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(54) HEATING DEVICE, RESPECTIVE PRINTING AND USING METHODS

(57) The present application describes heating de-
vices composed of metallic and/or non-metallic conduc-
tive materials in the form of thin films, printed on flexible
substrates, such as polyethylene terephthalate (PET)
and/or polyethylene naphthalate (PEN) and/or cork
and/or thermoplastic polyolefin (TPO) and/or meshes
coated with polymer films, or rigid substrates such as

concrete and/or glass and/or ceramic and/or wood ag-
glomerates by printing techniques of screen printing
and/or rotogravure and/or inkjet printing on roll to roll
and/or sheet to sheet systems. The circuits can be lam-
inated and/or coated with different materials after print-
ing, for mechanical and electrical protection, depending
on the desired final application.
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Description

Technical field

[0001] The present application describes heating cir-
cuits composed of metallic and/or non-metallic conduc-
tive material in the form of thin films, printed on flexible
or rigid substrates.

State of the art

[0002] In the document WO2007021528A1 a method
for the manufacture of flexible and non-flexible electrical
heating devices is disclosed. However this document
does not present evidence that these devices are man-
ufactured by printing and/or coating techniques men-
tioned in this application. The printing of devices on roll
to roll and/or sheet to sheet systems, over flexible and/or
rigid substrates is also not evidenced. The mentioned
document presents a way to make the connection of a
resistive system to perforated metallic bus bar, which
may be a fabric or non-fabric, a film or a mesh. In this
way it is not claimed a way of manufacture a printed heat-
ing device, but a way to make the connections of the
resistive system to the respective bus bars.
[0003] In document WO2007076506A1 a system for
effective defrosting of a plastic window is disclosed which
includes a transparent plastic panel, a heating grill which
includes a plurality of heating lines that are integrated in
the plastic panel and equalizing means of the electrical
currents that run through each one of the lines. However
this document does not present the same geome-
try/structure/form presented in this application, nor the
possibility to process these systems on flexible sub-
strates already mentioned and/or rigid substrates such
as concrete and/or ceramic and/or wood agglomerates.
The resistive material referred in the document is also
different from the one presented in the present applica-
tion, its use not being indicated in any claim. Apart from
screen printing, processing methods mentioned in the
present application also enjoy novelty when combined
with flexible and/or rigid substrates already mentioned,
in the manufacturing of these heating systems.
[0004] In the document WO9715171A2 an electrical
heating system by resistance is disclosed, with an electric
heating layer able to be heated by electric current, con-
sisting of a mixture of graphite particles and hardening
connection elements and capable of being operated at
a temperature of minimal surface. However this docu-
ment does not present the same geometry/structure/form
presented in this application, nor the possibility to proc-
ess these devices on roll to roll systems using flexible
substrates. The resistive material referred in the docu-
ment, namely graphite, is also different from the one pre-
sented in the present application. Apart from screen print-
ing, processing methods mentioned in the present appli-
cation also enjoy novelty, when in conjunction with the
flexible and/or rigid substrates already mentioned, in the

manufacturing of these heating systems.

Summary

[0005] The present application describes a printed
heating device comprises:

- bus bars that comprise materials with sheet resistiv-
ities comprised between 5 and 40 mΩ/sq/mil;

- printed tracks that comprise materials with sheet re-
sistivities comprised between 10 and 100 Ω/sq/mil;

- printed connections between modules of the heating
circuits;

- a flexible or rigid substrate.

[0006] In a preferred embodiment, a control electronic
system is coupled to the printed heating device, which
comprises:

- a power supply for the circuits;
- temperature sensors for monitoring;
- electronic temperature control system;
- barrier film for electrical and mechanical protection.

[0007] In another preferred embodiment, the printed
bus bars on the printed heating device present lengths
ranging between 50 and 5000 mm.
[0008] In yet another preferred embodiment, the print-
ed tracks on the printed heating device may present a
length that could vary between 40 and 200mm, a width
comprised between 2.5 and 15 mm and a thickness that
is comprised between 2 and 100 mm.
[0009] In a preferred embodiment, the distance be-
tween the bus bars printed on the printed heating device
is comprised between 40 and 100 mm.
[0010] In another preferred embodiment, the distance
between tracks printed on the printed heating device is
comprised between 2.5 and 15 mm.
[0011] In yet another preferred embodiment, the flex-
ible substrate of the printed heating device is carried out
in polyethylene terephthalate (PET), and/or polyethylene
naphthalate (PEN), and/or cork, and/or thermoplastic
polyolefin (TPO), and/or meshes coated with polymeric
films.
[0012] In a preferred embodiment, the rigid substrate
of the printed heating device is carried out in concrete,
and/or glass and/or ceramic and/or wood agglomerates
typically compatible with sheet to sheet systems.
[0013] In another preferred embodiment, the materials
used in the printing of the resistive tracks and/or films of
the printed heating device comprise the following com-
position:

- graphite (10-15 weight %);
- carbon black (10-15 weight %);
- monomethyl ether of dipropylene glycol (60-65%

weight %)
- bisphenol-a-epichlorohydrin (15-20 weight %);
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- oil distillates (5-15 weight %).

[0014] In yet another preferred embodiment, the ma-
terials used in the printing of conductive tracks of the
printed heating device comprise the following composi-
tion:

- aluminum (60-85 weight %) or silver (60-90 weight
%) or copper (60-90 weight %);

- methyl-2-methoxyethoxy) propanol (20-30 weight
%);

- 2-(2 ethoxyetoxy) ethyl acetate (7-10 weight %).

[0015] It is also disclosed in the present application,
the method for printing on a sheet to sheet system on
flexible and/or rigid substrates of the printed heating de-
vice described comprises the following steps:

- Printing of the carbon paste and/or carbon composite
material for the resistive tracks and/or films over the
flexible and/or rigid substrate;

- Thermal curing of the carbon pattern and/or film
and/or carbon composite material at temperatures
comprised between 100 and 150°C, for 10 to 20 min-
utes;

- Printing of the silver and/or copper and/or aluminum
tracks over the flexible and/or rigid substrate;

- Thermal curing of the silver and/or copper and/or
aluminum tracks at temperatures comprised be-
tween 100 and 150°C, for 10 to 20 minutes.

[0016] It is also disclosed in the present application,
the method for printing on a roll to roll system on flexible
substrates of the printed heating device comprises the
following steps:

- Printing of the carbon tracks and/or films and/or car-
bon composite material for the resistive tracks and/or
films at speeds comprised between 0.1 and 10 m/min
over the flexible substrate;

- Thermal curing of the carbon pattern and/or film
and/or carbon composite material at temperatures
comprised between 100 and 150°C, at speeds com-
prised between 0.1 and 10 m/min;

- Printing of the silver and/or copper and/or aluminum
tracks at speeds comprised between 0.1 and 10
m/min over the flexible substrate;

- Thermal curing of the silver and/or copper and/or
aluminum tracks at temperatures comprised be-
tween 100 and 150°C, at speeds comprised between
0.1 and 10 m/min.

[0017] It is also disclosed in the present application,
the method of printing by the rotogravure technology on
a roll to roll system for obtaining the printed heating de-
vice comprises the following steps:

- Printing of the carbon tracks and/or films and/or car-

bon composite material for the resistive tracks and/or
films on the flexible substrate at speeds comprised
between 0.1 and 1 m/min;

- Thermal curing of the carbon pattern and/or carbon
film and/or carbon composite material at tempera-
tures comprised between 100 and 150°C, at speeds
comprised between 0.1 and 1 m/min;

- Printing of the silver and/or copper and/or aluminum
tracks in the flexible substrate, at speeds comprised
between 0.1 and 1 m/min;

- Thermal curing of the silver and/or copper and/or
aluminum tracks at temperatures comprised be-
tween 100 and 150°C at speeds comprised between
0.1 and 1 m/min.

[0018] It is also disclosed in the present application,
the printing method by the inkjet technology on a sheet
to sheet system for obtaining the printed heating device
comprises the following steps:

- Elaboration of the digital design of the heating circuit
that is intended to print;

- Printing of the carbon tracks and/or carbon films
and/or carbon composite material for the resistive
tracks and/or films on the flexible and/or rigid sub-
strate;

- Thermal curing of the carbon pattern and/or carbon
film and/or carbon composite material at tempera-
tures comprised between 100 and 150°C for 10 to
20 minutes;

- Printing of the silver and/or copper and/or aluminum
tracks on the flexible substrate on the flexible and/or
rigid substrate;

- Thermal curing of the silver and/or copper and/or
aluminum tracks at temperatures comprised be-
tween 100 and 150°C, for 10 to 20 minutes.

[0019] It is also disclosed in the present application,
the use of the heating device for heating indoor and out-
door floors, on chairs, sofas and seats, in particular on
the seats and supports for legs and arms and also in the
vehicles’ doors and dashboards.

General Description

[0020] The present application describes heating de-
vices whose essential elements are: low electrical con-
ductivity materials (resistive) responsible for the heating
of the circuit, high electrical conductivity materials used
in the bus bars of the heating circuit and the connections
between the modules of the heating circuits and a flexible
substrate, such as polyethylene terephthalate (PET)
and/or polyethylene naphthalate (PEN) and/or cork
and/or thermoplastic polyolefin (TPO) and/or meshes
coated with polymer films, or rigid substrates such as
concrete and/or glass and/or ceramic and/or wood ag-
glomerates by printing techniques of screen printing
and/or rotogravure and/or inkjet printing on roll to roll

3 4 
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and/or sheet to sheet systems. The circuits can be lam-
inated and/or coated with different materials after printing
for mechanical and electrical protection, depending on
the desired final application. As a final application in the
building industry are used for heating indoor and outdoor
floors, also being used in chairs, sofas and seats in the
furniture industry. In the aeronautic industry are used in
seats and foot rests and arms. In the car industry are
used on seats, armrests, doors and dashboards.
[0021] As referred, the heating devices are composed
of metallic and/or non-metallic and/or composite materi-
als, used as current conductors and as resistive systems.
The combination of these two types of materials allows
the heating of the structure by the known Joule effect. In
the printed circuit it flows an adjustable electric current,
whose value is dependent on the applied electric voltage
and of the resistance of the printed circuit to the passage
of electric current. In turn, the passage of electric current
gives rise to the heating of the previously dimensioned
resistive tracks when projecting the electrical circuit. The
dimensioning of the conductive tracks and the resistive
tracks of the system enables to calibrate and dimension-
ing the circuit for obtaining different temperatures, oper-
ating modes, operating voltages and currents. Thus, one
ensures a total adaptability of these circuits to external
power supply systems.
[0022] The heating of the materials, or the release of
thermal energy by these, is a consequence of the work
performed by the transport of electrical charge on the
material for a certain period of time. Thus, the devices
now disclosed comprise three different geometries/de-
signs/formats, presenting different advantages, being
noteworthy that the possibility of obtaining a larger heat-
ing area and/or the opportunity to make the sectioning
of the circuit to the required dimension in two different
directions, without loss of any functionality. The temper-
ature reached at the surface of the printed circuit depends
on the electric voltage applied to the terminals of the
same, the sizes of the respective lines, the thickness of
the printed films, the substrate on which is printed, the
materials used in their preparation, the type of associa-
tion, i.e. if it is in series and/or parallel between the various
printed circuit boards, the environment in which the heat-
ing circuit is embedded and/or laminated and/or printed
and of the room temperature. By carrying out the ideal
combination of the parameters mentioned above, we ob-
tain printed heating circuits whose surface temperature
is comprised between 30 and 80°C, these values being
able to be controlled by the electronic circuit of associated
control.
[0023] The electrical dimensioning of the electronic
control circuit and of the geometries/designs/formats of
heating printed circuit is designed according to the area
to be heated, to the properties of materials to be used
and to the electric voltage available to carry out the power
supply of the circuit. In addition to the above mentioned
points, and in order to proceed with the proper electrical
dimensioning of the heating circuits, the same is carried

out based on desired power per area. Based on this value
it is possible to proceed to the dimensional calculation of
the resistive material tracks, namely its width, length and
thickness, and consequently its electrical resistance val-
ue, thereby enabling foreseen the amount of energy dis-
sipated by the circuit as heat. For the correct electrical
dimensioning it is necessary to have in mind the electrical
resistivity values of the materials after its printing.
[0024] The power of the printed heating circuit varies
with the electrical dimensioning previously carried out,
the values obtained were comprised between 100 and
350 W/m2.
[0025] The encapsulation of the printed heating circuits
on flexible and/or rigid substrates, is carried out by rolling,
and/or hot-gluing, and/or slot die, and/or doctor blade,
and/or knife-over-edge, and/or screen printing, and/or
spray, of a polymeric material curable by UV and/or tem-
perature. Of all the encapsulation methods presented,
the use of techniques such as slot die and/or doctor blade
and/or knife-over-edge presents a novelty compared to
methods already known for flexible and/or rigid sub-
strates. The main objectives of encapsulation are to pro-
tect the circuit against abrasion and humidity, and the
electrical insulation of the system.
[0026] The electronic control system regulates the
temperature of the system according to the temperature
previously set by the user. This system is integrated be-
tween the power supply and the printed heating circuit,
thereby regulating the current intensity and/or time of ap-
plication of electrical voltage to the heating circuit. This
electronic control system is constituted by: a power sup-
ply for the circuits, temperature sensors for monitoring,
electronic temperature control system, barrier film for
electrical and mechanical protection.
[0027] This type of devices whose intended application
is the heating, offer many advantages such as low weight,
small thickness and high flexibility and can be easily lam-
inated with other type of materials. Once they are placed
close to the surfaces to heat up, the power dissipated to
the surface will be lower, resulting in lower energy con-
sumptions compared to other conventional heating sys-
tems.

Brief description of the drawings

[0028] For an easier understanding of the technique
the attached figures are joined, which represent preferred
embodiments which, however, do not intend to limit the
object of the present application.

Figure 1 illustrates a diagram of the heating circuit
composed of carbon and/or composite material
tracks and two silver and/or metallic material bus
bars, wherein the reference numbers illustrate:

1 - carbon composite material and/or carbon;
2 - bus bar;
3 - bus bar.
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Figure 2 illustrates a heating circuit composed of car-
bon and/or carbon composite material tracks with
larger dimensions and three silver and/or metallic
material bus bars, wherein the reference numbers
illustrate:

1 - carbon composite material and/or carbon;
2 - bus bar.

Figure 3 illustrates a heating circuit composed by a
continuous film and/or carbon composite material
and silver and/or metallic material perpendicular bus
bars, printed on both sides of the carbon film and/or
composite material, wherein the reference numbers
illustrate:

1 - carbon composite material and/or carbon;
2 - bus bar.

Detailed description

[0029] The use of two types of material with distinct
physical and/or chemical and/or electrical properties,
aims at the possibility of obtaining different electrical re-
sistivity values after its processing. As resistive materials
carbon pastes and/or carbon composite materials are
used, capable of being processed by screen printing
technology, and/or rotogravure and/or inkjet printing.
These types of materials are used due to its higher sheet
resistivity whose value is comprised between 10 and
100Ω/sq/mil, in order to enable a high efficiency of heat-
ing through Joule effect. Due to its high strength, the long
circuit dimensioning has some limitations due to the loss
of electric voltage seen across these, thereby influencing
the desired heating.
[0030] With the aim of reducing the electrical resist-
ance of circuits with larger dimensions, silver and/or cop-
per and/or aluminum tracks are printed, typically denom-
inated bus bars, along the circuits. These conductive ma-
terials present low sheet resistivity, whose value is com-
prised between 5 and 40 mΩ/sq/mil and, therefore does
not dissipate too much energy by Joule effect. Through
this configuration the bus bars transport electric current
uniformly to the various terminals of the carbon and/or
carbon composite material tracks, thus permitting uni-
form release of thermal energy throughout the various
tracks of the resistive material used.
[0031] The dimensioning of the heating circuits is de-
veloped, based on the electrical resistivity of the materi-
als used and the voltages that are typically used in many
applications where they may be embedded. The printed
heating circuit is powered by electric voltage DC (direct
current) or AC (alternating current), its value being able
to be adjusted in order to control the temperature thereof,
or the environment in which it is embedded. The type of
electrical voltage applied to the circuit varies with the in-
tended final product, which can be a DC for heating so-
lutions whose intended final application is related to the

aeronautic, car and furniture industries, or AC for solu-
tions related to the building industry. The use of printed
heating circuits is possible in this range of electrical volt-
ages, through the use of an AC-DC transformer which
allows the conversion of alternating current into direct
current.
[0032] The operating temperature of the printed cir-
cuits can be monitored and controlled through the place-
ment of temperature sensors in contact with these. The
acquired data are recorded and/or worked by the elec-
tronic circuit wherein these are inserted, thereby enabling
the temperature control in real time. In order to control
and/or monitoring the printed heating circuits an associ-
ation of these to an "on/off" circuit is carried out that allows
to connect and/or disconnect the circuit, thereby main-
taining the temperature on the surface between a maxi-
mum value and a minimum value.
[0033] In another form of temperature control in the
surface of the printed heating circuit, it is possible the
association of a circuit that allows the current control that
flows through the circuit, based on the values acquired
by the temperature sensors whose placement was pre-
viously carried out in the surface.
[0034] Given the wide range of existing applications
for this type of heating circuits, it is necessary to use
different types of connectors, so as not to damage the
heating circuit. These are used for conducting the elec-
trical current and/or signal between the control system,
the power supply and the different circuits and/or com-
ponents that compose the system. For this purpose, me-
tallic connectors are used whose application may be car-
ried out by crimping and/or welding allowing the quick
coupling, and/or conductive metallic strips with adhesive
properties whose application can be effected by gluing,
and/or conductive metal wires fixed in the substrate by
crimping, welding or both.
[0035] Next, three geometries/designs/formats are
presented based on the same principles of operation,
varying however in functionality and dimensions from the
heating circuits, which are not intended to limit the scope
of the present application.

Geometry 1

[0036] In this geometry two silver and/or copper and/or
aluminum tracks are printed, denominated bus bars (2,
3) and perpendicular tracks composed of carbon and/or
carbon composite material (1). In this geometry the elec-
tric voltage is applied to the bus bars, with no significant
heating of the conductive material used, because of its
low electrical resistivity. The electric current flows be-
tween the two bus bars through the carbon and/or carbon
composite material tracks (1) that, as have a high elec-
trical resistance, generate a greater difficulty to the pas-
sage of electrical current than the silver tracks, generat-
ing this way the release of a greater amount of thermal
energy through the Joule effect.
[0037] In this geometry printed bus bars (2, 3) are used
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with lengths ranging from 50 to 5000 mm. For lengths
greater than the maximum mentioned there is a drop in
electrical voltage that affects the normal functioning of
the heating circuits. The widths of these tracks are com-
prised between 2.5 and 15 mm and its thickness ranges
between 2 and 100 mm.
[0038] The distance between the bus bars (2, 3), varies
between 40 and 100mm, with this value being dimen-
sioned according to the specifications of the carbon
and/or carbon composite material tracks. Depending on
the dimensions, the bus bars have a total electrical re-
sistance comprised between 0.1 and 10Ω, the sheet re-
sistivity of the printed material being comprised between
5 and 40 mΩ/sq/mil.
[0039] In this geometry, the printed carbon and/or car-
bon composite material tracks (1), have a length which
may vary between 40 and 100mm, a width between 2.5
and 15mm, and a thickness comprised between 2 and
100 mm.
[0040] The distance between the carbon and/or carbon
composite material tracks (1), is equal to the width of the
printed carbon and/or carbon composite material tracks,
and may thus vary between 2.5 and 15 mm.
[0041] Depending on the dimensions, carbon and/or
carbon composite material tracks have a total electrical
resistance comprised between 0.5 and 8KΩ, the sheet
resistivity of the printed material being comprised be-
tween 10 and 100 Ω/sq/mil.

Geometry 2

[0042] In this geometry, carbon and/or composite ma-
terial tracks (1) are printed with twice the length of the
printed tracks of the geometry shown in Figure 1, and for
three silver and/or copper and/or aluminum bus bars (2).
This geometry allows the heating of a superior area,
maintaining the temperature uniform across the surface,
following the operation principle present in the geometry
illustrated in Figure 1. In this geometry the positive ter-
minal of the power supply is applied to the exterior bus
bars and the negative terminal is applied to the interior
bus bar.
[0043] In this geometry, printed bus bars (2) are used
with lengths ranging from 50 to 5000 mm. For lengths
greater than the maximum mentioned there is a drop in
electrical voltage that affects the normal functioning of
the heating circuits. The widths of these tracks are com-
prised between 2.5 and 15 mm, and its thickness ranges
between 2 and 100 mm.
[0044] The distance between the bus bars (2), varies
between 40 and 100 mm, this value should be dimen-
sioned according to the specifications of the printed car-
bon and/or carbon composite material tracks.
[0045] Depending on the dimensions, the printed bus
bars have a total electrical resistance comprised between
0.01 and 10 Ω, the sheet resistivity of the printed material
being comprised between 5 and 40 mΩ/sq/mil.
[0046] In this geometry, the printed carbon and/or car-

bon composite material tracks (1), have a length which
may vary between 80 and 200mm, a width between 2.5
and 15 mm, and a thickness comprised between 2 and
100 mm.
[0047] The distance between the printed carbon and/or
carbon composite material tracks (1), is equal to the width
of the carbon and/or carbon composite materials tracks,
for this reason ranging between 2.5 and 15 mm.
[0048] Depending on the dimensions, the printed car-
bon and/or carbon composite materials tracks have a
total electrical resistance comprised between 1 and 16
KΩ, the sheet resistivity of the printed material being com-
prised between 10 and 100 Ω/sq/mil.

Geometry 3

[0049] In this geometry, silver and/or copper and/or
aluminum bus bars (2) are printed, being subsequently
printed a continuous film of carbon and/or carbon com-
posite materials (1). Over the carbon film and/or carbon
composite materials, silver and/or copper and/or alumi-
num bus bars are printed perpendicular to the previously
printed ones. The main purpose of the geometry used
for printing perpendicular bus bars is to allow the subse-
quent cutting of the printed circuits in two different direc-
tions, without any interruption in the conduction of the
electric current through the bus bars. In this way it is
ensured that, regardless of the cut that takes place, there
will be conduction of electric current through the upper
and/or lower bus bars. The use of a carbon continuous
film and/or carbon composite materials, has as main ad-
vantage the high temperature uniformity obtained along
the entire surface of the device. However, this device is
not as flexible as the devices composed of carbon and/or
composite material tracks.
[0050] In this geometry, printed bus bars are used (2)
with lengths ranging between 50 and 500 mm. For
lengths greater than the maximum mentioned there is a
drop of electrical voltage that affects the normal function-
ing of the heating circuits. The widths of these tracks are
comprised between 2.5 and 15 mm, and its thickness
ranges between 2 and 100 mm.
[0051] The distance between the printed bus bars (2)
varies between 40 and 100mm, this value should be di-
mensioned according to the specifications of the printed
carbon tracks and/or carbon composite materials.
[0052] Depending on the dimensions, the printed bus
bars have a total electrical resistance comprised between
0.01 and 35 Ω, the sheet resistivity of the printed material
being comprised between 5 and 40 mΩ/sq/mil.
[0053] In this geometry the printed carbon film and/or
carbon composite materials (1), have a length which may
vary between 80 and 200 mm, a width between 2.5 and
15 mm, and a thickness comprised between 2 and 100
mm.
[0054] Depending on the dimensions, printed carbon
films and/or carbon composite material have a total elec-
trical resistance comprised between 10 and 2000Ω, the
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sheet resistivity of the printed material being comprised
between 10 and 100 Ω/sq/mil.

Deposition technique

[0055] The two materials that compose the heating cir-
cuits are printed by screen printing and/or rotogravure
and/or inkjet printing on roll to roll and/or sheet to sheet
systems, being the chosen printing technology, tailored
to the substrate used.
[0056] In the screen printing technology, the ink is
forced to pass to the substrate through a frame which is
perforated with the pattern that one wants to print out,
this being constituted by polyester or metal. In order to
force the passage of the ink, a squeegee is used com-
posed of a natural or synthetic rubber, normally flexible
polychloroprene or polyurethane. The printing process
of the heating circuits by the screen printing technology
may be carried out on a sheet to sheet and/or roll to roll
systems. Hereunder the steps for printing a sheet to sheet
system on flexible and/or rigid substrates are presented:

1. Printing of the carbon paste and/or carbon com-
posite material to the resistive tracks and/or films
over the flexible and/or rigid substrate;
2.Thermal curing of the pattern and/or carbon film
and/or carbon composite material at temperatures
comprised between 100 and 150°C, for 10 to 20 min-
utes;
3. Printing silver and/or copper and/or aluminum
tracks over the flexible and/or rigid substrate;
4. Thermal curing of the silver and/or copper and/or
aluminum tracks at temperatures comprised be-
tween 100 and 150°C, for 10 to 20 minutes.

[0057] Printing of the heating circuits on a roll to roll
system, on flexible substrates follows the following steps:

1. Printing of the carbon tracks and/or films and/or
carbon composite material to the resistive tracks
and/or films at speeds comprised between 0.1 and
10 m/min over the flexible substrate;
2. Thermal curing of the carbon pattern and/or car-
bon film and/or carbon composite material at tem-
peratures comprised between 100 and 150°C, at
speeds comprised between 0.1 and 10 m/min;
3. Printing silver and/or copper and/or aluminum
tracks at speeds comprised between 0.1 and 10
m/min over the flexible substrate;
4. Thermal curing of silver and/or copper and/or alu-
minum tracks at temperatures comprised between
100 and 150°C at speeds comprised between 0.1
and 10 m/min;

[0058] The dimensions of the printed circuits, and the
tracks that compose them, are defined by the frame used
to make the printing. In this technique, the amount of
material which is printed is defined by the characteristics

of the frame and the processing parameters used. The
curing of the material after the printing is done in dry-
ers/ovens with ventilation.
[0059] In the rotogravure technology on roll to roll sys-
tems, the pattern that one wants to print out is previously
engraved in a stainless steel cylinder. Subsequently it is
forced to pass in a bath with the ink and/or paste that is
intended to print, in order to ensure that all of it is coated
with it. Prior to the printing, the ink and/or paste in excess
that remains in the non-engraved roll surface is with-
drawn by a metal blade (or a fabric) which is in permanent
contact with the roll surface. A hydrodynamic counter
pressure is exerted upon the blade, being this mainly
caused by the contact angle of these, the velocity of the
compression and of the viscosity of the material used,
subsequently the engraved pattern is printed on the flex-
ible substrate that is in motion on the roll to roll system.
[0060] The printing process of the heating circuits by
the rotogravure technology on the roll to roll system on
flexible substrates, follows the following steps:

1. Printing of the carbon tracks and/or films and/or
carbon composite material for the resistive tracks
and/or films on the flexible substrate, at speeds com-
prised between 0.1 and 1 m/min;
2. Thermal curing of the carbon pattern and/or film
and/or carbon composite material at temperatures
comprised between 100 and 150°C at speeds com-
prised between 0.1 and 1 m/min;
3. Printing of the silver and/or copper and/or alumi-
num tracks in the flexible substrate, at speeds com-
prised between 0.1 and 1 m/min;
4. Thermal curing of the silver and/or copper and/or
aluminum tracks at temperatures comprised be-
tween 100 and 150°C at speeds comprised between
0.1 and 1 m/min.

[0061] In the inkjet printing technology the pattern to
be printed is previously drawn in digital format, being sub-
sequently sent the information through electric pulses to
the print head of the equipment, whose operation is
based on transducers and/or piezoelectric actuators.
This is responsible for the printing of metallic conductive
materials and/or non-metallic resistive materials.
[0062] The printing process of the heating circuits for
the inkjet printing technology on a sheet to sheet system
on flexible and/or rigid substrates follows the following
steps:

1. Digital drawing of the heating circuit which is in-
tended to print;
2. Printing of the carbon tracks and/or films and/or
carbon composite material to the resistive tracks
and/or films on the flexible and/or rigid substrate;
3.Thermal curing of the carbon pattern and/or film
and/or carbon composite material at temperatures
comprised between 100 and 150°C, for 10 to 20 min-
utes;
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4. Printing of the silver and/or copper and/or alumi-
num tracks in the flexible and/or rigid substrate;
5.Thermal curing of the silver and/or copper and/or
aluminum tracks at temperatures comprised be-
tween 100 and 150°C, for 10 to 20 minutes.

Materials

[0063] Printing of the heating circuits can be carried
out on flexible substrates such as polyethylene tereph-
thalate (PET), and/or polyethylene naphthalate (PEN),
and/or cork, and/or thermoplastic polyolefin (TPO) and/or
coated meshes with polymeric films typically compatible
with roll to roll systems, or rigid substrates such as con-
crete, and/or glass and/or ceramic, and/or wood agglom-
erates typically compatible with sheet to sheet systems.
These substrates resist the curing temperature of the me-
tallic and non-metallic materials, usually comprised be-
tween 100 and 150°C with an exposure time at temper-
atures comprised between 10 and 20 minutes, which
constitute the heating circuits.
[0064] The resistive non-metallic materials used are
based on carbon pastes and/or carbon composite mate-
rials. These have a viscosity comprised between 5 and
250 Pa.s, a sheet resistivity comprised between 10 and
100 Ω/sq/mil, and are thermally cured at a temperature
between 100 and 150°C, for 10 to 20 minutes.
[0065] The materials used in the printing of the resistive
patterns have graphite in its composition (10-15 weight
%) and/or carbon black (10-15 weight %) and/or mono-
methyl ether of dipropylene glycol (60-65% weight %)
and/or bisphenol-a-epichlorohydrin (15-20 weight %)
and/or oil distillates (5-15 weight %) being their percent-
ages altered in order to obtain the desired electrical re-
sistivities. The use of oil distillates is optional, however
its introduction allows obtaining a higher electrical, me-
chanical and chemical stability of the material developed
after its printing and curing. On the occasion of its intro-
duction it should be reduced the same percentage to the
bisphenol-a-epichlorohydrin.
[0066] The metallic conductor materials used are
based on silver and/or copper and/or aluminum. These
have a viscosity comprised between 5 and 200 Pa.s, a
sheet resistivity comprised between 5 and 40 mΩ/sq/mil,
and thermally cure at a temperature between 100 and
150°C, for 10 to 20 minutes.
[0067] The materials used in printing of the conductive
tracks have aluminum in its composition (60-85 weight
%) or silver (60-90 weight %) or copper (60-90 weight %)
and/or methyl-2-methoxyethoxy) propanol (20-30 weight
%) and/or 2-(2 ethoxyethyl) ethyl acetate (7-10 weight
%), being their percentages altered in order to obtain the
desired electrical resistivities.
[0068] The material used in the screen of the screen
printing is composed of polyethylene terephthalate (PET)
and/or metal, having between 50 and 110 wires per cen-
timeter whose diameters can range between 30 and 60
mm.

[0069] As final objects printed heating circuits are ob-
tained by screen printing and/or rotogravure and/or inkjet
printing on a sheet to sheet and/or roll to roll systems, in
flexible and/or rigid substrates. The printed heating cir-
cuits are composed of metallic and/or nonmetallic mate-
rials, such as silver and/or aluminum and/or copper
and/or carbon and/or carbon composite materials and
have three geometries/designs/formats for heating of
various types of surfaces. The circuits presented offer
different advantages, being noteworthy that the possibil-
ity to obtain a larger heating area and/or the opportunity
to perform the sectioning to the required size of the circuit
in two different directions, without loss of any functional-
ity.
[0070] The temperature obtained on the surface of the
printed circuits depends on the electric voltage applied
to the terminals thereof, the dimensions of the printed
circuit board and its respective lines, the thickness of the
printed films, the substrate in which is printed, the mate-
rials used in its processing, the type of association (series
or parallel) between the various circuit boards and the
environment in which the heating circuit is embedded
and/or laminated and/or printed.
[0071] This type of devices whose application purpose
is heating, present several advantages such as low
weight, small thickness and high flexibility, and can be
easily laminated with other type of materials. Since they
are placed close to the surfaces to heat, the dissipated
power at the surface will be lower, resulting in lower en-
ergy consumptions, when compared to other heating sys-
tems.

Claims

1. Printed heating device comprises:

- bus bars that comprise materials with sheet
resistivities comprised between 5 and 40
mΩ/sq/mil;
- printed tracks that comprise materials with
sheet resistivities comprised between 10 and
100 Ω/sq/mil;
- printed connections between the modules of
the heating circuits;
- a flexible or rigid substrate.

2. Printed heating device according to the preceding
claim, in which additionally an electronic control sys-
tem is coupled, comprises:

- a power supply for the circuits;
- temperature sensors for monitoring;
- electronic temperature control system;
- barrier film for electrical and mechanical pro-
tection.

3. Printed heating device according to any one of the
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preceding claims, wherein the bus bars present
lengths ranging between 50 and 5000 mm.

4. Printed heating device according to any one of the
preceding claims, wherein the tracks present a
length that may vary between 40 and 200mm, a width
comprised between 2.5 and 15 mm and a thickness
that is comprised between the 2 and the 100 mm.

5. Printed heating device according to any one of the
preceding claims, wherein the distance between the
bus bars is comprised between 40 and 100 mm.

6. Printed heating device according to any one of the
preceding claims, wherein the distance between
tracks is comprised between 2.5 and 15 mm.

7. Printed heating device according to any one of the
preceding claims, wherein the flexible substrate is
carried out in polyethylene terephthalate (PET),
and/or polyethylene naphthalate (PEN), and/or cork,
and/or thermoplastic polyolefin (TPO) and/or mesh-
es coated with polymeric films.

8. Printed heating device according to any one of the
preceding claims, wherein the rigid substrate is car-
ried out on concrete, and/or glass and/or ceramic,
and/or wood agglomerates typically compatible with
sheet to sheet systems.

9. Printed heating device according to any one of the
preceding claims, wherein the materials used in the
printing of the resistive tracks and/or films comprise
the following composition:

- graphite (10-15 weight %);
- carbon black (10-15 weight %);
- monomethyl ether of dipropylene glycol
(60-65% weight %);
- bisphenol-a-epichlorohydrin (15-20 weight %);
- oil distillates (5-15 weight %).

10. Printed heating device according to any one of
claims 1 to 8, wherein the materials used in the print-
ing of conductive tracks comprise the following com-
position:

- aluminum (60-85 weight %) or silver (60-90
weight %) or copper (60-90 weight %);
- methyl-2-methoxyethoxy) propanol (20-30
weight %);
- 2-(2 ethoxyetoxy) ethyl acetate (7-10 weight
%).

11. Method for printing on a sheet to sheet system on
flexible and/or rigid substrates of the heating device
described in claims 1 to 10 comprises the following
steps:

- Printing of the carbon paste and/or carbon
composite material for the resistive tracks
and/or films over the flexible and/or rigid sub-
strate;
- Thermal curing of the carbon pattern and/or
film and/or carbon composite material at tem-
peratures comprised between 100 and 150°C,
for 10 to 20 minutes;
- Printing of the silver and/or copper and/or alu-
minum tracks over the flexible and/or rigid sub-
strate;
- Thermal curing of the silver and/or copper
and/or aluminum tracks at temperatures com-
prised between 100 and 150°C, for 10 to 20 min-
utes.

12. Method for printing on a roll to roll system on flexible
substrates of the heating device described in claims
1 to 10 comprises the following steps:

- Printing of the carbon tracks and/or carbon
films and/or carbon composite material to the
resistive tracks and/or films at speeds com-
prised between 0.1 and 10 m/min over the flex-
ible substrate;
- Thermal curing of the carbon pattern and/or
film and/or carbon composite material at tem-
peratures comprised between 100 and 150°C,
at speeds comprised between 0.1 and 10 m/min;
- Printing of the silver and/or copper and/or alu-
minum tracks at speeds comprised between 0.1
and 10 m/min on the flexible substrate;
- Thermal curing of the silver and/or copper
and/or aluminum tracks at temperatures com-
prised between 100 and 150°C, at speeds com-
prised between 0.1 and 10 m/min.

13. Method of printing by the rotogravure technology on
a roll to roll system for obtaining the heating device
described in claims 1 to 10 comprises the following
steps:

- Printing of the carbon tracks and/or films and/or
carbon composite material for the resistive
tracks and/or films on the flexible substrate, at
speeds comprised between 0.1 and 1 m/min;
- Thermal curing of the carbon pattern and/or
film and/or carbon composite material at tem-
peratures comprised between 100 and 150°C,
at speeds comprised between 0.1 and 1 m/min;
- Printing of the silver and/or copper and/or alu-
minum tracks in the flexible substrate at speeds
comprised between 0.1 and 1 m/min;
- Thermal curing of the silver and/or copper
and/or aluminum tracks at temperatures com-
prised between 100 and 150°C, at speeds com-
prised between 0.1 and 1 m/min.
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14. Printing method by the inkjet technology on a sheet
to sheet system for obtaining the heating device de-
scribed in claims 1 to 10 comprises the following
steps:

- Elaboration of the digital design of the heating
circuit which is intended to print;
- Printing of the carbon tracks and/or carbon
films and/or carbon composite material for the
resistive tracks and/or films on the flexible and/or
rigid substrate;
- Thermal curing of the carbon pattern and/or
film and/or carbon composite material at tem-
peratures comprised between 100 and 150°C,
for 10 to 20 minutes;
- Printing of the silver and/or copper and/or alu-
minum tracks on the flexible substrate on the
flexible and/or rigid substrate;
- Thermal curing of the silver and/or copper
and/or aluminum tracks at temperatures com-
prised between 100 and 150°C, for 10 to 20 min-
utes.

15. Use of the heating device described in claims 1 to
10 in heating indoor and outdoor floors, on chairs,
sofas and seats, in particular on the seats and sup-
ports for legs and arms and also in the vehicles’ doors
and dashboards.
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