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(57) Abrégée/Abstract:
A flexible HVAC duct is made with a support structure-containing duct liner, insulation layer, and reinforcing layer-containing vapor

barrier. At least the duct liner and vapor barrier are constructed of polymer materials that enable them to be placed in one or more
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(57) Abrege(suite)/Abstract(continued):
recycling streams once the flexible HVAC duct i1s removed from Its installed location. The insulation layer can also be made of a

polymer material compatible with that used for the duct liner and vapor barrier so that the entire duct can be recycled once
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(57) Abstract: A flexible HVAC duct
1s made with a support structure-con-
taining duct liner, mmsulation layer,
and reinforcing layer-containing va-
por barrier. At least the duct liner and
vapor barrier are constructed of poly-
mer materials that enable them to be
placed mm one or more recycling
streams once the tlexible HVAC duct
1s removed from its installed location.
The msulation layer can also be made
of a polymer material compatible with
that used for the duct liner and vapor
barrier so that the entire duct can be
recycled once removed.
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FLEXIBLE HVAC DUCT AND METHOD OF USE

Field of the Invention

The present invention is directed to a flexible heating, ventilating, and air
conditioning (HVAC) duct and a method for use, and in particular, to a duct that has
several or all of its components made in a particular way so that the components can
be recycled once the duct is removed from its installed location due to demolition or

renovation.

Backqround Art

The construction of factory-made flexible HVAC ducts is well known iIn the
industry. These types of ducts usually comprise a helical-supported duct liner
(sometimes referred to as the core or inner core) covered by a layer of fiberglass
insulation, which is, in turn, covered by a scrim-reinforced vapor barrier. Scrim Is a
woven material that adds strength to a laminate construction when made a part
thereof. United States Patents Nos. 6,158,477 and 5,785,091 show typical
constructions of factory made ducts. United States Patent No. 5,785,091 teaches
that the duct liner and vapor barrier can be manufactured from polymer tapes,
particularly polyester. United States Patent No. 5,526,849 discloses a plastic helix in
combination with a metal helix and United States Patent No. 4,990,143 discloses a
polyester helix. United States Patent Publication No. 2007/0131299 discloses a
polyester scrim used in a vapor barrier.

In the prior art, factory-made flexible HVAC ducts are typically constructed of
three main components; a duct liner for conveying air, a layer of insulation for

preventing energy loss through the duct wall, and a vapor barrier for holding the
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fiberglass around the liner while protecting the fiberglass from moisture. The duct
liner is commonly constructed of a steel wire sandwiched between layers of
polyester (PET) film. Other plastics and coated fabrics are also used to construct the
wall of the duct liner.

In the prior art, a plastic helix is sometimes used in conjunction with a steel
helix to support the duct liner. In some cases, a narrow metal strip is crimped
around the material forming the wall of the duct liner. The strip holds the material
together and provides support.

Flexible tubing constructed of homogeneous materials Is also common.
These types of tubing have a similar support structure to that of a flexible duct liner
with a spiral helix connected to a tube wall. These products are not known to be
used as HVAC duct liners.

Flexible HVAC duct liners are composed of a mixture of materials, typically
metals, plastics and/or fiberglass. The insulation is typically a batt of low-density
fiberglass wrapped around the inner core. In some cases, other various textile scrap
fiber is used to make the insulation batts. The insulation is held around the duct liner
by the vapor barrier.

The vapor barrier is commonly constructed of either a tubular extruded
polyethylene film or a fiberglass rip-stop, usually scrim, sandwiched between layers
of polyester film. In the case of polyester fiims, the outer layer of film is typically a
metallic-coated polyester film while the inner film is clear uncoated polyester film. In
the prior art, a polyester scrim may be substituted for fiberglass scrim.

Figure 1 shows an example of a prior art HVYAC duct 10 that includes a duct
liner 1, insulation layer 3, and vapor barrier 5. The duct liner comprises a polymer

layer 7 surrounded by a metal helix 9. Although not shown, the vapor barrier is
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made up an inner clear polyester layer, a fiberglass scrim, and an outer metallized
polyester layer.

Factory-made flexible HVAC ducts are aggregates of a number of materials.
Ducts that contain a particular material or set of materials in the duct liner have
different materials or sets of materials in the vapor barrier. This is a result of
material selection based on cost and performance of the materials in meeting the
test criteria of safety agencies (such as UL, ETL, etc.).

Mixed materials used in the duct liner and the vapor barrier of factory-made
flexible HVAC ducts prohibit the recycling of any of the otherwise recyclable
materials without separating the materials first. In cases where the duct liner or the
vapor barrier were of a homogeneous material, they would not be compatible with
the materials used in the other components and could not be recycled together in a
common recycling stream. For example, extruded polyethylene vapor barrier is
homogeneous, but it is not recyclable with materials used in the duct liner of factory-
made flexible HVAC ducts. Factory-made flexible air ducts with polyester film vapor
barrier are all fiberglass-scrim reinforced. The fiberglass scrim is not compatible for
recycling with the polyester. The metallic-coated film used in most vapor barrier Is
not compatible for recycling with either the polyester film or the fiberglass scrim.

Another difficulty in this area is that factory-made flexible HVAC ducts are
required to meet certain safety/performance criteria as defined by safety agencies
and code bodies with jurisdiction where the products are being used. These criteria
make the use of certain materials (especially plastics) extremely difficult for structural
elements of the ducts. Manufacturing process and product design changes are
necessary to overcome issues that otherwise prohibit conformance with

safety/performance criteria.
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The vapor barrier, insulation, and duct liner of a factory-made flexible HVAC
duct can be easily separated from each other. The fiberglass insulation is recyclable
once removed. However, it is not economically feasible to separate the components
comprising the vapor barrier or the duct liner. It is cheaper to pay for landfill disposal
than to separate the materials of these duct components. Therefore, it is normal
industry practice to landfill all used or damaged HVAC ducts or sections of duct
without recycling them. The environmental impact is substantial. It is estimate that
approximately 140 million feet of insulated flexible HVAC duct is replaced (through
demolition and/or renovation) each year in North America alone. The scrap duct
also causes problems at landfills as the steel wire helices become entangled in
equipment and often cause damage to the equipment.

Another environmental problem with these prior art ducts relates to the use of
metal helices in the duct liner. The steel wire is the heaviest material in the duct and
makes up more than half the weight of the duct. This requires more fuel for
distribution than a lighter weight material would require. Also, the steel helices are
often permanently deformed during the packaging of the ducts. This prohibits
smaller packages from being used, which would also reduce the energy required for
distribution. Once deformed, the steel helices can restrict airflow within the duct
once it is installed, leading to further energy loss in the HVAC system.

When factory-made flexible HVAC ducts are cut either during manufacture or
during installation, the cut ends of the steel helices have sharp ends responsible for
puncture wounds and cuts to those manufacturing, installing and removing flexible
ducts. The steel helices are cold-worked during the manufacturing process causing
the material to “spring back” (recover) when the helices are cut during

manufacturing, installation and removal. This effect often leads to a wound as the
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sharp points of the steel helices are propelled towards the hands or arms that are
holding or supporting the ducts.

In the prior art, there are no flexible duct helices that are capable of
recovering from deformation that would allow for potentially smaller packages and
better airflow in HVAC systems.

In light of the problems with state of the art HVAC ducts, a need exists to
provide improved duct designs in order to make the ducts more amenable to
recycling rather than disposal in a landfill or the like. However, no factory-made
flexible HVAC duct is offered with a duct liner of homogeneous material. In aadition,
no factory-made flexible HVAC duct with a duct liner and vapor barrier comprised of
recyclable materials that would prevent the widespread landfill dumping of flexible
duct scrap by allowing two or three separate compatible recycle streams is known In
the prior art. Further, no factory-made flexible HVAC duct with a duct liner, vapor
barrier, and insulation comprised of recyclable materials that would prevent the
widespread landfill dumping of flexible duct scrap by allowing one compatible recycle
stream is known In the prior art

In response to this need, the present invention provides an HVAC duct that
overcome the problems in recycling and injury associated with the prior art duct
liners. The HVAC duct of the invention has at least its duct liner and vapor barrier
construction made from polymer materials that enable these two components to be
recycled, thus avoiding the landfill and disposal problems of prior art duct liner. In a
further embodiment, the invention provides for a flexible HVAC duct liner that Is
entirely recyclable. The duct liner also employs a polymer support structure that

does not pose the problems associated with the metal helices of prior art ducts.
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Summary of the Invention

It is a first object of the invention to provide an improved flexible HVAC duct
that is more amenable to recycling once removed from its place of installation.

It is another object of the invention to provide a flexible HVAC duct that is
totally recyclable.

A further object of the invention is a method of removing the inventive flexible
HVAC duct and creating one or more recyclable loads to be placed in a recycling
stream.

Another object of the invention is a method of installing the flexible HVAC duct
in a structure so that when the structure is renovated or demolished, the installed
flexible HVAC duct can be recycled rather than disposed of in a landfill or the like.

Other objects and advantages will become apparent as a description of the
invention proceeds.

In satisfaction of the foregoing objects and advantages of the invention, the
invention is an improvement in flexible HVAC ducts that have a duct liner, an
insulation layer surrounding the duct liner, and a vapor barrier surrounding the
insulation layer. The duct liner of the inventive duct has a first polymer layer, a
second polymer support structure, and means for connecting the first polymer layer
and the second polymer support structure together so as to form a generally
cylindrical configuration. The vapor barrier of the inventive duct further comprises a
third polymer layer, a fourth polymer reinforcing layer, and a means for connecting
the two together similar to the connection used for the duct liner. The polymers used
in the duct liner and the polymers used in the vapor barrier are the same or similar in
nature so that the duct liner and vapor barrier can be recycled once the flexible

HVAC duct is removed from an installed location.
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In another embodiment, the insulation layer can be made of a polymer
material that is the same or similar to that used in the duct liner and vapor barrier so
that the entire duct can be recycled. Preferably, the polymer used in the duct liner
and the vapor barrier is one of polyester, such as polyethylene terephthalate,
polyethylene, including chlorinated polyethylenes, polypropylene, ethylene viny!
acetate, and polyvinyl chloride. Likewise, the insulation, when matching the duct
liner and vapor barrier can be made of the same polymer materials.

While the support structure of the duct liner can take on a variety of shapes, a
helical shape is preferred. The polymer layer and a polymer support structure of the
duct liner can be connected together using an adhesive or other bonding technique.
Alternatively, the connecting means can include the use of an additional polymer
layer so that the polymer support structure is disposed between two polymer layers
that are attached to each other and the support structure. The vapor barrier can also
use a similar construction as the duct liner, whereby an additional polymer layer IS
used to sandwich the reinforcing layer between the two layers or an adhesive or
other bonding technique is used to adhere the reinforcing layer to the single polymer
layer.

The invention is also an improvement in a method of recycling flexible HVAC
ducts. In one mode, once the inventive duct has been installed in a structure, and
the duct, because of the need for renovation, demolition or the like, is removed from
the structure and the insulation is separated from the duct liner and vapor barrier.
The duct liner and vapor barrier form one or more recyclable loads that can be
recycled rather than disposed of in a landfill or the like. Depending on the material of
the duct liner and vapor barrier, the duct liner and vapor barrier can be combined

together to form a unitary recycling load. Alternatively, the duct liner and vapor
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barrier can each be a recycling load. Since the duct liner and vapor barrier
construction makes them totally recyclable, they can be recycled together or
separately depending on their makeup.

Another mode relates to the inventive duct when the insulation layer matches
the duct liner and vapor barrier material from an ability-to-recycle standpoint. In this
mode, once the duct is removed, the entire duct forms the recyclable load.

The inventive flexible HVAC duct can be used in any structure where heating,
ventilation and/or air conditioning is need and is advantageous since the duct can be
later recycled once the duct is either replaced or the structure containing the duct

must be demolished.

Brief Description of the Drawings

Reference is now made to the drawings of the invention wherein:

Figure 1 is a schematic perspective view of a prior art flexible HVAC duct.

Figure 2 is a schematic perspective view of flexible HVAC duct according to
one embodiment of the invention.

Figure 3 is a sectional view of a portion of the vapor barrier of the duct of
Figure 2.

Figure 4 is a sectional view of a portion of the duct liner of another

embodiment of the invention.

Description of the Preferred Embodiments

The invention offers significant advantages in the field of flexible HVAC ducts
and the ability to use the components of the duct in recycling streams rather than

dispose of the ducts after demolition and/or renovation.
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More particularly and in one mode, the invention is a factory-made flexible
HVAC duct designed to be lighter than existing duct and more easily recyclable. In
one mode, the duct has a duct liner and vapor barrier separated by insulation,
whereby the duct liner is made of a polymer (preferably polyethylene terephthalate)
and includes a polymer (preferably polyethylene terephthalate) support structure,
e.g., a helical coll, netting or other structure.

The vapor barrier is similar in construction with a polymer layer or wall and a
polymer reinforcing layer or scrim (both preferably a polyester such as polyethylene
terephthalate). The polymer support structure is treated during the manufacturing
process in such way (described below) as to insure its usefulness as a duct
component capable of meeting applicable safety/performance criteria.

The duct can also incorporate a flame retardant additive as are known Iin the
prior art. The flame retardant additive could be incorporated into one or more of the
different components of the duct in any number of known ways. For example, a
flame retardant composition could be sprayed or otherwise applied onto the second
polymer support structure during the manufacture. Alternatively, the flame retardant
composition could be incorporated into one or more of the polymer layers.

The vapor barrier made up of the polymer layer and the polymer reinforcing
layer contains only non-metallic components. As an alternate to enhance properties
beyond today’s requirements, the polymer reinforcing layer or scrim may be treated
in such a way as make it resistant to fire.

When the ducting is removed from a structure that is being demolished or
renovated, or when the HVAC system is being replaced, the components of the

ducting can be easily and economically recycled as described in more detail below.
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In another mode of the invention, the insulation may also be composed of a
polymer that is the same or similar to the duct liner and vapor barrier and, thereby,
the insulation could be recycled along with those components in a common recycling
stream. When using fiberglass insulation, the insulation would be removed and the
duct liner and vapor barrier would be easily recyclable in one or more recycling
streams. The fiberglass insulation is also recyclable once separated from the other
components.

Another advantage of the invention is through the use of the polymer duct
liner support structure. This structure will recover from temporary deformation
caused by packaging of factory-made flexible HVAC ducts. This trait, in turn, will
allow for use of more compact packaging for the flexible HVAC ducts, which will, in
turn, reduce energy for distributing them.

The duct polymer support structure will also reduce the likelihood of puncture
wounds and cuts to those handling the ducts that normally occur when metal support
structures are used. The polymer material of the support structure is not cold-
worked or otherwise treated to induce “memory”. Therefore, when cut during
manufacturing, installation or removal, the plastic support structure has less potential
to cause an injury than a metal helix. Also, the softness of the plastic support
structure and the larger diameters of the materials comprising the plastic support
structure make it less likely to produce puncture wounds than a metal wire helix.

Figure 2 shows a more detailed view of one embodiment of the invention.
The flexible HVAC duct according to the invention is designated by the reference
numeral 20 and includes a duct liner 21, insulation layer 23, and vapor barrier 25.
The duct liner 21 further comprises a first polymer layer 27 that is surrounded by a

second polymer support structure 29. The support structure 29 is shown as a helix,
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but other shapes or structures as would be known in the art could be employed. The
second polymer support structure 29 is adhered to the first polymer layer 27 using a
means for connecting the two layers together. This connecting means could be
either a bonding technigue such as the use of an adhesive or some other bonding
method or the use of an additional polymer layer, which would be adhered to the
layer 27 and support structure 29 to form the duct liner. In the latter embodiment,
the second polymer support structure 29 is sandwiched between the first polymer
layer 27 and another layer during the manufacturing process. While the polymer
support structure 29 is shown surrounding the first polymer layer 27, the layer 27
could surround the support structure 29 such that the polymer support structure 29
would be on the inner face of the layer 27.

The insulation layer 23 can be any type of insulation such as the fiberglass
batt insulation that is used in the prior art or a polymer insulation, e.g., a polyester
fiber batt, that is compatible with the polymers used in the duct liner 21 and vapor
barrier 25. Using a compatible polymer for the insulation layer means that the entire
duct 20 can be recycled. Using an incompatible material such as a fiberglass
insulation would mean that the layer 23 would have to be separated from duct liner
21 and vapor barrier 25 before these two latter components could form one or more
recyclable loads and be put into one or more recycle streams.

Figure 3 shows a schematic construction of the duct 20 in more detail along
the line llI-11l of Figure 1. The vapor barrier 25 comprises a pair of polymer layers 31
with a polymer reinforcing layer 33 situated inbetween the layers 27. The polymer
reinforcing layer 33 can be a polymer scrim material to act as a rip stop for the vapor
barrier. The preferred polymer for the vapor barrier is a polyester, e.g., polyethylene

terephthalate, both as the inner and outer layers 31 and the reinforcing layer 33. In

11
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this mode, one of the layers acts as a means for connecting the reinforcing layer 33
to the other layer. Another mode of attachment between the reinforcing layer 33 and
the adjacent layer 31 would be to employ an adhesive or other bonding technique to
keep the reinforcing layer in association with a single layer 31, with the reinforcing
layer acting as the exterior of the duct or adjacent the insulation 23. It is preferred
that the inner and outer layers are not metallized polyester layers as are commonly
employed In the prior art since these metallized materials wreak havoc in a recycling
stream. Typically, the layers 31 are just clear, but they could also be made
translucent or with any color if so desired.

Figure 3 also shows the insulation layer 23 disposed between one of the
layers 31 of the vapor barrier and the duct liner 21. The duct liner is also shown in
Figure 3, with a polymer helix as the polymer support structure 29 and the polymer
layer 27. Although not shown, an adhesive holds the polymer support structure 29 to
the polymer layer 27 as a connecting means. Of course, other bonding methods
could be employed to keep the polymer layer 27 in association with the polymer
support structure 29.

While the duct liner 21 is shown with the polymer support structure 29
attached to an outer surface 35 of the layer 27, it is possible to sandwich the polymer
support structure 29 between two polymer layers as shown in Figure 4. Figure 4 is
a modified version of the duct liner of Figure 1, and employs a pair of polymer layers
27 attached together, with the polymer support structure 29 between the two layers
27. The sectional view of modified duct liner of Figure 4 is represented by the lines
IV-IV of Figure 1. Here, the second of the two layers 27 being adhered to the other
layer 27 and support structure 29 acts as a means for connecting the polymer

support structure to a single layer 27.

12
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In use, the duct 20 can be installed in new construction or replace existing
ductwork in existing structures to function in its normal duct capacity of channeling a
gas such as heated, cooled, or conditioned air to a desired location In a given
structure. Once the duct 20 is in place, it is much more easily recycled than the prior
air ducts. That is, the duct 20 is removed from the structure and either the entire
duct is put into a recycle stream for the polymer or mix of polymers making up the
duct construction or the insulation is removed from the duct and the remaining duct
liner and vapor barrier are recycled together or recycled in separate streams. Since
each of the duct liner and vapor barrier are made to be recyclable, the determination
of whether both are recycled together is largely dependent on the materials of
construction and/or the capability of the recycler to separate received but differing
materials. The removed insulation could be separately recycled, if desired.

More particularly, the similarity of the duct liner and vapor barrier means that
the two are made of materials that are similar enough so that they could both be
placed in the same recycling stream. For example, the duct liner could be made of a
chlorinated polyethylene and the vapor barrier could be made of polyethylene, and
each of these could be recycled in the same recycling stream. The similarity of the
duct liner and vapor barrier can also be measured by the fact that each are made to
be recycled. Thus, the duct liner could be made of polyethylene terephthalate and
the vapor barrier could be made from polyethylene. Both components are similar in
that they are made of polymer materials that can be recycled, albeit normally In
separate recycle streams. In this mode, the duct liner is recycled to a recycling
stream accepting polyethylene terephthalate and the vapor barrier is recycled to a
recycling stream accepting polyethylene. As mentioned above, if the recycler has

the capability to separate the two, each could be sent to the same recycling stream,

13
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with the separation made during the recycling process itself. The ability of the duct
liner and vapor barrier to be recycled is a trait not found in the prior art structures.
Typically, the prior art duct liner combines a polymer with a metal helix and the
presence of the metal means that the duct liner cannot be recycled. Similarly, the
prior art vapor barrier may employ a fiberglass scrim or a metallized polymer layer,
both of which precluding the ability to be recycled. While the metal helix of a duct
liner could conceivably be removed from the remaining polymer, this separation is
not practical in the least and these types of duct liners cannot be considered to be
recyclable. The same applies for vapor barriers having fiberglass scrims and
metallized layers; the materials cannot be practically separated from the remaining
vapor barrier components. Put another way, even though the prior art duct liners
and vapor barriers may have some recyclable components, the presence of the
other components destroys their capability of recycling.

While polyester, preferably polyethylene terephthalate, is shown as one
example of a polymer material that could be used to make the duct liner layer and
support structure, insulation, and vapor barrier, other polymers, such as
polyethylene, a chlorinated polyethyiene, polypropylene, ethylene vinyl acetate,

polyvinyl chloride, other types of polyesters than polyethylene terephthalate, could

be used as well. In addition, the polymers do not have to be all the same to achieve
the recycling aim of the invention. For instance, different densities of polyethylene or

polyethylene and chiorinated polyethylene could be used in the same recycling
stream. For example, a polyethylene and polyester could be used together with the
understanding that the plastics recycler has the capability to separate the two

components during the recycling process.
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The duct 20 of the invention is made using normal manufacturing processes
to make these types of duct so that a detailed explanation of the manufacturing
process is not necessary for understanding of the invention.

While the duct is shown with preferred materials and laminated construction,
any type of a duct liner that would include a layer establishing an inner surface for
flow through the duct and a support structure can be used providing that the
materials are at least compatible with the vapor barrier for recycling purposes.
Likewise, the vapor barrier can have any known construction providing that a
reinforcing layer is present and that the materials of construction of the vapor barrier
are compatible with the duct liner for recycling purposes. [f desired, the insulation
disposed between the duct liner and vapor barrier can match the recyclable nature of
the duct liner and vapor barrier so that the entire duct can be recycled and the
insulation does not have to be separated from the duct liner or vapor barrier.

Another embodiment of the invention entails just recycling of either the duct
liner or the vapor barrier. In this embodiment, the duct could be made with the duct
liner comprising the first polymer layer, the polymer support structure, and the
connecting means and the remaining components being conventional in design. In
the alternative, the duct could be made with just the vapor barrier comprising the
third polymer layer and fourth reinforcing layer along with the means to connect them
together and the remaining insulation and duct liner could be conventional. With this
construction, either the duct liner or the vapor barrier would be removed from the
other two components and placed in a recycling stream. In this embodiment, the
duct liner and vapor barrier would not have to be similar or the same since only one

of the two components would be designated for recycling.
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As such, an invention has been disclosed in terms of preferred embodiments

thereof which fulfilis each and every one of the objects of the present invention as set
forth above and provides a new and improved flexible HVAC duct and method of use.

The scope of the claims should not be limited by the preferred embodiments set

forth in the examples, but should be given the broadest interpretation consistent with the

description as a whoie.
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What Is Claimed Is.

1. In a flexible HVAC duct comprising a duct liner, a layer of insulation surrounding
the duct liner, and a vapor barrier surrounding the layer of insulation, the
Improvement comprising:

a) the duct liner further comprising a first polymer layer, a second polymer
support structure, and means for connecting the first polymer layer and the second
polymer support structure together so as to form a generally cylindrical configuration;
andg

b) the vapor barrier further comprising a third polymer layer, a fourth polymer
reinforcing layer, and means for connecting the third polymer layer and the fourth
polymer reinforcing layer together;

c) wherein the duct liner and vapor barrier can be recycled once the fiexible

HVAC duct is removed from an installed location.

2. The duct of claim 1, wherein the insulation is made of a polymer material that

would permit the entire duct to be recycled.

3. The duct of claim 1, wherein the polymer used in the duct liner and the vapor

barrier is one of polypropylene, polyethylene, polyester, polyvinyl chloride, ethylene

vinyl acetate, and a chlorinated polyethylene.

4. The duct of claim 2, wherein the polymer used in the duct liner, the insulation, and

the vapor barrier is one of polypropylene, polyethylene, polyester, polyvinyl chloride,

ethylene vinyl acetate, and a chlorinated polyethylene.
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5. The duct of claim 1, wherein the second polymer support structure is helical in

shape.

6. The duct of claim 1, wherein the connecting means for the duct liner comprises
an adhesive or a fifth polymer layer, with the second polymer support structure

disposed between the first and fifth polymer layers.

/. The duct of claim 2, wherein the connecting means for the duct liner comprises
an adhesive or a fifth polymer layer, with the second polymer support structure

disposed between the first and fifth polymer layers.

8. The duct of claim 1, wherein the connecting means for the vapor barrier
comprises an adhesive or a sixth polymer layer, with the fourth polymer reinforcing

layer disposed between the third and sixth polymer layers.

9. The duct of claim 2, wherein the connecting means for the vapor barrier

comprises an adhesive or a sixth polymer layer, with the fourth polymer reinforcing

layer disposed between the third and sixth polymer layers.

10. A method of recycling the flexible HVAC duct of claim 1 installed in a structure
comprising:
a) removing the duct from the structure; and

b) separating the duct liner and vapor barrier from the insulation to form one

or more recyclable loads comprising the vapor barrier and/or the duct liner.
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11. The method of claim 10, wherein the duct liner and vapor barrier are combined

together to form one recyclable load for recycling.

12. The method of claim 10, wherein the duct liner and vapor barrier are separated

to form two recyclable loads for recycling.
13. A method of recycling the flexible HVAC duct of claim 2 installed in a structure
comprising removing the duct from the structure to form a recyclable load as the duct

iner, the insulation, and the vapor barrier for recycling instead of disposal.

14. In @ method of supplying a gas to a location in a structure using a flexible HVAC

duct, the improvement comprising using the duct of claim 1 for the supplying step.

15. The method of claim 14, wherein the gas is heater or cooled or conditioned air.
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