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Claim

1. A process for the heat treatment of fine-grained
iron ore and for the conversion of the heat-treated
iron ore to metallic iron, in which

a) the fine iron ore is blended with at least one
binder to produce particles having a particle size

of > 0.1 to 5 mn,

b) the particles according to process stage (a) are

dried,

c) the particles dried according to process stage {(b)
are heat-treated at a temperature of 700 to
1100°C,

d) in a first reduction stage the heat-treated
particles are charged into the fluidised bed
reactor of a circulating fluidised bed system, hot
reduction gas is introduced into the fluidised bed
reactor as fluidising gas, preliminary reduction
takes place, the suspension discharged from the
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fluidised bed reactor is largely freed of solids
in the recycling cyclone of the circulating
fluidised bed and the solids which have been
separated off are returned into the fluidised bhed
reactor such that the solids circulation per hour
within the circulating fluidised bed is at least
five times the weight of solids present in the

fluidised bed reactor,

%.:11ids from the first reduction stage, in a second
#:duction stage, are passed into a conventional
fluidised bed, hot reduction gas is passed into
the conventional fluidised bed as fluidising gas,
the residual oxygen is broken down and the iron
content is largely converted into Fe;C, the exhaust
gas from the conventional fluidised bed is passed
as secondary gas into the fluidised bed reactor

of the circulating fluidised bed system

and the Fe;C-containing product is

withdrawn from the conventional fluidised bed,

the exhaust gas from the recycling cyclone
of the circulating fluidised bed system
is cooled to below the dew-point

and water is condensed out of the exhaust gas,
a partial stream of the exhaust gas is withdrawn,

the remaining partial stream, after strengthening
by addition of reducing gas and heating as recycle
gas, is passed partly as fluidising gas into the
fluidised bed reactor of the first reduction stage
and partly into the fluidised bed

of the second reduction stage.,
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2.

A process for the heat treatment of fine-grained

iron ore and for the conversion of the heat-treated

iron ore to metallic iron, in which

a)

b)

c)

d)

the fine iron ore is blendedwith at least one
binder to produce particles having a particle size

of > 0.1 to S5 mm,

the particles according to process stage (a) are

dried,

the particles dried according to process stage (b)
are heat-treated at a temperature of 700 to

1100°C,

in a first reduction stage the

heat-treated particles are charged into the
fluidised bed reactor of a circulating fluidised
bed system, hot reduction gas is introduced as
fluidising gas into the fluidised bed reactor,
preliminary reduction of the iron oxides takes
place, the suspension discharged from the
fluidised bed reactor is largely freed of solids
in the recycling cyclone of the circulating
fluidised bed and the solids separated off are
returned into the fluidised bed reactor such that
the solids circulation per hour within the
circulating fluidised bed is at least five times
the weight of solids present in the fluidised bed

reactor,

solids from the first reduction stage, in a second
reduction stage, are passed into a conventional
fluidised bed, hot reduction gas is passed into
the conventional fluidised bed as fluidising gas,
the residual oxygen is broken down and < 50% of
the iron content is converted into Fe,C, the

.Jy
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exhaust gas from the conventional fluidised bed is
passed as secondary gas into the fluidised bed
Feactor 4f the circulating fluidised bed system
and the product is
withdrawn from the conventional fluidised bed,

the exhaust gas from the recycling cyclone
of the circulating fluidiscd bed system
ig cooled to below the dew-point

and water is condensed out of the exhaust gas,

a partial stream of the exhaust gas is withdrawn,

the remaining partial stream, after strengthening
by addition of reducing gas and heating as recycle
gas is passed partly as fluidising gas into the
fluidised bed reactor of the first reduction stage
and partly into the fluidised bed

of the second reduction stage-
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DESCRIPTION

The present invention relates to a process for the heat
treatment of fine-grained iron ore and for the
conversion of the heat-treated iron ore to metallic
iron. According to the invention the term "metallic
iron" is understood to be metallic iron in the form of
sponge iron and Fe;C, which is formed intermediary from

metallic iron, and mixtures of metallic iron and

Fe,C.

The direct reduction of iron ore has proved very
effective in a fluidised bed. A particularly effective
process is known from EP-PS 0 255 180. In the direct
use of fine ores having a grain size < 50 um,
unsatisfactory results are obtained upon direct
reduction in the fluidised bed. What is disadvan-
tageous therein is firstly incomplete separation in the
hot cyclone and secondly that upon the finish-reduction
the fluidising rate has to be reduced to such an extent
that very large reactors have to be used, which is

uneconomic.

The object of the present invention is to provide an
economic and environmentally sound process for the heat
treatment of fine-grained iron ore which cannot be
converted directly to metallic iron. A further object
of the present invention is to provide a process for
the production of metallic iron from the heat-treated,

fine~grained iron ore.

The object underlying the present invention is achieved
in that



a)

b)

C)

d)

the fine iron ore is blended with at least one
binder to produce particles having a particle size

of > 6.1 to 5 mm,

the particles according to process stage (a) are

dried,

the particles dried according to process stage (b)
are heat-treated at a temperature of 700 to
1100°C,

in a first reduction stage the heat-treated
particles are charged into the fluidised bed
reactor of a circulating fluidised bed system, hot
reduction gas is introduced into the fluidised bed
reactor as fluidising gas, preliminary reduction
takes place, the suspension discharged from the
fluidised bed reactor is largely freed of solids
in the recycling cyclone of the circulating
fluidised bed and the solids which have been
separated off are returned into the fluidised bed
reactor such that the solids circulation per hour
within the circulating fluidised bed is at least
five times the weight of solids present in the

fluidised bed reactor,



solids from the first reduction stége, in a second
reduction stage, are passed into a conventional
fluidised bed, hot reduction gas is passed into
the conventional fluidised bed as fluidising gas,
the residual oxygen is broken down and the iron
content is largely converted into Fe,C, the exhaust
gas from the conventional fluidised bed is passed
as secondary gas into the fluidised bed reactor

of the circuléting fluidised bed system

and the Fe;C-containing product is
withdrawn from the conventional fluidised bed,

the exhaust gas from the recycling cyclone
of the circulating fluidised bed system
is cooled to below the dew-point

and water is condensed out of the exhaust gas,
a partial stream of the exhaust gas is withdrawn,

the remaining partial stream, after strengthening
by addition of reducing gas and heating as recycle
gas, 1s passed partly as fluidising gas into the
fluidised bed reactor of the first reduction stage
and partly into the fluidised bed

of the second reduction stage.

The circulating fluidised bed system consists of a
fluidised bed reactor, a separator for separating off
solids from the suspension discharged from the
fluidised bed reactor - generally a recycling cyclone -
and a line for returning the solids separated off into
the fluidised bed reactor. The principle of the
circulating fluidised bed is distinguished in that -
unlike the "conventional" fluidised bed, in which a
dense phase is separated by a distinct step in density




from the gas space overlying it - there are states of
distribution without a defined boundary layer. There
is no step in density between the dense phase and the
dust space overlying it; however, the solids
concentration within the reactor constantly decreases
from the bottom to the top. A gas-solids suspension is
discharged from the upper part of the reactor. When
defining operating conditions by means of the Froude
and Archimedes numbers, the following ranges are

obtained:
P9
0.1 < 3/4 + Fré - — < 10,
pk - pg
or
0.01 < Ar < 100,
whereby
4’ - g {(pk - pg)
Ar = and
6g - v2
Fré = u?
g - 4
u is the relative gas velocity in m/s

Ar is the Archimedes numbey

Fr is the Froude number

pg is the density of the gas in kg/m’

pk  is the density of the solids particle in kg/m’

q, is the diameter of the spherical particle in ®m
v is the kinematic viscosity in m?/sec
g is the gravitation constant in m/sec?®

The preliminary reduction in the circulating fluidised
bed takes place to a degree of reduction of about 60 to
90%. In this range, the optimum value, which is
dependent on the respective reduction behaviour of the
ore, is set relative to the utilisation of the .
reduction gas, i.e. to the respective optimum

throughput capacity. The temperature in the reactor of



the circulating fluidised bed is set to about 550 to
650°C. Larger iron-ore agglomerates having a particle
size of approximately 3 to 5 mm are decomposed in the
circulating fluidised bed to smaller agglomerates.

The portion of the solids which is passed from the
first reduction stage into the second reduction stage
can be taken from the return line of the circulating
fluidised bed or from the fluidised bed reactor of the
circulating fluidised bed. The charging of the solids
into the fluidised bed reactor operating with a
conventional fluidised bed takes place on a side which
lies opposite the side on which the Fe,C product is
withdrawn. The conversion of the iron content of the
solids charged into the conventional fluidised bed into
Fe,C takes place as extensively as possible. It is
generally between 70 and 95%. The temperature in the
conventional fluidised bed is set to about 550 to
650°C. The exhaust gas of the conventional fluidised
bed is introduced as secondary gas into the fluidised
bed reactor of the circulating fluidised bed at a
height above the ground of up to 30% of the height of
the reactor. The exhaust gas from the recycling
cyclone of the circulating fluidised bed is cooled to
such an extent that the water vapour content in the gas
is reduced to below about 1.5%. The cooling generally
takes place in a scrubber with cold water being
injected in. In this case, at the same time residual
dust is washed out of the gas. The volume of the
partial stream of the exhaust gas which is withdrawn is
set such that no enrichment of nitrogen, which is
introduced with the strengthening gas, occurs in the
recycle gas. Generally gas containing H, and CO which
is produced from natural gas is used as the
strengthening gas. The strengthened recycle gas is
compressed again, heated up and then passed partly into

the first and partly into the second reduction stage.



The solids may be preheated before being charged into
the fluidised bed reactor of the circulating fluidised
bed. This is done under oxidising conditions. If the
solids consist of magnetite (Fe;0,) or contain
relatively large gquantities thereof, prior oxidation to
haematite (Fe,0;) is necessary.

The advantages of this process variant according to the
invention consist in that the major part of the
reduction takes place in the circulating fluidised bed,
i.e. in a reactor having a relatively small diameter
and without internal fittings with uniform flow. Owing
to the very good exchange of materials and heat
exchange in the circulating fluidised bed, the reaction
can be performed in a small unit with a relatively
short dwell time. The rest of the reduction and the
carburisation, which réquire a longer dwell time, take
place in the conventional fluidised bed, which however
can be kept substantially smaller owing to the small
amount <f residual reduction compared with a complete
reaction in the conventional fluidised bed. Owing to
the gas-side and solids-side coupling according to the
invention of the two fluidised beds, the process is
performed with a partial counter-current flow, which
achieves a higher gas coswersion or a lower gas

consumption.

A preferred form of the invention consists in that 50
to 89% of the recycle gas is passed as fluidising gas
into the conventional fluidised bed of the second
reduction stage - and the remaining
recycle gas is passed as fluidising gas into the
fluidised bed reactor of the circulating flu:dised bed,
This means that there is a high
supply of fresh reduction gas in the second reduction
stage, and the excess present in the exhaust gas of the



second reduction stage can be utilised optimally in the
first reduction stage.

A preferred form of the invention consists in that the
pressure in the first reduction stage
and the second reduction stage is set
such that the pressure in the upper part of the
fluidised bed reactor of the circulating fluidised bed
’ is 3 to 6 bar. The entire system of
the first and second reduction stage is then under a
corresponding pressure, the pressure of the gas before
entry into the fluidised beds being correspondingly
higher. This pressure range yields particularly
beneficial results, although in principle it is also

possible to operate with a higher pressure.

A preferred form of the invention consists in that the
conventional fluidised bed is located
in a reactor having a rectangular cross-section with a
ratio of length to width of at least 2 : 1 and
transversely-arranged overflow weirs for the solids.
The overflow weirs are arranged parallel to the narrow
sides of the reactor. They extend from the gas-
permeable bottom to shortly below the surface of the
fluidised bed. The solids flow from the introduction
side across the weirs to the discharge side. Owing to
the narrow, long shape of the reactor and the overflow
weirs, remixing of more greatly reduced solids with
less—-reduced solids is largely avoided, so that a very
good final reduction and carburisation is achieved.

According to the invention, provision is alternatively

made in that



a)

b)

C)

d)

the fine iron ore is blended with at least one
binder to produce particles having a particle size

of > 0.1 to 5 mm,

the particles according to process stage (a) are

dried,

the particles dried according to process stage (b)
are heat-treated at a temperature of 700 to

1100°C,

in a first reduction stage the substances
containing iron oxides are charged intc the
fluidised bed reactor of a circulating fluidised
bed system, hot reduction gas is introduced as
fluidising gas ihto the fluidised bed reactor,
preliminary reduction of the iron oxides takes
place, the suspension discharged from the
fluidised bed reactor is largely freed of solids
in the recycling cyclone of the circulating
fluidised bed and the solids separated off are
returned into the fluidised bed reactor such that
the solids circulation per hour within the
circulating fluidised bed 1s at least five times
the weight of solids present in the fluidised bed

reactor,
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solids from the first reduction stage, in a second
reduction stage, are passed into a conventional
fluidised bed, hot reduction gas is passed into
the conventional fluidised bked as fluidising gas,
the residual oxygen is broken down and < S0% of
the iron content is converted into Fe,C, the
exhaust gas from the conventional fluidised bed is
passed as secondary gas into the fluidised bed
reactor ,f the circulating fluidised bed system
and the product is

withdrawn from the conventional fluidised bed,

the exhaust gas from the recycling cyclone

of the circulating fluidised bed system
' " 1s cooled to below the dew-point

and water is condensed out of the exhaust gas,

a partial stream of the exhaust gas is withdrawn,

the remaining partial stream, after strengthening
by addition of reducing gas and heating as recycle
gas is passed partly as fluidising gas into the
fluidised bed reactor of ‘the first reduction stage
and partly into the fluidised bed

of the second reduction stage.
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The advantages of this process variant according to the
invention reside in that the H, content in the reduction
gas can be increased, which means that smaller
quantities of recycle gas are required for the
reduction. According to this process, the dwell time
in the second reduction stage, which is usually about
nine hours, can be reduced to about five hours. Owing
to the smaller quantity of the recycle gas, up to 50%
of the energy required for the compression is
correspondingly also saved. The product obtained after
the second reduction stage can be transported and
charged in briquette form like scrap. Owing to the
smaller quantity of carbon in the resulting product,
larger proportions, up to 100% of a total charge, can
be used in the electric arc furnace.

A preferred form of the invention consists in that 50
to 80% of the recycle gas is passed as fluidising gas
into the cc.aventional fluidised bed of the second
reduction stage . i and the remaining
recycle gas is passed as fluidising gas into the
fluidised bed reactor of the circulating fluidised bed

) and the fluidising gases are set with
an H, content of 85 to 95% by volume. This means that a
high supply of fresh reduction gas occurs in the second
reduction stage and the excess present in the exhaust
gas of the second reduction stage can be utilised
optimally in the first reduction stage. The carbon
content in the product after the second reduction stage
is 0 to 0.1% by weight. The advantage of this form
according to the invention resides in that still higher
H, contents and therefore still smaller guantities of
recycle gas are used. This form results in a further
reduction in the dimensions of the reactors, and yields
a further saving for the electrical energy upon the
compression of the recycle gases.
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A preferred form of the invention consists in that 50
to 80% of the recycle gas is passed as fluidising gas
into the conventional fluidised bed of the second
reduction stage and the remaining
recycle gas is passed as fluidising gas into the
fluidised bed reactor of the circulating fluidised bed

and the fluidising gases are set with
an H, content of 50 to 85% by volume. According to this
form in accordance with the invention, a largely
reduced product having an Fe;C content of < 50%, which
can be briquetted well and transported easily, is
obtained economically and in a short time.

A preferred form of the invention consists in that the
fluidising gases are set with an H, content of 50 to 75%
by volume. With this preferred measure, a product is
obtained which can be produced particularly
economically and can be briquetted particularly well.

A preferred form of the invention consists in that the
pressure in the first reduction stage
and the second reduction stage is set
such that the pressure in the upper portion of the
fluidised bed reactor of the circulating fluidised bed
is 1.5 to 6 bar. The entire system of
the first and second reduction stage is then under a
corresponding pressure, the pressure of the gas before
entry into the fluidised beds being correspondingly
higher. This pressure range yields particularly
beneficial results, although in principle it is also
possible to operate at higher pressure.

A preferred form of the invention consists in that the
conventional fluidised bed is located
in a reactor having a rectangular cross-section with a
ratioc of length to width of at least 2 : 1 and
transversely-arranged overflow weirs for the solids.
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The overflow weirs are arranged parallel to the narrow
sides of the reactor. They extend from the gas-
permeable bottom to shortly below the surface of the
fluidised bed. The solids flow from the introduction
side across the weirs to the discharge side. Owing to
the narrow, long shape of the reactor and the overflow
weirs, remixing of more greatly reduced solids with
less~reduced solids is largely avoided, so that a very
good final reduction and carburisation is achieved.

A preferred form of the invention consists in that the
product cobtained ‘ ' is
briquetted, preferably hot-briquetted.

According to the invention, provision is furthermore
alternatively made in that

the fine iron ore is blended with at least one

a) . . .
binder to produce particles having a particle size
of > 0.1 to 5 mm,

b) the particles according to process stage (a) are
dried,

c) the particles dried according to process stage (b)
are heat-treated at a temperature of 700 to
1100°C,

d) in a first fluidised bed substances containing

iron oxides are reduced under weakly-reducing
conditions to FeO with solid, carbon-containing
reduction agent and oxygen-containirng gas as
fluidising gas being supplied, and the FeO is
reduced in a second fluidised bed under strongly

reducing conditions to a 50 to 80% metallisation
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and the dwell time of the gas in the first
fluidised bed is set to be so short that the
reduction potential results maximally in the

reduction to FeO,

the gas-solids suspension discharged from the
first fluidised bed is passed into a second
fluidised bed, a strongly-reducing gas is
introduced as fluidising gas into the second
fluidised bed, strongly reducing gas and a major
part of the resulting calcined carbon-containing
material are discharged from the upper part of the

second fluidised bed,

the calcined carbon-containing material is
separated from the gas and is returned into the
first fluidised bed,

a portion of the gas is returned as fluidising gas
into the second fluidised bed after purification
and CO,-removal, and the reduced material is
discharged from the lower part of the second
fluidised bed together with the remaining portion

of the calcined carbon-containing material.



¢ ¢&
L 4
¢« o0

L4
Nii21l]
[ L)

15

The fluidised bed reactors used are expanded fluidised
beds. The term "expanded fluidised bed" is understood
to mean fluidised beds which are operated above the
free-falling velocity of the solids particles. This
fluidised bed principle is distinguished in that -
unlike the "conventional" fluidised bed, in which a
dense phase is separated by a distinct step in density
from the gas space overlying it -~ there are states of
distribution without a defined boundary layer. There
is no step in density between the dense phase and the
dust space overlying it; however, the solids
concentration within the reactor constantly dec>reases
from the bottom to the top. A gas-solids suspension is
discharged from the upper part of the reactor. 1In
contrast to the circulating fluidised bed, however, the
expanded fluidised bed has no internal solids
circulation, i.e. the solids return line which opens
into the fluidised bed reactor in the case of the
circulating fluidised bed is missing in the expanded
fluidised bed. However, this does not rule ocut the
solids being introduced from an expanded fluidised bed
into a second expanded fluidised bed.

All coals from anthracite to_lignite, carbon-containing
minerals and waste products - such as oil shale,
petroleum coke or washery refuse - which are in the
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solid state at room temperature may be used as carbon-
containing material. Preferably at least oxygen-
enriched air is used as oxygen~containing gas. The
dwell time of the gas in the first fluidised bed is
approximately in the range of 0.5 to 3 seconds and is
set by selecting the height of the reactor. Within the
above limit values, setting of the dwell time by
controlling the gas velocity is also possible. The
dwell time of the iron oxide-containing material in the
first fluidised bed is approximately 0.2 minutes to

1.5 minutes. The average solids density in the first
fluidised bed is 100 to 300 kg/m®, relative to the empty
furnace space. In the first fluidised bed, the larger
iron ore agglomerates having a particle size of
approximately 3 te 5 mm decompose into smaller
agglomerates. No gas containing free oxygen is
introduced into the second fluidised bed. The dwell
time of the gas is set to above 3 seconds and the dwell
time of the iron oxide-containing material is set to
about 15 to 40 minutes. The second reactor
correspondingly has a greater height than the first
reactor. The average solids density in the lower part
of the second fluidised bed beneath the means for
introducing the gas-solids suspension from the first
fluidise® bed is 300 to 600 kg/m’, relative to the empty
furnace space. In the upper part, the average solids
density is 50 to 200 kg/m’. The introduction of the
gas-solids suspension takes place at least 1 m above
the supply means for the greatly-reducing fluidising
gas up to a height of at most 30% of the furnace
height. Surprisingly, it was discovered that good
separation of calc¢ined carbon~containing material and
reduced iron-containing material can be achieved in the
second fluidised bed while maintaining these operating
conditions, which contradicts the prevailing expert

opinion.
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The temperature in the fluidised beds is in the range
of 850 to 1100°C, depending on the reactivity of the
carbon-containing material. The reduced product is
withdrawn from the lower part, with a certain amount of
calcined carbon-centaining material also being
withdrawn with it. The fluidised beds can be operated
without great excess pressure or with excess pressure
of up to 20 bar. Part of the exhaust gas from the
second fluidised bed is sent for other use, e.g. as
fuel gas in a steam-generating plant for electric power
generation. The reduced product can be sent for
further processing in the hot state or after cooling,
in which case the carbon-containing material can be
separated off prior to this, e.g. by magnetic

separation.

A preferred form of the invention consists in that the
quantity of the calcined carbon-containing material
which is recirculated is several times the quantity of
the charged iron oxide-containing materials, and the
heat content of the suspension passed from the first
into the second fluidised bed is used to cover the heat

consumption in the second fluidised bed.

The heat required in the second reactor is introduced
by the gas-solids suspension from the first reactor,
with the predominant quantity of heat being introduced
by the calcined carbon-containing material serving as
heat carrier. To this end, the temperature in the
first fluidised bed is set to a value which is higher
than the exit temperature from the second fluidised
bed. The superheating in the first fluidised bed which
is necessary for this depends on the quantity of the
circulating calcdined carbon-containing material.

A preferred form of the invention consists in that the

entry temperature of the suspension into the second
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fluidised bed is 30 to 80°C higher than the temperature
of the strongly reducing gas withdrawn from the upper
part and the quantity of the recirculated calcined
carbon-containing material is 10 to 50 times the iron

oxide~containing material used.

If the temperature of the superheating of the
suspension in the first fluidised bed lies in the upper
range, the quantity of material recirculated lies in
the lower range, and vice versa. The optimum mode of
operation consists in that the superheating takes place
up to the maximum permitted temperature at which no
sintering or baking-on yet takes place, and the
quantity of material recirculated is kept
correspondingly low. If the quantity drops below 10
times the quantity of material recirculated,
impermissibly high temperature differences are yielded,
which may lead to the melting point of the iron oxide-
containing material and the ash of the carbon-
containing material being exceeded. On the other hand,
exceeding 50 times the quantity of the material
recirculated results in a high pressure drop and hence
in higher solids concentrations, which in turn hinder

the desired separation in the second fluidised bed.

A preferred form of the invention consists in that the
calcined carbon-containing material is separated out of
the material discharged from the lower part of the
second fluidised bed and at least part is recirculated
into the first fluidised bed. This means that firstly
the calcined carbon-containing material is returned
into the process again and secondly a pure reduced
product is obtained. If the reduced product is sent
for final reduction, the carbon necessary for this can
be added in an exactly metered quantity. This also
applies for the melting-down of the reduced product.



The features of the process steps a) to ¢) are common to all

embodiments of the invention.

The fine iron ore according to process stage (a) can be
processed with a binder in a granulator to produce
granules having a grain size of < 5 mm. The granules
can be dried in a venturi drier according to process
stage (b). The dried granules are hardened according
to process stage (¢). For this, short dwell times of

only a few minutes are required.

A preferred form of the invention therefore consists in
that granules are obtained as particles according to

process stage (a). Very good results are obtained upon
the heat treatment according to process stage (c¢) using

granules.

A preferred form of the invention consists in that
particles having a particle size of > 0.1 to 3 mm are
obtained according to process stage (a). Particles of
this particle size can be produced very readily and
yield very good results upon the heat treatment

according to process stage (c).

A pfeferred form of the invention consists in that the
dried particles are obtained at a temperature of 150 to
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300°C accoriing to process stage (b). Upon drying in
this temperature range, particles are obtained with
which very good results are achieved upon the heat

treatment according to process stage (c).

A preferred form of the invention consists in that the
particles are heat-treated at a temperature of 800 to
900°C according to process stage (c¢). The best results
are achieved at these temperatures.

A preferred form of the invention consists in that
process stage (a) 1is performed with at least one
binder, such as bentonite, slaked lime or Peridur®.
These binders are highly suitable for the production of
the particles. The slaked lime is Ca(OH),.

A preferred form of the invention consists in that the
exhaust gases from the hardening according to process
stage (¢) are introduced into the drying stage
a~cording to process stage (k). Owing to this measure,
the process according to the invention is particularly

economic.
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The invention will be explained in greater detail with
reference to a drawing and an example. The drawing
consists of Figures 1, 2 and 3.

Figure 1

The heat-treated ore (granules) is charged into the
venturi preheater (2) via line (1). The suspension is
passed via line (3) into the cyclone (4), where
separation of gas and solids takes place. The solids
separated off are passed into the venturi preheater (6)
via line (5). Fuel is passed into the combustion
chamber (9) via line (7), and combustion air via line
(8). The hot combustion gases are passed into the
venturi preheater (6) via line (10). The suspension is
passed via line (11) into the cyclone (12), where
separation of solids and gas takes place. The gas is
passed into the venturi preheater (2 via line (13).
The gas from the cyclone (4) is passed via line (14)
into a filter (15), from which the purified gas is
removed via line (16), and from which the dust
separated off is removed via line (17). The solids
separated off in the cyclone (12) are fed via line
(17ay into the bia (18), from which they are removed
via line (19) into the worm conveyor (20) and from
there are passed via line (21) into the fluidised bed
reactor (22) of the circulating fluidised bed. From
the fluidised bed reactor (22), the gas-solids
suspension is passed via line (23) into the recycling
cyclone (24). The solids separated off are fed back
into the fluidised bed reactor (22) via line (2%). The
gas from the recycling cyclone is passed into the heat
exchanger (27) via line (26). The cooled gas is passed
via line (28) into the scrubber (29), is cooled therein
to below the dew-point of the water vapour, and the
water vapour content 'is largely removed. The purified
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gas is passed via line (30) into the heat exchanger
(27). Reducing gas is admixed via line (31) for
strengthening. The preheated reduction gas is passed
into the heater (33) via line (32) and is heated
therein to the temperature required for the process.
The heated gas leaves the heater (33) via line (34) and
is passed in part as fluidising gas via lines (35) into
the fluidised bed reactor (36) of the conventional
fluidised Led and the other part is passed as
fluidising gas into the fluidised bed reactor (22) of
the circulating fluidised bed via line (37). Solids
are passed from the fluidised bed reactor (22) of the
circulating fluidised bed via line (38) into the
fluidised bed reactor (36) of the conventional
fluidised bed. The dust-containing exhaust gas from
the fluidised bed reactor (36) of the conventional
fluidised bed is passed via line (39) into the cyclone
(40). The dust separated off is returned via line (41)
into the fluidised bed reactor (36) and the gas is
introduced into the fluidised bed reactor (22) of the
circulating fluidised bed as secondary gas via line
(42) . The Fe,C-containing product is passed from the
fluidised bed reactor (36) of the conventional
fluidised bed via line (43) into the cooler (44), is
cooled therein and removed via line (45). Cooling
water is passed into the cooler (44) via line (46), and
is removed via line (47). Water is passed into the
scrubber (29) via line (48) and is removed via line
(49). Fuel and combustion air are passed into the
heater {33) via the lines (50). The combustion gases
are removed via line (51). A partial stream is removed
from the recycle gas via line (52), which prevents

enrichment of nitrogen in the recycle gas.
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Figure 2

Differs from Figure 1 only in that Fe3C—containihg product
comming from the fluidiged bed reactor (36) wvia conduit (43)
is led to a briquetting plant (83) and is briquetted therein.

The briquettes are then removed via conduit (45).

Figure 3

Ore, in the form of granules, from the preliminary heat
treatment is blown via line (54) into the first
fluidised bed (53), coal is blown in via line (55),
oxygen is blown in via line (56) and air via line (57).
The fluidised bed reactor (53) has an internal diameter
of 0.06 m and a height of 6 m. The gas-solids
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suspension is discharged into the second fluidised bed
(59) via line (58). This fluidised bed reactor (59)
has an internal diameter of 0.08 m and a height of

20 m. An oxygen-free, strongly reducing gas is
introduced into the second fluidised bed via line (60).
A strongly reducing gas which contains a major part of
the calcined carbon-containing material is withdrawn
via line (61) into a cyclone separator (62). The
solids separated out of the gas in the cyclone
separator (62) pass via line (63) into the fluidised
bed (53). The gas is passed via line (64) into a gas
treatment stage (65), in which the gas is subjected to
dust removal, is cooled and largely freed of CO, and
H,0. A partial stream of the gas is discharged from the
circuit via line (82). The purified gas is passed
after compression (not shown) via line (66) into a gas
heater (67) and from there is passed via line (60) into
the fluidised bed (59). Reduced ore and part of the
calcined carbon are removed from the fluidised bed (59)
via line (68) and are passed into a product treatment
stage (69). After cooling and magnetic separation, the
reduced ore is removed via line (70). It may be fed to
a smelting reactor (72) via line (71) or be removed via
line (73) as product. Calecined carbon-containing
material is removed via line (74). It can be removed
via line (75) into the fluidised bed (53), via line
(76) into the smelting reactor (72) and via line (77)
from the process. Molten pig iron is removed from the
smelting reactor (72) via line (78) and slag via line
(79) . The exhaust gas of the smelting reactor (72) is
passed via line (80), possibly after a gas purification
stage (not shown), into line (60). The smelting
reactor (72) can be designed as an electric-reduction
furnace or as a c¢onverter, into which oxygen is blown

via line (81)..
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Example

87 kg iron ore concentrate having a water content of 5%
by weight from flotation and a grain size d = 25 um

with the following distribution:

Fraction Proportions by weight
(um) (% by weight)
64 to 125 3.5
32 to 64 29.7
16 to 32 34.8
8 to 16 19.5
4 to 8 8.2
2 to 4 2.7
1 to 2 0.6
< 1 1.0

containing the following constituents:

Constituents Proportions by weight
(% by weight)

Total Fe 69.1

sio, 1.6

al1,0, 1.5

cao 0.29

were mixed in a mixing granulator for 5 minutes with

1 kg bentonite, 8 kg fine dust from the gas
purification stage of the heat treatment and 4 kg dust
from the gas purification stage of the fluidised-bed
reduction plant. The mixture kad a water content of
7.6% by weight and the following distribution (sieve
analysis):
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Grain size Proportions by weight
(mm) (¥ by weight)
1.0 to 0.5 21.7
0.5 to 0.315 27.6
0.315 to 0.2 24.9
0.2 to 0.1 17.6
< 0.1 8.2

The mixture was dried in a highly-expanded fluidised
bed and was heated to a temperature of 220°C, with the
exhaust gas from the subsequent heat treatment being
introduced at a temperature of 900°C. The dried
material was heat-treated in a second highly-expanded
fluidised bed at a temperature of 900°C for 3 minutes.
Air at 800 Nl/h was introduced into the fluidised bed
as fluidising gas, and natural gas was introduced as
secondary gas. The exhaust gas had an oxygen content
of 5% by volume. 8 kg fine dust were separated out of
the heat-treatment stage, which dust was used to
produce the above nmixture. The granules hardened by
the heat treatment had the following distribution

(sieve analysis):

Grain size Proportions by weight
(mm) (% by weight)
1.0 to 0.5 14.8
0.5 to 0.315 26.1
0.315 to 0.2 24.6
0.2 to 0.1 22.1
< 0.1 12.4

and contained the following constituents:
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Constituents Proportions by weight
(% by weight)

Total Fe 66.8
Fe?* 3.0

The granules hardened by heat treatment were pre-
reduced in a first reduction stage, a circulating
fluidised bed, at 600°C with a gas mixture consisting

of

5.6 % CO
4.7 % €O,
52.1 % H,
37.6 % CH,

o oe

and then finish-reduced in a second reduction stage, a
conventional fluidised bed, at 600°C with the following

gas mixture:

8.5 % CO
3.9 % Co,
57.7 % H,
29.9 % CH,

The product had the following analysis:

Total Fe 83.4%
Metallic Fe 66.4%
C 3.7%.

corresponding to a degree of metallisation of 79.6% and
a degree of carburation of 81.9%. The amount of fine
dust produced was 4 kg and was recycled into the

granulation process.
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CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS ;

A process for the heat treatment of fine-grained
ore and for the conversion of the heat-treated
ore to metallic iron, in which

the fine iron ore is blended with at least one
binder to produce particles having a particle size
of > 0.1 to 5 mn,

the particles according to process stage (a) are

dried,

the particles dried according to process stage (b)
are heat-treated at a temperature of 700 to
1100°C,

in a first reduction stage the heat-treated
particles are charged into the fluidised bed
reactor of a circulating fluidised bed system, hot
reduction gas is introduced into the fluidised bed
reactor as fluidising gas, preliminary reduction
takes place, the suspension discharged from the
fluidised bed reactor is lafgely freed of solids
in the recycling cyclone of the circulating
fluidised bed and the solids which have been
separated off are returned into the fluidised bed
reactor such that the solids circulation per hour
within the circulating fluidised bed is at least
five times the weight of solids present in the

fluidised bed reactor,
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solids from the first reduction stage, in a second
reduction stage, are passed into a conventional
fluidised bed, hot reduction gas is passed into
the conventional fluidised bed as fluidising gas,
the residual oxygen is broken down and the iron
content is largely converted into FeyC, the exhaust
gas from the conventional fluidised bed is passed
as secondary gas into the fluidised bed reactor

of the circulating fluidised bed system

A and the Fe;C-containing product is
withdrawn from the conventional fluidised bed,

the exhaust gas from the recycling cyclone
of the circulating fluidised bed system
-is cooled to below the dew-point

and water is condensed out of the exhaust gas,
a partial stream of the exhaust gas is withdrawn,

the remaining partial stream, after strengthening
by addition of reducing gas and heating as recycle
gas, is passed partly as fluidising gas into the
fluidised bed reactor of the first reduction stage
and partly into the fluidised bed

of the second reduction stage.
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A process for the heat treatment of fine-grained

iron ore and for the conversion of the heat-treated

iron ore to metallic iron, in which

a)

b)

c)

d)

the fine iron ore is blendedwith at least one
binder to produce particles having a particle size

of > 0.1 to 5 mm,

the particles according to process stage (a) are

dried,

the particles dried according to process stage (b)
are heat-treated at a temperature of 700 to

1100°C,

in a first reduction stage the

heat-treated particies are charged into the
fluidised bed reactor of a circulating fluidised
bed system, hot reduction gas is introduced as
fluidising gas into the fluidised bed reactor,
preliminary reduction of the iron oxides takes
place, the suspension discharged from the
fluidised bed reactor is largely freed of solids
in the recycling cyclone of the circulating
fluidised bed and the solids separated off are
returned into the fluidised bed reactor such that
the solids circuldtion per hour within the
circulating fluidised bed is at least five times
the weight of solids present in the fluidised bed

reactor,
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solids from the first reduction stage, in a second
reduction stage, are passed into a conventional
fluidised bed, hot reduction gas is passed into
the conventional flu. sed bed as fluidising gas,
the residual oxygen is broken down and < 50% of
the iron content is converted into Fe,C, the
exhaust gas from the conventional fluidised bed is
passed as secondary gas into the fluidised bed
reactor ,¢ the circulating fluidised bed system
and the preduct is

withdrawn from the conventional fluidised bed,

the exhaust gas from the recycling cyclone

of the circulating fluidised bed system
is cooled to below the dew-point

and water is condensed out of the exhaust gas,

a partial stream of the exhaust gas is withdrawn,

the remaining partial stream, after strengthening
by addition of reducing gas and heating as recycle
gas is passed partly as fluidising gas into the
fluidised bed reactor of the first reduction stage
and partly into the fluidised bed

of the second reduction stage-
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3. A process for the heat treatment of fine-grained
iron ore and for the conversion of the heat-treated
iron ore to metallic iron, in which

a) the fine iron ore is blended with at least one
binder to produce particles having a particle size

of > 0.1 to 5 mn,

b) the particles according to process stage (a) are
dried,

c) the particles dried according to process stage (b)
are heat-treated at a temperature of 700 to
ii100°C,

d) in a first fluidised bed the heat-treated
particles are reduced under weakly-reducing
conditions to FeO with s6lid, carbon-containing
reduction agent and oxygen-containing gas as
fluidising gas being supplied, and the FeO is
reduced in a second fluidised bed under strongly
reducing conditions to a 50 to 80% metallisation
and the dwell time of the gas in the first
fluidised bed is set to be so short that the
reduction potential results maximally in the

reduction to FeO,
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the gas-solids suspension discharged from the
first fluidised bed is passed into a second
fluidised bed, a strongly-reducing gas is
introduced as fluidising gas into the second
fluidised bed, strongly reducing gas and a majoL
part of the resulting calcined carbon-containing
material are discharged from the upper part of the

second fluidised bed,

the calcined carbon-containing materia? is
separated from the gas and is returned inte the
first fluidised bed,

a portion of the gas is returned as fluidising gas
into the second fluidised bed after purification
and CO,~removal, and the reduced material is
discharged from the lower part of the second
fluidised bed together with the remaining portion
of the calcined carbon-containing material.
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4. A process according to Claims 1, 2 or 3 wherosin granules
are obtained as particles according to process stage

(a).

5 A process according to Claims 1, 3 or 3wherein
particles having a particle size of > 0.1 to 3 mm are

obtained according to process stage (a).

6. A process according to Claims 1, 2 or 3 wherein the
dried particles are obtained at a temperature of 150 to

300°C according to process stage (b).

7. A process according teo Claims 1, 2 or 3 wherein the
particles are heat-treated at a temperature of 800 to

900°C according to process stage (c).

8. A process according to Claims 1, 2 0r 3 wherein
process stage (a) is performed with at least one

binder, such as bentonite, slaked lime or Peridur®.

9. A process according teo Claims 1 ) or 3Wherein the

exhaust gases from the hardening according to process

stage (c) are introduced into the drying stage

according to process stage (b).

DATED this 18th day of October 1995.

METALLGESELLSCHAFT AKTIENGESELLSCHAFT

WATERMARK PATENT & TRADEMARK ATTORNEYS
290 BURWOOD ROAD
HAWTHORN. VIC. 3122.
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Abstract

Process for the heat treatment of fine~grained iron ore
and for the conversion of the heat-treated iron ore to

metallic iron

The present invention describes a process for the heat

treatment of fine-grained iron ore and for the

conversion of the heat-treated iron ore to metallic

iron,

a)

b)

c)

a)

in which

the fine iron ore is reacted with at least one
binder to produce particles having a particle size

of > 0.1 to 5 mm,

the particles according to process stage (a) are

dried,

the particles dried according to process stage (b)
are heat-treated at a temperature of 700 to
l1100°C,

the heat-treated particles are reacted to form

metallic iren.
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