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(57) Abrege(suite)/Abstract(continued):
arranged along the outer casing (14) of the shaft furnace, the bustle pipe (12) being arranged at a certain distance form the outer

casing (14). The arrangement (10) further comprises a plurality of first arms (22) connecting the bustle pipe (12) to the outer casing
(14) of the shaft furnace on a first level; and a plurality of second arms (24) connecting the bustle pipe (12) to the outer casing (14)
of the shaft furnace on a second level, the first level being different from the second level. First and second blow channels (26, 30)
are respectively arranged through the first and second arms (22, 24) for fluidly connecting the bustle pipe (12) to the interior of the
shaft furnace.



CA 02746843 2011-06-13

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

REVISED VERSION
VY AR 0 0 R Y AN T

(10) International Publication Number

WO 2010/076211 A9

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date

8 July 2010 (08.07.2010)

(51) International Patent Classification: Am Roten Berg 3 A, 65207 Wiesbaden-Auringen (DE).
F27B 1/16 (2006.01) C21B 9/10 (2006.01) TOCKERT, Paul [LU/LU]; 1, Duertstroos, L-6830
C21B 7/16 (2006.01) Berbourg (LU). HEBEL, Rudolf [DE/DE]; Unter der

Ruth 18, 65462 Ginsheim-Gustavsburg (DE).

PCT/EP2009/067248 (74) Agents: LAMBERT, Romain et al.; Office Emest T.
Freylinger S.A., B.P. 48, 234, Route d'Arlon, L-8001
Strassen (LU).

(21) International Application Number:

(22) International Filing Date:
16 December 2009 (16.12.2009)
(81) Designated States (unless otherwise indicated, for every

(25) Filing Language: English kind of national protection available). AE, AG, AL, AM,
(26) Publication Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
o CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(30) Priority Data: DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
09150054.6 5 January 2009 (05.01.2009) EP HN, HR, HU. ID, IL, IN, IS, JP, KE. KG, KM, KN, KP,
(71) Applicants (for all designated States except US): PAUL KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
WURTH REFRACTORY & ENGINEERING GmbH ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NL
[DE/DE]; Peter-Sander-Strasse 32, 55252 Mainz-Kastel NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
(DE). PAUL WURTH S.A. [LU/LU]; 32, rue d'Alsace, SE, SG, SK, SL, SM, ST, SV, 8Y, TJ, TM, TN, TR, TT,
L-1122 Luxembourg (LU). TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(72) Inventors; and (84) Designated States (unless otherwise indicated, for every
(75) Inventors/Applicants (for US only): SIMOES, Jean- kind of regional protection available). ARIPO (BW, GH,
Paul; 113, route de Diekirch, L-7220 Walferdange (LU). GM, KE, LS, MW, MZ, NA, SD, SL, 52, TZ, UG, ZM,
HAUSEMER, Lionel [LU/LUJ; 2, rue des Noyers, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, T1J,

L-7303 Steinsel (LU). MOLLER, Manfred [DE/DE]; TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,

[Continued on next page]

(34) Title: BUSTLE PIPE ARRANGEMENT

(57) Abstract: The present invention proposes a bus-
tle pipe arrangement (10) of a shatt furnace, in partic-
ular for feeding hot gas mto the shaft furnace such as
¢.g. a blast furnace, wherein the bustle pipe arrange-
ment (10) comprises a circumierential bustle pipe (12)
arranged along the outer casing (14) of the shaft fur-
nace, the bustle pipe (12) being arranged at a certain
distance form the outer casing (14). The arrangement
(10) turther comprises a plurality of first arms (22)
connecting the bustle pipe (12) to the outer casing
(14) of the shatt furnace on a first level; and a plurali-
ty of second arms (24) connecting the bustle pipe (12)
to the outer casing (14) of the shaft furnace on a sec-
ond level, the first level being different from the sec-
ond level. First and second blow channels (26, 30) are
respectively arranged through the first and second
arms (22, 24) for tluidly connecting the bustle pipe
(12) to the mterior of the shatt furnace.

Fig. 1

w0 2010/076211 A9 | /WML RA 0 00 RO R S ORER A



CA 02746843 2011-06-13

WO 2010/076211 A9 IIMIHHHI] UL A0N 0 AR 0 L AR A A

ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, (88) Date of publication of the revised international search
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM, report:
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, 21 October 2010

ML, MR, NE, SN, TD, TG).
’ - NE, SN, 1D, 1G) (15) Information about Correction:
Published: see Notice of 21 October 2010

—  with international search report (Art. 21(3))

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of

amendments (Rule 48.2(h))



CA 02746843 2011-06-13
1

WO 2010/076211 PCT/EP2009/067248
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, the bustle pipe being
arranged at a certain distance form the outer casing. The arrangement further
comprises a plurality of first arms connecting the bustle pipe to the outer casing of
the shaft furnace on a first level;, and a plurality of second arms connecting the
bustle pipe to the outer casing of the shaft furnace on a second level, the first level
being different from the second level. First and second blow channels are
respectively arranged through the first and second arms for fluidly connecting the

bustle pipe to the interior of the shaft furnace.

[0009] The first and second blow channels arranged through the first and
second arms allow the injection of gas, hot air or reduction gas, into the shaft
furnace on two separate levels. 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

Into the shaft furnace. A further important advantage of the present bustle pipe
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arrangement Is that it can be easily integrated on existing shaft furnaces, with

minimal alterations to the shaft furnace.

[0010] According to a first embodiment of the invention, the first and second
arms are configured to support the circumferential bustle pipe. Due to the plurality
of first and second arms, configured as support arms, 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 bustle pipe and the shaft furnace.

[0011] According to a second embodiment of the Invention, the
circumferential bustle pipe Is suspended from a framework. A framework, which
may already be present anyway, may be used to suspend the bustle pipe
therefrom. It should be noted that the suspension of the bustle pipe may also be

used in combination with support arms as described above.

[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 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

allows the plugging of certain blow channels, thereby increasing the flow rate
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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.

[0016] 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 arms are arranged so as to be, on a
vertical projection, arranged half-way between two neighboring first arms, thereby
optimizing the gas injection through achieving a more homogeneous repartition of

the gas injected.

[0019] The first and/or second arms may be formed by a piece of piping,
lined internally with refractory material and having the first and second blow

channels passing therethrough. The piece of piping IS advantageously a straight
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piece of piping. Such a straight piece of piping provides a direct connection
between the bustle pipe and the interior of the shaft furnace, i.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 arms may be
essentially horizontal and the second 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
arms are arranged at an angle chosen such that access ports associated with the
second Dblow channels are essentially on the same level as access ports
associated with the first blow channels. The second arms may e.g. be arranged at
an angle of about 45° with respect to the horizontal and an imaginary line between
the second arm and its associated access port may pass through the centre of the
bustle pipe. Arranging all access ports, I.e. those associated 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.

[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
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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;

Fig.2 Is a schematic lillustration 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 arms 22 and second arms 24,
which are, according to a first embodiment of the invention, formed by support
arms configured to support the bustle pipe 12. The first and second arms 22, 24
are therefore arranged on two separate levels all around the circumference of the
shaft furnace and support the bustle pipe 12. The arms 22, 24 are preferably
attached to the bustle pipe 12 and to the furnace wall 14 by welding.
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[0030] It should be noted that, although not shown of the Figures, the bustle
pipe 12 may, as an alternative to being supported on the outer casing 14 of the
shaft furnace by means of the first and second arms 22, 24, be suspended from a
framework (not shown). This second embodiment may allow the arms 22, 24 to be
less strong and may make use of a framework already present anyway. A

combination of both embodiments is naturally also possible.

[0031] First blow channels 26 are arranged through the first 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 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 invention
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.

[0032] The first and second 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 arms 22

are arranged essentially horizontally and the second 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.

[0033] 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

regulation of the respective blow channels 26, 30. The plugging of individual blow
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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.

10034 ] It should further be noted that, as illustrated on Fig.2, the first and
second 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.

[0039] Fig.3 shows a further embodiment of a blowpipe 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 I1s 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 B =y =10 to

15°. It should however be noted that 3 and y are not necessarily equal.

[00306] Fig. 3 also shows an injection nozzle 40 arranged Iin the first blow
channel 260. Such Injection nozzles 40 can be removed and replaced through the

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

[0037] 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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[0038] 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 arms 42 plunger

24 second arms 44 reinforcement fin

20 first blow channels

28 first injection points
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Claims:

1. Bustle pipe arrangement of a shaft furnace comprising. a
circumferential bustle pipe arranged along an outer casing of said shaft
furnace, said bustle pipe being arranged at a certain distance from 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 bustle pipe to an
iInterior of said shaft furnace; and a plurality of second arms connecting said
bustle pipe to said outer casing of said shaft furnace 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 level, wherein said bustle pipe comprises
access ports located in wall portions of the bustie pipe' and opposite to said
first and/or second blow channels, in linear alignment with respective first
and/or second blow channels, and wherein said first arms are essentially
horizontal and wherein said second arms are inclined at an angle of between

10 and 60.degree. with respect to the horizontal.

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, wherein said bustie
pipe comprises a refractory lining on an inner wall and wherein said first
and/or second blow channels extend through said refractory lining of said

bustle pipe.

4. Bustle pipe arrangement according to claim 1, wherein a plunger Is
associated with an access port for at least partially plugging at least one of

said first blow channels and second blow channels.

5. Bustle pipe arrangement according to claim 4, wherein said plunger
has a conical nose for allowing regulation of gas flow through at least one of

said first blow channels and second blow channels.
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6. Bustle pipe arrangement according to claim 1, wherein an injection
nozzle and/or an injection nozzle insert is removably arranged in at least one

of the first blow channels and the second blow channels.

7. Bustle pipe arrangement according to claim 1, wherein said second
arms are arranged so as to be, on a vertical projection, arranged half-way

between two neighboring first arms.

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

passing therethrough.

9. Bustle pipe arrangement according to claim 1, wherein said second
arms are arranged 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.

10. Bustle pipe arrangement according to claim 1, wherein said first and
second support arms are both inclined at an angle of between 0 and

40.degree. with respect to the horizontal.

11.  Bustle pipe arrangement according to claim 1, further comprisihg at
least one plurality of auxiliary arms connecting said bustle pipe to said outer

casing of said shaft furnace, wherein auxiliary blow channels are arrangead
through said auxiliary arms for fluidly connecting said bustle pipe to the

interior of said shaft furnace.

12. Bustle pipe arrangement according to claim 1, wherein said bustle

pipe has an essentially round or oval cross-section.

13.  Bustle pipe arrangement according to claim 4, wherein said plunger

comprises an oxid-ceramic material or a silicon infiltrated silicon carbide
matertal.

#1479459
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