier having a lower portion for
receiving liquid pig iron or primary steel material and
liquid slag, a central portion for receiving a fixed bed
of lump coal and iron-containing material in lump form,

and an upper portion including a dome space;

- a charging device for charging the lump coal into
the melter gasifier arranged in such a way that the

feeding direction of the lump coal is aligned essentially
in line with the vertical central axis of the melter
gasifier;

- a reduction gas discharge line %ith a solid
separator for drawing off generated reduction gas;

- a gas line for oxygen-containing gas:;

- a feeding device for the iron-containing
material;

- a run-off for molten glag and molten pig iron;

- pulverised fuel burners each provided with a

dust line for carbon carriers in fine particulate form and

H:\susanp\zeep\50360-539 spec: voestpigiron.doc 15/08/01
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a supply line for oxygen-containing gas, the pulverised

fuel burners being arranged radially about the melter

" gagifier in a horizontal plane and projecting through the

shell and into the dome space obligquely from above towards
a surface of the fixed bed and askew to the vertical
central axis of the melter gasifier, the pulverised fuel
burners with the dust lines and supply lines being
designed for comverting at least 40% of the carbon
fraction of the carbon carriers in fine particulate form
into CO,.

7. Apparatus according to claim 6, characterised in that
the pulverised-fuel burners are equally askew to the
vertical central axis of the melter gasifier.

8. Apparatus according to one of claims 6 or 7,
characterised in that the apparatus includes between two
to six pulverised-fuel burmers.

9. Apparatus according to claim 8, characteriged in that

the apparatus includes four pulveriged-fuel burners.

10. A process for producing liquid pig iron or primary
steel products form iron-containing material in lump form,
substantially as herein described with reference to the
accompanying drawings and/or examples.

11. An apparatus for producing liquid pig iron or primary
steel products form iron-containing material in lump form,
substantially as herein described with reference to the

accompanying drawings and/or examples.

Dated this 15th day of August 2001.
VOEST-ALPINE INDUSTRIEANLAGENBAU GMBH
By their Patent Attorneys

GRIFFITH HACK

Fellows Institute of Patent and

Trade Mark Attorneys of Australia
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