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The present invention relates to a steel production facility (1) and a method of uninterrupted or at least cyclical steelmaking in said
facility (1), wherein In case of uninterrupted steelmaking at least the first three of the following steps and in case of cyclical
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(57) Abrege(suite)/Abstract(continued):

steelmaking all five steps will be used: - charge materials are molten uninterruptedly or at least cyclically in an electric arc furnace
(10); - the charge materials like In particular shredded scrap-iron pieces (/1) shredded In a shredding-system (40) for shredding
discarded iron and/or steel junk (scrap 70), Direct Reduced lron (DRI) and/or Hot Briquette Iron (HBI) are uninter- ruptedly or at
least continuously during a melting process cycle fed into the electric arc furnace (10) by means of conveyance (50, 51,...); - a part
of liquid steel is uninterruptedly or cyclically discharged from the steel bath of the electric arc furnace (10); - from the thermic energy
Included In the hot process-exhaust (furnace top 20) of the electric arc furnace (10), electric energy IS, by means of power
generation (30, 31, 32), generated uninterruptedly or at least during a melting process cycle; - a shredding-system (40) assigned to
the electric arc furnace (10) for shredding discarded iron and/or steel junk (scrap 70) Is powered uninterruptedly or at least during a
melting process cycle by the electric energy generated from the process exhaust (furnace top 20). The present steel production

facility (1), which sets new standards In terms of total energy-balance with regard to productivity and energy saving, consistently
continues the trend of the last years.
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(57) Abstract: The present invention relates to a steel production facility (1) and a method of uninterrupted or at least cyclical
steelmaking 1n said facility (1), wherein in case of uninterrupted steelmaking at least the first three of the following steps and in
case of cyclical steelmaking all five steps will be used: - charge materials are molten uninterruptedly or at least cyclically in an
clectric arc furnace (10); - the charge materials like 1n particular shredded scrap-iron pieces (71) shredded in a shredding-system
(40) for shredding discarded iron and/or steel junk (scrap 70), Direct Reduced Iron (DRI) and/or Hot Briquette Iron (HBI) are un-
inter- ruptedly or at least continuously during a melting process cycle fed into the electric arc tfurnace (10) by means of con-
veyance (50, 51,...); - a part of liquid steel 1s uninterruptedly or cyclically discharged from the steel bath of the electric arc furnace
(10); - from the thermic energy included in the hot process-exhaust (furnace top 20) of the electric arc furnace (10), electric energy
1s, by means of power generation (30, 31, 32), generated uninterruptedly or at least during a melting process cycle; - a shredding-
system (40) assigned to the electric arc furnace (10) for shredding discarded iron and/or steel junk (scrap 70) 1s powered uninter-
ruptedly or at least during a melting process cycle by the electric energy generated from the process exhaust (furnace top 20). The

present steel production facility (1), which sets new standards in te

ergy saving, consistently continues the trend of the last years.

'ms of total energy-balance with regard to productivity and en-
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Steel production facility

Background of the Invention :

Field of the Invention :

The present invention relates to a steel production facility and a method of unin-
terrupted or at least cyclical steelmaking 1n said facility, at the least comprising an
clectric arc furnace (EAF) for uninterruptedly or at least cyclically melting charge

materials like shredded scrap-iron pieces i particular.

State of the art :

Steel can on the one hand be made from iron ore and pig-iron via the route of blast
furnace and converter. However, with respect to energy efficiency, it 1s on the
other hand more advantageous to produce steel mainly by melting pieces of scrap-
iron in the electric arc furnace, which 1s still the most used charge material

worldwide for electric arc furnaces.

Steelmaking in the electric arc furnace (EAF):

In the common ¢lectric arc furnace process, electrical and chemical energy 1s used
for cyclically melting the charge material. During this process, a huge part of the
total energy 1s transformed into thermic energy that entails the melting of the in-
serted material. The heat above the electric arc, which burns between the electrode

and the charge material, 1s transferred to the charge material mainly by radiation.

As 1n every melting process, an oxidic mass 18 produced 1 this process, the slag,

which due to its lower specific weight floats on top of the molten steel and to
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which are transferred the unwanted secondary elements separated from the molten

material.

A cyclically melting process nowadays normally takes between 30 and 60 minutes
(depending on the transformer and the charge material). After the melting process
there follows the so-called tapping, which means that the liquid steel 1s tapped
into a steel ladle and 1n the course of the secondary metallurgy, 1s refined and cast
with further alloy additions according to the customers’ demands. The time be-

tween two steel taps 18 1n the following defined as cycle of a melting process.

For the purity degree of the steel and 1ts casting quality it 1s important, that during
the tapping into the ladle as little slag as possible or no slag flows along with it. In
order to avoid that, 1t has been common practice to this day, at first and before the
tapping of the fluent steel, to discharge the slag out of the furnace into a slag

bucket and to cast the molten steel separately thereof into the ladle.

Older electric arc furnaces are designed to provide, for the separate discharge of
slag and steel, two openings arranged at the furnace wall at opposite sides and on
different levels, which openings can usually be closed and controlled by means of
a plug system or 1n a more modern way by means of a slide system. For the pur-
posc of a reliably separated discharge of slag and steel, the complete furnace was
pivoted to the respective opening for discharge, which means, at first to a slag off
position between 10° and 15° towards the slag discharge opening arranged on a
higher level and then, to a tapping position of circa 45° towards the steel tap open-

ing arranged on a lower level.

In order to make 1t possible to at least partially reduce or simplity demanding piv-
oting mechanisms for the furnace, it was suggested to reposition the steel tap
opening from the lateral wall of the furnace to the bottom of the furnace. Like in
all cases of flowing 1n and flowing off below a liquid surface, there can occur vor-
texes, which due to their circular or spiral downward movement may have the

unwanted effect of dragging along pieces of slag.
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To avoid that, 1t 1s commonly known that a certain rest of slag and/or a certain
steel sump, remains as minimal quantity (circa 15 % of the volume of the furnace)
in the furnace, which quantity 1s at the same time conducive to the undisturbed

continuation of the cyclically following melting reduction.

Simce then, 1t has become a common feature of modern electric arc furnaces, that
the steel tap opening 1s arranged at the bottom of the furnace between the center of
the furnace and the wall of the furnace. The so-called eccentric bottom tapping
(EBT) has the effect, that the furnace now needs to be inclined a few degrees only
(up to 15° degree maximum), that means, at first, for the discharge of the slag,
towards the slag discharge opening still arranged at the wall of the furnace, and
then, for the tapping of the liquid steel, towards the steel tab opening eccentrically
arranged at the bottom of the furnace. This implies advantages with regard to the
volume and the cooling of the furnace. Morecover, the problem of slag running

along 1s reduced by this type of steel tapping.

If — as 1t 1s usually the case with modern electric arc furnaces — during the melting
process, especilally by means of so-called refining lances, there 1s added oxygen
(“refining”) and carbon, at the surface of most steel types emerges a slag foam,

which mainly consists of enclosed gases.

Even foam slags can be slagged off m the classical way. However, 1t 1s very
common practice, to arrange the slag discharge opening at a level of height related
to the melting bath which 1s defined or definable by a slide system, in such a way
that an overrun of foam slag can drain off according to the overflow principle,
thus after exceeding a capacity limit, as soon as the melting bath has reached a
certamn level, whereby breaks caused by slagging off during the melting process
are advantageously avoided, at the end of which the classical steel tapping via

EBT takes place again.
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For the purpose of reaching a productivity as high as possible for the electric arc
furnace, 1t has been always attempted up to now to melt as quick as possible, to
add as much clectric energy as possible during the entire melting period and to
make breaks or in-between intervals without energy supply as short as possible.
This 1s, because the shorter the interval between two tapping processes 1s, the
more flexible 1s the steel mill regarding 1ts producing structure. Contributing to
this are, among other things, also the 800 mm electrodes which were put on the
market a few years ago, which allow higher mtensities of current and faster tap-
pings. Thus, 1n modern electric arc furnaces, an electric arc with an intensity of up
to 140.000 Ampere makes up to 200 tons of steel scrap melt. At the electric arc

furnace there are temperatures of up to 3.500°C and 1n the steel bath of up to

1.800°C.

Slag oft and tapping off periods up to this day however lead to the typical, cycli-
cal breaks 1n the supply of clectricity, charge materials and additives like fine-
grained solid materials and therefore cause the typical, discontinuous process-run

of an electric arc furnace.

Feeding of electric arc furnaces (EAF):

Scrap-iron, as a recovered raw material, 1s available 1n many different shapes and
configurations. According to its propertics and to the demands of the melting
process and the desired steel qualities, the discarded 1ron and/or steel junk (scrap)
undergoes different measures of preparations. The price of scrap-iron 1s changing
frequently not only due to the market situation, but also due to the final physical

and chemical properties of scrap-iron.

In steelmaking the charge material 1s selected in accordance with the final product
which 1s to be produced. For simple steel grades normally the cheapest scrap-iron
1s used. This scrap-wron 1s usually discarded prepared 1ron and/or steel junk
(scrap). The density of this scrap-iron 1s normally less than 0.4 kg/dm3. Three to

four scrap-baskets are normally needed to charge the furnace-shell of an ordinary
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clectric arc furnace. When, as necessary for this, the furnace-roof 1s opened by
pivoting for charging the furnace-shell, energy losses between 15 to 20 kWh/t of
steel have to be expected. The interruption of the melting process by normally 4 to
7 or more minutes per each tapping off of slag and steel plus charging with scrap-
baskets reduces the productivity and increases the electrode consumption due to

additional oxidation of electrodes.

To 1ncrease the density of the charge material 1t 15 well-known to press the scrap-
iron. After pressing the scrap-ron into bundles the density 1s increased and conse-
quently fewer scrap-baskets have to be charged. However, the melting process has

still to be mterrupted for the charging.

However, 1t 18 only the initial charging of scrap-iron, as the case may be, with
Direct Reduced Iron (DRI) and/or Hot Briquette Iron (HBI) and slag formers into
the electric arc furnace, which creates the conditions for melting those charge ma-

terials and for forming a molten metal bath, which 1s covered by molten slag.

Recovery of heat and energy (generally):

The possible air pollution by gasecous and dust-laden substances i1s considered the
most essential environmental problem implied 1n steelmaking from primary raw
materials (mostly ores or pellets made from ores). The metallurgical processes are
potential sources for the emission of dust and metals from furnaces, converters

and from the transport of molten metals.

Furthermore, the energy consumption and the recovery of heat and energy are
important aspects of the production of rron metals and steel. They depend on the
ctficient use of the energy included 1n ores and admixtures, on the energy demand
of the process levels, on the type of energy that 1s used and on the method of en-

ergy supply as well as on the use of efficient methods for heat recovery.
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Thus, for the route of furnace and converter was suggested (see GB 958731 A =
CH 415 709 B) to, directly or indirectly via a stecam production device, feed a tur-
bie with process-exhaust, which turbine powers a generator, the energy of which

1s used for powering turbo blowers or cowpers of the blast furnace.

Elsewhere 1t was suggested to use the power generated 1n particular indirectly via
a stecam production device from the process-exhaust of a rotary furnace for pre-
drying brown coal (see. GB 1241715 A = DE 19 27 558 Al), for producing oxy-
oen, for feeding the power grid or for powering so-called submerged arc furnaces
(see US 4,551,172 A = EP 0 139 310 Al), however, submerged arc furnaces are
not used for steel production but for the reduction of slag in order to recover me-

tallic components.

Recovery of heat and energy (by EAF):

During the production of steel from secondary raw materials like scrap-iron 1n the
clectric arc furnace, gascous and dust-laded substances are emitted as well; and
thus the most essential environmental problems are related to the emissions as

well.

Well-known among the methods for heat recovery from the hot process-exhaust
(furnace top) of an clectric arc furnace 18 particularly the use of exhaust for drying
and preheating of charges (see for example US 3,565,407 A = DE 18 04 098 Al
as well as US 5,153,894 A = EP 0 385 434 B1). There has been, however, no fur-
ther use of this heat to this day. Efficient dedusting plants and filters are therefore

necessary.

Recovery of electrical energy (by EAF):

An electrical power recovery before or after the cleaning of process-exhaust (fur-

nace top) 1s also possible 1n most cases of electric arc furnaces, but the local situa-

tion 18 very important, like e.g. 1f the electric arc furnace 1s operated 1n mini-maills
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(compact-mill) and foundries and there 1s no possibility to use the recovered en-
ergy other than to feed 1t into the national power grid, which 1s already subject to
the danger of unwanted system perturbations resulting from the procedurally de-
termined 1rregular burning of an electric arc. Therefore, there are always high de-

mands on the power supply of an electric arc furnace.

As clectric arc furnaces however have so far functioned as fed-batch-process,
which means that they are cyclically fed with batches of application materials like
pieces of scrap-iron, Direct Reduced Iron (DRI) and/or compressed Hot Briquette
Iron (HBI), the temperature of the process-exhaust undergoes cyclical changes. To
compensate for that, in the context of a case study of the ZERO EMISSIONS RE-
SEARCH IN AUSTRIA (ZERIA), an initiative on behalf of the Federal Ministry
of Transport, Innovation and Technology (BMVIT) and of the WIFI of Austria
(see http://zeria.tugraz.at/index.php3?lang=de&sel=09Fallstudien/0 1 Marienhiitte)
it 1s suggested for the steel mill “Marienhtitte” to control the exhaust temperature
by means of an additional gas burner. For this, complex means of measurement
and control have to be provided. Morecover, the use of gas burners for stabilization
of the exhaust temperature has the disadvantage of additional use of primary ener-

gics and of costs implied therein.

Summery of the Invention :

On this basis, the present mvention 1s based on the task to provide, 1n respect of
productivity compared to the state of the art, an improved facility for steel produc-
tion comprising an ¢lectric arc furnace. Thus, such e¢lectric arc furnace of the steel
production facility should burn more evenly and should be able to be powered
without using additional gas burners and should have exhaust temperatures which
arc stable at least over large periods of the cycle of a melting process and there-
fore more economic as well as they can be operated more free of system perturba-
tion for the local power grid. In particular, however, the aim 1s to improve the
productivity of a steel production facility in such a way that cyclical intervals of

interruption are avoided.
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This task 1s solved by a steel production facility with the features of the independ-
ent patent claims 1 and/or 7. Advantageous constructions and further develop-
ments, which can be applied separately or in combination with each other, are set

forth 1n the appended claims.

With the foregoing and other objects 1in view there 1s provided, 1n accordance with

the mvention according to claim 1, a steel production facility, which at the least

comprises an electric arc furnace for at least cyclically melting of charge materials
like shredded scrap-iron pieces in particular and which is characterized by:

- means of at least cyclical power generation during the melting from the
thermic energy included in the hot process-exhaust (furnace top) of the
electric arc furnace;

- a shredding-system assigned to the electric arc furnace for shredding dis-
carded 1ron and/or steel junk (scrap), which can be powered at least during
a melting process cycle by electric energy recovered by the power genera-
tion means; and

- means of conveyance, by means of which, during a melting process cycle,
the electric arc furnace can be continuously fed at least with the pieces of

scrap-iron shredded by the shredder-system.

As to the electric arc furnace 1s assigned a shredding-system for shredding dis-
carded 1ron and/or steel junk (scrap), it 1s possible for the first time to feed the
scrap-1ron pieces shredded in the shredding-system loosely in bulk, thus without
having to be pressed before, and continuously at least during a melting process

cycle, to the electric arc furnace.

By continuously feeding the eclectric arc furnace with non-pressed, shredded
scrap-ron pieces loosely 1n bulk, the electric arc can burn much more steadily
during a melting process cycle than 1n the usual case of batch-wise feeding an

clectric arc furnace with scrap-iron etc., and this has the advantage that unwanted
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system perturbations are avoided. Furthermore there continuously arises at least
during a melting process cycle a process-exhaust (furnace top) of nearly equal
character and quality, which serves the aimed purpose of continuous power gen-
cration at least to such an extent as 1s needed at least during a melting process
cycle for powering a shredding-system assigned to the electric arc furnace. As gas
burners for process-cxhaust regulation and an external power supply for the shred-
ding-system are no longer used, the steel production facility according to the 1n-
vention operates on a, from an economic poimnt of view, so far unmatched level
with regard to energy balance. Thus, by the steadier burning of electric arcs, the
productivity of the electric arc furnace can be increased by more than 19 %, and
energy costs of about 14% can be saved, wherein at the same time emissions to

the atmosphere are drastically reduced.

Due to the fact that the electric arc furnace, at least during a melting process cycle,
1s continuously fed with shredded pieces of scrap-iron and, as the case may be,
others charge materials, 1t can, 1n a preferred embodiment of the invention accord-
ing to claim 2, be made of a furnace-shell made from refractory material and/or
comprising water cooled elements and a furnace-roof always closed during the
continuous feeding with scrap-iron pieces, wherein there 1s arranged at a wall of
the furnace shell and/or at the furnace roof a feeding opening, which allows to
continuously feed the electric arc furnace with the pieces of scrap-iron shredded
by the shredding system, without having to open the furnace-roof for this, as 1t has
been usual so far only for additives like coke, lime and limestone and normal
practice 1n such steel plants solely working with Direct Reduced Iron (DRI) or
Hot Briquette Iron (HBI), and which avoids not only long feeding time but also
huge heat losses, 1n contrast to the known electric arc furnaces that have to be

charged with scrap-baskets via an opened furnace-roof.

In the state of the art, the process of charging pieces of scrap-iron with scrap-
baskets has to be repeated several times, depending on the material to be used

(required metallic input). For each charging cycle the electrical energy has to be



CA 02755845 2011-09-16

WO 2010/106466 PCT/1B2010/051022

10

15

20

25

30

10

interrupted, the clectrodes raised and the furnace-roof swiveled out. A charging

time of 4 to 7 minutes 1s normally scheduled for modern electric arc furnaces.

It 1s proven that the elimination of these mterruptions for recharging will result
not only 1n shorter heat time but also in reduced energy consumption per ton of
steel produced, as, by opening the furnace-roof, a considerable amount of precious

heat 1s lost from the electric arc furnace due to radiation and convection.

After charging, the heat losses must again be added by electrical energy, particu-
larly when using light or non-compacted 1ron junk, because the number of scrap-

baskets to be charged will increase.

Another negative effect during scrap charging via scrap-baskets i1s the high emis-

s1on of dust and smoke to the environment while the turnace-roof i1s swiveled out.

Contrary to that, after elimination of feeding with baskets, the furnace-roof never
has to be swiveled out during operation so that advantageously neither any losses
of time nor of energy are caused by heat radiation. The necessity to swivel out the

furnace-roof 1s therefore only given for purposes of repair.

For this, however, there 18 no need of a complex roof lifting device, which can be
entirely eliminated, as the roof can be lifted by the overhead crane whenever re-

quired for purpose of repairing or changing.

The electric arc furnace may — as it 18 common according to the state-of-the-art —
comprise a furnace-shell dimensioned 1n such a way, that inside there 18 enough
room for the maximum amount of shredded scrap-iron pieces mn un-melted form
that can be molten in the course of one cycle of a melting process, so that advan-
tageously even already existing electric arc furnaces can be part of a steel produc-

tion facility according to the invention.
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As far as an clectric arc furnace will be newly constructed, 1t 1s preferred accord-
ing to claim 3 of the present invention, that the electric arc furnace comprises a
furnace-shell dimensioned 1n such a way, that there 1s enough room for 90% only,
especially for 80% only, preferably for 70% only of the maximum amount of
shredded scrap-iron pieces that can be molten in the course of one cycle of a melt-

Ing pProcess.

Duce to the fact that during a melting process cycle, the electric arc furnace 1s con-
tinuously fed with shredded pieces of scrap-iron and, as the case may be, with
other charge materials, the furnace shell, in a preferred embodiment of the inven-
tion can sometimes be dimensioned significantly smaller than 1n the case of batch-

wise feeding as according to the state-of-the-art.

The smaller a furnace shell can be dimensioned, the less 1t needs to be cooled.

Therefore and as the electric arc can burn far more steadily due to the continuous
feeding of the charge materials, 1t 1s possible to construct furnace shells which are

solely made of refractory material and do not need wall cooling elements at all.

The possibility of replacing the water cooled panels by refractory material signifi-
cantly reduces the extent of the water treatment plant (WTP) and leads to addi-
tional savings of clectrical energy of about 5%, which 1s of particular mterest to

countries, where water 1S scarce and expensive.

In accordance with an added feature of the invention according to claim 4, the
clectric arc furnace preferentially comprises means for creating foamy slag in such

an amount that the arcs are at least partially muftled by foamed slag layer.

Exposed electric arcs cause an increased wastage of electrodes and an unwanted
heating of the furnace walls. Further consequences are a reduced energy effi-

ciency, longer process times and therefore reduced productivity. In order to muffle
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the electric arc there 15 generated a foam slag which can be controlled 1n 1ts height
by specifically adding coal fines and oxygen. The feeding of these foaming agents
1s carried out either manually or automatically according to a predefined control
diagram by the portioned blowing 1n mto the boundary layer existing between the
slag layer and the molten metal and/or into the zones of the slag layer and/or of

the molten metal that are adjacent to the boundary layer.

In the past it was difficult to charge light material like shredded scrap-iron pieces
with a preferred length m any direction 1n space of ¢.g. 30 cm maximum to the
steel bath through the slag, particularly because the slag was too hard and the ma-
terial had to be charged between the electrodes. Nowadays, with the foamy slag
practice, which blows more carbon and oxygen into the liquid steel, in order to

foam the slag, this problem has been solved.

Even the foam slag process itself named after the type of slag has many advan-
tages: The needed quantity of energy 1s reduced by 5% maximum due to the ther-
mal shicld of the foam slag, the formation of the clectric arc 1s supported, the
abrasion of the electrodes and of the fireproof material of the furnace-shell dimin-
ished, the periods of tapping are shortened and the application of alloying e¢le-

ments, like 1in particular chrome, 1s improved.

In accordance with an added feature of the present invention according to claim 3,
the electric arc furnace comprises a slag discharge opening arranged at the furnace
wall of the furnace shell, in such a way, that 1t 1s located at a level of height which
1s defined or definable, i relation to the melting bath, by a slide or plug system,
in such a way that an overrun of foamy slag can drain off according to the over-
flow principle, as soon as the melting bath has reached a certain level, whereby
breaks caused by slagging off during the melting process are advantageously

avoided.
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An electric arc furnace 1n accordance with the present invention can preferably be
constructed according to claim 6 1n such a way that a steel tapping follows after
cach cycle of a melting process, so that advantageously even already existing elec-
tric arc furnaces can be part of a steel production facility according to the inven-

t1on.

With the foregoing and other objects in view however there 1s provided, 1 accor-
dance with the mvention according to claim 7, a steel production facility, which,
being based on well-known steel production facilities, 1s characterized by an elec-
tric arc furnace made for uninterruptedly melting charge materials like in particu-
lar shredded scrap-ron pieces, Direct Reduced Iron (DRI) and/or Hot Briquette
Iron (HBI), wherein a part of liquid steel can be uninterruptedly discharged from
the steel bath of the electric arc furnace via a steel tap opening arranged at or near
the bottom of the furnace, and the charge materials can be uninterruptedly charged
via conveying devices to the electric arc furnace, so that advantageously an unin-

terrupted melting process is given.

As the electric arc furnace comprises a steel tap opening which allows an uninter-
rupted steel discharge, there can be, in combination with an uninterrupted feeding
of charge materials to the electric arc furnace, induced and sustained an uninter-

rupted melting process.

Possible charge materials can be in particular shredded scrap-wron pieces, Direct
Reduced Iron (DRI) and/or pressed Hot Briquette Iron (HBI). The shredded scrap
iron pieces can, preferentially according to the invention, come from a shredding-
system assigned to the electric arc furnace for shredding discarded iron and/or
steel junk (scrap); or alternatively or cumulatively they are delivered to the elec-

tric arc furnace 1n such pre-processed form already.

As far as to the electric arc furnace 1s assigned a shredding facility, 1t 1s preferred

that means for power generation during the melting process come from the ther-
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mal energy mmplied 1n the hot process-exhaust (furnace top) of the electric arc

furnace, by which the shredding-system can be driven.

By uninterruptedly discharging a part of the steel from the steel bath and by unin-
terruptedly feeding the electric arc furnace with charge materials loosely 1n bulk
like non-pressed shredded scrap-iron pieces, Direct Reduced Iron (DRI) and/or
Hot Briquette Iron (HBI), the electric arc can burn more or less always constantly

during the continuing melting process.

Interruptions like 1n the usual case of feeding an electric arc furnace batch-wise
with scrap-iron ctc. and cyclical tappings are entirely avoided, whereby advanta-

geously unwanted system perturbations are elimmated.

Furthermore, there uninterruptedly arises a process-exhaust (furnace top) of con-
sistent character and quality, which allows an uninterrupted power generation to

such an extent as 1t 1s unmatched up to now for steel production facilities.

As gas burners for process-exhaust regulation and an external power supply for a
shredding-system are no longer used, the steel production facility according to the
invention finally operates on a, from an economic point of view, so far unmatched
level with regard to energy balance. Thus, by the uninterrupted burning of electric
arcs, the productivity of the electric arc furnace can be increased by more than 26
%, and energy costs can be reduced by about 23 %, wherein at the same time

emissions to the atmosphere are drastically reduced.

In another preferred embodiment of the invention 1n accordance to claim &, the
part of liquid steel will be discharged from the steel bath into a steel ladle, which
1s equipped at 1ts rim with a spout, which overlaps the rim of a neighbouring steel
ladle, to guaranty a trouble free exchange of the ladle under the continuous steel

stream.
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In accordance with an added feature of the invention according to claim 9, the
steel production facility advantageously comprises a computer based process con-
trol system, which makes 1t possible, to direct unrestrictedly definable feed rates,
especially of scrap-iron pieces, in such a way, that the charged materials are 1n
balance with the needed melting energy, which advantageously allows the produc-

tion of different steel types.

Thus, each material requires certain energy, called enthalpy, to melt. With modern
computer techniques on the activity-level “automation” and on the activity-level
“process control” 1t 18 possible to develop a melting profile for different scenarios
of furnace charging. Computer based scenarios can especially choose the solely
continuous charging of shredded scrap-iron pieces up to the continuous feeding of
mixed charge materials of scrap-iron, DRI and/or HBI. In any case the furnace-
roof will never be opened during the process, with significant reduction of expen-
sive energy losses and emissions to the atmosphere. The feed rate will be selected
in accordance with the power mput which 1s controlled by the specific feed rate.
The predicted temperature, calculated via the activity-level “process control™, will
be 1n that range that offers the best conditions for the foamy slag practice. The
melting profile 1s developed 1n such a way that in case of a cyclically operated
clectric arc furnace the charging stops when the tapping temperature 1s reached. In

this case no more refining time 1s required.

There 15 also the possibility to feed different charge materials at the same time,
c.g. Direct Reduced Iron (DRI) and/or pressed Hot Briquette Iron (HBI), from
another hopper. This material has a different enthalpy and therefore requires a
different feed rate. However, via the activity-level “process control” each change

within the feed mix can be calculated and controlled.

Not only 1n this context has i1t proved, in accordance with an added feature of the

invention according to claim 10, to be advantageous, for detecting the actual feed
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rate of scrap-wron pieces, to assign at least one weighing device to the means of

conveyance.

Likewise 1t has proved, in accordance with an added feature of the invention ac-
cording to claim 11, to be advantageous 1n order to avoid interruptions of the
melting process, to assign to the means of conveyance a segregation apparatus,
which detects and segregates, particularly with optical methods, ¢.g. by means of
monitoring cameras, pieces of scrap-iron that, depending on the overall size of the

clectric arc furnace, exceed pre-defined dimensions.

In accordance with an added feature of the invention according to claim 12, the
clectric energy itself generated for powering the shredding-system can be gained
directly or indirectly, particularly by a recuperative boiler, from the thermic en-

ergy contained n the hot process-exhaust of the electric arc furnace.

Within the context of the present invention according to claim 13 a conventional

alternating current electric arc furnace (AC) or as well a direct current electric arc

furnace (DC) can be used.

The present mvention furthermore relates, according to claim 14, to a method of
uninterrupted or at least cyclical steelmaking in a facility according to one of the
preceding claims, wherein 1n case of uninterrupted steelmaking at least the first
three of the following steps and 1n case of cyclical steelmaking all five steps will
be used:

- charge materials are molten uninterruptedly or at least cyclically in an

clectric arc furnace (10);
- the charge materials like 1n particular shredded scrap-iron pieces shredded

in a shredding-system for shredding discarded iron and/or steel junk
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(scrap), Direct Reduced Iron (DRI) and/or Hot Briquette Iron (HBI) are
uninterruptedly or at least continuously during a melting process cycle fed
into the electric arc furnace by means of conveyance;

- a part of liquid steel 18 uninterruptedly or cyclically discharged from the
steel bath of the electric arc furnace;

- from the thermic energy included in the hot process-exhaust (furnace top)
of the electric arc furnace, electric energy 1s, by means of power genera-
tion, generated uninterruptedly or at least during a melting process cycle;

- a shredding-system assigned to the clectric arc furnace for shredding dis-
carded 1ron and/or steel junk (scrap) 1s powered uninterruptedly or at least
during a melting process cycle by the electric energy generated from the

process exhaust (furnace top).

Last but not least, the present invention relates with claim 15 to a method of using
the clectric energy gained by means of power generation devices from thermic
energy included 1n the hot process-exhaust of an electric arc furnace that uninter-
ruptedly or at least cyclically melts charge materials like shredded scrap-iron
pieces 1n particular, for powering a shredding-system uninterruptedly or at least
during the cycle of a melting process which, attached to the electric arc furnace
shreds discarded 1ron and/or steel junk (scrap) in a steel production facility like

described before or 1n the following.

The construction of the invention, however, together with additional objects and
corresponding advantages will be best understood from the following description

of specific embodiments and 1n connection with the accompanying drawings.

Brief Description of the Drawings :

Fig. 1 exemplarily shows a possible embodiment of the means for electricity

generation from the hot process-exhaust (furnace top) of an electric arc
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furnace, used for actuating a shredding-system attached to said electric arc

furnace (EAF);

exemplarily shows means of conveyance, which, uninterruptedly or at
least continuously during the cycle of a melting process, transport for ¢x-
ample the scrap-iron pieces, shredded in a shredding-system, to the electric

arc furnace;

shows the process flow of a first steel production facility according to
claim 1 of the invention with cyclical melting processes, thus with alternat-

ing melting and tapping intervals;

shows the process flow of a second steel production facility according to
claim 7 of the mvention together with an uninterrupted melting process

and an uninterrupted tapping process simultancously running thereto;

shows within a diagram the productivity of an electric arc furnace accord-
ing to the invention depending on energy mput (without chemical energy)

and scrap feed rate; and

6 shows the possible integration of a steel production facility according to

the invention into a steel processing plant.

Description of the Preferred Embodiments :

In the following description of the preferred embodiments of the present mnven-

tion, similar identical reference numbers designate 1dentical or com-parable com-

ponents.

Referring now to the figures 1 to 6 of the drawings in detail and first to Fig. 1

thercof, there 1s exemplarily shown a possible embodiment of means of power
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generation by using the thermic energy included in the hot process-exhaust (fur-
nace top) 20 of the electric arc furnace 10 of a steel production facility, used for

operating a shredding-system 40 attached to said electric arc furnace (EAF) 10.

For this, there 1s at least one recuperative boiler 30 installed in the exhaust gas
system 21 of the dedusting plant 24 of the electric arc furnace 10. The recupera-
tive boiler 30 can be located particularly in the outlet of a drop-out-box 22 for dust
particles contained 1n the exhaust 20 and/or 1n an arca 23 of the exhaust gas sys-
tem 21 with post combustion of carbon or 1n a subordinated way to the preceding
facility 22 / area 23. While the process-exhaust (furnace top) 20 of a steel produc-
tion facility 1 enters the exhaust dramn 21 with a constant temperature 1n the range
between 900°C and 1.100°C without using additional gas burners, the exhaust
temperature — as far as 1t has cooled down to below 800°C — can newly be raised
by transforming, due to addition of oxygen O, 1n an exothermic process, the toxic
carbon CO with oxygen O 1nto the less dangerous carbon dioxide CO,, wherein
this process generates temperatures up to about 1.670°C, which can be used for an

ctfective stecam generation.

As schematically illustrated in Fig. 1, there 1s also the possibility of clever ar-
rangement of several recuperative boilers 30 1n the exhaust gas system 21 of the
dedusting plant 24, so that water 62, which ¢.g. is supplied by a water treatment

plant 61, can be transformed 1nto steam in a more effective way.

The steam generated by the recuperative boiler 30 powers a steam turbie 31,

which powers a power generator 32.

The condensate generated by the turbine 31 1s further on cooled by a condenser 60

and directly pumped into the water treatment plant 61.

With the clectric energy gained from the power generation devices 30, 31, 32, 1t 18

possible to operate, without using a public power grid and therefore economically
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advantageously, the shredding-system 40 and possibly further consumer loads of

the steel production facility 1.

Fig. 2 exemplarily shows means of conveyance, which transport for example the
scrap-1ron pieces 71 shredded in a shredding-system 40 to the electric arc furnace

10 uninterruptedly or at least continuously during the cycle of a melting process.

Discarded 1ron and/or steel junk (scrap) 70 of various sizes 18 fed into a shredding-
system 40, which 1s — as 1llustrated — preferably assigned to the electric arc fur-

nace 10.

The shredding-system 40 delivers shredded pieces of scrap-mron 71 of essentially
cqual size. Moreover, high value non-ferrous metals 72 can be segregated for fur-

ther commercialization.

The shredded scrap-iron pieces 71 are transported loosely 1n bulk and non-pressed

to the scrap-hopper 42, which also can be located 1in the underground.

One or more vibrating feeders 50 control the quantity of shredded scrap-iron

pieces 71, which are fed into the electric arc furnace 10.

Furthermore, a first weighing system 52 fine-tunes the quantities.

The vibrating feeders 50 transport the shredded scrap-iron pieces 71 loosely 1n
bulk and non-pressed via conveyor belts 51 and a preterably swivelling chute 54

located above the furnace-roof 14, to the furnace-shell 13 of the electric arc fur-

nace 10.

Hence, the swivelling chute 54 delivers uninterruptedly or at least continuously
during the cycle of a melting process shredded scrap-iron pieces 71 to the electric

arc furnace 10.
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An electric arc furnace 10 according to the mvention, which is uninterruptedly or
at least during the cycle of a melting process continuously fed with shredded
scrap-1ron pieces 71, operates with significantly lower specific energy consump-

tion and higher productivity.

At the same time, the emissions to the atmosphere are significantly reduced as the
furnace-roof 14 of the furnace-shell 13 has no longer to be opened 1n order to

charge scrap-buckets of scrap-iron pieces.

Morecover, the dedusting plant 24 also works with significantly lower energy con-

sumption as a secondary system 18 no longer necessary.

On the basis of Fig. 3, the process cycle of a first steel production facility 1 ac-
cording to claim 1 of the invention with cyclical melting processes, thus with al-

ternating melting and tapping intervals 1s described 1n more detail now.

The shredding-system 40 can be loaded with discarded 1ron and/or steel junk
(scrap) 70 of various sizes of ¢.g. up to three or more meters in length, depending
on the dimension of the used shredding-system 40. By shredding such huge steel
junk (scrap) 70 the shredding-system 40 produces crushed scrap-iron pieces 71
with a preferred length 1in any direction 1n space of about 30 ¢cm maximum and

segregates high value non-ferrous metals 72.

The shredding-system 40 1s driven by an electrical motor 41 which 1s powered by
a power gencrator 32. The power generator 32 1s driven by a steam turbine 31
using steam from at least one recuperative boiler 30, which 1s located 1n the ex-
haust gas system 21 of the dedusting plant 24 of the electric arc furnace 10. Any
surplus electrical energy can be directed to other potential consumer loads of the

steel production facility 1.
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The shredded scrap-iron pieces 71 are directly discharged from the shredding-
system 40 and 1ngested into a receiving scrap-hopper 42 located above ground or

underground.

To charge the shredded scrap-iron pieces 71 1nto the electric arc furnace 10, the
operator of a steel production facility 1 can, according to the mvention, control the
desired feeding quantity and the feed rate by electronic means of control 80. Here,
the quantity and feed rate will be depending on the furnace-capacity, on the feed

mix and on the capacity of the transformer 12 for the graphite electrodes 11.

A chute 54 preferably of swivelling type 1s positioned above the furnace-shell 13
of the electric arc furnace 10. This chute 54 1s so far the commonly used chute for
feeding additives to the furnace 10 via the so called fifth hole 15 in the furnace-
roof 14. The furnace designs like furnace size and electrode diameter depend on

the performance of the transformer.

With the beginning of an uninterrupted melting process respectively with each
new cyclical melting phase, an organization of the material flow has proven 1its
worth as follows: All means of conveyance 50 and 51 start downstream from the
view of the furnace 10 to the scrap-hopper 42. The exact number of the means of
conveyance (conveyor belts 51 and vibrating feeder 50) depends on the location
of scrap-ron supply. First, the conveyor belt 51 next to the swivelling chute 54 1s
activated, followed by the conveyor belts 51 positioned 1n front of this conveyor
belt. Last activated 1n the chain will be the vibrating feeders 50 underneath the

scrap-hoppers 42, which are preferably controlled by frequency converters.

There are preferably two weighing systems 52 attached to the conveyor belts 51,
on¢ of them advantageously positioned at the first conveyor belt 51 directly after
the vibrating feeders 50 and the second one at the end of the transportation route
at the last conveyor belt 51 before entering into the furnace-roof 14. This configu-
ration ensures a correct measurement and comparison (double-check) of the quan-

tity to be fed into the furnace-shell 13. If the second weighing system 52 is read-
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ing the same capacity as the first one 52, no corrective action will be taken on the
vibrating feeders 50. In case of a major deviation, a correction can be carried out

by means of a computer system &0.

In the case of too coarsely shredded scrap-iron pieces 71, to the conveyor belts 51
can be assigned a segregation apparatus 53, which detects, ¢.g. optically by means
of monitoring cameras, and thus can segregate pieces of scrap-wron that exceed

pre-defined dimensions.

In case of an clectric arc furnace 10 operating in the cyclical melting process the
vibrating feeders 50 stop when the weight reaches the final set point. The scrap

conveyors 51 stop a few seconds later.

At least the first conveyor belt 51 coming after the vibrating feeder 50 preferably
remains fully loaded with scrap-iron pieces 71, while all other conveyor belts 51
can be emptied or keep feeding other materials, ¢.g. Direct Reduced Iron (DRI),
lime, coke, etc. Keeping a conveyor belt 51 loaded with scrap-iron pieces 71 has
the advantage, that the feeding time up to the next melting cycle 18 minimized.
The quantity can be calculated by the computer system 80 of the steel production

facility 1.

Alternatively, there 1s the possibility of charging other materials, rather than
scrap-ron pieces, or simultancously with the same facility and from different
sources. These maternials, like e.g. lime, coke, Direct Reduced Iron (DRI) and/or
pressed Hot Briquette Iron (HBI) are also fed by the last conveyor belt 51, which
1s equipped with a weighing device 52. Each of the materials 1s ordered by the
operators or by a computerized process control system 80 with a certain feed rate
and via another weighing conveyor belt 51, 52 and can be casily subtracted from

the total weight measured.
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If finally all charge materials are fed to the electric arc furnace 10 that 1s operated
in the cyclical melting process, the conveyor belts 50, 51 are entirely stopped.

This applies particularly to the times needed for slag discharge and steel tapping.

The intervals caused by the slag discharge and the steel tapping also cause an 1n-
terruption of exhausts and consequently of the power generation in such a way
that the shredder can temporarily not be driven by the energy generated by the
means of power generation. As 1n those said intervals the input of charge material
1s also interrupted, this 1s not further tragic, because, despite those interruptions

we have a facility of such energy efficiency as it has not yet existed.

The before mentioned procedure equally applies to cases of interruptions due to
machine care of an electrical arc furnace which apart from this runs 1n an uninter-

rupted melting process.

Fig. 4 shows the process flow of a second steel production facility 1 according to
claim 7 of the mmvention with an uninterrupted melting process and a simultane-

ously thereto running uninterrupted tapping process.

The electric arc furnace 13 1s equipped with an EBT (excentric bottom tapping) 18
facility. Below the steel tap opening 18 a shide or plug system 19 1s placed. This
system 19 allows to set and control the desired tapping time (ladle filling time or
flow rate/speed). The height location of the EBT (balcony) 18 1s constructed 1n
such a way that a certain amount of remaining melt 1s always located below and
above the steel tap opening 18. Due to this construction, by tilting back the fur-
nace, fast stops and starts of the flow of steel are possible 1in case of planned re-
pairs of the furnace. The bath height 1s preferably computer-controlled by the bal-
ance of the feed rate (continuous feeding of the shredder) and tapping amount

(position of the slide or plug system 19).
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An uninterrupted tapping will be only possible if the charge material 1s also unin-
terruptedly added and immediately molten. The bath temperature (furnace melt) 18
constantly in the desired tapping temperature, which can be regulated and con-
trolled by measurements at any time. The tap volume (crude steel) per time unit
corresponds to the melt volume, the added amount, minus the melting loss. In
other words: an uninterrupted tapping 1s only possible because of the balance ex-
isting between the charged material (controlled by feed rate) and the needed melt-
ing energy (controlled by the electrical power mput). This balance can be prefera-

bly controlled by a computer 80.

Usually, the feed rate of charged materials like shredded scrap 71 etc. 1s deter-
mined by the energy input (specific feed rate). In the case of a disturbance with
the steel ladle 3, at the ladle furnace 5 and/or 1n the casting machine 6, 1t 1S neces-
sary that the steel flow (furnace output) can be reduced. In this case, the energy
input 1s reduced, whereby the scrap flow rate etc. will also slow down. The tap-
ping quantity (flow speed/rate) will also be reduced by changing the position of
the slide or plug system 19 of the steel tap opening 18.

The tapping ladle 3a 1s equipped at 1its rim with a spout 4, which overlaps the rim
of a neighbouring steel ladle 3B, 4, to guaranty a trouble free exchange of the la-

dles 3a, 3b, ... under the continuous steel stream.

The capacity of the ladles 3 1s designed in such a way that the temperature after
filling will be still 30 to 40 degrees below the required casting temperature. Deci-
sive for that are the performance parameters of the furnace 10. During “tapping”
(fillng of the ladles 3, 3a, 3b, ...) some¢ metallurgical treatments like de-
sulphurization and alloying can already be carried out. For a fast and continuous
operation of the casting machine 6 two ladle furnaces 5 can be available. The cast-
ing machine 6 can work with two tundish cars and flying tundish changing proce-

dures.
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Since a wear of the tap hole 18, the slide or plug system 19 and the furnace refrac-
tory 13.1 can not be prevented, but nevertheless a continuous supply of the con-
tinuous casting machine 6 with steel 1s to be guaranteed, 1t has proven i1ts worth to
provide a second vessel 13b without electrode system (Twin Shell Furnace). This
furnace 13b will continue to produce steel, while the other furnace 13a vessel will
be repaired or replaced, and then again will be at the disposal as a "Standby" unit.
Minor repairs, such as especially the change of the tap opening 18 and/or of the
slide or plug system 19, which 1s due about every other day, can be carried out, 1f
planned 1n time, by reducing the casting speed and thereby creating a accumula-
tion of steel at the ladle furnace 5. Therefore, the steelmaking will be stopped and
the furnace 10 will be tilted into a slag oft position with a maximum remaining
melt. A tap hole change can be carried out e.g. with an previously prepared tap

hole set 18, 19 and takes only 15 to 20 minutes.

The maximum feed rate I of scrap-iron 71 depends on the capacity of the trans-
former 12. A furnace 13 with a capacity of approximately 150 tonnes of crude
steel usually disposes of a power mput of 100 MW minimum. In the exemplary
casc of an assumed clectrical energy consumption of 490 kWh/t scrap charge (As-
sumed Values: Metallic Yield = 88%; Arc Utilization = 90%; Tapping Tempera-
ture = 1620°C), the tapping performance (productivity) arises depending on en-
ergy mput (without chemical energy) and scrap feed rate as in the following

shown 1n the table:

25

Power Input Input Scrap-iron Output Steel
IMW] (feed rate 11) (productivity II)
[t/h] [t/h]
60 121 107
80 162 143
100 202 178
120 243 214
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Fig. 5 shows the data of the preceding table plotted 1in a diagram. Therem the pro-
ductivity II of an electric arc furnace 10 only operated with scrap-iron 71 1s 1llus-
trated depending on the energy mput (without chemical energy) and the scrap feet
rate, wherein on the x-axis the power mput in megawatt [MW] and on the y-axis
the tonnage per hour [t/h] were plotted. Also clearly visible 1s the balance between

Input I of scrap-ron 71 (feed rate) and Output II of steel (productivity).

Fig. 6 then, shows the possible integration of a steel production facility 1 accord-
ing to the mvention, corresponding to Fig. 3 or Fig. 4, m a steel processing plant,

particularly 1n a mini-mall 2.

The furnace design thereby can differ from the conventional electric arc furnaces

as follows:

Duce to the fact that there 1s uninterruptedly or at least cyclically carried out a con-
tinuous addition of charge materials like scrap, the melting bath 1s always 1 hquid
condition (flat bath process), in this case there 1s no more need to open the fur-
nace-roof 14 for scrap charging. In this case, the roof lifting device can be elimi-
nated. The furnace-root 14 can be lifted by the overhead crane wherever required
for purpose of repairing or changing. The furnace 10 now consists of not more

than only two parts, lower furnace-shell 13 and upper shell (furnace-roof) 14.

The water-cooled panels of furnace-roof 14 and lower furnace-shell 13 can be
replaced by refractory material, so that the furnace 10 will be lined only with re-
fractory material. This reduces the dimensioning of the water treatment enor-

mously.

Furthermore the furnace volume will be reduced. The new, smaller furnace vol-

ume 1s determined by the generated gas volume and by the transformer capacity.
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Depending on the volume of the vessel determined by the size of the transformer;
the furnace can be equipped at the bottom with one or more rinsing plugs (not

shown). These have the function to guarantee a better homogenization of the bath.

Electric steelmaking technology has been undergoing radical changes during the

past decades.

In the past, electric arc furnaces were only fed with 100% scrap charge. Nowadays
the charge material being used varies from solid materials, scrap, Direct Reduced
Iron (DRI) and/or Hot Briquette Iron (HBI) etc. Especially in times of high steel
demand the market prices change frequently and flexibility with regard to charge

material 1s a big advantage from an economic point of view.

The success of ladle treatment for the requirements of normal steel qualities and
of secondary treatment of high steel quality has increased the productivity of elec-
tric arc furnaces 10, as well as 1t has influenced the procedures. The typical elec-
tric arc furnace procedure with the double slag practice 1s no more used, so that
the cycle of a melting process (tap-to-tap time) of already known electric arc fur-

naces 1S coming close to that of an oxygen converter.

With the present steel production facilities 1 according to the invention, that are

operated uninterruptedly or at least cyclically, which set new standards in terms of
total energy-balance with regard to productivity and energy saving, the trend of

25  the last years 18 consistently continued.
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List of reference signs :

10
11
12
13, 13a, 13b
13.1
13.2
14
15
16
17
18
19

20
21
22
23
24

steel production facility
mini-mill

steel ladles

spout of steel ladle 3
ladle furnance

continuous casting machine

clectric arc furnace (EAF)
graphite electrode
transformer

furnace-shell

wall of the furnace
bottom of the furnace

furnace-root

PCT/1B2010/051022

feeding opening, in particular fifth hole into furnace-roof 14

means for creating foamy slag

slag discharge opening

steel tap opening, 1n particular excentric bottom tapping (EBT)

slide or plug system

hot process-exhaust (furnace top)

cxhaust gas system

drop-out-box

arca of the exhaust gas system 21 with post combustion

dedusting plant
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30
31
32
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41
42

50
51
52
53
34

60

01

62

70

71

72
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recuperative boiler
steam turbine

powcer gencrator

shredding-system

electrical motor

above ground or under-ground scrap-hopper

vibrating feeder
conveyor belt
welghing system
segregation apparatus

swivelling chute

condenser
water treatment plant (WTP)

water

different huge discarded iron and/or steel junk (scrap)
loose, non-pressed, shredded pieces of scrap-iron
high value non-ferrous metals

computer based process control system

Input scrap-iron (feed rate)

Output steel (productivity)
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. Siced production fuclity (1), at the least complisil;g:
- an clectnie we fumage (I{T) for w least cyclically melung 0f charge

matenals comprising dike shredded scrap-iron pieces (71) dnpae=
10 Sioulow;
. means of ot least ¢yclically power gensration (30, 31, 32) during
the melling frum sthe themie onergy incloded In the hot process-
exhaust (fumuce top 20} of the electric nee furnace (10);
- a shredding-sysiem (40) ussigned 10 the electric gre fumace (10) for
'S shredding discasded iron wndfor steel junk (scrap 70), which (40) is
driven by an eheivic motor (41), the eleciric motor (44 ' [pagne
21, lines 26 10 31| ssmedra powered at leas! during a meMing protess
cycle by electric encrgy recovered by the power gencrulion means
(30, 34, 32): and |
20 - meuns of conveyance (30, St, ...), by means of which (50, 51, ...),
dwring a melting process cycle, the clectric are furnace (10) onnede
I5 continuously fed ot least with the pleves of scrap-iron (71) shred-
ded by ihe shredding-system (401,

233 2, Siced production facility (1) according to claim 1, characierized in that the
clectric are furnace (10) is made of & futnace-shell (13) made froin cofrac-
tory matenisl mmd/or comprismg water cocled efements and a fumace-raof
(14} always closed during the continuous feeding with scrap-fron pleces -
(71), whertin and ut 1he same time shere Is arranged at @ wal) (13.1) of the .
30 furgave shell (13) and/or at the furaace roof (14) o feeding opening (15),
which (13) allows (0 cominuously feed the efectde are fumace (10) with
the pieces of scrap-tron (T1) shiredded by the shredding sysiem (46)).

B " AMENDED SHEET
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Steel production facility (1) according to clalm 1 ur 2, characterized in that
the cleetrie are fumace (10) comprises u fumace-shell {3137 dimensioned in
such u way, thit luside there is gnough room for 905 only, cspecially for
80% nly, preferably for 7056 only of the maximuin amount of shiedded
scrap<iron picccs in unmickied form thal ean-be ]3 molten in/lht‘ cotrse of
onc ¢ycle of a melting procexs,

Steel produciion lacility (1) according 10 one of the preceding claims,
churacterized In that the clevidic arc fumave (10) culprises means (16) for

creating foamy slag in such an amount that the arcs are at teast partially
muffled by foamed slog layer.

Steed pradiction faclliry (1) aconrding 10 one of the praceding claims. cha-
tucterized in that the electric e Jurnuce {100) comprises o slag discharge
orenming (17) arranped at the furmnace wall (13.3) of the furnare sl;ell (13).
in such & way, that it (17) is located at a level of hoight which is defincd or
defmable, in relation 10 tho melting bath, by a slide or plug system, In such
u wiy that an overruo of foamy slig e droing of T eccording 10 the uver-
flow pfim:iplu‘, as foun us tie melting bath has reached a cenain level.

Steel prduction fucility (1) acconting w0 une of the preceding claims 1 fo
S, characterized In that the electeic are famace (10) ks constmcted in such a

way thal u steel tupping follows after eaxch cycle of » melting process.

Steel production focllity (1), in panticular accurding w one of the preceding
claims | w0 §, charucterized by an electrio ure furnace (10) made for vain-

lerruptedly melting charge materiuls comprising lilkeda-puaicwlar shrod-

acd scrup-iron pleces (71), Dircct Reduced Irop (DRI and/or Hot Bri-

quelte Iron (HRI), whereln a pant of liquid stecl ennsbe Is unintenruptedly
discharged from she sicel bath of the clecirie ore furndice (I0) vis o steel

tab opening (18) arranged a1 or near the bottom of the furnace (13:2), and
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lhe charge moterials ean-be I8 unintemupledly churged via conveying de-
vices (50, 51, ...) 10 W clectric we fumacs.

8. Steel prinduction facility (1) accordiog ¢laim 7. ¢chasuteTized fo that a pant

5 of liguid steel will be discharged from the stee! bath inta a steel ladle (3),
which (3u) whieh is cquipped at its rim with & spout (4), w/hizh OVErinps

the 'rim of n nclghbouring steel ladle {(3b) w gx;ar.mly a irouble free ox-

change of the ladic (3. 3, 3b, ...) under the continuous steel sireum

1w 9, Stecl production facility (1) acconling to one of the preceding claims,
chancterized in that, 3 compuler buseil pracess contro) sysiem (8U) 8 iIn-
cluded, which maker it possible. (0 dircct unrestrictedly definsble (ecd
rates, especially of svrap-lron piccex (71). in such a way, thut she charged
material ore in halgnce witl the needed melting energy.

13

10.  Sicel production facllity (1) acording (o one-of the pmcedlnil odalmg,

characterized in that to the nreans of conveyance (30, S, ...) at Jeast onc
wolghing system (52) is assigned for Jdoiccting the actual fecd rate of
serap-iron (71).

(1. Sieel praduction fscility (1) according to one of the proceding chidms,
churmcierlzed in that 1o the incans of conveymmes (30, 1. ...) ¢ segrepation
~ appanulus (33) is assigned, which detects runid segregntes, pardcilasly with
optical methuds, e.g. by mcans of meniloring cumeras, pieces of scrap-iron
25 (71) thut exceed pre-delined dimensions.

2.  Sicel production facility (1) sccording to one of the preceding clalms,
characterized In thot the clectric energy is gained dircctly or indirectly, .
paracuiarly by means ol a recuperative boiler (30), Irom (be. therialc en- ...

N ergy contuined in the hot process-cxhaust (20) of the electric ure fumace -
()0}.
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1N,  Swee production facility (1) scoording lo one of the preceding claimns,
charaterized in thit, the cleclric arc fusnuce (10) is an aliernating current

cleeiric arc turnsce ( AC) or a direct custent electric are furnace (DG).

14. A method of uninterropted or ar least cyclical steohmnking in o facility (1)
uc.cord!ng Lo ohe of the preceding clalmg, whenidn in casc ol“:m‘imcnvplcd
steelmaking ot Jeast the first shree of the followln'g steps and In case of ¢y-
chical steclmaking all five stepn will be uyed:

- vhorge materials are molien unintenuptedly or at least cyelically in
an clectrio are finnuce (10);

. the charge materisds comprising Wm shredded scrap-
iron pieces (71) shreddod m a shredding-s.ymem (40) for shredding

discarded lron and/or swel junk (scrap 70), Direct Reduced tron

(DR1) and/or Hot Briguette Tron (HBD ure unintermuptedly or o
least during u mclung prbccxs cyclically fed into the eleotric arc
fumuce {10) continuausly by means of conyeyance (80, 51, ...)

- ¢ part of liguid sledd is uninicrrupiedly or cyclically discharged
[ram the stee) bab of the clecurfe are fumace (10);

- from the thermic energy lncluded (n the hot prouﬁs-exhhust (fur-
nace top 20) of the clecide are fumace (10), electric energy I8, by
means ol power generation (30. 31, 32), generated unimermiptedly
or it Jeust Jursng o melting process cyele;

- a shredding-sysiem {40) assigned to the siegtrie arg fumace (10) for
xhrcdding discarded iron undfor sicel junk (scrap 70) is powered
ubinienuptedly or ot least dudng a meliing process cycle by the
clectrlc energy genervied from the precess exhavst (fuenace top

20).

15. A method of using 1he cleeiric energy mined by means of power penera-
tion devices (30, 31, 32) from thermic energy included in the hot process-
exlianst (20) of un clectriv are furnace (10) i untaterroptedly o ar fcast

cyclically mehs charge materinls fompuising Wee shredded scrap-iron

b
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plcces (71) ta-pasteniar, for powerlng u shiedding-system (40) upinter- C T
ruptedly or at least during the cycle of a melhing process which, atuuched o
the electric are furnace (10) shreds discarded tron and/or steel junk-(Acrap
70) In o swel production focitity (1), particulurly sccording (o one of the

5 precodding clalims,
7 a
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