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POLYMER WELDING USING FERROMAGNETIC PARTICLES
FIELD OF THE DISCLOSURE

[0001]1 The disclosure generally relates to bonding techniques and, more
particularly, relates to methods and apparatuses for bonding polymeric materials, including

those found in catheters.

BACKGROUND OF THE DISCLOSURE

[0002] Bonding or welding of two or more polymeric components can be
accomplished according to a variety of methods. For example, in the construction of medical
devices, such as balloon catheters, or the like, it is known to bring the polymeric components
of the catheter into contact with a medium which is at the melting temperature of the
polymers. More specifically, the polymeric components can be placed within a heated clam
shell, or mold-type of device, which surrounds the polymeric material, and transfers heat
from the material of the clam shell to the material of the polymeric component.
Alternatively, the polymeric materials can be exposed to a hot air stream which 1s at a
temperature sufficient to melt the polymer. A disadvantage of such systems 1s the time
required to bring the polymer to a molding temperature is so great that the transferred heat
tends to dissipate throughout the polymeric material and to any adjoining areas of the device.

It is therefore difficult to restrict the area affected by the heat.

[0003] According to other techniques, it is known to expose a form of energy to the
welding area to heat the polymeric material either by direct absorption by the polymeric
material, or indirectly, by adding an energy-absorbing additive through the polymer. For
example, with regard to laser welding, it is known to disperse an additive throughout the
polymeric material which is adapted to absorb the laser frequency. The polymeric material 1s

heated by the hysterisis losses resulting from the laser frequency absorbing additive. While
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the polymeric material can be heated quickly according to such a method, and the welding
spot can be precisely located by direct placement of the energy-absorbing additive, 1t 1s

difficult to control the temperature accurately.

[0004] In still further systems, it is known to add ferromagnetic materials to the
polymeric materials and then expose the combined materials to an electromagnetic field. The
-polymeric material is thereby heated due to hysterisis losses associated with the vibrating
ferromagnetic materials. Moreover, one advantage of such a system over the above-
referenced laser welding system is that temperatures can be more accurately controlled due to
the fact that the hysterisis losses will only occur up to the Curie temperature of the
ferromagnetic material. By selecting a ferromagnetic material with a Curie temperature equal
to a point at which the polymeric materials will bond, it is possible to heat and bond the
polymeric materials, without damage to the polymeric materials due to overheating of the

material. Moreover, the materials can be heated quickly with such a system.

[0005] Additionally, the electromagnetic field can pass through all polymers and
therefore heat ferromagnetic material placed on the inside of such structures, therefore

enabling heating from the inside out.

[0006] While such systems are effective, the addition of the ferromagnetic material
to the device being created has certain inherent drawbacks. For example, the particle size of
the ferromagnetic materials currently in use, which are on the order of at least one micron, 1s
such that the particles themselves are often as thick as the walls or individual polymer layers
of the devices being created, thereby ci‘eating weak spots due to a lack of a chemical
connection between the polymer matrix and the ferromagnetic particles. The addition of the
ferromagnetic material will also often stiffen the bond site, a disadvantage when the medical

device being created must be flexible. A disadvantage of large (i.e., larger than one micron)
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ferromagnetic particles is the relatively small surface-to-volume ratio in comparison to

smaller nano-sized ferromagnetic particles.

[0007] In some bonding systems, dissimilar polymeric materials, each containing a
micro-dispersion of fine-micron ferromagnetic powders niay be bonded to one another using
a specially compounded thermoplastic elastomer, containing ferromagnetic material. The
compound material contains material similar to that in the polymeric materials being bonded,
and the entire composite is heated to the fusion temperature of the same polymeric materials
in order to form a chemical bond. The heat is generated using a high alternating current
source that results in heat losses between the thermoplastic base material and the abutting
joint surface with the heat flowing from the metal filler and melting the adjoining surfaces.
However, this technology is in need of further refinements. Such bonding systems have been
used in the consumer appliance, automotive and large medical device markets. However,
such systems have not been employed in the context of catheter assembly, an area which
introduces unique constraints and difficulties. Catheter assembly is characterized by tight
(narrow) tolerance, small bond gap applications, and one would not expect success using
existing bonding techniques. Additionally, it would be advantageous to have a bonding
process for catheter assembly and other contexts that would permit binding of polymeric

materials that themselves do not necessarily coritain ferromagnetic materials.

[0008] At present, catheter bonding technologies are typically limited to two
primary technologies: adhesive bonded catheters and thermally bonded catheters. Adhesive-
bonded catheters include catheters that require high melt flow polymer adhesives to jom
incompatible polymeric components together. This technology is undesirable from an
operational cost and efficiency perspective due to relatively lengthy cure times, etc.

Thermally-bonded catheters include catheters that join compatible polymeric components
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together. This technology is substantially limiting because the poiymeric components to be

joined must be of substantially similar, if not identical composition.

(00097 Accordingly, there exists a need for more efficient, cost-effective means for
bonding catheter components, polymeric materials in general and especially dissimilar

materials together.

SUMMARY OF THE DISCLOSURE

[0010] In accordance with one aspect of the disclosure, a method of bonding
multiple polymeric elements is provided. The method may comprise the steps of distributing
~ ferromagnetic particles through a molding device, placing multiple polymeric elements into
operative association with the molding device, exposing the molding device to an
electromagnetic field, and heating any polymeric elements by way of contact with the

molding device.

[0011] In accordance with another aspect of the disclosure, a method of bonding
multiple polymeric elements together is provided. The method may comprise the steps of
providing a first polymeric element, providing a second polymeric element, applying a
material containing ferromagnetic particles to an outside surface of at least one éf the first
and second polymeric elements, engaging the first and second polymeric elements with the
material containing ferromagnetic particles being placed between the first and second
polymeric elements, and exposing the material containing ferromagnetic particles to an
electromagnetic field. The exposure causes the material to rise in temperature and thereby

fuse the first and second polymeric elements together.

[0012] In accordance with another aspect of the disclosure,"an apparatus for
bondingcﬁrst and second polymeric elements together is provided. The apparatus may

comprise a molding element with a surface complementary to at least one of the first and
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second polymeric elements, ferromagnetic particles operatively associated with the molding
element, and a magnetic field source to subject the molding element to a magnetic field. The

molding element surface is adapted to engage at least one of the first and second elements.

[0013]  In accordance with another aspect of the disclosure, a method of bonding
multiple polymeric elements together is provided. The method may comprise the steps of
distributing ferromagnetic particles through a molding device, placing multiple polymeric
elements into operative association with the molding device, placing an interface composition
to operative association with the multiple polymeric elements, and heating the polymeric
elements and interface composition at least to a fusion temperature of the polymeric element

with the highest fusion temperature.

[0014]  In accordance with another aspect of the disclosure, a method of bonding
multiple polymeric elements together is provided. The method may comprise the steps of
providing a first polymeric element comprising a first polymer, providing a se?ond polymeric
element comprising a second polymer, applying an interface composition that comprises
ferromagnetic particles, the first polymer, and the second polymer, to a surface of at least one
of the first and second polymeric elements, engaging the first and second polymeric elements
at a polymeric interface with the interface composition being placed between the first and
second polymeric elements, and exposing the polymeric elements and interface composition
to an electromagnetic field, the exposing step causing said elements and composition to rise

in temperature and thereby fuse the first and second polymeric elements together.

[0015]  In accordance with another aspect of the disclosure, a method of bonding
multiple polymeric elements together is provided. The method may comprise the following
steps. First a molding device is provided. The multiple polymeric elements are placed into
operative association with the molding device such that a polymeric element contacts an

adjacent polymeric element at a polymeric interface, and wherein there are ferromagnetic
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particles present within about 500 nanometers (nm) of a plane parallel to surfaces of two
adjacent polymeric elements. The said plane is equidistant from said surfaces at the
polymeric interface. An interface composition is placed in operative association with the
multiple polymeric elements at the polymeric interfaces. The polymeric elements and
interface composition are heated at least to a fusion temperature of the polymeric element

with the highest fusion temperature.

[0016] In accordance with another aspect of the disclosure, a method of bonding
multiple polymeric elements together is provided. The method may comprise the following
steps. A first polymeric element is provided that comprises a first polymer. A second
polymeric element is provided that comprises a second polymer. An interface composition is
applied that comprises the first polymer and the second polymer toa surface of at least one of
the first and second polymeric elements. The first and second polymeric elements are
engaged at an interface with the interface composition being placed between the first and
second polymeric elements. The polymeric elements and interface composition are exposed
to an electromagnetic field. This exposure step causes said elements and composition to rise
in temperature and thereby fuse the first and second polymeric elements together, wherein
there are ferromagnetic particles within X mm of a plane parallel to surfaces of two adjacent

polymeric elements, said plane being equidistant from said surfaces.

[0017] In accordance with another aspect of the disclosure, a method of bonding
multiple polymeric elements together is provided. The method may comprise the following
steps. Ferromagnetic particles are distributed through a molding device. Multiple polymeric
elements are placed into operative association with the molding device, wherein the multiple
polymeric elements comprise at least a first polymeric element and a second polymeric
element. The first polymeric element comprises a first polymer and a second polymerié

element comprises a second polymer. The first polymer is present at less than 99.999% by
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welght 1n the second polymeric element. The second polymer is present at less than 99.999%
by weight m the first polymeric element. A thermoplastic elastomer (TPE) composition is
placed mnto operative association with the multiple polymeric elements including placing the
interface composition between the first and second polymeric elements. The TPE
composition of the second placing step comprises the first polymer. The second polymer and
terromagnetic particles. The polymeric elements and TPE composition are heated at least to

a fusion temperature of the polymeric element with the highest fusion temperature.

[0018] In accordance with another aspect of the disclosure, a method of bonding
multiple catheter components is provided. The method may comprise the following steps.
Ferromagnetic particles are distributed through a molding device. Multiple polymeric
elements are placed into operative association with the molding device, wherein each
polymeric element is operatively associated with a catheter component. The multiple
polymeric elements comprise at least a first polymeric element operatively associated with a
first catheter component and a second polymeric element operatively associated with a
second catheter component. The first polymeric element comprises a first polymer and a
second polymeric element comprises a second polymer. The first polymer is present at less
than 99.999% by weight in the second polymeric element. The second polymer is present at
less than 99.999% by weight in the first polymeric element. A thermoplastic elastomer (TPE)
composition is placed into operative association with the multiple polymeric elements
including placing the interface composition between the first and second polymeric elements.
The thermoplastic elastomer (TPE) composition of the second placing step comprises the first
polymer, the second polymer and ferromagnetic particles. The polymeric elements and
thermoplastic elastomer (TPE) composition are heated at least to a fusion temperature of the

polymeric element with the highest fusion temperature.
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10019] In accordance with another aspect of the disclosure, a method of bonding
multiple catheter components is provided. The method may comprise the following steps. A
molding device is provided. Multiple polymeric elements are placed into operative
assoclation with the molding device, wherein each polymeric element is operatively
associated with a catheter component. The multiple polymeric elements comprise at least a
first polymeric element operatively associated with a first catheter component and a second
polymeric element operatively associated with a second catheter component. The first
polymeric element comprises a first polymer and a second polymeric element comprises a
second polymer. The first polymer is present at less than 99.999% by weight in the second
polymeric element. The second polymer is present at less than 99.999% by weight in the first
polymeric element. An interface composition is placed into operative association with the
multiple polymeric elements including placing the interface composition between the first
and second polymeric elements; wherein the interface composition of the second placing step
comprises the first polymer and the second polymer. The polymeric elements and interface

composition are heated at least to a fusion temperature of the polymeric element with the

highest fusion temperature.

[0020]  In accordance with another aspect of the disclosure, a method of bonding
multiple polymeric elements together is provided. The method may comprise the following
steps. A first polymeric element comprising a first polymer is provided. A second polymeric
element comprising the second polymer is provided. The first polymeric element comprises
less than 99.999% by weight of the second polymer. The second polymeric element
comprises less that 99.999% by weight of the first polymer. A thermoplastic elastomer (TPE)
composition, comprising ferromagnetic particles, the first polymer, and the second polymer,
is applied to a surface 6f at least one of the first and second polymeric elements. The first

and second polymeric elements are engaged at an interface with the TPE composition being
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placed between the first and second polymeric elements. The polymeric elements and TPE
composition are exposed to an electromagnetic field, the exposing step causing said elements
and composition to rise in temperature and thereby fuse the first and second polymeric

elements together.

[0021] In accordance with another aspect of the disclosure, a method of bonding
two catheter components together is provided. The method may comprise the following
steps. A first polymeric element comprising a first polymer is provided. A second polymeric
element comprising the second polymer is provided. The first polymeric element comprises
less than 99.999% by weight of the second polymer. The second polymeric element
comprises less that 99.999% by weight of the first polymer. The first polymeric element 1s
operatively associated with a first catheter component and the second polymeric element 1s
operatively associated with a second catheter component. A thermoplastic elastomer (TPE)
composition, comprising ferromagnetic particles, the first polymer, and the second polymer,
is applied to an outside surface of at least one of the first and second polymeric elements.
The first and second polymeric elements are engaged at a polymeric interface with the TPE
composition being placed between the first and second polymeric elements. The polymeric
elements and TPE composition are exposed to an electromagnetic field, the exposing step
causing said elements and composition to rise in temperature and thereby fuse the first and

second polymeric elements together.

[0022] In accordance with another aspect of the disclosure, a method of bonding
multiple polymeric elements together is provided. The method may comprise the following
steps. A first polymeric element comprising a first polymer is provided. A second polymeric
element comprising the second polymer is provided. The first polymeric element comprises
less than 99.999% by weight of the second polymer. The second polymeric element

comprises less that 99.999% by weight of the first polymer. An interface composition,

9
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comprising the first polymer and the second polymer, is applied to a surface of at least one of
the first and second polymeric elements. The first -and second polymeric elements are
engaged at an interface with the interface composition being placed between the first and
second polymeric elements. The polymeric elements and interface composition are heated at

least to a fusion temperature of the polymeric element with the highest fusion temperature.

[0023] In addition to the foregoing, the disclosure includes, as an additional aspect,
all embodiments of the disclosure narrower in scope in any way than the variations
specifically mentioned above. Although the applicant(s) invented the full scope of the claims
appended hereto, the claims appended hereto are not intended to encompass within their
scope the prior art work of others. Therefore, in the event that statutory prior art within the
scope of a claim is brought to the attention of the applicants by a Patent Office or other entity
or individual, the applicant(s) reserve the right to exercise amendment rights under applicable
patent laws to redefine the subject matter of such a claim to specifically exclude such
statutory prior art or obvious variations of statutory prior art from the scope of such a claim.
Variations of the disclosure defined by such amended claims also are intended as aspects of

the disclosure.

[0024] The above aspects and features of the disclosure will become more apparent
from the following detailed description, when taken in conjunction with the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Fig. 1 is the diagrammatic cross-sectional view of the apparatus according

to the teachings of the disclosure;

[0026] Fig. 2 is a diagrammatic cross-sectional view of an alternative embodiment

of an apparatus constructed in accordance with the teachings of the disclosure;

10
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[0027] Fig. 3 is a diagrammatic cross-sectional view of a second alternative

embodiment of an apparatus constructed in accordance with the teachings of the disclosure;

[0028] Fig. 4 is a flow chart depicting sample steps which may be taken according

to a first method taught by the disclosure;

[0029] Fig. 5 is a flow chart depicting a sample sequence of steps which may be

taken according to a second method taught by the disclosure.

[0030] = Fig. 6A is the diagrammatic cross-sectional view of a third alternative

embodiment of an apparatus constructed in accordance with the teachings of the disclosure;

[0031] Fig. 6B is an enlargement of one segment of the view shown in Fig. 6A, and

highlighting additional teachings of the disclosure.

[0032] Fig. 6C is the diagrammatic cross-sectional view of a variation on the

embodiment of that shown 1n Fig. 6A.

[0033] Fig. 7A is the diagrammatic cross-sectional view of a fourth alternative

embodiment of an apparatus constructed in accordance with the teachings of the disclosure;

[0034] Fig. 7B is an enlargement of the view shown in Fig. 7A, and highlighting

additional teachings of the disclosure.

[0035] Fig. 7C is the diagrammatic cross-sectional view of a variation on the

embodiment of that shown 1n Fig. 7A.

[0036] Fig. 8 is a flow chart depicting sample steps that may be taken according to

a third method taught by the disclosure;

[0037] Fig. 9 is a flow chart depicting sample steps that may be taken according to

a fourth method taught by the disclosure;

11
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[0038] Fig. 10 is a flow chart depicting sample steps that may be taken according to

a fifth method taught by the disclosure;

[0039] Fig. 11 is a flow chart depicting sample steps that may be taken according to

a sixth method taught by the disclosure; and

[00401 While the disclosure is susceptible to various modifications and alternative
constructions, certain illustrative embodiments thereof have been shown in the drawings and
will be de‘scribed below in detail. It should be understood, however, that there is no intention
to limit the disclosure to the specific embodiments disclosed, but on the contrary, the
intention is to cover all modifications, alternative constructions, and equivalents falling

within the spirit and scope of the disclosure as defined by the appended claims.

DETAILED DESCRIPTION

[0041] Referring now to the drawings and with specific reference t6 Fig. 1, a
bonding apparatus constructed in accordance with the teachings of the disclosure 1s generally
referred to by reference numeral 20. The following disclosure will be provided with specific
reference to the bonding of polymeric materials for the creation of medical devices such as
balloon catheters, but it is to be understood that the bonding methods and apparatus disclosed

herein can be used for the creation of multiple other devices including other medical devices.

[0042] Inthe embodiment depicted in Fig. 1, a first polymeric material 22, which
may be the inner lining of a balloon catheter, 1s shown being bonded to a second polymeric
material 24, which may be the outer surface of a balloon catheter. Without limiting the
disclosure to the specific polymers referenced herein, suitable polymers for such usage
include polytetrafluoroethylene (PTFE), polytetrafluoroethylene copolymer, tetratluoro
ethylene (TFE), polyvinylidine fluoride (PVDF), p olyamides, polyamide/ether block

copolymers, polyester/ether block copolymers, polyolefins, polypropylene (PP), polyurethane

12
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(PU), ethylene vinyl acetate copolymers (EVA), polyethylene terephthalate (PET),
polyethylene napthalenedicarboxylate (PEN), polyethylene (PE), polyamide polymers (PA),
Nylon 6, Nylon 6,6, Nylon 6,6/6, Nylon 11 and Nylon 12, as well as many other types of

thermoplastic or thermo-set polymers.

[0043] In the depicted embodiment of Fig. 1, a coating of ferromagnetic material
26 is provided between the first and second polymers 22, 24. Many ferromagnetic particles
are suitable for such use, but can be provided in nano-sized particles made of compositions of
magnetite in the form of Fe;Oy, Fe,03, Cr;03 and FeCr,O4. The specific composition of the
nano-particle made out of alloys of such materials defines the Curie temperature. During the
production process of these nano-particles, the specific ratio of the oxides 1s determined by
the oxygen flow. For example, in making FexQOy nano-:particles, one 1s able to increase the
ratio Fe,O3\Fe304 by increasing the oxygen flow and vice versa. Such nano-particles have
been found to be advantageous due to, among other things, their relatively small particle size,
which is typically on the order of 5-10 nanometers. Such sizes are advantageous 1n the
formation of relatively small medical devices to avoid the creation of the weak spots
referenced above, and also to result in better heat transfer from the embedded particles to the
surrounding polymer matrix due to their large surface-to-volume ratio. When embedded -
inside a polymer matrix, it is advantageous to have a chemical connection between the

particles and the matnx.

[0044] As also shown in Fig. 1, a magnetic field 28 is created by an anode 30 and a
cathode 32. Of course, the magnetic field 28 can be created by any other suitable form of
apparatus. The first and second polymeric materials 22, 24 and the ferromagnetic material 26

form an assembly 33 placed within the magnetic field 28.

[0045] The embodiments of Figs. 2 and 3 are dissimilar to that of Fig. 1 in that the
ferromagnetic material 26 is not divided between the polymeric materials 22, 24 and, thus,

13
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does not remain within the created medical device. Rather, as shown first with regard to Fig.
2, the ferromagnetic material 26 is provided as an outer layer of a molding device 34. The
molding device 34 can be provided a number of forms, but as depicted 1n Fig. 2, includes a
clam shell 36 and a mandrel 38. The clam shell 36 may include first and second
complementary sections 40, 42 joined by a hinge 44. Accordingly, it can be seen that the
clam shell sections 40, 42 can be pivoted about the hinge 44 to allow for access of the first
and second polymeric materials 22, 24 into and out of the clam shell 36. Each of the clam
shell sections 40, 42 include an interior surface 46 upon which is coated a layer ot
ferromagnetic material 48. The shape of the clam shell sections 40, 42 as well as the interior
surfaces 46 are so as to be congruent with the outer shape of the first polymeric material 50.
Radially inward and adjacent to the first polymeric material 50 is a second polymeric material
52, which rests against a second layer of ferromagnetic material 54. The second layer of
ferromagnetic material 54 is coated on an outer surface 56 of the mandrel 38. Accordingly, 1t
can be seen that the first and second polymeric materials 50, 52 are supported both from the
outside by the clam shell 36, and from the inside by the mandrel 38. Moreover, due to the
provision of first and second layers of ferromagnetic material 48, 54, the heat created thereby,
when exposed to a magnetic field 58, is able to be more quickly dissipated through the first
and second layers of polymeric material 50, 52. Again, the magnetic field 58 can be created

by an anode and a cathode (60, 62), or by any other suitable form of magnetic field creation.

[0046] The embodiment of Fig. 3 is similar to that of Fig. 2, but for the provision of
magnetic material 64 directly within the clam shell 36, and the mandrel 38. Accordingly,
wherein like elements are depicted, like reference numerals are employed. Such an
embodiment could be provided by casting the clam shell sections 40, 42 from molten material

containing the ferromagnetic material therein, or any other suitable formation technique.

14
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[0047] In any of the aforementioned embodiments, it is possible to tailor the
combination of elements to provide ferromagnetic material in only those positions where 1t is
desired. For example, while not depicted in cross-sectional views of Figs. 1-3, 1t will be
readily understood by one of ordinary skill in the art, that the ferromagnetic material could be
provided in the form of a plurality of rings longitudinally spaced along the first and second
polymeric layers. Alternatively, if the first and second polymeric materials are only to be
bonded in certain sections, the ferromagnetic material can be placed in only those positions

where the bonding 1s desired.

[0048] Referring now to Figs. 4 and 5, flow charts are provided to depict a sample
sequence of steps which may be taken in connection with the apparatus described above and
depicted in Figs. 1-3. First with regard to the flowchart of Fig. 4, reference being
simultaneously had to the apparatus of Fig. 1, a first step 66 may be to provide
subcomponents such as the first polymeric material 22 and the second polymeric material 24.
A second step 68 would be to provide the layer of ferromagnetic material 26. The step 68
may be accomplished by applying a paint with dissolved ferromagnetic particles. A third
step 70 may be to then assemble the first and second polymeric layers 22, 24 with the
ferromagnetic material 26 therebetween. Finally, a fourth step 72 would be to expose the
first and second polymeric materials 22, 24 and ferromagnetic material 26 to the magnetic
field 28 by, for example, energizing the anode and cathode 30, 32. The magnetic field 28
causes vibration of the ferromagnetic material 26, with the resulting hysterisis losses causing
the ferromagnetic material 26 to rise in temperature, and accérdingly for the first and second
polymeric materials 22, 24 to rise in temperature as well. By matching the Curie temperature
of the ferromagnetic material 26 to the melting points of the first and second polymeric
materials 22, 24, the polymers are heated to a temperature sufficient to allow for them to fuse

together, without overheating the matenals.
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[0049] As shown in Fig. 5, the apparatus of Figs. 2 and 3 can be used according to
the following method. A first step 74 is to provide the molding device 34 with the
ferromagnetic material already therein. As indicated above, this can be accomplished by
painting an inner or outer surface of the molding device 34 with the ferromagnetic material,
dipping the molding device in the ferromagnetic material, molding or otherwise fabricating
the molding components to have the ferromagnetic material already therein, or the like. A
second step 76 may then be to mount the subcomponents to the molding device 34, or the
molding device 34 to the subcomponents. More specifically, the first polymer 50 may be
mounted to the mandrél 38, with the second polymer 52 then being mounted to the outside of
the first polymer 50. The first and second polymeric materials 50, 52, and the mandrel 38
may all be placed inside the clam shell 36. A third and final step 78 may then be to subject
the assembly to the magnetic field 58 as by energizing the anode and cathode 60, 62 and
heating the components to the Curie temperature of the ferromagnetic material as indicated

above.

[0050] Inthe embodiments depicted in Figs. 2 and 3, it will be clear that choosing a
specific ferromagnetic substance with a first Curie temperature to be applied on the mandrel
that matches a melting polymer on the inner layer of the tube construction, and a second
ferromagnetic material with a second Curie temperature for the clam shell which 1s the
melting temperature of the outer polymer layer, will allow polymers with different melting
temperatures to be welded more easily than by choosing a welding system with one
temperature setting. From the foregoing, one of ordinary skill in the art will recognize that
the apparatus, as disclosed herein, provides for a polymeric fusing or bonding technique and

an apparatus that enables for rapid and controllable temperature elevation.

[0051] Additional aspects of the disclosure are demonstrated by the bonding

apparatuses 110, 111, 210 and 211 shown in Figs. 6A, 6B, 6C, 7A, 7B and 7C, which are
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variations on apparatus 20 shown in Figs. 1-3, and which may incorporate any or all

properties described theretfore.

[0052] InFig. 6A, a bonding apparatus 110 consistent with the teachings of the
disclosure is shown that may be placed between an anode 100 and cathode 105 capable of
generating a magnetic field 108 along with any other necessary equipment as understood by
those of skill in the art. A first polymeric glement 115 may be provided that comprises both
an interior 116 and an exterior surface 117. The first polymeric element 115 may further
comprise a first polymer 118. A second polymeric element 125 may be provided that
comprises both an includes an interior 126 and an exterior surface 127. The second
polymeric element 125 may further comprise a second polymer 128. Between first polymeric
element 115 and second polymeric element 125 is an interface 135 that may be filled by an
interface composition 140 operatively assqciated with the first and seéond polymeric
elements 115 and 125. This disclosure does not limit the number of types of polymers that
can be in an interface composition. This disclosure also does not limit the number of

polymeric elements that may be joined.

[0053] The bonding apparatus 110 may comprise a molding device 145 such as a
clam shell 150 or a mandrel 160. The clam shell 150 may include first and second
complementary sections 152, 154 joined by a hinge 156. Accordingly, it can be seen that the
clam shell sections 152, 154 can be pivoted about the hinge 156 to allow for access of the
first and polymeric elements 115 and 125 into and out of clam shell 150. Both
complementary sections 152, 154 include an interior 157 and interior surface 158. The

molding device may further include or include in the alternative a mandrel 160 with interior

161 and surface 161.

[0054] Ferromagnetic material, e.g. particles, 170 may be included throughout the

bonding apparatus 110 or may be limited to particular regions such as the first and second
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polymeric elements, 115, 125, interface composition 140 and molding device 145. The
ferromagnetic particles 170 may include the attributes as described in connection with
ferromagnetic material 26 in Figs. 1-3. When part of the first polymeric element 115,
ferromagnetic particles 170 may reside in either the interior 116 or the surface 117 or both.
When part of the second polymeric element 125, ferromagnetic particles 170 may reside in
either the interior 126 or the surface 127 or both. When part of the molding device 145, the
ferromagnetic particles may be part of the clam shell 150 or mandrel 160, or any other type of
molding device when present. When part of the clam shell 150 the ferromagnetic particles
1’70 may reside in either the first complementary section 152 or second complementary
section 154 or both. The ferromagnetic particles may reside in either the interior 157 or
surface 158 or both locations of the first and second complementary portions 152, 154. The

ferromagnetic particles may also be operatively associated with the hinge 156.

[0055]  As demonstrated in Fig. 6B, the existence of ferromagnetic particles 170 in
any one region of the bonding apparatus 110 is not of primary significance to the teaching of
this disclosure. Rather, the ferromagnetic particles 170 must be in sufficient proximity of the
interface 135 to allow for bonding of polymeric elements 115, 125. This proximity can be
described by imagining a plane o in the interface 135 that is equidistant from the first and
second polyermic elements 115, 125. Point § represents any and all points residing in plane o
such that ferromagnetic particles 170 reside within a distance y from point 1n plane a.
Distance y will vary depending on the thickness of the bonding apparatus 110, but is
generally understood to be at least that distance from the plane o to the exterior of the
bonding apparatus 110. Distance y may be from zero to about 500 nanometers (nm) 1n some
embodiments. In some embodiments, the distance y is from zero to about 400 nm. In some
embodiments, the distance v is from zero to about 300 nm. In some embodiments, the

distance vy is from zero to about 200 nm. In some embodiments, the distance y is from about
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zero to about 100 nm. In some embodiments, the distance v is from zero to about 50 nm. In
some embodiments, the distance vy is from zero to about 10 nm. In some embodiments, the
distance v is from zero to about 1 nm. The placement of ferromagnetic particles described
above for bonding apparatus 110 is applicable as well for that of other embodiments of this
disclosure including apparatus 20 described above in connection with Figs. 1-3 and apparatus
111, 210, and 211 described below. The ferromagnetic particles 170 are absent from the
polymeric élements, e.g. 115, 125 and interface composition, when it is desired that the
resulting bonded product be free of ferromagnetic particles. In some such embodiments,
ferromagnetic material is absent from the molding device 145 as well, the heating required
for fusion being generated in a manner independent of ferromagnetic material. It should be
stressed that while the figures show ferromagnetic material 170 present in many different
regions, this demonstration is for demonstrative purposes only. Ferromagnetic material 170
may or may not be present in the particular locations as shown in the figures. Moreover, in
some embodiments, ferromagnetic material 1‘70 may also be present in particular locations

even though not so shown 1n the figures.

[0056] The interface composition 140 may comprise ferromagnetic particles 170, a
first polymer 118 and a second polymer 128. In some embodiments, the first polymeric
- element 115 is substantially composed of a first polymer 118, and the second polymeric
element 125 is substantially composed of a second polymer 128. In some embodiments, the
first polymeric element 115 comprises from zero to about 99.999% of a second polymer 123
by weight, and the second polymeric element 125 corﬁpﬁses from zero to about 99.999% of a
first polymer 118 by weight. In some embodiments, the first polymeric element 115
comprises from zero to about 90% of a second polymer 128 by weight, and the second
polymeric element 125 comprises from zero to about 90% of a first polymer 118 by weight.

In some embodiments, the first polymeric element 115 comprises from zero to about 80% of
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a second polymer 128 by weight, and the second polymeric element 125 comprises from zero
to about 80% of a first polymer 118 by weight. In some embodiments, the first polymeric
element 115 comprises from zero to about 70% of a second polymer 128 by weight, and the
”second polymeric element 125 comprises from zero to about 70% of a first polymer 118 by
weight. In some embodiments, the first polymeric element 115 comprises from zero to about
60% of a second polymer 128 by weight, and the second polymeric element 125 comprises
from zero to about 60% of a first polymer 118 by weight. In some embodiments, the first
polymeric element 115 comprises from zero to about 50% of a second polymer 123 by
weight, and the second polymeric element 125 comprises from zero to about 50% of a first
polymer 118 by weight. In some embodiments, the first polymeric element 115 COmprises
from zero to about 40% of a second polymer 128 by weight, and the second polymeric
element 125 comprises from zero to about 40% of a first polymer 118 by weight. In some
embodiments, the first polymeric element 115 comprises from zero to about 30% of a second
polymer 128 by weight, and the second polymeric element 125 comprises from zero to about
30% of a first polymer 118 by weight. In some embodiments, the first polymeric element
115 comprises from zero to about 20% of a second polymer 128 by weight, and the second
polymeric element 125 comprises from zero to about 20% of a first polymer 118 by weight.
In some embodiments, the first polymeric element 115 comprises from zero to about 10% of
a second polymer 128 by weight, and the second polymeric element 125 comprises from zero
to about 10% of a first polymer 118 by weight. In some embodiments, the first polymeric
element 115 comprises from zero to about 5% of a second polymer 128 by weight, and the
second polymeric element 125 comprises from zero to about 5% of a first polymer 118 by
weight. In some embodiments, the first polymeric element 115 comprises from zero to about
1% of a second polymer 128 by weight, and the second polymeric element 125 comprises

from zero to about 1% of a first polymer 118 by weight. In those embodiments, where two
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polymeric elements are not identical in composition, they are considered "dissimilar."
Polymeric elements of any composition, whether identical to one another in composition,
similar to one another in composition or dissimilar to one another in composition, may be
used in accordance with the teachings of this disclosure. In some embodiments, all the
polymeric elements to be joined will be identical in composition. In some embodiments, all
the polymeric elements to be joined will be dissimilar in composition. In some embodiments,
some of the polymeric elements to be joined may be identical in composition, and some may
be dissimilar in composition. It is understood that two polymeric elements may be dissimilar
~ in composition, and yet collectively contain polymers that are similar in their physical,
chemical and other properties. In some embodiments, the first polymer 118 1s a
thermoplastic elastomer (TPE) and the second polymer 128 1s an non-compatible TPE
material. In some embodiments the interface composition 140 comprises a TPE and a non-
compatible TPE material, and is referred to as a TPE composition as a specific embodiment
of the interface composition 140. Some examples of dissimilar polymer pairs include
PET/PE, PA(polyamide)/PE, PET/PA, PET/polyolefin, PA/polyolefin, PET/Nylon 6,

PET/Nylon 6,6, PET/Nylon 6,6/6, PET/Nylon 11, PET/Nylon 12, and PA/PU(polyurethane).

[0057] Fig. 6C shows a bonding apparatus 111 that is a specific embodiment of the
apparatus 110 shown in Fig. 6A. In Fig. 6C, the first and second polymeric elements 115,
125 are operatively connected to a first catheter component 172 and a second catheter
component 174 respectively. The molding device 145 shown in Fig. 6C 1s a clamp mold 165
for demonstrative purposes only. The clamp mold 165 may comprise first segment 166 and
second segment 167. The clamp mold 165 may also be envisioned as a sleeve that wraps
around the catheter components 172, 174. Each clamp mold segment 166, 167 comprises an
interior 168 and an outer surface 169. Ferromagnetic particles 170 may reside in either the

interior 168 or on the outer surface 169 or in both locations. In Fig. 6C, the first catheter
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component 172 1s shown as a catheter shaft and the second catheter component 174 is shown
as a balloon for demonstrative purposes only. Both first and second catheter components

172, 174 may be shafts, both may be balloons, etc.

[0058]  The bonding apparatuses 210 and 211 shown in Figs. 7A-C are variations
on those apparatuses shown in Figs. 6A-C, differing principally in the absence of a molding
device 145. The bonding apparatuses of this disclosure, while shown with just first and
second polymeric elements, may comprise polymeric elements greater than two, and no

specific upper limit on the number of polymeric elements is envisioned.

[0059]  Referring now to Figs. 8-11, flow charts are provided to depict a sample
sequence of steps that may be taken in connection with the apparatus described above and
depicted n Figs. 6A-7C. First with regard to the flowchart of Fig. 8, reference being
simultaneously had to the apparatus of Fig. 6A, a method 180 of Bonding mﬁltiple polymeric
elements 1s provided that may comprise a first step 182 of distributing ferromagnetic particles
170 through a molding device 145. A second step 184 may be to place multiple polymeric
clements, e.g. 115, 125, into operative association with the molding device 145. A third step
186 may to provide an interface composition 140 into operative association with the multiple
polymeric elements, e.g. 115, 125. A fourth step 188 may be to heat the polymeric elements
and 1nterface composition at least to a fusion temperature of the polymeric element with the

highest fusion temperature.

[0060]  In some embodiments, the molding device 145 in the method 180 is a clam
shell mold 150. In some embodiments, the molding device 145 in the method 180 is a
mandrel 160. In some embodiments of the method 180, the ferromagnetic particles 170 are
selected from the group consisting of Fe;O,, Fe;0;, Cr,0s, and F eCr2‘O4. In some
embodiments of the method 180, the ferromagnetic particles 170 have sizes in the range of

about five nanometers to about one hundred nanometers. In some embodiments of the
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method 180, the distributing step 182 ainvolves the step of forming the molding device from a
ﬁaterial with the ferromagnetic particles 170 mixed therein. In some embodiments of tﬁe
method 180, the distrib;lting step 182 1nvolves the step of applying a layer of the
ferromagnetic particles 170 to a surface, e.g. 158, 162, and 169 of the molding device 145. In
some embodiments of the method 180, the application of the ferromagnetic particles 170 is

performed by painting the outside surface e.g. 158, 162 and 169 of the molding device 145.

[0061]  In some embodiments of the method 180, the interface composition 140 of
the second placing step 186 further comprises ferromagnetic particles 170. In some
émbodiments of the method 180, there is an additional step of operatively associating
ferromagnetic particles 170 with the multiple polymeric elements, e.g. 115, 125, that is
pertormed prior to the heating step 188. In some embodiments of the method 180, the
optional associating step comprises forming a micro-dispersion of the ferromagnetic particles
170 m an interior, e.g. 116, 126, of each polymeric element, e.g. 115, 116. In some
embodiments, the optional associating step comprises applying the ferromagnetic particles

170 on a surface, e.g. 117, 127 of each polymeric element, e.g. 115, 125.

[0062] In som"e embodiments of the method 180, the distributing step 182 is not
performed. In some embodiments of the method 180, the first placing step 184 comprises
placing a first polymeric element 115 adjacent to a second polymeric element 125, wherein
the first polymeric element 115 and the second polymeric element 125 are dissimilar, and
wherein the second placing step 186 comprises placing the interface composition 140

between the first and second polymeric elements 115, 125.

10063]  In some embodiments of the method 180, the first placing step 182
comprises placing a first polymeric element comprising 115 a first polymer 118 adjacent to a
second polymeric element 125 comprising a second polymer 128, and the second placing step

186 comprises placing the interface composition 140 between the first and second polymeric
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elements, 115, 125, and wherein the first polymer 118 is present at less thah 99.999% by
weight in the second polymeric element 125, and wherein the second polymer 128 1s present
at less than 99.999% by weight in the first polymeric element 115. In those embodiments,
wherein the first and second polymeric elements, 115, 125, do not have the same

composition, they are understood to be "dissimilar.”

[0064] In some embodiments of the method 180, the interface composition 140 of
the second placing step 186 comprises the first polymer 118 and the second polymer 123. In
some embodiments, the interface composition 140 of the second placing step further
comprises ferromagnetic particles 170. In those embodiments wherein the interface
composition comprises the first and second polymers 118, 128, the first polymer may be a
thermoplastic elastomer material and the second polymer may be a non-compatible TPE

material.

[00635] With specific reference to Fig. 6C, in some embodiments, the method 180 is
used to join two catheter components 172 and 174 respectively to form a catheter component
bond. A catheter component bond formed from various embodiments of the method 180 1s
contemplated by this disclosure. In some embodiments, the method 180 may comprise a first
polymeric element 115 operatively associated with a first catheter component 172, and the
second polymeric element 125 is operatively associated with a second catheter component
174. In some such embodiments the first catheter component 172 is a first shaft and the
second catheter component 174 is selected from the group consisting of a second shaft and a

balloon.

[0066] Now with regard to the flowchart of Fig. 9, reference being simultaneously
had to the apparatus of Fig. 7A, a method 190 is provided for bonding multiple polymeric
elements together. A first step 192 may be to provide a first polymeric element 115

comprising a first polymer 118. A second step 194 may be to provide a second polymeric
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element 125 comprising a second polymer 128. A third step 196 may be to apply an interface
composition 140, comprising ferromagnetic particles 170, the first polymer 118, and the
second polymer 118, to an outside surface 117, 127 of at least one of the first and second
polymeric elements, 115, 125. In a fourth step 198, the first and second polymeric elements
115, 125 are engaged at a polymeric interface 135 with the interface composition 140 being
placed between the first and second polymeric elements 115, 125. In a fifth step 200, the
polymeric elements 115, 125 and interface composition 140 are exposed to an
electromagnetic field 108. The exposing step causes said elements and composition to rise in

temperature and thereby fuse the first and second polymeric elements 115, 125 together.

[0067]  In some embodiments of the method 190, the first polymer 118 and the
second polymer 128 are the same polymer. In some embodiments of the method 190, the
first polymeric element 115 and the second polymeric element 125 are dissimilar. In some
embodiments of the method 190, the first polymeric element 115 comprises less than
99.999% by weight of the second polymer 128, and the second polymeric element 125
comprises less that 99.999% by weight of the first polymer 118. In those embodiments
wherein the first polymeric element 115 and second polymeric element 125 do not have
identical compositions, the elements are understood to be "dissimilar." In some embodiments
of the method 190, the first polymer 118 is a thermoplastic elastomer material and the second

polymer 128 is a non-compatible TPE material.

[0068] With specific reference to Fig. 7C, in some embodiments of the method
190, the first polymeric element 115 is 0perati§ely assoclated with a first catheter component
172, and the second polymeric element 125 is operatively associated with a second catheter
component 174. In some such embodiments, the first catheter component 172 is a first shaft

and the second catheter component 174 is selected from the group consisting of a second
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shaft and a balloon. A catheter component bond formed from various embodiments of the

method 190 is contemplated by this disclosure.

[0069] In some embodiments of the method 190, the ferromagnetic particles 170
are selected from the group consisting of Fe;O4, Fe; 03, Cr0s, and FeCr,04. In some
embodiments of the method 190, the ferromagnetic particles 170 have sizes in the range of
about five nanometers to about one hundred nanometers. In some embodiments of the
method 190, the ferromagnetic particles 170 are operatively associated with the polymeric
elements, e.g. 115, 125 of the first providing step. In some embodiments of the method 190,
the ferromagnetic particles 170 are in the form of a micro-dispersion 1n an interior portion,
e.g. 116, 126, of each polyméric element, e.g., 115, 125. In some embodiments of the
method 190, the ferromagnetic particles 1_70 have been applied to aﬁ outside surface, e.g.
117, 127, of each of the polymeric elements, e.g. 115, 125. In some embodiments of the

method 190, the ferromagnetic particles 170 are absent from the interface composition 140.

[0070] Next with regard to the flowchart of Fig. 10, reference being simultaneously
had to the apparatus of Fig. 6B, a method 280 is provided for bonding multiple polymeric
elements. A first step 282 may be to provide a molding device 145. A second step 284 may
be to place multiple polymeric elements, e.g. 115, 125, into operative association with the
molding device 145; wherein a polymeric element contacts an adjacent polymeric element at
an interface 135; wherein there are ferromagnetic particles 170 present within about 500 nm
of a plane o parallel to surfaces, e.g. 117, 127 of two adjacent polymeric elements, e.g. 115,
125, said plane equidistant from said surfaces at the interface 135. In a third step 286, an
interface composition is plaéed into operative association with the multiple polymeric
elements at the interfaces, e.g. 135. In a fourth step 288, the polymeric elements and

interface composition are heated at least to a fusion temperature of the polymeric element
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with the highest fusion temperature. Embodiments and attributes ascribed thereto for method

180 may also apply to method 280.

[0071] With regard to the flowchart of Fig. 11, reference being simultaneously had
to the apparatus of Fig. 7B, a method 290 is provided for bonding multiple polymeric
elements. A first step 292 may be to provide a first polymeric element 115 comprising a first
polymer 118. A second step 294 may be to provide a second polymeric element 125
comprising a second polymer 128. In a third step 296, an interface composition 140
comprising the first polymer 118 and the second polymer 128 is applied to an outside surface,
e.g. 117, 127, of at least one of the first and second polymeric elements, 115, 125. A fourth
step 298 may be to engage the first and second polymeric elements, 115, 125, at an interface
135 with the interface composition 140 being placed between the first and second polymeric
elements, 115, 125. In a fifth step 300, the polymeric elements, 115, 125 and iterface
composition 140 are exposed to an electromagnetic field 108, the exposing step causing said
elements and composition to rise in temperature and thereby fuse the first and second
polymeric elements 115, 125 together, wherein there are ferromagnetic particles 170 within
about 500 nm of a plane a parallel to surfaces, e.g. 117, 127, of two adjacent polymeric
elements, e.g., 115, 125, said plane being equidistant from said surfaces. Embodiments and

attributes ascribed thereto for method 190 may also apply to method 290.

[0072] The order of the steps of the above-described methods 1n some
embodiments may be varied or not performed in whole or part. In some embodiments,
additional steps may be performed before, after, and in between the particular steps of the
above-described methods. In some embodiments, ferromagnetic materials need not be
present or utilized. In such methods, other means for heating and fusing polymeric elements

are employed besides inductive heating that is dependent on inductive heating, ferromagnetic
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particles and magnetic fields. Such embodiments may employ heating methods such as lasers

and Hot-Jaw.

[0073]  From the forgoing, one of skill in the art will appreciate that this disclosure
teaches molding apparatuses and methods of bonding both similar and dissimilar polymeric
elements for use 1n catheter construction and other contexts. These apparatuses and methods

allow for the more time and cost efficient construction of catheters and other devices.

(0074}  The foregoing description of apparatuses and methods have been set forth
merely to 1llustrate the disclosure and are not intended to be Iimit‘ing. Because modifications
of the disclosed embodiments incorporating the spirit and substgnce of the disclosure may
occur to persons skilled in the art, the disclosure should be construed to include everything

within the scope of the appended claims and equivalents thereof.
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CLAIMS:

1. A method of bonding multiple polymeric elements, comprising:
distributing ferromagnetic particles through a molding device;

placing multiple polymeric elements into operative association with the

molding device;

placing an interface composition into operative association with the multiple

polymeric elements; and

heating the polymeric elements and interface composition at least to a fusion

temperature of the polymeric element with the highest fusion temperature.

2. The method of claim 1, wherein the molding device is a clam shell
mold.

3. The method of claim 1, wherein the molding device is a mandrel.

4. The method of claim 1, wherein the ferromagnetic particles are

selected from the group consisting of Fe;04, Fe;03, Cr0s, and FeCr,0;.

5. The method of claim 1, wherein the ferromagnetic particles have sizes

in the range of about five nanometers to about one hundred nanometers.

J The method of claim 1, wherein the distributing step involves the step
of forming the molding device from a material with the ferromagnetic particles mixed

therein.

7. The method of claim 1, wherein the distributing step involves the step

of applying a layer of the ferromagnetic particles to a surface of the molding device.

8. The method of claim 7, wherein the applying step is performed by

painting the surface of the molding device.

9. The method of claim 1, wherein the interface composition of the

second placing step further comprises ferromagnetic particles.

10.  The method of claim 1, wherein there is an additional step of

operatively associating ferromagnetic particles with the multiple polymeric elements.
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11.  The method of claim 10, wherein the associating step comprises
forming a micro-dispersion of the ferromagnetic particles in an interior portion of each

polymeric element.

12, The method of claim 10, wherein the associating step comprises

applying the ferromagnetic particles on a surface of each polymeric element.
13. The method of claim 9, wherein the distributing step is not performed.

14.  The method of claim 1, wherein the first placing step comprises
placing a first polymeric element adjacent to a second polymeric element; wherein the first
polymeric element and the second polymeric element are dissimilar; wherein the second
placing step comprises placing the interface composition between the first and second

~ polymeric elements.

15. The method of claim 1, wherein the first placing step comprises

- placing a first polymeric element comprising a first polymer adjacent to a second polymeric
element comprising a second polymer; wherein the second placing step comprises placing the
interface composition between the first and second polymeric elements; wherein the first
polymer is present at less than 99.999% by weight 1n thé second polymeric element; and

- wherein the second polymer is present at less than 99.999% by weight in the first polymeric

element.

16.  The method of claim 15, wherein the interface composition of the

second placing step comprises the first polymer and the second polymer.

17.  The method of claim 16, wherein the interface composition of the

second placing step further comprises ferromagnetic particles.

18.  The method of claim 16, wherein the first polymer of the second
placing step is a thermoplastic elastomer material and the second polymer of the second

placing step is a non-compatible TPE material.
19. A catheter component bond formed from the method of claim 1.

20.  The method of any one of claim 1, wherein the first polymeric element
1s operatively associated with a first catheter component, and the second polymeric element is

operatively connected to the second catheter component.
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21.  The method of claim 20 wherein the first catheter component is a first
shaft and the second catheter component is selected from the group consisting of a second

shaft and a balloon.

22. A method of bonding multiple polymeric elements together,

comprising:
providing a first polymeric element comprising a first polymer;
providing a second polymeric element comprising a second polymer;

applying an interface composition, comprising ferromagnetic particles, the
first polymer, and the second polymer, to a surface of at least one of the first and second

polymeric elements;

engaging the first and second polymeric elements at an interface with the

interface composition being placed between the first and second polymeric elements; and

exposing the polymeric elements and interface composition to an
clectromagnetic field, the exposing step causing said elements and composition to rise in

temperature and thereby fuse the first and second polymeric elements together.

23.  The method of claim 22, wherein the first polymer and the second
polymer are the same polymer.

24, The method of claim 22, wherein the first polymeric element and the

second polymeric element are dissimilar.

25. The method of claim 22, wherein the first polymeric élement
comprises less than 99.999% by weight of the second polymer; and wherein the second
polymeric element comprises less that 99.999% by weight of the first polymer.

26. The method of claim 22, wherein the first polymer is a thermoplastic

elastomer material and the second polymer is a non-compatible TPE material.

27. The method of claim 22, wherein the first polymeric element is
operatively associated with a first catheter component, and the second polymeric element is

operatively associated with a second catheter component.

28. The method of claim 27, wherein the first catheter component is a first

shaft and the second catheter component is selected from the group consisting of a second

shaft and a balloon.
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29.  The method of claim 22, wherein the ferromagnetic particles are

selected from the group consisting of Fe;0,, Fe;O3, Cr,0s, and FeCr,O,.

30.  The method of claim 22, wherein the ferromagnetic particles have

sizes 1n the range of about five nanometers to about one hundred nanometers.

31.  The method of claim 22, wherein ferromagnetic particles are

operatively associated with the polymeric elements of the first providing step.

32.  The method of claim 31, wherein the ferromagnetic particles of the
first providing step are in the form of a micro-dispersion in an interior portion of each

polymernc element.

33.  The method of claim 31, wherein the ferromagnetic particles of the

first providing step have been applied to a surface of each of the polymeric elements.

34. - The method of claim 31, wherein the ferromagnetic particles are absent

from the interface composition of the second providing step.
35. A catheter component bond formed from the method of claim 22.
36. A method of bonding multiple polymeric elements, comprising:
providing a molding device;

placing multiple polymeric elements into operative association with the
molding device; wherein a polymeric element contacts an adjacent polymeric element at an
interface; wherein there are ferromagnetic particles present within about 500 nm of a plane
parallel to surfaces of two adjacent polymeric elements, said plane equidistant from said

surfaces at the interface;

placing an interface composition Into operative association with the multiple

polymeric elements at the interfaces; and

heating the polymeric elements and interface composition at least to a fusion

temperature of the polymeric element with the highest fusion temperature.

37.  The method of claim 36, wherein the molding device is a clam shell

mold.

38.  The method of claim 36, wherein the molding device is a mandrel.
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39. The method of claim 36, wherein the ferromagnetic particles are

selected from the group consisting of Fe3O4, Fe203, Cr203, and FeCr,0;.

40.  The method of claim 36, wherein the ferromagnetic particles have

sizes in the range of about five nanometers to about one hundred nanometers.

41.  The method of claim 36, wherein the first placing step comprises
placing a first polymeric element adjacent to a second polymeric element; wherein the first
polymeric element and the second polymeric element are dissimilar; wherein the second
placing step comprises placing the interface composition between the first and second

polymeric elements.

42.  The method of claim 36, wherein the first placing step comprises
placing a first polymeric element comprising a first polymer adjacent to a second polymeric
element comprising a second polymer; wherein the second placing step comprises placing the
interface composition between the first and second polymeric elements; wherein the first
polymer is present at less than 99.999% by weight in the second polymeric element; and
wherein the second polymer is present at less than 99.999% by weight in the first polymeric

element.

43.  The method of claim 36, wherein the interface composition of the

second placing step comprises the first polymer and the second polymer.

44.  The method of claim 43, wherein the interface composition of the

second placing step further comprises ferromagnetic particles.

45.  The method of claim 43, wherein the first polymer of the second
placing step is a thermoplastic elastomer material and the second polymer of the second

placing step is a non-compatible TPE material.

46. A catheter component bond formed from the method of claim 36.

47.  The method of claim 36, wherein the first polymeric element is
operatively associated with a first catheter component, and the second polymeric element is

operatively associated with a second catheter component.

48.  The method of claim 41 wherein the first catheter component is a first
shaft and the second catheter component is selected from the group consisting of a second

shaft and a balloon.
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49. A method of bonding multiple polymeric elements together,

comprising:
providing a first polymeric element comprising a first polymer;
providing a second polymeric element comprising a second polymer;

applying an interface composition, comprising the first polymer and the

second polymer, to a surface of at least one of the first and second polymeric elements:

engaging the first and second polymeric elements at an interface with the

mnterface composition being placed between the first and second polymeric elements; and

exposing the polymeric elements and interface composition to an
electromagnetic field, the exposing step caﬁsing said elemeﬁts and composition to ris'e n
temperature and thereby fuse the first and second polymeric elements together, wherein there
are fefromagnetic particles within about 500 nm of a plane parazllel to surfaces of two

adjacent polymeric elements, said plane being equidistant from said surfaces.

50.  The method of claim 49, wherein the first polymer and the second

polymer are the same polymer.

5>1.  The method of claim 49, wherein the first polymeric element and the

second polymeric element are dissimilar.

52.  The method of claim 49, wherein the first polymeric element
comprises less than 99.999% by weight of the second polymer; and wherein the second

polymeric element comprises less that 99.999% by weight of the first polymer.

53.  The method of claim 49, wherein the first polymer is a thermoplastic

elastomer material and the second polymer is a non-compatible TPE material.

54.  The method of claim 49, wherein the polymeric element is operatively
assoclated with a first catheter component, and the second polymeric element is operatively

associated with a second catheter component.

>5>.  The method of claim 54, wherein the first catheter component is a first
shaft and the second catheter component 18 selected from the group consisting of a second

shaft and a balloon.

56.  The method of claim 49, wherein the ferromagnetic particles are

selected from the group consisting of Fe;O,, Fey O3, CryOs, and FeCr,O,.
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57.  The method of claim 49, wherein the ferromagnetic particles have

sizes in the range of about five nanometers to about one hundred nanometers.
58. A catheter component bond formed from the method of claim 49.
59. A method of bonding multiple polymeric elements, comprising:
distributing ferromagnetic particles through a molding device;

placing multiplé polymeric elements into operative association with the
molding device; wherein the multiple polymeric elements comprise at least a first polymeric
element and a second polymeric element; wherein the first polymeric element comprises a
first polymer and a secoﬁd polymeric element comprises a second polymer; wherein the first
polymer is present at less than 99.999% by weight in the second polymeric element; wherein
the second polymer is present at less than 99.999% by weight in the first polymeric element;

placing a thermoplastic elastomer (TPE) composition into operative
association with the multiple polymeric elements including placing the interface composition
between the first and second polymeric elements; wherein the TPE composition of the second

placing step comprises the first polymer, the second polymer and ferromagnetic particles; and

heating the polymeric elements and TPE composition at least to a

fusion temperature of the polymeric element with the highest fusion temperature.
60. A method of bonding multiple catheter components, comprising:
distributing ferromagnetic particles through a molding device;

placing multiple polymeric elements into operative association with the -
molding device; wherein each polymeric element is operatively associated with a catheter
component; wherein the multiple polymeric elements comprise at least a first polymeric
element operatively associated with a first catheter component and a second polymeric
element operatively associated with a second catheter component; wherein the first polymeric
element comprises a first polymer and a second polymeric element comprises a second
polymer; wherein the first polymer is present at less than 99.999% by weight in the second
polymeric element; wherein the second polymer is present at less than 99.999% by weight in
the first polymeric element;

placing a thermoplastic elastomer (TPE) composition into operative
association with the multiple polymeric elements including placing the interface composition

between the first and second polymeric elements; wherein the thermoplastic elastomer (TPE)
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composition of the second placing step comprises the first polymer, the second polymer and

ferromagnetic particles; and

heating the polymeric elements and thermoplastic elastomer (TPE)
composition at least to a fusion temperature of the polymeric element with the highest fusion

temperature.

61. A method of bonding multiple polymeric elements together,
comprising:

providing a first polymeric element comprising a first polymer;

providing a second polymeric element comprising the second polymer;
wherein the first polymeric element comprises less than 99.999% by weight of the second
polymer; wherein the second polymeric element comprises less that 99.999% by weight of
the first polymer;

applying a thermoplastic elastomer (TPE) composition, comprising
terromagnetic particles, the first polymer, and the second polymer, to a surface of at least one

of the first and second polymeric elements;

engaging the first and second polymeric elements at an interface with the TPE

composition being placed between the first and second polymeric elements; and

exposing the polymeric elements and TPE composition to an electromagnetic
field, the exposing step causing said elements and composition to rise in temperature and

thereby fuse the first and second polymeric elements together.
62. A method of bonding two catheter components together, comprising:
providing a first polymeric element comprising a first polymer;

providing a second polymeric element comprising the second polymer;
wherein the first polymeric element comprises less than 99.999% by weight of the second
polymer; wherein the second polymeric element comprises less that 99.999% by weight of
the first polymer; wherein the first polymeric element is operatively associated with a first
catheter component and the second polymeric element is operatively associated with a second

catheter component;

36



CA 02477758 2004-08-30
WO 03/082347 PCT/US03/09494

applying a thermoplastic elastomer (TPE) composition, comprising
ferromagnetic particles, the first polymer, and the second polymer, to a surface of at least one

of the first and second polymeric elements;

engaging the first and second polymeric elements at an interface with the TPE

composition being placed between the first and second polymeric elements; and

exposing the polymeric elements and TPE composition to an electromagnetic
field, the exposing step causing said elements and composition to rise in temperature and

‘thereby fuse the first and second polymeric elements together.
63. A method of bonding multiple polymeric elements, comprising:
distributing ferromagnetic particles through a molding device;

placing multiple polymeric elements into operative association with the

molding device;
exposing the molding device to an electromagnetic field; and
heating the polymeric elements by Way of contact with the molding device.

64.  The method of claim 63, wherein the molding device is a clam shell

mold.
65.  The method of claim 63, wherein the molding device is a mandrel.

66.  The method of claim 63, wherein the ferromagnetic particles are
selected from the gap consisting of Fe304, Fe203, Cr203, and FeCr204.

67.  The method of claim 63, wherein the ferromagnetic particles have

sizes 1n the range of about five nanometers to about one hundred nanometers.

08.  The method of claim 63, wherein the distributing step involves the step

8 forming the molding device from a material with the ferromagnetic particles mixed therein.

69.  The method of claim 63, wherein the distributing step involves the step

of applying a layer of the ferromagnetic particles to an outside surface of the molding device.

70.  The method of claim 69, wherein the applying step is performed by

painting the outside surface of the molding device.

71.  The method of claim 63, wherein the heating step is performed up to

the Curie temperature of the ferromagnetic particles.
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72.  The method of claim 63, wherein a first type of ferromagnetic particle
1s associated with a first polymeric element and a second type of ferromagnetic particle is

assoclated with a second polymeric element.
73. A method of bonding multiple polymeric elements together,
comprising:
providing a first polymeric element;
providing a second polymeric element;

applymng a material containing ferromagnetic particles to an outside surface of

at least one of the first and second polymeric elements;

engaging the first and second polymeric elements with the material containing

ferromagnetic particles being placed between the first and second polymeric elements; and

exposing the material containing ferromagnetic particles to an electromagnetic
field, the exposing step causing the material to rise in tempera’tﬁre and thereby fuse the first

and second polymeric elements together. .

74.  The method of claim 73, wherein the ferromagnetic particles are

selected from the group consisting of Fe304, Fe203, Cr203, and FeCr204.

75.  The method of claim 73, wherein the terromagnetic particles have

sizes in the range of about five nanometers to about one hundred nanometers.

76.  The method of claim 73, wherein the applying step is performed by
painting the material containing ferromagnetic particles onto an outside surface of at least.one

of the first and second polymeric elements.

77.  The method of claim 73, wherein the applying step is performed by

dipping at least one of the first and second polymeric elements into the material containing

ferromagnetic particles.

78.  The method of claim 73, wherein the first and second polymeric
elements have different melting points, and wherein materials containing ferromagnetic

particles with different Curie temperatures are applied to each of the first and second

polymeric elements.
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79.  An apparatus for bonding first and second polymeric elements
together, comprising:

a molding element having a surface complementary to at least one of the first
and second polymeric elements, the molding element surface being adapted to engage at least

one of the first and second elements:;
terromagnetic particles operatively associated with the molding elements; and

a magnetic field source adapted to subject the molding element to a magnetic
field.

80.  The apparatus of claim 79, wherein the molding element is a clam shell
mold, the clam shell mold having at least first and second portions adapted to form an inner

cavity in a desired shape.

81.  The apparatus of claim 80, wherein the molding element further
includes a mandrel, the first and second polymeric elements adapted to be mounted on the

mandrel and within the clam shell.

82.  The apparatus of claim 79, wherein the ferromagnetic particles are

interspersed into the molding element.

83.  The apparatus of claim 79, wherein the ferromagnetic particles are

applied to the surface of the molding element.

84.  The apparatus of claim 79, wherein the ferromagnetic particles are

applied to the surface of the molding element by painting.

85.  The apparatus of claim 79, wherein the ferromagnetic particles are
applied to the surface of the molding element by dipping the molding element into a material

containing the ferromagnetic particles.

86.  The apparatus of claim 79, wherein the ferromagnetic particles are
applied to the surface of the molding element by dipping the molding element into a material

containing the ferromagnetic particles.

87.  The apparatus of claim 79, wherein the ferromagnetic particles are

selected from the group consisting of Fe304, Fe203, Cr203, and FeCr204.

38. The apparatus of claim 79, wherein the ferromagnetic particles have

sizes in the range of about five nanometers to about one hundred nanometers.
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