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DESCRIPTION
COATED CLOSED-CELL FOAM TUBE INSULATIONS
AND METHODS FOR PRODUCING THE SAME

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priority to United States Provisional
Application Serial Number 62/523,563, filed June 22, 2017, and United
States Provisional Application Serial Number 62/527,724, filed June 30,
2017, the disclosures of each of which are herein incorporated by reference

in their entireties.

TECHNICAL FIELD
The presently disclosed subject matter relates generally to closed-cell
foam tubes (e.g., closed-cell elastomeric foam tubes) for pipe insulations

used over conduits supplying fluids/gases, such as round pipes.

BACKGROUND

Pipes are commonly used in residential or commercial applications for
heating, air conditioning, or refrigeration purposes. The pipes are used to
convey fluids or gases/air to accomplish their purpose. The temperature of
the fluid/gas can cycle from hot to cold. The pipes are generally covered on
the exterior with a thermal insulation material to prevent heat gain or loss
and to maintain the fluid or gas at a desired temperature. When the pipe is
exposed to the elements (outdoors), the thermal insulation is typically
covered with a jacket or coating to protect it from abuse and the elements of
nature.

For air conditioning applications, thermal insulation properties are
desirable, as is resistance to moisture penetration, which is a common issue
on low temperature applications where condensation can occur. Many
residential and commercial facility air conditioning and refrigeration
applications include a portion, or all, of the conduit pipe exposed to outdoor
elements. The exterior surface of the thermal insulation used to cover such

pipes is subject to degradation by UV, moisture, abuse or the like and, as
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such, is advised by the insulation manufacturer or required per the local
mechanical, energy, or building code to be covered by a protective facing.

Closed-cell elastomeric insulation products have a structure of
individual closed cells that are non-connecting. This structure gives the
product a low thermal conductivity and high moisture penetration resistance,
making it a good insulation for below ambient applications where
condensation is an issue.

However, in applications that cycle from cold to hot, such as air
conditioning line sets, this closed-cell structure can create a problem. The
closed-cell structure of the product can cause the cells/material to expand or
contract (up to 4% depending on the temperature differential) when exposed
to hot or cold either internally from the pipe surface or externally from the
environment (ambient temperature) heating and cooling. This expansion
and contraction creates a problem with any stiff jacket or coating applied to
the insulation layer. The expansion forces can cause the jacket to split or
separate and the coating to crack. Field-installed jacketing solutions exist for
2-step installations, but rely on installer accuracy for proper performance
over time and lend themselves to not being used in cost competitive
markets, which negatively impacts the facility owner. They also all have
seams which allows for moisture intrusion.

In view of the foregoing, there exists a need for a closed-cell foam
insulation product (e.g., tubing) for covering conduits (e.g., round pipes) that
cycle from hot to cold and that is also suitably covered with a facing for
protection from the elements. In particular, there is a need for a closed-cell
insulation product that has a seamless, approximately 100% surface area
coverage of a protective coating layer that can protect the closed-cell foam
from moisture, ultraviolet (UV), and mechanical abuse, but that is flexible to
match the flexibility of the foam and that conforms to the shape of the foam
and can be applied to the bends in the piping application. There is also a
need for an insulation product that is non-toxic to the environment, is not
substantially affected by heat or environmental conditions, and/or that is

easy to install.
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SUMMARY

The presently disclosed subject matter provides in some
embodiments an insulation product comprising a composite comprising: (a)
a foam insulation layer having a closed-cell structure, optionally wherein the
foam insulation layer is an elastomeric or polyethylene foam insulation layer
having a closed-cell structure; and (b) a coating layer bonded to an outer
surface of the foam insulation layer, optionally wherein said insulation
product is free of an adhesive to bond the coating layer to the outer surface
of the elastomer layer.

In some embodiments, the foam insulation layer comprises a material
selected from the group comprising ethylene propylene diene monomer (M-
class) (EPDM), acrylonitrile-butadiene rubber (NBR), polyvinyl chloride
(PVC), polystyrene, polyisocyanurate, or combinations thereof. In some
embodiments, the foam insulation layer has a density of between about 3
and about 6 pounds per cubic foot (Ib/ft3).

In some embodiments, the coating layer comprises a thermoplastic
elastomer (TPE), a thermoplastic vulcanizate (TPV), and/or a thermoplastic
polyurethane (TPU), optionally wherein the TPE is based on EPDM polymer,
further optionally wherein the EPDM is a UV-resistant EPDM. In some
embodiments, the coating layer further comprises a flame retardant and/or
one or more additional additives.

In some embodiments, the composite has a thickness of between
about 0.5 inches and about 1 inch and/or wherein the composite is provided
in a tubular form.

In some embodiments, the presently disclosed subject matter
provides a
composite tubing for use as an insulation product, wherein said composite
tubing comprises: (a) a foam insulation layer having a closed-cell structure,
optionally wherein the foam insulation layer is an elastomeric or polyethylene
foam insulation layer having a closed-cell structure; and (b) a coating layer
bonded to and seamlessly covering an outer surface of the foam insulation
layer, optionally wherein the coating layer is bonded to the outer surface of
the foam insulation layer in the absence of an adhesive. In some

embodiments, the foam insulation layer comprises a material selected from
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the group comprising ethylene propylene diene monomer (M-class) (EPDM),
acrylonitrile-butadiene rubber (NBR), polyvinyl chloride (PVC), polyethylene,
polystyrene, polyisocyanurate, or combinations thereof. In some
embodiments, the foam insulation layer has a density of between about 3
and about 6 pounds per cubic foot (Ib/ft%).

In some embodiments, the coating layer comprises a thermoplastic
elastomer (TPE), optionally wherein the TPE is EPDM, further optionally
wherein the EPDM is a UV-resistant EPDM. In some embodiments, the
coating layer further comprises a flame retardant and/or one or more
additional additives.

In some embodiments, the tubing has a wall thickness of between
about 0.5 inches and about 1 inch. In some embodiments, the tubing is a
straight tubing having a length of between about three feet and about six feet
or a continuous coil tubing having a length of up to about 1,000 feet and/or
wherein the tubing has an inner diameter (ID) ranging from about 0.25
inches to about 6 inches, optionally wherein the ID is between about 0.5
inches and about 2.875 inches.

In some embodiments, the presently disclosed subject matter
provides a
round pipe installation, comprising: (a) a round pipe; and (b) a composite
tubing encompassing an outer surface of the pipe, wherein said composite
tubing comprises: (i) a foam insulation layer having a closed-cell structure,
optionally wherein the foam insulation layer is an elastomeric or polyethylene
foam insulation layer having a closed-cell structure, and (ii) a coating layer
bonded to an outer surface of the foam insulation layer, optionally wherein
said insulation product is free of an adhesive to bond the coating layer to the
outer surface of the foam insulation layer. In some embodiments, the foam
insulation layer comprises a material selected from the group comprising
PVC, NBR, EPDM, polyethylene, polystyrene, polyisocyanurate or
combinations thereof. In some embodiments, the coating layer comprises a
thermoplastic elastomer, optionally wherein the coating layer comprises
EPDM, further optionally wherein the coating layer comprises UV-resistant
EPDM. In some embodiments, the coating layer further comprises a flame

retardant and/or one or more additional additives.
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In some embodiments, the composite tubing has a thickness of
between about 0.5 inches and about 1 inch. In some embodiments, the pipe
is a round-shaped metal pipe, further optionally wherein the metal pipe has
an outer diameter of about 4.125 inches or less. In some embodiments, the
installation is at an outdoor location and/or where there is heat exposure,
optionally wherein the installation is part of a heat pump or a solar hot water
heating unit.

In some embodiments, the presently disclosed subject matter
provides a method of installing an insulation product on a pipe, the method
comprising: (a) providing a composite tubing comprising a foam insulation
layer having a closed-cell structure, optionally wherein the foam insulation
layer is an elastomeric or polyethylene foam insulation layer having a closed-
cell structure, and a coating layer bonded to an outer surface of the foam
insulation layer; and (b) sliding the tubing over a length of the pipe, optionally
wherein the sliding comprises pushing the tubing over the length of pipe. In
some embodiments, the method further comprises coating the transverse
ends of the tubing with a contact adhesive, thereby sealing the ends.

In some embodiments, the presently disclosed subject matter
comprises a method for installing an insulation product on a pipe, the
method comprising: (a) providing a composite tubing comprising a foam
insulation layer having a closed-cell structure, optionally wherein the foam
insulation layer is an elastomeric or polyethylene foam insulation layer
having a closed-cell structure, and a coating layer bonded to an outer
surface of the foam insulation layer; (b) slitting the tubing longitudinally to
provide two slit longitudinal ends traversing the length of the tubing; (c)
wrapping the tubing around a section of pipe to encompass the outer
diameter of the pipe section and so that the two slit ends are directly
adjacent to one another, thereby forming an open seam; (d) coating each of
the two slit longitudinal ends of the tubing with an adhesive coating and
contacting the coated slit longitudinal ends to each other to form a sealed
seam; and (e) coating the two transverse ends of the tubing with an
adhesive coating to seal the transverse ends and/or to adhere one or both of
the transverse ends to another length of insulation tubing, optionally another

length of the composite tubing.
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In some embodiments, the presently disclosed subject matter
provides a method of making an insulation product, the method comprising:
(a) providing a closed-cell foam tube, optionally a closed-cell elastomeric or
polyethylene foam tube; and (b) extruding a polymeric coating in an
encapsulating manner over the closed-cell foam tube to seamlessly cover
the outer surface of the foam tube, wherein the extruding is performed at a
temperature to provide a bond between the polymeric coating and the
closed-cell foam surface and wherein the polymeric coating comprises a
thermoplastic elastomer, optionally wherein the bond is an adhesive-free
bond. In some embodiments, the closed-cell foam tube comprises a
material selected from the group comprising PVC, NBR, EPDM,
polyethylene, polystyrene, polyisocyanurate or combinations thereof. In
some embodiments, the polymeric coating comprises a thermoplastic
elastomer, optionally wherein the thermoplastic elastomer comprises EPDM
or a UV-resistant EPDM.

In some embodiments, the closed-cell foam tube is prepared via
extrusion and vulcanization. In some embodiments, the method comprises
an in-line process with the manufacturing of the elastomeric tubing.

Accordingly, is an object of the presently disclosed subject matter to
provide coated insulation products (e.g., tubing) or pipes where the
insulation product is installed, and methods of installing, producing, and
using the insulation products.

An object of the presently disclosed subject matter having been stated
hereinabove, and which is achieved in whole or in part by the presently
disclosed subject matter, other objects will become evident as the
description proceeds when taken in connection with the accompanying

drawings as best described herein below.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a transverse cross-sectional view of a composite insulation
tubing in accordance with the presently disclosed subject matter,;
Figure 2 is a longitudinal cross-sectional view of a composite

insulation tubing in accordance with the presently disclosed subject matter;
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Figure 3 is a transverse cross-sectional view of a pipe installation in
accordance with the presently disclosed subject matter;

Figure 4 is a longitudinal cross-sectional view of a pipe installation in
accordance with the presently disclosed subject matter;

Figure 5 is a top perspective view of a pipe installation in accordance
with the presently disclosed subject matter; and

Figure 6 is a schematic flow diagram of a production and
installation/implementation method in accordance with the presently

disclosed subject matter.

DETAILED DESCRIPTION

The presently disclosed subject matter relates generally to an
insulation product or composite product for application to pipes, optionally
round pipes, which convey fluids or gases that are exposed to both hot and
cold temperatures and that are jacketed, to protect them from the elements
and mechanical abuse. The insulation product can optionally be relatively
inexpensive, easy to apply, can provide the desired thermal and moisture
resistance, and can be used in extreme conditions.

Thus, insulation products, methods of installing the same, and
methods of producing the same are provided in accordance with the
presently disclosed subject matter. In some embodiments, the product
comprises a composite comprising a foam insulation layer (e.g., an
elastomeric or polyethylene foam insulation layer) and a coating layer (e.g.,
a commercially available coating layer) bonded (e.g., via commercially
available extrusion equipment) to an outer surface of the foam insulation
layer. In some embodiments, the composite insulation product is free of an
adhesive to bond the coating layer to the outer surface of the foam insulation
layer. In some embodiments, the foam insulation layer has a closed-cell
structure (e.g., closed-cell foam). In some embodiments, the coating layer is
a thermoplastic elastomer (TPE) or TPE blend. In some embodiments, the
composite insulation product is in the form of a tubing.

Many residential and commercial facility air conditioning applications
include a portion or all of the conduit pipe exposed to outdoor elements. The

exterior surface of the thermal insulation used to cover such pipes is subject
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to degradation by UV, moisture, abuse or the like and, as such, is advised by
the insulation manufacturer or required per the local mechanical, energy or
building code to be covered by a protective facing/jacket.

Closed-cell insulation products have a structure of individual closed
cells that are non-connecting. This structure gives the product a low thermal
conductivity and high moisture penetration resistance, making it an insulation
typically chosen for below ambient applications where condensation is an
issue. Closed-cell elastomeric foam tubes can offer flexibility for ease of use
and installation on applications with many pipe bends, cross-linked cell
structure properties for dimensional stability in demanding temperature
conditions, and limited combustibility properties to make the tubes compliant
to applicable building standards, making closed-cell foams suitable for use
over other thermal insulation materials. Closed-cell elastomeric foam
insulation products are based on a variety of polymers, with PVC/NBR, NBR
and EPDM the most commonly used. However, in applications that cycle
from cold to hot, such as air conditioning line sets, this closed-cell structure
can create a problem. The closed-cell structure of the product can cause the
cells/material to expand or contract (up to 4% depending on the temperature
differential) when exposed to hot or cold either internally from the pipe
surface or externally from the environment (ambient temperature) heating
and cooling. This expansion and contraction creates a problem with any stiff
jacket or coating applied to the insulation layer. The expansion forces can
cause the jacket to split or separate and the coating to crack. Field-installed
jacketing solutions exist for 2-step installations, but rely on installer accuracy
for proper performance over time and lend themselves to not being used in
cost competitive markets, which negatively impacts the facility owner. They
also all have seams which allows for moisture intrusion and many jackets
are not flexible or may separate when exposed to heat.

In view of the foregoing, there exists a need for a closed-cell foam
insulation tube for covering pipes that cycle from hot to cold and is covered
with a seamless, 100% coverage, flexible, single-step installation, code
compliant facing for protection from the elements. The insulation should be
relatively inexpensive, easy to apply, provide the desired thermal and

moisture resistance, and be able to withstand extreme conditions.
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Unless defined otherwise, all technical and scientific terms used
herein have the same meaning as commonly understood to one of ordinary
skill in the art to which the presently disclosed subject matter belongs.
Although any methods, devices, and materials similar or equivalent to those
described herein can be used in the practice or testing of the presently
disclosed subject matter, representative methods, devices, and materials are
described herein.

While the following terms are believed to be well understood by one of
ordinary skill in the art, the following definitions are set forth to facilitate

explanation of the presently disclosed subject matter.

1 »

1

Following long-standing patent law convention, the terms “a’, “an
and “the” refer to “one or more” when used in this application, including the
claims.

Unless otherwise indicated, all numbers expressing quantities,
conditions, and so forth used in the specification and claims are to be
understood as being modified in all instances by the term “about’.
Accordingly, unless indicated to the contrary, numerical parameters set forth
in this specification and attached claims are approximations that can vary
depending upon the desired properties sought to be obtained by the
presently disclosed subject matter.

As used herein, the term “about,” when referring to a value or to an
amount of a mass, weight, temperature, time, volume, concentration,
percentage, efc., is meant to encompass variations of in some embodiments
+20%, in some embodiments +10%, in some embodiments +5%, in some
embodiments 1%, in some embodiments +0.5%, and in some embodiments
+0.1% from the specified amount, as such variations are appropriate to
perform the disclosed methods or employ the disclosed compositions.

Numerical ranges recited herein by endpoints include all numbers and
fractions subsumed within that range (e.g. 1 to 5 includes, but is not limited
to, 1,1.5,2,2.75, 3, 3.90, 4, and 5).

The term “comprising”, which is synonymous with “including’
“‘containing” or “characterized by” is inclusive or open-ended and does not
exclude additional, unrecited elements or method steps. “Comprising” is a

term of art used in claim language which means that the named elements
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are essential, but other elements can be added and still form a construct
within the scope of the claim.

As used herein, the phrase “consisting of” excludes any element,
step, or ingredient not specified in the claim. When the phrase “consists of”
appears in a clause of the body of a claim, rather than immediately following
the preamble, it limits only the element set forth in that clause; other
elements are not excluded from the claim as a whole.

As used herein, the phrase “consisting essentially of” limits the scope
of a claim to the specified materials or steps, plus those that do not
materially affect the basic and novel characteristic(s) of the claimed subject
matter.

With respect to the terms “comprising”, “consisting of’, and “consisting
essentially of’, where one of these three terms is used herein, the presently
disclosed and claimed subject matter can include the use of either of the
other two terms.

As used herein, the term “and/or” when used in the context of a listing
of entities, refers to the entities being present singly or in combination. Thus,
for example, the phrase “A, B, C, and/or D’ includes A, B, C, and D
individually, but also includes any and all combinations and subcombinations
of A, B, C, and D.

As used herein, a “polymer” refers to a molecule which comprises the
multiple repetition of structural units derived from molecules of low relative
molecular mass, e.g., polymerizable monomers and/or oligomers.

An “oligomer” refers to a molecule of intermediate relative molecular
mass, the structure of which comprises a small plurality (e.g., 2-100, 2-50, 2-
20, or 2-10) of units derived from molecules of lower relative molecular
mass.

A “copolymer” refers to a polymer derived from more than one
species of polymerizable monomer. Copolymers include block copolymers
(containing chains of oligomers or polymers where each chain is an
oligomeric or polymeric chain based on a different monomeric unit), random
copolymers, where monomeric units from different monomers are randomly

ordered in the copolymer, and statistical copolymers, where there is a
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statistical distribution of monomeric units from the different monomers in the
copolymer chain.
A “polymer blend” refers to a mixture to two different types of already

formed polymer or copolymer.

l. EXEMPLARY EMBODIMENTS

The presently disclosed subject matter provides, in one aspect, an
insulation product comprising a composite material comprising: (a) a closed-
cell foam insulation layer; and (b) a coating layer bonded to an outer surface
of the foam insulation layer. In some embodiments, the insulation product is
free of an adhesive to bond the coating layer to the outer surface of the foam
insulation layer. The foam insulation layer can comprise a fibrous or cellular
type material, both of which offer thermal insulation properties.

Cellular insulation, particularly closed-cell insulation, offers resistance
to moisture penetration, which is a common issue on low temperature
applications where condensation can occur. In some embodiments, the
foam layer comprises a closed-cell structure. Closed-cell insulation products
can comprise a variety of polymers, including both elastomeric and
polyethylene polymers, with polyvinyl chloride (PVC), acrylonitrile-butadiene
rubber (NBR), PVC/NBR, ethylene propylene diene monomer (M-class)
(EPDM), polyethylene, polystyrene, polyisocyanurate, the most commonly
used. Various closed-cell elastomeric insulation materials are known in the
art. Exemplary closed cell insulation products include, but are not limited to,
the AP Armaflex® family of elastomeric foams and the Imcoa®, Tubolit®,
and Tundra® family of polyolefin foams available from Armacell LLC (Chapel
Hill, North Carolina, United States of America), as well as the Aerocel™
family of elastomeric foams available from Aeroflex USA (Sweetwater,
Tennessee, United States of America ). Thus, in some embodiments, the
foam insulation layer is an elastomeric or polyethylene foam insulation layer
having a closed-cell structure.

In some embodiments of the presently disclosed subject matter,
PVC/NBR, NBR and EPDM can be employed in the foam insulation layer. In

some embodiments, the foam insulation layer has a density of between
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about 3 and about 6 pounds per cubic foot (Ib/fts), e.g., about 3.0, 3.2, 3.4,
3.6,38,40, 42 44, 46,48, 50,52, 54,56, 5.8, or about 6.0 Ib/t>.

In some embodiments, the coating layer comprises a thermoplastic
elastomer (TPE) (e.g., a commercially available TPE). Any suitable TPE or
mixture of TPEs can be used that provides the foam insulation layer with
protection from abuse/outdoor elements. In some embodiments, the TPE is
a thermoplastic vulcanizate (TPV) or a thermoplastic polyurethane (TPU). In
some embodiments, the coating layer comprises a commercially available
TPE, a commercially available TPV, and/or a commercially available TPU.
For example, commercially available TPEs include, but are not limited to, the
Hytrel® family of TPEs available from Dupont (Wilmington, Delaware, United
States of America). Commercially available TPUs include, but are not
limited to, the Irogran® and Avalon® polymers available from Huntsman
(The Woodlands, Texas, United States of America). Commercially available
TPVs include the SANTOPRENE™ elastomers available from Exxon Mobil
Corporation (Irving, Texas, United States of America).

In some embodiments, the coating layer comprises EPDM. In some
embodiments, the coating layer is based on EPDM. In some embodiments,
the coating layer comprises a UV-resistant EPDM. In some embodiments,
the coating layer further comprises one or more of PVC, NBR, styrene
butadiene rubber (SBR) or blends of the aforementioned polymers. In
addition to the TPE, the coating layer can comprise one or more flame
retardants, and/or one or more additional additives known in the polymer
and/or elastomer fields, e.g., a UV-protection agent; a colorant, pigment, or
dye; an organic filler; an inorganic filler; a wax; a plasticizer (e.g., a non-
phthalate plasticizer); a tackifier; an anti-oxidant; a stabilizer (e.g., a thermal
or UV stabilizer); a biocide; an anti-static agent; a processing aid, such as a
lubricant or a mold-release agent; and combinations thereof. The type and
amount of an additive or additives can be chosen based on the properties
desired for the final end use of the insulation product. The additive or
additives can be present in an amount that is less than about 50% by
volume or by weight of the coating layer composition as a whole. In some
embodiments, the coating layer comprises EPDM (e.g., a UV-resistant

EPDM), PVC, NBR, SBR, one or more flame retardants, and one or more
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non-phthalate plasticizer. In some embodiments, the coating layer increases
the insulation capacity and strengthens the physical mechanical properties of
the composite. The coating layer can be any suitable color. Typically, the
coating layer is black. However, in some embodiments, the coating layer is
a color other than black, such as, but not limited to white, red, or blue.

In some embodiments, the composite (i.e., the foam insulation layer
and the coating layer) or the foam insulation layer has a thickness of
between about 2" and about 2”. In some embodiments, the composite or
the foam insulation layer has a thickness of between about 2" and about 1”
(e.g., about 0.50, 0.55, 0.60, 0.65, 0.70, 0.75, 0.80, 0.85, 0.90, 0.95, or
about 1.00).

In some embodiments, the composite is provided in a tubular form,
wherein the coating layer is provided on the surface that makes up the outer
diameter of the tube. The tube can be provided in any suitable length, e.g.,
about 1, 2, 4, 6, 8, 10, or 12 feet (‘). The tubing can be a straight tubing or a
continuous coil tubing. In some embodiments, the straight tubing can have a
length between about 3 and about 6 feet. In some embodiments the
continuous coil tubing can have a length of up to about 1,000 feel (e.g.,
about 50, 100, 150, 200, 250, 300, 400, 500, 600, 700, 800, 900, or about
1,000 feet). In some embodiments, the tube has an inner diameter of
between about 0.25 inches to about 6 inches, or between about 0.375
inches to about 4.25 inches, or between about 0.5” and about 3” (e.g., about
', 518", Y, 718", 17, 1-1/8”, 1-3/8”, 1-1%", 1-5/8”, 1-7/8', 27, 2-1/8", 2-3/8”, 2-
1/2", or about 2-7/8").

In some embodiments, the present disclosed subject matter provides
a continuously produced closed-cell foam insulation tube (e.g., a closed-cell
elastomeric or polyethylene foam insulation tube) for pipe insulations
providing thermal and moisture resistance and that is coated seamlessly
over approximately 100% (e.g., about 90, 91, 92, 93, 94, 95, 96, 97, 98,
98.5, 99, 99.5, 99.6, 99.7, 99.8, 99.9, or 100%) of its surface area via an
adhesive-free extrusion process with a flexible thermoplastic elastomer
(TPE) blend to provide protection against outdoor elements. In some
embodiments, the closed-cell foam insulation tube is a cross-linked

expanded foam material comprising NBR, NBR/PVC or EPDM with a
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finished product density of approximately 3-6 Ib/ft®>. The tube can be
extruded and vulcanized using common foam extrusion and vulcanization
equipment. Then, in some embodiments, in an in-line process, the extruded
foam tube is covered with a flexible TPE coating. In some embodiments, the
coating is a TPE coating that includes a blend of UV-resistant EPDM resin,
flame retardants and polymer additives. In some embodiments, the TPE
coating comprises EPDM (e.g., a UV-resistant EPDM), PVC, NBR, SBR, one
or more flame retardants, and one or more non-phthalate plasticizer. The
coating can be any suitable color, e.g., black, white, red or blue. In some
embodiments, the tubing can be obtained by extruding (e.g., using
commercially available extrusion equipment) the polymeric coating in a fully-
encapsulating manner over the closed-cell foam tube. Suitable extrusion
equipment is available, for example, from Davis Standard LLC (Pawcatuck,
Connecticut, United States of America), KraussMaffei Berstorff (Krauss-
Maffei Corp., Florence, Kentucky, United States of America), and
TROESTER GmbH & Co., KG (Hannover, Germany). The polymeric coating
can be extruded in a fully-encapsulating manner over the closed-cell foam
tube to ensure approximately 100% protective surface area coverage. The
extruding can be performed at a temperature that provides an adhesive-free
bond of the coating layer to the closed-cell foam surface (e.g., at the melt
temperature of the resin for the TPE coating).

The composite coated foam tube according to the presently disclosed
subject matter can have superior properties when compared to a standard
uncoated elastomeric foam product, or to a coated non-cross-linked foam
product not made of elastomeric resins, or to a foam product that is jacketed
in the field, and is targeted to be used for pipe/duct insulation. For example,
the composite product is flexible (e.g., can conform to bends), has low
modulus (providing an ability to push back the product for easy installation of
fittings), can withstand demanding internal and external temperature cycles
(e.g., temperatures ranging from -70°F to + 220 °F or from -70°F to +300°F),
and is simple and easy to install, since it eliminates the need for a secondary
field jacketing process. Furthermore, based on the selection of coating resin

blend and additives for the coating layer, the product can be used in a range
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of demanding indoor and/or outdoor applications. For example, the product
has resistance to weather conditions and to tearing and abrasion/mechanical
abuse, including impact from incidental impact from lawn equipment, such
as, but not limited to weed wackers. The product is also safe to handle (non-
dusting and non-abrasive) and lightweight.

In some embodiments, the product has a thermal conductivity of
between about 0.24 and about 027 BTU-inch/hr-ft’°F at ambient
temperature (e.g., about 75°F), a water vapor permeability of about 0.2 perm
or less (e.g., about 0.1 perm or less than about 0.01 perm), and 7% or less
linear shrinkage.

A problem that the presently disclosed subject matter seeks to solve
is that the foam insulation layer can expand upon being exposed to heat.
The coating layer accommodates this expansion so that the insulation
product maintains its integrity despite exposure to heat. That is, ruptures of
the coating layer encompassing the foam insulation layer are resisted or
avoided. Installations for the product can include locations where there is
heat exposure, such as an external pipe that might be exposed to sunlight or
insulation covering a pipe from which heat might be radiated.

Referring now to the Figures, wherein like reference numbers refer to
like parts throughout, a composite insulation tubing in accordance with the
presently disclosed subject matter is shown in Figures 1 and 2 as composite
insulation tubing 100. Referring in particular to Figures 1 and 2, composite
insulation tubing 100 includes a closed-cell foam insulation layer 120 (e.g., a
closed-cell elastomeric foam insulation layer) seamlessly coated on its
outside surface with elastomer coating layer 130. As shown in Figure 2,
composite insulation tubing 100 has wall thickness 106 (including the
thickness of foam insulation layer 120 and coating layer 130), outer diameter
(OD) 102, and inner diameter (ID) 104.

A pipe installation in accordance with the presently disclosed subject
matter is shown in Figures 3 and 4 as pipe installation 300 includes pipe
110, in this case a round pipe. Pipe 110 is covered with closed-cell foam
insulation layer 120 for its entire circumference and across the length of pipe

110. Continuing with reference to Figures 3 and 4, elastomer coating layer
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130 encompasses or encapsulates the entire circumference of closed-cell
foam insulation layer 120. In some embodiments, the two layers 120 and
130 are bonded without the use of an adhesive, e.g., by forming layer 130
via extrusion from a melt comprising an elastomer resin.

Accordingly, in some embodiments, the presently disclosed subject
matter provides a pipe installation (e.g., a round pipe installation) comprising:
a pipe (e.g., a round pipe); a composite tubing encompassing an outer
surface of the pipe, wherein said composite tubing comprises: (i) a foam
insulation layer (e.g., having a closed-cell structure), optionally an
elastomeric or polyethylene closed-cell foam insulation layer, and (ii) a
coating layer bonded to an outer surface of the foam insulation layer. In
some embodiments, the insulation product is free of an adhesive to bond the
coating layer to the outer surface of the foam insulation layer. In some
embodiments, the foam insulation layer comprises a material selected from
the group including, but not limited to, PVC, NBR, EPDM, polyethylene,
polystyrene, polyisocyanurate and combinations thereof. In some
embodiments, the foam insulation layer comprises EPDM, NBR, or
NBR/PVC. In some embodiments, the coating layer comprises a TPE, a
TPV, and/or a TPU (e.g., a commercially available TPE, TPV and/or TPU).
In some embodiments, the coating layer comprises a TPE. In some
embodiments, the TPE is EPDM or is based on EPDM polymer. In some
embodiments, the coating layer comprises UV-resistant EPDM. In some
embodiments, the coating layer further comprises a flame retardant and/or
one or more additional additives. In some embodiments, the coating layer
comprises EPDM (e.g., a UV-resistant EPDM), PVC, NBR, SBR, one or
more flame retardants, and one or more non-phthalate plasticizer. The
coating layer can be any color. In some embodiments, the coating layer is
black. In some embodiments, the coating layer is a color other than black,
such as white, red, or blue.

In some embodiments, the composite or the foam insulation layer by
itself has a thickness of between about %" and about 2. In some
embodiments, the composite or the foam insulation layer has a thickness of
between about %" and about 1”7 (e.g., about 0.50, 0.55, 0.60, 0.65, 0.70,

0.75, 0.80, 0.85, 0.90, 0.95, or about 1.00).
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The pipe can be any pipe. In some embodiments, the pipe can be
round in shape (i.e., have a circular cross-section) and can be formed of any
suitable material, such as, a metal, e.g., copper, steel or iron) or a synthetic
polymer (e.g., polyvinylchloride (PVC)). By way of example, and not
limitation, a pipe can be up to 60 inches () in diameter, but are typically less
(e.g., below about 40, or below about 20" in diameter. In some
embodiments, the pipe is a round pipe with an OD of up to 4-1/8” (i.e., 4.125”
or less).

In some embodiments, the pipe installation is at an outdoor location.
In some embodiments, the pipe installation is in a location where there is
heat/sun exposure. In some embodiments, the installation is part of an air
conditioning or heating unit or system. In some embodiments, the

installation is part of is part of a heat pump or a solar hot water heating unit.

Il PRODUCTION

In some embodiments, the presently disclosed subject matter
provides a method of making an insulation product, the method comprising:
providing a closed-cell foam tube (e.g., a closed-cell elastomeric or
polyethylene foam tube); and extruding (e.g., using commercially available
extrusion equipment) a polymeric coating in an encapsulating manner over
the closed-cell foam tube to cover the outer surface of the foam tube. In
some embodiments, the polymeric material is extruded in a fully-
encapsulating manner over the closed-cell foam tube to fully cover the outer
surface of the foam tube. In some embodiments, the extruding is performed
at a temperature to ensure an adhesive-free bond between the polymeric
coating and the foam surface and the polymeric coating comprises a
thermoplastic elastomer. In some embodiments, the closed-cell foam tube
comprises a material selected from the group comprising, but not limited to,
PVC, NBR, EPDM, polyethylene, polystyrene, polyisocyanurate and
combinations thereof. In some embodiments, the foam tube comprises
EPDM, NBR, or NBR/PVC. In some embodiments, the polymeric coating
comprises a TPE, a TPV and/or a TPU (e.g., a commercially available TPE,

TPV and/or TPU). In some embodiments, the polymeric coating comprises a
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TPE. In some embodiments, the TPE comprises EPDM or a UV-resistant
EPDM. In some embodiments, the polymeric coating further comprises a
flame retardant and/or one or more additional additives. In some
embodiments, the coating layer comprises EPDM (e.g.,, a UV-resistant
EPDM), PVC, NBR, SBR, one or more flame retardants, and one or more
non-phthalate plasticizer.

In some embodiments, the closed-cell foam tube is prepared via
extrusion and vulcanization. In some embodiments, the foam tube has a
wall thickness of between about 0.5” and about 1”. In some embodiments,
the method of producing the insulation product comprises an in-line process.
Thus, in some embodiments, the foam tube and the coating layer can be
extruded using the same production line. The coating process can also be
referred to as an extrusion coating or an over jacket extrusion, wherein the
foam tube being coated is already in solid form when the coating layer is
extruded. Alternatively, in some embodiments, the foam and the coating
layer can be co-extruded.

After the coated tubing is produced, it can be cut as desired into any
suitable length prior to being installed on a pipe or prior to being packaged
for sale and/or distribution.

M. INSTALLATION AND USE

Figure 5 shows pipe installation 300 being formed. More particularly,
as shown in Figure 5, a composite tubing comprising closed-cell foam
insulation layer 120 and elastomer coating layer 130 is slid over the outer
surface of pipe 110. In some embodiments, the tubing is pushed over the
pipe (e.g., as opposed to being pulled over the pipe). The composite tubing
can be installed over a length of pipe in the field or at a factory. In some
embodiments, such as when it is not possible to slide the composite
insulation tubing over the pipe (e.g., for retrofitting the insulation on
previously installed pipe), the composite insulation tubing can be slit
longitudinally and wrapped around the piping. Any seams, butt joints (i.e.,
where transverse ends from two lengths of composite tubing are adjacent to
one another), termination points, and/or open ends of the composite

insulation tubing can be sealed, for example, with a contact adhesive. When
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two surfaces of composite insulation tubing are being sealed together, the
contact adhesive can be applied to both surfaces to be joined.

Thus, in some embodiments, the production and installation in the
field of the presently disclosed insulation product can be accomplished
according to the following non-limiting exemplary steps of method 600
shown in Figure 6. Method 600 can comprise step 610 which comprises
extruding and vulcanizing a closed-cell foam tube (e.g., comprising a tube of
EPDM, NBR, or NBR/PVC having a wall thickness of between about 3/8”
and about 17). In step 620, a coating is extruded over the foam tube, the
coating bonding to the foam tube due to the heat from the melted coating
resin. In step 630, a length of coated foam tube is slid over a length of pipe.
Then in step 640, any open ends of any butt joints or termination points, or
other open ends of the coated foam tube are coated with an adhesive to
protect the foam tube from moisture penetration. Butt joints can be pressed
together before the adhesive cures to form a closed seal. The adhesive can
be any suitable adhesive, such as but not limited to a solvent-based, hot
melt or similar adhesive.

Alternatively, in some embodiments, the presently disclosed insulation
product can be retro-fitted on all or a portion of pipe already in use, wherein,
for example, no insulation was previously used or where prior insulation is in
need of replacing. In some cases, it will not be desirable or practical to
disconnect or separate the pipes such that there is an open transverse end
of the pipe over which to slide the presently disclosed composite tubing.
Thus, in some embodiments, it can be easier to provide the composite in the
form of a sheet which can be cut to a desired length and/or width, wrapped
around the outer circumference of a length of pipe, and any open
longitudinal ends (i.e., ends parallel to the pipe axis) can be sealed. In some
embodiments, the composite tubing is slit or cut longitudinally to form two
open longitudinal ends, applied around the pipe so that the two longitudinal
ends meet, and the longitudinal ends can be coated with an adhesive and
contacted to one another to form a sealed seam.

Accordingly, in some embodiments, the presently disclosed subject
matter provides a method of installing an insulation product on a pipe, the
method comprising. providing a composite tubing comprising (i) a foam
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insulation layer having a closed-cell structure, and (ii) a coating layer bonded
to an outer surface of the foam insulation layer; and sliding the tubing over a
length of the pipe, optionally wherein the sliding comprises pushing the
tubing over the length of pipe. In some embodiments, the insulation product
is free of an adhesive to bond the coating layer to the outer surface of the
foam layer

In some embodiments, the foam insulation layer comprises a material
selected from the group including, but not limited to, PVC, NBR, EPDM,
polyethylene, polystyrene, polyisocyanurate and combinations thereof. In
some embodiments, the foam insulation layer comprises EPDM, NBR, or
NBR/PVC. In some embodiments, the coating layer comprises a TPE, TPV
and/or TPU (e.g., a commercially available TPE, TPV, and/or TPU). In some
embodiments, the coating layer comprises a TPE. In some embodiments,
the TPE is EPDM or is based on EPDM polymer. In some embodiments, the
coating layer comprises UV-resistant EPDM. In some embodiments, the
coating layer further comprises a flame retardant and/or one or more
additional additives. In some embodiments, the coating layer comprises
EPDM (e.g., a UV-resistant EPDM), PVC, NBR, SBR, one or more flame
retardants, and one or more non-phthalate plasticizer. In some
embodiments, the pipe is a round metal pipe having an OD of up to about 4-
1/8”.

In some embodiments, the method further comprises coating the
transverse ends of the tubing (i.e., the ends perpendicular to the axis of the
pipe) with a contact adhesive, thereby sealing the ends. In some
embodiments, the method comprises coating a transverse end of the tubing
with a contact adhesive and contacting the coated end with a transverse end
of another length of insulation tubing encompassing an adjacent length of
pipe or duct, e.g., an adhesive coated transverse end of another length of
insulation tubing, to make a sealed butt seam.

In some embodiments, the presently disclosed subject matter
provides a method for installing an insulation product on a pipe, the method
comprising: providing a composite tubing comprising (i) a foam insulation
layer having a closed-cell structure (optionally a closed-cell elastomeric or

polyethylene foam layer), and (ii) a coating layer bonded to an outer surface
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of the foam insulation layer; slitting the tubing longitudinally to provide two
slit longitudinal ends traversing the length of the tubing; applying the tubing
around a section of pipe to encompass (in some embodiments, fully
encompass) the outer diameter of the pipe section and so that the two slit
ends are directly adjacent to one another, thereby forming an open seam;
coating each of the two slit longitudinal ends of the tubing with an adhesive
coating and contacting the coated slit longitudinal ends to each other to form
a sealed seam; and coating the two transverse ends of the tubing with an
adhesive coating to seal the transverse ends and/or to adhere one or both of
the transverse ends to another length of insulation tubing, optionally another
length of the composite tubing.

In some embodiments, the insulation product is free of an adhesive to
bond the coating layer to the outer surface of the foam insulation layer. In
some embodiments, the foam insulation layer comprises a material selected
from the group including, but not limited to, PVC, NBR, EPDM, polyethylene,
polystyrene, polyisocyanurate and combinations thereof. In some
embodiments, the elastomer layer comprises EPDM, NBR, or NBR/PVC. In
some embodiments, the coating layer comprises a TPE, TPV and/or TPU
(e.g., a commercially available TPE, TPV, and/or TPU. In some
embodiments, the coating layer comprises a TPE. In some embodiments,
the TPE is EPDM or is based on EPDM polymer. In some embodiments, the
coating layer comprises UV-resistant EPDM. In some embodiments, the
coating layer further comprises a flame retardant and/or one or more
additional additives. In some embodiments, the coating layer comprises
EPDM (e.g., a UV-resistant EPDM), PVC, NBR, SBR, one or more flame
retardants, and one or more non-phthalate plasticizer. In some
embodiments, the pipe is a metal pipe having an OD of up to about 4-1/8.

It will be understood that various details of the presently disclosed
subject matter may be changed without departing from the scope of the
presently disclosed subject matter. Furthermore, the foregoing description is

for the purpose of illustration only, and not for the purpose of limitation.
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MCSGLLP

Claims

A composite tubing configured for use as an insulation product, wherein said

composite tubing consists of two layers:

(@) afoam insulation layer, wherein the foam insulation layer is an elastomeric
foam insulation layer having a closed-cell structure comprising a
combination of polyvinylchloride and acrylonitrile-butadiene rubber
(PVC/NBR) and configured to fit directly over the surface of a round pipe;
and

(b)  acoating layer bonded to and seamlessly covering an outer surface of the
foam insulation layer, wherein the coating layer comprises a thermoplastic
elastomer comprising ethylene propylene diene monomer (EPDM) and is
bonded to the outer surface of the foam insulation layer in the absence of
an adhesive, wherein the composite tubing is configured to fit a round pipe.

The composite tubing of claim 1, wherein the foam insulation layer has a density

of between about 3 and about 6 pounds per cubic foot (Ib/ft3).

The composite tubing of claim 1, wherein the coating layer further comprises a

flame retardant and/or one or more additional additives.

The composite tubing of claim 1, wherein the tubing has a wall thickness of

between about 0.5 inches and about 1 inch.

The composite tubing of claim 1, wherein the tubing is a straight tubing having a

length of between about three feet and about six feet or a continuous coil tubing

having a length of up to about 1,000 feet and/or wherein the tubing has an inner
diameter (ID) ranging from about 0.25 inches to about 6.0 inches.

The composite tubing of claim 1, wherein the EPDM is a UV-resistant EPDM.

A pipe installation, consisting of:

(@) around pipe; and

(b)  a composite tubing encompassing an outer surface of the pipe, wherein
said composite tubing consists of two layers: (i) a foam insulation layer,
wherein the foam insulation layer is an elastomeric foam insulation layer
having a closed-cell structure comprising PVC/NBR and configured to fit

directly over the surface of the round pipe, and (ii) a coating layer
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comprising a thermoplastic elastomer comprising ethylene propylene diene
monomer (EPDM) bonded to and seamlessly covering an outer surface of
the foam insulation layer, wherein said insulation product is free of an
adhesive to bond the coating layer to the outer surface of the foam
insulation layer.

The pipe installation of claim 7, wherein the coating layer further comprises a flame

retardant and/or one or more additional additives.

The pipe installation of claim 7, wherein the composite tubing has a thickness of

between about 0.5 inches and about 1 inch.

The pipe installation of claim 7, wherein the round pipe is a round-shaped metal

pipe, further optionally wherein the round-shaped metal pipe has an outer diameter

of about 4.125 inches or less

The pipe installation of claim 7, wherein the installation is at an outdoor location

and/or where there is heat exposure, optionally wherein the installation is part of a

heat pump or a solar hot water heating unit.

A method of making an insulation product, the method consisting of:

(a)  providing a closed-cell foam tube, wherein the closed-cell foam tube is a
closed-cell elastomeric foam tube comprising PVC/NBR and configured to
fit directly over the surface of a round pipe; and

(b) extruding a polymeric coating in an encapsulating manner over the closed-
cell foam tube to seamlessly cover the outer surface of the foam tube,
wherein the extruding is performed at a temperature to provide a bond
between the polymeric coating and the foam surface and wherein the
polymeric coating comprises a thermoplastic elastomer comprising
ethylene propylene diene monomer (EPDM), and wherein the bond is an
adhesive-free bond.

The method of claim 12, wherein the closed-cell foam tube is prepared via

extrusion and vulcanization.

The method of claim 12, wherein the method comprises an in-line process with

manufacture of the closed-cell foam tube.
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