
(19) *EP004545892A1*
(11) EP 4 545 892 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
30.04.2025 Bulletin 2025/18

(21) Application number: 23205661.4

(22) Date of filing: 24.10.2023

(51) International Patent Classification (IPC):
F27B 9/06 (2006.01) F27B 9/24 (2006.01)
F27B 9/26 (2006.01) F27B 9/30 (2006.01)
F27B 9/36 (2006.01) F27D 3/12 (2006.01)
F27D 11/02 (2006.01) F27D 99/00 (2010.01)
H05B 3/62 (2006.01) H05B 3/64 (2006.01)
H05B 3/66 (2006.01)

(52) Cooperative Patent Classification (CPC):
F27D 3/123; F27B 9/062; F27B 9/063; F27B 9/24;
F27B 9/26; F27B 9/262; F27B 9/30; F27B 9/36;
F27D 11/02; F27D 99/0006; H05B 3/62; H05B 3/64;
H05B 3/66

(84) Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB
GR HR HU IE IS IT LI LT LU LV MC ME MK MT NL
NO PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA
Designated Validation States:
KH MA MD TN

(71) Applicant: Keramischer Ofenbau GmbH
31135 Hildesheim (DE)

(72) Inventors:
• ALTEN, Thomas
31135 Hildesheim (DE)

• HILGENFELDT, Roger
31135 Hildesheim (DE)

• NAUSE, Marcel
31135 Hildesheim (DE)

• NEELEN, Jan-Niklas
31135 Hildesheim (DE)

(74) Representative: Bardehle Pagenberg S.L.
Avenida Diagonal 598, 3º, 1ª
08021 Barcelona (ES)

(54) ELECTRIC HEATING ELEMENTS, ELECTRIC HEATED KILN CARS, CONTINUOUS KILNS AND
METHODS

(57) The present disclosure relates to electric heat-
ing assemblies for kiln cars and kilns, to electric heated
kiln cars for kilns, to electric continuous kilns and meth-
ods. An electric heating assembly comprises aU-shaped
electric heatingelement anda first insulation surrounding

an end part of a first side portion of the heating element
and a second insulation surrounding an end part of a
second side portion of the heating element. The first and
second side portions are of a same length or shorter than
a top portion of the U-shaped electric heating element.

EP
4
54
5
89
2
A
1

Processed by Luminess, 75001 PARIS (FR)



2

1 EP 4 545 892 A1 2

Description

TECHNICAL FIELD

[0001] The present disclosure relates to heating as-
semblies for kiln cars and kilns and to electric heated kiln
cars, particularly for continuous kilns. The present dis-
closure further relates to electric continuous kilns and
methods for heating a load on an electric heated kiln car
or on a non-electric heated kiln car being transported
through a continuous kiln.

BACKGROUND

[0002] A kiln is a type of oven that produces tempera-
tures sufficient to complete some process, such as hard-
ening, sintering or drying. For example, kilns are used for
"firing" clay based ceramicware. In the firing process, the
ware (which may be glazed) is to be heated for a pro-
longed period of time according to a specific temperature
profile. The temperature profile may be designed to en-
sure vitrifyingof theware. Theuseof kilns is knowne.g. in
the manufacture of sanitary ware, dishes and porcelain,
roofing tiles, bricks, technical ceramics and other.
[0003] Different types of kilns are known. In continuous
kilns, kiln cars are loadedwith theware to be fired andare
moved for heating the ware when traveling through the
kiln. Kiln cars may be moved "continuously" through the
kiln using e.g. rails. Continuous kilns may also be called
tunnel kilns.
[0004] In these kilns, heating elements are usually
arranged on the internal walls of the continuous kiln such
that the temperature of the ware can be controlled along
the whole length of the kiln. For example, gas burners
may be provided such that the load of the kiln is heated
when the kiln car goes through the continuous kiln. At the
entrance, the ware is cold, and as it is slowly transported
through the kiln, its temperature increases as it ap-
proaches the central, usually hottest part of the kiln. As
the ware continues to move through the kiln, the tem-
perature of the ware may be lowered. Along sections of
thecontinuouskiln, coldairmaybe injected toensure that
the ware undergoes a specifically designed temperature
profile.
[0005] In intermittent kilns, on the contrary, the ware to
be fired is first loaded into the kiln. The kiln is then sealed,
and the internal temperature is then increased according
to a specific temperature profile.After the firingprocess is
completed, both the kiln and the ware are cooled. Inter-
mittent kilns may also rely on the use kiln cars. In inter-
mittent kilns, heating elements are arranged on the inter-
nal walls of the kiln. The kiln car moves or is transported
into the kiln, the kiln car stops, and the electric heating
elements heat the load of the kiln car. After the heat
treatment is completed, both the kiln and the load may
be cooled. The load may be removed from the intermit-
tent kiln, the kiln may be cleaned and the next heating
cyclemaybegin.Different types of heating elementsmay

be used.
[0006] CH216256 discloses a tunnel kiln with kiln cars
that incorporate electric heating. Electric power is pro-
vided to theelectric heatingdevices throughaconductive
rail arranged along the floor of the tunnel. DE 1 558 062A
also discloses kiln cars incorporating electric heating.
More modern tunnel kilns generally rely on gas burners
rather than electric heating in spite of the benefits of CO2
reduction when avoiding LPG (liquefied petroleum gas)
or natural gas for heating. One reason is that heatingwith
gasmaybeeasier due to the largedimensionsof thekilns
and the amount of heating power required. Moreover,
electric heating may be less efficient than gas heating in
terms of heat transfer. The heat transfer of electric heat-
ing ismostly thermal radiation, whereas the heat transfer
of conventional gas burners is mostly heat convection.
There is still a need to provide electric heating solutions
for ceramic ware which provide effective electrical heat-
ing and are both efficient and cost-effective.

SUMMARY

[0007] In an aspect of the present disclosure, an elec-
tric heating assembly is provided. The electric heating
assembly comprises a substantially U-shaped electric
heating element including a first side portion, a second
side portion and a top portion connecting the first side
portion with the second side portion, the top portion
extending along a longitudinal direction and configured
to heating ware. The electric heating element ismounted
at end parts of the first and second side portions. The
electric heating assembly further comprises a first insula-
tion surrounding theendpart of the first side portion anda
second insulation surrounding the end part of the second
side portion, wherein the first and second end parts of the
two side portions can move along the longitudinal direc-
tion. The first and second side portions have a length
which is equal to or shorter than a length of the top portion
of the U-shaped electric heating element.
[0008] In accordance with this aspect, an effective
electric heating solution is provided for ceramic ware in
kilns. A kiln car can support the ware. In some examples,
electric heating may be provided on individual kiln cars
such that the heating can be adapted to the ware pro-
vided on each individual kiln car. In these or other ex-
amples, electric heatingmayalsobeprovidedon thefloor
of the kiln.
[0009] U-shaped heating elements are generally
known in the art, but usually the side portions of the U
are significantly longer than the bottom of the U (or "top"
portionwhen inverted). In the present disclosure, in order
to provide effective heating, the portion connecting the
two side portions is at least as long as or significantly
longer than the side portions.
[0010] When electric current is circulated through the
electric heating element, thermal expansion of the heat-
ing element may be absorbed by allowing movement in
the longitudinal direction of theU-shaped electric heating
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element. Damage, e.g. fracture, of the U-shaped electric
heating element may be avoided. At the same time, the
kiln car and ceramic ware are protected since the electric
heating element is (electrically) insulated.
[0011] Throughout this disclosure, an electric heating
elementmay refer to an element which heats upwhen an
electric current is circulated through it. As previously
indicated, the electric heating element has a U-shape.
[0012] When the first and second side portions of the
electric heating element are shorter than the top portion
of the electric heating element, a more efficient and safer
heatingmay be achieved, asmore heat may be released
upwardly due to a longer top portion and less electric
heatingelementsareneeded in thekiln carbodyand/or in
the kiln floor body.
[0013] The electrical resistance of the side portions of
the U-shaped electric heating element may be different
from the electrical resistance of the top portion, for ex-
ample due to the introduction of different densities of the
material as well as different conductive cross sections
such as hollow sleeves. In particular, the electrical re-
sistance of the top portion may be higher than the elec-
trical resistance of the side portions. For a given current
level, the top portion will heat up more, providing more
efficient heating for the ware. The electrical resistance of
the twosideportionsmaybe thesameor similar.Also, the
electrical resistance of the two side portions may be low
or very low for heating these side portions as little as
possible.
[0014] In some examples, the first and second insula-
tion may be resilient and configured to be compressed
radially outwards as the electric heating element ex-
pands.
[0015] The first and the second insulation may com-
prise hollowsleeves in someexamples. Thesleevesmay
be configured to compress radially outwards when the
side portions of the U-shaped electric heating element
exert a radially outward force, in particular along the
longitudinal direction of the U-shaped electric heating
element. In some examples, the sleeves may be tightly
fitted around the side portions. I.e., initially, when the
heating element is cold, the inner walls of the sleeves
may touch the outer surface of the side portions.
[0016] In some examples, a first gap may be provided
between the first insulation and the first sideportionalong
the longitudinal direction, and a second gap may be
provided between the second insulation and the second
side portion along the longitudinal direction to allow for
longitudinal movement of the side portions. The gap or
hole may be elongated. The first and second insulation
may have an oval or an oblong cross-section, e.g. sub-
stantially elliptical of racetrack shaped, in order to retain
the electric heating element in one direction, and allow
movement in another direction.
[0017] The first and the second insulations may com-
prise hollow sleeves or rings. An inner diameter of the
hollow sleeves or rings may be larger than an outer
diameter of the side portions of the U-shaped electric

heating element along the longitudinal direction of the U-
shapedelectric heating element, and the first and second
side portions may move radially outwards, in particular
along the longitudinal direction, when a current is circu-
lated through the heating element and therefore heated.
The initial outer diameter of the side portions when they
are cold, i.e. before current circulation through them,may
be increased. The inner diameter of the hollow sleeves or
rings may limit the radial expansion of the side portions
along the longitudinal direction. I.e., the hollow ringsmay
be rigid. The hole may for example be oval or oblong, as
indicated in the previous paragraph.
[0018] The U-shaped electric heating element may
comprise, and in particular may be made of, silicon
carbide (SiC).Siliconcarbide isasemiconductormaterial
which has a high thermal conductivity and is able to
withstand harsh environments. In kilns for firing ceramics
such as sanitary ware, temperatures of e.g. 1200°C or
higher may be reached.
[0019] Additional U-shaped electric heating element
assemblies like the ones described herein may be ar-
ranged on a kiln car body or on a kiln floor body. The
provided heating element assemblies may be arranged
forming for example two (or more) rows on the kiln car
body or one row on the kiln floor body.
[0020] In a further aspect of the disclosure, a kiln car for
a kiln is provided. The kiln car comprises a kiln car body, a
supporting base for supporting a load to be fired and the
electric heating assembly of the previous aspect ar-
ranged below the supporting base. End parts of the
two side portions of the U-shaped electric heating ele-
ments are mounted on the kiln car body and the top
portion is arranged above the kiln car body such that
the U-shaped electric heating element is configured to
heat the load on the support base. The one or more
electric heating assemblies further comprise a first in-
sulation surrounding the end part of the first side portion
and a second insulation surrounding the end part of the
second side portion, wherein the first and second end
parts of the two side portions are mounted in the kiln car
body such that the first and second end parts can move
along the longitudinal direction.
[0021] In a further aspect of the disclosure, an electric
continuous kiln is provided. The electric continuous kiln
comprises a tunnel, one or more electric heated kiln cars
according to any of the examples described herein and
one or more rails for guiding the electric heated kiln cars.
Anelectric continuouskilnmayheat a loadonakiln car by
using electric heating elements, for example a load on an
electric heated kiln car as disclosed herein, when the
electric heated kiln car moves along the kiln. It should be
noted that an electric continuous kiln may also be con-
figured to partially heat a load on a kiln car in additional
ways. For example, in some examples, in addition to
electric heating elements, the continuous kiln may use
additional gas burners. Also, as mentioned below, an
electric continuous kiln may be configured to heat a load
ona kiln car (electric heated or non-electric heated)when
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the kiln car moves along the kiln, the electric heating
elements being arranged in a floor body of the kiln.
[0022] Different kiln cars may be used such that differ-
ent loads can be heated and cooled simultaneously in
different parts of the kiln. For example, a load on one or
more kiln cars is being heated in a first region of the
continuous kiln, whereas another load one or more other
kiln cars is being cooled in a subsequent region of the
continuous kiln at a same time. The treated loadsmay be
continuously removed from the kiln and replaced by
loads in another part of the kiln which are then heated.
[0023] The term "load" herein refers to the products
that are being heated. These products may be e.g. sa-
nitary products such as toilet bowls, sinks or other. The
terms "ware" and "load" may be used interchangeably
herein.
[0024] In a further aspect of the disclosure, an electric
continuous kiln is provided. The kiln comprises a tunnel,
one or more rails for guiding one or more kiln cars and a
kiln floor body comprising an electric heating assembly
as described herein. The end parts of the two side por-
tions aremounted on the floor body and the top portion is
arranged above the floor body such that the U-shaped
electric heating element is configured to heat a load on a
kiln car.
[0025] In a further aspect of the disclosure, a method
for heating a load arranged on an electric heated kiln car,
e.g. on an electric heated kiln car as described through-
out this disclosure, in a continuous kiln is provided. The
method comprises moving the kiln car through the con-
tinuous kiln, and simultaneously circulating an electric
current through theU-shapedelectric heating element as
described herein for heating the load.
[0026] Therefore, while the kiln car is being moved
through the kiln, electric current may be introduced in
theelectric heatingelement through the freeendof oneof
its side portions, circulated through its top portion and
then removed through the free end of the other of its side
portions. The heat released by the electric heating ele-
ment, and in particular through its top portion, may be
used to heat a load above the electric heating element.
[0027] In this manner, the load on an electric heated
kiln car can be heated when the kiln car travels through
the continuous kiln. The loadonanon-electric heated kiln
car may also be heated when the kiln travels through the
continuous kiln by mounting the heating elements on the
floor body. In some examples, electric heating assem-
blies as described herein may be mounted both on the
kiln cars and on a kiln floor body.
[0028] In some examples, the load may be a ceramic
load. In other examples, the load may be any other
suitable load.
[0029] Particular aspects, examples and elements of
aspects or examples disclosed herein can be combined
together in any number and order to form new aspects
and examples that form part of this disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030]

Figure 1 schematically illustrates a front view of an
example of an electric heating assembly comprising
a U-shaped electric heating element.

Figure 2 schematically illustrates an exploded view
of the assembly of figure 1.

Figure 3 schematically illustrates a cross-sectional
enlarged view of the assembly of figure 1.

Figure 4 schematically illustrates a cross-sectional
view of another example of an electric heating as-
sembly.

Figures 5, 6 and 7 schematically illustrate a front
view, a perspective view and a side view of an ex-
ample of an electric heated kiln car comprising a
plurality of U-shaped electric heating elements.

Figure 8 schematically illustrates a top view of the
electric heated kiln car of figures 5‑7.

Figures 9 and 10 schematically illustrate two cross-
sections of an example of a kiln. The cross-section of
figure 9 is perpendicular to the direction of travel of
the kiln cars. The cross-section of figure 9 is a long-
itudinal cross-section of the kiln.

Figure 11 shows a flow chart of a method for heating
a load arranged on a kiln car, optionally on an electric
heated kiln car, in an electric continuous kiln.

DETAILED DESCRIPTION OF EXAMPLES

[0031] Referencewill nowbemade in detail to embodi-
ments of thepresent disclosure, oneormoreexamplesof
which are illustrated in the drawings. Each example is
provided byway of explanation only, not as a limitation. In
fact, it will be apparent to those skilled in the art that
various modifications and variations can be made in the
present disclosure. For instance, features illustrated or
described as part of one embodiment can be used with
another embodiment to yield a still further embodiment.
Thus, it is intended that the present disclosure covers
such modifications and variations as come within the
scope of the appended claims and their equivalents.
[0032] Figure 1 schematically illustrates a front view of
an electric heating assembly 3. An exploded view of this
assembly 3canbeseen in figure2, andacross-sectionof
the left portion of the assembly can be seen in figure 3. An
electric heating assembly 3 comprises a U-shaped elec-
tric heating element 2. The U-shaped electric heating
element 2 comprises a first side portion 4, a second side
portion 5 and a top portion 6 connecting the first side
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portion 4 with the second side portion 5. As such, the
heating element 2 thus forms an inverted U. The top
portion 6 extends along a longitudinal direction of the
U-shaped electric heating element.
[0033] The electric heating assembly 3 further com-
prises a first insulation 8A surrounding an end part of the
first side portion 4 and a second insulation 8B surround-
ing an end part of the second side portion 5, see figures 2
and 3. The first and second end parts are mounted such
that the first and second end parts can move along the
longitudinal direction when the first 4 and the second 5
side portions aremounted to a body 7of a kiln car 1 or to a
floorof a kiln.Ascanbeseen in figure1and in figure5, the
first 4 and second 5 side portions have a length which is
equal to or shorter than a length of the top portion 6 of the
U-shaped electric heating element 2.
[0034] In this manner, thermal expansion of the U-
shaped electric heating element 2 may be controlled.
In particular, damage to the heating element 2 and to
the kiln car body 7 may be avoided or at least reduced.
[0035] The U-shaped electric heating element 2 may
comprise, and in particular may be made of, silicon
carbide (SiC). An electrical resistance of the top portion
6 of the heating element 2 may be higher than an elec-
trical resistance of the side portions 4, 5 of the heating
element 2 to generate most heat in the top portion.
[0036] The first insulation 8Aand the second insulation
8B may be resilient and configured to be compressed
radially outwards under a radially outwards force of the
first side portion 4 and the second portion 5, respectively
(see figures 2 and 3). Compression may in particular be
along the longitudinal direction of the U-shaped electric
heating element.
[0037] The first insulation 8Aand the second insulation
8Bmaycompletely surround, in a tangential direction of a
side portion 4, 5, an end part of the corresponding side
portion 4, 5 of the heating element 2.
[0038] The first insulation 8Aand the second insulation
8B may or may not reach an end of the side portion 4, 5
which is to bemounted on a kiln car body or on a kiln floor
body. The first 8Aand second8A insulationwill in general
not reach the opposite end of the side portion 4, 5, i.e. the
end that touches the topportion6of theU-shapedelectric
heating element 2.
[0039] The heating assembly may further comprise a
first stopper 9A and optionally a second stopper 9B
configured to limit a movement of the first and second
end parts along the longitudinal direction of the electric
heating element 2 respectively. For example, a first radial
gap 10may be provided between the first stopper 9A and
the first side portion 4 (see figure 3), and a second radial
gap10maybeprovidedbetween the secondstopper and
the second side portion 5. Additional stoppers 9C, 9D
may further be provided.
[0040] In some examples, the first insulation 8A and
the second insulation 9A may be hollow sleeves 8A, 8B,
see figures 2 and 3. The sleeves may be resilient and
configured to compress along an outwardly radial direc-

tion when the side portions 4, 5 expand radially outward
and exert a radial force on the sleeves 8A, 9A. The force
and the compression may in particular be along the
longitudinal direction of the U-shaped electric heating
element. The sleeves may comprise a ceramic material.
[0041] The electric heating assembly 3 may further
comprise a first outer rigid sleeve 13 and a second outer
rigid sleeve 14, see figures 1‑3. The rigid sleeves 13, 14
may tangentially surround the compressible sleeves 8A,
8B. An inner wall of the rigid sleeves 13,14 may radially
limit the compressible sleeves 8A, 8B and keep them in
an appropriate position. The rigid sleeves 13, 14 may
comprise ormaybemadeof a ceramicmaterial. The rigid
sleeves 13, 14 may also protect an inside of a kiln car
body 7 or a floor body of a kiln from the heat absorbed by
the compressible sleeves 8A, 8B.
[0042] In some examples, the compressible sleeves
8A,8Band theouter rigid sleeves13,14maybearranged
between a top stopper 9A, 9B and a bottom stopper 9C,
9D. In the example of these figures, the top stoppers and
the bottom stoppers are configured as rigid hollow ele-
ments havinga radial gapwith respect to the correspond-
ing side portion 4, 5 of the heating element 2 when the
heating element is cold. The bottomstoppersmay help to
support the compressible sleeves 8A, 8B and the rigid
sleeves 13, 14. A washer 15 may be arranged between
thebottomstopperand thesupported sleeves8A,8B, 13,
14. The washer 15 may be made of stainless steel.
[0043] One or more pins 16, see figure 2, may be
provided for keeping the electric heating element 2 at a
desired height with respect to the other components of
the assembly 3. Alternative or additional retaining ele-
ments may be provided.
[0044] In some examples, a first gap may be provided
between the first insulation and the first sideportionalong
the longitudinal direction, and a second gap may be
provided between the second insulation and the second
side portion along the longitudinal direction. Therefore,
the first 4 and second 5 side portions may have room for
moving along the longitudinal direction of the U-shaped
heating element, and in particular outwardly, when theU-
shaped heating element is electrically heated. Also, the
first insulation and the second insulationmay be rigid, i.e.
non-resilient. Therefore,when thesideportions4,5of the
U-shapedelectric heatingelement exert a forcealong the
longitudinal direction of the heating element against the
rigid insulations, the insulations may prevent the side
portions 4, 5 to advance further in the direction along
which they are pushing.
[0045] Figure 4 schematically illustrates a cross-sec-
tional view of another example of an electric heating
assembly 3. The electric heating assembly 3 is like the
assembly 3 of figures 1‑3, but the radii of the first insula-
tion 8A and the second insulation 8B are bigger along the
longitudinal direction of the U-shaped electric heating
element 2 than along the other directions. The inner
and outer perimeters of the first 8A and second 8B
insulation are for example oval in cross-section, see
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the example of figure 4. In general, the first insulation and
the second insulation may have an oval cross-section or
an oblong cross-section. In the case of an oblong cross-
section, a central section may have a constant width
between two rounded portions with a constant radius.
Also, in the example of figure 4, a first gap 27 and a
second gap 28 between the side portions 4, 5 of the U-
shaped heating element 3 and the first 8A and second 8B
insulations are provided along the longitudinal direction
of the U-shaped heating element 3.
[0046] Thefirst insulation 8Aand the second insulation
8B may be sleeves or hollow rings in some examples.
Thefirst andsecond insulationsmaybeelongated (e.g. in
a radial directionof the sleeveor ring, and inparticular ina
longitudinal direction of the U-shaped electric heating
element). An elongated inner diameter may reduce the
probability of breakage of the U-shaped electric heating
element 2 aswell asmayhelp to keep the electric heating
element 2 in place by retaining it along a direction per-
pendicular to the largest diameter of the hole. An inner
diameter of the insulations, e.g. of the sleeves or hollow
rings, may have a racetrack shape or an oval shape in
some examples.
[0047] In the examples including the first 27 and sec-
ond 28 gaps, one or more retaining elements 16 (e.g.
pins, similar as in figure 2) may also be provided. In the
examples where the first gap and the second gap are
provided, as well as in the examples where the first and
second insulations are resilient, the first insulation and
the second insulation may be made from ceramic mate-
rials.
[0048] According to another aspect of the disclosure, a
kiln car is provided. Figure 5 schematically illustrates a
front view of an example of a kiln car 1 comprising an
electric heating element assembly 3, and in particular a
plurality of electric heating element assemblies 3.
[0049] Figure 6 shows the sameexample of the kiln car
in a perspective view. The electric heating assemblies 3
in these examples are assemblies as illustrated in figures
1‑3, but in other examples electric heating assemblies
comprising the first gap and the second gap between the
U-shaped electric heating element 2 and the first and
second insulations for allowing longitudinal movement
may be used.
[0050] Two of the electric heating assemblies 3 of the
kiln car can be seen in figure 5. A portion of the body 7 of
the kiln car 1 has been removed such that the arrange-
ment of an assembly 3 within the kiln car body 7 may be
seen.When an electric heating assembly 3 ismounted to
the kiln car 1, the first insulation 8A and the second
insulation 8B are arranged inside the kiln car body 7,
i.e. the insulationsarenot in contactwithair above thekiln
car body.
[0051] A plurality of kiln cars may be moved along a
tunnel kiln. A tunnel kiln may have a length of e.g. 60
meters, 100 meters or more. Suitable rails may be ar-
ranged along the length of the tunnel kiln. In other ex-
amples, other guiding systemsmay be provided. A width

of the tunnel may be e.g. 3‑5 meters in some examples.
[0052] In examples where a kiln car 1 comprises a
plurality of electric heating assemblies 3, electric power
may be provided from the bottom of the kiln car using one
or more conductive tracks. The kiln car may include one
or more contact shoes which contact with the conductive
track. The kiln car may include suitable power converter
systems and controls to continuously or intermittently
supply current through the electric heating assemblies.
[0053] A control system may comprise one or more
processors and one or more memories for storing in-
structionswhich the processors can execute. The control
system may be configured to set a temperature profile
along the continuous kiln. The control system may be
arranged outside the kiln, separate from the kiln car(s).
[0054] Forexample, three temperature regionsmaybe
set in the continuous kiln: a first region in which the
temperature increases from an initial temperature to an
intermediate temperature, a second region in which the
intermediate temperature is maintained, and a third re-
gion in which the temperature is decreased from the
intermediate temperature. The intermediate temperature
may be the highest temperature reached, and may be
above 1000 °C.
[0055] The continuous kiln may comprise sensors for
monitoring the heating process. For example, tempera-
ture sensors, pressure sensors and others may be ar-
ranged within the kiln. The continuous kiln may also
comprise insulation. For example, the inner walls of
the continuous kiln may comprise a thermal insulation
coating or layer.
[0056] The continuous kiln may comprise a suitable
cooling system. For example, a plurality of fans for air
injection may be provided in the kiln. In some examples,
the air injection may be controlled by pulses, which may
give higher air speeds. Outputs such as pipes for ex-
hausting waste air may also be provided. One or more
fans may also be used to exhaust waste air.
[0057] The electric heated kiln car 1 may further com-
prise a supporting base 11 arranged above the kiln car
body 7 which is configured to support the load to be
heated or fired in the kiln. The U-shaped electric heating
element assemblies 3 may be arranged below the sup-
porting base11, butwithout touching the supporting base
11. The supporting base 11 may include a platform in
some examples. The platform may be supported by a
structure of beams or rods.
[0058] The supporting base 11 may have a same or
similar shape and horizontal dimensions similar to the
shape and horizontal dimensions of the kiln car body 7.
The supporting base 11may extend over thewhole or the
majority of the top surface of the kiln car body 7, see
figures 1 and 2.
[0059] Thesupporting base11maybe joined to the kiln
car body 7 by one or more vertical supports 12. A struc-
ture of beams or roads supporting the platform of the
base 11 extends between the supports 12 in this exam-
ple.
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[0060] For a load or ware to be fired on the kiln car, a
specific temperature profile may be established. The kiln
car and/or the tunnel may comprise a plurality of tem-
perature sensors, e.g. thermocouples. Based on the
temperature measurements, the current supplied to
the electric heating assemblies may be determined such
that the ware is heated according to the predetermined
temperature profile.
[0061] Along the tunnel, additional heating elements
(electric heaters, gas burners or other) and/or additional
cooling elements (e.g. cooling air injectors) may be pro-
vided to ensure that the predetermined temperature pro-
file is followed as closely as possible.
[0062] In some examples, a scale or other weighing
system may be provided at the entrance of the tunnel.
From the weight of the kiln car, the (amount of) waremay
be determined which may also be used as input for the
control of the electric heating assemblies.
[0063] The electric heated kiln car 1 further comprises
a kiln car body 7, see figures 5 and 6. The kiln car body 7
may be a, or comprise a, platform or frame. The platform
maybeflat or haveaflat top surface.Thekiln car body7 is
configured to support the elements arranged on it. The
two side portions 4, 5 of the electric heating element 2, in
particular the end parts of the two side portions, are
mounted to the kiln car body, 7 and the top portion 6 of
the U-shaped heating element is arranged above the kiln
car body 7 such that the U-shaped electric heating ele-
ment 2 heats a load (not shown) above the U-shaped
electric heating element 2while the kiln car 7 is in use and
an electric current is circulated through the U-shaped
electric heating element 2.
[0064] As can be seen in figure 5, the top portion 6 of
the heating element 2 is separated from a top surface of
the kiln car body 7. The top portion 6 may be in direct
contactwith surrounding air. That is to say, the top portion
6 may be uncoated or uncovered such that a covering
element does not touch the top portion 6. The electric
heating element 2 may therefore efficiently heat a load
above the kiln car body 7.
[0065] Electric connectors 25, 26 for circulating an
electric current through the electric heating element 2
may be seen in figures 2 and 3.
[0066] The first side portion 4 of the U-shaped electric
heating element may be closer to a side edge of the kiln
car 1 than the second side portion 5, see for example
figure 5. In such examples, the first electric heating ele-
ment assembly 3 may further comprise a protective ele-
ment 17 configured to protect an outer region of the first
side portion 4. The protective element 17 may be pro-
vided on top of the top stopper in some examples, see
figures 1 and 3.
[0067] The protective elements 17 at least partially
surround the side portions of the U-shaped heating ele-
ment. The protective elements 17 may be arranged to
avoid cooling air impinging directly on the heating ele-
ments, and thereby potentially affecting the temperature
of the electric heating element. A height of the protective

element 17 may decrease towards an inside of the kiln
car 1, see figure 5. The protective element 17 may be
arranged above the kiln car body 7. In this manner, the
affected region of the first side portion 4maybeprotected
from a cooling fluid delivered from an inner wall of the
continuous kiln.
[0068] As can be seen in figure 3, a radial gap 18 may
be provided between an inner wall of the protective
element 17 and an outer wall of the side portions 4, 5
of theelectric heatingelement2.Thisgapmaybepresent
alreadywhen the heating element 2 is still cold. Such gap
mayhelp to direct the heat generated by the side portions
4, 5 upwards, towards the load. In other examples, a
protective element 17 with such a radial gap may be
provided, but a height of the protective element 17
may not vary, or may vary in a different manner from
what is shown in figure 3.
[0069] Protective elements 17may also be provided in
the examples where a first gap 27 and a second gap 28
are provided between the side portions 4, 5 of the U-
shaped electric heating element 2.
[0070] All or the majority of the components of the
electric heating element assembly 3, except the electric
heating element,may be electrically insulating. The com-
ponents surrounding the electric heating element 2 may
have a thermal conductivity lower than the thermal con-
ductivity of the electric heating element. A safer process
may be performed in this manner.
[0071] In some examples, the first insulation and the
second insulationmaybeentirely arrangedwithin the kiln
car body 7. In the example of figure 5, the compressible
sleeves 8A, 8B and at least the bottom stoppers are
entirely arranged within the kiln car body 7.
[0072] Figures 7 and 8 schematically illustrate a side
view and a top view of the electric heated kiln car of figure
1, respectively. The kiln car body 7 may be configured to
move on rails. The kiln car 1may for example comprise a
plurality of wheels connected to the kiln car body 7 to this
end.
[0073] As can be seen in figures 5 and 6, the side
portions 4, 5 of the U-shaped electric heating elements
may extend vertically. The top portion 6 of the electric
heating elements may extend substantially horizontally.
A stable, simple and effective way of arranging the heat-
ing elements with respect to the kiln car body 7, the load
and the continuous kiln is provided in this example.
[0074] The kiln car 1may further comprise a plurality of
additional assemblies including U-shaped electric heat-
ing elements. The U-shaped heating element assem-
blies of the kiln car 1 may be arranged in at least one
row 19, e.g. in two rows 19, see figures 5, 6 and 8. The
rows 19 may extend along a longitudinal direction of the
kiln car 1 at least in some examples. The longitudinal
direction of the kiln car may be the same as the long-
itudinal direction of the electric continuous kiln on which
the kiln car is to move. Two longitudinal rows may be a
suitable compromisebetweenhaving large topportions6
of the electric heating elements 2 and having resistant
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and durable heating elements.
[0075] The side portions of the heating elements 2
which are closest to the side edges of the kiln car 1,
and therefore of the kiln, may be provided with protective
elements 17.
[0076] A kiln car 1 may further comprise one or more
sensors. For example, the kiln car may comprise one or
more sensors for measuring the temperature of the U-
shaped electric heating elements 12. A kiln car 1 may
further comprise a cooling system. For example, a fan
maybeprovidedat thebottomsurfaceof the kiln car body
7. The kiln car may be configured to be actively cooled in
some examples.
[0077] In a further aspect, a continuous electric kiln is
provided. The kiln comprises a tunnel, one or more
electric heated kiln cars 1 as described herein, e.g. with
respect to figures 5‑8, and one or more rails for guiding
the electric heated kiln cars 1. The kiln car(s) can there-
foremoveor bemovedalong the continuouskiln. In some
examples, an electrical line may be arranged with an
electric rail such that an electrical current drives the
motors which cause the wheels of the kiln car to turn.
Transformers may be provided between the electric line
and the wheels. One or more electrical lines or rails for
electrically feeding the U-shaped electric heating ele-
ments may also be provided.
[0078] Electric current can flow to these heating ele-
ments via contacts arranged, for example, on the under-
side of the kiln platform, which are arranged in the long-
itudinal directionof thekiln channel next toorbetween the
kiln rails.
[0079] The continuous kiln may comprise a control
system for controlling the U-shaped electric heating ele-
ments 2 of the electric heated kiln cars 1.
[0080] The railsmaybearrangedonakiln floor in some
examples. In other examples, the rails may be arranged
below a kiln floor, e.g. in a kiln floor body.
[0081] In a further aspect of the disclosure, another
continuouskiln usingelectric heating isprovided.Thekiln
comprises a tunnel, one or more rails for guiding one or
more kiln cars and a floor body comprising an electric
heating assembly as described herein. The end parts of
the two side portions are mounted on the floor body, and
the top portion is arranged above the floor body such that
the U-shaped electric heating element is configured to
heat a load on a kiln car.
[0082] In these examples, a kiln car does not include
electric heating assemblies as described in other exam-
ples.
[0083] An example of a kiln according to this aspect is
schematically illustrated in figures 9 and 10. The kiln 30
comprises a floor body 31, a top wall and two side walls
33, 34. A first electric heating assembly 3 is mounted to
the floor body 31, see figure 9. The top portion 6 of the U-
shaped heating element 2 is parallel to a horizontal
transverse direction of the kiln 30, and in particular to a
direction in which the width of the kiln is measured.
[0084] The floor body 31may comprise more than one

electric heating assembly 3. For example, a row compris-
ing a plurality of electric heating assemblies may be
provided. As the plurality of electric heating assemblies
is providedalonga longitudinal direction of the kiln, theU-
shapedelectric heating elementsmay releaseheatwhen
the kiln car travels over the corresponding portion of the
floor body of the kiln. The electric heating assemblies
may be sized and arranged such that a vertical gap may
be provided between the top portion 6 of the U-shaped
heating elements 2 and a bottom of a body of a kiln car
when the body of the kiln car is over the heating assem-
blies. In general, the first insulation 8A and the second
insulation 8B will be arranged inside the floor body 31.
[0085] The electric heating assembly 3 may be ar-
ranged between two rails 35 of the kiln 30. That is to
say, a length of the heating assemblies 3 may be shorter
than a distance between the two rails. In this manner, the
kiln car body may travel over the heating assemblies
when advancing on the rails. The floor body 31 may
comprise a top portion 36 and a bottom portion 37.
The electric heating assemblies may be arranged in
the portion 36, and the rails 35 may be arranged in the
bottom portion 37. The bottom portion 37 may further
comprise electrical components, e.g. wires, for circulat-
ing an electric current through the U-shaped heating
elements 2.
[0086] The kiln 30 may further comprise additional
electric heating assemblies. For example, additional
electric heating assemblies similar to heating assembly
3 described hereinmay be arranged on the floor body 31,
for example towards the sides of the kiln, e.g. between a
corresponding rail 35 and a side wall 33, 34 of the kiln. In
some examples, there may therefore be at least three
rows of electric heating assemblies 3 or similar arranged
on the floor body 31. Providing additional electric heating
assemblies, e.g. on the floor body,mayhelp to better heat
the load.
[0087] Additionally or alternatively, other types of elec-
tric heating elements may be provided. For example,
insteadof arrangingelectric heatingassembliesbetween
a rail 35 and a side wall 33, 34, other U-shaped electric
heating elements 38may be arranged. In the example of
figure 9 it may be seen that U-shaped electric heating
elements 38 are arranged on the side walls 33, 34 of the
kiln. Some of them extend below a kiln car body 7
whereas others extend above the load for heating the
load from above. The ones arranged on a bottom portion
of the side walls 33, 34may be supported on the kiln floor
body 31, and the ones arranged on a top portion of the
sidewalls 33, 34maybesupportedon the kiln topwall 32.
Suitable supports 39 are provided for this.
[0088] TheU-shapedelectricheatingelements38may
have side portions 40 (i.e. legs) configured to heat up
when an electric current is circulated through them. A
connecting portion joins the side portions of a heating
element38. Theconnectingportionmay for examplebea
bridge made of a low resistance SiC. In the example of
figure 9, only one leg 40 of these elements 38 is seen, as
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the connecting portions extend in a longitudinal direction
of the kiln. These elements 38 may therefore heat up for
helping to heat the load on a kiln car. The connecting
portion of these heating elements 38may be shorter than
its side portions in some examples.
[0089] The legs 40may go through a sidewall 33, 34 of
the kiln and be supported in the side wall. An electrical
connection may be made at the side of the kiln.
[0090] In a further aspect, a method 20 for heating a
load arranged on a kiln car, optionally on an electric
heated kiln car 1 as described herein, in an electric
continuous kiln is provided. The method is illustrated in
the flow chart of figure 11. Previous details and explana-
tions of the kiln car and the kiln are applicable to this
method and vice versa. The method comprises, at block
21, continuously moving the kiln car 1 through the con-
tinuous kiln. The method further comprises, at block 22,
simultaneously circulating an electric current through the
U-shaped electric heating element 2 of an electric heat-
ing assembly 3 as described herein for heating the load.
[0091] The electric heating assembly 3 may be ar-
ranged on the kiln car body 7 in some examples. In other
examples, the electric heating assembly 3 may be ar-
ranged on the kiln floor body 31.
[0092] In someexamples, the kiln car body7and/or the
kiln floor bodymay comprise a plurality of electric heating
assemblies 3.
[0093] The load may be a ceramic load in some ex-
amples. In some of these examples, the load may be
sanitary ware.
[0094] In examples where the kiln car comprises a
plurality of electric heating element assemblies 3, some
of theheatingelements2maybeheatedatdifferent times
than others. For example, alternating heating elements 2
of a rowof heating elementsmay be heated at a first time,
and the remaining heating elements 2 of the row may be
heatedat a second timeafter the first time. The life timeof
the electric heating assemblies and of the kiln carmay be
extended. In this regard, the electric heating elements
may be heating using pulses of current. Pulses of current
may also be used even if all the electric heating elements
2 are heated at a same time.
[0095] This written description uses examples to dis-
close a teaching, including the preferred embodiments,
and also to enable any person skilled in the art to put the
teaching into practice, including making and using any
devices or systems and performing any incorporated
methods. The patentable scope is defined by the claims,
and may include other examples that occur to those
skilled in the art. Such other examples are intended to
be within the scope of the claims if they have structural
elements that do not differ from the literal language of the
claims, or if they include equivalent structural elements
with insubstantial differences from the literal languages
of the claims. Aspects from the various embodiments
described, as well as other known equivalents for each
such aspects, can be mixed and matched by one of
ordinary skill in the art to construct additional embodi-

ments and techniqueswithin the scope of this disclosure.
If reference signs related to drawings are placed in par-
entheses in a claim, they are solely for attempting to
increase the intelligibility of the claim, and shall not be
construed as limiting the scope of the claim.

Claims

1. An electric heating assembly for a kiln comprising:

a substantially U-shaped electric heating ele-
ment comprising a first side portion, a second
sideportionanda topportion connecting the first
side portion with the second side portion and
extending along a longitudinal direction, where-
in
the first and second side portions have a length
which is equal to or shorter than a length of the
top portion of the U-shaped electric heating
element; and wherein
the electric heating element is mounted at end
parts of the two side portions and the top portion
is arranged such that the U-shaped electric
heatingelement is configured toheat a load; and
a first insulation surrounding the end part of the
first side portion and a second insulation sur-
rounding the endpart of the second side portion,
wherein the first and second end parts are
mountedsuch that thefirst andsecondendparts
can move along the longitudinal direction.

2. The electric heating assembly according to claim 1,
wherein the first insulation and the second insulation
are resilient and configured to be compressed ra-
dially outwards.

3. The electric heating assembly according to claim 2,
further comprising a stopper configured to limit a
movement of the first and second end parts along
the longitudinal direction respectively.

4. The electric heating assembly according to claim 1,
wherein a first gap is provided between the first
insulation and the first side portion along the long-
itudinal direction, and a second gap is provided
between the second insulation and the second side
portion along the longitudinal direction.

5. The electric heating assembly according to any of
claims 1 - 4, wherein the first and the second insula-
tion have an oval cross-section or an oblong cross-
section.

6. The electric heating assembly of any of claims 1‑5,
wherein theU-shaped electric heating element com-
prises, and in particular is made of, silicon carbide.
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7. The electric heating assembly of any of claims 1 - 6,
wherein the first and second insulation are made
from ceramic materials.

8. A kiln car comprising:

a kiln car body;
a supporting base for supporting a load to be
fired; and
the electric heating assembly according to any
of claims 1 - 7 arranged below the supporting
base; wherein
the end parts of the two side portions are
mounted on the kiln car body and the top portion
is arranged above the kiln car body such that the
U-shaped electric heating element is configured
to heat the load on the support base.

9. The kiln car of claim8,wherein the first side portion is
closer to a side edge of the kiln car than the second
sideportion, the first electric heatingelement assem-
bly further comprising a protective element config-
ured toprotect anouter regionof thefirst sideportion.

10. The kiln car of claim 9, wherein a height of the
protective element decreases towards an inside of
the kiln car.

11. The kiln car of any of claims 8‑10, comprising a
plurality of electric heating assemblies, wherein
the U-shaped heating elements of the heating as-
semblies are arranged in one or more rows.

12. An electric continuous kiln comprising a tunnel, one
ormore electric heated kiln cars of any of claims 8‑11
and one or more rails for guiding the electric heated
kiln cars.

13. An electric continuous kiln comprising a tunnel, one
or more rails for guiding one or more kiln cars and a
kiln floor body comprising the electric heating as-
sembly according to any of claims 1‑7;
wherein the end parts of the two side portions are
mounted on the floor body and the top portion is
arranged above the floor body such that the U-
shapedelectric heatingelement is configured toheat
a load on a kiln car.

14. Amethod for heating a load arranged on a kiln car, in
particular on the kiln car of any of claims 8 - 11, in an
electric continuous kiln, the method comprising:

continuously moving the kiln car through the
continuous kiln; and
simultaneously circulating an electric current
through the U-shaped electric heating element
of the electric heating assembly of any of claims
1 - 7 for heating the load.

15. The method of claim 14, wherein the load is a cera-
mic load.
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