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ABSTRACT OF THE DISCLOSURE

A method for manufacturing reduced i1ron agglomerates
comprises the steps of supplying iron oxide agglomerates
including carbonaceous material on a moving hearth,
heating and reducing the agglomerates to yield reduced iron
agglomerates while the moving hearth moves in the reduction
furnace, discharging the reduced iron agglomerates from the
reduction furnace, recovering the reduced iron agglomerates,
and removing seized hearth fragments separated from the
moving hearth in close proximity to a discharge location or
a recovery location for the reduced iron while the reduction
furnace is being operated. According to the method, the
reduction furnace can be operated for a long period of time
without stopping the operation thereof and supply of the
iron oxide agglomerates. Consequently, high productivity of
the reduced iron agglomerates can be achieved, and in
addition, superior quality in high degree of metallization
of the reduced iron agglomerates can be obtained since the
seized hearth fragments having low degree of metallization

are not mixed with the reduced 1iron agglomerates as a

product.
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METHOD FOR MANUFACTURING REDUCED IRON AGGLOMERATES AND

APPARATUS THEREFOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method for
manufacturing reduced iron agglomerates by reduction of iron
oxlde agglomerates incorporating carbonaceous material in a
moving hearth reduction furnace, and also relates to an
apparatus therefor.

2. Description of the Related Art

Recently, methods for manufacturing reduced iron
agglomerates using inexpensive coal as a reducing agent
instead of natural gas have again attracted attention.

These methods are used to manufacture the reduced iron by
heating pellets formed after blending powdered ore with
carbonaceous material, such as coal, in a high temperature
atmosphere 1in a reduction furnace.

The methods mentioned above will be described with
reference to Fig. 8, which shows a rotary hearth reduction
furnace disclosed in USP 5,730,775. 1Iron oxide agglomerates
incorporating carbonaceous material are supplied from an
inlet 56 and are then spread on the rotary hearth 51 of the

reduction furnace so that the thickness of the agglomerate
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layer 1s approximately two agglomerates deep. Numeral 57
represents a leveler for leveling the thickness of the
agglomerates. Agglomerates in approximately a double layer
spread on the hearth move in a direction indicated by an
arrow Y concomitant with rotation of the rotary hearth 51.
The agglomerates are heated and reduced while beiling moved,
and carbon dioxide and the like, generated when the
agglomerates are beiling reduced, are discharged from a gas
exhaust port 42. The reduced iron agglomerates yilielded by
the heating are discharged from the furnace by a discharging
unit 54 after passing the leveler 60. The conventional
technology described uses a reducing temperature between
about 1,315°C and 1,430°C, and a reducing time of
approximately 10 minutes.

Powder containing iron oxide is also deposited on the
surface of the rotary hearth 51, the powder being generated
from the 1ron oxide agglomerates when the agglomerates are
supplied into the reduction furnace. When the interior of
the reduction furnace contains an atmosphere at high
temperature, the iron oxide included in the deposited powder
on the rotary hearth 51 is also reduced, and iron metal is
therefore generated. When the reduction furnace is operated
for a long period of time, the iron metal from the deposited
powder which is reduced gradually accumulates so as to form

a metal plate having a certain thickness, and the resulting




CA 02295350 2000-01-12

metal plate causes problems in that the metal plate
separates from the rotary hearth in the form of rolls or
corrugated bodies. When the powder is being deposited, a
problem may arise 1in that the hardened deposited powder
having a certain thickness is separated in the form of
blocks.

Types of seized hearth fragments are listed in Fig. 1.
"Seized hearth A" seized hearth fragment is approximately 35
mm thick, 100 mm in width, and 150 mm in length and is in
the form of a block. The "seized hearth A" tends to be
generated when the reducing temperature is relatively low,
and reduction of the iron oxide 1in the powder deposited on
the hearth 1insufficiently occurs. Accordingly, the ratio of
iron oxide (FeO) 1is high and degree of metallization is low.
The reason for generation of "seized hearth A" is believed
to be as follows. Gaps are generated between portions being
metallized and portions not being metallized in the
deposited powder, containing iron oxide, of a certain
thickness, the gaps caused by thermal and mechanical
stresses which are applied to the agglomerates during the
cycle of supply, reduction with heat, and discharge thereof.
Consequently, the hardened deposited powder is separated by
a force applied thereto generated by the discharging unit.
"Seized hearth C" seized hearth fragment is approximately 5

mm thick, 300 mm in width, and 2,000 mm in length in the
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form of a roll. The "seized hearth C" tends to be generated
when the reducing temperature 1s relatively high, and
reduction of the iron oxide 1in the powder deposited on the
hearth occurs. Accordingly, the ratio of iron oxide (FeO)
is low and degree of metallization is high.

Fig. 7 is a schematic view showing a state in which
seized hearth fragment 1s generated in the form of a roll,
that is, the so-called "selzed hearth C". The powder
containing iron oxide deposited on rotary hearth 51 is
reduced at an elevated temperature in the reduction furnace,
and forms deposited hearth 52. When deposited hearth 52
containing metallic iron increase to a certain thickness,
this 1s separated from rotary hearth 51 by discharging unit
54 which discharges reduced iron agglomerates (pellets) 53
from the reduction furnace and then forms seized hearth
fragment 55 in the form of a roll with reduced iron
agglomerates rolled up therewith.

"Seized hearth B" seilzed hearth fragment is
approximately 20 mm thick, 250 mm in width, and 300 mm in
length in the form of a corrugated plate. "Seized hearth B"
tends to be generated when the reducing temperature is
medium.

"Seized hearth A" in the form of a block and "seized
hearth B" in the form of a corrugated plate are discharged

and recovered together with the iron reduced agglomerates
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from the reduction furnace. 1In this discharging step,
"seized hearth A" and "seized hearth B" obstruct the
product-recovery path for recovering the reduced iron
agglomerate product, and problem occurs in that the
operation of the reduction furnace may sometimes be
interrupted. 1In addition, since seized hearth fragments
having low degree of metallization are mixed with the
reduced 1ron agglomerate product, the problem occurs in that
the quality of the reduced iron agglomerates may be degraded.

In contrast, "seized hearth C" is so large that it
cannot be discharged from the reduction furnace, and
gradually grows 1n the shape of an enormous roll in
proximity to discharging unit 54. Once this roll is formed,
the reduced iron agglomerates are taken up in the roll and
cannot be recovered. In addition, since the roll may damage
the reduction furnace, problem may occur in that the
operation of the reduction furnace must be terminated to
remove "selzed hearth C". Once the reduction furnace is
stopped, a long period of time is required to restart the
furnace, and frequent stopping of operation is therefore a
very serious problem. In order to suppress generation of
"seized hearth C", it is effective to lower the reducing
temperature, as described above; however, metallization of
product 1s reduced, and the quality of reduced iron

agglomerates 1s therefore reduced.
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SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
method for manufacturing reduced iron agglomerates and an
apparatus for manufacturing reduced iron agglomerates.
According to the present invention, reduction furnaces can
be operated continuously for a long period of time, and
reduced iron agglomerates of high quality and having high
degree of metallization can be obtained with high
productivity.

A method for manufacturing reduced iron agglomerates
according to the present invention comprises the steps of
supplying iron oxide agglomerates including carbonaceous
material on a moving hearth in a reduction furnace, heating
the iron oxide agglomerates to yield the reduced iron
agglomerates while the moving hearth moves in the reduction
furnace, discharging the reduced iron agglomerates from the
reduction furnace, and recovering the reduced iron, in which
seized hearth fragments separated from the moving hearth are
continuously removed in proximity to a discharge location or
a recovery location for the reduced iron agglomerates during
the operation of the reduction furnace.

In this method, since the seized hearth fragments are
continuously removed in proximity to the discharge location
or the recovery location for the reduced iron agglomerates,

it 1s not necessary to stop the operation of the reduction
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furnace and the supply of the iron oxide agglomerates due to
generation of the seized hearth fragments. Hence, the
reduction furnace can be continuously operated for a long
period of time. In addition, since the seized hearth
fragments having low degree of metallization are not mixed
wlith the reduced iron agglomerate product, reduced iron
agglomerates having high degree of metallization can be
obtained.

Seized hearth fragments 1in the form of blocks or
corrugated plates are preferably removed in the midway of a
product-recovery path for recovering the reduced iron
agglomerates.

Since the seized hearth fragments generated in the form
of blocks or corrugated plates, which are readily generated
at relatively low reducing temperature, can be removed in
the midway of the recovery path for recovering reduced iron
agglomerates, the seized hearth fragments do not obstruct
the recovery path for the reduced iron agglomerates. Hence,
the reduction furnace can be continuously operated for a
long period of time. In addition, since the seized hearth
fragments are removed from the recovery path during the
operation of the reduction furnace, it is not necessary to
stop the supply of the iron oxide agglomerates thereto.

At least seized hearth fragments i1in the form of rolls

are preferably removed in front of the discharge location
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for the reduced iron agglomerates.

Since the seized hearth fragments generated in the form
of rolls, which are readily generated at relatively high
reducing temperatures, can be removed 1in front of the
discharge location for the reduced iron agglomerates, the
selzed hearth fragments do not interfere with the recovery
of the reduced iron agglomerates, nor do they damage the
reduction furnace. Hence, the reduction furnace can be
continuously operated for a long period of time.

A thickness of the iron oxide agglomerates layer
supplied on the moving hearth is preferably not more than
two times the average diameter of the iron oxide
agglomerates.

The iron oxide agglomerates thus supplied on the moving
hearth can be consistently heated to high temperatures.
Hence, variation in degree of metallization of the reduced
iron agglomerate product can be minimized, and high degree
of metallization and high productivity of the reduced iron
agglomerates can therefore be obtained. In contrast, when
reduced iron agglomerates are laid thinly, as described
above, the hearth and the agglomerates are heated to high
temperature, large seized hearth fragments (for example,
seized hearth fragments in the form of rolls) are readily
generated and metallization on the surface of the hearth

occurs. However, even when the seized hearth fragments in
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the form of rolls are generated, the reduction furnace can
be operated for a long period of time by removing the seized
hearth fragments from the furnace.

The reducing temperature 1is preferably maintained at
not less than 1,300°C when iron oxide agglomerates are
heated and reduced.

In the condition mentioned above, the reducing time can
be shortened, productivity can be improved, and high degree
of metallization of the reduced iron agglomerates can be
achieved. When the reducing temperature is raised, large
selzed hearth fragments are readily generated; however,
according to the present invention, the reduction furnace
can be continuously operated for a long period of time since
the seized hearth fragments can be removed.

A roller screen 1is preferably provided in the midway of
the recovery path for recovering reduced iron agglomerates
in order to remove seized hearth fragments in at least one
form of blocks and corrugated plates.

In the recovery path, which 1s sometimes obstructed by
the seized hearth fragments, the roller screen can remove
the seized hearth fragments. Since the roller screen can
ensure removal of various shapes of seized hearth fragments
by rolling, the seized hearth fragments in the form of
blocks or corrugated plates do not interfere with the

operation of the manufacturing apparatus. In addition, the
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degree of metallization of the reduced iron agglomerates are not
degraded since the seized hearth fragments are not mixed with the
reduced 1ron agglomerates.

Furthermore, a seized hearth fragment remcving screw is
preferably disposed in front of tiae discharging unit for removing
at least the seized hearth fragments in the form of rolls.

The seized hearth fragments can be reliably removed by the
sei1zed hearth fragment removing screw mentioned above in front of
the product discharging unit whers the seized hearth fragments
are generated in the fcrm of rolls. Since this screw can take up
the seized hearth fragments in the form of rolls, the operation
of the apparatus for manufacturing the reduced iron agglomerates
can pbe performed without any problems.

In one aspect, the 1nvention provides a method for
manufacturing reduced 1ron agglomerates, the method comprising
the steps of:

supplying iron oxide agglomerates including carbonaceous
material on a moving hearth 1n a reduction furnace;

heating the iron oxide agglomerates to vield the reduced
iron agglomerates and neartn fragments wnich are occasionally
seized during operations cn the moving hearth while the moving
hearth moves in the reduction furnace;

dlischarging the reduced iron agglomerates from the
reduction furnace; and

removing the seized hearth fragments from the moving
hearth during the operaticn of the= reduction furnace, wherein

at least a portion of the seized hearth fragments are in a

form selected from the group consisting of blocks and
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corrugated plates; and
the seized hearthh fragments 1n a form selected from the
group consisting of blocks and corrugated plates are removed

from the moving heartn in proximlity tc any one of a

discharge location for the reduced 1ron agglomerates and a

discharging chute for the reduced 1ron agglomerates.

In another aspect, =—he 1nven:ition provides a method for
manufacturing reduced iron agglomerates, the method comprising
the steps of:

supplying ilron oxide agglomerates including carbonaceous
material on a mcoving heartn 1n a reduction furnace;

heating the iron cxide agglomerates to yield the reduced
iron agglomerates and hearth fragments which are occasionally
seized during operations on the moving hearth while the moving
hearth moves 1n the reduction furnace:

discharging the reduaced 1ron agg_.omerates {rom the
reduction furnace at a discharge location; and

removing the seized hesarth fragments from the moving
hearth during the operation of the reduction furnace, wherein

at least a portion of the se:ized hearth fragments are 1in
the form of rolls; and

the seized hearth fragments :n the form of rolls are removed
from the moving hearth in front of the discharge location for the

reduced 1ron agglomerates.

In another aspect, the invention provides an apparatus for
manufacturing reduced i1iron agglomsrates, the apparatus

comprising:

a reduction furnace provided with a moving hearth;
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supplying means for supplying iron oxide agglomerates
including carbonaceous materilial on the moving hearth;

heating means for heating i1ron oxlde agglomerates to vyield
the reduced 1ron agglomerates and seilzed hearth fragments on
the moving hearth while “he moving hearth moves in the
reduction furnace;

discharging means for discharging the reduced iron
agglomerates from the reduction furnace; and

removing means for removing the seized hearth fragments
from the reduction furnace during the operation of the
reduction furnace, wherei1n

the removing means comprises recover:ng means for
recovering the reduced i1ron agglomerates and the seilized hearth
fragments after the reduced 1ron agglomerates and the seized
hearth fragments are removed from the reduction furnace; and

the recoverling means CoOmMprisses a sieve.,

In another aspect, the i1nvention provides an apparatus,
for manufacturing reduced 1ron agglcocmerates in a reduction
furnace by a process comprising tne steps of supplying iron
oxlde agglomerates i1ncluding carbonaceous material on a moving
hearth, heating the i1ron oxide agglomerates to yvield the
reduced 1ron agglomerates and selzed hearth fragments on the
moving hearth while the moving hearth movegs 1n the reduction
furnace, discharging the reduced lron agg.omerates from the
reduction furnace, and recovering the reduced i1ron
agglomerates, the apparatus comprising

removing means for continuously removing the seized hearth

fragments from the reduction furnace during the operation of

the reduction furnace, wherein
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the removing means 1s disposed 1n proximity te any one of
a discharge location and a recovery locaticn for the reduced
1ron agglomerates from the reductlion furnace;

-

the removing means comprilises recovering means for

recovering the reduced i1iron agglomerates and the seilzed hearth

fragments after the reduced i1ron agglomerates and the seized

hearth fragmentge are removed from the reduction furnace; and
the recovering means comprises a sieve.

In another agpect, the invention provides a method for
manufacturing reduced i1ron agglomerates in a reduction furnace
by a process comprilsing the steps of

supplying 1ron oxide agglomerates 1including carbonaceous
material on a moving heartn,

heating the 1ron oxide agglomerates to vield the reduced
1ron agglomerates and hearth fragments which are occasionally
seized during operations on the moving hearth while the moving
hearth moves 1n the reduction furnace,

discharg:ng the reduced 1ron agglomerates from the
reduction furnace, and

recovering the reduced 1ron agglomerates, and

separating the seized hearth fragments from the moving
hearth, and continuously removing the seized hearth fragments 1in
proximity to any one of a discharge location and a recovery
location for the reduced iron agglomerates during the operation
of the reduction furnace.

In another aspect, the 1nvention provides An apparatus for
manufacturing reduced 1ron agglomerates, the apparatus

comprising
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a reduction furnace includiag a moving hearth on which the
reduced 1ron agglomerates and seized hearth fragments are
formed;

a discharging screw that discharges the reduced iron
agglomerates and the seized hearth fragments from the reduction
furnace; and

a sleve positioned to receive the reduced iron

agglomerates and the seized hearth fragments discharged by the

discharging screw, wherein
the sleve separates the reduced iron agglomerates from at

least a portion of the seilzed hearth fragments.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 1s a table listing various types of seized hearths
fragment;

FIG. 2 1s a table listing chemical compositions and

characteristics of aggiromerates cf ths Examples according to the
present 1nvention;

FIG. 3 1s a table listing experimenta: conditions and
results of the Examples according tce The present invention and of

Comparative Examples;
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Fig. 4 is a schematic cross-sectional view of a
manufacturing apparatus for reduced iron for carrying out a
first Embodiment according to the present invention;

Fig. 5 i1s a plan view of a manufacturing apparatus for
reduced 1ron for carrying out a second Embodiment according
to the present invention;

Fig. 6 1s a side view of a manufacturing apparatus for
reduced iron for carrying out the second Embodiment
according to the present invention;

Fig. 7 1s a schematic side view showing generation of
seized hearth fragment in the form of a roll when a method
for manufacturing reduced iron according to the present
invention is being carried out; and

Fig. 8 is a plan view of a rotary hearth reduction

furnace as an example of conventional technology.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The embodiments according to the present invention will
be described with reference to the accompanying drawings.

Fig. 4 is a schematic cross-sectional view of an
apparatus for manufacturing reduced iron for carrying out a
first Embodiment according to the present invention.

Numeral 11 in Fig. 4 indicates a circular moving hearth,
on the upper surface of which iron oxide agglomerates

incorporating carbonaceous material in the form of pellets
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are supplied. These iron oxide agglomerates placed on
moving hearth 11 are heated and reduced to yield reduced
iron agglomerates in the form of pellets. The reduced iron
agglomerates are separated from moving hearth 11 by product
discharging screw 13 as a product discharging unit, protrude
in front of product discharging screw 13 as indicated by
numeral 12B in Fig. 4, and are then transported from moving
hearth 11 along with rotation of product discharging screw
13. As indicated by numeral 12C in Fig. 4, the reduced iron
agglomerates transported by product discharging screw 13 are
recovered through discharging chute 14 (path for recovering
product) which 1s disposed at the side of product
discharging screw 13. 1In the midway of discharging chute 14,
roller screen 15 (means for removing seized hearth
fragments) 1s disposed so as to slope down to the right.
Box 18 for recovering seized hearth fragments 1is disposed at
the end portion of roller screen 15 and chain 17 is
suspended above roller screen 15.

A selzed hearth fragment 16A 1n the form of a block and
a seized hearth fragment 16B in the form of a corrugated
plate, generated during the operation of the reduction
furnace, are discharged to discharging chute 14 together
with the reduced iron agglomerates; however, seized hearths
fragments, which cannot pass through gaps in roller screen

15, are transported along the slope of roller screen 15 and
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are recovered in box 18 for recovering seized hearths
fragments.

As described above, seized hearth fragment 16A in the
form of a block and seized hearth fragment 16B 1in the form
of a corrugated plate are sieved from discharging chute 14
of the path for recovering product, and are continuously
recovered in box 18 for recovering seized hearth fragments
during the operation of the reduction furnace, so that
discharging chute 14 1is not obstructed by seized hearth
fragments even when they are generated. Accordingly, the
reduction furnace can be operated for a long period of time
regardless of generation of seized hearth fragments 16A and
16B. In addition, since seized hearth fragments 16A and 16B
having low degrees of metallization are not mixed with the
reduced iron agglomerates, in other words, are separated
from the reduced iron agglomerates, the quality such as high
metallization of the reduced iron agglomerates as commercial
product can be improved.

Forms of seized hearth fragments recovered by roller
screen 15 are not limited to "corrugated" and "block", and
other forms of seilized hearth fragments can also be removed.
The terms "corrugated" and "block" are used simply to
illustrate typical forms of seized hearth fragments.

Next, another embodiment of an apparatus for

manufacturing reduced iron will be described with reference
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to Figs. 5 and 6. Fig. 5 1is a schematic plan view-of a
second Embodiment of an apparatus for manufacturing reduced
iron according to the present invention, and Fig. 6 is a
side view thereof.

In Figs. 5 and 6, reduced iron agglomerates 12A
supplied on moving hearth 11 not more than two layers deep
are discharged from the reduction furnace by product
discharging screw 13 and are recovered as a product. 1In
front of product discharging screw 13, seized hearth
discharging screw 21 as a means for discharging seized
hearth fragments is disposed and rotates in a direction
indicated by arrow X in Fig. 6.

Powder containing iron oxide deposited on the surface
of moving hearth 11 is reduced, and a hearth having metallic
iron is thereby formed. When the reducing temperature is
high, such as when it exceeds 1,300°C, metallic iron
particles on the hearth bond together and thereby form flat
hearth 16. Flat hearth 16 1s separated in front of product
discharging screw 13 when flat hearth 16 grows to a certain
thickness. Once flat hearth 16 in the form of a plate is
separated, since flat hearth 16 1is successively transported
by movement of moving hearth 11, it 1s continuously
separated and is taken up by rotation of product discharging
screw 13. Consequently, flat hearth 16 1s sometimes formed

into a roll, such as seized hearth fragment 16C (for example,
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the form of "seized hearth C" in Table 1). The seized
hearth fragment 16C 1s taken up by seized hearth discharging
screw 21. The seized hearth fragment 16C in the form of
roll taken up by discharging screw 21 is removed from the
reduction furnace by a scraping unit (not shown) to the
reduction furnace side during the operation of the reduction
furnace. Since seized hearth fragment 16C is thin and soft,
it is easily cut into smaller fragments or pressed by
applying mechanical shearing force. Hence, it is not very
difficult to remove seized hearth fragment 16C taken up from
the reduction furnace.

As described above, seized hearth fragment 16C is taken
up by discharging screw 21 and is continuously recovered
during the operation of the reduction furnace, so that
operation of the reduction furnace is not disturbed by
seized hearth fragment 16C even when it is generated. Hence,
the reduction furnace can be operated for a long period of
time without the operation being stopped. This'discharging
screw 21 1s particularly effective in operation at high
temperatures at which seized hearth fragment 16C is readily
generated.

The form of seized hearth fragment recovered by
discharging screw 21 is not limited to a "roll" and other
forms of seized hearth fragments can also be removed. The

term "roll" is used simply to illustrate a typical form of




CA 02295350 2000-01-12

- 16 -

selzed hearth fragments.

In the embodiment described above, seized hearth
discharging screw 21 as an example of the "means for
removing seized hearth fragments" is disposed just in front
of product discharging screw 13 for discharging the reduced
iron agglomerates from the reduction furnace and roller
screen 15 as another example of the "means for removing
seized hearth fragments" is disposed in the midway of
discharging chute 14 for recovering the reduced iron
agglomerates from the reduction furnace; however, the
position of the "means for removing seized hearth fragments"
is not limited to those described above. For example, the
"means for removing seized hearth fragments" may be disposed
at the back of product discharging screw 13. It is
important that the "means for removing seized hearth
fragments" be disposed in proximity to the discharge
location or the recovery location for the reduced iron
agglomerates.

In the embodiments described above, discharging screw
21 or roller screen 15 1s separately employed as the "means
for removing seized hearth fragments"; however, it is more
preferable to use both of them. In this case, the capacity
to remove seized hearth fragments is further enhanced.

Particular forms of the "means for removing seized

hearth fragments" are not limited to the screw and the
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screen described above, and forms such as pitchforks,

pistons, hook-shaped removers, and the like may be employed.

In the embodiments described above, product discharging
screw 13 is employed as a "product discharging unit";
however, this is not so limited. For example, a discharging
unit in the form of a slulice or a pusher may be employed.

In the embodiments described above, discharging chute
14 is employed as a "product-recovery path"; however, this
is not so limited. For example, reduced iron may be
recovered using a belt conveyor and the like.

In the embodiments described above, a reduction furnace
having a rotary moving hearth is employed; however, this 1is
not so limited. For example, a reduced furnace having a
straight moving hearth rotated 1n the manner of a belt
conveyor may be employed.

In the embodiments described above, the form of the
pellet is described as being an "agglomerate"; however, any
lump of reduced iron or iron oxide may be employed instead
of the pelleted "agglomerate".

Next, Examples of methods for manufacturing reduced
iron agglomerates will be explained with reference to Figs.
2 and 3.

In the Examples, a mixture of an iron ore and coal 1in a

ratio of 79 : 21 by dry weight, chemical compositions and
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characteristics thereof being listed in Fig. 2, was used as
a primary lngredient. Binder (flour) and water were added
to this primary ingredient, and this was then granulated
using a disk type pelletizer to form pellets having
diameters of 14 to 20 mm. Pellets containing not more than
1% of water by dehydration were continuously supplied to a
rotary moving hearth reduction furnace and were then reduced.
Experimental conditions for this reduction and results
thereof are listed in Fig. 3. Samples Nos. 1 and 2 were
according to the Examples of the present invention employing
the "means for removing seized hearth fragments", and sample
Nos. 3 to 6 were according to Comparative Examples, which
did not employ the "means for removing seized hearth
fragments".

In samples Nos. 1 and 2, the number of layers of iron
oxlde pellets was 0.8, which was thin, and reducing
temperatures in a front zone, a middle zone, and a back zone
all exceeded 1,300°C. Accordingly, high degree of
metallization of not less than 87% and high productivity of
100 kg/m?°hour could be obtained. Continuous operation
exceeded 250 hours due to the provision of the "means for
removing seized hearth fragments", and continuous operation
for a long period of time was possible. The number of
layers of 1iron oxide agglomerates is an indication of the

approximate mean thickness of supplied iron oxide
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agglomerate layer compared to the average diameter of the
iron oxide pellets.

Residence times in the "front zone", "middle zone", and
"back zone" are each approximately one-third of the total
reducing time.

In contrast, since the "means for removing seized
hearths fragments" was not provided for sample No. 3, seized
hearth fragments 1in the form of rolls were generated and
continuous operation was possible for only 24 to 32 hours.
Considering that 2 days are required to restart a reduction
furnace which has been completely stopped, a reduction
furnace which must be stopped after approximately 24 hours
of operation is not practical.

For sample No. 4, continuous operation could be
performed for not less than 250 hours with some difficulty;
however, since the temperature of the back zone of the
furnace was set to be not more than 1,250°C, productivity of
only 55 to 60 kg/m?'hourwas obtained, which was seriously
inferior to that of samples Nos. 1 and 2. One reason for
this was that the rotation speed of the moving hearth was
decreased in order to obtain a sufficiently high degree of
metallization to compensate for the lower reducing
temperature. The other reason was that operation for
removing seized hearth fragments which had low degree of

metallization and which obstructed the discharging chute,
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was performed by stopping the supply of iron oxide
agglomerates intermittently during the operation of the
reduction furnace. Continuous operation for this sample
exceeded 250 hours, which was determined to be the upper
limit of continuous operation 1in the experiments; however,
when the operation was continued without performing any
adjustment of the conditions, 1t 1s believed that continuous
operation was shorter than those of sample Nos. 1 and 2. 1In
addition, when the operation for removing seized hearth
fragments by intermittently stopping the supply of iron
oxide pellets was not performed, it 1is believed that the
operation of the reduction furnaée'had to be stopped since
the discharging chute was obstructed by the seized hearth
fragments.

Samples Nos. 5 and 6 are examples obtained when the
number of layers of the iron oxide pellets were 1.5 and 2.5,
respectively, without having the "means for removing seized
hearth fragments". In sample No. 5, seized hearth fragments
in the form of rolls were generated since the "means for
removing seized hearth fragments" was not provided, and
continuous operation could be perforﬁed for only 100 to 150
hours. The reason the continuous operation was longer than
that for sample No. 3 1s believed to be that the temperature
to which the powder deposited on the moving hearth was

raised was relatively low due to the thicker layers of the
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iron oxide. When sample No. 5 was provided with the "means
for removing seized hearth fragments", it 1s believed that
the continuous operation could exceed 250 hours. 1In
contrast, 1t was difficult for the continuous operation for
sample No. 6 to exceed 250 hours; however, degree of
metallization was only up to 80% and product gquality was
seriously inferior. The reason for this was that iron oxide
pellets at the bottom were not fully reduced due to
thickness of 2.5 layers. The reason the continuous
operation could last 250 hours with difficulty is believed
to be that powder deposited on the moving hearth was not
reduced due to thicker layers, and relatively small amounts
of selized hearth fragments were generated.

As can be seen from sample No. 3 in Fig. 3, when the
iron oxide pellets are supplied on the moving hearth,
thickness of the i1ron oxide pellet layer is preferably not
more than twice the average diameter of the pellets. When
the thickness exceeds twice the average diameter of the iron
oxlde pellets, the degree of metallization decreases and the
value of the reduced 1iron pellets as a product is seriously
degraded.

As can be seen from sample No. 4 in Fig. 3, the
reducing temperature is preferably not less than 1,300°C
when 1ron oxide pellets are heated and reduced. When the

reducing temperature is less than 1,300°C, productivity of
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reduced iron pellets must be lowered in order to maintain
the degree of metallization in the product.

A green material mixture in this embodiment comprises
iron oxide, as ingredient, and contains a carbonaceous
material in an amount sufficient to reduce the i1ron oxide
and optionally a binder such as an organic binder in an

amount sufficient to bind the iron oxide and the

carbonaceous material.

The iron oxide as the ingredient of the green material
mixture includes powdery iron ore or mill scale. Blast
furnace dust, converter dust, dust from sintering process
and electric furnace dust and mixtures thereof can also be
used. Since the dusts mentioned above contain a carbon
ingredient, addition of carbonaceous material 1s not

required or addition amount can be decreased.
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WHAT IS CLAIMED 1S:

1. A method for manufacturing reduced iron agglomerates, the
method comprising the steps of:

supplying iron oxide agglomerates including carbonaceous
material on a moving hearth in a reduction furnace;

heating the i1ron oxide agglomerates to yileld the reduced
iron agglomerates and hearth fragments which are occasionally
seized during operations on the moving hearth while the mcocving
hearth moves 1in the reduction furnace;

discharging the reduced 1ron agglomerates from the
reduction furnace; and

removing the seized hearth fragments from the moving hearth
during the operation of the reduction furnace, wherein

at least a portion ¢of the sei1zed hearth ftragments are in a
form selected from the group consisting of blocks and corrugated
plates; and

the seized hearth fragments 1n a form selected from the
group consisting of blocks and corrugated plates are removed
from the moving hearth in proximity to any one of a discharge
location for the reduced 1ron agglomerates and a discharging

chute for the reduced 1ron agglomerates.

2. A method for manufacturing reduced 1ron agglomerates, the
method comprising the steps of:

supplying iron oxide agglomerates including carbonaceous
material on a moving hearth 1n a reduction furnace;

heating the iron oxlide agglomerates to yield the reduced

iron agglomerates and hearth fragments which are occasionally
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seized during operaticns on the moving hearth while the moving
hearth moves 1in the reduction furnace:

discharging the reduced 1ron agglomerates from the
reduction furnace at a discharge location; and

removing the seized nearth fragments from the moving hearth
during the operation of the reduction furnace, wherein

at least a portion of the seized hearth fragments are in

the form of rolls; and

the seized hearth fragments in the form of rolls are

removed from the moving hearth in front of the discharge

location for the reduced rron agglomerates.

3. The method according to claim 1, further comprising

recovering the reduced iron agglomerates.

4. The method according to claim 2, further comprising

recovering the reduced 1ron agglomerates.

5. The method according to claim 1, wherein the thickness of
the 1ron oxide agglomerates supplied on the moving hearth is not

more than two times the average diameter of the l1ron oxide

agglomerates.

6. The method according to c¢laim 2, wherein the thickness of

the iron oxide agglomerates supplied on the moving hearth is not

more than two times the average diameter of the i1ron oxide

agglomerates.

7. The method according tvo claim 1, wherein the reducing
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temperature 1s maintained at not less than 1,200°C. while the

iron oxide agglomerates are heated and reduced.

8 . The method according to claim 2, wherein the reducing
temperature 1s maintainad at not less than 1,300°C. while the

iron oxide agglomerates are heated and reduced.

9. An apparatus for manufacturing reduced 1rcn agglomerates,
the apparatus comprising:

a reduction furnace provided with a moving hearth;

supplying means for supplving iron oxide agglomerates
including carbonaceous materiai on the mcving nearth;

heating means for heating i1ron oxide agglomerates to yield
the reduced 1ron agglomerates and seilzec hearth fragments on the
moving hearth while the moving hearth mcves in the reduction
furnace;

discharging means for discharging the reduzed 1ron

agglomerates from the reduction furnace; and

removing means for removing the seized hearth fragments
from the reduction furnace during the operation of the reduction
furnace, whereiln

the removing means comprises recovering means for
recovering the reduced i1ron agglomerates and the seized hearth
fragments after the reduced iron agglomerates and the seized
hearth fragments are removed from the reduction furnace; and

the recovering means comprisas a siave.

10. The apparatus accoriding to claim 3, whereirn the sieve

comprises a roller screen.
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11. An apparatus, for manufacturing reduced i1ron agglomerates
in a reduction furnace by a procass comprising the steps otf
supplylng iron oxlide agglomerates 1ncluding carbonaceous
material on a moving hearth, heatling the 1ron oxlde agglomerates
to yield the reduced iron agglomerates and seized hearth

fragments on the moving hearth while tthe moving hearth moves in

the reduction furnace, discharging the reduced 1ron agglomerates
from the reduction furnace, and recovering the reduced 1ron
agglomerates, the apparatus comprising

removing means for continuously removing the seized hearth
fragments from the reduction furnace during thes operation of the
reduction furnace; whereiln

the removing means is disposed in proximity to any one of a
discharge locatlion and & recovery location for the reduced 1ron
agglomerates from the reduction furnace;

the removing means comprlses recovering means for
recovering the reduced 1ron agglcmerates and the seized hearth
fragments after the reduced 1lron agglomerates and the seized
hearth fragments are removaed from the reduction furnace; and

the recovering meansg comprises a slieve.

12. A methcd for manufacturing reduced 1ron agglomerates 1n a
reduction furnace by a process comprising the steps of
supplying 1lron oxide agglomerates 1ncluding carbonaceous
material on a moving hearth;
heating the iron oxids agglomerates to yield the reduced
iron agglomerates and hearth fragments which are occasionally
selzed during operations on the moving heartn while the moving

hearth moves in the reduction furnace;
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discharging the reduced 1ron agglomerates from the
reduction furnace;

recovering the reduced iron agglomerates;

separating the seized hearth fragments from the moving
hearth; and

continuously removing the selzed hearth fragments in
proximity to any one oI a discharge location and a recovery
location for the reduced .ron agglomerates during the operation

of the reduction furna:ce .

13. An apparatus for manufacturing reduced iron agglomerates,
the apparatus comprising

a reduction furnace 1ncluding a moving hearth on which the
reduced i1iron agglomerates and seilzed hearth fragments are
formed:

a dlischarging screw that discharges the reduced iron
agglomerates and the seized heartn fragments firom the reduction
furnace; and

a sleve positioned to recelve the reduced iron agglomerates
and the seized hearth fragments discharged by the discharging
screw, whereiln

the sleve separates the reduced iron agglomerates from at

least a portion of the seized hearth fragments.

14. The apparatus according to ciaim 13, wherein the sieve 1s a

roller screen.
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