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ABSTRACT

A method for making molten iron includes the steps of feeding a raw material mixture
containing an iron oxide material and a carbonaceous reductant into a heating reduction
furnace to reduce iron oxide in the raw material mixture with the carbonaceous
reductant into solid reduced iron; transporting the solid reduced iron to a melting
furnace; and combustion of a carbonaceous material supplied as fuel to melt the solid
reduced iron in the melting furnace for producing molten iron. After the metallization
of the solid reduced iron is enhanced to at least 60%, the solid reduced iron is
transported to the melting furnace. The amounts of oxygen and the carbonaceous
material supplied to the melting fumace are controlled so that the secondary
combustion ratio of CO gas in the melting furnace is reduced to 40% or less. The heat
transfer efficiency of the secondary combustion heat to the molten iron is preferably

increased to at least 60%.
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DESCRIPTION

METHOD FOR MAKING MOLTEN IRON

Technical Field

The present invention relates to methods for making
molten iron. In particular, the present invention relates
to a method for effectively making high-purity molten iron
by thermal reduction of iroﬁ oxide materials such as iron
ore with carbonaceous reductants such as carbonaceous
materials.

Background Art

Nowadays, molten iron is produced by reduction of iron
oxide materials such as iron ore by blast furnace-converter
processes in the main; This process absolutely requires
coke as a reductant. Furthermore, the process makes
economics of scale a priority; hence, the process cannot
meetvlimited production of diversified products upon a
change in economic trend. |

Direct ironmaking processes such as a MIDREX process
are suitable for limited production of diversified products.
Unfortunately, these processes use natural gas as a
reductant; hence, the sites for constructing plants are
limited. |

Another method for making molten iron is a SL/RN

process that includes production of reduced iron with coal-
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based carbonaceous reductants and melting of the reduced

iron in an electric furnace. Many direct ironmaking
processes have also been reported in which a rotary hearth
furnace and an electric melting furnace are combined for
integration of reduction of iron oxide and melting of the
reduced iron. Since these processes consume a great deal of-
electric power, construction of plants is limited to sites
to which electric power can be easily supplied.

Under such circumstances, improvements in smelting
reduction process that produces molten iron using iron

sources such as iron ore and carbonaceous reductants such as

~ coal have been intensively studied. Typical examples of the

processes are a DIOS process and a HIsmélt brocess using a
combination of a prereduction furnace and a smelting
reduction furnace. Key points in practical use of these
processes are a high secondary combustion ratio and high
heat transfer effiéiency in the smelting reduétion furnace.
However, in.éuchvconditions, slag, which is produced as by-
product during smelt reduction from gangue components in
iron sources such as iron ore, inevitably contéins a high
content of iron oxide (FeO). The iron oxide significantly
erbdes lining refractory of the furnace. A proposed method
includes water—coolingvof the furnace to suppress the
erosion of the refractory. This proposed method, however,

has large heat loss from the furnace, significantly reducing
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the productivity of molten iron and thermal energy

effigiency.

One of the direct ironmaking processes includes heating
of carbonaceous agglomerates (pellets or briquettes), which
are shaped mixtures of iron sources such as iron ore and
carbonaceous reductants such és carbonaceous materials, in a
rotary furnace to reduce the iron sources and reduction of
the product in a smelting reduction furnace. This process
introduces hot exhaust gas generated in the smelting
reduction furnace into the rotary furnace and uses the heat

of the exhaust gas in the smelting reduction furnace to

enhance the overall heat efficiéncy of the facilities.

However, the hot éxhaust gas from the smelting reduction
furnace contains a large amount of dust that is deposited
not only on the inner walls of pipes but also on the walls
of the rotary furnace, inhibiting a stable continﬁous
operation.

This process has another problem. If thermal
fluctuation occurs in the smelting reduction furnace, the
heat quantity of the hqt gas supplied to the rotary furnace
and the reduction potential vary, resulting in an unstable
operation of the facilities. Such an unstable operation
causes changes in reduction efficiency of iron oxide and
metallization in the rotary furnace. As a result, the

produced iron does not have constant purity. Furthermore,
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the byproduct slug contains an increased amount of iron oxide (FeO), which erodes the

hearth refractory.

In addition, in the smelting reduction process, large amounts of oxygen and heat are
supplied into the smelting reduction furnace. Thus, maintenance of furnace refractory
and the tuyere is essential by using equipment for tilting and moving the furnace,

resulting in increased production costs of molten iron.

Disclosure of Invention

The present invention desirably provides a method for effectively making high-purity
molten iron from a mixture of iron oxide and a carbonaceous reductant with minimized
erosion of a rotary hearth furnace and a melting furnace refractory by adequately
controlling operation conditions in a molten iron production process that uses a

combination of a rotary hearth furnace and a melting furnace.

A method for making molten iron according to the present invention includes the steps
of feeding a raw material mixture containing an iron oxide material and a carbonaceous
reductant into a heating reduction furnace to reduce iron oxide in the mixture with the
carbonaceous reductant into solid reduced iron; transporting the solid reduced iron to a
melting furnace; and combustion of a carbonaceous material supplied as fuel to melt

the solid reduced iron in the melting furnace for producing molten
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iron, wherein after the metallization of the solid reduced
iron is enhancedvto at least 60%, the solid reduced iron is

transported to the melting furnace, and the amounts of

oxygen and the carbonaceous material supplied to the melting

furnace are controlled so that the secondary combustion

ratio of CO gas in the melting furnace is reduced to 40% or

less.

The sécondary combustion ratio in the melting furnace
in the present invention is calculated from the analyticél
concentrations of exhaust gases from the melting furhace by
the following formula:»

Secondary combustion ratio =

100 x (CO, + H,0)/(CO + CO, + H, + H,0)

The heat transfer efficiency is calculated from the
observed temperatures of the gas and the molten iron
discharged from the melting furnace and the above secondary
combustion ratio.

-In the raw material mixture used in the present
invention, the carbon content (A), excluding volatile

components, in the carbonaceous reductant and the

‘carbonaceous material is preferably equal to or-higher than

the sum of the chemical equivalent'necessary for reduction
of iron oxide in the mixture, a target carbon content in the
molten iron product, and an amount corresponding to the heat

quantity necessary for melting of the solid reduced iron.
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‘combustion efficiency of the addedAcarbonaceous material in

In such a condition, a series bf steps including solid
reduction of iron oxide in the raw material mixture,
reduction, melting, and preparation of molten metallic iron
can be smoothly performed with high efficiency.

The carbon content (A) may be adjusted by at least one
of the carbonaceous reductant compounded in the raw material
mixture to be fed into the heating reduction furnace, a
carbonaceous reductant compounded in the reduced iron that
is produced in the heating reduction furnace, and the
carbonaceous material supplied to the melting furnace.

An oxygen-containing gas supplied to the melting
furnace is preferably high-purity oxygen gas containing at
least 90% oxygen, which enhances secondary combustion ratio
in the melting furnace, facilitates control of the
combustion température in the secondary combustion and the
heat transfer efficiency to the molten iron bath, and
reduces exhaust gas and thus dust generation. The high~
purity oxygen gas may be supplied to the melting furnace by
bottom blowing, top blowing, side blowing, or combination
thereof. Top blowing and side blowing of the high-purity

oxygen gas toward a slag layer preferably enhances the

the slag layer, resulting in enhanced heat transfer
efficiency. Preferably, the heat transfer efficiency of the

secondary combustion heat to the molten iron is increased to
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at least 60%.

The melting furnace may be of a stationary (i.e. non-
tilting) type or a tilting type. A preferable process for
facilitating reduction melting by simple operations includes

feéding the solid reduced iron, the carbonaceous material,

and a flux for adjusting the slag compositions from the top

- of the melting furnace by gravity. Preferably, in the

melting furnace, inert gas is injected into the molten ironb
to agitate the molten irbn. Melting of the solid reduced
iron is further facilitated and the processing time is
reduced.

In case of use of the stationary melting furnace,
preferably a tap hole is provided in a sidewall for
discharging molten iron and molten slag at a height from
which the inert gas cannot be blown over slag layer.
Clogging of the tuyere due to gas blowing is thereby
prevented.

The iron oxide material qsed in the-present invention
is generally iron ore, and may be mill scales; iron oxide-
containing dust i.e., blast furnace dust and converter
furnace dust; and iron oxide containing nonferrous metal or
its oxide, i.e., ore containing nonferrous metals, such as
nickel, chromium, manganese, and titanium and oxides thereof,
and dust and slag discharged from metal refining facilities.

These nonferrous metals and oxides thereof may be allowed to
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" materials.

be transferred to slag that is generated during producing

the molten iron so that high-purity nonferrous metals and

nonferrous metal oxides are recovered as products or raw

In the process of melting the solid reduced iron in the
melting furnace, fhe molten metallic iron contains a
considerable amount of sulfur, which is derived from
carbonacedus materials. In this process, preferably, an

adequate amount of CaO-containing material is added such

that the basicity (Ca0/Si0,) of the slag formed in the

melting furnace is at least 1.2. Thereby, the sulfur

trénsferred to the molten slag‘is readily increased,

resulting in a reduction in sulfur content in metallic.iron.
Preferably, the amount of the carbonaceous material fed into
the meiting furnace ié adjusted such that the carbon content
in the molten metallié iron is at least 2%. The sulfur
partition ratio in fhe slag is thereby increased to further
reduce the sulfur content in the molten iron.

The solid reduced iron produced in the heating
reduction furnace is directly fed into the melting furnace

while maintaining high temperature. Thus, the heat of the

- solid reduced iron is effectively used for melting the solid

reduced iron. By occasion of restriction of the facilities,
the solid reduced iron may be temporarily stored in a yard

and then may be fed into the melting furnace.
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In the above process, the combustion gas generated in the melting furnace has a
considerable amount of heat. The heat may be used as a heat source in the heating
reduction furnace. In such a case, the combustion gas is cooled and subjected to dust
removal to reduce the dust volume in the gas to 5 g/Nm3 or less. Deposition of dust on
the inner faces of pipes and on the walls of the heating reduction furnace is thereby
prevented. Preferably, the exhaust gas from the heating reduction furnace is used for
preheating of air. The hot air is used as at least one of combustion air in the heating
reduction furnace, drying of the raw material mixture, and drying of the iron oxide
material and the carbonaceous reductant to enhance overall heat efficiency of the

process.

The present invention provides a method for making molten iron, comprising the steps
of:

feeding a raw material mixture containing an iron oxide material and a
carbonaceous reductant into a rotary hearth furnace to reduce iron oxide in the raw
material mixture with the carbonaceous reductant into solid reduced iron;

transporting the solid reduced iron to a melting furnace; and

combustion of a carbonaceous material supplied as fuel to melt the solid reduced
iron in the melting furnace for producing molten iron,

wherein

when the metallization of the solid reduced iron is enhanced to a range of 60%
to 80%, the solid reduced iron is transported to the melting furnace, and amounts of
oxygen and the carbonaceous material supplied to the melting furnace are controlled so
that the secondary combustion ratio of CO gas in the melting furnace is reduced to a
range of 20% to 40% and

when the metallization of the solid reduced iron is enhanced to a range of more
than 80%, the solid reduced iron is transported to the melting furnace, and amounts of

oxygen and carbonaceous material supplied to the melting furnace are controlled so
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that the secondary combustion ratio of CO gas in the melting furnace is reduced to a

range of 40% or less.

Throughout this specification the word "comprise"”, or variations such as "comprises" or
"comprising", will be understood to imply the inclusion of a stated element, integer or
step, or group of elements, integers or steps, but not the exclusion of any other element,

integer or step, or group of elements, integers or steps.

Any discussion of documents, acts, materials, devices, articles or the like which has
been included in the present specification is solely for the purpose of providing a
context for the present invention. It is not to be taken as an admission that any or all of
these matters form part of the prior art base or were common general knowledge in the
field relevant to the present invention as it existed before the priority date of each claim

of this application.
Brief Description of the Drawings

Fig. 1 is a flow chart of an overall system according to an embodiment of the present

invention.

Fig. 2 is a graph showing the relationship between the consumption of the
carbonaceous material and the metallization at various secondary combustion ratios in a

melting furnace.

Fig. 3 is a graph showing the relationship between the consumption of the

carbonaceous material and the secondary combustion ratio at various metallizations.
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Fig. 4 is a graph showing the relationship between the
heat transfer efficiency to molten iron in a melting furnace
and the secondary combustion ratio at various temperatures

of exhaust gas from the melting furnace.

Best Mode for Carrying Out the Invention
Embodiments of the present invention will now be

described in detail with reference to the drawings. As many

different embodiments of the present invention may be made
without departing from the spirit and scope thereof, it is
to be understood that the invention is not limited to the
specific embodiments.

Fig. 1 is a flow chart of an overall system according
to an embodiment of the present invention. Iron ore 1 as an
iron source is preferably fine ore having a particle.size of
about 8 mm or less. The iron ore 1 is dried in a dryer 2
and is pulverized in an ore mill 3. The dryer 2 uses air 4
as a heat source that is preheated by heat exchange with'the
sensible heat of the exhaust gas from a rotary hearth
furnace 14 and additional heat from auxiliary fuel 5, if
necessary. Coal 6 used as a carbonaceous reductant is:
pulﬁerized in a coal mill 7 and fed into a mixer 8. 1In the
mixer 8, the pulverized iron ore 1, the milled coal 6, and
optionally a binder 9 and an adequate amount of water are

mixed and are shaped into agglomerates 12, such as solid



10

15

20

25

~using the agglomerates will be described below. In place of

spheres, grains, pellets, or briquettes, in an agglomeration

machine 11. 1In this step, auxiliary materials 10 such»as
alumina, siliéa, and calcia may be ﬁsed.r The auxiliary
materials 10 are consumed in smelting reduction in a‘mélting
furnace. The auxiliary material 10 may be added alone or in
combination.

In this embodiment, the raw material mixture is shaped
into agglomerates. 1In the present invention, the use of

such agglomerates is most preferable and the embodiments

the agglomerates, however, a powdered mixture, or a lightly .
compacted mixture may be used in the present invention. A
fypical iron source is iron ore. Blast furnace dust and
mill scales, which contain iron oxide, may be used together
the iron ore. In addition, other materials containing iron
oxide and nonferrous metals and corresponding oxides, such
as dust generated from metal refining facilities, may be
used.

When carbonaceous materials such as coal 6 are used as
carbonaceous reductants, volatile components contained in
the carbonaceous materials vaporize above 600°C and
substantially do not contribute to reducfion of iron oxide.
Thus, on the basis of the carbon content, excluding the
volatile carbon content, in the carbonaceous material, the

amount of the carbonaceous material used in the present
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~ briquetting machine; Preferably, the agglomerates 12 have a

invention is determined by the sum of the chemical

equivalent necessary for reduction of iron oxide, a target
carbon content in the molten iron product, the heat quantity
necessary for melting of the solid reduced iron in the
melting furnace, and a small‘exceSsive amount corresponding
to loss in the process.

The agglomeration machine 11 used in production of the

agglomerates 12 is, for example, a pelletizing or

bulk density of at least 1.2 g/cm3 and more preferably at

least 1.8 g/cm3. This bulk density is determined éuch thét
heat transmitted to the surfaces of the aéglomeratés 12
rapidly enters the interior of the agglomerates 12 in a
heating reduction furnace_(rotéry hearth furnace).
Preferably, the agglomerates 12 are dried in an
agglomerate dryer 13 into a moiéture content of 1% or less
and are fed to a rotary hearth furnace 14 (heating reduction
furnace) . Drying air 4 used in this process is preferably
preheated by heat exchange with the sensible heat of the
exhaust gas from the rotary hearth furnace 14 to effectively
utilize the exhaust heat. Preferably, the temperature of
the drying air 4 is about 200°C or less to prevent explosive
fracture of the agglomerates 12 caused by sudden-
volatilization of water. The dried agglomerates 12 are

consecutively fed into the rotary hearth furnace 14 for
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by smelt reduction is at least 60%, more preferably at least

16 is used as fuel for the smelt reduction. The reducing

- 13 -

smelt reduction.

Preferably, the metallization of reduced iron 15 formed

80%, and most preferably at least 90% that correspond to the

heat of fusion of scraps, as described below with reference

to Fig. 2. Reducing gas discharged from a melting,furnaée

gas is burned at a burner provided on the sidewalls of the
rotary hearth furnace.14 to heat the agglomerates 12.

In order to maintain the above metallization of the
reduced iron 15 in the heat reduction step, the combustion
state of the burner muét be always stable. Preferably, the
exhaust gas from the melting furnace 16 is cooled and
subjected to dust removal to reduce the dust volume in the
gas to 5 g/Nm3 or less and more preferably 1 g/Nm3 or less.
Furthermore, natural gas or powdered coal is preferably
stocked as additional fuel 17, which is used in an initial
stage of the operation of the facilities and in thermal
compensation for the rotary hearth furnace 14.

In the rotary hearth furnace 14, CO gas generated by
the reactions represented by formulae (2) and (4) below is
subjected to secondary combustion in the presence of the
preheated drying air 4, as represented in formula (1):

CO + 1/20, = COy v+ -- (1)

This heat of reaction is used for heat reduction of the
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agglomerates 12. 1In thiS step, carbon monoxide is
completely oxidized such that oxygen in the exhaust gas is
substantially completely consumed. This means that the
energy of the carbonaceous material is completely consumed
in the rotary hearth furnace 14. Accordingly, this process
has high energy efficiency.

The reduced iron 15 produced in the rotary hearth
furnace 14 may be discharged to the exterior of the
production line, but preférably, is fed into the melting
furnace 16 as it is heated to enhance the heat efficiency.
It ié preferable that the reduced iron 15 be continuously
fed from the top of the melting furnace 16 by gravity. 1In
this step, a carbonaceous material 18 as a heat source for
melting the reduced iron 15 and an auxiliary material 19 for
slag control are also fed from the top of the melting
furnace 16. Such top feeding facilitates maintenance of the
feeding unit.

The carbonaceous material 18 are allowed to react

(burned) with an oxygen source 20 in the melting furnace 16

to reduce iron oxide remaining in the reduced iron 15 and to

mélt'the reduced iron for producing molten iron having a
carbon content of preferably 2% or more, more preferably
2.5% to 4.5%.

Preferably, the amounts of the oxygen source 20 and the

carbonaceous material 18 are controlled such that the
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secondary combustion ratio of CO gas generated in the
meltihg furnace 16 is 40% or less, and more preferably in
the range of 20% to 40%. As a result, the heat efficiency
of the heat of the secondary combustion to the molten metal
can be increased to at least 60%, more preferably at least
75%, and most preferably at least 80%. The reasons for
limitation of these fiéures will be described below.

.Preferably,_the oxygen source 20 used is high—purity
oxygen gas containing at least 90% oxygen, which is injected
toward the slag layer on the molten metal in the melting
furnace 16 by:tob blowing, side blowing, or bottom blowing
to agitate the slag layer.‘ Top blowing and side blowing of
thé high-purity okygen gas are preferable to facilitate the
maintenance of the tuyere. Furthermore, such blowing manner
does not require tilting of the melting furnace 16; hence,
the structure of the melting furnace can be simplified.

The use of high-purity oxygen gas containing at least
90% oxygen facilitates control of the secondary combustion
ratio and calorie control of the reducing gas féd from the
melting furnace 16 to the rotary hearth furnace 14, namely,
necessary and sufficient control for maintaining a
theoretical combustion temperature. Preferably, inert gas
21 is injected into the molten iron by bottom blowing to
agitate the molten iron. Melting of the solid reduced iron

15 is further facilitated.
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At least part or all of the carbonaceous material 18
fed into the melting furnace 16 and/or another carbonaceous
material may be directly fed into the rotary hearth furnace
14, in addition to the agglomerates 12. These anbther
carbonaceous materials may be fed as a hearth material on
the hearth of the rotary hearth furnace 14, may be fed with
the agglomerates 12 in the rotary hearth furnace 14, or may
be fed in the rotary hearth furnace 14 after the
agglomerates 12 are fed. The another carbonaceous materials
may be powdered when they are used as the hearth material.
However, the another carbonaceous materials are not
necessarily powdered and may be agglomerates when they are
simultaneously fed together with the aggiomerates 12 or fed
after the agglomerates 12 are fed, into the rotary hearth
furnace 14. Since the volatile components in the another
carbonaceous materials are vaporized and are used as a
heating material, the volume of the additional fuel 17 is
reduced.

The ofher carbonaceous material represents a different
type from the carbonaceous material 18 fed into the melting

furnace 16. when the carbonaceous material 18

For example,
fed into the melting furnace 16 is coke, the other

carbonaceous material is coal. the other

Accordingly,
carbonaceous material in the present invention does not

necessarily represent a quite different type. In addition,
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the other carbonaceous material and the carbonaceous

material 18 may be the same type.

The carbonaceous material is heated to be chared in the
rotary hearth furnace 14 and is fed to the melting furnace
for melting of the reduced iron. 1In this process, the
volatile components of the carbonaceous material are removed
and the heated char is fed into the melting furnace. Thus,
the volume of the exhaust gas when the carbonaceous material
is fed into the melting furnace is reduced compared with a
case of use as the carbonaceous material 18 for the melting
furnace, resulting in simplification of the exhaust gas
facility and reduction in the volume of the exhaust gas 26.
As in the carbonaceous.material 18, the other carbonaceoﬁs
material may be coal, wood chips, waste plastic, or waste
tires. Alternatively, the other carbonaceous material may
be coke, wood coal, or coke breeze not containing volatile
components. |

The melting furnace 16 is provided with a tap hole on a
sidewall to discharge the molten iron 22 and molten slag 23.
The tap hole is preferably provided at a height from which
the inert gas 21 cannot be discharged. Preferably, the
melting furnace 16 has an enclosed structure so that all or
part of the gas generated in the melting furnace 16 is fed
into the rotary hearth furnace 14 and is effectively used as'

a heat source. As shown in the drawing, the gas generated
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- in the melting furnace 16 is cooled, fed into a dust

inner faces of pipes and on the inner walls of the rotary

removing unit 24 to reduce the dust volume to about 5 g/Nm3
or less and more preferably 1 g/Nm3 or less, and fed into

the rotary hearth furnace 14. Deposition of dust on the

hearth furnace 14 is thereby prevented. In order to
effectively use the sensible heat of the exhaust gas from
the heating reduction furnace 16, preferably, the sensible
heat of the exhaust gas is recovered with, for example, a -
radiant heat transfer boiler that is provided at the outlet
of the melting furnace 16 and is supplied.to the dust-
removing unit 24.

The gas is fed into a booster blower 25 for control of
the pressure and is fed into the combustion burner of the
rotary hearth furnace 14. Preferably,.the excess gas 26 is
discharged to the exterior and is used as fuel éas for
adjacent facilities. Preferably, high—pressure oxygen is
charged into the melting furnace 16 having an enclesed
structure to pressurize the interior of the melting furnace
16. In such a process, the booster blower 25 is unnecessary.

The exhaust gas from the rotary hearth furnace 14 does
not substantially have latent heat but still is at high
temperature. Thus, the exhaust gas is preferably subjected
to heat recovery in an exhaust gas boiler 27 and is used for

preheating of air in a heat exchanger 28. The exhaust gas
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after heat recdvery in the heat exchanger 28 is purified

through a dust-removing unit 30 and is discharged into

controls the internal pressure of the rotary hearth furnace
14.

' The method of the present invention is performed
according to the above process flow. The operation
conditions of the rotary hearth furnacé 14 and the melting
furnace 16 will now be described in further detail, because
these conditions are particularly important in the present
invention.

First, the rotary hearth furnace 14, a main component
of the reduced irbn making facilities, will be described.
When a miXture'of an iron oxide-containing material and a
carbonaceous reductant or preferably agglomerates of the
mixture are fed into and heated in the rotary hearth furnace,

reactions represented by formulae (2) to (4) proceeds:

Fe O, + nC - mFe + nCO ~++-+- - (2)
Fe,O, + nCO — mFe + nCO, -+---- (3)
C+ COp » 2CO v+ -r- (4)

Iron oxide is thereby reduced. The amount of CO and COZ
generated depends on the amount of the carbonaceous
reductant contained in the agglomerates and the heating
conditions.

The raw material mixture fed into the rotary hearth
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furnace is heated by the heat of combustion ffom the burner’
and by the radiant heat froﬁ the sidewalls and ceiling of
the furnace. Since heat fadiation is in proportional to a
fourth power of the temperature, rapid heating and reduction
are achieved. Iron oxide in the raw material mixture can be
reduced into metallic iron by heating for a significantly
short time, for example, for 6 to 12 minutes.

The heat received on the surface of the raw material
mixture is transported toward the interior of the mixture by
thermal conduction to promote the reactions represented by

formulae (2) to (4). Preferably, the faw material mixture

‘1s agglomerate having a bulk density of at least 1.2 g/cm3

and more preferably 1.8 g/cm3 for promoting the heat
conduction toward the interior of the raw material mixture.

The ratio of the iron oxide material to the |
carbonaceous reductant must be determined so that the solid
carbon content (3a), excluding the volatile components, in
the carbonaceous ;educfant and the carbonaceous material is
equal to or higher than the chemical equivalent required for
reduction of iron oxide. Preferably, the ratio is
determined in view of the heat of combustion required for
melting in the melting furnace and a target carbon content
in the molten iron formed by smelting reduction.

In the raw material mixture used in the present

invention, the carbon content (A), excluding volatile
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~quantity necessary for melting of the solid reduced iron.

gomponents, in the carbonaceous reductant and carbonaceous
material is preferably equal to or higher than the sum of
the chemical equivalent necessary for reduction of iron
oxide in the mixture, the target carbon content in the

molten iron product, and an amount corresponding to the heat

The carbon content may be adjusted by at least one of (1) a
carbonaceous reductant compounded in the raw material
mixture to be fed into the heating reduction furnace, (2) a
carbonaceous reductant compounded in the reduced iron that
is produced in the heating reduction furnace and that is not
yet fed into the melting furnace, and (4) the another
carbonaceous material fed into ﬁhe heating reduction furnace.
When a large amount of carbonaceous material-is compounded
in the preparation step of the raw material mixture, the
amount of the carbonaceous material added to the solid
reduced iron prepared by smelt reduction and the amount of
the carbonaceous material fed into the melting fﬁrnace may
be appropriately reduced.

In the smelting reduction in the melting furnace, a
Ca0O-containing material is preferably added to the melting
furnace alone or in combination with the solid reduced iron
so that the basicity of the by-product slag is at least 1.2.
At a basicity of 1.2 or more, the sulfur compbnents

contained in the molten iron migrate toward the molten slag,
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and thus the resulting metallic iron contains reduced
amounts of sulfur components;

As the FeO content in the by—pfoduct slag decreases,
the distribution coefficient of the sulfur components in the
slag increases and thus the sulfur content in the molten
iron decreases. Since the FeO content decreases as the
carbon content (B) increases in the molten iron, the‘carbon

content (B) in the molten iron is preferably at least 2% and

more preferably at least 3% to enhance the distribution

coefficient of the sulfur components in the slag and thus to
reduce the sulfur content in the molten ifon. Since FeO
erodes the lining refractory, such a reduction in FeO
content is preferable in order to suppress the erosion. The
carbon content (B) in the molten ironvmay be adjusted by“at
least one of (1) a Carbonaceous reductant compounded in the
raw material mixture to be fed into the heating reduction
furnace, (2) a carbonaceous reductant compounded in the
reduced iron that is produced in the heating reduction
furnace and that is not yet fed into the melting furnace,
(3) a.carbonaceous material supplied to the melting furnace, -
and (4) the another carbonaceous material fed into the
heating reduction fufnace.

In order to carry out smelting reduction in the melting
furnace effectively, a key point is how the metallization of

the iron source (reduced iron) fed into the melting furnace
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is increased. Thus, the metallization of the reduced iron
must be increased in the rotary hearth furnace.

The heating condition of the.raw agglomerates,

‘therefore, must be adequately controlled in the rotary

hearth furnace. Thus, the properties of the fuel gas for
such heating must be stabilized as much as possible. When
the gas generatéd in the melting furnace is used as fuel gas
in the rotary hearth furnace, higher calorie enables rapid
heating and facilitates temperature control in the rotary
hearth furnace. This indicates that the secondary
combustion ratio in the melting furnace is suppressed to
reduce the CO, content. In order to ensure stable
combustion at the burner for a long time, it is preferable
that the dust volume in the fuel gas be minimi;ed for
preventing deposition of the dust on the feeding pipes and
fuel gas burner and clogging of nozzles.

Equipment for cooling the gas from the melting furnace
and remoﬁing the dust, therefore, is provided upstream of
the rotary hearth furnace. It is preferable in the dust-
removing process that the dust volume in the gas be 5 g/Nm3
or less and more preferably 1 g/Nm3 less. The operation
temperature of the removing unit is preferably about 800°C
6r less in view of heat resistance and safety of the unit.

The bperation conditions of the melting furnace for

smelting reduction of the solid reduced iron will now be
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in the melting furnace reacts with simultaneously supplied

- high-purity oxygen to form CO gas as shown in formula (5):

C+ 1/20, - CO +-+ - (5)

The CO gas is secondarily burned in a gas phase on the iron
bath as shown in formula (6):

CO + 1/20, — COp +r v (6)

Since these reactions are exothermic, the heat is
transported to the iron bath and is used for further
reducing and melting the solid reduced iron.

Fig. 2 is a graph showing the relationship between the
consumption of the carbonaceous material and the
metallization and Fig. 3 is a graph showing the relationship
between the consumption of the carbonaceous material and the
secondary combustion ratio. These graphs demonstrate that
the consumption_of the carbonaceous material decreases with
an increase in the metallization of the fed iron source (Fiqg.
2) and with an increase in the secondary combustion ratio
(Fig. 3).

Fig 2 shows that the consumption of the carbonaceous

‘material is saturated at a metallization of 60% or more for

a secondary combustion ratio of 40% or less. This condition
is significantly favorable in a stable operation since the
consumption of the carbonaceous material is stable

regardless of the metallization.
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Accordingly, the metallization of the iron source

(reduced iron) fed into the melting furnace is preferably

increased as much as possible to at least 60%, more

| preferably at least 80%, and most preferably at least 90%

that corresponds to a value for general iron-scrap, for
suppressing the consumption of thevcarbonaceous material and
stablevoperation.

A metallization of at least 60% is achie?ed by, for
exémple, adequately controlling the amount of the
carbonaceous reductant added during the production of the
raw material mixture and the heat reduction conditions in
the rotary hearth furnace. Specifically, the carbonaceous
reductant is added in a necessary and sufficient amount for
reduction of the iron oxide in the preparation stage of the
raw material mixture, the operational temperature of the
rotary hearth furnace is between 1,100°C and 1,400°C and
more preferably between the 1,250°C and 1,350°C, and the
holding time is at least 6 minutes and more preferably at
least 8 minutes.

Fig. 3 shows that a higher secondary.combustion ratio
is preferable to effectively reduce the consumption of the
carbonaceous material in the melting furnace and is more
preferably at least 20%. At a secondary combustion ratio
exceeding 40%, however, the consumption of the carbonaceous

material is not further reduced. Accordingly, the secondary
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‘combustion ratio is preferably 40% or less and more

preferably 30% or less.

The secondary combﬁstion ratio varies with the
carbqnaceous material content and the oxygen gas content in
the melting furnace. Thus, the amounts of the carbonaceous
material and the oxygen gas are adequately controlled to

achieve a 'secondary combustion ratio of 40% or less and more

pbreferably 20% to 40%.

The secondary combustion increases the temperature of
the gas phase in the melting furnace and has a severe
thermal impact on the lining refractory. A reduced
metallization in the iron source represents an increased
unreduced iron oxide (FeO) content. in the iron source and
thus accelerated erosion of the lining refractory due to an
increased FeO content in the molten slag. Water cooling,
which is carried out for suppressing erosion of the
refractory, causes heat lossvthat adversely affects the
production efficiency and costs.

Agitation of the iron bath is effective for promoting
the melting of the iron source (reduced iron) added to the
melting furnace. Vigorous agitation, however, causes an
increase in dust in the exhaust gas from the melting furnace
up to about 100 g/Nm3, resulting in reduced iron yield and
clogging of the hot gas pipes due to deposition of the dust.

Accordingly, in the present invention, the
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metallization of the reduced iron fed into the melting
furnace is increased to at least 60% and more preferably at
least 80% to reduce the consumption of the carbonaceous
material, andAthe secondary combustion ratio in the melting
furnace is reduced to 40% or less,.more preferably 20% to
40%, and most preferably 20% to 35% to prevent an excess
increase in gas phése temperature and to reduce impact to
the melting furnace.

The oxygen source fed into the melting furnace may be
air. In such a case, however, nitrogen that contained in an
amount four times oxygen is also heated, resulting in
increased preheating loss and an increased Qolume of
discharged gas. ’Accordingly, the oxygen source is
preferably high-purity oxygen and more preferably high-
purity oxygen gas containing at least 90% oxygen to enhance
heat efficiency and to avoid‘an increased volume of the
discharged gas. The high-purity oxygen can also reduce the
formation of dust.

Fig. 4 is a graph showing the relationship between the
heat transfer efficiency and the secondary combustion ratio
at various temperatures of exhaust gas from the melting
furnace for_comparison of the present invention with
conventional examples.

Fig. 4 demonstrates that the exhaust gas temperature

increases as the secondary combustion ratio increases at
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constant heat transfer efficiency and that an increased
aﬁount of heat is discharged without being used inlthe
melting furnace. When the exhaust gas temperature is
maintained at constant, the heat transfer efficiency

increases with the secondary combustion ratio, showing

effective use of heat. 1In EXAMPLE A in Fig. 4, scrap is

used as the iron source fed into the melting furnace where

‘the heat transfer efficiency is as high as 89% and the

exhaust gas temperature is as low as about 1,650°C at a
secondary combustion ratio of 20%.

In EXAMPLE B, reduced iron having a metallization of
30% is used as the iron source fed into the melting furnace.
Since the secondary combustion ratio is as high as about 45%,
the exhaust gas temperature is 1,900°C causing increased
thermal impact to the lining refractory and the heat
transfer efficiency is decreased to 85%. Since the
metallization of the iron source is 30% in EXAMPLE B, the
Feb content in the by-product slag formed during the
Smelting reduction increases, accelerating erosion of the
lining réfractory. |

According to these results, the preferable conditions
for operating the combined facilities including the heat
reducing apparatusA(rotary hearth furnace) and the melting
furnace for smelting reduction of the reduced iron produced

in the rotary hearth furnace are as follows: (1) the
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metallization in the rotary hgarth furnace is increased to
at least 60% and more preferably at least 80% to reduce
residual FeO as much asApbssible; (2) the secondary 3
combustion ratio in the melting furnace is controlled to be
40% or less and more preferably in the range of 20% to 40%
e} that the exhaust gés from the melting furnace has calorie
that is necessary for fuel in the rotary hearth furnace; and
(3} the secondary combustion ratio is suppressed to 40% or
less to suppress an increase in the exhaust gas temperature
and thus to suppress erosion of the lining refractory in the
melting furnace. In Fig. 4, the hatched region represents
the preferable conditions.

As shown in Figs. 2 aﬁd 3, the amounts of the oxygen
and the carbonaceous material fed into the melting fufnacé
are controlled and the heat transfer efficiency of the
secondary combustion to the molten iron is increased to at
least 60% and more preferably at least 75% so that the
metallization of the reduced iron in the rotary hearth
furnace is increased to at least 60% and the secondary
combustion ratio of CO gas generated in thé meltiﬁg furnace
is reduced to 40% or less.

The heat transfer efficiency (Ef) of the heat of the
secondary combustion to the molten iron is defined as

follows:

Ef (%) = {1 - (Hy+H,~H,)/H;} x 100
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~wherein H; is the heat of secondary combustion of CO and H,

gases generated in the bath as represented by the following
reactions:
CO + 1/20, = CO,
H, + 1/20, = H,0

H, is the sensible heat of gas generated in thé bath,
wherein the volume and the composition of the gas are
calculated from the material balance and the temperature of
thevgas is assumed to be the same as the bath temperature;
H; is the sensible heat of gas discharged from the furnace;
and
H4 is the heat loss at the gas phase in which the secondary
combuétion reaction occurs, the heat léss corresponding to
10% to 20% of the total heat input.
| Under such éonditions, the life of the lining
refractory in the melting furnace is prolonged. When the
melting furnace is of a stationary type, it can be operatéd'
for a long time without maintenance and repaifing. However,
in the present invention, a tilting type melting furnace may
be used instead of the stationary melting furnace.

According to tﬁe present invention, in the production
of molten iron by feeding a raw material mixture containing
a carbonaceous reductant into a heating reduction furnace
such as a rotary hearth furnace, reducing iron oxide in the

mixture to form solid reduced iron, and further reducing and
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melting the reduced iron in a melting furnace,

(1) the metallization of the solid reduced iron in the
heating.reduction furnace is increased to at least 60%;

(2) the amounts of oxygen and a carbonaceous material
are controlled so that the secondary combustion ratio of CO
generated in the melting furnace is reduced to 40% or less;

(3) the heat transfer efficiency of heat of the
secondary combustion is increased to at least 60%; and

(4) the melting furnace has an enclosed structure and
all or part of the gas generated in the melting furnace .is
fed into the heating reduction furnace to heat the solid
reduced iron in the melting furnace. Molten reduced iron
having a carbon content of about 1.5% to 4.5% can thereby be
produced with high productivity and high energy efficiency
with suppressed detérioration of the héating reduction

furriace and the melting furnace.

EXAMPLES

The present invention will now be described in further
detail by EXAMPLES. According to the flow chart shown in
Fig. 1, operations were carried out using raw ore and coal
having compositions shown in Table 1 under conditions shown

in Table 2. The results are also shown in Table 2.

Table 1 Composition of Raw Materials (mass percent)
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Iron ore Total Fe 68.18 (Note)
FeO 0.01
Sio, o 0.83
Al,05 : 0.47
Ca0 | . 0.05
Coal Fixed carbon 71.0
Volatile component 19.8
Ash 9.2

Note:

91.4% as Fe,05; the balance is TiO,, Na,0, K,0 etc.
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Table 2
Experiment 1 2 3 4 5 6
Iron ore (kg/ton product) 1,410 1,410 (1,411 } 1,411 | 1,411 | 1,410
Coal Amount as carbon - 459 459 459 459 459 459
(kg/ton |Amount as carbon fed into 105 111 111 124 73 | 211
product) |melting furnace
Oxygen injected into melting furnace 108 119 111 126 93 211
(Nm3/ton product) '
Secondary combustion ratio in melting ' 30.0 30.0 28.0 30.0 50.0 10
furnace (%) ' '
Heat transfer efficiency in melting 84.6 89.3 88.7 73.1 85.0 72.5
furnace (%) '
Metallization in rotary hearth furnace (%) 90 90 90 90 90 90
Amount of auxiliary fuel supplied into 6 0 0 0 39.0 0
rotary hearth furnace (Nm3/ton product)
Excess gas generated in melting furnace 0 3 0 36 0 0
(Nm3/ton product)
Carbon content in molten iron (%) 3 3.2 2.8 3.8 2.3 4.5
Dust volume in exhaust gas from melting 1.0 4.0 3.2 5.4 3.1 | 5.0
furnace (g/Nm3)
Oxygen purity percent of oxygen gas blown 99.8 99.8 99.8 99.8 99.8 99.8
into melting furnace (%) '
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In Experiments 1 to 3 shown in Table 2, the
metallization of the reduced iron produced in the rotary
hearth furnace was maintained at 90%, the secondary
combustion ratio in the melting furnace was maintained at
40% or less, and_the heat transfer efficiency was maintained
at 60% to 90%. In Experiment 1, all the gas generated in
the melting furnace was introduced into the rotary hearth
furnace and an auxiliary fuel (natural gas) supplied a
deficiency of calorie.

In Experiment 2, the heat transfer efficiency and gas
generation were enhanced so that no auxiliary fuel was used
in the rotary hearth furnace. Although the dust volﬁme in
the exhaust gas from the melting furnace slightly increased
but did not disturb the operation. A slightly excess amount
of exhaust gas, which could be used as an external heat
source, was dgenerated in the melting furnace.

In Experiment 3, all process paraméters were optimized
not to use the auxiliary fuel and not to generate the excess
gas from the meltiﬁg furnace. An,energy—closed_operation in
view of energy was achieved in a combination of the rotary
hearth furnace and the melting furnace.

In Experiment 4, the secondary combustion ratio was as
low as 30%. Since the heat transfer efficiency to the
molten iron in the melting furnace was 73% that was a

somewhat low level, the amounts of coal and oxyden used were
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increased. Thus, the excess gas and the dﬁst'concentration
also slightly increased. 1In Experiment 6, the Carbonaceous
material fed into the melting furnace was increased to
increase the carbon content in the molten iron to a
saturated carbon content. According to the present
invention, the carbon content in the molten iron can be
increased to a saturated content by adjusting the carbon
content fed into the melting furnace.

In Experiment 5, the secondary combustion ratio in the
melting furnace was excessively increased. Although the
heat transfer efficiency is enhanced, the volume of the
exhaust gas fed into the heating reductidn furnace and the
quantity of heat (reducing potential) were decreased. As a
fesult, the rotary hearth furnace required additional
burning using auxiliary fuel.

These results show that optimization of the‘operation
conditionsvallows production of high—purity molten iron with
high energy efficienéy and high productivity through a .
series of stable operations from solid reduction to smelting
reduction without excess thermal impact to the melting
furnace. As shown in Experiment 3, an energy-closed
operation in view of energy was achieved using these molten
iron production facilities.

In production of molten iron according to Experimeﬁt 3,

an additional carbonaceous material for heating the melting
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furnace énd calcium oxide (CaO) were added so that the
basicity (Ca0/Si0, ratio) of the product slag was in the
range of 1.5 to 1.6. The sulfur content of the molten iron
was determined. in the initial stage of the operation, the
sulfur content gradually increased and reached about 0.04
mass percent 40 minutes later. The sulfur content was
saturated at 0.04 mass percent thereafter. Probably, an
increased basicity due to addition of Ca0o promotes migration

of sulfur from the molten iron to the slag.

Industrial Applicability

The method for making molten iron according to the
present invention can effectively produce molten iron with
reduced energy compared with conventional methods. This
method suppresses damaging of the refractory and prbvides

elasticity of production in an iron making process.




23 Aug 2007

2003201918

10

15

20

25

30

37

THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method for making molten iron, comprising the steps of:

feeding a raw material mixture containing an iron oxide material and a
carbonaceous reductant into a rotary hearth furnace to reduce iron oxide in the raw
material mixture with the carbonaceous reductant into solid reduced iron;

transporting the solid reduced iron to a melting furnace; and

combustion of a carbonaceous material supplied as fuel to melt the solid reduced
iron in the melting furnace for producing molten iron,

wherein

when the metallization of the solid reduced iron is enhanced to a range of 60%
to 80%, the solid reduced iron is transported to the melting furnace, and amounts of
oxygen and the carbonaceous material supplied to the melting furnace are controlled so
that the secondary combustion ratio of CO gas in the melting furnace is reduced to a
range of 20% to 40% and

when the metallization of the solid reduced iron is enhanced to a range of more
than 80%, the solid reduced iron is transported to the melting furnace, and amounts of
oxygen and carbonaceous material supplied to the melting furnace are controlled so
that the secondary combustion ratio of CO gas in the melting furnace is reduced to a

range of 40% or less.

2. A method according to claim 1, wherein air is preheated by using the heat of
exhaust gas from the rotary hearth furnace and is used as combustion air in the rotary

hearth furnace and/or used for drying the raw material mixture or raw materials.

3. A method according to claim 1 or claim 2, wherein a carbon content (A),
excluding volatile components, in the carbonaceous reductant and carbonaceous
material is equal to or higher than the sum of the chemical equivalent necessary for
reduction of iron oxide in the raw material mixture, a target carbon content in the
molten iron product, and an amount corresponding to the heat quantity necessary for

melting of the solid reduced iron.
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4. A method according to any one of claims 1 to 3, wherein a carbon content (A)
is adjusted by at least one of the carbonaceous reductant compounded into the raw
material mixture to be fed into the rotary hearth furnace, a carbonaceous reductant
compounded into the reduced iron that is produced in the rotary hearth furnace, and the

carbonaceous material supplied to the melting furnace.

5. A method according to any one of claims | to 4, wherein high-purity oxygen
gas containing at least 90% oxygen is supplied to the melting furnace by bottom

blowing, top blowing, or side blowing for agitating a slag layer in the melting furnace.

6. A method according to any one of claims | to 5, wherein the heat transfer
efficiency of the secondary combustion heat to the molten iron is increased to at least
60%.

7. A method according to any one of claims 1 to 6, wherein the solid reduced iron,
the carbonaceous material, and a flux for adjusting the slag compositions are fed from

the top of the melting furnace by gravity.

8. A method according to any one of claims 1 to wherein inert gas is injected into

the molten iron in the melting furnace to agitate the molten tron.

9. A method according to any one of claims 1 to 8, wherein the melting furnace is

of a stationary type or tilting type.

10. A method according to claim 9, wherein the melting furnace is of a stationary
type, and has a tap hole in a sidewall for discharging the molten iron and molten slag at

a height from which an inert gas cannot be blown over a slag layer.

11. A method according to any one of claims 1 to 10, wherein the iron oxide

material includes iron oxide and a nonferrous metal or its oxide.

12. A method according to any one of claims 1 to 11, wherein the iron oxide

material includes material generated from a metal refining facility.
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13. A method according to any one of claims 1 to 12, 10 wherein a CaO-containing
material is added such that the basicity of a slag formed in the melting furnace is at
least 1.2 and sulfur components in the molten iron are thereby transferred to the molten

slag.

14. A method according to any one of claims 1 to 13, wherein the carbon content

(B) in the molten iron is at least 2 mass percent.

15. A method according to any one of claims 1 to 14, wherein the solid reduced
iron produced in the rotary hearth furnace is immediately transported and discharged to

the melting furnace for melting.

16. A method according to any one of claims 1 to 15, 25 wherein the solid reduced
iron produced in the rotary hearth furnace is transported substantially without cooling

to the melting furnace for melting.

17. A method according to any one of claims 1 to 14, wherein the solid reduced
iron produced in the rotary hearth furnace is stored and then is transported to the

melting furnace for melting.

18. A method according to any one of claims 1 to 17, wherein at least part of a gas
generated in the melting furnace is fed into the rotary hearth furnace and is used as a

heat source.

19. A method according to claim 18, wherein the gas generated in the melting
furnace is cooled, is subjected to dust removal to reduce the dust volume to about 5

g/Nm’ or less, and then is fed into the rotary hearth furnace.

20. A method according to any one of claims 1 to 19, wherein at least part or all of
the carbonaceous material and/or another carbonaceous material is fed into the rotary

hearth furnace.

21. A method according to claim 20, wherein at least part or all of the carbonaceous
material and/or another carbonaceous material is fed into the rotary hearth furnace, is

heated, and then fed to the melting furnace together with the solid reduced iron.
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22. A method according to any one of claims 20 to 21, wherein the carbon content
(B) in the molten iron is adjusted by at least one selected from the carbonaceous
reductant compounded in the raw material mixture fed into the rotary hearth furnace,
the another carbonaceous material fed into the rotary hearth furnace, the carbonaceous
reductant compounded in the reduced iron produced in the rotary hearth furnace, and

the carbonaceous material fed into the melting furnace.

23. A method according to any one of claims 1 to 22, wherein when the
metallization of the solid reduced iron is enhanced to at least 60%, the solid reduced
iron is transported to the melting furnace, and amounts of oxygen and the carbonaceous
material supplied to the melting furnace are controlled so that the secondary

combustion ratio of CO gas in the melting furnace is reduced to a range of 20% to 40%.

24. A method according to any one of claims 1 to 23, wherein, when the raw
material mixture is fed to the rotary hearth furnace, the rotary hearth furnace is at a

temperature in a range of from 1100°C to 1400°C.

25. A solid metallic iron produced by the method according to any one of claims |
to 24.

26. A method of making molten iron substantially as hereinbefore described with
reference to any one of the embodiments and/or any one of the figures and/or any one

of the examples excluding, if any, comparative examples.

27. A solid metallic iron produced by a method substantially as hereinbefore
described with reference to any one of the embodiments and/or any one of the figures

and/or any one of the examples excluding, if any, comparative examples.




FI1G. 1

5
A 4
4 .| DRYER .
——[O0h3 | | 29 | ﬁ
- —( ﬂw 30 31
9',::3 p gy 10 " |EXHAUST 7 {ﬁ
MIXER (8 GAS |
- 7 27~ BOILER
rg
11~Q] 5 [EXHAUST GAS 7,
s
12”,9 AGGLOMERATE | | ROTARY HEARTH
DRYER FURNACE
_ . — 25
19 DUST
ﬁ\l REMOVING -
18 JUNIT S 26
MELTING 253. 24
FURNACE
20
1




CARBONACEOUS MATERIAL CONSUMPTION(kg/t)

2000

1500

1000

500

FI1G. 2

SECONDARY
COMBUSTION

\*\\\ RATIO=10%

20%

R R R |

0 20 40 60 80 100

METALLIZATION (%)




CARBONACEOUS MATER | AL CONSUMPT I ON (£/THM)

0.5

FeO

ORE

REDUCED | RON
(METALL | ZAT | ON=50%)

REDUCED | RON
(METALL | ZAT | ON=92%)

10 20 30 40 50
SECONDARY COMBUSTION RATI0 (%)




75

TRANSFER EF
D~
0 O

HEAT
[ 3e)
a O

U] .
O

FIG. 4

B EXAMPLE A

- PREFERABLE
EXAMPLE

.....

EXAMPLE B

TEMPERATURE OF GAS
D1 SCHARGED
FROM MELTING FURNACE

160°C
170°C
180°C
190°C
200°C

AT | ] | |

0 10 20 30 40

Sk X b he

60 70
SECONDARY COMBUST ION RAT IO (%)




	Abstract
	Description
	Claims
	Drawings

