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(57) Abstract: The object of the
invention is a metallurgical furnace
(1), the wall of which comprises
an external steel structure (5) and a
refractory lining (3) inside the steel
structure, the lining (3) consisting
of at least one course of bricks (4)
5 in the direction of thickness of the
wall of the furnace (1), and that
essentially horizontal, ledge-like
cooling elements (6) are arranged
in the brick lining (3) of the wall
of the furnace (1 ), extending to a
length (1) from the outer surface
(20) of the brick lining (3) of
the furnace (1) towards its inner
surface (9), the length (L) in the
area of the molten material (2)
of the furnace (1 ) and its vicinity
typically being from 50 to 100% of
the thickness (D) of the brick lining
(3) and, elsewhere, typically from
20 to 100% of the thickness (D)
of the brick lining (3), the cooling
elements (6) being attached to the
external steel structure (5) of the
furnace (1 ) by fastening members
(13).
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METALLURGICAL FURNACE

The invention relates to a metallurgical furnace that is provided with a refractory
lining and an external furnace armour plate. To be more precise, the invention
relates to the wall structure of the metallurgical furnace.

Generally, the bottom structure of metallurgical furnaces, such as arc furnaces
or flash smelting furnaces consists of bricks that are stacked in layers on top of
a concreting or a steel base, the number of brick layers typically being about 2
to 5. Generally, the wall structure in the furnaces consists of one or more layers
of bricks inside the furnace, and a steel surface, i.e., a steel mantle that sur-
rounds and supports it on the outside. The temperatures in such furnaces typi-
cally rise to over one thousand degrees Celsius. In the case of copper or nickel,
the temperature of the melt is about 1250 to 1300°C and that of iron is about
1500°C. Because of the high temperatures, it is necessary to arrange extra
cooling in the furnaces. By cooling the furnace walls at a suitable efficiency, it is
possible to make the molten material inside the furnace form an autogenous
protective layer on the inner surface of the furnace. This protective autogenous
layer extends the service life of the furnace by protecting the inner brick lining of
the furnace against wear. In prior art furnaces, it has been possible to arrange
the cooling of the furnace jacket simply by pouring water on it. However, at high
temperatures, this is not necessarily sufficient to cool the furnace wall. Another
commonly used cooling method has been to arrange copper cooling elements
between the lining and the steel mantle or partly inside the brickwork. Such
cooling elements additionally have a water circulation arranged therein to en-
hance and control the cooling. Publications that describe the prior art men-
tioned above include WO 01/20045, US 5904893 and US 6416708.

Publication WO 01/20045 describes a furnace, which is provided with a refrac-
tory lining and an external furnace armour plate and which has copper cooling
plates. These cooling plates are provided with cooling pipes, through which the
cooling agent, generally water, flows. The pipework is welded directly together
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with the external armour plate of the furnace, or spacers are used between
them to compensate for any thermal expansion. The cooling plates are ar-
ranged in a planar structure essentially in the direction of the furnace surface
and directly next to the steel mantle. A space is left between the steel mantle
and the cooling plates/brick lining for the mass layer that is used in the fur-
naces. The purpose of the mass layer is to both receive any expansion in the
radial direction of the furnace and the vertical movement of the brick lining in
relation to the metal jacket; however, at the same time, it works as an insulating
layer preventing the convection of heat through the furnace wall.

Publication US 5904893 also presents a solution for the arrangement of copper
cooling plates on the furnace wall to cool the same. These plates also have a
circulation of cooling liquid arranged inside them, and the cooling plates are ar-
ranged in a planar structure essentially in the direction of the furnace surface.
Also in this solution, a space for the layer of mass is left between the steel man-
tle and the cooling element/brick lining, as in the previous solution.

Publication US 6416708 presents a furnace that is used in the manufacture of
iron, and its wall structure. In this solution, metal bars are arranged inside the
brick course, being in contact with the hot brick courses all the time, and con-
ducting heat away from the brick course. The metal bars can also contain a
channel, through which cooling liquid is arranged to flow through the metal part.
As the metal bars are fully inside the outer metal surface of the furnace, the wa-
ter circulation thus also takes place essentially fully inside the outer surface.
The cooling of the external steel shell is arranged by pouring water along the
outer surface of the steel mantle. These cooling parts are arranged essentially
near the steel mantle of the furnace, and, in the radial direction of the furnace,
they extend no further than to a length of about 1/3 from the first and the out-
ermost brick, after which there is at least a second course of bricks arranged
inside the furnace. In particular, the publication warns not to manufacture cool-
ing parts that extend far inside the brick layer. In addition, the furnace wall
structure retains a mass layer between the furnace metal shell and the brick lin-
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ing. The purpose of this mass layer is to enable the expansion of the brick lining
both in the radial direction and the vertical direction of the furnace in relation to
the steel mantle and to seal the furnace wall; however, it also works as an insu-
lating layer between the brick lining and the shell and thus prevents any effi-
cient heat transfer from the wall structures.

Furthermore, it is well-known to manufacture furnaces including a thin steel
flange that extends from the mantle towards the inside of the furnace, circulat-
ing around the furnace. The purpose of the flange is to support the brickwork.
There is no cooling arranged in such steel flanges. The cooling capacity of such
solutions is of quite another order than that of copper solutions that contain a
water circulation, because the heat conductivity of steel is only about one tenth
of that of copper.

One problem in prior art solutions has been the quick wear of the lining inside
the furnaces and, as a result, the collapse of the lining above the worn spot. By
a suitably dimensioned cooling, an autogenous layer of molten material can be
formed on the inner surface of the furnace to protect the brick lining, slowing
down the wear of the lining. The quick wear of the lining causes an increasing
need for maintenance of the furnace, thus reducing the utilization rate of the
furnace. It may also cause dangerous situations when using water-cooled cool-
ing elements especially, if the cooling water in the pipes flows inside far from
the outer surface of the furnace. The wear of the lining is especially quick at the
upper surface of the melt, where the conditions for the brick lining are the most
disadvantageous. A lot of wear also takes place in the area below the surface
of the melt, but the wear above the melt is less because of the environment that
strains the lining to a lesser extent. Attempts have been made to decrease the
wear of the lining by adding cooling elements according to the known technol-
ogy to the furnace wall structure. Typically, the service life of the lining of prior
art furnaces is from 0.5 to 2 years, after which it must be renewed.
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The task of the solution according to the invention is to prevent the rapid ad-
vance of wear in the wall lining, and the resulting collapse of the wall lining and,
thus, to essentially lengthen the service life of the brick lining.

In addition, the new wall structure makes it possible to omit the mass layers of
prior art furnaces from between the brick lining and the metal shell of the fur-
nace.

The set task is solved by the furnace construction described in the independent
claim. The subclaims describe other preferred embodiments of the invention.

In the following, the invention is described in detail with reference to the ap-
pended drawings, wherein

Fig. 1 shows a patrtial cross-sectional view of the wall structure of the furnace,
and
Fig. 2 shows a simplified view of the entire cross section of the furnace.

Fig. 1 shows the wall structure of a metallurgical furnace 1 as a partial cross-
sectional view. Typically, such metallurgical furnaces 1 have a cylindrical shape
and their diameter can be as much as from 15 to 20 metres. Typically, the tem-
perature in such a furnace 1 in the area of molten material 2 rises to about
1200 to 1500°C. The refractory lining 3 of the inner part of the wall is brickwork
that is made of bricks 4 in layers. The thickness D of the refractory lining 3 in
the radial direction of the wall is typically from 1 to 3 bricks 4. The lining 3 is
preferably made of one course of bricks. The external part of the wall consists
of a steel structure 5 that surrounds the brick lining 3. Part of the bricks 4 are
replaced by essentially horizontal ledge-like cooling elements 6, which are de-
tachably attached to the steel structure 5 of the wall. One cooling element 6 is a
ledge-like piece, which is made of copper and has a length of about 1 metre,
typically in the direction of the periphery of the furnace 1. There are several
such cooling elements 6 arranged side by side and in contact with each other,
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whereby an essentially continuous structure is provided to circulate the entire
furnace 1. It is economic to manufacture the cooling element 6 so that it in-
cludes essentially straight inner and outer surfaces 7 and 8, whereby the radius
of curvature of the furnace 1 wall sets certain limits to the length of the cooling
elements. Alternatively, when manufacturing cooling elements 6 that have
curved inner and outer surfaces 7 and 8, the length of the cooling elements in
the direction of the periphery of the furnace 1 can be made longer than what
was presented earlier. However, the manufacturing costs of such curved cool-
ing elements 6 are higher than those of the straight elements. From the point of
view of the replaceability of the cooling element 6, a theoretical maximum
length of the curved cooling element is half of the circumferential length of the
furnace 1.

It is preferable to render the ledge-like structures, which are formed from the
cooling elements 6, an essentially continuous structure that circulates the fur-
nace 1 at least in the area of the molten material 2, where the cooling required
and the wear of the refractory lining 3 are the greatest. In this way, it is possible
to support the lining 3 evenly around the entire furnace 1. Higher up in the fur-
nace 1, where the wear and the temperature do not necessarily require such a
massive cooling and support of the brick lining 3, the annular ledge structure
can be made, when so desired, from the cooling elements 6 in the form of a
discontinuous ring in the direction of the furnace periphery. This enables a
more cost-effective structure in the upper part of the furnace 1.

The cooling elements 6 extend through the brick lining 3 to a distance L, which
is dependent on the cooling required on the wall. The amount of cooling re-
quired, again, depends on whether the said spot in the brick lining 3 is in con-
tact with the molten material 2, or if it is a spot higher up in the furnace 1, where
the temperature will not rise as high. The properties of the material to be proc-
essed (e.g., copper, nickel, iron) also affect the temperature in the furnace 1.
Typically, the ledge-like cooling elements 6 in the area of the molten material 2
inside the furnace 1 or its vicinity extend to a length of 50 to 100% of the thick-
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ness D of the brick lining 3. They preferably extend to a length of 55 to 100% of
the thickness D of the brick lining, and most preferably to a length of 60 to
100% of the thickness D of the brick lining. Between the cooling element 6 and
the inner surface 9 of the brick lining 3 of the furnace 1, there is placed a brick
10, which is thinner in the direction of the wall thickness, in order to make the
inner surface essentially even. If the cooling element 6 itself extends through
the entire brick lining, the thinner brick, of course, is no longer necessary. The
brick 10 preferably has a design 11, the brick 4 above it having a corresponding
design 12. The purpose of the designs 11 and 12 is to keep the smaller brick 10
better in place in the brick lining 3. The designs 11 and 12 may vary in their
shapes and locations. Only one possible alternative for the implementation is
presented herein by way of an example.

Higher up in the furnace 1, where the need for cooling is not as great, the cool-
ing element 6 typically extends to a length of 20 to 100% of the thickness D of
the brick lining 3. It preferably extends to a length of 25 to 100% and most pref-
erably to a length of 30 to 100% of the thickness D of the brick lining.

The cooling elements 6 are preferably detachably attached by means of fasten-
ing devices, such as bolts 13, to the steel structure 5 above and below the cool-
ing elements. The bolts 13 can go through the cooling elements 6 or they can
be fitted to run outside the external surface 8 of the cooling element, as in Fig.
1. There are essentially horizontal parts 14 and 15 provided in the steel struc-
ture 5 above and below the cooling elements 6. The part 14 above the cooling
element 6 forms a projection 16, which is directed towards the inside of the fur-
nace 1, and a projection 25, which is directed towards the outside of the fur-
nace. The part 15 below the cooling element 6 forms a projection 26 outside
the furnace 1. The cooling element 6 is placed and attached between the parts
14 and 15 by bolts 13. The outward-directed projections 25 and 26 of these
parts 14 and 15 can either be implemented as structures of the same dimen-
sion as the periphery of the furnace 1 or merely as lugs that are provided in the
vicinity of the fixing point.
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If the cooling element breaks and it must be replaced, the inner projection 16 of
the part 14 that is above each cooling element 6 supports the brick lining 3
above the cooling element. The projection 16 is preferably manufactured so
that it circulates the entire furnace 1 as a continuous peripheral structure, but it
can also be made as a discontinuous peripheral structure. A corresponding re-
cess 17 is formed in the brick 4 above the projection 16 for the projection. The
length of the projection 16 can be freely selected and it may extend through the
entire brick lining 13 at the maximum.

The circulation of cooling liquid is arranged in the cooling elements 6 by provid-
ing them with the necessary channels 18 for liquid circulation and members 19
for feeding and discharging the cooling liquid. The channels 18 that run in the
cooling elements 6 are preferably located so that they run essentially outside
the outer surface 20 of the brick lining 3 of the furnace 1 or on the level of the
outer surface. When needed, it is also possible to place the channels 18 so that
they run near the outer surface 20 of the brick lining 3, however, inside its outer
surface. In that case, we are talking about a length that is half of the thickness
D of the brick lining 3, at the maximum. As in no way is the cooling liquid al-
lowed to get in contact with the molten material 2, this also enables a safe
structure for the cooling elements 6 in addition to an efficient cooling. Even if
the cooling element 6 started to damage/wear near the interior of the furnace 1,
its damage/wear would be noticed in time before a failure. The observation of
the damage/wear and the monitoring of its advance can be implemented, for
example, by following the temperature of the cooling liquid that circulates in the
cooling elements 6. Typically, the cooling elements 6 are made of copper be-
cause of its good thermal conductivity, ensuring a sufficient cooling in the brick
lining 3, but other metals can also be used in the manufacture of the cooling
elements. The ledge-like cooling elements 6 prevent/decelerate the advance of
the wear of the brick lining 3 because of the efficient cooling. An autogenous
protective layer is formed, when the temperature of the molten material 2 near
the wall of the furnace 1 decreases. At the same time, the ledge-like structure



WO 2006/040394 PCT/F12005/000432

10

15

20

25

30

of the cooling elements 6 also prevents the brick lining 3 from collapsing, al-
though the lining thins to a greater extent in the area between the cooling ele-
ments (in the elevation of the furnace) as a result of using the furnace. The
structure of the cooling elements 6 and the furnace wall according to the inven-
tion can be used to extend the service life of the brick lining 3 of the furnace 1,
typically, to twice as long compared with the prior art furnaces.

The height H of the cooling elements 6 in the elevation of the furnace 1 is in re-
lation to the height of the bricks 4 of the brick lining, and the cooling element is
typically of a height of one brick 4. In that case, it is not necessary to manufac-
ture bricks 10 of different thicknesses between the inner surface 7 of the cool-
ing elements 6 and the inner surface 9 of the furnace 1. The typical thickness of
a brick in the elevation of the furnace is 3 inches, i.e., about 76mm. If the cool-
ing element 6 extends through the entire brick lining 3, its thickness in the ele-
vation of the furnace is not tied to the thickness of the bricks 4 but it may be
freely dimensioned in a desired way, taking into account the prevailing tempera-
ture and other conditions. In that case, the height of the cooling element is from
40 to 120mm, preferably from 50 to 110mm, and most preferably from 60 to
100mm.

The distance E in the elevation between the cooling elements 6 also essentially
depends on the cooling power needed. In the area of the molten material 2 or in
its vicinity, the distance E is typically from 1 to 4 bricks 4, preferably from 2 to 3
bricks 4. When using typical bricks, this means that E is about 75 to 305mm. E
is preferably about 150 to 230mm.

The distance E in the elevation between the cooling elements 6 higher up in the
furnace is typically from 3 to 8 bricks 4, preferably from 4 to 6 bricks. When us-
ing typical bricks 4, this means that E is about 230 to 610mm, preferably about
305 to 460mm.
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Fig. 2 shows a simplified cross section of the circular furnace 1 as viewed from
above. In the middle, there is the molten material 2, which is surrounded by the
brick lining 3 of the furnace. Outside the brick lining 3, there is the steel struc-
ture 5 of the furnace, supporting the brick lining on the outside. On the outer
edge of the furnace 1, there is a projection 14, to which a cooling element (not
shown in Fig. 2) is attached by fastening devices 13. The fastening devices 13
are illustrated on part of the flange-like continuous projection 14 only.

The invention is characterized in that the cooling of the brick lining of the fur-
nace is arranged by the same element jointly with its support. The size of the
element needed depends on the cooling power required and the location of the
elements in the brick lining. Furthermore, the solution according to the invention
makes it possible to omit the layer of mass used in prior art furnaces between
the furnace brick lining and the steel mantle. It is obvious to those skilled in the
art that by varying the dimensioning and the location of the cooling elements in
the brick lining of the furnace, various alternatives can be provided to imple-
ment the needed cooling.

Some preferred embodiments of the invention are described above by way of
an example. These examples are in no way limiting, but it is obvious to those
skilled in the art that the preferred embodiments of the invention may vary
within the scope of the claims presented below.
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CLAIMS:

1. A metallurgical furnace (1) comprising a wall that has an external steel
structure (5) and a refractory brick lining (3) inside the steel structure, the lining
(3) consisting of at least one course of bricks (4) in the direction of thickness of
the furnace (1), characterized in that essentially horizontal ledge-like cooling
elements (6) are arranged in the brick lining (3) of the wall of the furnace (1),
extending to a length (L) from the outer surface (20) of the brick lining (3) of the
furnace (1) towards its inner surface (9); the length (L) in the area of the molten
material (2) of the furnace (1) and its vicinity typically being from 50 to 100% of
the thickness (D) of the brick lining (3) and, elsewhere, typically, from 20 to
100% of the thickness (D) of the brick lining (3); and the cooling elements (6)
being attached to the external steel structure (5) of the furnace (1) by means of
fastening members (13).

2. A furnace (1) according to Claim 1, characterized in that the cooling ele-
ments (6) extend to a length (L) from the outer surface (20) of the brick lining
(8) of the furnace (1) towards its inner surface (9); the length (L) in the area of
the molten material (2) of the furnace (1) or its vicinity preferably being from 55
to 100% and, elsewhere, from 25 to 100% of the thickness (D) of the brick lin-
ing (3), and most preferably, in the area of the molten material (2) or its vicinity
from 60 to 100% and, elsewhere, from 30 to 100% of the thickness (D) of the
brick lining (3).

3. A furnace (1) according to Claim 1 or 2, characterized in that the height (H)
of the cooling elements (6) in the elevation of the furnace (1) is typically from 40
to 120mm, preferably from 50 to 110mm and most preferably from 60 to
100mm.

4. A furnace (1) according to any of the preceding Claims, characterized in
that the distance (E) between the cooling elements in the elevation of the fur-
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nace (1) in the area of the molten material (2) is typically about 75 to 305mm
and preferably about 150 to 230mm.

5. A furnace (1) according to any of the preceding Claims, characterized in
that the distance (E) between the cooling elements (6) in the elevation of the
furnace (1) in areas other than that of the molten material (2) is about 230 to
610mm and preferably about 305 to 460mm.

6. A furnace (1) according to any of the preceding Claims 1 to 5, charac-
terized in that, in the cooling elements (6), there are channels (18) provided for
the circulation of cooling liquid and members (19) for feeding and discharging
the cooling liquid.

7. A furnace (1) according to Claim 6, characterized in that the channels (18)
of the cooling elements (6) are located on the level of the outer surface (20) of
the brick lining (3) of the furnace (1) or outside the same.

8. A furnace (1) according to Claim 6, characterized in that the channels (18)
of the cooling elements (6) are located inside the brick lining (3) of the furnace
(1) and they extend to the midpoint of the brick lining (3) at the maximum.

9. A furnace (1) according to any of the preceding Claims 1 to 8, characterized
in that the cooling elements (6) form an essentially continuous ring around the
furnace (1) in the area of the molten material (2) and its vicinity.

10. A furnace (1) according to any of the preceding Claims 1 to 8, character-
ized in that the cooling elements (6) form an essentially continuous ring or a
discontinuous ring around the furnace (1) in areas other than that of the molten
material (2) or its vicinity.

11. A furnace (1) according to any of the preceding Claims 1 to 10, character-
ized in that the cooling elements (6) are replaceable.
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12. A furnace (1) according to Claim 11, characterized in that the steel struc-
ture (5) of the wall has an essentially horizontal projection (16), which is di-
rected towards the inside of the furnace (1), provided above the cooling ele-
ment (6), supporting the brick lining (3) during the replacement of the cooling
element (6), and that, in the brick (4) above the projection (16), there is a corre-
sponding recess (17).

13. A furnace (1) according to Claim 12, characterized in that the inwards-
directed projection (16) of the steel structure (5) of the wall is a continuous cir-

cular structure or a discontinuous circular structure.

14. A furnace (1) according to any of the preceding Claims 1 to 13, character-
ized in that the essentially horizontal projections (14, 15) of the steel structure
(5) of the furnace (1), which are directed outwards, form a continuous or a dis-
continuous ring around the furnace (1).

15. A furnace (1) according to any of the preceding Claims 1 to 14, character-
ized in that the cooling elements (6) are made of copper or some other material
that has a good thermal conductivity.
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