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In a method of producing metallic iron by reducing and melting a raw material, which contains an iron oxide-containing material and
a carbonaceous reducing agent, by heating, the raw material for producing metallic iron Is supplied after a powder and granular
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(57) Abrege(suite)/Abstract(continued):

atmosphere control carbonaceous material Is spread on a hearth of a heat-reducing furnace. In this case, a non-resolidificable
carbonaceous material Is used as the atmosphere control carbonaceous material, and thus a phenomenon that the powder and
granular carbonaceous material i1s resolidified into a rice-cracker-like shape can be suppressed, thereby permitting solid-phase
reduction with high efficiency and stable operationality.
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ABSTRACT

In a method of producing metallic 1ron by reducing and melting a
raw material, which contains an iron oxide-containing material and a
carbonaceous reducing agent, by heating, the raw material for producing
metallic iron 1s supplied after a powder and granular atmosphere control
carbonaceous material is spread on a hearth of a heat-reducing furnace.
In this case, a non~-rescolidificable carbonaceous material is used as the
atmosphere control carbonaceous material, and thus a phenomenon that the
powder and granular carbonaceous material is resolidified into a rice-
cracker-like shape can be suppressed, thereby permitting solid-phase

reduction with high efficiency and stable operationality.



CA 02462669 2004-04-01

DESCRIPTION

METHOD OF PRODUCING METALLIC IRON

Technical Field

The present invention relates to a method of producing metallic
iron, and particularly to a method improved for permitting a smooth
continuous operation by preventing a phenomenon that in producing
metallic iron by heat-reducing a mixture of an iron oxide-containing
material and a carbonaceous reducing agent on a moving hearth, an
atmosphere control carbonaceous material, which is spread on the hearth

to 1lncrease an atmospheric reduction potential on the hearth for heating

reduction, 1is resolidified into a sheet shape to inhibit operationality.

Background Art

Relatively new methods of producing metallic iron by heat-reducing
an iron oxide source such as an iron ore or the like include a method of
producing metallic iron comprising reducing iron oxide by heating, on a
moving hearth, a mixed power containing an iron oxide source such as
lron ore and a carbonaceous reducing agent such as a carbonaceous
material, or a carbonaceous material-containing raw material
agglomerated by pelletizing the mixture.

In carrying out this method, a known method is performed, in which
in order to 1lncrease a reduction potential on the hearth for heating-
reduction to improve a reduction efficiency, an atmosphere control

carbonaceous material is spread on the hearth before the raw material is
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charged (for example, Japanese Unexamined Patent Application Publicatiocon
Nos. 11-106816, 11-10681e6, 11-172312, 11-335712, 2000-45008, etc.). The

atmosphere control carbonaceous material 1s confirmed to effectively
function to prevent direct contact between a hearth refractory and
metallic iron and generated slag, which are produced by heating-
reduction, and to suppress corrosion of the hearth refractory.

As a result of the advance of research on a method of producing
metallic iron by using an atmosphere control carbonaceous material, the
inventors found that the above-described conventional methods have the
unsolved problems below.

The greatest problem pointed out in the conventional methods is
that a powder and dranular carbonaceous material used for controlling an
atmosphere is fused and solidified into a rice-cracker-like shape in the
step of heat-reducing the 1ron oxide-containing raw material to cause
warping, depending on the type of the powder and granular carbonaceous
material used, thereby significantly hindering a continuous operation.
When such a phenomenon occurs on the hearth during an operation, the
following various problems are caused.

(1) The metallic 1ron and dgenerated slag produced by heating-
reduction are generally solidified by cocoling on the lowermost stream
side of a production apparatus, and then discharged from the hearth by
using a scraper device such as a screw or the like. However, the warped
carbonaceous material resolidified into a rice-cracker-like shape is
caught by the scraper device, thereby significantly inhibiting discharge

of the metallic iron and generated slag from the hearth.
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(2) When the carbonacecus material re-solidified into a rice-
cracker—-like shape 1is forcedly discharged from the hearth by using the
scraper device, a large load is applied to the scraper device to cause a
failure in the device. Also, the hearth refractory is damaged by the
re-solidified carbonaceous material to significantly deteriorate
durability.

(3) The metallic 1ron produced by reduction is partially contained
in the re-solidified carbonaceous material, thereby deteriorating a
recovery ratio of the metallic iron.

(4) When a resolidificable carbonaceous material is spread on the
hearth before a raw material is charged, the carbonaceous material is
re-solidified into a rice-cracker-like shape to cause warping.
Therefore, when a raw material 1s supplied on the re-solidified
carbonaceous material, the raw material flows toward a lower portion or
drops into a crack of the carbonaceous material layer, thereby failing
to charge the raw material in a uniform thickness.

Furthermore, most of the carbonaceous material discharged from the
hearth still has high reduction activity. However, in the conventional
technique, the carbonaceous material is discarded with substantially no
further treatment, leaving room for improvement from the viewpoint of
effective utilization of wvaluable resources.

The present invention have been achieved in consideration of the
above-described situation, and an object of the present invention is to
resolve the above various problems due to the rice-cracker-like

carpbonaceous material produced by re-solidification of a powder and
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granular carbonaceous material used for controlling an atmosphere.
Another object of the present invention is to establish a technique for
effectively recycling the used carbonaceous material still having
reduction activity as a variable resource, to decrease the consumption

of the atmosphere control carbonaceocus material.

Disclosure of Invention

In order to achieve the objects, a method of producing metallic
iron according to the present invention comprises heating, on a moving
hearth, a raw material containing an iron oxide-containing material and
a carbonaceous reducing agent to reduce iron oxide contained in the raw
material, wherein the raw material is supplied after a powder and
granular atmosphere control carbonaceous material is spread on the
hearth, and a non-resclidificable carbonaceous material is used as the
atmosphere control carbonaceous material.

As the atmosphere control carbonaceous material used in the present
invention, a preferred carbonaceous material has a grain diameter of
substantially 3.35 mm or less, contains 20% by mass or more of grains
having a grain diameter in the range of 0.5 to 3.35 mm, and has a
maximum fluidity degree of 0 (zero). Another preferred example of the
atmosphere control carbonaceous material is a non-resolidificable
carbonaceous material obtained by heat-treating a resolidificable
carbonaceous material at a temperature of about 500°C or more.

Also, a recovered carbonaceous material having been heated because

of use as the atmosphere control carbonaceous material in a metallic
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iron producing apparatus loses 1its resolidificability due to the heat
treatment, and is made non-resolidificable. Therefore, the recovered

carbonaceous material can also be effectively used as the non-
resolidificable carbonaceous material, and a carbonaceous material,
which is originally non-resolidificable, maintains its non-
resolidificability under the heat treatment, and can thus be recovered
and recycled.

In the present invention, another effective carbonaceous material
1s a mixed non-resolidificable carbonaceous material containing a
resolidificable carbonaceous material and a non-resolidificable
carbonaceous material. In this case, a flesh carbonaceous material can
be used as the resolidificable carbonaceous material, and a carbonaceous
materlal heat-treated at a temperature of about 500°C or more can be
preferably used as the non-resoclidificable carbonaceous material.
Particularly, the carbonaceous material having been heated in the
metallic iron producing apparatus loses its resolidificability due to
the heat treatment, and thus the carbonaceous material having been
heated 1s recovered and recycled to cause the advantage that the
consumption of the atmosphere control carbonaceous material can be
decreased 1n cooperation with the effective utilization of waste
materlals.

Furthermore, by using the carbonaceous material recycling method,
fine-grain metallic iron and generated slag, which are mixed in the
recovered carbonaceous material, can be recovered by treatment in a next

step, and thus the recovery ratio of the metallic iron can be increased.
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When the generated slag is effectively used as a by-product,
the recovery ratio of the slag can also be increased.

In the use of the mixture of the resolidificable
carbonacecus material and the non-resolidificable
carbonaceocus material, a preferred mixing ratio depends on
the resolidification force of the resolidificable
carbonaceous material used, but the mixing ratio of the non-
resolidificable carbonaceous material is preferably in the
range of 50 to 90% by mass relative to 50 to 10% by mass of
the resolidificable carbonaceous material.

In carrying out this method, a portion of the metallic
1ron, particularly fine-grain metallic iron, discharged from
the moving hearth furnace is preferably returned to the
moving hearth furnace, and the carbonaceous material can be
efficiently recovered by using static electricity.

In one aspect, the present ihvention resides 1n method
of producing metallic iron comprising heating a raw
material, which contains an iron oxide-containing material
and a carbonaceous reducling agent, on a moving hearth to
reduce 1ron oxide in the raw material, wherein the raw
material 1s supplied after a powder and granular atmosphere
control carbonaceous material 1is spread on the hearth, and a
non-resolidificable carbonaceous material is used as the

atmosphere control carbonaceous material. More preferably,

a heat-treated product of resclidificable carbonaceous
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material 1s used as the atmosphere control carbonaceous

material.

In another aspect, the present i1nvention resides 1in

a method of producling metallic 1ron comprising:

spreading a powder and granular atmosphere control
carbonaceous material on a moving hearth,

supplying a raw material which contains an iron oxide-
containing material and a carbonaceous reducing agent on the
powder and granular atmosphere control carbonaceous material

spread on the hearth; and

heating the raw material on the moving hearth to reduce

1ron oxlide in the raw material,

wherein the powder and granular atmosphere control

carbonaceous material is a non-resolidificable carbonaceous
material, which non-resolidificable carbonaceous material
remalins a powder or granular material during the heating
step,

wherein a mixture of a non-resolidificable carbonaceous

material and a recovered carbonaceous material having been

heated 1n a metallic iron producing apparatus is used as the
atmosphere control carbonaceous material.
In another aspect, the present invention resides in a

method of producing metallic iron comprising:

spreading a powder and granular atmosphere control

carbonaceous material on a moving hearth,

supplying a raw material which contains an iron oxide-
contalning material and a carbonaceous reducing agent on the
powder and granular atmosphere control carbonaceous material

spread on the hearth; and

heating the raw material on the moving hearth to reduce

1ron oxide in the raw material,

wherein the powder and granular atmosphere control

carbonaceous material i1s a non-resolidificable carbonaceous
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material, which non-resolidificable carbonaceous material

remains a powder or granular material during the heating
step,

wherein a.mixed non-resolidificable carbonaceous
material formed by mixing a non-resolidificable carbonaceous
materlial with a resolidificable carbonaceous material 1in
proportions to produce a non-resolidificable carbonaceous
material 1s used as the atmosphere control carbonaceous

material.

In another aspect, the present invention resides 1n a
method of producing metallic i1ron comprising:

spreading a powder and granular atmosphere control
carbonaceous material on a moving hearth,

supplyling a raw material which contains an iron oxide-
containing material and a carbonaceous reducing agent on the
powder and granular atmosphere control carbonaceous material

spread on the hearth; and

heating the raw material on the moving hearth to reduce
1ron oxlide 1n the raw material,

whereln the powder and granular atmosphere control
carbonaceous material 1s a non-resolidificable carbonaceous
material, which non-resolidificable carbonaceous material
remalins a powder or granular material during the heating step,

whereln a portion of the metallic iron discharged from
the moving hearth furnace is returned to the moving hearth

furnace together with the powder or granular atmosphere

control carbonaceous material.

In another aspect, the present invention resides in a
method of producling metallic iron comprising:

spreading a powder and granular atmosphere control
carbonaceous material on a moving hearth, wherein the
atmosphere control carbonaceous material comprises a
recovered carbonaceous material which has been heated in a

metallic 1ron producing apparatus;
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supplying a raw material which contains an l1ron oxide-
containing material and a carbonaceous reducing agent on the
powder and granular atmosphere control carbonaceous material
spread on the hearth; and

heating the raw material on the moving hearth to reduce
iron oxide 1n the raw material,

wherein the powder and granular atmosphere control

carbonaceous material 1s a non-resolidificable carbonaceous

material, which non-resolidificable carbonaceous material
remalns a powder or granular material during the heating step,
whereiln the carbonaceous material is recovered by using

static electricity.

Brief Description of the Drawings

Fig. 1 1s a flowchart of reduction and melting performed

1n an example of the present invention.

Fig. 2 1s a flowchart of reduction and melting performed
1n another example of the present invention.
Fig. 3 1s a flowchart of reduction and melting performed

F

- the present invention.

1n a further example o:

Fig. 4 1s a flowchart of reduction and melting performed

1n a reference example of the present invention.

Fig. 5 1is a flowchart showing a step of separating

metallic iron,
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generated slag, and a recovered carbonacecus material according to the

present invention.

Best Mcde for Carrying Out the Invention

The present invention can be applied to the methods disclosed in,
for example, U.S. Patent No. 6,036,744, and Japaneseée Unexamined Patent
Application Publication Nos. 9-256017, 2000-144224 and 11-1311198, in
which an iron oxide-containing material such as an iron ore is mixed
with a carbonaceous reducing agent such as a carbonaceous material, and

1f required, the resultant mixture is agglomerated or formed into

pellets, reduced by heating on a moving hearth, and further heated to

As described above with respect to the related art, it is already
known that in practical use of the above-described method of producing
metallic iron, as a means for efficiently progressing heating-reduction
of the iron oxide source in the raw material mixture on the moving
hearth, a powder and granular atmosphere control carbonaceous material
1s spread on the hearth before the raw material is charged, to maintain
the reduction potential on the hearth at a high level during heating-
reduction. Consequently, the reduction efficiency is increased to
improve the recovery ratio of metallic iron.

However, the conventicnal technique causes the above-described
various troubles in the operation due to the phenomenon that the

carbonaceous material is resolidified in a sheet shape by heat for



CA 02462669 2004-04-01

reduction and melting, depending on the type of the atmospheric control

carbonaceous material used.

Therefore, research was advanced for resolving the above-described
problems due to the resclidification of the atmosphere control
carbonaceous material, and for permitting efficient and smooth
production of metallic iron from various angles. As a result, it was
found that the above problems can be solved by using, as the atmosphere
control carbonaceous material, a carbonaceous material, which can
maintain a powder and granular state without beiling resolidified even
under a heating condition for reduction and melting of the raw material
mixture. This resulted 1n achievement of the present invention.

Therefore, the present invention is characterized by using a non-
resolidificable carbonaceous material as the atmosphere control
carbonaceous material. Examples of the non-resclidificable carbonaceous
material include the following.

(1) Carbonaceous material having a grain diameter of substantially
3.35 mm or less, containing 20% by mass or more, preferably 40% by mass
or more, of gralns having a graln diameter in the range of 0.5 to 3.35
mm, and having a maximum fluidity degree (which will be described below)
of zero (0):

The carbonaceous material satisfylng such a grain size pattern and
maximum fluidity degree is not resolidified under a basically reducing
high—-temperature condition (generally 700 to 1600°C, and more generally
900 to 1500°C), and maintains a powder and granular state. However, as

described in the examples below, it was confirmed that even with a
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maximum fluidity degree of zero, a powder and granular carbonaceous
material having a grain dlameter of 3.35 mm or less, and containing less
than 20% by mass of coarse grains having a grain diameter in the range
of 0.5 to 3.35 mm causes resolidification under the temperature
condition of reduction and melting. Although the reason for this is not
known yet at present, it is considered that the carbonaceous material
contains a large amount of fine grains of less than 0.5 mm, and the fine
grains function as a binder to promote resolidification of the
carbonaceous material. Furthermore, as the ratio of the fine grains of
less than 0.5 mm increases, scattering due to an air flow in the
metallic iron producing apparatus undesirably increases.

A coarse carbonaceous material having a grain diameter of over 3.35
mm causes no problem due to resolidification, but mixing of the coarse
material having a grain diameter of over 3.35 mm must be avoided as much
as possible because the function as the atmosphere control carbonaceous
material deteriorates due to a shortage of surface area. In order to
effectively exhibit the function as the atmosphere control carbonaceous
material, a material containing 60% by mass or less of the coarse grains
in the range of 0.5 to 3.35 mm is preferably used.

(2) Carbonaceous material heat-treated at a temperature of about
500°C or more:

The inventors confirmed that a resolidificable carbonaceous
material loses its resolidificability by heat-treatment at a temperature
of about 500°C or more in a non-oxidizing atmosphere, and is made non-

resolidificable. Therefore, when a resclidificable carbonaceous
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material short of suitability is heat-treated at about 500°C or more,
preferably about 600 to 1200°C, for about 5 to 15 minutes in a non-
oxidizing atmosphere, the material can be changed to a carbonaceous
material which can be used as the non-resoclidificable carbonaceous
material without any problem.

In producing metallic iron by using the moving hearth furnace, the
recovered carbonaceous materlial separated from the metallic lron and the
generated slag and recovered after being used as the atmosphere control
carbonaceocous material experiences heating corresponding to the heat
treatment, and is thus converted to a non-resoclidificable carbonaceous
material by heating in the non-oxidizing atmosphere. Therefore, the
recycled carbonaceous material can be effectively used as the atmosphere
control carbonaceous material with grain size control after recovery
according to demand.

(3) Mixed non-resolidificable carbonaceous material containing a
resolidificable carbonaceous material and a proper amount of non-
resolidificable carbonaceous material:

As seen from the examples below, when an appropriate amount of non-
resolidificable carbonaceous material 1s mixed with a resolidificable
carbonaceous material having a maximum fluidity degree of more than zero,
the mixed carbonaceous material can be made non-resolidificable as a
whole, and can thus be used as the non-resolidificable atmosphere
control carbonaceous material. As the non-resolidificable carbonaceous
material, the above-descried non-resolidificable carbonaceous material

obtained by heat-treating a resolidificable carbonaceous material, and
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the above-described recovered carbonaceous material recovered after
experiencing the heating in the metallic iron producing apparatus can be
used.

The preferred amount of the non-resolidificable carbonaceous
material mixed with the resolidificable carbonaceous material depends
upon the degree of resolidificability of the resolidificable
carbonaceous material used, for example, the value of a maximum fluidity
degree. With the resolidificable carbonaceous material originally
having a low fluidity degree, the material can be converted to a non-
resolidificable material by mixing only a small amount of non-
resolidificable carbonaceous material, while with the resolidificable
carbonaceous material having a high fluidity degree, a relatively large
amount of non-resclidificable carbonaceous material must be mixed.
However, the standard amount of the non-resolidificable carbonaceous
material mixed for making the resolidificable carbonaceous material non-
resolidificable is in the range of 50 to 80% by mass relative to 50 to
10% by mass of the resolidificable carbonaceous material, more generally
in the range of 40 to 90% by mass relative to 60 to 10% by mass of the
resolidificable carbonaceous material.

Of the above-described materials, most preferable materials for the
present invention include the recovered carbonaceous material modified
to non-resolidificable by the heat treatment in the metallic iron
producing apparatus, and the mixed carbonaceous material made non-
resolidificable by mixing the recovered carbonaceous material with the

resolidificable carbonaceous material. In the conventional technique
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using the atmosphere control carbonaceous material for improving the
reduction efficiency, the atmosphere control carbonaceous material
discharged together with metallic iron and generated slag 1s nelther
recovered nor recycled, but it 1s mostly discarded for reclamation
together with the generated slag.

However, the carbonaceous material used as the atmosphere control
carbonaceous material must maintain reduction activity for preventing
reoxidation of metallic iron even in the final stage of heating
reduction and melting, and thus the discharged carbonaceous material has
significant reduction activity, and can be used as a reducing agent.
Furthermore, as described above, the recovered carbonaceocus material is
converted to the non-rescolidificable carbonaceous material by heat for
reduction and melting of the iron oxide source. Therefore, by
effectively using the recovered non-resolidificable carbonaceous
material as a recycled carbonaceous material, resclidification of the
carbonaceous material can be securely prevented to further improve
operation stability, as compared with the use of a fresh carbonaceous
material.

Furthermore, when the recovered carbonaceous material is recycled
as described above, a significant amount of fine-grain metallic iron
contained in the recovered carbonaceous material 1s again returned to
the metallic iron producing apparatus, thereby contributing to an
improvement in the recovery efficiency of the metallic iron. Similarly,
when the generated slag i1s also recovered as a valuable resource, the

slag mixed as fine grains in the recovered carbonaceous material is also
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returned to the metallic lron produclng apparatus together with the
carbonaceous material, thereby contributing to an improvement in the
recovery efficiency of the generated slag.

By making good use of the present invention as described above, the
following many advantages can be obtained.

1) The problems of resolidification of the carbonaceous material
can be solved.

2) The carbonaceous material, which maintains reduction activity
and which is conventionally discarded, can be effectively used, thereby
contributing to a decrease in the consumption of the carbonaceous
material.

3) Metallic iron fine grains which are discarded and lost together
with the carbonaceous material are recycled together with the
carbonaceous material, thereby improving the recovery efficiency of the
metallic 1lron.

4) Similarly, the generated slag can be recovered as a valuable
resource, improving the recovery efficiency.

Furthermore, the construction of an apparatus used for carrying out
the present invention, i1.e., a moving hearth-type heating furnace for
reduction and melting, 1s not limited, and all reduction melting
furnaces disclosed in, for example, U.S. Patent No. 6,036,744, and
Japanese Unexamlned Patent Application Publication Nos. 9-256017, 2000-
144224 and 11-131119 can be used. However, as a preferred apparatus, a
rotary hearth furnace is recommended for continuously efficiently

performing an operation comprising heat-reducing a raw material, melting
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reduced iron and aggregating the molten iron to a granular material, and
separating the generated slag.

In the present invention, the type of the iron oxide-containing
material used as the iron source is not limited, and besides a typical
iron ore, an iron making waste material and discard such as iron-making
and steel-making dust discharged from an ilron-making factory, classified
and recovered iron scraps, and the like can be used as the raw material.
These iron sources can be used in a combination of a plurality of the
sources according to demand.

Also, the carbonaceous reducing agent necessary for reducing the
ion oxide-containing material 1s not limited, and any material can be
used as long as 1t comprises carbon as a main component and releases
reducing carbon monoxide by combustion or pyrolysis. Furthermore, as
the atmosphere control carbonaceous material, anv material can be used
as long as it can be converted to a non-resolidificable carbonaceous
material by modifying or mixing with any one of various types of coal or
coke, which are adaptable to the objects of the present invention,
according to demand.

The specified condition for reduction and melting is not
particularly specific, and the conditions disclosed in, for example, U.S.
Paten No. 6,036,744, and Japanese Unexamined Patent Application
Publication Nos. 9-256017, 2000-144244 and 11-13111% may be used.
However, a preferred standard conditicn is satisfied by a two—-step
heating system in which solid-phase reduction is mainly progressed at a

furnace temperature kept at 1200 to 1500°C, preferably in the range of
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1200 to 1400°C, and then the furnace temperature is increased to 1400 to
1500°C to reduce the remaining iron oxide, and to melt the produced
metallic iron (reduced iron) to aggregate the iron into grains. By
setting this condition, granular metallic iron can be stably produced in
high yield. The necessary time is about 8 to 13 minutes. Under this
condition, solid-phase reduction of iron oxide, melting and coalescence
can be completed within such a short time.

Furthermore, in the present invention, as described above, the
atmosphere control carbonaceous material is spread on the hearth for
reducing iron oxide to keep the reduction potential on the hearth at a
high level, thereby stably securing a high reduction efficiency without
reoxidization of the reduced iron, particularly at the final stage of
heating reduction or at the time of melting of the reduced iron. The
carbonaceous material spread on the hearth refractory can also prevent a
phenomenon that the molten iron and slag produced by reduction and
melting are brought into direct contact with the hearth refractory to
deteriorate the refractory, thereby contributing to life lengthening of
the hearth refractory. 1In order to effectively exhibit these functions,
the thickness of the atmosphere control carbonaceous material spread on
the hearth surface is preferably in the range of 1 to 10 mm.

In general, the metallic iron, the generated slag, and the
atmosphere control carbonaceous material are discharged in a mixed state
from the metallic iron producing apparatus. Of these discharged
materials, the metallic iron can be recovered by magnetic force, or the

like. A portion of the metallic iron, particularly fine grains, is
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preferably returned to the moving hearth furnace and re-aggregated
therein, thereby preferably increasing the yield of coarse-grain
metallic iron which can easily be handled as a product and which causes
less oxidative deterioration. In addition, the generated slag and the
atmosphere control carbonaceous material can be substantially separated
by a sieving operation, but both materials are preferably separated by
using static electricity because grains having substantially the same
size or fine grains, which cannot be separated by a sieve, can easily be
separated. A combination of a separation operation using a sieve or
magnetic force and a separation operation using static electricity is

effective according to demand.

EXAMPLES

Although the construction of the present invention and the
operation will be described in detail below with reference to examples,
the present invention 1is not limited to these examples, and can be
carried out according to appropriate modifications within the scope of
the gist of the present invention described above and below. These

modifications are included in the technical field of the present

invention.

EXAMPLE 1

Each of carbonaceous materilals having the chemical compositions
shown 1n Table 1 below was independently subjected to the heating test

described below. The grain size of each carbonaceous material was
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controlled in the range of 0.5 to 1.0 mm. Each carbonaceous material
was heated at 1000°C for 90 seconds in a nitrogen atmosphere in a tubular
electric furnace, cooled and then observed with respect to the
appearance to examine the presence of resolidification. Also, the
maximum fluidity degree of each carbonaceous material was measured. The
maximum fluidity degree is defined by JIS M8801, and can be determined
by using Gieseler Plastometer. The maximum fluidity degree is a value
represented by log DDPM.

The results are as shown in Table 1. Carbonaceous materials A to F
having a maximum fluidity degree of 0 (zero) did not exhibit
resolidificability, and maintained a powder and granular state after
heat treatment. On the other hand, carbonaceous materials G to J having
a maximum fluidity degree of over 0 were resolidified in a bulk state in
the tube electric furnace. It was also confirmed that carbonaceous
materials K and L obtained by heat-treating carbonaceous materials I and
J, respectively, at 1000°C for 8 minutes in a nitrogen atmosphere were

made non-resolidificable by the heat treatment.
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Of the carbonaceous materials shown in Table 1, each of the
carbonaceous materials exhibiting resolidificability was mixed with a
non-resolidificable material, and the resultant mixture was heated at
1000°C for 90 seconds in a nitrogen atmosphere to examine
resolidificability. The results are shown in Table 2. Table 2
indicates that a mixed non-resolidificable carbonaceous material can be
obtained by mixing an appropriate amount of non-resolidificable
carbonaceous material with a resolidificable carbonaceous material. In
this case, it is recognized that with a resolidificable carbonaceous
material having a high maximum fluidity degree, the mixing ratio of the
non-resolidificable carbonaceous material for removing

resolidificability must be increased.



CA 02462669 2004-04-01

Table 2
. B Mixing ratio of sub-
Main carbonaceous Sub-carbonaceous .
. . carbonaceous material
material material (non- .
| i e g o for making non-
(resolidificable resolidificable | .
. . resolidificable
carbonaceous materlial) | carbonaceous materlal) (Mmass$)
I K 80
. . — _ _ i - - -
J L 90
I C 80
J C 90
frme o —— — -1 - —— - - — e et e —
H A 60
H B 60
L S — - S S —— — -
H C 60
H D 60
H E 60
H F 60
B _ _ . ] - — - . —_ ; — -
G C 60
EXAMPLE 2

In producing metallic iron by reducing and melting carbonaceous

material-containing iron ore pellets

(grain diameter:

16 to 20 mm) by a

rotary hearth~-type reduction melting apparatus using carbonaceous

material H

(grain diameter:

3 mm or less) shown in Table 1 as an

atmosphere control carbonaceous material according to the flowchart of

Fig.

material was carried out.

material

Namelvy,

1, experiment on a recycle of the atmosphere control carbonaceous
the atmosphere control carbonaceous

(mixture of fresh material of carbonaceocus material H and a
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recycled material thereof) was spread to a thickness of about 3 to 6 mm
on a hearth of a raw material feed portion of the rotary hearth furnace,
and raw material pellets were supplied onto the hearth under heating to
reduce and melt the raw material pellets. Then, the produced reduced
iron and generated slag were coocled together with the atmosphere control
carbonaceous material remaining on the hearth, and discharged from the
hearth by a scraper device. The discharged material was put in a
magnetic separator and through a sieve to separate the reduced ion, the
generated slag and the remaining carbonaceous material. The separated
remaining carbonaceous material was recovered, returned as a recycled
carbonaceous material to the raw material feed portion, and then again
used. The operation conditions for reduction and melting were as
follows.

[Operation conditions])

Raw material pellet: An iron ore raw material having the
composition below was mixed with a carbonaceous material powder at a
ratio by mass of 78:22, and a small amount of binder was added to the
resultant mixture. The mixture was then granulated and dried to obtain
granular pellets having an average gain diameter of 18 mm.

Composition of iron ore raw material (% by mass): T. Fe; 68.1%,
S10,: 1.4%, Al,04; 0.5%

Operation conditions:

Heat-reduction zone; temperature ... about 1350°C, retention
time ... 10 minutes

Melting zone; temperature ... about 1450°C, retention time ... 5
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minutes

A contlinuous operation was performed by this method using a mixture
of 40 parts by mass of fresh carbonaceous material and 60 parts by mass
of recycled carbonacecus material. As a result, the mixed carbonaceous
material was not resolidified in the reduction melting step, and thus
discharge from the hearth furnace by the scraper device and recycling
could be smoothly performed, thereby permitting a continuous operation

without any problem.

EXAMPLE 3

Another experiment was conducted according to the flowchart of Fig.
2 using the same rotary hearth furnace-type reduction melting apparatus
as described above. In this apparatus, a fresh material of carbonaceous
material I (resolidificable) shown in Table 1, a fresh material of
carbonaceous material F (non-resolidificable) shown in Table 1, and a
recycled material recovered after being heated in the apparatus were
mixed at a ratio by part of 20:20:60, and the resultant mixture was used
in a similar continuous operation. The raw material pellets used and
operation conditions were the same as Example 1.

As a result, the atmosphere control carbonaceous material was not
resolidified at the discharge position of the cold-solidified product
after reduction and melting, thereby permitting smooth discharge of the
product by the scraper device. Also, the discharged product was put in
a magnetic separator and through a sieve to recover the granular

metallic iron and to separate the generated slag, obtaining the residual
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carbonaceous material. The recovered residual carbonaceocus material
(grain diameter: 3 mm or less) could be repeatedly used as the non-

resolidificable carbonaceous material without any problem.

EXAMPLE 4

The degree of crushing of carbonaceous material F shown in Table 1
was changed to prepare two types of carbonaceous materials respectively
having the grain size patterns shown in Table 3, and each of the two
carbonaceous materials was used in the same heating test as Example 1 to
compare the presence of resolidification. The results are as shown in
Table 3. Even with carbonaceous materials having the same composition,
resolidificability depends upon the grain size pattern, and the
carbonaceous material containing 20% by mass or more of grains having a
grain size in the range of 0.5 to 3.25 mm is not resolidified, while the
carbonaceous material containing less than 20% by mass of grains having
a graln size in the same range (i.e., containing over 80% by mass of
fine grains of less than 0.5 mm) is slightly resolidified. It is thus
found that proper control of the grain size pattern of a carbonaceous

material is also effective in preventing resolidification.

Table 3
| T __Gain size distribution (mass$%) - B S
et B el Sniaetel | ]
Over 0.5 to thLeSg . Res'ult of
335 mm 3 35 mm an 0. Total heating test
lC = N 1 _ o mm |
arbonaceous | N
tonios pos | 0.0 23.6 76. 4 100 0 Ie
materia - 4 T | ) i B solidification
Carbonaceous ' T '
| 0.0 18 .2 81.8 100 Low re-
| material F-2 B ) solidification
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EXAMPLE 5

00 g of carbonaceous material C shown in Table 1 was spread on a
refractory tray of an experimental heating furnace, and about 170 g of
dry pellets (grain diameter: 8.5 to 13.2 mm) having the same raw
materlial composition as Example 1 was charged in a layer on carbonaceous
material C. Then, reduction and melting were performed at a furnace
temperature of 1450°C for 20 minutes in a nitrogen atmosphere to produce
granular iron and generated slag. The grain size distributions of the
produced 1ron and generated slag were examined (Experiments 1 and 2).

Also, reduction and melting were performed by the same method as
described above except that a mixture of 50 g of the same carbonaceous
material, 20 g of granular iron having a grain diameter of 1 to 3.35 mm,
and 1 g of slag was spread on the refractory tray to produce granular
ion and generated slag. The grain size distributions of the produced
iron and generated slag were examined (Experiments 3 and 4). The

results are shown in Table 4.

Table 4
Experimeht No. ; 1 o 2 [_, Z3;f [h_;i}
| Specimen i ) o
Dry pellet - | o
Grain diameter (mm) | 9.5-13.2 [ 9.5-13.2 [ 9.5-13.2 | 9.5-13.2
Weight (g) | 173 170 | 167 171
Recycled granular iron o - ) ) |
Graln dilameter (mm) - j - 1-3.35 | 1-3.35
" Weight (g) - T T 20 T =20
* Recycled slag ) o B
- Grailn d{ameter (mm) - ;T - ‘ li§:§55_' 1-3.35
— Weight (g) - - T | 1
Weight of product after -
test ! 1
| Granular 1iron L ~ ) ) R
| 6.7 mm or more (g) 24.7 | 28.5 23.4 | 25.4
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 3.35to 6.7mm (g) | 34.1 [ 27.9 [ 39.5 38.9 |
1 to 3.35 m (g) ~ 22 .2 23.5 34.3 35.0
Sub-total (g) ‘ 81.0 79.9 | 97.2 i 99.3

i slag ) B r‘ ‘ N o ~
6.7 mm or more (g) | 0.1 f 0.0 0.0 1 0.2
3.35 to 6.2_mm_(gd 3.2 2.9 3.3 | 3.6
1to3.35mm (g | 0.7 | 0.5 1.2 | 1.2
~ Sub-total (g) Hi 4.0 . 3.4 4.5 5.0
Total (g) ) 3 ] 85.0 J 83.3 | 101.7 | 104.3

These experiments were carried out for confirming the degree of
recovery of the granular iron and slag mixed in the recycled
carbonaceous material in recycling the carbonaceous material used as the
atmosphere control carbonaceous material. Experiments 1 and 2 are
experimental examples on the assumption that the carbonaceous material
is not recycled, and Experiments 3 and 4 are experimental examples on
the assumption that the carbonaceous material is recycled.

A comparison between Experiments 1 and 2 and Experiments 3 and 4

shown 1n Table 4 1ndicates that 1n Experiments 3 and 4 on the assumption
that the carbonaceous material is recycled, the amounts of the produced
granular iron and slag having a diameter of 1 to 3.35 mm are decreased
as compared with the totals of the amounts in Experiments 1 and 2 and
the amounts of the granular iron and slag initially mixed with the
carbonaceous material, while the amounts of the produced products having
a diameter of 3.35 to 6.7 mm are accordingly increased. It is thus
found that the granular iron and slag previously mixed in the
carbonaceous material (corresponding to the recycled carbonaceous
material containing granular iron and slag) coalesce in the reduction

and melting process.
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EXAMPLE 6

As shown in Fig. 3, non-resolidificable carbonaceous material A (40
parts by mass) and recycled carbonaceous material (60 parts by mass)
were mixed to prepare a mixed carbonaceocus material (100 parts by mass).
The thus-prepared mixed carbonaceous material was spread on a hearth of
a rotary hearth furnace by the same method as Example 1, and
carbonaceous material~containing dry pellets were charged on the mixed
carponaceous material. Then, reduction and melting were performed, and
the obtained product was cooled, discharged, and then sieved to recover
granular iron and generated slag having a grain diameter of about 3 mm
or more sultable for industrial utilization. Consequently, a
carbonaceous material of about 3 mm or less containing fine granular
iron and slag was recovered. Therefore, the whole amount of the
recovered carbonaceous material was cyclically used as a recycled
carbonaceous material, and 40 parts by mass of fresh carbonaceous
material was added to the recycled material to balance the production

line as a whole, permitting a smooth continuous operation.

REFERENCE EXAMPLE

Reduction and melting were performed by the same method as
described above except that dry pellets and non-resolidificable
carbonaceous material A were used without a recycle of the carbonaceous
material according to the flowchart of Fig. 4. The produced granular

iron and generated slag and the recovered carbonaceous material were
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sieved with a grain diameter of about 3 mm. In this case, about 9% by
mass of the whole metallic iron discharged from the furnace was
contalned as fine grain iron in the recovered carbonaceous material,
causing a product loss corresponding to the fine grain iron. Similarly,
in a case in which the carbonaceous material is not recycled, about 70%
by mass of the whole generated slag discharged from the furnace is
discharged as fine grain slag together with the recovered carbonaceous
material, thereby causing a loss corresponding to the discharged fine

grain slag in recovering the slag as a valuable resource.

EXAMPLE 7

In each of the separating operations of Example 1 (Fig. 1) and
Example 2(Fig. 2), a mixture of the metallic iron and generated slag
discharged from the furnace, and the atmosphere control carbonaceous
material was subjected to magnetic separation to recover metallic iron
as shown in Fig. 5. Then, a mixture of the remaining generated slag and
atmosphere control carbonaceous material was triboelectrically charged,
and then supplied to an electrostatic separator provided with positive
and negative electrodes to separate the generated slag (negatively
charged) and the atmosphere control carbonaceous material (positively
charged). The separated atmosphere control carbonaceous material can be
recycled in the same manner as shown in Figs. 1 and 2.

As the electrical charging method, electrical charging methods
other than the triboelectrical charging method, for example, an

electrical charging method using an 1on generator, a corona electrical
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charging method, and the like may be used.

Industrial Applicability

In the present invention having the above-descried construction, a
raw material containing an iron oxide-containing material and a
carbonaceous reducing agent is heated on a moving hearth to reduce iron
oxide 1n the raw material, to produce metallic iron. In the production,
the raw material 1s supplied after a powder and granular atmosphere
control carbonaceous material is spread on the hearth. When a non-
resolidificable carbonaceous material is used as the atmosphere control
carbonaceous material, the carbonaceous material can be prevented from
being resolidified to a rice-cracker-like shape causing a failure in
discharge, thereby permitting a smooth continuous operation and
suppressing damage to a hearth refractory to lengthen the life thereof.

Furthermore, by using a method of recycling the carbonaceous
material recovered from the metallic iron producing apparatus and using
the recycled carbonaceous material as the atmosphere control
carbonaceous material, the consumption of the carbonaceous material can
pe signlficantly decreased, and metallic iron and generated slag
contained in the recovered carbonaceous material, which are
conventionally discarded, can be recovered, thereby improving the
recovery ratio. Therefore, a kill-two-birds~-with-one-stone additional

functional effect can be obtained.
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CLAIMS

1. A method of producing metallic iron comprising
heating a raw material, which contains an iron oxide-
containing material and a carbonaceous reducing agent, on
a moving hearth to reduce iron oxide in the raw material,
wherein the raw material 1s supplied after a powder and
granular atmosphere control carbonaceous material 1s
spread on the hearth, and a non-resolidificable
carbonaceous material is used as the atmosphere control

carbonaceous material.

2 . A producing method according to Claim 1, wherein the
non-resolidificable carbonaceous material has a grailn
diameter of substantially 3.35 mm or less, containing 20%
by mass or more of grains having a grain diameter in the

range of 0.5 to 3.35 mm, and having a maximum fluidity

degree o0f zero.

3. A producing method according to Claim 1 or 2, wherein
the non-resolidificable carbonaceous material 1s a heat-

treated product of a resolidificable carbonaceous

material.

4, A producing method according to any cone of Claims 1
to 3, wherein the non-resolidificable carbonaceous

material is a recovered carbonaceous material having been

heated in a metalllc iron producing apparatus.

5. A producing method according to Claim 1 or Claim 2,
wherein a mixture of the non-resolidificable carbonaceous

material and a recovered carbonaceous material having been
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heated in the metallic iron producing apparatus 1is used as

the atmosphere control carbonaceous material.

0. A producing method according to Claim 1 or 2, wherein
a mixed non-resolidificable carbonaceous material formed
by mixing the non-resolidificable carbonaceous material
with a resolidificable carbonaceous material 1s used as

the atmosphere control carbonaceous material.

7. A producing method according to Claim 6, wherein a
fresh carbonaceous material 1s used as the resolidificable
carbonaceous material, and a heat-treated carbonaceous
material 1s used as the non-resolidificable carbonaceous

material.

8. A producing method according to Claim 7, wherein a
recovered carbonaceous material having been heated in a
metallic iron making apparatus is used as the heat-treated

carbonaceous material.

9. A producing method according to any one of Claims 6
to 8, wherein the mixing ratio of the non-resolidificable
carbonaceous material 1s 50 to 920% by mass relative to 50
to 10% by mass of the resolidificable carbonaceous

material.

10. A producing method according to any one of Claims 1
to 9, wherein a portion of the metallic iron discharged
from the moving hearth furnace is returned to the moving

hearth furnace.
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11. A producing method according to any one of Claims 4, 5,
or 8, wherein the carbonaceous material is recovered by

using static electricity.

12. A method of producing metallic iron comprising:
spreading a powder and granular atmosphere control

carbonaceous material on a moving hearth,

supplying a raw material which contains an iron oxide-
containing material and a carbonaceous reducing agent on the
powder and granular atmosphere control carbonaceous material
spread on the hearth; and

heating the raw material on the moving hearth to reduce
1ron oxide 1n the raw material,

wherein the powder and granular atmosphere control
carbonaceous material is a non-resolidificable carbonaceous
material, which non-resolidificable carbonaceous material
remains a powder or granular material during the heating
step,

wherein a mixture of a non-resolidificable carbonaceous
material and a recovered carbonaceous material having been
heated 1n a metallic iron producing apparatus is used as the

atmosphere control carbonaceous material.

13. A method of producing metallic iron comprising:

spreading a powder and granular atmosphere control

carbonaceous material on a moving hearth,

supplylng a raw material which contains an iron oxide-

containing material and a carbonaceous reducing agent on the
powder and granular atmosphere control carbonaceous material

spread on the hearth; and

heating the raw material on the moving hearth to reduce

1ron oxide in the raw material,
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wherein the powder and granular atmosphere control

carbonaceous material 1s a non-resolidificable carbonaceous

material, which non-resolidificable carbonaceous material
remains a powder or granular material during the heating

step,

wherein a mixed non-resolidificable carbonaceous

material formed by mixing a non-resolidificable carbonaceous

material wilith a resolidificable carbonaceous material in

proportions to produce a non-resolidificable carbonaceous

materlal 1s used as the atmosphere control carbonaceous

material.

14. A producing method according to claim 13, wherein a

fresh carbonaceous material 1s used as the resolidificable
carbonaceous material, and a heat-treated carbonaceous
material 1s used as the non-resolidificable carbonaceous

material.

15. A producing method according to claim 14, wherein a
recovered carbonaceous material having been heated in a
metallic i1ron making apparatus is used as the heat-treated

carbonaceous material.

16. A producing method according claim 13, wherein the
mixing ratio of the non-resolidificable carbonaceous
material is 50 to 90% by mass relative to 50 to 10% by mass

of the resolidificable carbonaceous material.

17. A method of producing metallic iron comprising:

spreading a powder and granular atmosphere control

carbonaceous material on a moving hearth,

supplyling a raw material which contains an iron oxide-

containing material and a carbonaceous reducing agent on the



CA 02462669 2008-07-16

- 33.

powder and granular atmosphere control carbonaceous material

spread on the hearth; and

heating the raw material on the moving hearth to reduce

iron oxide 1in the raw material,

wherein the powder and granular atmosphere control
carbonaceous material 1s a non-resolidificable carbonaceous
material, which non-resolidificable carbonaceous material
remalns a powder or granular material during the heating step,

wherein a portion of the metallic i1ron discharged from
the moving hearth furnace 1s returned to the moving hearth

furnace together with the powder or granular atmosphere

control carbonaceous material.

F

18. A method of producing metallic i1ron comprising:

spreading a powder and granular atmosphere control
carbonaceous material on a moving hearth, wherein the
atmosphere control carbonaceous material comprises a
recovered carbonaceous material which has been heated in a
metalllc iron producing apparatus;

supplying a raw material which contains an iron oxide-
containing material and a carbonaceous reducing agent on the
powder and granular atmosphere control carbonaceous material

spread on the hearth; and

heatlng the raw material on the moving hearth to reduce
1ron oxide in the raw material,

wherein the powder and granular atmosphere control

carbonaceous material i1is a non-resolidificable carbonaceous

material, whilch non-resolidificable carbonaceous material
remalns a powder or granular material during the heating step,
whereln the carbonaceous material is recovered by using

static electricity.
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F1G, 2

CARBONACEOUS CARBONACEOQUS
MATERIAL | MATERIAL E
(20) (20)
(60)
M1 X ING
(100)
ROTARY
HEARTH
FURNACE
| D1 SCHARGE ATMOS
| CONTROL CARBONA
MATERTAL TOGETH
WITH METALLIC |
| AND GENERATED S
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SEPARAT ION

METALLIC GENERATED
| RON SLAG
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F1G., 3

DRY PELLET
NON—RESOL I D | F | CABLE
CARBONACEOUS
MATER AL A
(RATIO BY MASS 40)
M| XED CARBONACEOUS
MATER | AL
(RATIO BY MASS 100)
M1 X ING
CARBONACEOUS| [ ROTARY
MATER AL HEARTH
RAT 0 BY FURNACE
MASS  60)
D | SCHARGE ATMOSPHERE
CONTROL CARBONACEOUS
MATERIAL TOGETHER
WITH METALLIC |RON
AND GENERATED SLAG

SEPARAT | ON

METALLIC GENERATED
| RON SLAG
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