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Description

[0001] The present invention relates to processes for
the direct reduction of iron oxide particles to still solid
particles containing mainly metallic iron by the use of
recirculated and regenerated hot reducing gases. Most
typically, the hot reduced particles are cooled with a re-
circulating cooling gas with natural gas added as make
up to the cooling gas.
[0002] Direct reduction processes are currently utilized
in the steel industry as an alternative to blast furnaces,
mainly in areas where natural gas is available and rela-
tively low-capacity steelmaking plants are desired. Direct
reduction processes of the moving bed type are exem-
plified by U.S. Patent Nos. 4049440; 4556417; 5858057;
5110350; 5437708; and 6319301. In these processes,
iron-containing particles in the form of pellets, lumps or
mixtures thereof are charged to a reduction zone in the
upper part of a moving bed shaft-type reduction reactor
where the iron oxides of the ore particles are chemically
reduced to metallic iron by means of a high-temperature
reducing gas. The reduced and metallized iron particles
or DRI (direct reduced iron) at a temperature above about
800°C are discharged from said reduction reactor
through a cooling zone in its lower part, where commonly
they are cooled down to about ambient temperature to
prevent re-oxidation of the DRI when discharged and
contacted with air. To this end, a non-oxidizing gas
stream is circulated in a cooling loop comprising the cool-
ing zone of the reactor, a gas cooler for extracting the
heat taken by the cooling gas from the hot DRI, a cooling
gas compressor for recycling a major portion of said cool-
ing gas back to said cooling zone and suitable connecting
piping and control means for a continuous operation of
said cooling gas loop. Usually, the gas utilized as cooling
medium is natural gas mixed with reducing gas contain-
ing hydrogen and carbon monoxide. Even if pure natural
gas is circulated as cooling gas through the cooling zone,
the hydrocarbons present in the natural gas (methane,
ethane, propane, aromatics, etc) will in some proportion,
depending on the temperatures and time encountered,
partially transform into hydrogen and carbon monoxide
through the catalytic action of the DRI at the temperatures
encountered by said cooling gas in the cooling zone.
[0003] Gas ejectors are currently utilized in several in-
dustrial processes and plants for moving gas streams.
Some examples of suggested ejector applications are
described below.
[0004] German Laid-Open Patent Applications Nos.
DE 4010602 and DE 4010603 describe a process for
ammonia production where an ejector is used for up-
stream recycling of a gas stream using a higher pressure
gas stream from the same process. The processes
shown in these applications are different and in both of
them an ejector is utilized instead of a compressor for
increasing the pressure of a gas so that it can be fed to
the first steps of the process.
[0005] U.S. Patent 6,508,998 issued to Nasato disclos-

es the use of an ejector in a Claus plant for sulfur recovery
from a hydrogen sulfide containing gas. An ejector 46 is
employed for recycling a portion of the gas effluent from
the oxidation and heat-recovery vessels to the burner of
the oxidizing reactor. The motive fluid for the ejector may
be selected from steam, air, nitrogen, carbon dioxide,
sulfur dioxide or other compatible gases.
[0006] U.S. Patent 6,818,198 issued to Singh et al. dis-
closes an autothermal reforming process wherein a por-
tion of the syngas produced is recycled to the reformer
utilizing an ejector 124 wherein the motive fluid stream
is a mixture of hydrocarbon and steam. In this case the
ejector also serves as a mixer of the feed gas to the re-
former and recycled syngas product. Syngas recycling
increases the proportion of hydrogen in the product gas.
[0007] U.S. Patent 4,325,731, issued April 20, 1982
(with a 1979 priority date) is the only one known to Ap-
plicant and his assignee that even has a suggestion of
any use of an ejector in conjunction with a DRI reduction
reactor. This patent is completely silent as regards any
cooling of the DRI.
[0008] This patent only incidentally shows an ejector
7 using gasifier product 6 as the motive gas to mix with
and feed a reformer 10 with scrubbed depleted reducing
gas 8 from a reduction reactor 12. This feature was not
claimed. Even the suggested use of ejectors apparently
has not proven practical (for recycling reducing gas).
Contrary to the suggestion in this quarter-century old ref-
erence, Applicant and his assignee are not aware that
this suggestion has ever been commercially implement-
ed or proven to have been effective or beneficial in such
an application.
[0009] More to the point, there is no suggestion what-
soever in this patent to use an ejector in the cooling gas
recycle loop of a DRI reduction plant, much less any rec-
ognition of the many advantages thereof; especially in-
cluding being able to take advantage of the high pressure
natural gas supply that is furnished from outside mer-
chant sources and thus exist as a "free" motive energy
source. All this is in spite of such pressurized natural gas
having been used as a feed stock source in commercial
DRI plants for almost 50 years and never before having
been taken advantage of in this way.
[0010] It should be noted that a given volume of natural
gas, upon being reformed, gives a gas that increases in
volume four times. Thus, if the volume of gas fed as make-
up feed stock to the reducing gas loop in a commercially
viable DRI plant is insufficient to drive an ejector to cir-
culate the recycle reducing gas; then this insufficiency
would be even greater where the make-up is a fractionally
smaller volume of unreformed natural gas. Yet the Ap-
plicant surprisingly has found that the volume of make
up, even in the form of natural gas, when fed to the cooling
zone is effective to drive ejector(s) sufficient to replace
the compressor used in the cooling gas recycle loop. An-
other reason, that in hindsight can be seen to make this
viable in the cooling zone, is that the pressure needed
to drive the recycle gas in the cooling gas loop is typically
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on the order of less than one fifth of that needed to drive
recycle gas in the reducing gas loop. The cooling gas
loop essentially has only the cooling zone and the cool-
er/scrubber, while the reducing gas loop will at least in
addition also have a heater and/or a reformer (see 10 in
the ’731 patent).
[0011] United States patent publication no. US
6,027,545 describes a method and apparatus for produc-
ing direct reduced iron with improved reducing gas utili-
zation. British patent application publication no. GB
2,265,380 A describes a process for producing hydrogen
and/or carbon monoxide. However, neither of these pub-
lications discloses recycling of cooling gas in a cooling
gas recycle loop accomplished at least partly by means
of at least one ejector driven by a high pressure stream
of a non-oxidising make-up gas as a motive power for
the ejector.
[0012] It is desirable to overcome several shortcom-
ings of the relevant prior art for the production of DRI, by
utilizing for the first time an ejector in the cooling loop
and where, for the first time in the almost 50-year com-
mercial production of DRI, the high-pressure of the com-
monly-present natural gas make-up feed is utilized as
the motive power for an ejector to mix with and drive any
recycle gas.
[0013] It is further desirable to provide a process and
apparatus for the direct reduction of iron ores with impor-
tant savings in capital and operational expenses over
existing processes and apparatus for the production of
DRI.
[0014] It is also desirable to provide a process and ap-
paratus for the direct reduction of iron ores that requires
less expensive equipment and less electrical energy than
other similar processes now in operation.
[0015] In one aspect, the invention provides a process
for producing direct reducing iron, DRI, in a reduction
reactor plant having a reduction zone and a cooling zone,
a reducing gas recycle loop is provided including said
reduction zone and a cooling gas recycle loop including
said cooling zone, wherein iron oxide-containing parti-
cles are fed to said reduction zone, said iron oxide-con-
taining particles are reduced to metallic iron-containing
DRI in said reduction zone by reacting with a high-tem-
perature reducing gas comprising hydrogen and carbon
monoxide circulating in said reducing gas recycle loop,
still-hot DRI is fed to said cooling zone, a cooling gas is
circulated in said cooling gas recycle loop through said
cooling zone to cool-down said DRI and with at least a
portion of said cooling gas being withdrawn from said
cooling zone, cooled and scrubbed, mixed with a com-
patible high pressure make-up gas stream, and recircu-
lated along the cooling gas recycle loop back to said cool-
ing zone, and the cooled DRI is discharged from said
cooling zone; the improvement comprising the recycling
of the cooling gas in said cooling gas recycle loop is at
least partially accomplished by means of at least one
ejector driven by the high pressure stream of a non-oxi-
dizing make-up gas as the motive power for said ejector.

[0016] In another aspect, the invention provides an ap-
paratus for producing DRI comprising a reduction reactor
having a reduction zone in its upper part and a cooling
zone in its lower part; means for charging iron- oxide-
containing particles to said reduction zone, means for
circulating a high-temperature reducing gas comprising
hydrogen and carbon monoxide through said reduction
zone to reduce iron oxide particles therein to produce hot
DRI; a cooling gas recycle loop including as elements
thereof; said cooling zone for cooling down said hot DRI,
a cooler scrubber for cooling gas effluent piped from the
cooling zone along said loop, at least one ejector for re-
cycling at least a portion of said cooled and scrubbed
cooling gas back to said cooling zone, a source of a high-
pressure non-oxidizing make-up gas piped to each such
ejector so as to serve as the motive fluid for each respec-
tive ejector, and piping to join these cooling gas recycle
loop elements; and means for discharging cooled DRI
from said cooling zone.
[0017] In order that the invention will be more readily
understood, embodiments thereof will now be described,
by way of example only, with reference to the drawings,
and in which:-

Figure 1 is a schematic representation of a first em-
bodiment of the direct reduction process according
to the present invention, where the reducing gas cir-
culated through the reduction zone is produced in a
reformer and the cleaned and cooled recycle cooling
gas is driven back to the cooling zone of the reduction
reactor by an ejector using the high-pressure natural
gas make-up gas as the motive gas stream;
Figure 2 is a schematic representation of a similar
embodiment of the direct reduction process accord-
ing to the present invention, also using an ejector in
the cooling gas loop, but differing from the process
of Figure 1 in the configuration of the reducing gas
loop (where the gas stream effluent from the reduc-
tion zone is recycled back to said reduction zone
passing through a natural gas reformer);
Figure 3 is a schematic representation of a similar
embodiment of the direct reduction process accord-
ing to the present invention, also using an ejector in
the cooling gas loop, but differing from the processes
of Figures 1 and 2 in the configuration of the reducing
gas loop (where a portion of the reducing gas effluent
from the reduction reactor is recycled back to said
reduction zone through a reformer and another por-
tion through a heater); and
Figure 4 is a schematic representation of a similar
embodiment of the direct reduction process accord-
ing to the present invention, also using an ejector in
the cooling gas loop, but differing from the processes
of Figures 1 to 3 in the configuration of the reducing
gas loop (where no reformer at all is utilized in the
reforming of natural gas).

[0018] Embodiments of the present invention are di-

3 4 



EP 2 024 521 B1

4

5

10

15

20

25

30

35

40

45

50

55

rected to the direct reduction of iron oxide particles to
produce direct reduced iron (DRI), also known in the in-
dustry as sponge iron. More specifically, embodiments
of the present invention are directed to improvements in
the methods and equipment employed for recycling cool-
ing gas to the cooling zone of a direct reduction reactor.
[0019] For the nearly fifty years of commercial produc-
tion DRI, the reducing and cooling gases have been re-
circulated by means of large and expensive compres-
sors.
[0020] In embodiments of the present invention, the
normal compressor utilized for circulating the stream of
cooling gas through the lower portion of a direct reduction
reactor is preferably replaced, or at least supplemented,
by at least one gas ejector; resulting unexpectedly in pre-
viously unrecognized and surprisingly effective important
technical and economic advantages. As discussed in
greater detail below, savings in the millions of dollars in
reduced large initial capital costs and as well as greatly
reduced operational savings in electrical energy and up-
keep result.
[0021] Embodiments of the invention, in using ejec-
tor(s) replace the conventional large mechanical com-
pressor for circulating cooling gas; or, in existing instal-
lations, at the very least give relatively inexpensive sup-
port for such a compressor and thus additionally avoids
the capital and upkeep costs of a no longer needed, dra-
matically more expensive, stand-by or supplemental
compressor.
[0022] Embodiments of the present invention are di-
rected to a process for reducing iron oxides in iron ores
to metallic iron (DRI) in the solid state in a moving bed
reactor by means of a high-temperature reducing gas,
where the DRI produced in the reduction zone is cooled
down in a cooling zone of the reactor or in a separate
cooling vessel by contact with a cooling gas stream which
is recycled to said cooling zone by means of an ejector;
preferably utilizing the motive power derived from the ex-
isting high pressure stream of natural gas already being
fed as make up to the recycle cooling gas stream.
[0023] Embodiments of the invention are generally
achieved by providing a method for producing direct re-
duced iron (DRI) in a reduction reactor comprising a re-
duction zone in its upper part and a cooling zone in its
lower part; a reducing gas loop comprising said reduction
zone and a cooling gas loop comprising said cooling zone
and an ejector for recycling cooling gas to said cooling
zone; wherein said method comprises feeding iron ox-
ides-containing particles to said reduction zone; reducing
said iron oxides to metallic iron in said reduction zone by
reacting said iron oxides with a high-temperature reduc-
ing gas comprising hydrogen and carbon monoxide to
produce said DRI; causing said DRI to flow to said cooling
zone; circulating a cooling gas stream through said cool-
ing zone to cool-down said DRI; withdrawing at least a
portion of said cooling gas from said cooling zone; cooling
said withdrawn cooling gas; feeding as a motive fluid to
said ejector a high-pressure gas stream and as the driven

fluid at least a portion of said cooling gas; and discharging
the DRI from said cooling zone.
[0024] The motive fluid for the ejector may be natural
gas or otherwise selected from any pressurized inert or
reducing compatible with the Direct Reduction process.
[0025] In another embodiment of the invention there is
also provided an apparatus for producing DRI comprising
a reduction reactor having a reduction zone in its upper
part and a cooling zone in its lower part; means for charg-
ing iron-oxides-containing particles to said reduction
zone wherein said iron oxides are reduced to metallic
iron by reacting said iron oxides with a high-temperature
reducing gas comprising hydrogen and carbon monoxide
to produce said DRI; means for circulating a cooling gas
stream in a cooling-gas loop comprising said cooling
zone to cool down said DRI; means for withdrawing at
least a portion of said cooling gas from said cooling zone;
means for cooling said withdrawn cooling gas; an ejector
for recycling a portion of said cooled cooling gas to said
cooling zone by feeding as a motive fluid to said ejector
a high-pressure gas stream and as the driven fluid at
least a portion of said cooling gas; and means for dis-
charging the DRI from said cooling zone.
[0026] In a further embodiment of the present inven-
tion, the process and apparatus for reducing iron ores to
metallic iron (DRI) incorporate at least one ejector in-
stalled in parallel with the cooling gas compressor (es-
pecially in a retrofit for existing installations), whereby
the ejector is used whenever said cooling gas compres-
sor is unavailable or is shut down for maintenance (or
vice versa). In yet another variation two ejectors are in-
stalled in parallel and operate as needed, together, al-
ternately, or with one backing up the other.
[0027] References to the figures have been arranged
so that the same numerals designate similar elements in
all figures.
[0028] Referring to Figure 1, numeral 10 generally des-
ignates a reduction reactor having a reduction zone 12
in its upper part and a cooling zone 14 in its lower part.
Natural gas supplied from a suitable source 16 is fed
through pipe 18 with steam and/or CO2 from a source 20
to a reformer 22 where hydrocarbons (mainly methane)
present in said natural gas react with water/CO2 to pro-
duce hydrogen and carbon monoxide in the presence of
a nickel catalyst. The reformed gas is added through pipe
24 (after heat recuperation and cooling not shown for
simplicity) to the reducing gas recycle loop by combining
the fresh reformed gas produced offline with reducing
gas being recycled through the pipe 26. The thus-com-
bined stream is heated to temperature above about
850°C in heater 28. The resulting hot enhanced recycle
reducing gas is fed through pipe 30 to reduction zone 12
where it contacts, and reduces to DRI 33, the iron ore
particles 32 fed into the upper part of said reduction zone
12. Reacted residual reducing gas is withdrawn as an
effluent with depleted reducing capacity from said reduc-
tion zone 12 through pipe 46 and fed to heat exchanger
48 wherein it transfers heat to water 50 to produce steam
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52. This steam 52 may be used in other parts of the re-
duction plant, for example in system 54 for the removal
of CO2, discharged via pipe 56. After passing through
heat exchanger 48, the reducing gas flows through pipe
58 to a cooler 60, usually of the direct contact type. There
the gas is contacted with cool water whereby the hot wa-
ter by-product of the reduction reactions in zone 12 is
condensed and removed from the reducing gas. A portion
of the cooled reducing gas is purged from the system
through pipe 62 and pressure control valve 64. This
purged reducing gas from pipe 62 may be used as fuel
to be fed as at least part of source 17 via line 19 to heat
the reformer 22 and/or fed optionally to heat the gas heat-
er 28 (a variation not shown, for simplicity). The major
portion of the cooled reducing gas flows through pipe 66
and is pressurized by compressor 68 for recycling ulti-
mately back to the reduction zone 12. The pressurized
recycle reducing gas is fed via pipe 70 to a CO2 removal
system 54, normally of the chemical absorption type
wherein carbon dioxide is absorbed in a liquid stream
containing amines. In some cases however, this CO2 re-
moval system 54 may be of the physical adsorption type,
known as (pressure swing adsorption) PSA or (vacuum
swing adsorption) VSA. The recycle reducing gas with
lowered amounts of water and carbon dioxide is heated
in heater 28 to a temperature above about 850°C before
it is fed back to the reduction zone 12. The hot reducing
gas may be combined with a hydrocarbon from source
34 through pipe 36 provided with control valve 38 and
with oxygen from source 40 through pipe 42 and valve
44 for further increasing its temperature to levels above
about 1000°C and at the same time for carrying out a
reforming partial oxidation of the hydrocarbons thus in-
creasing the reducing gas capacity of the recycle reduc-
ing gas.
[0029] Referring now to the cooling gas loop, high-
pressure natural gas from a source 72 is fed through pipe
76 and valve 78 as motive fluid to ejector 80. A portion
of the recycle cooling gas in pipe 90 is regulated by valve
92 and is recycled by the ejector 80 back into the cooling
zone 14 via pipe 82. After cooling the DRI in the cooling
zone, the warmed up cooling gas is withdrawn via pipe
84, cooled back down in cooler/scrubber 86 and fed on
to the ejector(s) via pipe 88.
[0030] Utilization of natural gas as motive fluid for the
ejector(s) in this preferred process provides significant
advantages:

The cooled recycle gas in current DRI plants is pre-
maturely heated by the mechanical compression of
the compressors used; but this is avoided when the
compressor is replaced by ejector(s); and therefore,
the after-cooler which is normally associated with
compressors is eliminated, thus further decreasing
both capital and operational costs, while improving
process parameters.

[0031] When the hydrocarbons present in the natural

gas contact the hot DRI in the cooling zone 14, a portion
of said hydrocarbons crack and decompose to simpler
molecules and finally to hydrogen and carbon monoxide.
Since the cracking reactions are endothermic, feeding
the natural gas to the cooling zone contributes positively
in the cooling of DRI.
[0032] Mechanical compressors are expensive pieces
of equipment and require costly maintenance, therefore
the substitution for the mechanical compressor by ejec-
tors saves significant capital and operation costs of the
process. For a new plant, an embodiment of the present
invention represents a capital cost reduction on the order
of 1 million dollars, which is the estimated cost of a com-
pressor. The cost for ejectors with a similar capacity is
on the order to 10 thousand dollars. Operation and main-
tenance of the direct reduction plant in accordance with
embodiments of the present invention are therefore sig-
nificantly simplified.
[0033] In another preferred embodiment of the inven-
tion, a second ejector 94 is provided as a safety measure
to assure operational continuity of the process as a back-
up of the other. Ejector 94 is connected to the motive gas
source 72 via pipe 74. Alternate operation of ejectors 80
and 94 as required is selected by means of valves 78,
98, 92 and 96 in order to isolate one of the ejectors. If
more gas recycling capacity is desired than is within the
capacity of one ejector, it is possible to simultaneously
operate both and control the amount of cooling gas being
recycled by appropriate manipulation of valves 78 and
98 (which regulate the flow rate of the motive fluid to the
respective ejectors).
[0034] A portion of the cooling gas circulating through
the cooling gas loop may be utilized as fuel in the gas
heater 28 by means of pipe 37 and valve 39 (and/or to
heat the reformer 22, see for example Figures 2 & 3).
[0035] A mechanical compressor 89 and connecting
pipe 99 have been shown in the figures in dotted lines to
indicate that in another embodiment of the invention ap-
plicable to existing plants, the cooling compressor may
be connected in parallel with the ejector(s) but preferably
operating, under the control of the regulator valve 100,
at a lower capacity or operating intermittently, if desired.
Savings in operational and maintenance costs will be al-
so achieved, even if ejectors 80 and 94 are utilized only
intermittently.
[0036] In retrofitting an existing plant, the compressor
can function as a backup, so only one ejector need be
installed (depending on the capacity requirements).
[0037] In another embodiment of the invention an ejec-
tor can be installed in an existing plant already operating
with a mechanical compressor in the cooling loop in order
to increase the cooling capacity of the reduction zone
and therefore the production capacity of the plant.
[0038] In another embodiment of the invention, two
ejectors of different capacity may be installed. This ar-
rangement allows flexibility in the operation of the plant.
For example, the first ejector may be rated at 75% of the
pre-designed flow rate capacity and the second ejector
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may be rated at 25% of the pre-designed flow rate ca-
pacity. With this arrangement, the recycle capacity may
be set at 100% of the pre-designed flow rate capacity if
both ejectors operate simultaneously, 75% of the recycle
capacity if the second ejector is shut down and 25% of
the recycle capacity if the first ejector is shut down. It is
to be understood that many other combinations may be
selected for two or three ejectors and increase the range
of operational capacities, if so desired.
[0039] In a further embodiment of the invention, at least
one ejector is installed connected in parallel with the cool-
ing gas compressor, with the intention of minimizing the
non-productive time and therefore production loss due
to a plant shut-down due to problems of the cooling loop
compressor. In such cases, operating the ejector(s) will
permit continuing production while the compressor is re-
paired.
[0040] Referring now to Figure 2, the embodiment
shown there is similar to the direct reduction process of
Figure 1, except that the natural gas from source 16 is
added before reformation directly to the cooled recycle
reducing gas effluent from the reduction zone 12, which
effluent, still containing significant amounts of CO2 (in
addition to some H2O), is fed via pipe 26’ to the in-line
catalytic reformer 22 to produce an enhanced recycle
reducing gas (now mainly composed of the reducing gas-
es H2 and CO). Pipe 37 in this Figure 2 can be used to
feed some of the cooling gas to fuel the reformer 22
(which also functions as a heater for the recycle reducing
gas). The cooling zone and the arrangement of ejectors
80 and 94 is the same as shown in Figure 1.
[0041] The embodiment shown in Figure 3 comprises
both an in-line catalytic reformer 22 and a separate sup-
plemental heater 28, operating in parallel. The depleted
reducing gas withdrawn at 46 from the reduction zone
12, after being cooled and scrubbed at 60 and pressu-
rized at 68, is then split; with one portion recycling via
lines 25 and 26 of the heat exchanger 48 and back on
through the heater 28 to the reduction zone 12 via line
30, and with the other portion recycling via line 71 on
through the reformer 22 and then back to the reduction
zone 12 via lines 29 and 30. Make-up hydrocarbon gas
can be supplied from sources 16, 34’ to the reformer 22
or to the heater 28, respectively (as needed), through
control valves 18, 38’. All of the natural gas/hydrocarbon
gas sources in all of the drawings (including sources 16,
17, 34, 34’, and 72) can optionally all be the same. The
cooling zone and the arrangement of ejectors 80 and 94
is the same as shown in Figure 1.
[0042] With reference to Figure 4, the illustrated direct
reduction process does not have a catalytic reformer for
producing the reducing gas. The hydrocarbon reforma-
tion instead is mainly carried out within the reactor 10 by
reaction with steam from the humidifier 61 driven by the
catalytic action of the DRI and of the iron-oxides-contain-
ing particles present in the reduction zone 12. Natural
gas and/or other hydrocarbon make-up gas for such ref-
ormation can be added from either source 34 or 34’ (con-

trolled as needed by valves 38, 38’, respectively). The
temperature of the cleansed and humidified recycle re-
ducing gas, stripped of CO2 at 54, is advantageously first
raised by passing through heat exchanger 48, with its
related piping 25’ & 26, then is increased by heater 28
to a temperature above about 850°C, and finally is com-
bined in line 30 with a free-oxygen-containing gas from
source 40 in order to boost the temperature further up to
above about 1000°C by a resulting partial combustion of
the hydrocarbons etc. contained in such enhanced recy-
cle reducing gas. Some of the cooling gas may be trans-
ferred from the cooling gas loop to feed the gas heater
28 by means of pipe 37 having valve 39 to regulate the
flow rate of the transferred gas.
[0043] The cooling zone and the arrangement of ejec-
tors 80 and 94 is the same as shown in Figure 1.

Example 1

[0044] The cooling gas compressor in a direct reduc-
tion plant with the embodiment of the process shown in
figure 1 was substituted by an ejector utilizing as motive
gas a stream of natural gas fed at a pressure of 12 kg/cm2

absolute and at temperature of 25°C. The flow rate of
natural gas fed to the ejector was 175 NCMH per metric
Ton of Fe produced. The composition of natural gas was:
1.6% H2; 1.1% CO2; 93.3% CH4; 0.5% N2; 2.7% C2H6;
and 0.8% C3H8. The flow rate of recycle cooling gas en-
tering the ejector was 301 NCMH per metric ton of Fe
produced at a pressure of 4.65 kg/cm2 absolute and with
a composition as follows: 9.266% H2; 0.129% CO;
0.207% CO2; 89.089% CH4; 0.474% N2; and 0.836%
H2O.
[0045] A stream of cooling gas, effluent from the ejector
at a pressure of 5.25 kg/cm2 absolute, entered the cool-
ing zone at a flow rate of 476 NCMH per ton of Fe pro-
duced, at a temperature of 27°C and having the following
composition: 6.448% H2; 0.082% CO; 0.535% CO2;
90.637% CH4; 0.484% N2; 0.529 H2O; 0.993% C2H6;
and 0.294% C3H8. Savings in electric energy amount to
about 4 KwH/Metric ton of Fe produced. Further savings,
in the thousands of dollars, result from avoiding unnec-
essary maintenance and spare parts such as filters and
lubricating oil required for the formerly-used mechanical
compressor.
[0046] The present invention has been described with
regard to some preferred embodiments, but those skilled
in the art will be capable of contemplating other variants
and modifications which are deemed to be within the
scope of the invention, which scope should be ascer-
tained from the claims which follow.

Claims

1. In a process for producing direct reduced iron, DRI,
in a reduction reactor plant (10) having a reduction
zone (12) and a cooling zone (14), a reducing gas

9 10 
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recycle loop including said reduction zone and a
cooling gas recycle loop including said cooling zone,
wherein iron oxide-containing particles are fed to
said reduction zone, said iron oxide-containing par-
ticles are reduced to metallic iron-containing DRI in
said reduction zone by reacting with a high-temper-
ature reducing gas comprising hydrogen and carbon
monoxide circulating in said reducing gas recycle
loop, still-hot DRI is fed to said cooling zone, a cool-
ing gas is circulated in said cooling gas recycle loop
through said cooling zone to cool-down said DRI and
with at least a portion of said cooling gas being with-
drawn from said cooling zone, cooled and scrubbed,
mixed with a compatible high pressure make-up gas
stream, and recirculated along the cooling gas recy-
cle loop back to said cooling zone, and the cooled
DRI is discharged from said cooling zone; the im-
provement comprising
the recycling of the cooling gas in said cooling gas
recycle loop is at least partially accomplished by
means of at least one ejector (80) driven by the high
pressure stream of a non-oxidizing make-up gas as
the motive power for said ejector.

2. The process of claim 1 , wherein the still-hot DRI is
fed from one vessel containing said reduction zone
into a separate vessel containing said cooling zone.

3. The process of claim 1, wherein the reduction zone
and the cooling zone are in a single vessel, which is
a moving bed reactor, and the still-hot DRI is fed from
the upper reduction zone to the lower cooling zone.

4. The process according to any one of the preceding
claims, wherein said high pressure stream is chosen
from the group consisting of an inert gas, a reducing
gas, and natural gas.

5. The process according to any one of the preceding
claims, wherein said recycling of cooling gas is whol-
ly by means of a plurality of ejectors arranged in par-
allel.

6. The process according to any one of the preceding
claims, wherein said ejectors are a pair operating
simultaneously.

7. The process according to any one of the claims 1 to
5, wherein the recycling of cooling gas is performed
by one of a pair of ejectors while the other ejector is
on stand-by.

8. The process according to any one of the preceding
claims, wherein the recycling of cooling gas is per-
formed by a plurality of ejectors having different flow
rate capacities.

9. The process according to any one of the claims 1 to

4, wherein the recycling of cooling gas is partially by
means of a single ejector and partially also by means
of a compressor (89) arranged in parallel, one with
the other.

10. The process according to any one of the claims 1 to
4, wherein at least one ejector and a compressor are
arranged in parallel, with the compressor and any
ejector being used exclusive of the other in the re-
cycling of the cooling gas.

11. An apparatus for producing DRI comprising a reduc-
tion reactor (10) having
a reduction zone (12) in its upper part and
a cooling zone (14) in its lower part;
means for charging iron- oxide-containing particles
to said reduction zone,
means for circulating a high-temperature reducing
gas comprising hydrogen and carbon monoxide
through said reduction zone to reduce iron oxide par-
ticles therein to produce hot DRI;
a cooling gas recycle loop including as elements
thereof
said cooling zone for cooling down said hot DRI,
a cooler scrubber (86) for cooling gas effluent piped
from the cooling zone along said loop,
at least one ejector (80) for recycling at least a portion
of said cooled and scrubbed cooling gas back to said
cooling zone,
a source (72) of a high-pressure non-oxidizing make-
up gas piped to each such ejector so as to serve as
the motive fluid for each respective ejector, and
piping to join these cooling gas recycle loop ele-
ments; and
means for discharging cooled DRI from said cooling
zone.

12. An apparatus according to claim 11, further compris-
ing a plurality of ejectors connected into said cooling
gas recycle loop for functioning as the sole means
for driving cooling gas in the cooling gas recycle loop
and with each ejector being appropriately connected
to said source of said motive fluid.

13. An apparatus according to any one of the claims 11
to 12, wherein said ejectors are a pair arranged in
parallel.

14. An apparatus according to any one of the claims 12
to 13, wherein said ejectors are valved to enable the
ejectors to be operated simultaneously or alterna-
tively.

15. An apparatus according to claim 11, further compris-
ing a compressor piped into said cooling gas recycle
loop in parallel with said ejector.

11 12 
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Patentansprüche

1. In einem Verfahren zum Herstellen von direkt redu-
ziertem Eisen, DRI, in einer Reduktionsreaktoranla-
ge (10), die eine Reduktionszone (12) und eine Kühl-
zone (14), einen Reduktionsgas-Rückführkreislauf,
der die Reduktionszone enthält, und einen Kühlgas-
Rückführkreislauf, der die Kühlzone enthält, auf-
weist, wobei Eisenoxidbeinhaltende Partikel in die
Reduktionszone zugeführt werden, wobei Eisenoxi-
denthaltende Partikel der Reduktionszone zugeführt
werden, wobei die Eisenoxidenthaltenden Partikel
zu metallischem Eisen-enthaltendem DRI in der Re-
duktionszone reduziert werden, durch Reagieren mit
einem Hochtemperatur-Reduktionsgas, das Was-
serstoff und Kohlenmonoxid umfasst, das in dem Re-
duktionsgas-Rückführkreislauf zirkuliert, wobei
noch-heißes DRI der Kühlzone zugeführt wird, wo-
bei ein Kühlgas in dem Kühlgas-Rückführkreislauf
durch die Kühlzone zirkuliert wird, um das DRI ab-
zukühlen und wobei mindestens ein Teil des Kühl-
gases, das aus der Kühlzone entnommen, gekühlt
und gewaschen wird, mit einem kompatiblen Hoch-
druck-Frischgasstrom vermischt und entlang des
Kühlgas-Rückführkreislaufs zurück in die Kühlzone
zurückgeführt wird, und wobei das gekühlte DRI aus
der Kühlzone abgeführt wird; wobei die Aufbesse-
rung umfasst
das Rückführen des Kühlgases in den Kühlgas-
Rückführkreislauf wird mindestens teilweise mittels
mindestens eines Ejektors (80) erreicht, der durch
den Hochdruckstrom eines nicht-oxidierenden
Frischgases als die Antriebskraft für den Ejektor an-
getrieben wird.

2. Verfahren nach Anspruch 1, wobei das noch-heiße
DRI aus einem Kessel, der die Reduktionszone be-
inhaltet, in einen separaten Kessel, der die Kühlzone
beinhaltet, zugeführt wird.

3. Verfahren nach Anspruch 1, wobei die Reduktions-
zone und die Kühlzone in einem einzigen Kessel,
der ein Wanderbettreaktor ist, angeordnet sind, und
das noch-heiße DRI aus der oberen Reduktionszone
in die untere Kühlzone zugeführt wird.

4. Verfahren nach einem der vorstehenden Ansprüche,
wobei der Hochdruckstrom aus der Gruppe ausge-
wählt ist, die aus einem Inertgas, einem Reduktions-
gas und Erdgas besteht.

5. Verfahren nach einem der vorstehenden Ansprüche,
wobei die Rückführung von Kühlgas vollständig mit-
tels einer Mehrzahl von parallel angeordneten Ejek-
toren erfolgt.

6. Verfahren nach einem der vorstehenden Ansprüche,
wobei die Ejektoren ein gleichzeitig arbeitendes

Paar sind.

7. Verfahren nach einem der Ansprüche 1 bis 5, wobei
das Rückführen von Kühlgas durch einen von zwei
Ejektoren durchgeführt wird, während der andere
Ejektor auf Standby ist.

8. Verfahren nach einem der vorstehenden Ansprüche,
wobei das Rückführen von Kühlgas durch eine Mehr-
zahl von Ejektoren durchgeführt wird, die unter-
schiedliche Durchflusskapazitäten aufweisen.

9. Verfahren nach einem der Ansprüche 1 bis 4, wobei
das Rückführen von Kühlgas teilweise mittels eines
einzelnen Ejektors und teilweise auch mittels eines
parallel zu dem anderen angeordneten Verdichters
(89) erfolgt.

10. Verfahren nach einem der Ansprüche 1 bis 4, wobei
mindestens ein Ejektor und ein Verdichter parallel
angeordnet sind, wobei der Verdichter und jeder
Ejektor ohne des anderen in der Rückführung des
Kühlgases verwendet werden.

11. Vorrichtung zum Herstellen von DRI, umfassend ei-
nen Reduktionsreaktor (10), der aufweist
eine Reduktionszone (12) in seinem oberen Ab-
schnitt und eine Kühlzone (14) in seinem unteren
Abschnitt;
Mittel zum Aufladen von Eisenoxid-beinhaltenden
Partikeln in die Reduktionszone,
Mittel zum Zirkulieren eines Hochtemperatur-Re-
duktionsgases, das Wasserstoff und Kohlenmono-
xid umfasst, durch die Reduktionszone, um darin Ei-
senoxidpartikel zu reduzieren und heißes DRI zu er-
zeugen;
einen Kühlgas-Rückführkreislauf, der als Elemente
davon enthält die Kühlzone zum Abkühlen des hei-
ßen DRI,
einen Kühler-Wäscher (86) zum Kühlen des Gasab-
flusses, der aus der Kühlzone entlang des Kreislaufs
verrohrt ist,
mindestens einen Ejektor (80) zum Rückführen min-
destens eines Teils des gekühlten und gewasche-
nen Kühlgases zurück in die Kühlzone,
eine Quelle (72) eines nicht-oxidierenden Hoch-
druck-Frischgases, die mit jedem solchen Ejektor
verrohrt, um als das Antriebsfluid für jeden entspre-
chenden Ejektor zu dienen, und
Verrohrung, um diese Kühlgas-Rückführkreislaufe-
lemente zu verbinden; und
Mittel zum Abführen von gekühltem DRI aus der
Kühlzone.

12. Vorrichtung nach Anspruch 11, weiter umfassend ei-
ne Mehrzahl von Ejektoren, die mit dem Kühlgas-
Rückführkreislauf verbunden sind, um als einziges
Mittel zum Antreiben von Kühlgas in dem Kühlgas-
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Rückführkreislauf zu funktionieren, und wobei jeder
Ejektor mit der Quelle des Antriebsfluids angemes-
sen verbunden ist.

13. Vorrichtung nach einem der Ansprüche 11 bis 12,
wobei die Ejektoren ein parallel angeordnetes Paar
sind.

14. Vorrichtung nach einem der Ansprüche 12 bis 13,
wobei die Ejektoren mit Ventilen versehen sind, um
zu ermöglichen, dass die Ejektoren gleichzeitig oder
alternativ betrieben werden können.

15. Vorrichtung nach Anspruch 11, weiter umfassend ei-
nen Verdichter, der in den Kühlgas-Rückführkreis-
lauf parallel zu dem Ejektor verrohrt ist.

Revendications

1. Procédé pour produire une éponge de fer, DRI, dans
une installation de réacteur à réduction (10) ayant
une zone de réduction (12) et une zone de refroidis-
sement (14), une boucle de recyclage de gaz réduc-
teur incluant ladite zone de réduction et une boucle
de recyclage de gaz de refroidissement incluant la-
dite zone de refroidissement, dans lequel des parti-
cules contenant de l’oxyde de fer sont introduites
dans ladite zone de réduction, lesdites particules
contenant de l’oxyde de fer sont réduites en une DRI
contenant du fer métallique dans ladite zone de ré-
duction par la réaction avec un gaz réducteur à haute
température comprenant de l’hydrogène et du mo-
noxyde de carbone circulant dans ladite boucle de
recyclage de gaz réducteur, une DRI encore chaude
est introduite dans ladite zone de refroidissement,
un gaz de refroidissement est mis en circulation dans
ladite boucle de recyclage de gaz de refroidissement
à travers ladite zone de refroidissement pour refroidir
ladite DRI et au moins une portion dudit gaz de re-
froidissement étant extraite de ladite zone de refroi-
dissement, refroidie et épurée, mélangée avec un
flux de gaz d’appoint compatible à haute pression,
et remise en circulation le long de la boucle de re-
cyclage de gaz de refroidissement en retour vers
ladite zone de refroidissement, et la DRI refroidie est
évacuée de ladite zone de refroidissement ; l’amé-
lioration comprenant
le recyclage du gaz de refroidissement dans ladite
boucle de recyclage de gaz de refroidissement est
au moins partiellement accompli au moyen d’au
moins un éjecteur (80) entraîné par le flux haute
pression d’un gaz d’appoint non oxydant en tant que
force motrice dudit éjecteur.

2. Procédé selon la revendication 1, dans lequel la DRI
encore chaude est introduite à partir d’une cuve, con-
tenant ladite zone de réduction, dans une cuve sé-

parée contenant ladite zone de refroidissement.

3. Procédé selon la revendication 1, dans lequel la zo-
ne de réduction et la zone de refroidissement sont
dans une cuve unique, qui est un réacteur à lit mo-
bile, et la DRI encore chaude est introduite depuis
la zone de réduction supérieure dans la zone de re-
froidissement inférieure.

4. Procédé selon l’une quelconque des revendications
précédentes, dans lequel ledit flux haute pression
est choisi parmi le groupe constitué d’un gaz inerte,
d’un gaz réducteur, et d’un gaz naturel.

5. Procédé selon l’une quelconque des revendications
précédentes, dans lequel ledit recyclage du gaz de
refroidissement se fait entièrement au moyen d’une
pluralité d’éjecteurs agencés en parallèle.

6. Procédé selon l’une quelconque des revendications
précédentes, dans lequel lesdits éjecteurs sont une
paire fonctionnant simultanément.

7. Procédé selon l’une quelconque des revendications
1 à 5, dans lequel le recyclage du gaz de refroidis-
sement est réalisé par l’un parmi une paire d’éjec-
teurs alors que l’autre éjecteur est en attente.

8. Procédé selon l’une quelconque des revendications
précédentes, dans lequel le recyclage du gaz de re-
froidissement est réalisé par une pluralité d’éjecteurs
ayant différentes capacités de débit.

9. Procédé selon l’une quelconque des revendications
1 à 4, dans lequel le recyclage du gaz de refroidis-
sement se fait partiellement au moyen d’un éjecteur
unique et partiellement également au moyen d’un
compresseur (89) agencé en parallèle, l’un par rap-
port à l’autre.

10. Procédé selon l’une quelconque des revendications
1 à 4, dans lequel au moins un éjecteur et un com-
presseur sont agencés en parallèle, le compresseur
ou un quelconque éjecteur étant utilisé à l’exception
de l’autre dans le recyclage du gaz de refroidisse-
ment.

11. Appareil pour produire une DRI comprenant un réac-
teur à réduction (10) ayant
une zone de réduction (12) dans sa partie supérieure
et
une zone de refroidissement (14) dans sa partie
inférieure ;
un moyen pour charger des particules contenant de
l’oxyde de fer dans ladite zone de réduction,
un moyen pour faire circuler un gaz réducteur à haute
température comprenant de l’hydrogène et du mo-
noxyde de carbone à travers ladite zone de réduction
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pour réduire les particules d’oxyde de fer à l’intérieur
de celui-ci pour produire une DRI chaude ;
une boucle de recyclage de gaz de refroidissement
incluant en tant qu’éléments de celle-ci
ladite zone de refroidissement pour refroidir ladite
DRI chaude,
un épurateur de dispositif de refroidissement (86)
pour un effluent de gaz de refroidissement acheminé
à partir de la zone de refroidissement le long de ladite
boucle,
au moins un éjecteur (80) pour recycler au moins
une portion dudit gaz de refroidissement refroidit et
épuré en retour vers ladite zone de refroidissement,
une source (72) de gaz d’appoint non oxydant à hau-
te pression acheminé vers chaque tel éjecteur de
manière à servir en tant que fluide moteur pour cha-
que éjecteur respectif, et
une canalisation pour lier ces éléments de boucle
de recyclage de gaz de refroidissement ; et
un moyen pour évacuer une DRI refroidie depuis la-
dite zone de refroidissement.

12. Appareil selon la revendication 11, comprenant en
outre une pluralité d’éjecteurs reliés dans ladite bou-
cle de recyclage de gaz de refroidissement pour
fonctionner en tant que moyen unique pour entraîner
un gaz de refroidissement dans la boucle de recy-
clage de gaz de refroidissement et chaque éjecteur
étant relié de manière appropriée à ladite source du-
dit fluide moteur.

13. Appareil selon l’une quelconque des revendications
11 et 12, dans lequel lesdits éjecteurs sont une paire
agencée en parallèle.

14. Appareil selon l’une quelconque des revendications
12 et 13, dans lequel lesdits éjecteurs sont à clapet
pour permettre aux éjecteurs de fonctionner simul-
tanément ou de manière alternée.

15. Appareil selon la revendication 11, comprenant en
outre un compresseur branché sur ladite boucle de
recyclage du gaz de refroidissement en parallèle
avec ledit éjecteur.
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