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(57) Abrege(suite)/Abstract(continued):

to a combined system encompassing a reduction plant (17) for reducing oxides In a continuous process as well as a processing
unit (138) for producing liquid metal in a discontinuous process, the reduction product being deliverable from the reduction plant to
the processing unit. The Invention also relates to a method for coupling a reduction method used for reducing oxides In a
continuous process and a method used for producing liguid metal in a discontinuous process, a reduction product from the
reduction method being fed to the liguid metal production method for processing.
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Abstract

The invention relates to a conveyor system having conveyor
elements 1 for conveying pelletized, 1n particular hot,

material to be conveyed, having a cover 2 for shielding the

material to be conveyed. Measures for making the material to be

conveyed inert are presented. The 1nvention also relates to a

composite system having a reduction system 17 for reducing

oxldes 1n a continuous process, and a process assembly 18 for

manufacturing liquid metal, in a discontinuous process, wherein

the reduction product can be fed from the reduction system to
the process assembly. The 1nventlion also relates to a method

for coupling a reduction method for reducing oxides 1in a

continuous process and a method for manufacturing liquid metal
in a discontinuous process, wherein a reduction product from

the reduction method is fed to the method for manufacturing

liquid metal for processing.

Figure 1
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Conveyor system, composite system and method for coupling

metallurgical methods

The 1nvention relates to a conveyor system, 1n particular a

bucket conveyor or star feeder, having conveyor elements for

—

conveying pelletized, 1n particular hot, material to be

conveyed, having a cover for shielding the material to be

conveyed.

The 1nvention also relates to a composite system having a
reduction system for reducing oxides in a continuous process,
1n particular a direct reduction system, and a process assembly

for manufacturing liquid metal, in particular an electric steel

works, 1n a discontinuous process, wherein the reduction

product can be fed from the reduction system to the process

assembly.

The invention also relates to a method for coupling a reduction
method, for reducing oxides 1in a continuous process, in

particular 1in a direct reduction, and a method for

manufacturing liquid metal in a discontinuous process, in

particular an electric steel method, wherein a reduction

product 1s fed from the reduction method to the method for

manufacturing liquid metal for processing.

The 1nvention also relates to a method for operating a conveyor

system, 1n particular a bucket conveyor or star feeder, having

conveyor elements for feeding pelletized, in particular hot,

material to be conveyed, having a cover for shielding the

material to be convevyed.

Conveyor systems for conveying pelletized and hot material to

be conveyed in order to process said material in metallurgical

reactors are known from the prior art.
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F

US 6,214,986 discloses, for example, a device and a method for

supplying, for example, a smelting process with hot and cold

direct reduced iron (DRI), wherein the DRI 1s moved, under the

force of gravity, from a DRI generating system to a DRI

consumer for further processing. It 1s disadvantageous here

amd

that the entire flow of material occurs only under gravity so

that differences 1n height 1n the system define tight limits.

For example, US 2002/130448 also discloses transporting

ﬁ

pelletized material from a reduction system for a further

processing stage by pneumatic conveyance under a protective

gas. In particular the
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increase in the fine proportion as a result of abrasion during

the pneumatic transportation which can lead to considerable

disadvantages 1n a further processing step and entails costly

treatment of fine materials 1s disadvantageous here.

Taking the prior art as a starting point, the object of the
present invention 1s to make available a conveyor system which
permits the pelletized material to be conveyed to be

transported under protective gas and avoids the disadvantages

from the prior art. The object according to the invention is

achieved by means of the conveyor system according to the

P

characterizing part of claim 1.

The conveyor system according to the invention permits
pelletized material to be conveyed, with contact between the
material to be conveyed and the ambient atmosphere belng
avoided by introducing protective gas so that no undesired

reactions can occur between the material to be conveved and an

amblient atmosphere. In order to shield the material to be

conveyed, a covered conveyor system having conveyor elements is

proposed, wherein the conveyor elements with the material to be

conveyed can be held under a protective gas atmosphere within

the cover.

-

According to one specific embodiment of the conveyor system

according to the invention, a cover has lateral and upper

gastight walls. The distributor lines are arranged on the

insides of the lateral covers, the latter being supplied by

lines which penetrate the lateral cover.

According to one advantageous embodiment of the conveyor system

according to the invention, the cover has thermal insulation

for reducing the cooling of the material to be conveyed. In

particular in the case of hot material to be conveyed which is

still to be conveyed or further processed in the warm .state

from the preceding process stage, it is advantageous if an
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insulation can be provided and heat losses kept low. Owing to

the thermal activation of a large number of reaction processes

P

it is all the more important in the case of hot material to be

conveyed that the protective gas prevents undesired or

uncontrollable chemical reactions with the ambient atmosphere.

According to one further advantageous embodiment of the

conveyor system according to the invention, the distributor

lines are embodlied as perforated ©pipes for uniformly

distributing protective gas within the cover. The uniform

rinsing with protective gas permits a sufficiently inert

-

protective gas atmosphere to be set, with the quantity of

necessary protective gas being able to be kept
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as low as possible. In order to achieve this, 1t 1s necessary
to apply protective gas very uniformly, 1n which <case, 1in
particular, the 1ingress of ambient gases such as, for example,
alr, 1s to be prevented. The use of perforated pipes permits a

multiplicity of 1nlet openings and thus a very uniform

application of protective gas.

According to one sultable embodiment of the conveyor system

according to the invention, a plurality of distributor lines on

the conveyor system permits at least one protective gas to be

supplied 1n a way which can be regulated separately at least in

certain areas. This measure permits significantly Dbetter

control of the rinsing with protective gas so that when there

1s a low requirement for protective gas it is nevertheless

possible to ensure that the material to be conveyed is shielded

completely.

One alternative embodiment of the conveyor system according to

the invention provides for protective gas to be applied to the

distributor lines via feed lines which are combined in certain

sections and which are respectively connected to separate

supply lines with at least one central protective gas supply.
This arrangement permits protective gas to be applied to the
conveyor system 1n certain sections and on a locally targeted

baslis. At least one protective gas is applied to the sections

via one or more central protective gas supplies via a plurality

of supply 1lines. It 1is conceivable to introduce various

quantities of a protective gas and even different protective

gases or else mixtures of protective gases at different
sectlons. As a result, the conveyor system can be rinsed with
protective gas according to the requirements and in the process
1ts quantity can be adapted approximately corresponding to the
temperature conditions or else the flow situation of the
protective gas in the conveyor system. The distributor pipes
are supplied with protective gas by feed lines after having

been combined as a group in certain sections. Usually,
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approximately 10 to 25 distributor pipes can be combined in one
section. The number of sections per conveyor system can be
selected according to the length of the conveyor system, with 4

to 8 sections having proven advantageous 1in order to ensure

selective supply with protective gas.

According to one particular embodiment of the conveyor system

according to the invention, the distributor lines have bore

holes and/or slits on their upper sides and under sides. These

are arranged directed upward and/or downward to the directional

introduction of the protective gas parallel to the lateral

cover. It has
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proven disadvantageous to direct the protective gas directly
onto the material to be conveyed since a considerable

generation of dust can occur here. The targeted, directional

introduction of the protective gas essentially parallel to the
lateral cover 1n the upward and downward directions ensures

P

reliable rinsing of the region inside the covers. The

downwardly directed part of the introduced protective gas also

prevents the 1ingress of ambient atmosphere since there 1is

always an outward directed stream of protective gas present.

-

According to one specific embodiment of the conveyor system

according to the invention, the conveyor system is arranged at

an 1ncline, in particular at an angle of 10° to 50°, preferably

at an angle of 20" to 35°. This arrangement of the conveyor

system allows considerable differences in height to be overcome

—
p—

ferences in

so that the system-induced or process-induced di:

level can also be overcome. Owing to the protective gas it is

possible to avoid the sucking in of ambient air through the

thermally induced and upwardly directed gas stream and

penetrating the ambient atmosphere which occurs in the case of

£)

hot conveyor gas so that even at relatively large angles o:
inclination contact between the material to be conveyed and the

ambient atmosphere can be avoided.

According to one advantageous refinement of the conveyor system

according to the invention, the cover has sealing gaps adjacent
to the conveyor system, which are provided for carrylng away

excess protective gas and for cooling the conveyor system. In

order to keep the guantity of necessary gas as low as possible,

sealing gaps are provided which on the one hand reduce the

egress of protective gas and on the other hand prevent the

')

ingress of the ambient atmosphere. Owing to the moving parts o:

the conveyor system and the rough operational conditions such

as, for example, the high thermal loading, shocks and dust

particles, non-touching seals are advantageous in order to

achieve large service lives without a large amount of
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expenditure on maintenance. A targeted quantity of emerging
protective gas can relieve the thermal loading on moving parts

or also on the supporting structure of the conveyor system and

have a cooling effect. The quantity of protective gas can be

selected here according to the regquirements so that reliable

P

shielding with protective gas, sufficient cooling and a low

consumption of protective gas can be brought about.

According to one possible embodiment of the conveyor system

according to the invention, throttle ledges are provided above

the distributor lines, 1in the region of the upper end of the
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conveyor elements. These serve to prevent the 1ingress of

ambient atmosphere i1into the conveyor element, with a narrow gap

being present between the throttle ledges and the conveyor

elements. The throttle ledges permit further reduction of the

necessary protective gas since the throttle ledges ensure that

P

a smaller amount of gas 1s exchanged. In this context, the gap

width 1s given such small dimensions that as little gas as
possible 1s exchanged, with a minimum gap having to be
maintained for safety reasons and 1in order to avoid contact
between the conveyor element and the throttle ledges. The gap

F

width has to be defined on the basis of thermal expansion and

movements of the conveyor elements, with gaps from 1 to 10 cm,

gr—

preferably 2 to 4 cm being maintained. A further consequence of

this 1s smaller thermal loss when a hot material to be conveyed

1s conveyed.

A further possible embodiment of the conveyor system according

to the 1invention provides for the controlled charging of the

conveyor system a conveyor element, in particular a star feeder
Or a screw conveyor, in which case, before the conveyor system
1s charged with material to be conveyed, the conveyor element
can be rinsed with a protective gas in order to remove
atmospheric oxygen. In order to be able to ensure a constant

F

conveyed quantity for a further process, it 1is essential to

charge the conveyor system in a controlled fashion. For this
purpose, for example, star feeders are known which can apply a
volumetrically constant quantity of material to be conveyed. In

P

order also to be able to avoid uncontrolled reactions of the

material to be conveyed with the ambient atmosphere 1in the

region of the conveyor element, there is provision for the

conveyor element or its conveyor cells to be rinsed with a

protective gas. As a result, for example, residual oxygen can

also be removed from the conveyor element.

According to one particular embodiment of the conveyor system

according to the invention, a master slide and a downstream
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ball valve are provided for shutting off the conveyor element.

This measure permlits the conveyor element and the convevyor

"]

system to be rinsed with protective gas even 1f the supply of

material to be conveyed is also interrupted.

-

According to one specific refinement of the conveyor system

according to the invention, the conveyor element also comprises

a conveyor chute which can be rinsed with protective gas and
has the purpose of feeding in the material to be conveyed onto
the conveyor system. The constant and controlled quantity of
material to be conveyed from the conveyor element is applied to
the conveyor system via a chute, there being provision for
rinsing with protective gas which ensures a protective gas

atmosphere for the
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material to be conveyed, even 1n the region of the chute. This

measure allows the material to be conveyed to be moved

continuously under protective gas.

According to one advantageous refinement of the conveyor system
according to the invention, extractor devices, 1in particular

injector extractors, having separate dust hoods for extracting

F

dust particles are provided 1in the region of the feeding in

points and/or ejection points of the conveyor system, in which

case extractor pilipes are arranged in the dust hoods in such a

way that secondary air can be sucked in in order to cool the

extracted gases or dust particles. During the feeding in or

ejection of material to be conveyed it is possible for dust to

be generated owing to unavoidable fine particles in the

material to be conveyed, and said dust can constitute a very

considerable environmental load. In order to minimize this load

on the environment, extractor devices are provided which also

extract protective gas as well as the dust particles. In order

to avoid an excessively high thermal load on the extractor
devices when hot material to be conveyed is being conveyed, the
extractor hoods or the extractor pipes are arranged in such a
way that considerable quantities of secondary air are also

g

sucked 1n, 1in order to cool the mixture of protective gas and

air. The secondary air can constitute here a proportion of 10

to 80% of the entire gas quantity, with the quantity being

selected 1n accordance with the thermal situation.

The object according to the invention is also achieved by means
of the inventive composite system corresponding to  the

characterizing part of claim 15.

Composite systems require the processes to be matched to one

another or necessitate the exploitation of advantages which

result, for example, from the direct processing of a generated

intermediate product in a further method stage. For example,

the processing of a still warm or hot product in a subsequent
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process stage 1s advantageous because in this way a significant
advantage can be achieved in terms of energy costs. Owing to

different process sequences which 1s often necessary to provide

special process connections and associated systems in order to
be able to utilize the advantages of a composite system. The

composlte system according to the invention permits synergies

to be used in the coupling of a reduction system to a process

assembly 1n order to manufacture liquid metal, for example
liquid steel. When a continuously occurring reduction method in
a reduction system 1s coupled to a discontinuously occurring
process, for example a steel generating method in an electric

steel works, 1t 1s necessary to provide decoupling devices such

as, for example,
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buffer devices. The buffer device can collect the contilinuocusly

generated 1ntermediate product so that i1t can be processed

further in a discontinuous fashion, for example in batches. In

addition to the reduction product, 1t 1is also possible to

introduce further starting materials into the process assembly.

A further very essential precondition for the direct processing
of a reduction product 1s the system engineering connection of

the systems to one another. In this context, considerable

differences 1in height often have to be overcome in order to

permit charging. Furthermore it is necessary to protect a still

hot reduction product to such an extent that there are no

damaging or uncontrolled reactions with the ambient atmosphere

which can, for example, lead to a reduction in the already

present degree of metallization. For this reason, according to
the invention, the reduction system is connected to the process
assembly for manufacturing liquid metal via the inventive

conveyor device as claimed in one of claims 1 to 15. This can

ensure that the reduction product can be reliably placed under

protective gas from the reduction system into the process

assembly for manufacturing ligquid metal.

According to one particular embodiment of the composite system

according to the invention, the buffer device comprilises at

least one buffer silo. The buffering permits batch to batch
charging which is adapted to the process assembly, with the
buffer silo being able to be adapted in terms of its storage
capacity to the requirements of the systems to be connected.
Since the processes coupled in the composite system have
different requirements in terms of the method, optimal

processing states can nevertheless be achieved by at least

partial decoupling of the methods, util 1zing the synergies of

the two system components.

According to one advantageous embodiment of the composite

system according to the invention, the buffer device comprises
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two buffer silos for alternately charging or emptying. The
arrangement of two independent assembllies permits even better

charging of the process assembly, with alternate use of the

silos permitting even greater flexibility with respect to

charging.

According to one particularly advantageous embodiment of the

composite system according to the invention, the buffer device

has an 1nsulating means. As a result, the chronological

P

decoupling of the material flows of the reduction product can

be configured
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better, while at the same time low heat losses of the reduction

product can be maintained.

On particular embodiment of the composite system according to

the 1nvention provides for the buffer device to have at least

one ball valve and/or a master slide for closing off the buffer
device 1n a gastight fashion. Owing to the need to use a
protective gas to protect the material to be conveyed, it is

also necessary to avoid contact with the ambient atmosphere

during buffering. A simple measure for achieving this has

F

proven to Ppbe avoiding the 1ingress of ambient atmosphere by

means of a master slide and a faucet. The master slide assumes

here the function of coarse shutting off, which effectively

retains material to be conveyed, so that the faucet 1is kept

free of material to be conveyed. The faucet performs the

gastight shutting off.

According to one alternative configuration of the composite

i,

system according to the invention, the buffer device has

connections for rinsing with a protective gas and/or a cooling

gas, 1n particular an inert gas for cooling in the case of a

ol

fault. The connection of a protective gas line permits the
buffered conveyor material to be rinsed. In this context, the
burffer device is rinsed with protective gas, like, for example,
a buffer silo, with a protective gas discharge line also being

provided in addition to a protective gas feed line so that the

ingress of ambient atmosphere can be effectively prevented. In
fault situations it 1is necessary to cool the hot, buffered
conveyor material, in which case rinsing can also be carried

out with the protective gas.

One specific embodiment of the composite system according to

the invention provides that a feeding in device for additional

starting materials 1is provided on the buffer device. This

feeding in device permits the Jjoint use of the “buffered

material to be conveyed with one or more added starting



CA 02632075 2008-06-04

materials so that no additional devices are necessary. However,

1t 1s also alternatively possible to provide additional devices

for 1nputting the starting materials separately.

According to one possible embodiment of the composite system

according to the invention, the buffer device has at least one

continuous weight measuring device for measuring the buffered

reduction products and/or the starting materials. A simple

solution has proven to be to carry out the charging on the

basis of the measured weight of the material to be conveyed. In

particular 1t is advantageous in this context
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for the charging 1i1nto the process assembly to be able to be

controlled 1n accordance with the weight, that 1s to say the

charging can follow a predefined weight/time profile. n

addition to the reduction product 1t is also possible to charge

further starting materials together with this or else

alternately.

r—

According to one alternative embodiment of the composite system

according to the invention, the buffer device has at least one

conveyor element for the regulated charging of the reduction

product and/or the starting materials into the process

assembly. The conveyor element permits charging into the

e

process assembly 1in a way which is controlled in terms of time

and quantity so that an optimum process can be maintained. It

1s customary here to carry out the charging according to

predefined quantity/time functions.

According to one specific embodiment of the composite system

according to the invention, a discharge for the reduction

product from the reduction system is provided upstream of the

conveyor system, said discharge being connected to a material

cooler for accommodating.and cooling the reduction product. In

—

fault situations or else in the case of special production

cycles 1t 1is necessary to extract part of or all of the entire

reduction product and feed it to a material cooler.

The object according to the invention is also achieved by means

of the method according to the invention for coupling a

reduction process and a method for manufacturing liquid

pr——

material in accordance with the characterizing part of claim
25.

o=

The coupling of a continuous process such as a reduction method

to a discontinuous process such as a method for manufacturing
ligquid metal makes it necessary to decouple the process parts,

for example by buffering the reduction product. This measure,
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which is disadvantageous per se, can be advantageously used to

convey the reduction product, and possibly a further starting

material, contilnuously under a protective gas atmosphere, or
keep 1t under said atmosphere, for example by means of a star
feeder. This ensures that the reduction product does not have
to be additionally preprocessed but rather can be“brocessed or
charged directly. The  uninterrupted inertization in a

protective gas atmosphere allows the reduction material to be

further processed even after buffering, with even hot reduction

products being reliably protected against undesired reactions

wilth the ambient atmosphere. What is essential here is the fact

that the reduction material is always
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kept under protective gas, that 1s to say during the entire

transportation process and the buffering as far as the charging

into the process assembly.

According to one preferred embodiment of the method according

to the invention, the conveyance of the reduction product

and/or the starting material takes place discontinuously from

the buffer device 1into the method for manufacturing a liquid

metal. It 1s customary here for the charging to be carried out

according to time/quantity functions which are predefined or

else defined in the method, in order to optimize the process.

According to a further possible configuration of the method

according to the invention the inputting of the reduction

product 1into the method for manufacturing a liquid metal is

carried out 1in a regulated fashion and on the basis of

continuous weight measurement in the buffer device. The

regulated inputting into the method for manufacturing liquid

metal has proven an effective measure because precise Drocess

control or monitoring, in this case on the basis of simple

measurements, 1s possible.

According to one particularly advantageous configuration of the

method according to the invention, the reduction product 1is

buffered without cooling and/or fed to the method for

manufacturing liquid metal. By means of this process control it

1s possible to minimize heat losses and the expenditure of

energy 1n the entire method. The measure of lnertizing the hot

reduction product makes it possible to buffer the reduction

product, allowing undesired reactions such as, for example,

oxidation reactions to be reliably avoided.

According to one advantageous configuration of the method

according to the invention, the reduction product is direct

reduced iron (DRI). DRI is defined by a high -degree of

metallization, that is to say by a very high proportion of
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metal. The high reactivity of the hot DRI makes the protective

gas atmosphere necessary, 1n particular if the DRI has to be

puffered. The method according to the invention allows high

grade DRI to be used by utilizing the stored heat in a method

ror manufacturing, 1in particular, liquid steel. As a result, a

particularly efficient method which satisfies the highest

quality requirements is obtained.

According to a further advantageous configuration of the method

according to the invention, part of the reduction product which

cannot be processed directly in the method for manufacturing a

liquid metal is extracted from the method
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for coupling. This measure permits, 1n the first 1instance,

production quantities to be adapted when there are different

capacities between the coupled methods and/or allows adaptation

to specific method states such as, for example, 1n the event of

faults in the method for manufacturing a liquid metal.

According to one possible embodiment of the method according to
the 1nvention, the reduction product, and 1if appropriate the
starting material 1s buffered alternately 1in at least two
buffer devices and fed to the method for manufacturing a liquid

metal. The alternating method of operation allows the

continuous process to be decoupled from the discontinuous part

of the process. Furthermore, the buffering also provides a

safety function for brief faults.

The object according to the invention is achieved by means of

the method according to the invention for operating a conveyor

system according to the characterizing part of claim 32. The

inventive rinsing of the space in the conveyor system and

inslide the cover with protective gas ensures that ambient

atmosphere does not penetrate and as a result contact with the

material to be conveyed does not occur. In particular in the

case of hot material to be conveyed, chemical reactions between

the material to be conveyed and the ambient atmosphere can be

prevented 1in this way. Shielding the material to be conveyed by

means of a cover also reduces the ambient load, for example due

to dust composed of fine particles in the material to be

conveved.

One particular embodiment of the method according to the
invention provides for the protective gas between the cover and
the conveyor system to be set to a low excess pressure of 0.01

to 0.4 bar, in particular 0.05 to 0.1 bar, relative to the

surroundings, that the sucking in of ambient atmosphere into
the conveyor system 1is prevented by the thermally induced

suction in the conveyor system. The thermally induced suction
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occurs principally in conveyor systems with a relatively large

C

hot. This results 1n suction, which can

gt

angle of inclination and when the material to be conveyed is

suck 1n, for example,

ambient air, 1n the entire region of the conveyor system. In

order to reliably avoid the ingress of air, it is necessary to

largely compensate for the suction by supplying- a protective

gas and to reliably prevent the entry of

ambient atmosphere. To

do this 1t 1s necessary to maintain an at least low excess

pressure of the protective gas in the re'gion of the conveyor

system or 1nside the cover.
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According to one possible configuration of the method according

’ ad

to the 1invention, the process gas of a reduction system or a

burnt process gas from a reduction system, a flue gas from a

metallurgical smelting furnace or an inert gas, in particular
nitrogen, or mixtures thereof, are used as the protective gas.

Furthermore, 1t 1s also possible to wuse mixtures of the

atoresaid gases. The wuse of process gases provides the

advantage that these gases are very cost effective and can be

P

ficient quantities. If a sufficient

made availilable in su:
quantity of protective gas 1s not available, additional

protective gases such as, for example, nitrogen can also be

used.

These are described in more detail below by reference to

possible configurations.

Figure 1 shows the conveyor system according to the invention

in a sectional view transversely with respect to the conveying

direction,

figure 2 shows the conveyor system according to the invention

according to the invention in a schematic 11lustration,

figure 3 shows the composite system according to the invention

1n an overview, and

figure 4 shows the composite system according to the invention

1n a schematic 11llustration.

The most significant components are illustrated 1n a sectional

view 1in Iigqure 1. The conveyor system has conveyor elements 1

for accommodating the material to be conveyed, which conveyor

elements 1 can be embodied, for example, as conveyor cells or

buckets such as are known from star feéders Or bucket

conveyors. The bucket conveyors slide, for example, on rails by

means of wheels, it being possible to connect the buckets to
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one another by means of chains. The cover 2 1is arranged above

and to the side of the conveyor elements 1 and is formed from

lateral gastight walls 3 and upper gastight walls 4. These

walls have thermal insulation which on the one hand prevent

~warm material to be conveyed from cooling and on the other hand

have a protective function for the surrounding steel structure.

Furthermore, these walls avoid excessive loading of the

surroundings with dust and exhaust gases.

Laterally arranged distributor lines 5 penetrate the lateral

walls 3, the distributor lines 5 distributing, as perforated

lines, a protective gas within the walls. The *rinsing wlth
protective gas principally protects the material to be conveyed

against undesired reactions, in particular against oxldation,

1f it 1is still hot and has a high degree of reactivity with

alr.
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The distributor lines 5 have bore holes and/or slits on their

upper sides and under sides, and these ensure directional

inputting of the protective gas. This measure avolds any

production of dust as a result of the material to be conveyed

flowing directly 1in. Furthermore, reliable rinsing of the

region within the covers 1s ensured. The downwardly directed

partial quantity of introduced protective gas also prevents the

entry of ambient atmosphere since an outwardly directed

quantity of protective gas 1s always present.

In the region of the upper edge of the conveyor element 1,

throttle ledges 10 are provided which prevent the ingress of

amblent atmosphere 1into the conveyor element. In addition,

sealing gaps 9 are provided by means of projecting elements in

P

the region of the lower side walls of the material 1 to be

conveyed, and these are provided to discharge excess protective

gas and to cool the system.

Figure 2 shows the conveyor system in a possible arrangement.
The material to be conveyed is applied to the conveyor system

at the feeding in point 14 by means of a conveyor element 11,

which may be embodied for example as a star feeder. The star

feeder permits a precise quantity to be fed onto the conveyor

elements 1. In order to minimize the dust'load in the region of

the feeding in point 14 and the ejection point 15, extractor

devices 16, 1in particular injector extractors, are provided.

For the purpose of cooling, extractor pipes are arranged 1in

such a way that the sucked out gases or dust particles can be

F

cooled by means of sucked in secondary air.

The feeder means for the material to be conveyed have at least

one slider wvalve and one ball valve so that the conveyor
element 11 can be shut off. The conveyor element can be rinsed
by means of protective gas so that even in this region the

material to be conveyed can be protected effectively against

ambient atmosphere. The chute which is rinsed with protective
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gas 1s provided in the region of the conveyor element 11 in

order to feed the material to be conveyed onto the conveyor

element.

The conveyor system 1s rinsed with protective gas via the

distributor lines 5 via a central protective gas supply 8 and

separate supply lines 7 which are connected to feeder lines 6

which are combined 1in certain sections. Owing to the
arrangement 1n sections it is possible to adapt the quantity of

protective gas to the local situation, that is to say to adapt

-~

the quantity of protective gas correspondingly.
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Figure 3 1is an overview of a possible arrangement of the

composite system according to the invention. A reduction system

17 such as, for example a direct reduction system produces a
for example, hot, direct reduced iron (HDRTI)

precursor such as,
for a process assempbly arranged downstream, for example an

electric steel works. The two systems are connected to one

another via the conveyor system 19 according to the invention,

precursor can also be transported directly via the conveyor

system in the hot state and fed to the process assembly. The

inventive shielding of the precursor during the entire

considerable differences 1n height also being overcome. The

transportation process makes it possible to avoid undesired
reactions with the ambient atmosphere and to keep the
environmental load low. Before the further processing of the

precursor 1n the process assembly, the precursor is buffered in

a buffer device 20 which is usually arranged above the process

assembly. In order to keep heat losses low, the buffer device

has thermal i1nsulation.

Figure 4 illustrates the system situation between the reduction

system 1/ and the process assembly 18. The buffer device 20
advantageously has two buffer silos 21, 22 for accommodating
the precursor. These can be charged or emptied alternately. In

order to close off the buffer silos 21 and 22 in a gastight

fashion, at least one master slide 24 and one ball valve 23 are

provided. In order to rinse the buffer silos 21 and 22,

connections 25 are provided for feeding in protective gas. In

addition, the buffer silos have venting means (not 1llustrated)

for discharging protective gas. Furthermore, feeding devices 26

for feeding in additional starting materials into the buffer

silos 21 and 22 can be provided. The precursors to be charged

are 1ntroduced in a controlled fashion from the buffer device

20 via a feed element 28 1into the process assembly 18 for

further processing. In order to permit continuous monitoring of

the quantity of material in the buffer device, welghing devices
27 are provided at all the buffer silos 21, 22.
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In order to permit reliable emptying of the buffer device 20 in

fault situations, the buffered material can be discharged via a

line 32 or 33. In the process, a material cooler can also be

connected downstream.

In addition, in a fault situation a discharge means 29 for the

preliminary material from the reductlion system 17 1s provided,
it being possible to place the hot preliminary material 1n a

material cooler 30 before 1t 1s dumped, for example.
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Patent Claims

1. A conveyor system, 1n particular bucket conveyor or star

feeder, with conveyor elements (1) for conveyling pelletized,

hot, material to be conveyed, having a gastight cover (2) for
shielding the material to be conveyed, characterized in that at
least one distributor line (5) for feeding in a protective gas

1s provided on at least one 1inner side of the cover (2) so that

the space 1n the conveyor system and inside the cover (2) can

be rinsed with protective gas in order to avoid ingressing the

ambilent atmosphere, wherein the cover (2) has lateral gastight
walls (3) and upper gastight walls (4), and the distributor

lines (5) have bore holes and/or slits on their upper sides and

under sides, such that the protective gas is fed in directed
upward and/or downward parallel to the lateral cover (3) ', in

order to form an outward directed stream of protective gas.

2 . The conveyor system as claimed in claim 1, characterized

in that the cover (2) has heat insulation in order to reduce

’

the cooling of the material to be conveyed.

P

3. The conveyor system as claimed in one of the above claims,

characterized in that the distributor lines (5) are embodied as
perforated pipes in order to uniformly distribute the

protective gas inside the cover (2).

4 . The conveyor system as claimed in one of the above claims,
characterized in that a multiplicity of distributor lines (5)

on the conveyor system permits at least one protective gas to

pe supplied in a way which can be regulated separately at least

in certailn areas.

5. The conveyor system as claimed in one of the above claims,

characterized in that the protective gas can be applied to the

AMENDED SHEET
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distributor lines (5) via feed lines (6) which are combined in
certain sections and which are respectively connected to

separate supply lines (7) with at least one central protective

gas supply (8).

6. The conveyor system as claimed in one of the above claims,

characterized 1in that the conveyor system is arranged at an

incline, 1in particular at an angle of 10° to 50°, preferably at
an angle of 20° to 35°.

7. The conveyor system as claimed in one of the above claims,
characterized 1in that the cover (2) has sealing gaps (9)
adjoining the conveyor system, in order to carry off excess

protective gas and to cool the conveyor system.

AMENDED SHEET
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8 . The conveyor system as claimed in one of the above claims,
characterized 1in that throttle ledges (10) are provided above

the distributor lines in the region of the upper end of the

conveyor elements (1) 1n order to avoid air penetrating the

conveyor element (1), a gap being provided between the throttle

ledges (10) and the convevor elements (1).

F

9. The conveyor system as claimed in one of the above claims,

characterized in that the conveyor element (11), in particular
a cell wheel conveyor or a conveyor worm 1s provided in order
to charge the conveyor system in a controlled fashion, wherein,
pefore the conveyor <dystem 1is charged with material to be
conveved, the conveyor element (11) can be rinsed with

protective gas in order to remove atmospheric oxygen.

10. The conveyor system as claimed in claim 9, characterized

in that a master slide (12) 1is provided upstream of the

conveyor element (11), and a ball valve (13) downstream

thereof, in order to shut off the conveyor element (11).

11. The conveyor system as claimed in claim 9 or 10,

characterized in that the conveyor element (11) comprises a
conveyor chute, which can be rinsed with protective gas and has

the purpose of feeding the material to be conveyed on to the

conveyor system.

12. The conveyor system as claimed in one of the precedling
claims, characterized in that the extractor devices (16), in
particular injector extractors with separate dust hoods for
extracting dust, are provided in the region of the feeding in
points (14) and/or ejection points (15) of the conveyor system,
extractor pipes being arranged in the dust hoods in such 3 way
that even secondary air can be sucked in in order to cool the

extracted gases or dust particles.

AMENDED SHEET
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13. Composite system having a reduction system (17) for

reducing oxides 1in a continuous process, in particular a direct

reduction system, and a process assembly (18) for manufacturing
liquid metal, 1in particular an electric steel works, in a
discontinuous process, wherein the reduction product can be fed
from the reduction system (17) to the process assembly (18),

characterized 1n that a conveyor system (19) according to one

of claims 1 to 12 is provided for transporting the reduction

C"‘"‘

Ler

product from the reduction system (17) into at least one bu:

device (20) for receiving the reduction product and/or further

starting materials and also for charging the process assembly

(18) .

AMENDED SHEET
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14. The composite system as claimed in claim 13, characterized

in that the buffer device (20) comprises at least one buffer

sillo.

15. The composite system as claimed in c¢laim 13 or 14,

. characterized in that the buffer device (20) comprises two

buffer silos (21, 22) for alternately charging or emptyilng.

16. The composite system as claimed in one of claims 13 to 15,

characterized in that the buffer device (20) has an insulating

means.

17. The composite system as claimed in one of claims 13 to 16,

characterized in that the buffer device (20) has at least one

ball valve (23) and/or a master slide (24) for closing off the

buffer device (20) in a gastight manner.

18. The composite system as claimed in one of claims 13 to 17,
characterized 1in that the buffer device (20) has connections

(25) for rinsing with protective gas and/or a cooling gas, 1n

F

particular an inert gas, for cooling in the case of a fault.

19. The composite system as claimed in one of claims 13 to 18,
characterized in that the feeding 1n device (26) for additional

starting materials 1is provided on the buffer device (20).

20. The composite system as claimed 1n one of claims 13 to 19,
characterized in that the buffer device (20) has at least one
continuous weight measuring device (27) for measuring the

buffered reduction products and/or the starting materials.

21. The composite system as claimed in one of claims 13 to 20,

characterized in that the buffer device (20) has at least one

conveyor element (28) for the regulated charging of the

AMENDED SHEET
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reduction product and/or the starting materials into the

process assembly (18).

22. The composite system as claimed in one of claims 13 to 21,

characterized 1in that a discharge (29) for the reduction

-

product 1s provided upstream of the conveyor system (19), said

discharge (29) being connected to a material cooler (30) for

accommodating and cooling the reduction product.

AMENDED SHEET
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coupling
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manufacturing ligquid metal

ad

in a contilinuous

1n

18 -
direct reduction method, for
process, and a method for
a discontinuous process, 1in

particular an electric steel method for manufacturing liquid

steel,

to the method for manufacturing liguid metal

characterized 1n that the

a reduction product being i

"ed from

reduction product

the reduction method

for processing,

1s fed to the

P
P

method for manufacturing liquid steel directly by means of a

conveyor system as

buffering 1n at 1least one buffer device and, if

wlith at least one

buffer device,

claimed i1in one of claims

further starting material being

the reduction product and,

1 to 12,

F

wlth
appropriate,
fed 1nto the
the

1f appropriate,

starting material always being conveyed under a protective gas

atmosphere.

24 .

The method as claimed in claim 23,

characterized in that

the reduction product and/or the starting materials are fed

discontinuously from the buffer device

into the method for

manufacturing a liquid metal.

25.
that the inputting of the reduction product into the method for

The method as claimed in claim 23 or 24, characterized in

manufacturing a liquid metal 1is carried out in a requlated

p—
—

fashion on the basis of a continuous weight measurement in the

buffer device.

P

Of claims

26. The method claimed in 23 to 25,

characterized in that the reduction product is buffered without

adS Oolle

cooling and/or is fed to the method for manufacturing a liquid

metal.

P

OL

27. The method claimed in one claims 23 to 26,

characterized in that the reduction product is directly reduced

dS

iron.

AMENDED SHEET
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28. The method as claimed 1in one of claims 23 to 27,

characterized 1in that part of the reduction product which

cannot be processed in the method for manufacturing a liquid

metal 1s discharged from the method for coupling.

29. The method as <claimed 1n one of c¢laims 23 to 28,

| o

characterized in that the reduction  product and, 1f

appropriate, the starting material, are alternately buffered in

at least two buffer devices and fed to the method for

manufacturing a liguid metal.

AMENDED SHEET
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30. A method for operating a conveyor system, 1in particular a

gr—p

beaker conveyor or star feeder, having conveyor elements for

feeding pelletized, in particular hot, material to be conveyed,
having a cover for shielding the material to be conveyed,

characterized 1n that the space 1n the conveyor system and

P

inside the cover 1s rinsed by means o0of a protective gas,

introduced via at least one distributor line, in order to avoid
ingressing ambient atmosphere, wherein the protective gas
between the cover and the conveyor system 1is set, relative to

the surroundings, to a slight excess pressure of 0.01 to 0.4

P

bar, in particular 0.05 to 0.1 bar, such that the sucking in o:

ambient atmosphere into the conveyor system 1is prevented by the

thermally 1nduced suction i1n the conveyor system.

31. The method as claimed 1in claim 30, characterized in that

the process gas of a reduction system or a burnt process gas

from a reduction system, a flue gas from a metallurgical
smeltling furnace or an 1nert gas, in particular nitrogen, or

mixXtures thereof are used as the protective gas.

AMENDED SHEET
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