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(54) STRUCTURE FOR TUYERE SECTION IN BLAST FURNACE

(57) A a tuyere structure in a blast furnace prevents
gas leakage and keeps a position of an end of a tuyere
at a predetermined position in a furnace body while ab-
sorbing a difference in thermal deformation between the
furnace body and a bustle pipe. The tuyere structure (20)
in a blast furnace includes: a blowpipe (31) fixed to a
furnace shell (21); a tuyere (32) fixed to an end of the
blowpipe (31); and a flexible joint (34) that connects the
blowpipe 31 to a tuyere stock (33). A tuyere stave-cooler
(23) is provided inside the furnace shell (21) around the
tuyere (32) to form an inner surface of the blast furnace.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a structure of
a tuyere section of a blast furnace. Particularly, the in-
vention is usable as a tuyere section of a blast furnace
including stave coolers around the tuyere section.

BACKGROUND ART

[0002] A lot of tuyeres are typically provided at a pre-
determined height of a furnace body in a blast furnace.
The tuyeres are respectively connected with blowpipes
extending from a bustle pipe disposed around the furnace
body. Hot blast is supplied from the blowpipes to the tuy-
eres and blown through the tuyeres into the furnace (see
Patent Literature 1).
[0003] In a typical tuyere section of a blast furnace, as
shown in Fig. 3, a tuyere 8 configured to deliver high-
temperature air into the furnace is held by a tuyere cooler
9. The tuyere cooler 9 is further held by a tuyere holder
10. The tuyere holder 10 is fixed to a furnace shell 11 on
a periphery of the blast furnace.
[0004] Tuyere bricks 5 are disposed surrounding the
tuyere cooler 9. The tuyere bricks 5 are formed by com-
bining a plurality of bricks in a manner to surround the
tuyere cooler 9. Hearth bricks are laid on a bottom of a
hearth of the blast furnace. A hearth wall on the upper
side of the hearth is lined with hearth wall bricks 7. The
tuyere bricks 5 are installed on the upper side of the
hearth wall bricks 7. Further, bosh bricks 6 are installed
on the upper side of the tuyere bricks 5.
[0005] A stave cooler 1 is disposed between the bosh
bricks 6 and the furnace shell 11 and between the hearth
wall bricks 7 and the furnace shell 11. A stave cooler 1a
for the tuyere is disposed between the tuyere bricks 5
and the furnace shell 11.
[0006] In the stave coolers 1 and 1a, a plurality of cool-
ing water pipes are provided. Cooling water is supplied
via such cooling water pipeline 15. The stave coolers 1
and 1a are cooled by the cooling water flowing in the
cooling water pipes, whereby heat from an inside of the
furnace is blocked to protect the furnace shell 11.
[0007] The tuyere 8 and the tuyere cooler 9 surrounded
by the tuyere bricks 5 are fixed to the furnace shell 11
through the tuyere holder 10. Since the furnace shell 11
is kept at a low temperature by being cooled by the stave
coolers, thermal expansion of the furnace shell 11 is
small, so that a position of the tuyere 8 is almost constant.
On the other hand, the hearth bricks and the hearth wall
bricks 7 are heated to a high temperature for storing mol-
ten pig iron and slag in the furnace, resulting in thermal
expansion. By this thermal expansion, the tuyere bricks
5 installed on the upper side of the hearth wall bricks 7
are pushed upward. In such a structure, the tuyere 8 and
the tuyere cooler 9 receive load of upward deformation
through the tuyere bricks 5.

[0008] For this reason, a compressible mortar layer 12
is provided between a lower portion of the tuyere cooler
9 and the tuyere bricks 5. When the tuyere bricks 5 are
pushed upward by the thermal expansion of the hearth
wall bricks 7, the compressible mortar layer 12 is com-
pressed to prevent the pushed tuyere bricks 5 from ap-
plying an excessive load onto the tuyere cooler 9.
[0009] A blowpipe 17 is inserted from an outside of the
furnace shell 11 into the tuyere holder 10, the tuyere cool-
er 9 and the tuyere 8. The blowpipe 17 is connected to
the bustle pipe disposed around the furnace body via the
tuyere stock 18. Hot blast is supplied from the bustle pipe
through the tuyere stock 18 and the blowpipe 17 to be
blown into the furnace body through the tuyere.
[0010] The blowpipe 17 and the tuyere stock 18 are
supported by a furnace tower structure (not shown) pro-
vided around the furnace body in conjunction with the
bustle pipe. An end of the blowpipe 17 is formed in a
convex spherical surface while an inner connection por-
tion of the tuyere 8 to the blowpipe is formed in a concave
spherical surface, thereby defining a spherical joint. Con-
nection between the tuyere 8 and the blowpipe 17 by the
spherical joint allows mutual displacement of the tuyere
8 and the blowpipe 17 while keeping airtightness there-
between.
[0011] In the above structure shown in Fig. 3, the tuyere
8 is held by the furnace body, namely, the furnace shell
11 through the tuyere cooler 9 and the tuyere holder 10,
since it is necessary to maintain a position of the end of
the tuyere 8 (i.e., blowing position of hot blast) at a pre-
determined position inside the furnace body for a proper
operation of the blast furnace.
[0012] While the blowpipe 17 and the bustle pipe are
supported independently of the furnace body including
the tuyere 8, the blowpipe 17 and the tuyere 8 are con-
nected by the spherical surface joint. This is because the
furnace body is heated to a high temperature to be ther-
mally deformed while the blowpipe 17 through the bustle
pipe are supported by the furnace tower structure to be
less thermally deformed, resulting in different thermal de-
formation behavior.
[0013] The bricks 5, 6 and 7 for protection are piled up
on an inner side of the stave coolers 1 and 1a in order
to block heat shock at the initial blowing-in and prevent
damage from molten pig iron and slag in the furnace.
Since the tuyere section is provided penetrating a thick-
ness of the tuyere brick 5 and the stave cooler 1a, a
distance from the furnace shell 11 to the tuyere 8 is in-
creased, and the blowpipe 17 is accordingly lengthened.
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[0014] Patent Literature 1: JP-A-2002-220609
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SUMMARY OF THE INVENTION

PROBLEM(S) TO BE SOLVED BY THE INVENTION

[0015] When the spherical surface joint is used for con-
nection between the blowpipe 17 and the tuyere 8 as
described above, the end of the blowpipe 17 is inserted
from the outside of the furnace shell 11 into the tuyere
8, leading to the connection by the spherical surface joint.
In the connected spherical surface joint, mutual displace-
ment of the blowpipe 17 and the tuyere 8 is allowable
while keeping airtightness.
[0016] However, the spherical surface joint requires a
highly accurate processing for forming a spherical sur-
face capable of ensuring airtightness since the airtight-
ness is kept by metal touch connection of the spherical
surfaces around an air hole, resulting in an increase in
production cost. Moreover, even with such metal touch
connection, gas leaks when high pressure is applied.
[0017] Particularly, since the distance from the furnace
shell 11 to the tuyere 8 is long and the blowpipe 17 is
formed longer by the distance, the blowpipe 17 is sup-
ported in a state of a cantilever. Accordingly, the position
of the end of the blowpipe 17 is easily displaced, which
may cause difficulty in suitably keeping airtightness of
the tuyere 8 to the spherical surface joint.
[0018] Further, the tuyere 8 is disposed on an inner
surface of the furnace while being supported by the
tuyere cooler 9. In a typical arrangement of the tuyere 8,
the tuyere cooler 9 or the tuyere holder 10 is machined
for adjustment so that all of the circumferentially arranged
tuyeres 8 evenly face the center of the furnace.
[0019] However, the tuyere 8 and the tuyere cooler 9
supporting the tuyere 8 are surrounded by the bricks 5
for protection and spaced away from the stave coolers 1
and 1a. This arrangement may cause thermal deforma-
tion of the tuyere cooler 9. Accordingly, the position of
the tuyere 8 on the inner surface of the furnace or a pos-
ture of the tuyere 8 may be shifted by the thermal defor-
mation.
[0020] When the position of the tuyere 8 on the inner
surface of the furnace is shifted, uniformity in the circum-
ferential direction of a raceway inside the furnace, which
is crucial for the operation of the blast furnace, is broken,
so that a stable operation (e.g., reduction reaction and
stock movement) cannot be obtained.
[0021] An object of the invention is to provide a struc-
ture of a tuyere section in a blast furnace, the tuyere
section capable of preventing gas leakage and keeping
a position of an end of a tuyere at a predetermined po-
sition in a furnace body while absorbing a difference in
thermal deformation between the furnace body and a
bustle pipe.

MEANS FOR SOLVING THE PROBLEM(S)

[0022] A tuyere structure of a blast furnace according
to an aspect of the invention includes: a blowpipe fixed

to a furnace shell; a tuyere fixed to an end of the blowpipe;
and a flexible joint that connects the blowpipe to a tuyere
stock.
[0023] With this arrangement, since the tuyere is fixed
to the end of the blowpipe, metal touch connection be-
tween the tuyere and the blowpipe can be eliminated.
Accordingly, the spherical surface processing required
for the metal touch connection can be eliminated to re-
duce the production cost. Moreover, gas leakage caused
by the metal touch connection can be prevented.
[0024] Furthermore, since the blowpipe is fixed to the
furnace shell, the position of the tuyere fixed to the end
of the blowpipe relative to the furnace shell, in other
words, the position of the end of the tuyere in the furnace
body can be kept at a predetermined position.
[0025] In addition, since the flexible joint is interposed
between the blowpipe and the tuyere stock, the flexible
joint can absorb a difference in thermal deformation be-
tween the furnace body and the bustle pipe.
[0026] With this arrangement, gas leakage can be pre-
vented and the position of the end of the tuyere can be
kept at the predetermined position in the furnace body
while the difference in thermal deformation between the
furnace body and the bustle pipe is absorbed.
[0027] In the above aspect of the invention, it is pref-
erable that a stave cooler is provided inside the furnace
shell around the tuyere and forms an inner surface of the
blast furnace.
[0028] When the distance between the tuyere and the
furnace shell to which the blowpipe is fixed is large, the
blowpipe may be cantilevered to displace the position of
the end of the tuyere. In contrast, in the above aspect of
the invention, since conventional tuyere bricks are omit-
ted and the stave cooler directly serves as an inner sur-
face of the furnace, the length of the blowpipe can min-
imized and displacement of the position of the tuyere can
be inhibited.
[0029] In the above aspect of the invention, it is pref-
erable that an opening for the tuyere is formed on the
furnace shell around the tuyere and is connected with an
entire periphery of a flange formed on a periphery of the
blowpipe.
[0030] When the flange is attached to the opening for
the tuyere, it is desirable to use bolts disposed on the
flange at a predetermined interval for the convenience
of attachment and detachment for maintenance.

BRIEF DESCRIPTION OF DRAWING(S)

[0031]

Fig. 1 is a cross-sectional view showing an exem-
plary embodiment of the invention.
Fig. 2 is a cross-sectional view showing another ex-
emplary embodiment of the invention.
Fig. 3 is a cross-sectional view showing a conven-
tional example.
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DESCRIPTION OF EMBODIMENT(S)

[0032] An exemplary embodiment of the invention will
be described below with reference to the drawings.
[0033] As shown in Fig. 1, a tuyere structure (structure
of tuyere section) 20 in the exemplary embodiment in-
cludes: a blowpipe 31 fixed to a furnace shell 21; a tuyere
32 fixed to an end of the blowpipe 31; and a flexible joint
34 that connects the blowpipe 31 to a tuyere stock 33.
[0034] Since high-temperature and high-pressure hot
blast to be supplied into the blast furnace passes through
an inside of the flexible joint 34, a flexible joint in a form
of metal bellows is used as the flexible joint 34.
[0035] A flange to which the tuyere is attached is
formed at an end of the blowpipe 31. The tuyere 32 is
fixed to the flange by bolts and the like.
[0036] The blowpipe 31 has a flange at an opposite
end from the tuyere 32. The flexible joint 34 is connected
to this flange. The flexible joint 34 has a flange at an
opposite end from the blowpipe 31. The tuyere stock 33
is connected to this flange. An opposite end of the tuyere
stock 33 from the flexible joint 34 is connected to a bustle
pipe (not shown).
[0037] The blowpipe 31 and the tuyere 32 are support-
ed by the furnace shell 21. The tuyere stock 33 and the
flexible joint 34 are supported by the bustle pipe (not
shown). By supplying hot blast from the bustle pipe, the
hot blast can be delivered through the tuyere stock 33,
the flexible joint 34 and the blowpipe 31 to the tuyere 32
and can be blown out through the tuyere 32.
[0038] Note that a direction and a position of the tuyere
32 relative to the blowpipe 31 are adjusted in advance
so that the direction and the position of the tuyere 32 is
set at an appropriate value when the tuyere 32 is dis-
posed in the furnace.
[0039] An tuyere opening 211 (an opening for the
tuyere) is formed on the furnace shell 21. A flange 311
is formed on a periphery of the blowpipe 31.
[0040] The end (near the tuyere 32) of the blowpipe 31
is inserted from the tuyere opening 211 to an inside of
the furnace (left side in the figure), so that the flange 311
closes the tuyere opening 211.
[0041] The flange 311 is fixed to a periphery of the
tuyere opening 211 by bolts at a predetermined interval,
resulting in airtight connection.
[0042] By the connection between the flange 311 and
the periphery of the tuyere opening 211, the blowpipe 31
is fixed to the furnace shell 21.
[0043] Inside the furnace shell 21, a hearth stave-cool-
er 22, a tuyere stave-cooler 23 and a bosh stave-cooler
24 are provided.
[0044] The tuyere stave-cooler 23 has a cutout 231
through which the tuyere is inserted. The blowpipe 31
and the tuyere 32 inserted inside the furnace shell 21
through the tuyere opening 211 pass through the cutout
231 to be disposed in a manner to be surrounded by the
tuyere stave-cooler 23.
[0045] Inside of the hearth stave-cooler 22 is lined with

hearth wall bricks 25.
[0046] Refractory blocks (e.g., tuyere bricks 5 in Fig.
3) are not provided inside the tuyere stave-cooler 23 and
the bosh stave-cooler 24. Instead, refractory blocks 232
and 242 are respectively fit into furnace-interior surfaces
(inner surface of the furnace) of the tuyere stave-cooler
23 and the bosh stave-cooler 24.
[0047] By using the tuyere stave-cooler 23, in the ex-
emplary embodiment, a thickness T1 from the furnace
shell 21 to the furnace-interior surface is smaller than a
thickness T2 (shown in a chain line in the figure) from a
furnace shell 11 to the furnace-interior surface in the con-
ventional blast furnace.
[0048] When the thickness T1 from the furnace shell
21 to the furnace-interior surface is decreased, a lever
length (i.e. the length for the blowpipe 31 and the tuyere
32 penetrating the thickness T1 to be supported in a can-
tilevered manner) can be reduced. Accordingly, shifting
of the position of the tuyere 32 on the furnace-interior
surface is reducible, which is effective for a stable oper-
ation.
[0049] Moreover, by replacing the refractory blocks
provided inside the furnace (e.g., tuyere bricks 5 in Fig.
3) with the tuyere stave-cooler 23, the tuyere 32 can be
inhibited from being pushed up due to thermal deforma-
tion of the refractory blocks.
[0050] In the exemplary embodiment, the surface of
the tuyere stave-cooler 23 defines the furnace-interior
surface that is defined in conformity with a profile suitable
for the blast furnace. Accordingly, the surface of the
tuyere stave-cooler 23 (i.e., the furnace-interior surface)
stays at the same level as the surface of the tuyere brick
5 (see Fig. 3). In the exemplary embodiment, the thick-
ness of the tuyere section is reduced by positioning the
furnace shell 21 close to the furnace-interior surface as
compared with the conventional furnace shell 11 (i.e. by
decreasing a diameter at the tuyere section of the furnace
body).
[0051] A refractory filler 29 (e.g., refractory mortar) is
fed between the furnace shell 21 and the stable coolers
(i.e. the hearth stave-cooler 22, the tuyere stave-cooler
23 and the bosh stave-cooler 24).
[0052] A seal plate 291 is disposed inside the cutout
231 through which the tuyere is inserted and the tuyere
opening 211. The seal plate 291 blocks the refractory
filler 29 fed inside the furnace shell 21, so that a space
defined by the cutout 231, the tuyere opening 211 and
the blowpipe 31 is not filled with the filler but kept hollow.
[0053] On the other hand, an elastic refractory material
292 (e.g., ceramic wool) is interposed between the cutout
231 and the tuyere 32.
[0054] The assembly process of the exemplary em-
bodiment is as follows.
[0055] Firstly, the furnace shell 21 is built to define an
outline of the furnace body. Then, the hearth stave-cooler
22 and the hearth wall brick 25 are installed inside the
furnace shell 21. Subsequently, the tuyere stave-cooler
23 and the bosh stave-cooler 24 are installed on the up-
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per side of the hearth stave-cooler 22 and the hearth wall
brick 25.
[0056] Herein, the refractory material 292 is attached
to the inside of the cutout 231 of the tuyere stave-cooler
23 and the seal plate 291 is provided to the inside of the
cutout 231 and the tuyere opening 211.
[0057] Next, the tuyere stock 33, the flexible joint 34,
the blowpipe 31 and the tuyere 32 are assembled outside
of the furnace. The assembled tuyere stock 33 and the
tuyere 32 are placed in front of the tuyere opening 211
and then the tuyere 32 and the blowpipe 31 are intro-
duced into the furnace.
[0058] Then, the refractory material 292 is interposed
between the cutout 231 and the tuyere 32. The tuyere
32 and the blowpipe 31 are disposed in the cutout 231,
through which the tuyere is inserted, of the tuyere stave-
cooler 23. At this time, the tuyere 32 projects from the
tuyere stave-cooler 23 to the inside of the furnace.
[0059] In this state, the flange 311 of the blowpipe 31
is fixed to the periphery of the tuyere opening 211.
[0060] After the above process, the refractory filler 29
is fed inside the furnace shell 21. The construction of the
tuyere structure is thus completed.
[0061] Since the refractory filler 29 fed inside the fur-
nace shell 21 is blocked by the seal plate 291 inside the
cutout 231 and the tuyere opening 211, the surroundings
of the blowpipe 31 are left without being filled with the
refractory filler 29.
[0062] By securing this space, when the tuyere is dam-
aged during the operation, the tuyere 32 can be easily
replaced by removing the flexible joint 34 after stopping
hot blast supply and subsequently pulling the blowpipe
31 and the tuyere 32 out of the furnace shell 31.
[0063] As the seal plate 291, for instance, a metallic
plate and an elastomer material (e.g., heat-resisting rub-
ber) are usable.
[0064] According the exemplary embodiment, the fol-
lowing advantages are obtainable.
[0065] Since the tuyere 32 is fixed to the end of the
blowpipe 31, a conventionally employed metal touch con-
nection between the tuyere 32 and the blowpipe 31 can
be eliminated. Accordingly, the spherical surface
processing required for the metal touch connection can
be eliminated to decrease the production cost. Moreover,
gas leakage caused by the metal touch connection can
be prevented.
[0066] Moreover, since the blowpipe 31 is fixed to the
furnace shell 21, the position of the tuyere 32 fixed to the
end of the blowpipe 31 relative to the furnace shell 21,
in other words, the position of the end of the tuyere 32 in
the furnace body can be kept at a predetermined position.
[0067] In addition, since the flexible joint 34 is inter-
posed between the blowpipe 31 and the tuyere stock 33,
the flexible joint can absorb a difference in thermal de-
formation between the furnace body and the bustle pipe.
[0068] With this arrangement, gas leakage can be pre-
vented and the position of the end of the tuyere 32 can
be kept at a predetermined position in the furnace body

while a difference in thermal deformation between the
furnace body and the bustle pipe can be absorbed.
[0069] Since the tuyere stave-cooler 23 is provided
around the tuyere 32 inside the furnace shell 21 and de-
fines the furnace-interior surface, conventionally re-
quired tuyere bricks can be omitted, thereby decreasing
the thickness of the furnace body by the thickness of the
tuyere bricks, so that a distance between the furnace
shell 21 to which the blowpipe 31 is fixed and the tuyere
32 can be reduced.
[0070] When the distance between the tuyere 32 and
the furnace shell 21 to which the blowpipe 31 is fixed is
large, the blowpipe 31 may be cantilevered to cause a
large displacement of the position of the tuyere 32. In
contrast, in the exemplary embodiment, since the con-
ventionally required tuyere bricks (see Fig. 3) are omitted
and the tuyere stave cooler 23 directly serves as the fur-
nace-interior surface, the length of the blowpipe 31 can
be minimized and displacement of the position of the
tuyere 32 can be inhibited.
[0071] Since the tuyere opening 211 is formed on the
furnace shell 21 around the tuyere 32 and the entire pe-
riphery of the flange 311 formed on the periphery of the
blowpipe 31 is connected to the tuyere opening 211, the
blowpipe 31 can be fixed to the furnace shell 21 at a
predetermined posture and gas leakage from the tuyere
opening 211 also can be prevented.
[0072] For connection between the flange 311 and the
tuyere opening 211, since the bolts disposed on the
flange 311 at a predetermined interval are used, the at-
tachment and detachment for maintenance can easily be
conducted.
[0073] The invention is not limited to the above em-
bodiment but includes other embodiments or modifica-
tions or the like without departing from an object of the
invention.
[0074] For instance, although the blowpipe 31 and the
tuyere 32 are disposed substantially orthogonal to the
furnace shell 21, the tuyere 32 is often inclined down
toward the hearth in practical use. Accordingly, the tuyere
32 may be attached to the blowpipe 31 in an inclined
manner, or the blowpipe 31 may be fixed to the furnace
shell 21 in an inclined manner.
[0075] For instance, in another exemplary embodi-
ment shown in Fig. 2, the end of the blowpipe 31 is bent
toward the hearth and the tuyere 32 connected to the
end is inclined toward the hearth. For insertion of the
inclined tuyere 32, the cutout 231 formed in the tuyere
stave-cooler 23 is also formed in an inclined manner.
Note that the other arrangements in the exemplary em-
bodiment shown in Fig. 2 are the same as those in ex-
emplary embodiment of Fig. 1.
[0076] In order to use the surfaces of the tuyere stave-
cooler 23 and the bosh stave-cooler 24 as the furnace-
interior surface, the refractory blocks 232 and 242 are
respectively provided to the tuyere stave-cooler 23 and
the bosh stave-cooler 24 for protection of the surfaces
thereof. However, the arrangement of the refractory
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blocks 232 and 242 is not limited to such an intermittent
arrangement, but may be disposed continuously to each
other. Alternatively, the refractory blocks 232 and 242
may be omitted when the surfaces of the stave coolers
23 and 24 can be sufficiently protected by a protection
layer formed by a refractory material coating and the like
over the surfaces of the stave coolers 23 and 24.
[0077] It should be understood that specific shape, ma-
terial size and the like in the exemplary embodiment may
be altered as needed in implementation of the invention.

EXPLANATION OF CODE(S)

[0078]

20... a tuyere structure
21... furnace shell
211...tuyere opening
22...hearth stave-cooler
23...tuyere stave-cooler
231... cutout
232...refractory block
24...bosh stave-cooler
25...hearth wall brick
29... refractory filler
291... seal plate
292... refractory material
31... blowpipe
311...flange
32... tuyere
33...tuyere stock
34... flexible joint

Claims

1. A tuyere structure of a blast furnace, comprising:

a blowpipe fixed to a furnace shell;
a tuyere fixed to an end of the blowpipe; and
a flexible joint that connects the blowpipe to a
tuyere stock.

2. The tuyere structure of the blast furnace according
to claim 1, wherein
a stave cooler is provided inside the furnace shell
around the tuyere and forms an inner surface of the
blast furnace.

3. The tuyere structure of the blast furnace according
to claim 1 or 2, wherein
an opening for the tuyere is formed on the furnace
shell around the tuyere and is connected with an
entire periphery of a flange formed on a periphery of
the blowpipe.
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