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(§7) Abstract

A direct reduction process is disclosed for iron oxide-containing materials. Synthesis gas 1s mixed with top gas produced during

direct reduction of the iron oxide-containing materials and is used as reduction gas for directly reducing iron oxide-containing materials.
In order to avoid or reduce metal dusting caused by an increased CO content of the reduction gas with a simple technique and equipment,
the CO/CQOz ratio of the reduction gas is set at a predetermined value from 1 to 3.




Amended 2193854

Process for avoiding metal dusting in the direct reduction of iron-oxide-cc alninge material

The ivention relates to a process for avoiding metal dusting in the direct reduction of
iron-oxide-containing material, wherein synthesis gas is mixed with top gas forming in the
direct reduction of the iron-containing material and is used as a CO- and H,-containing
reducing gas for the direct reduction of the iron-oxide-containing material, as well as a plant
for carrying out the process.

A process of this type is known, for instance, from US-A - 2.7 52,234,

US-A - 5,082,251 and EP-A - 0 571 358.
From EP-A - 0 571 358 it is known to carry out the reduction of fine ore not
exclusively via the strongly endothermic reaction with Hy according to
FeyO3 + 3Hy =2 Fe + 3H»0-AH,
but additionally via the reaction with CO according to
rep03 +3C0O =2Fe+ 3COy+AH,
which 1s an exothermic reaction. Thereby, it is feasible to considerably lower the operational
costs, 1n particular the energy costs, involved.

However, in metallic plant parts that get into contact with CO-containing reducing gas
are subject to a high stress due to corrosion: The result, i.a., is metal decomposition, which is
denoted as "metal dusting" in the technical literature. Metal dusting occurs to an increased
extent at elevated temperatures, plant parts that get into contact with hot CO-containing
reducing gas, thus, being particularly jeopardized. With a plant for carrying out the initially
mentioned process, these are the reactors employed for direct reduction and the gas heater
heating the reducing gas to reduction temperature.

To avoid or reduce metal dusting, it is internally known to provide for a content of
sulfur within the reducing gas, which has been accomplished by blowing in H»S gas through
tuyeres. Such an admixture of HpS gas is not only technologically complex, but also very
expensive and, 1n addition, involves procedural difficulties, i.e., it is difficult to adjust the
H»>S content in the reducing gas uniformly to a predetermined value as a function of the
chemical composition of the reducing gas.

The invention aims at avoiding these disadvantages and difficulties and has as its
object to provide a process of the initially defined kind, and a plant for carrying out the
process, by which the occurrence of metal dusting is minimized or prevented in a simple
manner despite an elevated CO content of the reducing gas, in particular, in a procedurally
and structurally simple and cost-saving manner, so that the service life of metallic plant parts

will be considerably increased.

In a process of the mitially described kind, this object is achieved in that the reducing
gas 1s adjusted to a predetermined per se known CO/CO> ratio of between 1 and 3, namely by
adjusting the operating characteristics of a reformer that serves for the production of synthesis
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gas from natural gas by reformation, by varying the vapor/natural-gas ratio during feeding of
the reformer.

By adjusting a CO/CO» ratio of between 1 and 3 it is feasible to decisively lower the
reaction activity of the CO contained in the reducing gas relative to metal, in particular steel,
and hence the need for repair work of the direct reduction plant, without having to renounce
elevated CO contents enabling the procedurally beneficial exothermic reaction with F e203.

From DE-A 2 103 731, a process is known for directly reducing lumpy or
agglomerated iron-ore-containing materials in a shaft furnace by hydrogen-containing
reducing gases at elevated pressure, wherein reduction is effected employing hydrogen as the
reducing gas containing impurities in an amount of maximally 5 Vol.% CO, 5 Vol.% CO,,
5> Vol.% CH, and 2 Vol.% water vapor. Herein, the hydrogen-containing reducing gas, which
contains roughly 90 Vol.% H,, can contain 1.9 Vol.% CO, and 4.1 Vol.% CO. CO and CO,
are here merely impurities.

According to a variant of the process according to the invention, the adjustment of the
CO/CO7, ratio 1s effected in that a partial volume of the reformed gas, which is produced from
vapor and natural gas in a reformer and subsequently is fed to CO conversion to increase its
H7 content, 1s admixed to the top gas directly, i.e., without being subjected to CO conversion,
the amount of the directly admixed reformed gas being variable.

Another preferred process variant comprises subjecting the reformed gas and
optionally also the top gas to CO; scrubbing prior to being used as a reducing gas and that the
adjustment of the CO/CO ratio is effected in that at least a partial volume of the reformed gas
s directly admixed to the reducing gas under avoidance of CO» scrubbing.

Furthermore, the reformed gas and optionally also the top gas suitably may be
subjected to CO7 scrubbing, the adjustment of the CO/CO» ratio being effected in that at least
a partial volume of the top gas is directly admixed to the reducing gas under avoidance of
CO» scrubbing.

According to another preferred process variant, the reformed gas and optionally also
the top gas are subjected to CO7 scrubbing prior to being used as a reducing gas, wherein the
adjustment of the CO/CO ratio is effected in that the degree of scrubbing of CO» scrubbing
1s varied with a view to retaining a portion of CO» in the scrubbed gas.

To further reduce metal dusting, it may be advantageous to additionally supply to the
reducing gas, along with the top gas, at least a portion of the sulfur contained in the iron-
oxide-containing material in the form of H»S incurring in heating or in direct reduction,
wherein advantageously a H>S content ranging from 20 to 40 ppmV, preferably amounting to
about 25 ppmV, 1s adjusted in the reducing gas by means of the top gas.

If the iron-oxide-containing material does not contain sufficient sulfur, a sulfurous
material, such as iron pyrite, suitably is added.

Preferably, reformed natural gas is employed as the synthesis gas.

Suitably, a CO/CO» ratio of between 1.5 to 2.0 is adjusted.
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Amended

A plant for carrying out the process, comprising at least one direct reduction reactor
for reducing the iron-oxide-containing material, a reducing-gas supply duct leading to said
direct reduction reactor and a top-gas discharge duct carrying off the direct reduction reactor
the top gas forming in direct reduction, a reformer, a reformed-gas duct departing from the
reformer and joining the top-gas discharge duct, the reducing gas formed of reformed gas and
of top gas getting into the direct reduction reactor through the reducing-gas supply duct and
both the reformed-gas duct and the top-gas discharge duct running into a CO» scrubber, and
the reducing-gas supply duct leading from the CO» scrubber to the direct reduction reactor, is
characterized in that the reformed-gas duct, by means of a bypass duct avolding the COy
scrubber, 1s flow-connected with the reducing-gas supply duct.

Advantageously, the top-gas discharge duct is flow-connected with the reducing-gas
supply duct by means of a bypass duct avoiding the CO» scrubber.

Suitably, the bypass duct(s) is (are) equipped with a control valve capable of being
activated via a CO7 and, if desired, an H»S measuring means.

According to a preferred embodiment, the reformer is followed by a CO converter for
the reformed gas, which may be bypassed by means of a bypass duct for a partial amount of
the reformed gas.

In the following, the invention will be explained in more detail by way of the drawing
ltustrating a process diagram according to a preferred embodiment.

The plant according to the invention comprises four fluidized-bed reactors 1 to 4
consecutively connected in series, wherein iron-oxide-containing material, such as fine ore,
through an ore supply duct 5 is supplied to the first fluidized-bed reactor 1, in which heating
to reduction temperature (or prereduction) takes place, and subsequently is conducted from
one fluidized-bed reactor to another fluidized-bed reactor via conveying ducts 6. The
completely reduced material (sponge iron) is hot-briquetted in a briquetting arrangement 7. If
required, the reduced iron is protected from reoxidation during briquetting by an inert gas
system not 1llustrated.

Prior to introducing the fine ore into the first fluidized-bed reactor 1, it is subjected to
ore preparation, such as drying and sieving, not illustrated in detail.

Reducing gas is conducted in counterflow to the ore flow from one fluidized-bed
reactor 4 to another fluidized-bed reactor 3 to 1 and is carried off the last fluidized-bed reactor
I, viewed in the gas flow direction, as a top gas through a top-gas discharge duct 8 and is
cooled and scrubbed in a wet scrubber 9.

The production of reducing gas is effected by reforming in a reformer 10 natural gas
fed through a duct 11 and desulfurized in a desulfurization plant 12. The gas leaving the
reformer 10 and formed of natural gas and vapor essentially consists of Hp, CO, CH4, H»O
and CO9. This reformed natural gas is supplied through a reformed-gas duct 13 to several heat
exchangers 14, in which it is cooled to 80 to 150°C, water thus being condensed out of the

gas.
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The reformed-gas duct 13 runs into the top-gas discharge duct 8 after the top gas has
been compressed by means of a compressor 15. The mixed gas thus forming is passed through
a CO7 scrubber 16 and is freed from CO» and also from H»S. It is then available as a
reducing gas. This reducing gas, via a reducing-gas supply duct 17, is heated to a reducing-gas
temperature of about 800°C in a gas heater 18 arranged to follow the CO» scrubber 16 and is
fed to the first fluidized-bed reactor 4, viewed in the gas flow direction, where it reacts with
the fine ores to produce directly reduced iron. The fluidized-bed reactors 4 to 1 are arranged 1n
series, the reducing gas gets from one fluidized-bed reactor to another fluidized-bed reactor
through connection ducts 19.

A portion of the top gas is sluiced out of the gas circulatory system 8, 17, 19 in order
to avoid enrichment of inert gases, such as N». The sluiced-out top gas is fed through a branch
duct 20 to the gas heater 18 for heating the reducing gas and is burnt there. Possible shortages
of energy are supplemented by natural gas supplied through a feed duct 21.

The sensible heat of the reformed natural gas emerging from the reformer 10 as well as
of the reformer smoke gases is utilized in a recuperator 22 to preheat the natural gas after
passage through the desulfurization plant 12, to produce the vapor required for reformation
and to preheat the combustion air supplied to the gas heater 18 through duct 23 as well as, if
desired, also the reducing gas. The combustion air supplied to the reformer 10 through duct 24
1s preheated as well.

To adjust a predetermined CO/CO1, ratio, which is to range between 1 and 3,
preferably between 1.5 and 2.0 in order to avoid or substantially reduce metal dusting, the
invention, according to a first variant, provides to vary the vapor/natural-gas ratio of the
feeding to the reformer 10, the vapor/natural-gas ratio preferably being adjusted to a value
ranging between 3 and 4.5, in particular, to a value of 3.5. The adjustment valves or control
valves serving this purpose are denoted by 25 and 26 and are adjustable or controllable,
respectively, from a measuring station 27 measuring the CO/CO» ratio of the reducing gas.

As 1s apparent from the drawing, the reformed gas, at least at a partial volume, is
supplied to a CO converter 28 to increase its Hy content before being supplied to CO»
scrubbing at 16. The remaining partial volume of the reformed gas is directly admixed to the
top gas by bypassing the CO converter 28 via a bypass duct 29. Thereby, it is feasible to
adjust the CO content to a desired value such that the desired CO/CO» ratio may be adjusted
also by this procedural measure to avoid metal dusting.

Furthermore, the adjustment of a predetermined CO/CO» ratio may be effected by
injecting a partial volume of the top gas directly into the reducing-gas supply duct 17 through
a bypass duct 30 avoiding the CO» scrubber 16. Moreover, a partial volume of the reformed
gas also may be directly fed to the reducing-gas supply duct 17 through a bypass duct 31
bypassing the CO7 scrubber 16, which bypass duct 31 in that case departs from the reformed-
gas duct 13.
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All of the bypass ducts 29, 30, 31 are equipped with adjustment or control valves 32.

33, 34, which are adjusted or controlled on grounds of a measurement of the CO/CO» ratio of
the reducing gas taken by means of the measuring station 27.

The desired CO/CO3 ratio in the reducing gas also may be adjusted by passing all of
the top gas and all of the reformed gas through the CO scrubber 16, yet adjusting the latter to
a wash-out level at which a portion of the CO2 (and hence also a portion of the H>S) will
remain in the gas emerging from the CO5 scrubber 16. This has the advantage that no
auxiliary means, such as bypass ducts 29, 30, 31 including valves 32, 33, 34, need be
provided, yet requires the total gas amount, i.e., all of the top gas and all of the reformed gas,
to be passed through the CO7 scrubber 16, the latter, thus, having to be dimensioned for such
an amount. | |

The top gas leaving the fluidized-bed reactor 1 has an H5S content ranging between 40
and 140 ppmV - depending on the sulfur content of the ore. The H4S gas forms during heating
of the fine ore to reduction temperature or during the prereduction of the fine ore,
respectively.

Since an elevated H)S content in the reducing gas also reduces the development of

metal dusting, 1t 1s particularly advantageous if H>S no longer is completely washed out of the
top gas by means of the CO7 scrubber, but if it is taken care that the percentage of H»S
desired for the reducing gas be fed to the reducing gas from the top gas. In the instant case,
this can be realized by means of bypass duct 30 bypassing the COy scrubber 16, which bypass
duct departs from the top-gas discharge duct 8 via the adjustment or control valve 33 and runs
into the reducing-gas supply duct 17. The control valve 33 1st adjustable in a manner that an
H»S content ranging from 20 to 40 ppmV, preferably amounting to about 25 ppmV, is present
in the reducing gas. In that case, the control valve preferably is activated via an Hp_S
measuring means 35.

The measures described above for adjusting the desired CO/COj ratio in the reducing
gas may be taken individually or also several of them or all in common in a manner that the
most favorable process variant may be chosen for the respective operation conditions and as a
function of the composition of the ore, etc. -

The adjustment of the CO/CO> ratio to about 1.7 and the adjustment of the H5S
content to 25 ppmV 1s goiné to be explained by way of the following example:

100 t/h of dried fine ore are charged into a plant for the direct reduction of fine ore
configured in accordance with the drawing and designed for a production of 70 t/h of sponge
- 1ron. The fine ore has the following analysis:

Hematite 942 % by weight
Gangue 2.2 % by weight
Sulfur 0.02% Dby weight
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From the top gas forming in the direct reduction, 78,000 Nm3/h are mixed with 48,000
Nm3/h of reformed cold natural gas and passed through the CO5 scrubber 16, in which the
mixed gas is freed from CO7 and the major portion of sulfur.

The reformed natural gas and the top gas have the chemical compositions indicated in
the Table below (expressed in % by volume).

through the CO7 scrubber 16, but has been injected into the reducing-gas supply duct 17
through bypass duct 30. Such mixing produces the reducing gas fed to the gas heater 18 and
subsequently to the fluidized-bed reactors 1 to 4 and having the following chemical
composition:
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The degree of metallization of the sponge iron is 92 %.

The invention is not limited to the above-described example, but is applicable also to
other direct reduction processes, for instance, such in which the fluidized-bed reactors 1 to 4
are replaced with shaft furnaces for lumpy ore. The reformed natural gas also may be replaced

with other reducing gases primarily containing CO and H», such as
e LD offgas

« EAF offgas

o blast furnace gas from blast furnace plants
» Dblast furnace gas from Corex plants

e coal gas

e Corex gas from Corex gasifier

 chemical gases.
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CLAIMS:

1. A process for the direct reduction of iron-oxide-containing
material in at least one fluidized bed while avoiding metal dusting, wherein
synthesis gas i1s mixed with top gas forming in the direct reduction of the
iron-oxide-containing material and is used as a CO- and H,-containing
reducing gas for the direct reduction of the iron-oxide-containing material
and wherein the reducing gas is adjusted to a predetermined CO/CO, ratio
of from 1 to 3 and an H,S content of from 20 to 40 ppmV, is adjusted in the
reducing gas by the top gas.

2. A process according to claim 1, characterized in that the
adjustment of the CO/CO, ratio is effected by adjusting the operating
characteristics of a reformer (10) which serves to produce synthesis gas
from natural gas by reformation, by varying the vapor/natural-gas ratio

during feeding of the reformer (10).

3. A process according to claim 2, characterized in that the

vapor/natural-gas ratio is adjusted within a range of from 3 to 4.5.

4. A process according to any one of claims 1 to 3, characterized
in that the CO/CO; ratio is adjusted by admixing to the top gas directly, i.e.,
without subjecting it to CO conversion, a partial volume of reformed gas
produced from vapor and natural gas in a reformer (10) and subsequently
fed to CO conversion to increase its H, content, the amount of the directly

admixed reformed gas being variable.

5. A process according to claim 1, characterized in that the
CO/CO; ratio is adjusted by subjecting the synthesis gas and optionally also
the top gas to CO; scrubbing prior to being used as a reducing gas and
admixing at least a partial volume of the synthesis gas directly to the

reducing gas while avoiding CO, scrubbing.
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6. A process according to claim 1, characterized in that the
CO/CO; ratio 1s adjusted by subjecting the synthesis gas and optionally also
the top gas to CO, scrubbing, wherein at least a partial volume of the top

gas 1s directly admixed to the reducing gas while avoiding CO, scrubbing.

7. A process according to claim 1, characterized in that the
CO/CO; ratio 1s adjusted by subjecting the synthesis gas to CO, scrubbing
prior to being used as a reducing gas, wherein the scrubbing degree of CO,
scrubbing 1s varied with a view to retaining a portion of CO, within the

scrubbed gas.

8. A process according to any one of claims 1 to 7, characterized
in that the H,S content in the reducing gas is adjusted by supplying to the
reducing gas along with the top gas at least a portion of the sulfur contained
in the iron-oxide-containing material in the form of H,S occurring in

heating or in direct reduction, respectively.

9. A process according to any one of claims 1 to 8, characterized

in that a sulfurous material is added to the iron-oxide-containing material.

10. A process according to claim 1 or any one of claims 5 to 9,

characterized in that said synthesis gas is selected from

o LD oftgas,
. EAF offgas,
. blast furnace gas from blast furnace plants,

° blast furnace gas from Corex plants (Corex is applicant's

trade-mark for a system for producing liquid iron and a

purified CO + H,),
° coal gas,
. Corex gas from Corex gasifier, and

° chemical gases.
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11. A process according to claim 1 or any one of claims 5 to 9,

characterized in that reformed natural gas is used as said synthesis gas.

12. A process according to any one of claims 1 to 11,

characterized in that a CO/CO, ratio of between 1.5 to 2.0 is adjusted.

13. A process as defined in claim 1, wherein the H,S content is
about 25 ppmV.
14. A process as defined in claim 3, wherein the vapor/natural gas

ratio 1s adjusted to a value of about 3.5.

15. A process as defined in claim 7, wherein the top gas is also

subjected to CO, scrubbing.

16. A process as defined in claim 9, wherein the sulfurous

material is iron pyrite.
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