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50 / bonding material at a temperature equal to or greater than the melting
temperature, the at least one heating element being encapsulated with

the bonding material or provided at the first joining surface. The bond-
ing material being a transition polymer.The at least one heating element
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material up to the melting temperature.
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Title : Coupling element, coupling assembly with such a coupling element and method

of coupling a first substrate to such a coupling element

Description

Cross-reference to related applications

This application claims priority to the patent application LU 100865 filed 03 July 2018.

Field of the invention

The present invention generally relates to bonding technologies using thermal activation
and/or energy supply. More precisely, the present invention relates to a coupling element, a
connection with such a coupling element and a method for manufacturing such a coupling

element.

A coupling element designed to allow assembly by induction welding or electrofusion of at
least two thermoplastic components is already known from patent application FR 2 748 415
Al. The coupling element includes a body of thermoplastic material in which elastic heating
clements, e.g. elastic spiral spring (s), are embedded in a pre-tensioned state. During the
welding operation, the elastic heating element melts the material surrounding the elastic
heating element. This allows it to then move and transition from its pre-tensioned state to its

natural state astride between the two welded parts.

Other method of joining coupling pipes are known in which adhesives are used for connecting
pipes. However, the adhesives comprise chemical substances such as solvents which are
prone to evaporate during assembly. It is known, however, that some of the chemical
substances may have a negative impact on the environment and/or human health. Industrials
are trying to reduce the impact of the industry on the environment and/or the human health, in
particular by identifying potential hazardous chemical substances to protect humans and the
environment. This is for example one of the objectives of the European regulation entitled

Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH).
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Among these chemical substances, solvents are known to have a negative impact.

Other examples of coupling assembly by electrofusion or induction welding are disclosed in
GB 2 327 992, FR 2 516 439 or EP 0 430 761. In these examples, the method of coupling
comprises electrofusion with either one or both of the elements configured in multilayer
materials, such as polyethylene or polypropylene, and conductive wire or a metal stamped on
the thermoplastics. During electrofusion, the material of the pipe or fitting to be coupled
together melt and there is a mixing of the materials of the multilayer material, the pipe and the

fitting.

Additionally, it is known to use a foaming agent to compensate for the diameter tolerances
generated in the production process of polyethylene sewer pipes and difference in pipe
diameter caused by circularity variation that may be generated during load transportation in
welding processes. For example, EP 2 508 561 or US4090899 provide a foaming agent in the
welding zone to foam the pipe. Another foaming agent is used in KR 20130004866 in which a
foam sheet is foamed while expanding in volume. The water tightness is ensured by pressure

generated by the expanded foam sheet.

It is an object of the present invention to provide alternative solution to coupling, in which

there is no need for solvent-based adhesives.

Summary of the invention

To this end, the invention proposes a coupling element comprising a coupling body having a
first joining surface, said coupling body comprising a bonding material being weldable at a
melting temperature, and at least one heating element, provided to heat the bonding material
at a temperature equal to or greater than the melting temperature, the at least one heating
element being encapsulated with the bonding material or provided at the first joining surface.

The bonding material is a transition polymer.

Therefore, the present invention proposes a fitting or coupling element with a bonding

material, comprising a transition polymer with a heating element that can be encapsulated
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inside the polymer or over the polymer. The heating element will receive the energy
(electrical, magnetic field, exotermic reaction initiation...) and heat (by joule effect,
exotermic reaction...). The heating element is provided to heat until at least the melting
temperature of the transition polymer. The welded transition polymer provides for the
adhesion between the coupling element and a substrate of another element, by melting and

sticking to the substrate. The other element may be a pipe or another fitting.

It should be noted that the melting temperature of the transition polymer can be different from

the melting temperature of the substrates.

The bonding material is a transition polymer, also named hot melt polymers or hot melt
adhesives (HMA). Hot melt polymers are based on thermoplastic polymers, which are solid at
room temperature and have a softening or melting temperature lower/equal or slightly higher,
e.g. 5 to 10°C, than the substrate material which is known to be low, up to 210°C or lower.
Only the hotmelt material should melt, and should melt before the substrate material starts to
melt, thereby requiring lower energy than prior art thermal joining method. Upon
solidification, hot melt polymers return to a physical state that has structural integrity and can
function as an adhesive. Indeed, the softening or melting temperature of the hot melt polymers
is known to be low, up to the melting temperature of the substrate or slightly higher. However
the hot melt polymers and the substrate have a bad thermal-conductivity, therefore the
substrate will not melt during the melting operation of the hot melt, because the heat will not
have enough time to propagate to start the melting of the substrate. When in the molten state,
the hotmelt material has a high physical and chemical affinity with the substrate and adheres
to it, therefore only the hotmelt needs to be molten, but not the substrate coupler or the pipe.
This requires lower energy than prior art thermal joining method. Upon solidification, hot
melt polymers return to a physical state that has structural integrity and can function as an

adhesive.

It is known to use hot melt polymers as glue, wherein the holt melt polymer is applied as a
liquid adhesive by extruding, rolling, bi-injection, coextrusion, in line assembly or spraying
the hot melt polymer on the surface of a first object to be assembled and joining with another

object is carried out immediately after application.
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However, the present invention suggests providing a coupling element with both the transition
polymer and the heating element, in situ. Preferred applications are for example pipe

couplings or in the plumbing, but these are examples only.

The energy for melting the transition polymer is dependent on the thickness/volume of this

one.

It should be noted that, due to the differences of melting temperatures between the bonding
material and the coupling body, only the bonding material will melt during coupling between
the coupling element and a substrate of another element for the adhesion between the
coupling element and a substrate of another element, by melting and sticking to the substrate.
For example, when assembling a pipe with the coupling element, only the bonding material
(hot melt polymer) is caused to soften and melt, whereas the pipe substrate and the coupling
body, e.g. made of PVC or CPVC, do not melt, and there is not mixing of material between
the welded hot melt polymer and the pipe. Upon solidification, the hot melt polymer forms an

adhesive layer between the pipe and the coupling element.

In one aspect, the bonding material comprises a first layer of bonding material at the first
joining surface, and wherein the at least one heating element is provided on said first layer of
bonding material, either directly or on a support layer. The support layer may have holes
enabling the bonding material to mix between the two layers, i.e. the layer of bonding
material and the support layer supporting the at least one heating eclement. Again, it is
contemplated that during assembly with a pipe, only the bonding material will soften, so that
there is no mixing of materials between the bonding material and the pipe. The bonding
material, upon solidification, provides for an adhesive layer, in which the at least one heating

element, and possibly the support layer when provided with holes, has/have been embedded.

The at least one heating element may comprise a resistance heatable by Joule effect or
induction, for example made of printed electronics, preferably made of conductive ink. The
printed electronics may be encapsulated within the bonding material or located on the first

joining surface.
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It should be noted that that the bonding material and/or the support layer can be filled with
conductive fillers, enabling to redirect the heat in the bonding material and melt the bonding
material. The melting can be achieved sequentially the hotmelt regions. Examples of fillers
include particles, nanoparticles, microparticles, microflakes, nanoflakes, metallic fibers,

carbon fibers.

The resistance may comprise a printed heater which can be deactivated after the bonding has
been completed, to provide a one shot heating solution, wherein the printed heater has a
printed shape with higher resistivity parts, where the resistivity of the printed heater is higher

than in the remaining parts of the printed heater.

The coupling element may further comprise one or more sensors, wherein the one or more
sensor(s) comprises at least one of a temperature sensor, RFID tag, strain sensor, pressure
sensor. The sensor(s) may be printed sensors which can be printed at the same time as the
printed heater. Otherwise, the sensor(s) can also be combined with printed heater. The heating
clement can therefore be provided with one or more functionality enabling to provide
feedback on the quality of the welded joint or to provide continuous monitoring for a pipeline

in which the coupling element has been used for coupling of pipes.

In another aspect, the at least one heating element may comprise a conductive nanofoil. Such
reactive nanofoils comprise mutually reactive metals, sputtered to form thin layers that create
a laminated foil. An exothermic reaction can be triggered by a heat pulse, a laser pulse, an
electric spark, a flame, or by any other means. For example, the nanofoil may comprise one of

an aluminum-nickel multilayered foil, aluminium-titanium, or titanium-amorphous silicon.

In a further aspect, the bonding material further comprises a second layer of bonding material,
wherein the at least one heating element is sandwiched between the first and second layers of
bonding material, in particular wherein the at least one element is provided on a support layer

sandwiched between the first layer and the second layer.

The first layer of bonding material may comprise a first transition material and the second

layer of bonding material comprises a second transition material, thereby enabling varying
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melting or bonding properties at the different layers. For example the first transition material

and the second transition material may melt at different melting temperatures.

In another aspect, a foaming agent or a blowing agent is provided preferably within the
bonding material. Advantageously, the foaming agent can expand within the bonding
material, thereby providing extra pressure closing all gaps. The foaming agent or blowing

agent is thermally activated foaming/blowing agent and is added to the bonding material.

The foaming agent is chosen to have an activation temperature so that the foaming agent can
be activated by the heat generated by the heating element in the bonding material during the
molten phase. This results in the expansion of the bonding material for the closing of any
potential existing gap between the pipe and the fitting. Only the bonding material layer will
foam. Indeed, a combination of a foaming layer with a specific bonding material (hot melt
polymer) is innovative as the mutual adjustment in reactivity temperatures and the gluing in
presence of foamed areas is considered particularly difficult to handle. The pipe element or
clements to be coupled by the coupling element should not reach their melting temperature

since only the bonding material is provided to melt.

The activation temperature of the foaming agent is equal to or higher than the melting
temperature of the bonding material. Preferably, the activation temperature of the foaming
agent is slightly higher, in the range of 2 to 20 °C, more preferably in the range of 5 to 10°C,

than the melting temperature of the bonding material.

Another embodiment for providing a foaming agent or blowing agent consists in the
encapsulation of a third material charged with foaming/blowing agents inside the bonding
material. This third material can well be a different type of bonding material, the substrate
material (PVC or CPVC) or other material that is compatible with the bonding material and
the foaming agent melting and activation temperatures. When the heating element heats up,
the bonding material will soften and melt, while activating the blowing agent inside the third

encapsulated material.

In this embodiment, the encapsulated material expands and pushes the bonding material

against the pipe and the fitting closing any eventual tolerance gaps.
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Yet another way of providing a foaming agent or blowing agent consists in providing a first
layer of bonding material and a second layer of bonding material facing each other on both
sides of the heating element. The first layer of bonding material comprises a hotmelt mixed
with a first additive, and the second layer of bonding material comprises a hotmelt mixed with
a second additive. During heating, both bonding material layers melt and the first and second
additives come in contact and react to produce an inert gas, in turning resulting in the foaming
of the bonding material. The bonding material expands and closes any potential gap between
the pipe and the fitting. Additionally, the shrinkage of the bonding material during cooling is

reduced.

An inert gas means that the inert gas does not react with the medium, such as gas or water, of
the pipe installation in which the coupling element is used. Similarly, the inert gas does not
react with the coupling element once coupled in the piping/system, and should not react with

the hotmelt.

For example, the first additive may be a polycarboxylic acid family component like citric
acid, and the second additive may be an inorganic carbonate family component e¢.g. sodium
bicarbonate. In this embodiment, the chemical reaction produces the inert gas CO2, in turn
resulting in the foaming of the bonding material. The bonding material expands and closes
any potential gap between the pipe and the fitting. Additionally, the shrinkage of the bonding

material during cooling is reduced.

It should be noted that only the bonding material will foam.

In yet another aspect, an energy supply portion, in particular connectors, for supplying heating
energy to the heating element. This allows providing energy in situ, directly y on the coupling
element. The energy supply portion may be deactivated after use. For example, the energy

supply portion may be provided within the molten bonding material.

In another aspect, the heating element is permeable to the bonding material, in particular
provided with holes through which the melted bonding material may flow. This allows the

flowing of the melted bonding material for a better bonding. In particular, this enables both
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layers to mix each other and to create a strong bonding, in particular when the heating

elements is not directly provided on the bonding material but on a support layer.

It should be noted that during assembly with a pipe, only the first and second layer of bonding
material will soften, so that there is no mixing of material between the bonding material and
the pipe. The bonding material, upon solidification, provides for an adhesive layer, in which
the at least one heating element, and possibly the support layer when provided with holes,

has/have been embedded.

The coupling element may be configured to be arranged in a sleeve/ring form, with ends

configured to be mutually engaged to maintain the sleeve/ring shape.

The present invention also proposes a coupling assembly comprising such a coupling element

and a first substrate assembled on the first joining surface.

In an aspect, the coupling assembly comprises a second substrate, wherein the first substrate
and the second substrate are joined together by said coupling element by the welded bonding
material upon welding the bonding material, preferably wherein the second substrate is
assembled on a second joining surface on an opposite side of the coupling body with respect

to the first joining surface.

The first substrate may be one of a first pipe element and of a first socket for insertion of the
pipe element, and the second substrate may be another one of a second pipe element and of a

socket.

In yet another aspect, the first substrate is a multilayer pipe element having a main pipe body
section and a free end, and the bonding material is provided to cover said free end of the pipe

element.

The present invention further proposes a method of coupling a first substrate to a coupling
clement as described above, comprising the steps of: adjoining the first substrate on the
coupling element, and providing energy to the at least one heating element to cause the

heating of the bonding material up to the melting temperature, to obtain a coupling assembly.
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In an aspect, the first substrate is coupled to a first layer of bonding material provided at the

joining surface.

In another aspect, the method comprises the step of deactivating the heating element after the
completion of the bonding, in particular irreversibly deactivating the heating element. The
printed heating elements are sensitive to the temperature of heating due to its shape or
geometry. Therefore the printed heater can be designed in a way that in combination with the
right heating cycle after the full melting of the hotmelt leading to a viable joint is achieved,
once the coupling element has been coupled via the hot melt polymer to a piping element or a
fitting, It is only after that melting phase that leading to a viable coupling that the printed
heater will overheat on a specific region and result in a scission of the conductive printed
heater. For example, for a co-polyester type hotmelt may be heated at a temperature of 210° C
to achieve a full melting leading to a coupling, and the overheating temperature may be of

around 250°C to fuse the printed heater.

The present invention yet further proposes the use of a transition polymer in a method as

described above, in a coupling assembly and/or in a coupling element as described above.

Brief description of the figures

Other features and advantages of the present invention will become apparent from the
description below in conjunction with the accompanying drawings showing an example of an

embodiment which include, but are not limited to:

Figure 1A shows a coupling element according to one embodiment of the present
invention;

Figure 1B showing the coupling eclement of Fig. 1A coupled with a first substrate
according to one embodiment of the present invention;

Figure 2 shows a coupling element according to another embodiment of the present
invention;

Figure 3 shows a coupling element according to yet another embodiment of the

present invention;
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Fig. 4 shows a coupling element provided with a foaming agent according to yet
another embodiment of the present invention, and Figs 4B to 4D show different embodiments
of a coupling element provided with a foaming agent according to the present invention;

Fig. 5 is a block diagram of a method of assembling of a coupling element according
to another embodiment of the present invention;

Fig.6A-6E show a coupling assembly with a coupling element according to one
embodiment of the present invention;

Fig.7 shows a coupling assembly with a coupling eclement according to one
embodiment of the present invention;

Figure 8 shows a coupling assembly with a coupling element according to one

embodiment of the present invention.

In the drawings, identical or similar elements are indicated with identical or similar reference

numbers.

Figure 1A shows a coupling element 10 according to one embodiment of the present

invention and Fig. 1B shows the coupling element 10 being coupled with a first substrate 30.

The coupling element 10 comprises a coupling body 12 having a first joining surface 13, and
a second joining surface 14 opposite the first joining surface 13, and at least one heating

element 50.

The coupling body 12 is made of a bonding material which is weldable at a melting
temperature. The bonding material is a transition polymer, also referred to as a hot melt, as

will be explained later in the description.

In the example of Fig. 1A, the at least one heating element 50 is provided at the first joining
surface 13. This is not limiting the invention and the heating element 50 may be provided on
both the first and second joining surfaces 13, 14, or may be encapsulated within the bonding

material, such as the example of Fig 2 and 3.

The heating element 50 is provided to heat the bonding material at a temperature at least equal

to or greater than the melting temperature, to cause the welding of the bonding material.
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In the example of Figs. 1A and 1B, the heating element 50 is a resistive wire located at the
joining surface 13 heatable by electromagnetic energy. The resistive wire of Figs. 1A and 1B
can be heated by Joule effect. To this end, the heating element 50 comprises electrical

contacts 52, 53, which can be brought into contact with a source of electrical power.

The skilled person will understand that the resistive wire need not be located at or on the
joining surface and may be a coil embedded within the bonding material. Further, the coil or
resistive wire may be heated up by induction. Instead of coil, microparticles can be embedded

in the bonding material and heated by induction.

The resistive heating element may advantageously be a flat zigzag wire element. A flat zigzag
element can be easily implemented in the industrialization process. Further, a zigzag wire
allows providing the two electrical contacts on one side of the coupling element, instead of
having a first electrical contact on one side and the other electrical contact on the other side.
This implementation is compact and helps avoiding short circuits between the two electrical
contacts. This design further ensures that the electrical contacts do not come out in the middle

of a fitting or coupling element during welding.

A resistive wire can be heated up to a maximum temperature of 800°C or more.

The bonding material is a transition polymer, also named hot melt polymers or hot melt
adhesives. Hot melt polymers are based on thermoplastic polymers., which are solid at room
temperature and have a softening or melting temperature which is known to be low, up to the
melting temperature of the substrate or higher. When in the molten state the hotmelt material
has a high physical and chemical affinity with the substrate and adheres to it, therefore only
the hotmelt need to be molten and requires lower energy than prior art thermal joining
method. Upon solidification, hot melt polymers return to a physical state that has structural

integrity and can function as an adhesive.

As mentioned previously, the present invention suggests providing a coupling element with

both the transition polymer and the heating element, in situ. Preferred applications are for
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example pipe couplings or in the plumbing, but these are examples only. The example of pipe

coupling will be explained later on in the description, but this is not limiting the invention.

Advantageously, the melting temperature can remain lower than the melting temperature of
the substrate, implying less volume/mass and lower melting temperature, therefore less energy
to be provided. As mentioned above, the melting temperature can be up to the substrate
melting temperature or higher. It should be noted that the melting temperature can be tailored
by playing with the molecular weight of the hot melt or by adding additives modifying the

material viscosity of the hot melt polymer.

An example of bonding material that can be used in the coupling elements of the present
invention is a Platamid hotmelts or a Co-polyester type hotmelt, which is well indicated for

adhesion with a substrate made of C-PVC.

The bonding material is provided to melt and act as a glue, i.e. there is a physico-chemical
interaction between the bonding material and e.g. the substrate of the pipe to which the
coupling eclement will be assembled. It is important to understand that only the bonding
material is provided to soften and melt, not the substrate of the pipe element. There is no

mixing of material between the bonding material and the pipe substrate.

Fig. 2 shows another example of coupling element 210 according to another aspect of the
invention, which differs from the coupling element of fig. 1 by the heating element, as

described below. The elements identical to Figs 1 and 2 have the same reference numeral.

The coupling element 210 comprise a coupling body 12 of bonding material defining a first
joining surface 13 and a second joining surface 14. A heating element 250 in the form of
conductive reactive nanofoils is provided, embedded within the bonding material of the

coupling element body 12.

Such reactive nanofoils comprise mutually reactive metals, sputtered to form thin layers that
create a laminated foil. An exothermic reaction can be triggered by a heat pulse, a laser pulse,

an clectric spark, a flame, or by any other means. For example, the nanofoil may comprise
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one of an aluminum-nickel multilayered foil, aluminium-titanium, or titanium-amorphous

silicon.

The nanofoil can be excited by electrical current supplied through electrical contacts 252, 253,
and upon excitation, an exothermic reaction starts that can reach out to a temperature of
1500°C in a few milliseconds, as known in the art. The velocity and temperature of the

reaction can be controlled by adjusting the thickness of the layers.

In an aspect of the invention, a superposition of different nanofoil layers may enable elevating
the temperature of the bonding material progressively. Indeed, a first layer of nanofoil can be
used to trigger a consecutive reaction of a second layer of nanofoil, said second layer of

nanofoil activating consecutively the subsequent nanofoil layer., and so on.

The bonding material comprises a hot melt polymer, similarly to the coupling element 10 of

Fig. 1.

Fig. 3 shows yet another example of coupling element 310 according to a further aspect of the
invention, which differs from the coupling element of figs. 1 and 2 essentially by the heating
clement, as described below. The elements identical to Figs 1 and 2 have the same reference

numeral.

In the example of Fig. 3, the heating element 350 is a printed heater made of conductive ink
with resistive properties. The printed heater can be heated up by joule Effect, similar to the

resistive wire of the coupling element of Fig. 1.

As shown in Fig. 3, the printed heater 350 is printed on a support layer 352 embedded within
the bonding material, in particular sandwiched between a first layer 316 and a second layer
317 of bonding material.

The support layer 352 has holes enabling the bonding material to mix between the two layers.

This is not limiting the invention and the ink can be printed on the surface of the transition

polymer directly.
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The printed ink forms resistive resistances that will heat by joule effect and distribute the heat

homogeneously on/within the bonding material.

Suitable ink materials can be carbon, silver, copper,...or any other suitable material. One
advantage of printed heater is that it allows for a choice of printed shape, possible thin
heaters, as well as a flexibility. Indeed, printed heater can be bent if needed, for example to
assume a circular shape. The maximum heating temperature may be around 120°C-150°C

according to specification of the ink used for the printed heater.

It should be noted that that the bonding material and/or the support layer can be filled with
conductive particles, enabling to redirect the heat in the bonding material and melt the
bonding material. The melting can be achieved sequentially the hotmelt regions, depending on

the requirements.

Preferably, the ink comprises wax particles allowing the ink to be a self-regulating, thereby
avoiding degradation of the ink due to heating. In particular, the wax particles expand with
heat, but when expanded the wax particles will break the conductivity between the conductive
particles in the ink, thereby stopping the heating by Joule effect. Such a self-regulating ink
enables controlling the melting of the transition polymer inside its transformation window.
Further, the skilled person understands that a self-regulating ink may be reusable, whilst

conductive inks without self-regulating properties will heat until degradation.

The support layer 352 can be made any substrate material compatible with the hotmelt

adhesive, e.g. made of Polyethylene terephthalate (PET).

The first layer 316 of bonding material and the second layer 317 of bonding material
preferably comprise the same material. However, the first layer of bonding material may
comprise a first holt melt polymer and the second layer of material may comprise a second

holt melt material or may comprises the same material or different material.

In the example of Fig. 3, the printed heater 350 is embedded within the bonding material. This

is not limiting the invention, and the printed heater 350 may be provided at one of the first
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joining surface 13, second joining surface 14, or both, either on a support layer or directly on

the bonding material, similar to the resistive wire 50 of Fig. 1.

A printed heater can be advantageously deactivated in an irreversible manner, after the
bonding has been completed, to provide a one shot heating solution, thereby avoiding
multiple heating of the bonding material or of the coupling element. A one shot printed heater
can indeed be designed so as to have a printed shape with higher resistivity parts, where the
resistivity of the printed heater is higher. The temperature will increase more in those high
resistivity parts than in the remaining parts of the printed heater. The extra temperature
increase results in the fusion of the printed heater and break of the conductivity. When a
critical temperature is reached based on a predesigned heating cycle that ensure the right
bonding of the hotmelt to the substrates (aligned with the application temperature of the
bonding material) followed by a overheat of the heating element the heating will stop. The
application temperature is the melting temperature which provides for a good adhesion of the

bonding material to the substrate or to the pipe element to which tis is to be assembled.

Another advantage of printed heaters is to provide the printed heater with one or more
sensors. Indeed, during printing of the heating element over the bonding material or the
substrate, one or more sensor(s) can be printed at the same time. The one or more sensor(s)
may be one of a temperature sensor, RFID tag, strain sensor, pressure sensor. For example,
the heating element can therefore provided with one or more functionality enabling to provide
feedback on the quality of the welded joint or to provide continuous monitoring for a pipeline

in which the coupling element has been used for coupling of pipes.

Fig. 4 shows a coupling element 410 according to yet another embodiment of the present
invention, which differs from the coupling of the Figs. 1 to 3 by the bonding material, having
further a foaming agent 460. The foaming agent can expand within the bonding material,
thereby providing extra pressure closing all gaps between the coupling element and the

substrate (eg of a pipe) to which it is glued, after assembly.

Indeed, the skilled person understands the thickness of the bonding material change during
heating. For example, if the bonding material is a thermoplastic or semi crystalline polymer,

heating of the bonding material up to the melting temperature results in the fusion of the
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crystals. Foaming agents can therefore expand and compensate potential gaps or volume
changes that might occur, e.g. during pipe cutting, preparation, storage...or be created during
heating between a substrate and the coupling element. The increases the quality of the

coupling.

The foaming agent is chosen to have an activation temperature so that the foaming agent can
be activated by the heat generated by the heating element in the hotmelt material during the
molten phase. This results in the expansion of the hotmelt material for the closing of any
potential existing gap between the pipe 40 and the coupling element 410. Only the hotmelt

layer will foam.

The foaming agent has an activation temperature equal to or higher than the melting
temperature of the bonding material. Preferably the foaming agent has an activation
temperature lying in a range of 5 to 20°C higher than the melting temperature of the bonding
material. For example, the hot melt melting temperature may be of around 200°C, and the
foaming agent is chosen to have an activation temperature of 200-220°C, preferably 205-

210°C, to be activated once the bonding material is fully molten.

Fig. 4B to 4D give examples of embodiments in which the coupling element has a bonding
material with a foaming agent, before and after assembly with a pipe 40 (left and right side,
respectively). In Fig. 4B, the foaming agent or a blowing agent 460 is provided within the
bonding material 450. Advantageously, the foaming agent can expand within the bonding
material, thereby providing extra pressure closing all gaps. The foaming agent or blowing

agent is thermally activated foaming/blowing agent and is added to the hotmelt material.

In Fig. 4C, the bonding material encapsulates a third material 462 charged with
foaming/blowing agents 460. This third material can well be a different type of bonding
material, the substrate material (PVC or CPVC) or any other material that is compatible with
the bonding material and the foaming agent melting and activation temperatures. When the
heating element heats up, the bonding material will soften and melt, while activating the
blowing agent inside the third encapsulated material. As a result, the encapsulated third
material 462 expands and pushes the bonding material against the pipe and the fitting closing

any eventual tolerance gaps.
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In Fig. 4D, the bonding material is a double layer material sandwiching the heating element.
A first layer 465 of hot melt mixed with a first additive and a second layer 467 of hotmelt
with a second additive face each other on both sides of the heating element. During heating,
both bonding material layers melt and the first and second additives come in contact and react
to produce an inert gas, in turn resulting in the foaming of the bonding material. The bonding
material expands and closes any potential gap between the pipe and the fitting. Additionally,

the shrinkage of the bonding material during cooling is reduced.

An inert gas means that the inert gas does not react with the medium, such as gas or water, of
the pipe installation in which the coupling element is used. Similarly, the inert gas does not
react with the coupling element once coupled in the piping/system, and should not react with

the hotmelt.

For example, the first additive may be a polycarboxylic acid family component like citric
acid, and the second additive may be an inorganic carbonate family component e¢.g. sodium
bicarbonate. In this embodiment, the chemical reaction produces the inert gas CO2, in turn

resulting in the foaming of the bonding material.

It should be understood that only the bonding material will foam or expand, or the additional
material provided within the bonding material, during coupling to the substrate. The substrate

itself does neither melt nor expand.

The coupling element results on a combination of heating element with the bonding element:

It should be further noted that the heating device may be permeable to the bonding material,
enabling both layers to mix each other and to create a strong bonding, in particular when the

heating elements is not directly provided on the bonding material but on a support layer.

The bonding body may have different layers of bonding material, such as a first layer with a
first bonding material and a second layer with a second bonding material. For example, the
first material may be a hard hot melt polymer configured to be on a fitting or socket side, with

the hard only slightly melting during the coupling, and the second material may be a softer
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bonding material, preferably with foam, configured to be on a pipe side. The second material
can compensate diametral tolerances and melt easily, thereby creating a good adhesion with

the pipe.

It is also envisaged to provide the coupling element with a first bonding material and a second
bonding material having different melting temperatures, so that the first and second materials
melt at different time points. For example, the first material may melt earlier and may be
provided to melt and cover pipe ends or pipe, whilst the second material may melt later and

may be provided to melt with a socket.

The present application therefore proposes using hot melt polymers provided with a heating
element directly in a coupling element on the substrate or object to be assembled. A foaming
agent is provided to compensate potential gaps or volume changes that might occur, e.g.
during pipe cutting, preparation, storage...or be created during heating between a substrate

and the coupling element.

The foaming agent is chosen to have a melting and activation temperatures so that the
foaming agent can be activated by the heat generated by the heating element in the hotmelt
material during the melting phase. This results in the expansion of the hotmelt material for the
closing of any potential existing gap between the pipe and the fitting. Only the hotmelt layer

will foam.

It should be further noted that the heating element may be provided directly on an outside
layer of bonding material, at the first and/or second joining surface. The heating element may
otherwise be incorporated between two layers of bonding materials or embedded within the
bonding material. In this case, the heating element is advantageously provided with holes,
permeable to the bonding material, allowing the mixing of the different layers of bonding

material.

The coupling element may be pre-assembled with or on a first substrate 30 positioned along
one of the first joining surface 13 and the second joining surface 14, in order to form a first
coupling assembly, by causing the heating element 50 to heat the bonding material up to the

melting temperature. Once joined together and after solidification of the bonding material, the
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resulting coupling assembly is formed by the first substrate with a coating formed by the

coupling body of the coupling element.

For example, the first substrate 30 can be a fitting for a pipe element, thereby forming a fitting
with a coating made of bonding material (hot melt), with the heating element being still

present in the fitting after assembly of the first substrate and coupling element.

The coupling element may be assembled directly between a first substrate 30 positioned
against the first joining surface 13 and a second substrate 40 positioned against the second
joining surface 14, thereby forming an adhesive between the first substrate and the second
substrate upon welding the bonding material. In this case, the coupling element forms an

adhesive insert.

For example, Fig. 5 shows the step of a method of coupling described in reference with Fig.
6A-6E, having the coupling element 310 of Fig. 3. This is not limiting the invention and any

of the coupling element of Fig. 1 to 4 can be used.

In a first step S1, the coupling element 310, shown on Fig. 6A, is inserted between a fitting 30
as first substrate and a pipe 40 as second substrate, to form the connection by assembly, as

illustrated on Fig. 6B.

The fitting 30 includes a sleeve forming a socket 35. The socket 35 has an inner diameter

substantially equal to the outer diameter of the coupling element 310, with a free end 36.

Any examples of connection between a socket and a pipe could be envisioned, such as a
straight sleeve, a T, a reducer, a cap, an elbow, or any other example of connection currently
used in plumbing.

The pipe elements or fittings may be made of PERT, PEX, PVC, CPVC, PP, copper, brass.

In this example and as shown on Fig. 6A, the coupling element 350 comprises a layer of

printed heaters 350 sandwiched between a first layer of transition polymer 316 and a second
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layer of transition polymer 317, and rolled for insertion within the socket 35, with the

electrical contact 352, 353 remain accessible, for providing access to a source of energy.

Different bonding materials may be used having different properties, for example different

colors, for visualization of the correct coupling.

In a second step S2, illustrated with reference to Figs. 6C, 6D and 6E, the electrical contacts
352, 353, are connected to the source of energy, causing the printed heater 350 to heat and
thereby heating the bonding material at least to the melting temperature, up to the welding of
the bonding material of the coupling element 10 along the joining surfaces 13 and 14 of the
coupling element 310. For example, connector of a power supply clamp can be brought to the

electrical connectors 352, 353.

More precisely, in the example of Figs.6A-6E, a connecting ring 80 is brought into contact
with the electrical contacts 352, 353, to surround the free end 36 of the socket. The connecting
ring 80 is provided with peripheral openings 81, for insertion of corresponding connectors 91
of a power supply tool, such as a power supply clamp 90. Once inserted, a tension can be
applied on the electrical contacts 352, 353, through the power supply tool 90. This causes the
heating of the heating element 350 due to Joule effect, and the consecutive melting of the

bonding material.

The access to the source of energy, ic. the eclectrical contacts, may be removed after
assembly. For example, as seen on Fig. 6E, the electrical contacts 352, 353 also softens during
heating, so that after welding, applying pressure on the connecting ring 80, using the power
supply clamp 90, may break both the connecting ring and the electrical contacts 352, 535
interacting with the connecting ring. Therefore, the electrical contacts may simply break
after/on removal the power supply clamp 90 after welding. If the welding is not done, the

connecting ring or the connectors are not soft and can not break.

In the examples of Figs.6A-6E, the heating element is a printed resistance, and a connecting
ring 80 is provided with openings through which the connectors of a supply clamp may
contact the electrical connectors of the heating elements. In Fig. 7, the coupling element

comprises a copper wire coil embedded in a bonding material, similar to the coupling element
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10 of Fig. 1A. The coupling element is inserted into between a fitting 30 as first substrate and
a pipe 40 as second substrate, to form the connection by assembly. The fitting 30 is provided
with openings 781 allowing the electrical connection of the connectors of the power supply

tool 790.

Yet another example is shown on Fig. 8, in which the coupling element comprises a nanofoil
250 embedded in a bonding material, similar to the coupling element 210 of Fig. 2. The
coupling element is inserted into between a fitting 30 as first substrate and a pipe 40 as second
substrate, to form the connection by assembly. The fitting 830 is provided with openings 881
allowing the electrical connection of the connectors of the power supply tool 890. In this

example, the power supply tool 890 is used for ignition of the exothermic reaction.

Visual indicators 895 are provided on the fitting, allowing visual inspection. A color change

of the indicators may indicate that the welding has occurred.

The skilled person understands that the resistive wire or the printed heaters remain in the
coupling after assembly. Advantageously, the heating elements can be used for later use, for
example for heating water flowing in a such a coupling. Other electronics uses are possible,

such as the integration of a printed antennae or RFID.

It should be understood that the heating element or the support layer of the heating element
also undergo heating and may deform during heating. This can disable the heating function
for further use, or this can be used to transform the heating element. The transformation of the

heating element can give an indication on the quality of welding.

Indeed, the transformation may occur during a transformation window in which the heating
clement deform in a defined or known manner, indicating that the welding has been

completed. For example, the heating element may change into an RFID antenna.

In an aspect of the invention, the substrate is a multi-layer pipe element (MLP) having a free
end and a main pipe body section. It may be advantageous to provide the bonding material not
only to cover the main pipe body section but also the free end of the pipe element, so as to

protect the pipe end against corrosion or degradation.
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This invention is not limited to the embodiment described above but encompasses all variants.
A feature shown and/or described in combination with other features may be provided
independently or in combination with other features shown independently or in combination

with other features and this respectively independently or in arbitrary combination.
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Claims

A coupling element (10, 210, 310, 410) comprising

- a coupling body (12) having a first joining surface (13), said coupling body
(12) comprising a bonding material being weldable at a melting
temperature,

- at least one heating element (50, 250, 350), provided to heat the bonding
material at a temperature equal to or greater than the melting temperature,
the at least one heating element being encapsulated with the bonding
material or provided at the first joining surface,

- said bonding material being a transition polymer,

- wherein the at least one heating element comprises a resistance heatable by

Joule effect or induction.

The coupling element according to claim 1, wherein the bonding material and/or the
support material can be filled with conductive particles enabling to direct heat in the

bonding material.

The coupling element according to claim 1 or 2, wherein the heating element is a
printed heater with a resistance made of printed electronics, preferably made of
conductive ink, wherein the printed electronics are encapsulated within the bonding

material or located on the first joining surface.

The coupling element according to claim 3, wherein the printed heater can be

deactivated irreversibly after the bonding has been completed.

The coupling element according to claim 4, wherein the printed heater has a printed
shape with higher resistivity parts, where the resistivity of the printed heater is higher
than in the remaining parts of the printed heater, in order to fuse and deactivate

irreversibly the printed heater.
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The coupling element according to any of claims 3 to 5, wherein the coupling element
further comprises one or more sensors, wherein the one or more sensor(s) comprises at
least one of a temperature sensor, RFID tag, strain sensor, pressure sensor, in

particular wherein the one or more sensor(s) is/are a printed sensor.

The element according to claim 1 or 2, wherein the at least one heating element

comprises a conductive nanofoil.

The coupling element according to claim 1, wherein the bonding material comprises a
first layer of bonding material at the first joining surface, and wherein the at least one
heating element is provided on said first layer of bonding material, either directly or

on a support layer.

The coupling element according to any of the preceding claims, wherein the bonding
material further comprises a second layer (317) of bonding material, wherein the at
least one heating element is sandwiched between the first and second layers of
bonding material, in particular wherein the at least one element is provided on a

support layer sandwiched between the first layer and the second layer.

The coupling element according to the preceding claim, wherein the first layer of
bonding material comprises a first transition material and the second layer of bonding

material comprises a second transition material.

The coupling element according to any of the preceding claims, further comprising a

foaming agent, preferably within the bonding material.

The coupling element according to any of the preceding claims, further comprising an
energy supply portion, in particular connectors, for supplying heating energy to the

heating element.

The coupling element according to any of the preceding claims, wherein the heating
element is permeable to the bonding material, in particular provided with holes

through which the melted bonding material may flow.
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14. A coupling assembly (1) comprising a coupling element (10) according to any of the

previous claims, and a first substrate assembled on the first joining surface.

15. The coupling assembly according to the preceding claim, comprising a second
substrate, wherein the first substrate and the second substrate are joined together by
said coupling element by the welded bonding material upon welding the bonding
material, preferably wherein the second substrate is assembled on a second joining
surface on an opposite side of the coupling body with respect to the first joining

surface.

16. The coupling assembly of the preceding claim, wherein the first substrate is one of a
first pipe element and of a first socket (15) for insertion of the pipe element (3), and

the second substrate is one of a second pipe element and of a socket.

17. The coupling assembly according to the preceding claims, wherein the first substrate is
a multilayer pipe element having a main pipe body section and a free end, and the

bonding material is provided to cover said free end of the pipe element.

18. A method of coupling a first substrate to a coupling element according to any of
claims 1 to 13, comprising the steps of:
- adjoining the first substrate on the coupling element
- providing energy by Joule effect or induction to the at least one heating
clement to cause the heating of the bonding material up to the melting

temperature, to obtain a coupling assembly.

19. The method according to claim 18, comprising the step of deactivating the heating
element after the completion of the bonding, in particular irreversibly deactivating the

heating element.
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