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(57) Abrege/Abstract:
A method for operating a blast furnace Is provided with which it is possible to further raise the combustion temperature and reduce

the unit fuel requirement. Not only hot air Is blown Into a blast furnace through the tuyeres thereof, but also dust coal (solid reducing
material) iIs blown together with LNG (readily flammable reducing material) and/or oxygen (combustion supporting gas) into the
blast furnace through lances and through the tuyeres. By regulating the proportion of dust coal particles which have a particle
diameter of 75 um or larger to 65 mass% or less of the total amount of the dust coal, the LNG and/or oxygen being blown through
the lances Is efficiently mixed with the dust coal. Thus, the reaction between the dust coal and the oxygen accelerates and/or the
temperature of the dust coal significantly rises due to the heat of combustion of the LNG. Due to these, the rate of combustion of
the dust coal Increases to significantly raise the combustion temperature and thereby render a decrease Iin reduction material ratio
possible. In cases when some of the oxygen to be added to the air being introduced Is blown Iinto the blast furnace through the
lances, a gas balance inside the furnace Is not impaired and an excess supply of oxygen can be avoided.

------

., T
Canada http://opic.ge.ca - Ottawa-Hull KIA 0C9 - hipeipogeca oprc L sy

OPIC - CIPO 191

CIPO




woO 2015/029424 A1 HIHN A1 HAY KK 00 DN RW DR 000 RCL AR R

CA 02917759 2016-01-08

amﬁ#%ﬁ%%(ﬁ6UT“%énLE%mﬁ

(19) tH SR AP B e >
S 155 =  WEEEANINEAN—
o, 10) B AME S
(43) EFR B H ;ﬁﬁ
WO 2015/029424 A1l
2015 &£ 3 A 5 H(05.03.2015) WIPO  PCT

51) EFRFTF7 3R (74) REAN: BBk R, 5M(KUMASAKA, Akira et al);
C21B 5/00 (2006.01) T 1000004 RABBFAHRKXKFH_TH 7 & 1
21 ERHEES PCT/JP2014/004380 gi*i%%g?;f:g%%% ';OIIE{YZ_(%))./ T =T
(22) EFFHLHRER: 2014 4E 8 B 26 H(26.08.2014) 1) EEE (iTCD?&L\Bv; Y eTOEEOERNE
25) ERHFED SEE HZARGE N A EE): AE, AG, AL, AM, AO, AT, AU, AZ, BA,
- _ BB, BG, BH, BN, BR, BW, BY, BZ, CA, CH, CL, CN,
(26) ERRFHDEEE: SN CO. CR, CU, CZ. DE, DK, DM, DO, DZ, EC, EE, EG, ES,
30) BhIETF—4 . FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN,
458 2013-176537 2013 £ 8 A 28 H(28.08.2013)  JP IR, IS, JP, KE, KG, KN, kP, KR, KZ, LA, LG, LK, LR,
LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW, MX,
(71) HFEA: J F EXF—IL#% K £+ (JFE STEEL MY, MZ, NA, NG, NI, NO, NZ, OM, PA, PE, PG, PH,
CORPORATION) [JP/JP]; T 1000011 R &P F X H PL, PT, QA, RO, RS, RU, RW, SA, SC, SD, SE, SG, SK,
XRN=EZ=BT_TH2% 3% Tokyo (JP). SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ, UA,

(72) FBRE: BEIR 7(ET(FUJIWARA Daiki); T 1000011 Vo, US, U2, VE, VR, 24, 2M, ZW.

RAMTFREHRAFERI_TE

2EI3BEJFERXR

F—ILHRAESH MBI ESBA Tokyo (JP). ¥ E
Eﬂ #0(MURAO, Akinori); T 1000011 RRZ&AFLHRK
NEE_TH2&Z35JFEXF—/)LhAE4t
KHRIEFE BN Tokyo (JP).

(534) Title: METHOD FOR OPERATING BLAST FURNACE

(54) ZEBHD A . SPIEERE
80
O—ZE% ||CC
o e
. ~A--BE | |EE
O :
AA - ;
et o % E
oy 2 | s
i1 | & R
£ 65 | %5
S S N N i
I A A."ﬂﬂ : :
g 60 | TReAL L
. ~--..
R
55 . : "‘
f‘?,
a0 i I I |
0 20 40 60 80
+75 y mM BT (massh) B8R
AA Degree of combustion of dust coal (%)
BB Proportion of +75 ym particles {mass%])
CC Triple pipe
DD Double pipe
EE Single pipe

(84)

16 7€ [E (i-ﬁd)& IVEY ., ETOEFED LR
€ M A] BE): ARIPO (BW, GH, GM, KE, LR, LS, MW,
MZ, NA, RW, SD, SL, ST, SZ, TZ, UG, ZM, ZW), . —
2 7 (AM, AZ, BY, KG, KZ, RU, TJ, TM), 3 —
O /N (AL, AT, BE, BG, CH, CY, CZ, DE, DK, EE,

[#EEH]

(57) Abstract: A method for operating a blast furnace is
provided with which 1t 1s possible to further raise the com-
bustion temperature and reduce the unit tuel requirement.
Not only hot air 1s blown into a blast furnace through the
tuyeres thereof, but also dust coal (solid reducing material)
1s blown together with LNG (readily flammable reducing
material) and/or oxygen (combustion supporting gas) into
the blast furnace through lances and through the tuyeres. By
regulating the proportion of dust coal particles which have a
particle diameter of 75 pm or larger to 65 mass% or less of
the total amount of the dust coal, the LNG and/or oxygen be-
ing blown through the lances 1s efficiently mixed with the
dust coal. Thus, the reaction between the dust coal and the
oxygen accelerates and/or the temperature of the dust coal
significantly rises due to the heat of combustion of the LNG.

‘Due to these, the rate of combustion of the dust coal -

creases to significantly raise the combustion temperature and
thereby render a decrease in reduction material ratio pos-
sible. In cases when some of the oxygen to be added to the
air being introduced is blown into the blast furnace through
the lances, a gas balance inside the furnace is not impaired
and an excess supply of oxygen can be avoided.

(57) B9
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DESCRIPTION

Title of Invention: METHOD FOR OPERATING A BLAST FURNAC

LLd

Technical Field
[0001]

The present invention relates to a method for operating
a blast furnace that makes it possible to 1ncrease
productivity and reduce reduction agent ratio by increasing
combustion temperature as a result of injecting a solid
reduction agent, such as pulverized coal, and a flammable
reduction agent, such as LNG (liquefied natural gas), Or a
combustion-supporting gas, such as oxygen, from a blast

furnace tuyere.

Rackground Art

| ——

[0002]

-

In recent years, there becomes a problem global warming

due to an increase in the amount of emission of carbon

dioxide gas. Even in the steel industry, reducling the
amount of emitted CO, is an important issue. Therefore, 1in
recent years, operations of blast furnace are greatly
encouraged which reduces a reduction agent ratio 1n a low
level (“RAR” is abbreviated from the reduction agent ratio
which represents the total amount of reduction agent that 18
injected from a tuyere and coke that is charged from the top
of a furnace, per 1 ton of pig iron). In operations of

blast furnaces, coke and pulverized coal are primarily used
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as reduction agents. In order to achieve the low reduction
agent ratio, it is effective to replace coke and etc. with a
material having a high hydrogen content, such as waste
plastic, LNG, and heavy o0il, or to increase the
combustibility of the reduction agent.

[0003]

In order to enhance the combustibility of pulverized
coal that is injected as the reduction agent, Patent
Literature 1 proposes that a burner for injecting a
reduction agent from a tuyere be formed as a double wall
burner, LNG be injected from an inner tube of the double
tube, and pulverized coal be injected from a gap between the
inner tube and an outer tube. Patent Literature 2 proposes
that an injection nozzle for injecting a reduction agent
from a tuyere be similarly formed as a double tube,
pulverized coal be injected from an 1nner tube of the double
wall nozzle, and LNG be injected from a gap between the
inner tube and an outer tube. Patent Literature 3 proposes

that two lances for injecting reduction agents be used, the
lance for injecting pulverized coal as a solid reduction
agent have a double wall structure, the pulverized coal be
injected from an inner tube of the double wall lance, oxygen
be injected from a gap between the inner tube and an outer
tube, and LNG be injected from the other lance. Patent

Literature 4 proposes that the combustibility of pulverilized
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coal itself be enhanced by increasing the proportion of the
pulverized coal whose particle diameter 1s 20 pm or less.
Citation List

Patent Literature

(0004 ]

Patent Literature 1l: Japanese Patent No. 3176680

Patent Literature 2: Japanese Examined Patent
Application Publication No. 1-29847

Patent Literature 3: Japanese Unexamined Patent
Application Publication No. 2013-40402

Patent Literature 4: Japanese Patent No. 4980110
Summary of Invention
Technical Prcblem
(0005]

The methods for operating a blast furnace described in
Patent Literatures 1 to 3 are more effective for increasing
combustion temperature and reducing reduction agent ratio
than that of injecting only pulverized coal from a tuyere.
But, these methods may not be sufficiently effective
depending upon the particle size of pulverized coal and the
speed of a carrier gas (transport gas) of pulverized coal.
Specifically, as regards the former, the larger the particle
size becomes and, as regards the latter, the higher the
speed of the carrier gas becomes, the path of pulverized

coal particles is separated from the flow of gases, such as
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LNG and oxygen. Therefore, mixing properties of pulverized coal with gases, such as

LNG and oxygen, are reduced; as a result, the combustibility of pulverized coal is
reduced. Patent Literature 4 proposes that the combustibility of pulverized coal itself be
enhanced by increasing the proportion of the pulverized coal whose particle diameter is
less than or equal to 20 um. But, Patent Literature 4 does not consider the mixing
properties with a flammable reduction agent and a combustion-supporting gas.
Therefore, In the invention according to Patent Literature 4, there is still room for further

improving the combustibility of a solid reduction agent (pulverized coal).

[0006]

The present invention has been made focusing on problems mentioned as the
above. It is an object of the present invention to provide a method for operating a blast
furnace that makes it possible to further increase combustion temperature and reduce

reduction agent ratio.
Solution to Problem

[0007]

The gist of the present invention for overcoming the above-described problems

Is as follows.
(1) A method for operating a blast furnace comprising the steps of:
Injecting hot air into the blast furnace from a tuyere of the blast furnace; and
Injecting
a flammable reduction agent and/or a combustion-supporting gas, and
a pulverized solid reduction agent

Into the blast furnace from the tuyere through a lance along with the injecting of the hot

air,

wherein the pulverized solid reduction agent contains 20 mass% or less of particles

whose particle diameter is greater than or equal to 75 um.

(2) A method for operating a blast furnace comprising the steps of:

CA 291717159 2017-07-07
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injecting hot air into the blast furnace from a tuyere of the blast furnace; and

injecting a flammable reduction agent and a pulverized solid reduction agent into the

blast furnace from the tuyere through a lance along with the injecting of the hot air,

wherein the pulverized solid reduction agent contains 20 mass% or less of particles

whose particle diameter is greater than or equal to 75 um.

(3) A method for operating a blast furnace comprising the steps of:

injecting hot air into the blast furnace from a tuyere of the blast furnace; and

injecting a combustion-supporting gas and a pulverized solid reduction agent into the

blast furnace from the tuyere through a lance along with the injection of the hot arr,

wherein the pulverized solid reduction agent contains 20 mass% or less of particles

whose particle diameter is greater than or equal to 75um.
(4) A method for operating a blast furnace comprising the steps of:
injecting hot air into the blast furnace from a tuyere of the blast furnace; and

injecting a flammable reduction agent, a combustion-supporting gas and a pulverized
solid reduction agent into the blast furnace from the tuyere through a lance along with

the injection of the hot air,

wherein the pulverized solid reduction agent contains 20 mass% or less of particles

whose particle diameter is greater than or equal to 75um.

(5) The method according to the aforementioned (3) or (4), further comprising,

wherein the combustion-supporting gas has an oxygen concentration that is greater

than or equal to 50 vol%,
injecting from the lance part of oxygen which enriches the hot air.

(6) The method according to the aforementioned (1) to (5), wherein the pulverized

solid reduction agent is pulverized coal.

(7) The method according to the aforementioned (1), (2) or (4), wherein the

flammable reduction agent is any one of hydrogen, urban gas, LNG, propane gas,

CA 2917759 2017-07-07
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converter gas, blast-furnace gas, coke-oven gas, and shale gas.
Advantageous Effects of Invention

10008]

According to the method for operating a blast furnace of the present invention,

when a pulverized solid reduction agent and at least one of a flammable reduction
agent and a combustion-supporting gas are injected from one lance, causing the mass

proportion of particles whose particle diameter is greater than or equal to 75 um to be
less than

CA 2917759 2017-07-07"1
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or equal to 65 mass% of the total amount of the solid
reduction agent that is injected from the lance, facilitates
mixing efficiently at least one of the flammable reduction
agent and the combustion-supporting gas injected from the
lance efficiently with the solid reduction agent, and
accelerates the reaction between the solid reduction agent
and the combustion-supporting gas, or considerably i1ncreases
the temperature of the solid reduction agent due to
combustion heat of the flammable reduction agent. Therefore,

the combustion speed of the solid reduction agent 1s

increased, so that combustion temperature 1s considerably
increased. Consequently, reduction agent ratio can Dpe

reduced.

Brief Description of Drawings
[0009]
[Fig. 1] Fig. 1 is a vertical sectional view of an

exemplary blast furnace.

[Fig. 2] Fig. 2 illustrates a combustion state when
only pulverized coal is injected from a lance in Fig. 1.

[Fig. 3] Fig. 3 illustrates a combustion mechanism of
the pulverized coal in Fig. 2.

(Fig. 4] Fig. 4 illustrates a combustion mechanism when
pulverized coal, LNG, and oxygen are 1njected.

[Fig. 5] Fig. 5 illustrates a specification of a lance

used 1in an experiment.
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[F1g. 6] Fig. 6 1llustrates a flow of pulverized coal
when the particle diameter of pulverized coal is greater
than or equal to 75 um.

[Fig. 7] Fig. 7 illustrates a flow of pulverized coal
when the particle diameter of pulverized coal is less than
75 um.

[F1g. 8] Fi1g. 8 illustrates a combustion experimental
device.

[Fig. 9] Fig. 9 illustrates the relationship between
pulverized coal particle diameter and pulverized coal

combustion ratio in combustion experiment results.

Description of Embodiments
[0010]

Next, a method for operating a blast furnace according
to an embodiment of the present invention is described with
reference to the drawings. The embodiment is hereunder

described by using LNG as an example of a flammable

reduction agent. Fig. 1 is an overall view of a blast

furnace. In the blast furnace 1, coke and ore are fed from

the top of the furnace, and the ore is reduced and melted,
so that plg 1ron is produced. A blow pipe 2 1s connected to
a tuyere 3 that 1is formed at a lower portion of the blast
furnace 1, and a lance 4 1s 1nserted 1n the blow pipe 2 so
as to extend through a side wall of the blow pipe 2. In

operating the blast furnace, in a lower portion of an
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interior of the blast furnace 1, the coke is deposited, so
that a coke deposit layer is formed. Hot air is sent to the
tuyere 3 through the blow pipe 2 and pulverized coal is sent
Lo the tuyere 3 from a lance 4. A combustion space which is
called a raceway 5, is formed at the coke deposit layer
located in front of the tuyere 3 in a direction in which hot
alr flows. In this combustion space, primarily, reduction
agents, such as pulverized coal and coke, undergo combustion,
and gasification of the reduction agents occurs. Although
in Fi1g. 1 only one lance 4 is inserted into the blow pipe 2
on the left side of a side wall of the blast furnace 1, the
lance 4 may be inserted into either one of the blow pipe 2
and the tuyere 3 circumferentially disposed along the side
wall of the blast furnace 1. The number of lances 4 per
tuyere 3 1s not limited to one. Two ore more lances 4 may
be 1nserted. As types of lances, a double wall lance, a

triple wall lance, and a lance including a plurality of

injection tubes are usable.
[0011]

Fig. 2 1llustrates a combustion state when only
pulverized coal 6, serving as a solid reduction agent, is
1njected from the lance 4. The pulverized coal 6 passes
through the tuyere 3 from the lance 4 and is injected into
the raceway 5. Fixed carbon and volatile matter of the

pulverized coal 6 undergo combustion along with coke 7. An
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aggregate of carbon and ash (generally called char) that
could not undergo combustion is discharged as unburnt char 8
from the raceway 5. Hot blast velocity in front of the
tuyere 3 1n a direction in which hot air 1s sent (injecting
direction) 1is approximately 200 m/sec, and the region of
existence of O, 1in the raceway 5 from an end of the lance 4
1s approximately 0.3 to 0.5 m. Therefore, it is necessary
to virtually improve contact efficiency with O,
(diffusibility) and raise the temperature of pulverized coal
prarticles at a level of 1/1000 sec.

[0012]

Fig. 3 1llustrates a combustion mechanism when only the
pulverized coal (in Fig. 3, PC) 6 is injected into the blow
pipe 2 from the lance 4. The pulverized coal 6 1s injected
along with carrier gas (transport gas), such as N,. The
pulverized coal 6 has been injected into the raceway 5 from
the tuyere 3. The pulverized coal 6 1s first heated by heat
transfer by convection from an air blast. Further, by heat
transfer by radiation and heat conduction from a flame 1in
the raceway 5, partilicle temperature is suddenly increased,
and heat decomposition 1s started from the time when the
Cemperature has been ralsed to at least 300°C, so that the
volatile matter i1s ignited. This causes a flame to be

generated, and combustion temperature reaches 1400 to 1700°C.

If the volatile matter is discharged from the coal 6, the
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coal 6 becomes the aforementioned char 8. The char 8 1is
primarily fixed carbon, so that what i1s called a carbon
dissolution reaction alsc occurs along with a combustion
reaction. At this time, an 1ncrease 1in the volatile matter
of the pulverized coal 1njected i1nto the blow pipe 2 from
the lance 4 facilitates ignition of the pulverized coal so
that an increase 1in the combustion amount of the volatile
matter ralses the temperature rise rate and the maximum
temperature ¢of the pulverized coal. Therefore, the
diffusibility and the temperature rise of the pulverized
coal cause the reaction rate of char to increase. That 1s,
1t 1s thought that, as the volatile matter expands by
gasification, the pulverized ccal diffuses and the volatile
matter undergoes combustion, so that, by combustion heat
thereof, the pulverized coal i1s rapidly heated and its
temperature 1s rapidly increased. As a result, for example,

the pulverlzed coal undergoes combustion at a location that

is close to a furnace wall.
[0013]

Fig. 4 1llustrates a combustion mechanism when LNG 9
serving as a flammable reduction agent and oxygen 0, serving
as a combustion-supporting gas are 1njected along with the
pulverized coal 6 intc the blow pipe 2 from the lance 4. A
way of injecting the pulverized coal 6, the LNG 9, and the

oxygen O, 1s 1n case that they are simply injected in
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parallel. The alternate long and short dash line in Fig. 4
1s shown with the particle temperature when only pulverized
coal 1s 1injected as illustrated in Fig. 3 being used as a
reference. It 1s thought that, when the pulverized coal,
the LNG, and the oxygen are injected at the same time 1in
this way, as gases including LNG and oxygen flow (indicated
as "diffusion" in Fig. 4), the pulverized coal 1s diffused,
and contact between the LNG and the 0O, causes the LNG to
undergo combustion, as a result of which, by the combustion
heat thereof, the pulverized coal 1s rapidly heated and 1ts
temperature 1s rapldly increased. This accelerates the
ignition of the pulverized coal. Therefore, 1n order to
enhance the combustibility of the pulverized coal, 1t 1is
important that the pulverized coal be mixed without being
separated from the flow of gases, such as the LNG and 0,.

[0014]

Fig. 5 1llustrates an exemplary specification of the
lance 4 for i1njecting pulverized coal, LNG, and oxygen at
the same time. The lance 4 1s a triple wall lance including
an inner tube I, a middle tube M, and an outer tube 0. 1In
the triple wall lance 4, a stalnless steel tube which has a

nominal diameter of 8A and a nominal thickness of schedule

10S 1s used as the inner tube I; a stainless steel tube

which has a nominal diameter of 15A and a nominal thickness

of schedule 40 1s used as the middle tube M; and, a
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stainless steel tube which has a nominal diameter of 20A and
a nominal thickness of schedule 108 1s used as the outer
tube 0. The specification of each stainless steel tube 1s

as 1llustrated 1n Fig. 5. As a result, a gap between the

inner tube I and the middle tube M 1is 1.15 mm, and a gap
between the middle tube M and the outer tube O 1s 0.65 mm.
A double wall lance that i1s described later i1s one without
the outer tube of the triple wall lance, and a single wall
lance is one including only the inner tube of the triple
wall lance. If this triple wall lance is used, 1t 1s

possible to blow out the pulverized coal from the inner tube

I, the LNG or oxygen from the gap between the inner tube I
and the middle tube M, and the oxygen or LNG from the gap
between the middle tube M and the outer tube O.

10015]

Figs. 6 and 7 each illustrate a state of mixture of
pulverized coal and gas in accordance with the particle
diameter of the pulverized coal when the LNG 9 and oxygen
are 1lnjected along with the pulverized coal 6 1nto the blow
plpe 2 by using such a lance 4. Fig. 6 1llustrates the case
in which the pulverized coal particle diameter 1s greater

than or equal to 75 um, and Fig. 7 1llustrates the case 1n
which the pulverized coal particle diameter 1s less than 75
um. A pulverized coal particle whose particle diametexr 1s

greater than or equal to 75 um moves due to inertilal force
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when .the pulverized coal particle is injected into the
furnace by carrier gas, whereas gases, such as LNG and
oxygen, 1mmediately follow an injection flow in the vicinity
Chereof. Therefore, the pulverized coal separates from the
flow of gases. Consequently, in this case, it 1s thought
that the effect of enhancing combustibility by injecting
pulverized coal and LNG and oxygen at the same time is
reduced. In contrast, 1t 1s thought that, since a
pulverized coal particle whose particle diameter is less
than 75 um follows the injection flow 1in the vicinity
Chereof along with gases, such as LNG and oxygen, the
pulverized coal particle 1s less likely to separate from the
injection flow, so that the effect of enhancing
combustibility by injecting them at the same time can be
ensured.

(0016]

On the basis of such knowledge, a combustion experiment
was conducted on pulverlzed coal supplied by the above-
described lance 4. A combustion experimental device used in
the combustion experiment 1s 1llustrated in Fig. 8. The
combustion experimental device is a device for simulating an
internal space at an end of the tuyere at the blast furnace
1. The combustiocon experimental device includes an

experimental reactor 11 that 1is filled with coke and a blow

plpe 12 that 1s connected to a tuyere formed in the
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experimental reactor 11. The blow pipe 12 1s formed such
that hot air is sent into the blow pipe 12. A combustion
burner 13 i1s connected to the blow pipe 12. Accordingly, a
predetermined amount of hot air generated by the combustion
burner 13 can be sent into the experimental reactor 11, and,
by sending the hot air into the experimental reactor 11, a
raceway 15 1s formed at an end of the tuyere. Further, a
lance 4 1s 1nserted i1nto the blow pipe 12. From the lance 4,
one Oor two or more of pulverized coal, LNG, and oxygen can
be injected into the blow pipe 12; and the oxygen enrichment
amount 1n the hot air that is injected into the experimental
reactor 11 can be adjusted. The experimental reactor 11 1is
provided with a viewling window. An inner portion of the
raceway 15 can be observed from the viewing window. A
separator 16, which 1s called a cyclone, is connected to an

upper portion of the experimental reactor 11 via a pipe.

Exhaust gas that has been generated in the experimental
reactor 11 1s separated into exhaust gas and dust by the
separator 16. The exhaust gas 1s sent to an exhaust gas
treatment facility, such as an auxiliary furnace, and the

dust 1s collected by a collecting box 17.

[0017]

n the combustion experiment, as the lance 4, three
types of lances, a single wall lance and a double wall lance

and a triple wall lance, were used. Unburnt char was
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sampled at 300 mm from an end of each lance, and combustion
rates were calculated for the respective following cases.
These cases 1nvolves the case 1n which only pulverized coal
was 1lnjected using the single wall lance; the case 1n which
the double wall lance was used and pulverized coal was
injected from an inner tube of the double wall lance, and
ING was 1injected from a gap between the inner tube and an
outer tube; and, the case 1n which pulverized coal was
injected from an inner tube of the triple wall lance, LNG
was 1njected from a gap between the inner tube and a middle
tube, and oxygen was 1njected from a gap between the middle
tube and an outer tube. Unburnt chars were collected with a
probe from the back of the raceway, and chemical analysis
was performed on ash. The combustion rates were calculated
by an ash tracer method. With the ash of char before and
after the reaction being assumed as unchanging, a combustion
rate n (%) of char was calculated by the following Formula
(1) from a change in ash proportion:

[0018]

[Formula 1]

(100— ash)x %o

%) = 100 ash_ . 100.--(1
7(70) 00— ash, (1)

where ash, represents an initial (before combustion) ash
proportion (mass%) of pulverized coal, and ash represents an

ash proportion (mass%) of sampled char.
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[0019]

Here, the pulverized coal contained 77.8 mass% of fixed
carbon (FC), 13.6 mass% of volatile matter (VM), and 8.6
mass% of ash. The injecting condition was 51.0 kg/h
(equivalent to 150 kg/t based on pig-iron-making unit
consumption). The condition for injecting LNG was 3.6 kg/h
(equivalent to 5 Nm'/h, 100 kg/t based on pig-iron-making
unit consumption). The blowing conditions were: blowing
temperature = 1200°C, flow rate = 300 Nm’/h, flow velocity =
80 m/s, and O, enrichment + 3.7 vol% (oxygen concentration
of 24.7 vol%, enrichment of 3.7 vol% with respect to oxygen
concentration of 21 vol% in alr). In evaluating the
experimental results, evaluations were made for the double
wall lance and the triple wall lance, respectively, with
reference to the combustion rate in the case 1n which only
pulverized coal (N, used as carrier gas) was 1lnjected from
the single wall lance. When O, was injected as combustion-
supporting gas, part of the oxygen with which the air blast
was enriched was used such that the total amount of the O,

injected into the furnace did not change. As the

combustion-supporting gas, alr may be used. In the present
invention, the combustion-supporting gas has an oxygen
concentration that 1s greater than or equal to 50 vol%.
This i1s because, 1f the oxygen concentratiocon 1is at least 50

vol%, 1t is possible to cause a material other than the
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combustion-supporting gas to undergo combustion.
[0020]

Fig. 9 shows the results of the above-described
combustion experiment. Fig. 9 clearly shows that, when the
mass proportion of pulverized coal whose particle diameter
1s greater than or cqgual to 75 um 1s less than or equal to
65 mass% of the total amount of the pulverized coal injected
from the lance, the effect of enhancing combustibility 1s
provided for the double wall lance and the triple wall lance,
and, 1in particular, the combustibility at the double wall

lance and the combustibility at the triple wall lance are

enhanced. It can be understood that, even 1n any of the
single wall lance, the double wall lance, and the triple
wall lance, when the mass proportion of the pulverized coal
whose particle diameter 1s greater than or equal to 75 um
exceeds 65 mass%, the combustibility of pulverized coal 1s
suddenly deteriorated. As mentioned above, 1t 1s thought
that causing the mass proportion of the pulverized coal
whose particle diameter 1s greater than or equal to 75 um to
be less than or equal to 65 mass% of the total amount of the
pulverized coal provides the effect of enhancing
combustibility due to 1injecting pulverized coal and LNG and

oxygen at the same time without the flow of pulverized coal

being separated from the gas flow of LNG and oxygen.

[0021]
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It 1s more preferable that the mass proportion ¢f the
pulverized ccal whose particle diameter 1is greater than or
equal to 75 um be less than or egqual to 20 mass%. Fig. 9
shows that, although the higher the mass proportion, the
combustibility of the pulverized coal tends to be reduced,
1f the mass proportion 1s less than or equal to 20 mass%,
the combustibility of the pulverized coal 1s maintained at a
high value almost without a reduction in the combustibility
of the pulverized coal.

(0022]

When steel tubes are used as multiple tubes of the
double wall lance 4, 1f the surface temperature of the
multiple wall lance exceeds 880°C, creep deformation occurs,

thereby causing the multiple wall lance to bend. Therefore,

1f cooling is performed by increasing cooling efficiency
wlith the outlet flow velocity at the outer tube of the

multiple wall lance being greater than or equal to 20 m/sec,

——

the multiple wall lance 1is not deformed or bent. In

contrast, 1f the outlet flow veloclty at the gap between the
outer tube and the inner tube of the double wall lance

exceeds 120 m/sec, this 1s not practical from the viewpoint

cf operation costs of a facility. Therefore, the upper
limit of the outlet flow velocity at the double wall lance
is 120 m/sec. In this connection, since heat load on the

single wall lance is less than that on the double wall lance,
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the outlet flow velocity 1is set at 20 m/sec or higher as

necessary.

[0023]

It is preferable to inject part of the oxygen with
which hot air is enriched from the lance 4. This makes 1t
possible to prevent an excessive supply of oxygen without
losing the balance of the gases 1n the blast furnace.

(0024]

Although, in the above-described embodiment, LNG 1s
used as a flammable reduction agent, the flammable reduction
agent according to the present i1nvention 1s not limited to
only LNG. As flammable reduction agents other than LNG, it
is preferable to use any one of hydrogen, urban gas, propane
gas, converter gas, blast-furnace gas, coke-oven gas, and
shale gas. Shale gas 1s a natural gas extracted from shale
layers, and is an equivalent to LNG. Since shale gas 1s

produced at places that are not existing gas fields, shale

gas 1s called an unconventional natural gas resource.
Flammable reduction agents, such as urban gas, are
ignited/undergo combustion very rapidly. Flammable
reduction agents having high hydrogen content have high
combustion calorie., Unlike pulverized coal, in terms of
ventilation and heat balance, flammable reduction agents are

advantageous agents in that they do not contain ash.

[0025]
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Although, 1n the above-described embodiment, only
pulverized coal 1s used as a solid reduction agent, the
solid reduction agent according to the present 1nvention 1s
not limited to only pulverized coal. As the so0lid reduction
agent, for example, pulverized waste plastic may be used.
[0026]

Accordingly, in the method for operating a blast
furnace according to the embodiment, when pulverized coal
(solid reduction agent) 6 and at least one of the LNG
(flammable reduction agent) 9 and oxygen (combustion-
supporting gas) are injected from one lance 4, causing the
mass proportion of particles of pulverized coal 6 whose
particle diameter is greater than or equal to 75 um to be
less than or equal to 65 masss of the total amount of the
sollid reduction agent facilitates efficiently mixing at
least one of the LNG 9 and oxygen injected from the lance 4
with the pulverized coal 6, and accelerates the reaction
between the pulverized coal 6 and the oxygen or considerably
1ncreases the temperature of the pulverized coal 6 due to
the combustion heat of the LNG 9. Therefore, the combustion
speed of the pulverized coal 6 1s increased, so that
combustion temperature i1s consgsiderably increased.
Consequently, reduction agent ratio can be reduced.
Reference Signs List

[0027]
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blast furnace

blow pilipe

Cuyere

lance

raceway

pulverized coal (solid reduction agent)
coke

char

NG (flammable reduction agent)
experimental reactor

blow pipe (of experimental reactor)
combustion burner
raceway (formed in experimental reactor)
separator

collecting box
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CLAIMS
1. A method for operating a blast furnace comprising the steps of:
injecting hot air into the blast furnace from a tuyere of the blast furnace; and
injecting
a flammable reduction agent and/or a combustion-supporting gas, and
a pulverized solid reduction agent

into the blast furnace from the tuyere through a lance along with the injecting of

the hot air,

wherein the pulverized solid reduction agent contains 20 mass% or less of

particles whose particle diameter is greater than or equal to 75 um.

2. A method for operating a blast furnace comprising the steps of:
injecting hot air into the blast furnace from a tuyere of the blast furnace; ana

injecting a flammable reduction agent and a pulverized solid reduction agent into
the blast furnace from the tuyere through a lance along with the injecting of the

hot air,

wherein the pulverized solid reduction agent contains 20 mass% or less of

particles whose particle diameter is greater than or equal to 75 um.
3. A method for operating a blast furnace comprising the steps of:
injecting hot air into the blast furnace from a tuyere of the blast furnace; and

injecting a combustion-supporting gas and a pulverized solid reduction agent into
the blast furnace from the tuyere through a lance along with the injection of the

hot arr,

wherein the pulverized solid reduction agent contains 20 mass% or less of

particles whose particle diameter is greater than or equal to 75um.

4. A method for operating a blast furnace comprising the steps of:

CA 2917759 2017-07-07"1
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injecting hot air into the blast furnace from a tuyere of the blast furnace; and

injecting a flammable reduction agent, a combustion-supporting gas and a
pulverized solid reduction agent into the blast furnace from the tuyere through a

lance along with the injection of the hot air,

wherein the pulverized solid reduction agent contains 20 mass% or less of

particles whose particle diameter is greater than or equal to 75um.
5. The method according to claim 3 or 4, further comprising,

wherein the combustion-supporting gas has an oxygen concentration that iIs

greater than or equal to 50 vol%,
injecting from the lance part of oxygen which enriches the hot air.

6. The method according to any one of claims 1 to 5, wherein the pulverized solid

reduction agent is pulverized coal.

7. The method according to any one of claims 1, 2 and 4 , wherein the flammable
reduction agent is any one of hydrogen, urban gas, LNG, propane gas, converter

gas, blast-furnace gas, coke-oven gas, and shale gas.

CA 2917759 2017-077-07
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FIG. 6
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FIG. 9
L ——H
—O— TRIPLE WALL
- DOUBLE WALL
~--/x--- SINGLE WALL
70 €

, ai/

PULVERIZED-COAL-PARTICLE COMBUSTION RATIO (%)

00 |
L 2
55 )
| A
50 L S A
0 20 4() 00 80

PROPORTION OF +75 um (mass%)



80 |

—O— TRIPLE WALL
DOUBLE WALL
-+ SINGLE WALL

-\\l
on
9

70 €

N
oy

00 |-

n
N

PULVERIZED-COAL-PARTICLE COMBUSTION RATIO (%)

i

O
-

-

20 40 60 80
PROPORTION OF +75 um (mass%)



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - claims
	Page 27 - claims
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - abstract drawing

