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FLAME RETARDANT POLYMER JACKET

CROSS REFERENCE TO RELATED APPLICATIONS
[0001) This application claims priority to U.S. Provisional Patent Application No.
61/365,808, filed July 20, 2010, which is hereby incorporated by reference in its entirety.

BACKGROUND

[0002] Building components, such as ducts and pipes, are typically covered with an exterior
layer of insulation. Properly insulating such components can help improve a home’s energy
efficiency and general durability. The insulation material used for these building components
is often comprised of a relatively thick layer of bulk insulating material, such as fiberglass or
mineral wool and is configured to encase the building component. Such insulation materials
are generally provided in the form of continuous lengths, packaged in rolls, or of individual
panels, or batts, with facing materials on one or both major surfaces.

[0003] In some instances the insulation material can include an exterior layer that provides a
protective facing or jacket. The jacket or facing can include various layers configured for
providing various characteristics to the facing, such as include vapor impermeability, fire
resistance, mold resistance, puncture resistance and durability. Such other layers generally
include an over-laid scrim or layer of foil or paper.

[0004] Useful facings or facing sheets for insulation materials generally include kraft paper,
a tri-directional scrim, and foil and are bonded to a major face of the insulation material by an
adhesive layer. The facing may be adhered to the insulation materials in a number of ways,
such as solvent or water based adhesives, hot-melt adhesives, and other specialized
adhesives. One cause of concern with paper facings is the potential for mold or mildew
growth. In an effort to reduce the threat of mold, tri-directional scrims were included to
reinforce laminates and gain improved mechanical properties, such as tensile strength, tear
resistance and Mullen burst strength. Alternatively, a layer of polymeric material such as
polypropylene may be added to the top of the paper layer to protect the paper from mold.
However, both of the above described multilayer structures still suffer from mold or mildew

growth due to the exposure of the paper layer.
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[0005] Accordingly, there is a need for an insulation facing or jacket that provides better
mold resistance, improved mechanical properties and durability, and excellent fire resistance

that is easy to apply and install at the job site.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Figure 1 is an exploded schematic view of a first aspect of an insulation jacket
illustrating various jacket layers.

[0007] Figure 2 is a schematic view of the insulation jacket of Figure 1 illustrated in an
assembled condition.

[0008] Figure 3 is a plan view of a tri-directional pattern of lines optionally embossed on the
insulation jacket of Figure 2.

[0009] Figure 4 is a chart illustrating the results of flame retardancy testing for the insulation
jacket of Figure 2.

[0010] Figure 5 is a schematic view of an apparatus for manufacturing the insulation jacket
of Figure 2.

[0011] Figure 6 is a schematic view of an insulation jacket in accordance with another aspect
of the present invention;

[0012] Figure 7 is a schematic view of an apparatus for manufacturing the insulation jacket
of Figure 6.

[0013] Figure 8 is a schematic view of an insulation jacket in accordance with yet another
aspect of the present invention.

[0014] Figure 9 is a schematic view of an apparatus for manufacturing the insulation jacket
of Figure 8.

[0015] Figure 10 is a schematic view of an insulation jacket in accordance with yet another
aspect of the present invention. ‘

[0016] Figure 11 is a schematic view of an apparatus for manufacturing the jacket of Figure
10.

[0017] Figure 12 is a chart illustrating the results of flame retardancy testing for a

multilayered insulation jacket in accordance with the present invention.

SUMMARY OF THE INVENTION
[0018] In accordance with one aspect of the present invention, a jacket configured to encase
building component insulation is provided. The jacket comprises an inner layer, an

intermediate layer attached to the inner layer, and an outer layer attached to the intermediate
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layer. The inner layer, intermediate layer and outer layers are configured for attachment to
each other with the use of heat, polymeric material, and pressure. Additionally, the jacket
complies with the standards of flame retardancy as provided by ASTM C1136.

[0019] In accordance with another aspect of the present invention, a jacket configured to
encase building component insulation is provided. The jacket comprises an inner layer, a
first intermediate layer attached to the inner layer, a second intermediate layer attached to the
first intermediate layer, and an outer layer attached to the second intermediate layer, wherein
the inner layer, first intermediate layer, second intermediate layer and outer layer are each
configured for attachment with the use of one or more of heat, polymeric material, and
compression. The jacket may optionally include a third intermediate layer between the
second intermediate layer and the outer layer. The jacket complies with the standards of
flame retardancy as provided by ASTM C1136.

[0020] In accordance with yet another aspect of the present invention, a method for forming
a fire retardant insulation jacket is provided. The method includes providing an intermediate
layer, having a top surface and a bottom surface, extruding an inner layer through a first
extruder below the bottom surface, extruding an outer layer through a second extruder over
the top surface, and attaching the inner and outer layers to the intermediate layer through at
least one of heat, polymeric material, and compression.

[0021] In accordance with another aspect of the present invention, a method for forming an
insulation jacket is provided that includes providing a first intermediate layer, paying out an
inner layer from a first roll, paying out a second intermediate layer through a second roll,
optionally paying out a third intermediate layer through a third roll, paying out an outer layer
through a third roll, heat compressing the inner layer, first intermediate layer, second
intermediate layer, optional third layer, and outer layer to form a layered jacket. The layers

are attached without the use of an adhesive.

DETAILED DESCRIPTION OF THE INVENTION

[0022] The present invention will now be described with occasional reference to the specific
embodiments of the invention. This invention may, however, be embodied in different forms
and should not be construed as limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be thorough and complete, and will
fully convey the scope of the invention to those skilled in the art.

[0023] Unless otherwise defined, all technical and scientific terms used herein have the same

meaning as commonly understood by one of ordinary skill in the art to which this invention
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belongs. The terminology used in the description of the invention herein is for describing
particular embodiments only and is not intended to be limiting of the invention. As used in
the description of the invention and the appended claims, the singular forms "a," "an," and
"the" are intended to include the plural forms as well, unless the context clearly indicates
otherwise.

[0024] Unless otherwise indicated, all numbers expressing quantities of dimensions such as
length, width, height, and so forth as used in the specification and claims are to be understood
as being modified in all instances by the term "about." Accordingly, unless otherwise
indicated, the numerical properties set forth in the specification and claims are
approximations that may vary depending on the desired properties sought to be obtained in
embodiments of the present invention. Notwithstanding that the numerical ranges and
parameters setting forth the broad scope of the invention are approximations, the numerical
values set forth in the specific examples are reported as precisely as possible. Any numerical
values, however, inherently contain certain errors necessarily resulting from error found in
their respective measurements.

[0025] The description and figures disclose fire retardant polymer jackets for insulation
products. The terms "facing" or "jacket", as used herein, is defined to mean a covering for
insulation materials. The term "insulation materials", as used herein, is defined to mean any
materials used to insulate a building component. The term “fire retardant" or “flame
retardant”, as used herein, is defined to mean any material exhibiting resistance to the spread
of fire and resistance to the generation of smoke.

[0026] Referring now to Fig. 1, a first embodiment of a jacket is shown generally at 10 in an
exploded view. In certain embodiments, the jacket 10 is configured to be a vapor-retarding
outer covering for pipe insulation. In other embodiments, the jacket 10 is configured to be a
vapor-retarding outer covering for insulation encasing other building components, including
the non-limiting example of insulation for HVAC duct. As will be discussed in more detail
below, the jacket 10 includes various layers, with the various layers being configured to
provide one or more desired characteristic to the jacket 10. The jacket 10 includes an inner
layer 12, an intermediate layer 14 and an outer layer 16.

[0027] Referring again to Fig. 1, the inner layer 12 and the outer layer 16 are configured to
provide the jacket 10 with flexibility, durability and resistance to many chemicals and fluids.
In the illustrated embodiment, the inner layer 12 and the outer layer 16 are formed from a
polymeric material, such as for example, low-density polyethylene (LDPE). In other

embodiments, the inner layer 12 and the outer layer 16 can be formed from other polymeric
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materials, including the non-limiting examples of polypropylene or metalized polymeric
materials. In some embodiments, the inner layer 12 and the outer layer 16 can be formed
from materials including a halogen-based fire-retardant material. In still other embodiments,
the inner layer 12 and the outer layer 16 can include a halogen-based fire retardant coating.
[0028] The inner layer 12 and the outer layer 16 have a layer thickness LT1. In the illustrated
embodiment, the layer thickness LT1 is in a range of from about 1.0 mil to about 3.0 mil.
However, in other embodiments, the layer thickness LT1 can be less than about 1.0 mil or
more than about 3.0 mil. While the embodiment illustrated in Fig. 1 shows the layer thickness
LT1 for the inner layer 12 and the outer layer 16 to be the same, it should be appreciated that
in other embodiments, the layer thickness LT1 of the inner layer 12 and the outer layer 16 can
be different from each other.

[0029] Referring again to Fig. 1, the intermediate layer 14 is configured to provide the jacket
10 with tensile strength, puncture resistance and resistance to many chemicals and fluids. In
the illustrated embodiment, the intermediate layer 14 is formed from a polymeric material,
such as for example, high-density polyethylene (HDPE). In other embodiments, the
intermediate layer 14 can be formed from other polymeric materials, including the non-
limiting example of polyvinylidene chloride (PVDC). In some embodiments, the intermediate
layer 14 can be formed from halogen-based fire-retardant materials. In still other
embodiments, the intermediate layer 14 can include a halogen-based fire retardant coating.
[0030] The intermediate layer 14 has a layer thickness LT2. In the illustrated embodiment,
the layer thickness LT2 is in a range of from about 4.0 mil to about 6.0 mil. However, in
other embodiments, the layer thickness LT2 can be less than about 4.0 mil or more than about
6.0 mil.

[0031] Referring now to Fig. 2, the inner layer 12, intermediate layer 14 and outer layer 16
have been joined together to form the jacket 10. The manufacturing process for producing the
jacket 10 will be discussed below. The jacket 10 has a jacket thickness JT. In the illustrated
embodiment, the jacket thickness JT is in a range of from about 5.0 mil to about 9.0 mil.
However, in other embodiments, the jacket thickness JT can be less than about 5.0 mil or
more than about 9.0 mil.

[0032] Traditionally, jackets that include an overlaid or woven scrim have an appearance of
a lined pattern that is visible when used to cover insulation. Accordingly, it is desirable to
maintain this patterned appearance, such that parts of an old facing may be replaced with a
new facing without the appearance being affected. Therefore, a pattern of lines 18 may be

formed on the outer surface of the outer layer 16 of the jacket 10. The pattern of lines 18 is
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configured to provide an aesthetically pleasing appearance to the jacket 10 and maintain the
traditional patterned surface. The pattern of lines 18 may be formed in any desired manner,
including the non-limiting example of embossing.

[0033] Fig. 3 provides one example of a pattern of lines 18. The pattern of lines 18 is termed
a "tri-directional" pattern as a first set of parallel lines 20 oriented in one direction intersect
with a second set of parallel lines 22 oriented in a second direction and a third set of parallel
lines 24 oriented in a third direction. While the embodiment illustrated in Fig. 2 provides for
pattern of lines 18 having a tri-directional pattern, it should be appreciated that in other
embodiments, the jacket 10 may have a different pattern of lines, including the non-limiting
example of a bi-directional pattern of lines.

[0034] Referring again to the embodiment illustrated in Fig. 2, the jacket 10 differs from
conventional jackets in that the jacket 10 is formed of different layer materials that include an
embossed pattern of lines rather than a woven/overlaid scrim layer, and is further formed
without the use of laminating adhesives. The layered materials, elimination of the
woven/overlaid scrim layer and the elimination of laminating adhesives advantageously
provide the jacket 10 with superior characteristics, including improved flame retardancy.
[0035] Standards for permanence of flame retardancy for flexible, low-permeance vapor
retarders for thermal insulation include ASTM C1136. ASTM C1136 provides that vapor
retarders containing paper or paper products shall not demonstrate an increase in char length
of more than 20% compared to a non-treated specimen when tested in accordance TAPPI
T461 test methods. While ASTM C1136 is directed to vapor retarders containing paper or
paper products, this test method is applicable to other facing materials since specific test
methods and pass/fail criteria for flame retardancy as applied to polymer based jackets have
not been developed. Test method TAPPI T461 provides a method for testing the flame
resistance of paper and paperboard not over 1.6 mm (0.063 in.) in thickness that has been
treated to prevent the spread of flame when ignited. The test is conducted using an ignition
source positioned directly under the bottom edge of a specimen. The ignition source is a gas
burner. During the test, the ignition source produces a flame that is 40 mm (1.6 in.) high for
12.0 seconds, and then the ignition source is removed. The flaming time, glowing time and
char length are recorded after the specimen has ceased flaming. If a specimen burns along its
8.25 inch length during the test, then the specimen is regarded as a failure under the ASTM
C1136 specification.

[0036] The results of the TAPPI T461 testing for the jacket 10 are shown in the chart of Fig.
4. Two specimens of the jacket 10 illustrated in Fig. 2 were tested. While the tested
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specimens were not embossed as described herein, it is believed that the test results would be
the same or similar for embossed specimens. The first specimen was a three layered
polyethylene specimen and the second specimen was a three layered leached polyethylene
specimen. Each specimén was tested with a flame duration 30 of 12.0 seconds. As shown in
the chart, a flame duration 30 of 12.0 seconds resulted in a char length 32a of 6.0 inches for
the leached specimen and a char length 32b of 6.25 inches for the standard specimen. The
char lengths, 32a and 32b, of the specimens were less than 8.25 inches and a comparison of
the char lengths, 32a and 32b, demonstrated an increase in char length of less than 20%.
Accordingly, the jacket 10 passed the flame retardancy standards provided by ASTM C1136.
[0037] Without being bound by the theory, it is believed the jacket 10 achieves the flame
retardancy standards of ASTM C1136 for several reasons. First, by eliminating the
laminating adhesives used to laminate the various layers of the jacket 12, a fuel source for the
test flame is eliminated. Second, the various polymer layers have a tendency to "melt" away
from an applied flame. In other words, the polymer layers have a means for "escaping" or
withdrawing from the applied flame, rather than maintaining a presence to the applied flame
and providing a supply of fuel to the applied flame. Third, the elimination of a conventional
woven/overlaid scrim layer eliminates a reinforcement that can "hold" burnable material in
the path of a flame. Finally, in the event the layers, 12, 14 or 16, include a halogen-based or
halogen-free fire retardant material or coating, vapors emitting from a heated jacket 10 can
act to substantially "snuff" out subsequent flames.

[0038] Referring again to Fig. 2, in addition to providing flame retardancy characteristics,
the jacket 10 also substantially retards the flow of gases (e.g. air and moisture), without
requiring the use of a separate vapor or air barrier (not shown). To effectively retard the flow
of gases, the jacket 10 has a permeability rating in a range of from about 0.02 to about 1.0 as
determined by water vapor transmission tests, such as ASTM E96. Typical water vapor
transmission tests, such as the ASTM E96, evaluate the transfer of water vapor through semi-
permeable and permeable materials over a period of time. In other embodiments, the jacket
10 can have a permeability rating of less than about 0.02 or more than about 1.0.

[0039] The jacket 10 of Fig. 2 also provides Class 1 surface burning characteristics of 25
flame spread/50 smoke or lower as provided by surface burn tests, such as ASTM E84.
Typical surface burn tests, such as ASTM E84, evaluate the surface flame spread and smoke
density in comparison with that of select grade red oak and fiber-cement board surfaces under

specific fire exposure conditions.
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[0040] Referring now to Fig. 5, a method of manufacturing the jacket 10 is illustrated
generally at 40. In a first step, the intermediate layer 14 is provided. In the illustrated
embodiment, the intermediate layer 14 is payed out from a roll (not shown). Alternatively,
the intermediate layer 14 can be provided by other methods and by other structures. The
intermediate layer 14 is directed in a machine direction, indicated by the arrow D. In a next
step, the inner layer 12 and the outer layer 16 are provided. In the illustrated embodiment, the
inner layer 12 is formed by the first extruder 42 and the outer layer 16 is formed by the
second extruder 44. However, in other embodiments, the inner layer 12 and the outer layer 16
can be provided by other methods and by other structures, including the non-limiting example
of being payed out from rolls of low-density polyethylene film.

[0041] The first and second extruders, 42 and 44, can be any desired structure, mechanism
or device sufficient to provide the inner and outer layers, 12 and 16. In a next step, the inner
layer 12, intermediate layer 14 and outer layer 16 are joined together and passed through
heated compression rollers 48a and 48b. The heated compression rollers 48a and 48b are
configured to heat and compress the inner layer 12, intermediate layer 14 and outer layer 16
to a temperature sufficient to attach the inner layer 12, intermediate layer 14 and outer layer
16 together. In the illustrated embodiment, the inner layer 12, intermediate layer 14 and outer
layer 16 are heated to a temperature in a range of from about 250 °F to about 400 °F. With
such high temperatures, the polymeric material begins to melt, which acts to mold the layers
together when being compressed under pressure. In other embodiments, the inner layer 12,
intermediate layer 14 and outer layer 16 can be heated to a temperature less than about 250 °F
or more than about 400 °F. Attaching the inner layer 12, intermediate layer 14 and the outer
layer 16 together forms a layered jacket 50. As described above, the layered jacket 50 has
been formed from the layers of low-density polyethylene and the layer of high-density
polyethylene without the use of laminating adhesives. The elimination of the laminating
adhesives advantageously provides the layered jacket 50 with the improved flame retardancy,
as discussed above.

[0042] Referring again to Fig. 5 in a final optional step, the layered jacket 50 is passed
through embossing rollers 52a and 52b. The embossing rollers, 52a and 52b, are configured
to emboss the pattern of lines 18 on the top surface of the outer layer 16. While the illustrated
embodiment shows embossing rollers, 52a and 52b, it should be appreciated that the pattern
of lines 18 can be embossed on the top surface of the outer layer 16 with any desired
structure, mechanism or device. Embossing the pattern of lines 18 on the top surface of the

layered jacket 50 forms jacket 10, as shown in Fig. 2.
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[0043] Referring now to Fig. 6, another embodiment of a jacket is shown generally at 110.
The jacket 110 includes an inner layer 112, an intermediate layer 114 and an outer layer 116.
In the illustrated embodiment, the inner layer 112, intermediate layer 114 and outer layer 116
are the same as, or similar to, the inner layer 12, intermediate layer 14 and outer layer 16
discussed above and illustrated in Fig. 1. In other embodiments, the inner layer 112,
intermediate layer 114 and outer layer 116 can be different from the inner layer 12,
intermediate layer 14 and outer layer 16.

[0044] Referring again to Fig. 6, the intermediate layer 114 includes a pattern of lines 118. In
the illustrated embodiment, the pattern of lines 118 is the same as, or similar to the pattern of
lines 18 discussed above and illustrated in Fig. 2. However, the pattern of lines 118 and the
pattern of lines 18 can be different from each other.

[0045] Referring now to Fig. 7, the jacket 110 is formed by the process illustrated generally
at 140. In a first step, the intermediate layer 114 is provided. In the illustrated embodiment,
the intermediate layer 114 is provided in the same manner, or a similar manner, as discussed
above and illustrated in Fig. 5. Alternatively, the intermediate layer 114 can be provided in
other desired manners. The intermediate layer 114 is directed in a machine direction,
indicated by the arrow D.

[0046] Referring again to Fig. 7 in a next optional step, the intermediate layer 114 is passed
through embossing rollers 152a and 152b. The embossing rollers, 152a and 152b, are
configured to emboss the pattern of lines 118 on the top surface of the intermediate layer 114.
In the illustrated embodiment, the embossing rollers, 152a and 152b, are the same as, or
similar to, the embossing rollers, 52a and 52b, discussed above and illustrated in Fig. 5. In
other embodiments, the embossing rollers, 152a and 152b, can be different than the
embossing rollers, 52a and 52b. Embossing the pattern of lines 118 on the top surface of the
intermediate layer 114 forms embossed intermediate layer 115.

[0047] In a next step, the inner layer 112 and the outer layer 116 are formed and provided by
the first extruder 142 and the second extruder 144. In the illustrated embodiment, the first
extruder 142 and the second extruder 144 are the same as, or similar to, the first extruder 42
and the second extruder 44 discussed above and illustrated in Fig. 5. However, in other
embodiments, the first extruder 142 and the second extruder 144 can be other structures
sufficient to form and provide the inner layer 112 and the outer layer 166. In a next step, the
inner layer 112, embossed intermediate layer 115 and outer layer 116 are joined together and
passed through heated compression rollers 148a and 148b. The heated compression rollers

148a and 148b are configured to heat and compress the inner layer 112, embossed
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intermediate layer 115 and outer layer 116 to a temperature sufficient to attach the inner layer
112, embossed intermediate layer 115 and outer layer 16 together. In the illustrated
embodiment, the heated compression rollers 148a and 148b are the same as, or similar to, the
heated compression rollers 48a and 48b discussed above an shown in Fig. 5. In other
embodiments, the heated compression rollers 148a and 148b can be different from the heated
compression rollers 48a and 48b. Attaching the inner layer 112, embossed intermediate layer
115 and the outer layer 116 together forms the jacket 110. As discussed above, the pattern of
lines 118 is embossed on the top surface of the intermediate layer 114 thereby forming the
embossed intermediate layer 115. Following attachment of the outer layer 116 to the
embossed intermediate layer 115, the outer layer 116 forms the contours of the pattern of
lines 118, thereby allowing the pattern of lines 118 to be visible on the top surface of the
outer layer 116.

[0048] Referring now to Fig. 8, another embodiment of a jacket is shown generally at 210.
The jacket 210 includes an inner layer 212, an intermediate layer 214 and an outer layer 216.
In the illustrated embodiment, the inner layer 212, intermediate layer 214 and outer layer 216
are the same as, or similar to, the inner layer 12, intermediate layer 14 and outer layer 16
discussed above and illustrated in Fig. 1. In other embodiments, the inner layer 212,
intermediate layer 214 and outer layer 216 can be different from the inner layer 12,
intermediate layer 14 and outer layer 16.

[0049] Referring again to Fig. 8, the outer layer 216 includes a pattern of lines 218. In the
illustrated embodiment, the pattern of lines 218 is the same as, or similar to, the pattern of
lines 18 discussed above and illustrated in Fig. 2. However, the pattern of lines 218 and the
pattern of lines 18 can be different from each other.

[0050] Referring now to Fig. 9, the jacket 210 is formed by the process illustrated generally
at 240. In a first step, the intermediate layer 214 is provided. In the illustrated embodiment,
the intermediate layer 214 is provided in the same manner, or a similar manner, as discussed
above and illustrated in Fig. 5. Alternatively, the intermediate layer 214 can be provided in
other desired manners. The intermediate layer 214 is directed in a machine direction,
indicated by the arrow D.

[0051] Referring again to Fig. 9 in a next step, the inner layer 212 and the outer layer 216
are formed and provided by the first extruder 242 and the second extruder 244. In the
illustrated embodiment, the first extruder 242 and the second extruder 244 are the same as, or
similar to, the first extruder 42 and the second extruder 44 discussed above and illustrated in

Fig. 5. However, in other embodiments, the first extruder 242 and the second extruder 244
10
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can be other structures sufficient to form and provide the inner layer 212 and the outer layer
216.

[0052] Referring again to Fig. 9, the outer layer 216 is passed through embossing rollers
252a and 252b. The embossing rollers, 252a and 252b, are configured to emboss the pattern
of lines 218 on the top surface of the outer layer 216. In the illustrated embodiment, the
embossing rollers, 252a and 252b, are the same as, or similar to, the embossing rollers, 52a
and 52b, discussed above and illustrated in Fig. 5. In other embodiments, the embossing
rollers, 252a and 252b, can be different than the embossing rollers, 52a and 52b. Embossing
the pattern of lines 218 on the top surface of the outer layer 216 forms embossed outer layer
217.

[0053] In a next step, the inner layer 212, intermediate layer 214 and embossed outer layer
217 are joined together and passed through heated compression rollers 248a and 248b. The
heated compression rollers 248a and 248b are configured to heat and compress the inner layer
212, intermediate layer 214 and embossed outer layer 217 to a temperature sufficient to melt
the polymeric material and attach the inner layer 212, intermediate layer 214 and embossed
outer layer 217 together. In the illustrated embodiment, the heated compression rollers 248a
and 248b are the same as, or similar to, the heated compression rollers 48a and 48b discussed
above an shown in Fig. 5. In other embodiments, the heated compression rollers 248a and
248b can be different from the heated compression rollers 48a and 48b. Attaching the inner
layer 212, intermediate layer 214 and the embossed outer layer 217 together forms the jacket
210.

[0054] Referring now to the Fig. 10, another embodiment of a jacket is shown generally at
1310 in an exploded view. The jacket 310 includes an inner layer 312, a first intermediate
layer 313, a second intermediate layer 314 and an outer layer 316. The jacket may further
include a third intermediate layer, although not included in the illustrative embodiment.
[0055] Referring again to Fig. 10, the inner layer 312 is configured as a vapor barrier layer.
In the illustrated embodiment, the inner layer 312 is formed from a metalized polymeric
material, such as the non-limiting example of metalized polyethylene terephthalate (mPET).
Alternatively, the inner layer 312 can be made from other materials, such as the non-limiting
examples of metalized polypropylene.

[0056] The inner layer 312 has a layer thickness LT312. In the illustrated embodiment, the
layer thickness LT312 is in a range of from about 0.05 mil to about 0.8 mil. However, in
other embodiments, layer thickness L T312 can be less than about 0.05 mil or more than about

0.8 mil, including about 1.0 mil.
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[0057] Referring again to Fig. 10, the first intermediate layer 313 is configured to provide
the jacket 310 with tensile strength, puncture resistance and resistance to many chemicals and
fluids. In the illustrated embodiment, the first intermediate layer 313 is a scrim formed from a
polymeric material, such as for example, polyethylene terephthalate (PET). In other
embodiments, the first intermediate layer 313 can be formed from other polymeric materials,
including the non-limiting examples of polyvinyl chloride (PVC) and polyvinylidene chloride
(PVDC).

[0058] The first intermediate layer 313 has a layer thickness LT313. In the illustrated
embodiment, the layer thickness LT313 is in a range of from about 0.5 mil to about 6.0 mil ,
such as 2.0 mil. However, in other embodiments, the layer thickness L T313 can be less than
about 0.5 mil or more than about 6.0 mil.

[0059] Optionally, a pattern of lines 318 can be formed on a surface, preferably the top
surface, of the first intermediate layer 313 of the jacket 310. In the illustrated embodiment,
the pattern of lines 318 is the same as, or similar to, the pattern of lines 18 discussed above
and shown in Fig. 2. However, in other embodiments, the pattern of lines 318 can be different
from the pattern of lines 18. The pattern of lines 318 can be formed in any desired manner,
including the non-limiting example of embossing.

[0060] Referring again to Fig. 10, the second intermediate layer 314, and/or optional third
intermediate layer (not shown), is configured to provide the jacket 310 with additional
puncture resistance and further configured to facilitate bonding of the layers, 312, 313, 314
and 316. In the illustrated embodiment, the second intermediate layer 314 is formed from a
polymeric-based material, such as for example, polyvinyl chloride (PVC). In other
embodiments, the second intermediate layer 314, and/or optional third intermediate layer
(not shown), can be formed from other polymeric, including the non-limiting examples of
polyvinylidene chloride (PVDC), fire resistant polyethylene terephthalate (FR PET) and
white fire resistant polyethylene terephthalate (WFR PET), or fire resistant coated
polyethylene terephthalate. In some embodiments, the second 314 and/or third intermediate
layer can be formed from materials including a halogen-based fire-retardant material. In still
other embodiments, the second 314 and/or third intermediate layer can include a halogen-
based fire retardant coating.

[0061] The second intermediate layer 314 has a layer thickness LT314. In the illustrated
embodiment, the layer thickness LT314 is in a range of from about 1.5 mil to about 2.50 mil.

If present, the third intermediate layer (not shown) may also have a layer thickness in a range
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of from about 1.5 mil to about 2.50 mil. However, in other embodiments, the layer
thicknesses can be less than about 1.5 mil or more than about 2.5 mil.

[0062] Referring again to Fig. 10, the outer layer 316 is configured to provide the jacket 310
with flexibility, durability and resistance to many chemicals and fluids. In the illustrated
embodiment, the outer layer 316 is formed from a polymeric material, such as for example,
polypropylene and/or polyvinyl chloride. In other embodiments, the outer layer 316 can be
formed from other polymeric materials, including the non-limiting example of polyethylene.
[0063] The outer layer 316 has a layer thickness LT316. In the illustrated embodiment, the
layer thickness LT316 is in a range of from about 0.5 mil to about 2.0 mil. However, in other
embodiments, layer thickness LT316 can be less than about 0.5 mil or more than about 2.0
mil.

[0064] Referring now to Fig. 11, the jacket 310 is formed by the process illustrated generally
at 340. In a first step, the first intermediate layer 313 is provided. In the illustrated
embodiment, the first intermediate layer 313 is provided in the same manner as intermediate
layer 114, or in a similar manner, as discussed above and illustrated in Fig. 7. Alternatively,
the intermediate layer 313 can be provided in other desired manners. The intermediate layer
313 is directed in a machine direction, indicated by the arrow D.

[0065] Referring again to Fig. 11 in a next optional step, the first intermediate layer 313 is
passed through embossing rollers 352a and 352b. The embossing rollers, 352a and 352b, are
configured to emboss the pattern of lines 318 on the top surface of the first intermediate layer
313. In the illustrated embodiment, the embossing rollers, 352a and 352b, are the same as, or
similar to, the embossing rollers, 52a and 52b, discussed above and illustrated in Fig. 5. In
other embodiments, the embossing rollers, 352a and 352b, can be different than the
embossing rollers, 52a and 52b. Embossing the pattern of lines 318 on the top surface of the
first intermediate layer 313 forms embossed first intermediate layer 315.

[0066] In a next step, the inner layer 312 is payed out from roll 360. Similarly, the second
intermediate layer 314, and optional third intermediate layer, is payed out from roll 362 and
the outer layer 316 is payed out from roll 364. While the illustrated embodiment shows the
layers 312, 314 and 316 as being provided from rolls, 360, 362 and 364, it should be
appreciated that in other embodiments the layers 312, 314 and 316 can be provided by other
structures, mechanisms or devices including the non-limiting example of extruders.

[0067] In a next step, the embossed first intermediate layer 315, inner layer 312, second
intermediate layer 314, optional third intermediate layer, and outer layer 316 are joined

together and passed through heated compression rollers 348a and 348b. The heated
13
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compression rollers 348a and 348b are configured to heat and compress the embossed first
intermediate layer 315, inner layer 312, second intermediate layer 314, optional third
intermediate layer, and outer layer 316 to a temperature sufficient to attach the embossed first
intermediate layer 315, inner layer 312, second intermediate layer 314, optional third
intermediate layer, and outer layer 316 together. The temperature should be sufficient to
cause the polymeric materials to melt at least partially, causing the layers to attach together
under pressure. In the illustrated embodiment, the heated compression rollers 348a and 348b
are the same as, or similar to, the heated compression rollers 48a and 48b discussed above
and shown in Fig. 5. In other embodiments, the heated compression rollers 348a and 348b
can be different from the heated compression rollers 48a and 48b. Attaching the embossed
first intermediate layer 315, inner layer 312, second intermediate layer 314, optional third
intermediate layer, and outer layer 316 together forms the jacket 310. As discussed above, the
pattern of lines 318 is embossed on the top surface of the first intermediate layer 313 thereby
forming the embossed first intermediate layer 315. Following attachment of the second
intermediate layer 314, optional third intermediate layer, and the outer layer 316 to the
embossed first intermediate layer 315, the outer layer 316 forms the contours of the pattern of
lines 318, thereby allowing the pattern of lines 318 to be visible on the top surface of the
outer layer 316.

[0068] In a manner similar to that discussed above for jacket 10, the jacket 310 differs from
conventional jackets in that the jacket 310 is formed of different layer materials and is further
formed without the use of adhesives. The layered materials and the elimination of adhesives
advantageously provide the jacket 310 with superior characteristics, including improved
flame retardancy.

[0069] The TAPPI T461 test was also performed for jacket 310. Similar to the test
described above, the test was conducted using an ignition source positioned directly under the
bottom edge of a specimen. During the test, the ignition source produced a flame that was 40
mm (1.6 in.) high for 12.0 seconds, and then the ignition source was removed. The flaming
time, glowing time and char length were recorded after the specimen had ceased flaming. As
described above, if a specimen burns along its 8.25 inch length during the test, then the
specimen is regarded as a failure under the ASTM C1136 specification.

[0070] The results of the TAPPI T461 testing for the jacket 310 are shown in the chart of
Fig. 12. Four specimens of jacket 310 identified in Fig. 12 were tested. The four specimen are

listed below in Table 1.
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TABLE 1
SPECIMEN igniting flame time

1. Polypropylene (PP)(~0.5-1.5 mil ), + Flame Retardant (FR) PET (~1.42), +PET (~2.0 12
mil) + PET scrim (~0.5-1 mil) + metalized PET (mPET) (~1 mil)

2. PET (~2.0 mil) + FR PET (~1.42 mil) + PET (~2.0 mil) + PET scrim (~0.5-1 mil) + 12
mPET (~1 mil)

3. PET (~2.0 mil) + saran + PET (~2.0 mil) + PET scrim (~0.5-1 mil) + mPET (~1 mil) 12
4. PET (~2.0 mil) + WFR PET(~1.42 mil) + PET (~2.0 mil) + PET scrim (~0.5-1 mil) + 12
mPET (~1 mil)

[0071] The first specimen included a metalized PET (mPET) film forming an inner layer,
with PET scrim, PET, and fire retardant (FR) film intermediate layers, and a polypropylene
outer layer, in the above-listed approximate thickness. The FR films are a Mitsubishi flame
retardant polyester film that contain a halogen free flame retardant treated on both sides of
the film. The second specimen was the same as the first, with a PET outer layer rather than a
polypropylene outer layer. The third specimen includes a saran intermediate layer, which is
a Dow Vapor Retarder Film, rather than a FR layer, with a PET outer layer. The fourth
specimen includes a WFR layer, which is a white translucent polyester film, as opposed to
the transparent FR film. However, as with FR film, WFR also contain halogen free flame
retardant. Each specimen was tested with a flame duration of 12.0 seconds.

[0072] As shown in FIG. 12, a flame duration of 12.0 seconds resulted in a char length of
7.75 inches for the first specimen, a char length of 7.25 inches for the second specimen, a
char length of 7.75 inches for the third specimen, a char length of 7 inches for the fourth
specimen, and a char length of 6.75 inches for the fifth specimen. Accordingly, each
specimen demonstrated a char length of less than 8.25 inches. Accordingly, the jacket 310
passed the flame retardancy standards provided by ASTM C1136.

[0073] The principle and mode of operation of the flame retardant polymer jackets have been
described in certain embodiments. However, it should be noted that the flame retardant
polymer jackets may be practiced otherwise than as specifically illustrated and described

without departing from its scope.
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CLAIMS
What is claimed is:

1. A jacket configured to encase building component insulation, the jacket
comprising:

an inner layer;

an intermediate layer attached to the inner layer; and

an outer layer attached to the intermediate layer, wherein the inner layer, intermediate
layer and outer layers are configured for attachment to each other only with the use of at least
one of heat, polymeric material, and pressure; and

wherein the jacket complies with the standards of flame retardancy as provided by

ASTM C1136.

2. The jacket of claim 1, wherein the at least one of the inner layer, intermediate

layer and outer layer is formed from a polymeric material.
3. The jacket of claim 2, wherein said polymeric material is selected from a
group consisting of high-density polyethylene, low-density polyethylene, polypropylene,

polyvinylidene chloride, and metalized polymeric materials.

4. The jacket of claim 1, wherein said inner layer and outer layer each have a

thickness from about 1.0 mil to about 3.0 mil.

5. The jacket of claim 4, wherein the thickness of said inner layer and outer layer

is essentially the same.

6. The jacket of claim 4, wherein said inner layer has a different thickness than

said outer layer.

7. The jacket of claim 1, wherein said intermediate layer has a thickness from

about 4.0 mil to about 6.0 mil.

8. The jacket of claim 1, wherein said jacket has a thickness from about 5.0 mil

to about 9.0 mil.
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9. The jacket of claim 1, wherein at least one layer includes a pattern of

embossed lines.

10.  The jacket of claim 9, wherein said pattern of lines comprises a tri-directional

pattern.

11.  The jacket of claim 1, wherein said layers are configured for attachment

without an adhesive.

12. A jacket configured to encase building component insulation, the jacket
comprising:

an inner layer;

a first intermediate layer attached to the inner layer;

a second intermediate layer attached to the first intermediate layer; and

an outer layer attached to the second intermediate layer, wherein the inner layer, first
intermediate layer, second intermediate layer and outer layer are each configured for
attachment only with the use of at least one of heat and a polymeric material; and

wherein the jacket complies with the standards of flame retardancy as provided by

ASTM C1136.

13.  The jacket of claim 12, further including a third intermediate layer attached to

the second intermediate layer, and the outer layer is attached to said third intermediate layer.

14. The jacket of claim 13, wherein at least one of the inner layer, first intermediate
layer, second intermediate layer, third intermediate layer and outer layer comprises a

polymeric material.

15.  The jacket of claim 13, wherein at least one of said second and third
intermediate layers is formed from a material selected from polyvinyl chloride,
polyvinylidene chloride, fire retardant polyethylene terephthalate, polyethylene
terephthatlate, and fire retardant coated polyethylene terephthalate.

16.  The jacket of claim 13, wherein at least one of said second and third

intermediate layers has a thickness from about 1.5 mil to about 2.50 mil.
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17.  The jacket of claim 12, wherein said inner layer is a vapor barrier layer.

18.  The jacket of claim 12, wherein said inner layer comprises a thickness of

about 0.05 mil to about 1.0 mil.

19.  The jacket of claim 12, wherein said first intermediate layer is formed from a
material selected from polyethylene terephthalate, polyvinyl chloride, and polyvinylidene

chloride.

20.  The jacket of claim 12, wherein said first intermediate layer has a thickness of

from about 0.5 mil to about 2.0 mil.

21.  The jacket of claim 12, wherein said first intermediate layer includes a pattern

of lines.

22.  The jacket of claim 12, wherein said outer layer is formed from polymeric

materials selected from polypropylene, polyethylene terephthalate, and polyvinyl chloride.

23.  The jacket of claim 12, wherein said outer layer has a thickness of from about
0.5 mil to about 2.0 mil.
24, A method for forming a fire retardant insulation jacket, comprising:

providing an intermediate layer, having a top surface and a bottom surface;
extruding an inner layer through a first extruder below said bottom surface;
extruding an outer layer through a second extruder over said top surface; and
attaching said inner and outer layers to said intermediate layer through only at least

one of heat, polymeric material, and compression.

25.  The method of to claim 24, wherein attaching inner and outer layers to said

intermediate layer occurs without an adhesive.

26. The method of to claim 25, further including embossing a top surface of at

least one layer with a pattern of lines.

18
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27.  The method of claim 25, further including embossing said top surface of said

intermediate layer with a pattern of lines prior to the attachment of said layers.

28.  The method of claim 25, further including embossing the jacket with a pattern

of lines after the attachment of said layers.

29. A method for forming an insulation jacket, comprising:

providing a first intermediate layer;

paying out an inner layer from a first roll;

paying out a second intermediate layer through a second roll;

paying out an outer layer through a third roll;

heat compressing said inner layer, first intermediate layer, second intermediate layer
and outer layer to form a layered jacket, wherein said layers are attached without the use of

an adhesive.

30.  The method of claim 29, further including paying out a third intermediate
layer through a third roll.

32. The method of claim 30, wherein at least one of the first, second, and third

intermediate layers is a scrim with patterned lines.

19



WO 2012/012544 1/6 PCT/US2011/044699

1O~ __Lm
Nl

' ___LL:!‘&.,
4 - i
T |

o~ B~ _;L

NvL ' JT
4 T
e

Fie., a



WO 2012/012544 2/6 PCT/US2011/044699

13~3

= o " = K e
..;-6::"'::*‘_% ",v’r::" o .,-rb"":--v.. e nall e £ N
i rem, i Ml 7O D W Ly W N IR g
e i ) famnic}
= T Tt =TT T AT T e, =
satef ey e il i = o il e o il
2“' v ’ e i R L gl T e [ Pebadet™
D) T i ek | ) e o vt : = -l Y
e e el b o] oo W Lot
bl okt bt T~ AR
-~ S| 5 ol N ey N1 R “’H,..v-“" e s I e .
slect o et o
e i} ort. - focen aande n
o WAL e, Lo o . ’
b ,.'-e—"‘"._ -”"‘"-»u,. o S il I R .,-r-“"d _“""*u..., it
= = e, o | PNl ol
i o R P B % TR B0 ol By % R PO e
."‘:’"Emm e Sy i bt Y P v N
s L™ . - Dl L% ] .
=2 s -2 i =5 ol =
T il - e o Bt N [ W R b
24‘-"—\-\. D=l el | aou L bl I e o ol
i P ~haind '#_._“_..@— k| = et red¥
'“':yc:‘“-\. o ‘r"""?d"""'ﬁ ..»—"*‘>¢""“'~.. i ’?q"“"v 27'
e ot bhﬂwﬂ"' ""\hM-«"-‘
I s W ] T e Y P
ed g R £ feart 977 vl - il ! Al
et i = B [l 5 =S
.o . T R I T So N g B b
fasantd toud e
o] el - L. o e Wb
o = “isal, orere] o e L e
w}*:-w.-. - [*#-rm] I, o g =
. e T e v oo il
e ™, O Ll K e SR _ule SN L,
- ] [evea o] . e o T
] I o [ ]l ] o 1=
] Laeri i, - ool e o™t
ot = DN SR oy e
S G Ll T P L ol » o o8
=1 =i R erd ] ] Lt e nd‘
e Lo A s 1o 2 P o
] . T e oy, . - = eden] | et Ny F\C‘ 3
;] oot Ll -
o e e " oas T, o] - . v by | s
B j ! [ orad ! .4 o o
e g e s o
] otia) ] |, e} b, efror! o],
e e oo g ] ot gt e
ek e i =t A
ped.. LT ™ . = } L. Lok '""*‘1} et

b ¥
1Y)
o
Y]
o

TAPPI T461 Test Results

.

lgnition Flame Time (Sec) & Char Length (Inch)

Fe. 4



WO 2012/012544 3/6 PCT/US2011/044699

Fe. b

tig S

tio

Fle.7




WO 2012/012544 4/6

a8

P VA VAW WA VA W &VAVA"’
,Aﬁﬂl-ﬂﬂ-ﬁﬁ v
AN A X X VAV AN A
e (i AN VA Y VA WA WP, L WL WY

/.'A"'A'A'- A VA0 W

RS Aa,

PCT/US2011/044699

240

210



WO 2012/012544

30 ~

340~y

5/6

PCT/US2011/044699




WO 2012/012544

6/6 PCT/US2011/044699

40
35
30
25
20
15
10

Specimenl

TAPPI T461 Test ReSults

36

Specimen 2 Specimen 3 Specimen 4

B FlameTime(Sec.) & Char Length{inch)

FIG. 12



INTERNATIONAL SEARCH REPORT

AR % TZ-ZUT1

PCT/US 11/44699

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - F16L 9/14 (2011.01)

USPC - 138/149

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC(8) - F16L 9/14 (2011.01)
USPC - 138/149

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Patents, Non-Patent Literature. USPC - 428/68, 76, 411.1, 913; IPC(8) - B32B 27/18; COSK 21/12 (2011.01). Search term limited.

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
USPTO-PubWEST; Google. Search terms: ASTM, batting, blanket, C1136, density, duct, ductwork,fabric, fiber, fibrous, flame, fold,
hdpe, high-density, insulat$, jacket, Idpe, lidpe, low-density, metalized, multilayer, multiply, pipe, ply, polyethylene, polypropylene,
polyvinylidene chlaride, pp, roll, unwind, unwound

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2006/0054235 A1 {Cohen et al.) 16 March 2009 (16.03.2006), fig 1, para [0029], [0030] 24,25

Y 2628

X US 2004/0163724 A1 (Trabbold et 2l.) 26 August 2004 (26.08.2004), fig 1, 3c, 4; para [0034], 29, 30, 32
[0035}, [0043], [0046], [0047]

Y US 2009/0250136 A1 (Roberts et al.) 08 October 2009 (08.10.2009), fig 2, 4; para [0006], 1, 4-10, 12-23, 26-28
[0007], [0009], [0031], [0037], [0040]

Y US 4,451,586 A (Seart et al.) 29 May 1984 (29.05.1984), col 1 in 8-9; col 7 In 32-44 1-23

Y US 2006/0060256 A1 (Keyes) 23 March 2006 {23.03.2006),Abstract; para [0006}, [0044} 1-6, 11,18

Y US 5,947,158 A (Gross et al.) 07 September 1999 (07.09.1999),col 1 In 18-20 17

A US 2006/0237084 A1 (Hoffmann) 26 October 2006 (26.10.2006), entire document 1-30, 32

A US 6,735,832 B1 (Putnam et al.) 18 May 2004 (18.05.2004), entire document 1-30, 32

D Further documents are listed in the continuation of Box C.

[]

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or afier the international

filing date

document which may throw doubts on priority claim(s) or which is

cited to establish the publication date of another citation or other

special reason (as specified)

“Q” document referring to an oral disclosure, use, exhibition or other
means

document published prior to the international filing date but later than
the priority date claimed

e

wpr

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is

combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

29 November 2011 (29.11.2011)

Date of mailing of the international search report

12 DEC 201

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.0O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No.

571-273-3201

Authorized officer:
Lee W. Young

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - wo-search-report

