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(57) Abrege/Abstract:
A hot blast stove dome comprises a first dome portion adapted for support on a combustion chamber wall of a hot blast stove, ana
a second dome portion adapted for support on a checker chamber wall of a hot blast stove, whereln a vertical expansion joint is
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(57) Abrege(suite)/Abstract(continued):

(13) C

provided between the first dome portion and the second dome portion and Is adapted to allow the first dome portion and the

second dome portion to independently accommodate vertical expansion of their respective supporting walls.

he dome Is suitably

provided In a hot blast stove which comprises a combustion chamber, a checker chamber, a cylindrical housing comprising a

combustion chamber wall and a checker chamber wall.
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(57) Abstract: A hot blast stove dome compris-
es a first dome portion adapted for support on a
combustion chamber wall of a hot blast stove,
and a second dome portion adapted for support
on a checker chamber wall of a hot blast stove,
wherein a vertical expansion joint is provided
between the first dome portion and the second
dome portion and 1s adapted to allow the first
dome portion and the second dome portion to
independently accommodate vertical expansion
of their respective supporting walls. The dome 1s
suitably provided in a hot blast stove which
comprises a combustion chamber, a checker
chamber, a cylindrical housing comprising a
combustion chamber wall and a checker cham-
ber wall.
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HOT BLAST STOVE DOME AND HOT BLAST STOVE

FIELD OF THE INVENTION

[0001] The present invention is directed to a hot blast stove dome and to a hot blast stove
having an internal combustion chamber and including the dome of the invention. The hot blast
stove dome provides improved resistance to thermal dome damage in a hot blast stove having an
internal combustion chamber and results 1n significant reductions 1n engineering, materials and

construction costs as compared with common conventional apparatus.

BACKGROUND OF THE INVENTION

[0002] Hot blast stoves, sometimes referred to as blast furnace stoves, are typically employed
in 1ron manufacturing to preheat combustion air before 1t enters into a blast furnace. A hot blast
stove typically has a cylindrical, silo-shaped wall structure constructed of refractory and
insulating brick, and surrounded by a metal shell. Adjoining combustion and checker chambers
are defined by a vertically extending internal dividing wall also constructed of refractory
materials. The chambers communicate through a passage formed adjacent a dome at the top of
the cylindrical structure. The dome protects the steel shell at the top of the blast stove from
excessive high temperatures. The dome 1n a hot blast stove 1s typically supported either by an
extended diameter steel support structure with steel supports or, 1n the case of an internal dome,
by means of the cylindrical wall.

[0003] The checker chamber, also referred to as a regenerative chamber, includes tiers of
refractory brick having aligned tlow passages which extend from the top to the bottom of the
chamber. The bricks absorb and store heat from hot exhaust gases which pass through the
checker chamber during a heating cycle. The hot gases tflow upwardly in the combustion

chamber and then travel downwardly through the checker chamber and exit at the bottom of the
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checker chamber. Once the checker brick has attained a predetermined temperature, the heating
cycle 1s terminated and the blast cycle begins. In the blast cycle, outside air 1s introduced at the
bottom of the checker chamber and travels upwardly and absorbs the stored heat. This preheated
air then travels down through the combustion chamber, exits the stove, and enters the blast
furnace.

[0004] The internal operating temperature in the blast stove varies considerably and 1s well in
excess of 2000° F. 1in certain portions of the chamber. In the internal dome structure described
above, the wall on the combustion chamber side of the blast stove expands faster and thermally
cycles more, causing significant expansion and contraction during normal operating cycles, as
compared with the wall on the checker chamber side of the blast stove. This difference in
expansion over the large height of the blast stoves, typically 200, 300 or more feet tall,
contributes to the formation of cracks in the dome and often leads to premature dome failure.
Once the hot face of the refractory dome starts to crack, insulation between the dome and the
metal shell 1s compromised. This results 1n local hot spots on the steel shell. Typically, to cope
with these hot spots, the blast stove must be 1solated from the blast furnace to conduct repairs.
Such repairs can be done by accessing the stove from the outside, requiring scatfolding on the
outside of the stove over large heights, typically 200 to 300 feet or more. Commonly, strategic
locations are identified on the shell and openings are drilled to weld grout nipples on the shell 1n
the vicinity of a hot spot. The grout nipples are connected to a pump which injects a semi-plastic
refractory insulating material into the area. This method 1s often used many times during the life
span of a stove to keep the stove shell from over-heating in the vicinity of a cracked dome. In
some cases, the heavy cracking 1s so excessive and damage on the inside of the dome 1s so large

that locally the dome collapses and repairs on the 1nside are required. To facilitate these repairs,
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the blast stove needs to be 1solated trom the blast furnace and cooled to ambient temperatures to
allow access to the inside. All of these described repairs significantly contribute to financial 10ss
due to maintenance costs and the inability to operate the blast stove during the repair
maintenance.

[0005] In conventional blast stoves, various measures have been taken in attempts to avoid
thermal damage to the dome resulting from expansion differences in the outer dome supporting
blast stove wall. Typically, the outer wall of the blast stove 1in the combustion chamber area 1s
provided with both an additional insulation wall and a dense refractory wall inside the dome
supporting wall. These additional walls provide additional insulation of the combustion chamber
supporting wall to reduce the expansion of the dome supporting wall on the combustion chamber
side and equalize 1ts expansion to that of the cooler dome supporting wall on the checker
chamber side. Not only does this design require additional engineering, material and
construction, its effect in preventing dome cracks and deterioration of the dome structure over
the life of the blast stove has been limited as variations 1n the thermal expansion of the
supporting wall 1n the area of the combustion chamber still occur and often cause significant
dome cracking.

[0006] Accordingly, there is a need for improved hot blast stove design which overcomes one

or more disadvantages of the conventional designs.

SUMMARY OF THE INVENTION

[0007]  Accordingly, it is an object of the present invention to provide a hot blast stove dome
and a hot blast stove which overcome one or more disadvantages of conventional blast stoves.
[0008] In one embodiment, the invention is directed to a hot blast stove dome comprising a
first dome portion adapted for support on a combustion chamber wall of a hot blast stove, and a

second dome portion adapted for support on a checker chamber wall of a hot blast stove. A
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vertical expansion joint is provided between the first dome portion and the second dome
portion and 1s adapted to allow the first dome portion and the second dome portion to

independently accommodate vertical expansion of their respective supporting walls.

[0009] In another embodiment, the invention is directed to a hot blast stove which
comprises a combustion chamber, a checker chamber, a cylindrical housing comprising a
combustion chamber wall and a checker chamber wall, and a dome. The dome comprises a
first dome portion adapted for support on the combustion chamber wall, and a second dome
portion adapted for support on the checker chamber wall, wherein a vertical expansion joint is
provided between the first dome portion and the second dome portion and is adapted to allow

the first dome portion and the second dome portion to independently accommodate vertical

expansion of their respective supporting walls.

[0009a] In another embodiment, there is provided a hot blast stove dome, having a
substantially hemispherical shape and comprising a first dome portion adapted for support on
top of a vertical combustion chamber wall of a hot blast stove cylindrical housing, and a
second dome portion adapted for support on top of a checker chamber wall of the hot blast
stove cylindrical housing, wherein the first dome portion and the second dome portion are
arranged adjacent one another to form the substantially hemispherical shape, an expansion
joint 1s provided between the first dome portion and the second dome portion at adjacent
edges of the first dome portion and the second dome portion, and the expansion joint is
adapted to allow the first dome portion and the second dome portion to independently

accommodate vertical expansion of their respective supporting walls of the cylindrical

housing.

[0010] The vertical expansion joint which is provided in the dome allows the dome portion
supported by the combustion chamber wall to grow independently of the dome portion

supported by the checker chamber wall. Thus, the thermal effect of the wall expansion on the
combustion chamber side has no adverse impact on the dome's structural integrity and
cracking is reduced or eliminated. Additionally, the hot blast stove dome of the present

invention allows the elimination of the insulation and dense walls in the combustion chamber,

thereby providing significant engineering, material and construction savings.

4
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[0011]  These and additional objects and advantages of the present invention will be more

tully apparent in view of the following Detailed Description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]  The invention and the following Detailed Description will be more fully understood

in view of the Drawings, in which:

[0013]  Fig. 1 is a schematic diagram of a conventional hot blast stove:

4a
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[0014]  Fig. 2 1s a schematic diagram of cross-sectional view of a conventional hot blast stove;
[0015] Fig. 3 1s a schematic diagram of a partial cross-sectional view of a dome according to
the invention; and

[0016] Fig. 4 is a photograph of a dome according to the present invention, installed in a hot
blast stove.

[0017]  The drawings are further described in the following Detailed Description.

DETAILED DESCRIPTION

[0018] The present invention 1s directed to a hot blast stove dome and to a hot blast stove
including a dome according to the invention.

[0019] A typical hot blast stove 1s shown schematically in Figs. 1 and 2, generally indicated at
10. The hot blast stove 10 comprises a combustion chamber 12, a checker chamber 14, a
cylindrical housing 16 comprising a combustion chamber wall 18 and a checker chamber wall
20, and a refractory dome 22. The housing 16 conventionally comprises a metal shell and a
refractory lining, and a metal dome shell 23 encompasses the refractory dome 22. As shown 1n
Figs. 1 and 2, the portion of the housing comprising the combustion chamber wall 18 includes
additional wall layers 24, typically formed of an insulating layer and a dense refractory, to

reduce increased vertical expansion of the wall in the vicinity of the combustion chamber 12. As
additionally shown, the combustion chamber wall 18 separates the combustion chamber 12 from
the checker chamber 14. The dome 22 1s supported by means of the cylindrical housing 16
comprising the combustion chamber wall 18 and the checker chamber wall 20.

[0020]  As noted above, in conventional hot blast stoves, the effect of additional wall layers 24
in preventing dome cracks and deterioration of the dome structure over the life of the blast stove
has been limited as variations in the thermal expansion of the supporting wall 1n the area of the

combustion chamber as compared with the supporting wall 1n the area of the checker chamber
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still occur. In many instances, dome cracks occur and go undetected as they are not apparent
without internal monitoring of the blast stove or temperature monitoring ot adjacent shell areas,
1.e., at the top of the blast stove, which, in view of the vertical height of these structures, 1s
inconvenient over the life of the blast stove. As the dome cracks go undetected and multiply in
number, thermal deterioration of the dome can result, leading to structural failure of the dome.
[0021] The dome structure of the present invention reduces the tendency of dome cracking
and resulting dome failure. Importantly, with reference to Fig. 3, the hot blast stove dome 22
according to the invention comprises a first dome portion 26 adapted for support on the
combustion chamber wall 18 of the hot blast stove, and a second dome portion 28 adapted tor
support on the checker chamber wall 16 of the hot blast stove. A vertical expansion joint 30 1s
provided between the first dome portion 26 and the second dome portion 28 and 1s adapted to
allow the first dome portion 26 and the second dome portion 28 to independently accommodate
vertical expansion of their respective supporting walls, 1.e., the combustion chamber wall 18 and
the checker wall 16, respectively. As aresult, if the combustion wall 18 thermally expands
vertically to a greater degree than the checker wall 16 owing to temperature differences in the
combustion chamber and the checker chamber, the vertical expansion joint allows the first dome
portion 26 to move independently from the second dome portion 28, resisting cracking of the
dome owing to such differences in vertical expansion of the respective supporting walls. Thus,
the thermal effect of the wall expansion on the combustion chamber side has no significant
adverse impact on the dome’s structural integrity. Further, the additional insulating and dense
refractory layers 24 employed 1n conventional constructions may be omitted as the vertical

expansion joint 1s sufficient for preventing dome cracking owing to the differences in thermal
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expansion. The dome structure of the present invention can therefore provide significant

savings in engineering, materials and construction as compared with conventional stoves.

[0022]  As will be apparent, the life span of both the dome and the stove refractory system
will be increased acéording to the present invention by means of eliminating, or substantially
reducing the occurrence, of vertical cracks in the dome. The associated costs encountered in
conventional systems for additional maintenance and down time costs are also eliminated by
the dome structure of the present invention, which requires very low maintenance.
Additionally, as the additional insulating and dense refractory walls 24 may be omitted, the
process space both for the heat storage capacity as well as the available surface in the
combustion chamber are increased. This will in itself increase the capability for heat storage
of the blast stove as well as allow for a larger combustion chamber area which will reduce the
velocity of the burned gas and air in the combustion chamber. The reduced velocity will

reduce the potential for vibration in the stove.

[0023]  The vertical expansion joint may extend continuously or non continuously along an
arch extending from the first intersection of adjacent edges of the combustion and checker
chamber walls to the opposite intersection of adjacent edges of the combustion and checker
chamber walls, i.e., from point A, along an arch of the dome, to point B, as shown in Fig. 2.
In one specific embodiment, the hot blast stove dome has a substantially hemispherical shape
as shown in Fig. 3, and the vertical expansion joint 30 extends continuously from a first edge
portion of the substantially hemispherical shape to a second edge portion of the substantially

hemispherical shape. A portion of such an expansion joint 30 is shown in Fig. 3.
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[0024]  The dome may be constructed of the indicated elements using any suitable desirable
materials. In one embodiment, the dome portions are formed of monolithic castings or refractory
brick. As shown in Fig. 3, the castings or brick may be secured with a tongue and groove
construction, although other structural embodiments may alternatively used. Suitable casting
and refractory materials for use 1in the dome portions include those known 1n the art for use 1n
high temperature areas of hot blast stoves. In specitic embodiments, the dome portions are
formed of aluminosilicate materials, including, but not limited to andalusite, mullite, fused
mullite, and combinations thereof. In one embodiment, the dome portions are formed of a
refractory castable containing andalusite, mullite, fused mullite, or combinations thereof. The
castable may optionally include cement or may be cement-free. In another embodiment, the
dome portions are formed of a low cement castable material containing andalusite, mullite, fused
mullite, or combinations thereof. In one embodiment, the dome portions are totally or partially
formed and cast in place. The cast in place embodiment 1s advantageous in that special shape
brick requirements as well as long lead time for materials and engineering for tight tolerance
shapes are reduced. The casting of the dome portions 1n place also allows reduction 1n labor
installation costs which are typically associated with installing a tight tolerance multi-brick
shaped dome. The dimensional tolerances and expansion tolerances are more easily achieved
with cast 1n place dome portion structures.

[0025]  Finally, the hot blast stoves of the present invention allow stove shutdown for short or
longer periods of time to be conducted without negative etfects on the dome structure as heat-up
and cool down cracking seen in conventional blast stove domes and caused by differential

vertical expansion are substantially reduced in the dome structure of the present invention.
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[0026] A dome structure as described herein was installed in a hot blast stove of a blast
furnace. Fig. 4 1s a photograph of the dome after installation but prior to operation of the blast
stove to determine the effectiveness of the operation of the dome 1n resisting cracking. Over
time, the blast stove has been operated and the shell in the area of the dome has been periodically
monitored for hot spots during operation. The monitoring has revealed efficient operation of the
dome structure as no shell hot spots have been detected, indicating the insulating layer 1s intact
and significant cracking has been avoided.

[0027]  The specific examples and embodiments described herein are exemplary only in
nature and are not intended to be limiting of the invention detfined by the claims. Further
embodiments and examples, and advantages thereof, will be apparent to one of ordinary skill 1n

the art in view of this specification and are within the scope of the claimed invention.
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CLAIMS:

1. A hot blast stove dome, having a substantially hemispherical shape and
comprising a first dome portion adapted for support on top of a vertical combustion chamber
wall ot a hot blast stove cylindrical housing, and a second dome portion adapted for support
on top of a checker chamber wall of the hot blast stove cylindrical housing, wherein the first
dome portion and the second dome portion are arranged adjacent one another to form the
substantially hemispherical shape, an expansion joint is provided between the first dome
portion and the second dome portion at adjacent edges of the first dome portion and the
second dome portion, and the expansion joint is adapted to allow the first dome portion and

the second dome portion to independently accommodate vertical expansion of their respective

supporting walls of the cylindrical housing.

2. The hot blast stove dome of claim 1, wherein the first dome portion and the

second dome portion comprise monolithic castings.

3. The hot blast stove dome of claim 2, wherein the monolithic castings in each of

the dome portions are secured with a tongue and groove construction.

4. The hot blast stove of claim 1, wherein the first dome portion and the second

dome portion comprise refractory bricks.

S. The hot blast stove dome of claim 4, wherein the bricks in each of the dome

portions are secured with a tongue and groove construction.

6. The hot blast stove dome of claim 1, wherein the expansion joint extends

continuously from a first edge portion of the substantially hemispherical shape to a second

edge portion of the substantially hemispherical shape.

7. ' The hot blast stove dome of claim 1, wherein the dome portions are formed of

a material comprising andalusite, mullite, fused mullite, or combinations thereof.
10
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8. A hot blast stove, comprising a combustion chamber, a checker chamber, a
cylindrical housing comprising a vertical combustion chamber wall and a verical checker
chamber wall, and a dome having a substantially hemispherical shape, wherein the dome
comprises a first dome pbrtion supported on top of the combustion chamber wall, and a
second dome portion supported on top of the checker chamber wall, wherein the first dome
portion and the second dome portion are arranged adjacent one another to form the
substantially hemispherical shape, an expansion joint is provided between the first dome
portion and the second dome portion at adjacent edges of the first dome portion and the

second dome portion, and the expansion joint 1s adapted to allow the first dome portion and

the second dome portion to independently accommodate vertical expansion of their respective

supporting walls of the cylindrical housing.

9. The hot blast stove of claim 8, wherein the combustion chamber wall and the

checker chamber wall are formed of the same materials.

10. The hot blast stove of claim 9, wherein the combustion chamber wall and the

checker chamber wall comprise a metal shell and a refractory lining.

11. The hot blast stove of claim 8, wherein the combustion chamber wall and the

checker chamber wall are connected through expansion joints at their adjacent edges.

12. The hot blast stove of claim 8, wherein the first dome portion and the second

dome portion comprise monolithic castings.

13. The hot blast stove of claim 12, wherein the monolithic castings in each of the

dome portions are secured with a tongue and groove construction.

14, The hot blast stove of claim 8, wherein the first dome portion and the second

dome portion comprise refractory bricks.

11
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15. The hot blast stove of claim 14, wherein the bricks in each of the dome

portions are secured with a tongue and groove construction.

16. The hot blast stove of claim 8, wherein the expansion joint extends

O continuously from a first edge portion of the substantially hemispherical shape to a second

edge portion of the substantially hemispherical shape.

17. The hot blast stove of claim 8, wherein the dome portions are formed of a

material comprising andalusite, mullite, fused mullite, or combinations thereof.

12
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