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(57) Abrege(suite)/Abstract(continued):
arranged along the outer casing (14) of the shaft furnace, at a certain distance therefrom. The arrangement (10) further comprises
a plurality of first support arms (22) connecting the bustle pipe (12) to the outer casing (14) of the shaft furnace on a first level; ar
a plurality of second support arms (24) connecting the bustle pipe (12) to the outer casing (14) of the shaft furnace on a secor
level, the first level being separate from the second level. The first and second support arms (22, 24) are configured to support th

circumferential bustle pipe (12). First blow channels (26) are arranged through the first support arms (22) for fluidly connecting th
bustle pipe (12) to the interior of the shaft furnace.
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(57) Abstract: The present invention proposes a bustle
pipe arrangement (10) of a shaft furnace, m particular
for feeding hot gas into the shaft furnace such as e.g. a
blast furnace, wherein the bustle pipe arrangement (10)
comprises a circumferential bustle pipe (12) arranged
along the outer casing (14) of the shatt furnace, at a cer-
tain distance therefrom. The arrangement (10) further
comprises a plurality of first support arms (22) connect-
ing the bustle pipe (12) to the outer casing (14) of the
shaft furnace on a first level; and a plurality of second
support arms (24) connecting the bustle pipe (12) to the
outer casing (14) of the shaft furnace on a second level,
the first level being separate from the second level. The
first and second support arms (22, 24) are configured to
support the circumiterential bustle pipe (12). First blow
channels (26) are arranged through the first support
arms (22) for fludly connecting the bustle pipe (12) to
the interior of the shaft furnace.
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BUSTLE PIPE ARRANGEMENT

Technical Field

[0001] The present invention generally relates to a bustle pipe arrangement,

in particular for feeding pressurized hot gas to a shaft furnace.

Background Art

[0002] In shaft furnaces, particularly in blast furnaces, pressurized hot gas,

typically pressurized hot air, iIs blown into the furnace for aiding the reduction of

ore In the shaft furnace.

[0003] Conventionally, a circumferential bustle pipe Is arranged In the tuyere
band around the outer casing of the shaft furnace, at a certain distance therefrom.
The gas Is fed from the bustle pipe through a tuyere stock row, where it is blown
Into the shaft furnace. A tuyere stock is generally provided with compensators for
compensating for relative movement between the bustle pipe and the shatft
furnace. Such a conventional bustle pipe arrangement is e.g. known from
WO 86/05520.

[0004] It has been suggested to inject gas into the shaft furnace, not only at
the upper hearth level, but also in a region above the melting zone, also referred to
as the “lower shaft”. Lower shaft injection necessitates a further bustle pipe

arrangement for feeding gas to the individual injection points in the lower shaft.

[0005] The conventional bustle pipe arrangement, as described above, has
been considered. Although such a solution has the obvious advantages of being a
known and tested solution, it also has a number of drawbacks. Indeed, the
considerable weight of this arrangement makes it difficult to arrange at the level of
the lower shaft. Also, the cumbersome design of the conventional bustle pipe

arrangement limits the number of injection points.

[0000] Another contender for a bustle pipe arrangement for injection at the
lower shaft level Is the so-called "Midrex’-type gas injection, which comprises a

circumferential distribution channel built into the furnace wall, as illustrated by
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US 6,140,442. This allows increasing the number of injection points. However, this
solution Is difficult to adapt to existing shaft furnaces and introduces some
additional risks as to wear of the refractory material, in particular in the wall
separating the distribution channel from the furnace chamber. A further non-
negligible concern is the statics of the furnace. Indeed, the structure of the furnace

IS weakened by the "Midrex”-type construction.

Technical Problem

[0007] It Is an object of the present invention to provide a bustle pipe
arrangement of a shaft furnace wherein the above disadvantages are avoided.

This object is achieved by an arrangement as claimed in claim 1.

General Description of the Invention

[0008] The present invention proposes a bustle pipe arrangement of a shaft
furnace, In particular for feeding pressurized hot gas into the shaft furnace,
wherein the bustle pipe arrangement comprises a circumferential bustle pipe
arranged along the outer casing of the shaft furnace, at a certain distance
therefrom. The arrangement further comprises a plurality of first support arms
connecting the bustle pipe to the outer casing of the shaft furnace at a first level,
and a plurality of second support arms connecting the bustle pipe to the outer
casing of the shaft furnace at a second level. The first and second support arms
are configured to support the circumferential bustle pipe, the first level being
different from the second level. First blow channels are arranged through the first
support arms for fluidly connecting the bustle pipe to the Interior of the shaft

furnace.

[0009] Due to the plurality of first and second support arms arranged on two
separate levels, the bustle pipe arrangement is self-supporting; in fact the bustle
pipe arrangement Is supported directly on the wall of the shaft furnace and no
frame construction Is necessary to support the bustle pipe arrangement.
Furthermore, as the bustle pipe Is directly connected to the shaft furnace wall,

compensators are not necessary. This lowers the risk of leakages between the
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bustle pipe and the shaft furnace. The more compact design of the bustle pipe
arrangement also allows for the number of injection points to be considerably
increased when compared to conventional bustle pipe arrangements. The
Increased number of injection points allows a more homogenous Injection of gas
iInto the shaft furnace. A further important advantage of the present bustle pipe
arrangement Is that it can be easily integrated on existing shaft furnaces, with

minimal alterations to the shaft furnace.

[0010] According to a preferred embodiment of the present invention, the
bustle pipe arrangement further comprises a plurality of second blow channels for
blowing gas from the bustle pipe into the shaft furnace, wherein the second blow
channels are arranged through the second support arms and fluidly connect the

bustle pipe to the interior of the shaft furnace.

[0011] The second blow channels arranged through the second support
arms allow the injection of gas, air or reduction gas, into the shaft furnace on two
separate levels. This leads to a higher number of injection points and to a more

homogeneous repartition of gas injected.

[0012] Advantageously, the bustle pipe comprises a refractory lining on its
iInner wall and the first and/or second blow channels extend through the refractory
lining of the bustle pipe, thereby allowing gas from the bustle pipe gas channel to

flow through the support arms into the shaft furnace.

[0013] Preferably, the bustle pipe comprises access ports in wall portions
opposite the first and/or second blow channels, In linear alignment with respective
first and/or second blow channels. Such access ports allow servicing, cleaning,
plugging and hot gas impulse regulation of the blow channels. The cleaning of the
blow channels may become necessary after prolonged operation and is enabled

through the access ports.

[0014] The access ports also allow the plugging of individual blow channels,
thereby rendering the gas injection through the present bustle pipe arrangement
particularly flexible. Indeed, a plunger may be associated with an access port for at

least partially plugging a respective blow channel. The use of such a plunger
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allows the plugging of certain blow channels, thereby increasing the flow rate
through the remaining blow channels. It may e.g. be desired to inject gas into the
shaft furnace at one level. All of the blow channels of the other level are then
plugged. The plunger may also have conical nose for allowing regulation of gas

flow through a respective blow channel.

[0015] The access ports also provide access to injection nozzles, which may
be removably installed in the blow channels, preferably in the end of the blow
channels facing the shaft furnace. This allows replacing worn injection nozzles or
exchanging injection nozzles of a particular inside diameter with injection nozzles
of a different inside diameter. As an alternative, nozzle inserts may be inserted into
the Injection nozzles through the access ports. Such nozzle inserts would also
change the inner diameter of the Injection nozzle. The possibility to change the
Inside diameter of the injection nozzle allows the flow of hot gas through the blow
channels to be adapted to particular operating conditions, thereby increasing the

operational flexibility of the shaft furnace.

[0010] The injection nozzles and/or the nozzle inserts and/or the plunger are
preferably made from a ceramic material, preferably an oxide ceramic material or
a silicon infiltrated silicon carbide material. Such materials are chosen to withstand
wear caused by the dust laden hot gas. Also, the inventors have found that with
such materials, cooling of the injection nozzles and/or the nozzle inserts and/or the

plunger is not necessary.

[0017] It should be noted that the use of injection nozzles, nozzle inserts or
plungers as described above should not be limited to the use in connection with

the above-mentioned bustle pipe arrangement.

[0018] Advantageously, the second support arms are arranged so as to be,
on a vertical projection, arranged half-way between two neighboring first support
arms, thereby optimizing the gas injection through achieving a more homogeneous

repartition of the gas injected.

[0019] The first and/or second support arms may be formed by a piece of

piping, lined internally with refractory material and having the first and second blow
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channels passing therethrough. The piece of piping is advantageously a straight
piece of piping. Such a straight piece of piping provides a direct connection
between the bustle pipe and the interior of the shaft furnace, 1.e. without bends,
joints or connections. The pressure loss across the piece of piping can thereby be

reduced.

[0020] According to one embodiment of the invention, the first support arms
may be essentially horizontal and the second support arms may be inclined, e.g.

at an angle of between 10 and 60° with respect to the horizontal.

[0021] According to a preferred embodiment of the invention, the second
support arms are arranged at an angle chosen such that access ports associated
with the second blow channels are essentially on the same level as access ports
associated with the first blow channels. The second support arms may e.g. be
arranged at an angle of about 45° with respect to the horizontal and an imaginary
line between the second support arm and its associated access port may pass
through the centre of the bustle pipe. Arranging all access ports, i.e. those
assoclated with both the first and second blow channels, on a same level allows
for an easier and quicker servicing of the blow channels. Indeed, a single platform
may be used to access both levels of injection points for servicing. Furthermore, it
should also be noted that an increased angle provides an improved support for the

bustle pipe arrangement.

[0022] According to another preferred embodiment of the invention, the first
and second support arms are both inclined at an angle of between 0 and 40°,

preferably between 0 and 30°, with respect to the horizontal.

[0023] The bustle pipe may have an essentially round or oval cross-section.

It should be noted that other shaped of cross-section should not be excluded.

[0024] In case of an essentially oval cross-section, the bustle pipe is
preferably dimensioned so as to have sufficient height clearance for allowing
personal inspection of the interior of the bustle pipe, e.g. by a maintenance

employee.
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[0025] At least one plurality of auxiliary arms may be provided for
connecting the bustle pipe to the outer casing of the shaft furnace, wherein
auxiliary blow channels are arranged through the auxiliary arms for fluidly
connecting the bustle pipe to the interior of the shaft furnace. Such auxiliary arms

may be used to provide injection points on at least one auxiliary level.

Brief Description of the Drawings

[0020] A preferred embodiment of the invention will now be described, by

way of example, with reference to the accompanying drawings, in which

Fig.1 Is a schematic cross-sectional view through a bustle pipe arrangement

according to the present invention; and

Fig.2 Is a schematic Illustration of the injection points of the bustle pipe

arrangement according to the present invention; and

Fig.3 IS a schematic cross-sectional view through a bustle pipe arrangement

according to a further embodiment of the present invention.

Description of Preferred Embodiment

[0027] The present invention is illustrated by referring to Fig.1, which shows

a bustle pipe arrangement, which is arranged around an outer casing of a shaft

furnace.

[0028] The bustle pipe arrangement 10 comprises a bustle pipe 12,
circumferentially arranged around a shaft furnace, a portion of an outer casing 14
of which is shown in Fig.1. The bustle pipe 12 is arranged at a certain distance
from the outer casing 14 and is formed by a pipe 16 of essentially round cross-
section, which Is Internally lined with refractory material 18 within which a gas

channel 20 1s formed.

[0029] The bustle pipe 12 is maintained in place along the outer casing 14
of the shaft furnace by means of a plurality of first support arms 22 arranged at a
first level and second support arms 24 arranged at a second level. The first and

second support arms 22, 24 are arranged all around the circumference of the shaft
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furnace and support the bustle pipe 12. The support arms 22, 24 are preferably
attached to the bustle pipe 12 and to the furnace wall 14 by welding. Due to the
fact that he first and second support arms 22, 24 are arranged on two separate
levels, bustle pipe 12 may be supported by the first and second support arms 22,

24 only, 1.e. no further support iIs necessary for the bustle pipe 12.

[0030] First blow channels 26 are arranged through the first support arms 22
for fluidly connecting the gas channel 20 of the bustle pipe 12 to the interior of the
shaft furnace through first injection points 28. Similarly, second blow channels 30
are arranged through the second support arms 24 for fluidly connecting the gas
channel 20 of the bustle pipe 12 to the interior of the shaft furnace through second
injection points 32. The bustle pipe arrangement 10 according to the present
iInvention therefore allows injection of gas into the shaft furnace on two levels. This
increases the number of injection points and allows for a more homogenous
repartition of the gas injected. The number of injection points obviously depends
on the diameter of the shaft furnace, the diameter of the injection points and the
distance between neighboring injection points. For a shaft furnace having e.g. a
hearth diameter of about 7 m, the number of injection points may be as high as
100.

[0031] The first and second support arms 22, 24 each comprise a piece of
piping 34, internally lined with refractory material 18, the first and second blow
channels 20, 30 being formed therethrough. In the embodiment shown In Fig.1,

the first support arms 22 are arranged essentially horizontally and the second

support arms 24 are arranged at an angle o of between 10 and 15 with respect to

the horizontal. Although not shown In the Figures, an angle o of about 45° may be

preferred.

[0032] The bustle pipe arrangement 10 further comprises a first access port
36 associated with each first blow channel 26 and a second access port 38
associated with each second blow channel 30. The first and second access ports
30, 38 are arranged In linear alignment of the first and second blow channels 26,

30. These access ports allow servicing, cleaning, plugging and hot gas impulse
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regulation of the respective blow channels 20, 30. The plugging of individual blow
channels 26, 30 provides an important degree of flexibility to the operation of the
gas Injection through the present bustle pipe arrangement 10. The end of the blow
channels 20, 30 facing the shaft furnace may be provided with injection nozzles
(not shown). Such injection nozzles may easily be replaced or exchanged through
the access ports 36, 38. The Injection nozzles may e.g. be replaced with injection
nozzles having different outlet diameter, thereby further contributing to the

flexibility of the present bustle pipe arrangement 10.

[0033] It should further be noted that, as illustrated on Fig.2, the first and
second support arms 22, 24 are arranged In such a way that the second Injection
points 32 are located half-way between neighboring first injection points 28. Such
a staggered arrangement of the Injection points 28, 32 warrants a more

homogenous repartition of the gas injected into the shaft furnace.

0034 ] Fig.3 shows a further embodiment of a Dblowpipe arrangement
according to the present invention. Similarly to the embodiment of Fig.1, the bustle
pipe arrangement 10 comprises a bustle pipe 12, circumferentially arranged
around a shaft furnace. The bustle pipe 12 is however formed by a pipe 16" of
essentially oval cross-section. The bustle pipe 12 Is dimensioned so as to have
sufficient height clearance for allowing personal inspection of the interior of the
bustle pipe 12. The first support arms 22 may be arranged at an angle 3 of

between 0 and 40° with respect to the horizontal. Similarly, the support arms 24

may be arranged at an angle y of between 0 and 40° with respect to the horizontal.
In Fig.3 both support arms 22, 24 are arranged at an angle of about p =y =10 to

15°. It should however be noted that B and vy are not necessarily equal.

[0035] Fig. 3 also shows an injection nozzle 40 arranged in the first blow
channel 26. Such injection nozzles 40 can be removed and replaced through the

access ports 36, 38 associated to the respective blow channels 26, 30.

[0030] Fig. 3 further shows a plunger 42 associated with the first blow
channel 26. Such a plunger 42 may be used to either plug the first blow channel

20 or to regulate the flow of hot gas therethrough.
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[0037] In order to strengthen the connection, reinforcement fins 44 may
further be provided between the pipe 16 and the outer casing 14, as shown in
Fig. 3. Such reinforcement fins 44 may be made of a thick metal sheet welded to
the piece of piping 34, the pipe 16 and the outer casing 14. The reinforcement fins

44 extend in a vertical direction, radially away from the piece of piping 34.

Legend of Reference Numbers:

10 bustle pipe arrangement 30 second blow channels
12 bustle pipe 32 second Injection points
14 outer casing of shaft furnace 34 piece of piping

16 16" pipe 36 first access port

18 refractory material 38 second access port

20 gas channel 40 Injection nozzle

22 first support arms 42 plunger

24 second support arms 44 reinforcement fin

20 first blow channels

28 first injection points
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Claims

1. Bustle pipe arrangement of a shaft furmace, in particular for feeding
pressurized hot gas into said shaft furnace, more particularly for feeding
pressurized hot gas into a blast furnace, wherein said bustle pipe arrangement
conﬁprisesz |

a circumferential bustle pipe arranged along the outer casing of said shaft
furnace, said bustle pipe being arranged at a certaln distance form said outer
casing;

a plurality of first arms connecting said bustle pipe to said outer casing of said
shaft furnace on a first level; first blow channels being arranged through said

first arms for fluidly connecting said bustie pipe to the interior of said shaft
furnace: and

a plurality of second arms connecting said bustie pipe to said outer casing of

said snaft fumace on a second level: second blow channels being arranged
through said second arms for fluidly connecting said bustle pipe to the interior
of said shaft furnace, said first level being different from said second leve!

wherein said bustle pipe comprises access ports In wall portions opposite said
first and/or second blow channels, in linear alignment with respective first
and/or second blow channels.

2. Bustle pipe arrangement according to claim 1, wherein said first and second
arms are configured to support said circumferential bustle pipe.

3. Bustle pipe arrangement according to claim 1 or 2, wherein said
circumferential bustle pipe is suspended from a framework.

4. Bustle pipe arrangement according to any of claims 1 to 3, wherein said bustle
pipe comprises a refractory lining on its inner wall and wherein said first and/or

second blow channels extend through said refractory lining of said bustle pipe.

9. Bustle pipe arrangement according to any of claims 1 to 4, wherein a plunger

Is associated with an access port for at least partially plugging a respective
blow channel.

tion: 08.11.2010 16:09:05 - 08.11.2010 16:10:43_ This page 12 of AMENDED SHEET 010161033
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6. Bustle pipe arrangement according to claim 5, wherein said plunger has a
conical nose for allowing regulation of gas flow through a respective blow
channel said plunger preferably comprising an oxid-ceramic material or a
silicon infiltrated silicon carbide material.

7. Bustle pipe arrangement according to any of claims 1 to 6, wherein an injection

nozzle and/or an injection nozzle insert is removably arranged in a first or
- second biow channel.

8. Bustle pipe arrangement according to any of claims 1 to 7, wherein said
second arms are arranged so as to be, on a vertical projection, arranged half-
way between two neighboring first arms.

9. Bustle pipe arrangement according to any of claims 1 to 8, wherein said first
and/or second arms are formed by a piece of piping, preferably a straight piece
of piping, lined internally with refractory material and having said first and
second blow channels passing therethrough.

10. Bustle pipe arrangement according to any of claims 1 to 9, wherein said first
arms are essentially horizontal and wherein said second support arms are

inclined, preferably at an angle of between 10 and 60° with respect to the
horizontal.

11. Bustle pipe arrangement according to any of claims 1 to 10, wherein said
second arms are amranged at an angle chosen such that access ports
associated with said second blow channels are essentially on the same level
as access ports associated with said first blow channels.

12. Bustle pipe arrangement according to any of claims 1 to 9, wherein said first

and second support arms are both inclined at an angle of between 0 and 40°
with respect to the horizontal.

P —
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13. Bustle pipe arrangement according to any of claims 1 to 12, wherein at least
one plurality of auxiliary arms is provided for connecting said bustle pipe to
said outer casing of said shaft furnace, wherein auxiliary blow channels are

arranged through said auxiliary arms for fluidly connecting said bustle pipe to
the interior of said shaft furnace.

14. Bustle pipe arrangement according to any of claims 1 to 13, wherein said
bustle pipe has an essentially round or oval cross-section.

teceived at the EPO on Nov 08, 2010 16:10:43. Page 14 of 14 ©1016:10:43
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