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Description

[0001] The presentinvention relates to a refractory lin-
ing for use in an industrial furnace, a method for the man-
ufacturing of such a lining and the use of such a lining
during operation in an industrial furnace.

[0002] The heated space in industrial furnaces is nor-
mally lined with a refractory material, for example in the
form of brick or cast elements. In some situations during
operation in such furnaces, very rapid changes in tem-
perature occur, so called thermal shock. For example,
this is the case in so called oxyfuel and DFI (Direct Flame
Impingement) applications, especially during DF I heating
of metal strips. During such operation, the lining is ex-
posed to extremely rapid heating, because of the high
power of the industrial furnace. Cooling of the lining may
also be extremely rapid, for example since the furnace
is fed with comparatively cold metal material.

[0003] Suchthermal shock leads to heavy wear on the
material of the lining in the form of fissuring and other
deterioration, leading in turn to elevated costs and loss
of time when the material has to be replaced.

[0004] In order to reduce the thermal wear on the ma-
terial in the lining, it has been proposed to use material
containing fibres. Such materials have attractive thermal
shock properties, but the fibres in the material run the
risk of being torn loose and follow the heated material.
At a later point, this may give rise to problems in subse-
quent processing steps, such as hot-galvanizing, when
the torn loose fibres are mixed in with the material.
[0005] The present invention solves the above de-
scribed problems.

[0006] Thus, the invention relates to a lining element
for an industrial furnace, comprising a first layer of a first
refractory material, and is characterised in that the sur-
face of the lining element which is intended to be ar-
ranged inwards, facing the heated volume of the furnace,
atleast partially is coated with a second layer of a second
refractory material, where the second material is porous.
[0007] In the following, the invention will be described
in detail, with reference to exemplifying embodiments of
the invention and to the appended drawings, where:

Figure 1 is a schematic cross sectional side view of
a lining according to a first preferred embodiment of
the present invention.

Figure 2 is a schematic cross sectional side view of
alining according to a second preferred embodiment
of the present invention.

Figure 3 is a detail top view of the lining shown in
Figure 1.

[0008] Figure 1 illustrates a part of a lining according
to a preferred embodiment of the present invention, in
the form of a lining element 1 for mounting inside the
heated volume of an industrial furnace. Suitable areas
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of use for such a lining element 1 are together with other
elements as a part of a ceiling-, flooring-, or wall covering
inside a furnace.

[0009] The lining 1 comprises a first, lower layer 2,
manufactured from a refractory material, and according
to a preferred embodiment solid. The lower layer 2 has
an insulating and supporting effect, and also adds to the
strength of the element 1. Suitable materials for the lower
layer are such fusible materials that have high heat re-
sistance, for example ceramic materials such as alumin-
ium-, zirconium-, or silicon oxides.

[0010] Across parts of the surface of the lining element
1 which surface is intended to be arranged facing in to-
wards the heated volume of the furnace during operation,
the lower layer 2 is coated with an upper layer 3. Similarly
to the lower layer 2, the upper layer 3 is manufactured
from a refractory material, preferably from a ceramic ma-
terial such as Al,O5. The upper layer 3 may, but needs
not, be manufactured from the same material as the lower
layer 2.

[0011] According to the present invention, the upper
layer 3, which is arranged facing in towards the heated
volume of the furnace, is porous. According to a preferred
embodiment, the upper layer 3 has a structure with a
plurality of elongated pores 3a, in the form of essentially
parallel tubes.

[0012] According to an especially preferred embodi-
ment, the pores 3a, together with the walls 3b between
the pores, constitute a honeycomb structure. In other
words, the material of the upper layer 3 forms a honey-
comb structure perpendicularly to the pore direction if
observed in cross-section. This is illustrated in Figure 3,
which shows the honeycomb structure as seen from
above.

[0013] It is preferred that the average inner diameter
of the pores 3a is between 0.5 and 3 mm, and that their
average mutual distance is between 0.5 and 5 mm. Ac-
cording to a preferred embodiment, essentially all pores
3a have the same form and dimensions, and are homo-
geneously distributed across the surface of the lower lay-
er 2 that is coated with the upper layer 3.

[0014] Asis clearin Figure 1, the pores 3a extend es-
sentially vertically to the surface of the lining element 1
facing in towards the heated volume of the furnace. More-
over, the pores 3a are open out towards this surface, and
therefore also out towards the heated volume of the fur-
nace. The pore ends facing away from the heated volume
of the furnace are, on the other hand, clogged by the
material of the lower layer 2, since the porous upper layer
3 is partly lowered into the lower layer 2, see below.
[0015] InFigure 2isillustrated, in a way corresponding
to that of Figure 1, a lining element 11 according to a
second preferred embodiment of the present invention.
The lining element 11 comprises, in a way similar to what
has been described above in connection with Figure 1,
a lower layer 12, which suitably has the corresponding
properties as those described above in connection to the
lower layer 2.
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[0016] Parts of the surface of the lower layer 12, which
surface is arranged to face in towards the heated volume
of the furnace during operation, are coated with an upper
layer 13, manufactured from a material that corresponds
to what has been described above in connection with the
upper layer 3. Similarly to the upper layer 3, the upper
layer 13 is furthermore porous, and comprises elongated,
parallel pores 13a, which are separated by walls 13b.
However, contrarily to the upper layer 3, the pores 13a
in the upper layer 13 run essentially parallel to the surface
of the lining element 11.

[0017] In Figure 2, it is also illustrated how the pores
not being arranged in a position lowered down into the
lower layer 12 are open in both ends.

[0018] Ithas surprisingly proved that when the surface
ofthelining elementis coated with such a porous material
3, 13, the resistance to thermal shock is dramatically in-
creased, both during rapid heating and rapid cooling.
Consequently, the elements last longer and they do not
need replacing as often, which saves money and time.
[0019] According to a preferred embodiment, the up-
per layer 3, 13 is between 1 and 5 cm thick.

[0020] Itis possible to let the porous, upper layer 3, 13
cover the surface of the lower layer 2, 12, which surface
during operation faces in towards the furnace space,
completely or essentially completely. According to a pre-
ferred embodiment, the upper layer 3, 13 covers the main
part of the surface of the lower layer 2, 12.

[0021] According to an especially preferred embodi-
ment, the upper layer 3, 13 covers the surface of the
lower layer 2, 12 merely in patches. According to this
embodiment, the spots 4b, 14b covered by the upper
layer 3, 13 form a regular pattern on the surface of the
lower layer 2, 12. Especially attractive thermal properties
have been achieved using lining elements where the cov-
ered spots 4b, 14b are isolated from each other by the
use of thin, elongated, not covered areas 4a, 14a. For
example, the upper, porous layer 3, 13 may be arranged
on the lower layer 2, 12 in the form of quadratic or rec-
tangular units arranged next to, at a distance from and
separated from each other.

[0022] When the upper material 3, 13 hence is ar-
ranged to merely cover the lower material 2, 12 in patches
and in modules, with elongated spaces 4a, 14a between
the modules 4b, 14b, even better resistance to thermal
shock is obtained. The reason for this is believed to be
that the thermally induced geometrical material changes,
arising as a consequence of the large temperature gra-
dients occurring during operation, in the free ends of the
modules 4b, 14b facing into the heated volume of the
furnace, will not result in fatigue of material to the same
extent as is the case when the upper layer 3, 13 is ar-
ranged to cover the lower layer 2, 12 completely.
[0023] According to a preferred embodiment, each
module 4b, 14b has a maximum diameter perpendicu-
larly to the surface of the element 1 of between about 5
and 10 cm. According to an especially preferred embod-
iment, the modules 4b, 14b are in the form of quadratic
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units with dimensions 5 x 5 cm or 10 x 10 cm. Further-
more, it is preferred that the width of the spaces 4a, 14a
is essentially smaller than the surface dimensions of the
modules 4b, 14b.

[0024] Itis realised that a lining element 1, 11 accord-
ing to the present invention also may comprise other lay-
ers, except the lower 2, 12 and the upper 3, 13 layers,
as long as the outermost layer, facing in towards the heat-
ed volume of the furnace, is comprised of the upper, po-
rous layer 3, 13.

[0025] According to the present invention, a lining el-
ement 1, 11 according to the present invention is manu-
factured by, in a first step, casting the lower layer 2, 12
to the desired thickness. According to a preferred em-
bodiment, the lower layer is cast to such a thickness so
that the final total thickness of the element, including the
upper layer 3, 13 and any additional layers, becomes
between about 30 and 50 cm.

[0026] Thereafter, in a second step, the upper layer 3,
13 is formed by modules 4b, 14b of porous material,
which are lowered some distance down into the not yet
solidified, molten material forming the lower layer 2, 12.
The porous material is lowered down into the molten ma-
terial to such a depth so that it partly protrudes above the
surface of the molten material, preferably between 5 and
10 cm.

[0027] The pore ends which after lowering are posi-
tioned below the surface of the molten material are
clogged by the molten material, why pores arranged per-
pendicularly to the surface of the molten material only
will have those pore ends open which face in towards
the heated volume of the furnace.

[0028] Thereafter, in a third step, the molten material
is allowed to solidify. Thereby, the modules 4b, 14b of
porous material are also fixed in the lower layer 2, 12,
and, as a consequence, they will also form the upper
layer 3, 13. The lin-ingelement 1, 11, thus formed may
be of the type essentially illustrated in Figure 1, having
perpendicular pore direction, or of the type essentially
illustrated in Figure 2, with parallel pore direction. It is
realised that other types of pore geometries also may be
used.

[0029] According to a preferred embodiment, the mod-
ules 4b, 14b of porous material are lowered down into
the molten material to form a regularly recurring pattern
with spaces 4a, 14a between the modules 4b, 14b, in
accordance to what has been described above.

[0030] According to the present invention, the lining
elements 1, 11 of the invention may advantageously be
used as building elements and/or insulation in an indus-
trial furnace. It is especially preferred to use elements of
the invention in furnaces driven by one or several DFI
burners and/or with one or several oxyfuel burners, since
the lining in such furnaces in many applications are ex-
posed to very heavy thermal shocks during operation.
An especially suitable area of use for lining elements 1,
11 according to the inventionis in furnaces for continuous
DFI heating of metal strips, where the metal strip contin-
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uously is conveyed through the furnace and past one or
several DFI burners. Lining elements being arranged
near such a DFI burner are exposed to very heavy ther-
mal shocks during operation.

[0031] Thus, by using lining elements according to the
present invention in such an industrial furnace, the ad-
vantage is achieved that each element will resist thermal
shock better than conventional lining elements. This will
lead to decreased needs for maintenance and replace-
ments of lining elements, in turn leading to decreased
costs and better up-time of the industrial furnace. More-
over, the problems of contamination of torn loose fibres
from lining materials containing fibres are avoided. An
additional advantage is that the pores in the upper layer
allow for a lower total weight for each lining element,
which lessens the total weight for the lining.

[0032] Above, preferred embodiments have been de-
scribed. However, it is apparent for the skilled person
that many modifications may be made to the described
embodiments without departing from the spirit of the in-
vention.

[0033] Forexample, other types of pores may be used
in the porous material of the upper layer 3, 13, such as
isolated or completely or partially connected bubbles
filled with gas, such as air or a per se known, inert gas.
Furthermore, the pores may be elongated but have other
pore directions than those illustrated in Figure 1 and Fig-
ure 2, respectively. Especially, the pores may have var-
ying directions of extension and/or be combined with bub-
bles. To this end, it is essential that the pores occupy a
substantial part of the total volume of the upper layer in
order to achieve the advantages of the present invention.
[0034] Examples of other useful pore structures, ex-
cept for the above described, parallel and elongated
pores, are foam or sponge structures.

[0035] An alternative process of manufacturing lining
elements according to the present invention is to, in the
above described second step, instead of lowering down
modules of porous material, lower down a plurality of
hollow tubes in to the molten material. The tubes may be
of a suitable, refractory material, whereby the upper layer
may be finished when the tubes have been allowed to fix
in the molten material as this has solidified in the third
step. Alternatively, additional refractory material may be
cast, in a separate, fourth step, around the tubes fixed in
the cast material, so that the upper, porous material
thereby is formed.

[0036] When such tubes are used for the manufactur-
ing of the upper layer 3, 13, it is preferred that the upper
layer 3, 13 is arranged to merely cover the surface of the
lower layer 2, 12 in patches, in accordance with what has
been described above. This may take place in a per se
conventional manner.

[0037] Hence, the invention shall not be limited by the
described embodiments, but be variable within the frame
of the enclosed claims.
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Claims

10.

Lining element (1;11) for an industrial furnace, com-
prising afirstlayer (2;12) of a first refractory material,
characterised in that the surface of the lining ele-
ment (1;11) which is intended to be arranged facing
in towards the heated volume of the furnace at least
partially is coated with a second layer (3;13) of a
second refractory material, where the second mate-
rial is porous.

Lining element (1;11) according to claim 1, charac-
terised in that the second material has a porous
structure in which the pores (3a;13a) are elongated
and parallel.

Lining element (1;11) according to claim 2, charac-
terised in that the pores (13a) extend parallel to the
surface of the lining element (1;11).

Lining element (1;11) according to claim 2, charac-
terised in that the pores (3a) extend vertically to the
surface ofthe lining element (1;11) and that the pores
(3a) are open out towards the surface of the lining
element (1;11).

Lining element (1;11) according to any one of claims
2 - 4, characterised in that the pores (3a;13a) to-
gether form a honeycomb structure when seen in
cross section.

Lining element (1;11) according to any one of the
preceding claims, characterised in that the second
layer (3;13) covers the main part of the surface of
the lining element (1;11), at the same time as the
second layer (3;13) covers the surface of the lining
element (1;11) merely in patches, and in that the
covered spots (4b;14b) are isolated from each other
by thin, elongated areas (4a;14a) which are not cov-
ered by the second material.

Lining element (1;11) according to any one of the
preceding claims, characterised in that the aver-
age inner diameter of the pores (3a;13a) is between
0.5 and 3 mm.

Lining element (1;11) according to any one of the
preceding claims, characterised in that the aver-
age mutual distance between the pores (3a;13a) is
between 0.5 and 5 mm.

Lining element (1;11) according to any one of the
preceding claims, characterised in that the second
material is between 1 and 5 cm thick.

Lining element (1;11) according to any one of the
preceding claims, characterised in that the second
material is a ceramic material such as for example
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Al,O5.

Method for the manufacturing of a lining element (1;
11) according to any one of the claims 1 - 10, char-
acterised in that the first material, in a first step, is
cast to desired thickness, and in that the second
material, in a second step, is lowered down into the
molten material before it has solidified, to such a
depth so that the second material partly protrudes
above the molten material, and in that the molten
material thereafter, in a third step, is allowed to so-

lidify.

Method accordingto claim 11, characterised in that
the second material is in the form of prefabricated
modules (4b;14b) of porous material, and in that the
second material in the second step is lowered down
so that the modules (4b;14b) form a regular pattern
with spaces (4a;14a) between the modules (4b;14b).

Use of a lining element (1;11) according to any one
of the claims 1 - 10 in an industrial furnace.

Use according to claim 13, characterised in that
the industrial furnace comprises a DFI burner.

Use according to claim 14, characterised in that
the industrial furnace is intended for continuous DFI
heating of metal strips.

Use according to any one of the claims 13 - 15, char-
acterised in that the industrial furnace comprises
an oxyfuel burner.
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