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ABSTRACT

A thermally insulating sheet for installation adjacent a surface of an object
comprising a reflective metalized polymeric insulation material having moisture vapour
transference properties. An apparatus and methods for producing a reflective metalized
polymeric thermally insulating assembly having moisture vapour transference properties

are also provided. The insulation material provides enhanced thermal retention.
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THERMALLY INSULATED SHEET

FIELD OF THE DISCLOSURE
[0001] This invention relates to a breathable insulation sheet for thermally insulating
objects particularly buildings or parts thereof and an apparatus and method for forming
such an insulative sheet.
BACKGROUND

[0002] House wraps and sheets for location adjacent an object surface have been used
and can be effective in preventing water, such as from wind driven rain, from substantially
contacting a surface. However, these are not necessarily effective at providing a degree of
insulative properties to the object or building enclosure so as to inhibit the transfer of heat.

{0003] Generally, during building construction, a house wrap is generally installed
over the sheathing and behind the exterior which may be vinyl, wood clapboard, cedar
shingles or a brick fagade among other known building exterior coverings known in the art.
In most cases, the house wrap, generally, is the last line of defense in stopping incoming
water or exterior water condensation from getting into the wooden stud wall. A house wrap
may be defined as inclusive of all materials, including synthetic materials, effectively
designed for the replacement of traditional sheathing tar paper. A conventional house-wrap
functions as a moisture barrier, preventing rain from getting into the stud wall construction
while allowing moisture vapor to pass out from the building to the exterior. If moisture is
allowed to build up within stud or cavity walls, or exterior sheeting, mold and rot can set in
and destroy the structural materials, and other materials, of a building or object.

Furthermore, moisture may accumulate within the insulation, such as fiberglass or cellulose
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insulation and thus the insulation may lose at least some of its R-value due to heat-
conducting moisture.

[0004] Conventional house wraps such as asphalt-impregnated paper or fiberglass;
micro-perforated; cross-lapped films; films laminated to spun-bond non-woven materials;
and films laminated or coated to polypropylene woven materials are known. However, these
known house-wrap materials have little no R-value and thus provide little or no insulating
value to the object or building around which they wrap.

[0005] In order to be breathable so as to inhibit the accumulation of moisture, house
wraps must generally have a high moisture vapor transmission rate (MVTR) to be effective.
Additionally, house wraps generally require a waterproof aspect so as inhibit moisture or
water from exterior the building or object enclosure from substantially contacting and
accumulation on the exterior sheeting or within stud cavities. Therefore, house wraps
should generally allow the transference of moisture from one side thereof, across the wrap
material and to the exterior of the building while also being substantially resistance to
moisture travelling from an exterior side to contact the building sheeting as well as
resistance to wind.

[0006] In terms of well-known commercially available house wraps, The DuPont
Company has long been manufacturing and providing to the marketplace its TYVEK®
brand of house wrap. The TY VEK® brand of house wrap has been described as being “a
sheet of very fine, high-density polyethylene fibers” which provides a degree of wind and
water protection to the building sheeting and also allowing breathability to the building.
However, TYVEK® has little or no insulating R-value.

[0007] Reflective metal polymeric insulation materials are also known in the
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construction industry, particularly for use in residential, commercial, and industrial
buildings and establishments, wherein the insulation material is to be located adjacent
frame structures, walls, crawl spaces, ceilings, around water heaters and pipes and under
concrete floors and roads. Examples of such uses are disclosed in U.S. Pat. No. 6,322,873-
-issued Nov. 27, 2001 to Orologio, Furio and No. 6,562,439--issued May 13, 2003 to
Orologio, Furio; and Canadian Patent No. 2,554,754--issued Dec. 4, 2007 to Orologio,
Furio.

[0008] U.S. Patent number 4,685,155 entitled “Composite Insulation Material”,
issued August 11, 1987 to Fingerhut ef al., describes a composite insulative sheet having a
substantially continuous internal layer of porous material having low heat conductivity. A
flexible sheet of liquid impermeable material is adhered to both sides of the internal
continuous layer of porous material. The sheets of liquid impermeable material adhered to
both sides of the internal continuous layer of porous material have tapered capillary
openings with each having a base open to the internal layer of porous material and an apex
extending away from the opposite surface of the flexible sheet. Thus, the tapered capillary
openings of each of the sheets of liquid impermeable material are arranged such that the
apexes of each of the tapered capillary openings face away from each other and the bases

are arranged on either side of the internal layer of porous material, towards each other.

[0009] This background information is provided to reveal information believed by the

applicant to be of possible relevance. No admission is necessarily intended, nor should be
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construed, that any of the preceding information constitutes prior art or forms part of the

general common knowledge in the relevant art.

SUMMARY
[00010] Although the use of insulating materials composed of a bubble layer having
“air-pockets” containing a gas having adhered thereto a metal foil or metalized layer are
known, there are certain drawbacks. For example, in the pursuit to retain heat on an inside
of an object at least partially covered with an insulating material, such as a metal foil or
metalized bubble-pack insulative material moisture can build-up inside the interior side
and thus causing the dampness and in certain conditions rot of the building materials. The
instant invention provides metal foil or metalized insulative bubble-pack materials which
allows the transmission of moisture vapour from the interior of the metal foil or metalized
bubble-pack insulative layer to escape while inhibiting moisture and/or air from an
exterior side to enter. The invention also provides an apparatus and a method to produce
such a metal foil or metalized bubble-pack insulative material having moisture
transference properties. In another aspect the invention provides insulative bubble-pack
materials wherein the transference of moisture vapour is substantially in one direction.
[00011] As used herein with reference to the invention, the term “metalized’ includes,
but is not so limited to metals in the form of a foil and to particulate metals deposited by
vapour or frorﬁ solution,
[00012] The following presents a simplified summary of the general inventive
concept herein to provide a basic understanding of some aspects of the invention. This

summary is not an extensive overview of the invention. It is not intended to restrict key or
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critical elements of the invention or to delineate the scope of the invention beyond that
explicitly or implicitly described by the following description and disclosure.

[00013] The present invention provides an insulated layer of a reflective metal foil
or metalized polymeric insulating material having substantially one-way moisture
transference properties. Accordingly, apertures located in the insulating layer allow the
moisture to pass from one side of the insulating layer, while substantially inhibiting the
passage of moisture and air in the opposing direction across the insulated layer. For
example, the apertures may be frusto-conically shaped, thus having broader opening
base dimension and a narrower apex opening dimension.

[00014] The layer of insulating material may be adhered or coupled to an object or
building with the apertures being arranged such that a broader opening base dimension is
located adjacent the object or building and the narrow apex dimension is facing away
from the object or building.

[00015] Accordingly, in one aspect, the instant disclosure provides a thermally
insulating sheet of a reflective metal foil or metalized polymeric insulation material for
insulating an object where the thermally insulating sheet, in use is located adjacent to a
surface the object. The reflective metal foil or metalized polymeric insulation material
includes a plurality of one-way moisture transference frusto-conically shaped apertures
provided in an effective array, size, number and suitable location so as to effect expulsion
of moisture vapour through the frusto-conically shaped apertures from a side of the
thermally insulating sheet located adjacent the object without ingress of external air
through the apertures. The reflective polymeric insulation material may be characterized

in having a plurality of frusto-conically shaped apertures where the frusto-conically
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shaped apertures are suitably sized and located so as to allow transference of moisture
vapour through the frusto-conically shaped apertures from the object without the ingress
of external air through the apertures. The frusto-conically shaped apertures are provided
wherein the narrower dimension is orientated distal to the surface of the object, in use.
Therefore, the apertures allow substantially one-way moisture vapour transference.
[00016] Preferably, the insulation material comprises a foam material wherein the
foam material is a closed cell foam, polyethylene foam, polypropylene foam and expanded
polystyrene foam, multi-film layered assembly, or a bubble pack.

[00017] Preferably, the disclosure provides a thermally insulating layer wherein the
reflective metal foil or metalized polymeric insulation material comprises a first
thermoplastic film having a plurality of portions wherein each of the portions defines a
cavity; a second thermoplastic film in sealed engagement with the first film to provide a
plurality of closed cavities. Furthermore, the invention provides a plurality of frusto-
conically shaped apertures interposed between the plurality of closed cavities. In some
embodiments, the invention also provides that the plurality of apertures may be formed
thréugh the closed cavities. Therefore, a radiant barrier is provided.

[00018] In another aspect, there is provide an object having an outer surface
comprising a thermally insulating sheet of a reflective metalized polymeric insulation
material located adjacent to the outer surface. The reflective metalized polymeric
insulation material comprises a first bubble pack assembly including a first thermoplastic
film having a plurality of portions wherein each of the portions defines a cavity and a
second thermoplastic film in sealed engagement with the first thermoplastic film to

provide a plurality of closed-cell cavities. The reflective metalized polymeric insulation
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material is further characterized in having a plurality of frusto-conically shaped apertures
suitably sized and interposed between the closed-cell cavities such that the thermally
insulating sheet has the narrower dimension of each of the frusto-conically shaped
apertures oriented distal to the outer surface so as to effect transference of moisture vapour
through the frusto-conically shaped apertures from outer surface without substantial
ingress of external air through the apertures. Each of the plurality of frusto-conically
shaped apertures is defined by a proximal opening and a distal opening with a continuous
perimeter aperture wall extending therebetween. The frusto-conically shaped aperture
wall is substantially linear and inclined between the proximal opening and the distal
opening such that the proximal opening has a greater area than the distal opening and
wherein within any thermally insulating layer of a reflective metalized polymeric
insulation material having frusto-conically shaped apertures, the narrower dimension of
each of the frusto-conically shaped apertures is oriented distal to the object.

[00019] In some embodiments, frusto-conically shaped apertures allow substantially
one-way moisture vapour transference.

[00020] In some embodiments, frusto-conically shaped apertures are provided in an
effective number and array so as to allow effective moisture transference.

[00021] In some embodiments, the frusto-conically shaped apertures are also
formed through a portion of the closed-cell cavities.

[00022] In some embodiments, the reflective metalized polymeric insulation
material comprises an assembly comprising the reflective metalized bubble pack; a second
reflective metalized bubble pack with a first plurality of intervening bubble spacers

suitably located between the first and the second bubble packs so as to define at least one
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inner insulative air chamber between the first and second bubble packs. In some
embodiments, there is provided at least one insulative air chamber aperture for permitting
the transference of moisture vapour across the at least one inner insulative air chamber. In
some embodiments, the at least one insulative air chamber aperture allows substantially
one-way moisture vapour transference. In some embodiments, the at least one insulative
air chamber aperture is frusto-conically shaped.

[00023] In some embodiments, the frusto-conically shaped apertures are formed
through the first thermoplastic film and any adjacently located metalizing layer and a
plurality of apertures are formed through the second thermoplastic film. Furthermore, in
some embodiments, the second thermoplastic layer may have an adjacent second
metalizing layer where the apertures are also formed through the second metalizing layer.

[00024] In another aspect, there is provided a thermally insulative sheet for
surrounding an object or part thereof comprising a reflective metal polymeric bubble pack
insulation assembly. The reflective metal polymeric bubble pack insulation includes a
first thermoplastic film having a plurality of portions wherein each of the portions defines
a cavity and a second thermoplastic film in sealed engagement with the first thermoplastic
film to provide a plurality of closed-cell cavities. The thermally insulative sheet is further
characterized in having a plurality of frusto-conically shaped apertures suitably sized and
interposed between the closed-cell cavities such that the narrower dimension of each of the
frusto-conically shaped apertures is oriented distal to the object so as to effect transference
of moisture vapour through the frusto-conically shaped apertures from the object through
the thermally insulative sheet without substantial ingress of external air through the frusto-

conically shaped apertures. Each of the plurality of frusto-conically shaped apertures
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being defined by a proximal opening and a distal opening with a continuous perimeter
aperture wall extending therebetween. The frusto-conically shaped aperture wall is
substantially linear and inclined between the proximal opening and the distal opening such
that the proximal opening has a greater area than the distal opening and wherein within
any of the reflective metal polymeric bubble pack insulation having frusto-conically
shaped apertures, the narrower dimension of each of the frusto-conically shaped apertures
is oriented distal to the object or part thereof, in use.

[00025] In some embodiments, the bubbles have diameter of greater than % and a
height of greater than 3/16”. In some embodiments, the bubbles have a diameter of less
than 4" and a height of less than 3/16”.

[00026] In some embodiments, a reflective side of the reflective metal polymeric
bubble pack insulation assembly is oriented to face toward a surface of the object or part
thereof. Alternatively, in some embodiments, a reflective side of the reflective metal
polymeric bubble pack insulation assembly is oriented to face away from a surface of the
object or part thereof.

[00027] In some embodiments, the thermally insulative casing further comprises a
second reflective metal polymeric bubble pack assembly in communication with the
reflective metal polymeric bubble pack insulation and there is provided a first plurality of
intervening bubble spacers suitably located between the first and the second reflective
metal polymeric bubble packs so as to define at least one inner insulative air chamber
between the first and second reflective metal polymeric bubble packs. In some
embodiments, the reflective metal polymeric bubble pack insulation assembly further

includes at least one insulative air chamber aperture for permitting the transference of
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moisture vapour across the at least one inner insulative air chamber. In some
embodiments, insulative air chamber aperture is frusto-conically shaped.

[00028] In some embodiments, the frusto-conically shaped apertures are formed
through the first thermoplastic film and any adjacently located metalizing layer and a
plurality of apertures are formed through the second thermoplastic film. Furthermore, in
some embodiments, the second thermoplastic layer has an adjacent second metalizing
layer where the apertures are also formed through the second metalizing layer.

[00029] In further some embodiments, the invention provides a thermally insulating
sheet comprising a reflective metal foil or metalized polymeric thermally insulating
assembly or radiant barrier having:

(1) a first bubble pack having a first thermoplastic film having a
plurality of portions wherein each of the portions defines a cavity and a second
therrn;)plastic film in sealed engagement with the first thermoplastic film to provide a
plurality of closed the cavities; and

(ii) a second bubble-pack having a third thermoplastic film having a
plurality of portions wherein each of the portions defines a cavity and a fourth
thermoplastic film in sealed engagement with the third thermoplastic film to provide a
plurality of closed the cavities;

(iii) a metal foil or metalized layer or metalized thermoplastic film
interposed between and bonded to the first bubble pack and the second bubble pack;
and

(iv) a plurality of substantially one-way moisture vapour transference

apertures interposed between the cavities and/or through the cavities, and across the
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metal foil or metalized layer or metalized thermoplastic film, the moisture vapour
transference apertures being frusto-conically shaped apertures and defined by a
proximal opening and a distal opening with a continuous perimeter aperture wall
extending therebetween, the aperture wall being substantially linear and inclined
between the proximal opening and the distal opening such that the proximal opening
has a greater area than the distal opening; and wherein in use the frusto-conically
shaped apertures are oriented relative to an object surface as having the narrower
dimension of each of the frusto-conically shaped apertures is oriented distal to the
object or part thereof.
[00030] In further embodiments, the reflective metal foil or metalized polymeric
insulation material comprises an assembly including a first reflective metal foil or
metalized bubble pack and a second reflective metal foil or metalized bubble pack having
a first plurality of intervening bubble spacers suitably located between the first and the
second bubble packs so as to define at least one inner insulative air chamber between the
first and second bubble packs. At least one insulative air chamber aperture is provided for
permitting the transference of moisture vapour across the insulative air chamber in
substantially one direction. Furthermore, the insulative air chamber aperture may be
frusto-conically shaped; therefore, providing a radiant barrier.
[00031] The thickness and location of the insulative sheet, marterial or assemblies
may be selected dependent on the particular object to be insulated. A thickness of the
insulative layer material for insulating an object, for example, may be selected according
to the intended application use and environment where the object may be located.

[00032] In another aspect of the disclosure, there is provided an apparatus for forming
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a reflective metal foil or metalized polymeric thermally insulating assembly or radiant
barrier having moisture vapour transference properties. The apparatus comprises an
endless movable conveyor mold having surfaces defining cavities for receiving therein a ;
first film of thermoplastic material and a heater for heating the first film to a temperature
Just below a melting temperature thereof. A vacuum inlet is also provided in each cavity
for pulling a portion of the first film into each cavity. A first nip roller for melding and
bonding a second film of a thermoplastic material in a layered arrangement to the first film
so as to form bubbles and melding and bonding a first metal foil or metalized polyester
sheet to the second film is provided. Additionally, a second nip roller for melding and
bonding a third film of thermoplastic material, having melded and bonded thereto a second
metal foil or metalized polyester sheet, to the bubbles so as to form a metal foil or
metalized polymeric cavity-filled bubble insulation is provided. In some embodiments,
the second nip roller may have a plurality of projections for pre-forming frusto-conically
shaped apertures and/or apertures in the third film of thermoplastic material, having
melded and bonded thereto a second metal foil or metalized polyester sheet. In order to
provide frusto-conically shaped apertures in the spaces interposed between the bubbles
and/or through the bubbles, an aperture forming roller having a plurality of projections for
piercing the metal foil or metalized polymeric cavity-filled bubble insulation located about
the periphery is also provided. In some embodiments, the plurality of projections of the
second nip roller may be provided so as to make clusters of frusto-conically shaped
apertures at desired locations.

[006033] With reference to the apparatus noted above, the endless movable conveyor

mold and the aperture forming roller are synchronized such that the projections pierce only
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the desired areas, either through the spaces interposed between the bubbles and/or through
the bubbles, so as to provide a desired number and array of apertures per given unit area of
thermally insulating metal foil or metalized bubble-pack.
[00034] The projections may be heated or non-heated. Preferably, the projections are
needle-like in shape so as to form frusto-conically shaped apertures. The projections of the
second nip roller may be provided to form frusto-conically shaped apertures and/or
apertures.
[00035] In another aspect of the disclosure there is provided a method for forming a
reflective metal foil or metalized polymeric thermally insulating assembly or radiant
barrier having moisture vapour transference properties. The method including:
providing an endless movable conveyor mold having surfaces defining
cavities, placing a first film of thermoplastic material on the mold;
heating the first film to a temperature just below a melting temperature thereof,
providing a vacuum at each cavity to pull the film into each cavity;
providing a second film of thermoplastic material in a layered arrangement
onto the first film;
providing a first metal foil or metalized polyester sheet in a layered
arrangement onto the second film;
melding and bonding the second film to the first film to form bubbles and
melding and bonding the first metal foil or metalized polyester sheet to the second
film;

providing and heating a third film of thermoplastic material and a second
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metal foil or metalized polyester sheet melded and bonded together;
melding and bonding the third film to the bubbles so as to form a metal foil or
metalized polymeric cavity-filled bubble insulation; and
forming frusto-conically shaped apertures and/or apertures through at least
some of the spaces interposed between the bubbles and/or through a portion of the
bubbles.
[00036] The method preferably includes heating and pressing the second film to the
first film and the second film to the first metal foil or metalized polyester sheet and the
bubbles formed in the first film to the third film so as to effect bonding and melding.
Furthermore, the frusto-conically shaped apertures are formed at locations interposed
between the bubbles and/or through the bubbles with a heated or non-heated projection.
Preferably, the apertures are frusto-conically formed by piercing the reflective metal foil
or metalized polymeric thermally insulating assembly with a needle-like projection. In
some embodiments of the method, the method further comprises forming or pre-forming
apertures through the third film of thermoplastic material and the second metal foil or

metalized polyester sheet.

BRIEF DESCRIPTION OF THE DRAWINGS
[00037] In order that the invention may be better understood, preferred embodiments
will now be described by way of example only, with references to the accompanying
drawings wherein:
[00038] Figure 1 is a diagrammatic representation of an object having a reflective

metalized polymeric insulation material according to the invention located adjacent a
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surface;

[00039] Figure 2 is a diagrammatic perspective view of an insulating sheet (in part)
according to the invention;

[00040] Figures 3a, 3b and 4 are diagrammatic cross-sectional views through a
reflective metalized insulation bubble pack having an interposed aluminum foil or
metalized polymeric film with apertures for use in the practice of the invention;

[00041] Figure 4a is an exploded diagrammatic cross-sectional view of a portion of
Figure 4 showing insulative air chamber apertures;

[00042] Figures 5 to 16 represent diagrammatic, exploded sectional views of bubble
pack assemblies of use in the practice of the invention; and wherein the same numerals
denote like parts;

[00043] Figure 17 is schematic side view of an exemplary apparatus for producing
breathable reflective metalized insulation bubble pack assembly sheet;

[00044] Figure 18 is schematic side view of an exemplary apparatus for producing a
breathable reflective metalized insulation bubble pack assembly sheet;

[00045] Figure 19 is a schematic side view of section of an exemplary reflective
metalized polymeric cavity-filled bubble insulation assembly having apertures formed
therein which may formed by the schematically shown apparatus of Figure 17;

[00046] Figure 20 is a schematic side view of section of an exemplary reflective
metalized polymeric cavity-filled bubble insulation assembly having apertures formed
therein which may formed by the schematically shown apparatus of Figure 18;

[00047] Figure 21 is a plan view an exemplary reflective metalized polymeric cavity-
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filled bubble insulation assembly of Figure 20 showing apertures formed in a top side;
[00048] Figure 22 is a bottom plan view an exemplary reflective metalized polymeric
cavity-filled bubble insulation assembly of Figure 20 showing frusto-conically shaped
apertures formed in a bottom side;

[00049] Figures 23a to 23c are diagrammatic top plan views of exemplary
configurations of apertures located in various exemplary embodiments of the insulative
bubble packs of the instant disclosure;

[00050] Figure 23 is an exploded diagrammatic top plan view of a portion of Figure
23c showing apertures located through a bubble; and

[00051] Figure 23e is a cross-sectional view a pierced bubble of an embodiment of an

insulative bubble pack of the instant disclosure.

DETAILED DESCRIPTION
[00052] It should be understood that the invention is not limited in its application to
the details of construction and the arrangement of components set forth in the following
description or illustrated in the drawings. The invention is capable of other embodiments
and of being practiced or of being carried out in various ways. Also, it is to be understood
that the phraseology and terminology used herein is for the purpose of description and
should not be regarded as limiting. The use of "including," "comprising," or "having" and
variations thereof herein are meant to encompass the items listed thereafter and
equivalents thereof as well as additional items. Unless limited otherwise, the terms
"connected," "Bonded," and "melded," and variations thereof herein are used broadly and

encompass direct and indirect connections, bondings, and meldings. In addition, the terms
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"bonded" and "melded" and variations thereof are not restricted to physical or mechanical
connections or couplings. Additionally, unless otherwise noted, the term “metalized” is
used broadly to encompass “metals” (and vice versa), such as metal foils, metal
depositions, and the like. Furthermore, and as described in subsequent paragraphs, the
specific mechanical, other configurations illustrated in the drawings are intended to
exemplify embodiments of the invention. However, other alternative mechanical or other
configurations are possible which are considered to be within the teachings of the instant
disclosure.

[00053] Figure 1 shows generally at 1, an object having a reflective metalized
polymeric insulation material or sheet 2 according to the invention located adjacent a
surface 3 of the object. In some instances, the object may be a building having the
reflective metalized polymeric insulation material 2 according to the invention located
adjacent to an object surface 3 of the building.

[00054] With reference to Figure 2, this shows generally as 100, a double layer,
bubble-pack with an aluminum foil insulation assembly, thus forming a radiant barrier,
located adjacent to a surface 3. The double layer, bubble-pack with an aluminum foil
insulation assembly 100 shown in Figure 2, and other embodiments of the insulating
material disclosure herein for location adjacent an object 2 may be adhered to the surface 3
by gluing, mechanical fastening or other suitable means. The double layer consists of a
pair of bubble pack arrays 112, 114 bonded together through an intervening low-density
polyethylene film 160. Arrays, 112, 114 are formed of a plurality of bubbles 119 or sealed
cavities and spaces between the bubbles 118, from a 5-mil polyethylene film 116, 128,

respectively. In some embodiments, such as shown for example in Figures 20 to 22, and
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further described with relation to the exemplary apparatus of Figure 18, a predetermined
number of bubbles 119 may be delated from the array. In the area where the deleted
bubbles would have otherwise have been located in the bubble array, apertures 130 or 131
are provided and open to moisture to escape to the exterior. Each of films 116, 128, at
their outer surfaces, is bonded to a reflective metal foil or reflective aluminum foil 260,
280, respectively, to provide the whole assembly with external aluminum surfaces.
[00055] Assembly 100 has approximately twenty, 1 cm diameter, 0.5 cm high bubbles
per 30 cm length and breadth, given unit, within each of films 220, 240. However, in
some embodiments, a desired number of bubbles may be deleted or otherwise not formed,
as shown for example in Figure 20 to 22.

[00056] The aforesaid assembly 100 is made by a double hot roller thermal and
vacuum forming process for cavity forming and lamination sealing techniques known in
the art. Furthermore, a device for such a thermal and vacuum forming process is shown
in Figures 17 and 18, generally at 300, and is discussed below.

[00057] With reference to Figures 3a and 3b, these figures generally show at 200
composite double bubble-pack assemblies, thus forming a radiant barrier, according
embodiments of the invention, having a metal or aluminum foil 102 disposed between and
bonded to bubble arrays 112 and 114 formed as for example the assembly shown in Figure
2. Bubble layers 120 and 140 are encapsulated between polyethylene films 116 and 128,
thus forming exemplary arrays. Frusto-conical apertures 130 are provided as interposed
between the bubbles, as shown in Figures 3a and 3. In some embodiments, the frusto-
conical apertures 130 are provide through all layers, such as shown for example in figure

3a. However, in other some embodiments, such as shown in Figure 3b, apertures 131 are
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provided wherein, in use, apertures 131 are oriented away from the object surface 3. For
example, the frusto-conical apertures 130 may be provided so as to extend through spaces
118 between bubbles 119 and the aluminum foil 102. In some embodiments, such as that
shown in Figure 23c for example, the frusto-conical apertures 130 may be made through a
certain number of the bubbles 119, or in relation to Figures 20 to 22, where a certain
number of bubbles have been deleted from the array. In such embodiments, the frusto-
conical apertures 130 are pierced through both sides of the bubbles 119 such that moisture
vapour may pass therethrough. However, in some other embodiments, the apertures 131
may be pre-formed on layers in either a patterned array or clustered to so as to line up with
where bubbles 119 have been deleted or otherwise not formed in the array or as a uniform
pattern wherein some of the pre-formed apertures 131 are sealed by an underlying bubble
119 and other pre-formed apertures 131 are open to allow moisture vapour to escape in the
regions where the bubbles have been deleted, such as schematically shown in Figures 20
to 22. It should be noted that the number of frusto-conical apertures 130 and apertures
131, the size of the frusto-conical apertures 130 and apertures 131 as well as the array
pattern of the frusto-conical apertures 130 and apertures 131 provided in various
embodiments are dependent on the desired moisture transference across the frusto-conical
apertures 130 and apertures 131.

[00058] As indicated above, some the apertures are provided as a frusto-conical shape
so as to substantially provide one-way moisture transference; that being more moisture
egress than ingress across the insulative layer. In such instances the larger open end of the
frusto-conical aperture, as shown in Figures 3a, 3b, 4, and 19c, for example, is oriented

proximal the surface 3 of the object (also shown in Figure 19). The smaller open end of
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the frusto-conical aperture 130 is thus oriented toward the exterior of the object or distal to
the surface 3 in use. In providing frusto-conical apertures 130 are orientated relative an
object 1 with the narrower apex opening of the frusto-conically shaped apertures 130 are
oriented away from the object surface 3, a substantially one-way moisture vapour
transference aperture is provided. In some embodiments, apertures 131, such as shown in
Figures 3b and 20 to 22 are provided in at least the layer of the bubble pack assemblies to
be oriented, in use, away from the object surface 3. Apertures 131 may be pre-formed,
such as shown, for example, in relation to the apparatus of Figure 18 prior to completing
the lamination production of the bubble-pack assemblies 100 according to the various
embodiments disclosed herein. Furthermore, in forming apertures 131, these apertures
may be formed by, for example, the use of hot-needle melt, punching or other means so as
to produce apertures 131 as a simple hole with no angled side walls. Thus, apertures 131
differ from the frusto-conical apertures 130 in that the frusto-conical apertures 130 have a
proximal opening 133 and a distal opening 134 with a continuous perimeter aperture wall
extending therebetween, where the frusto-conical aperture wall 132 is substantially linear
and inclined between the proximal opening 133 and the distal opening 134 such the
proximal opening 133 has a greater area than the distal opening 134. For example, the
shape of the frusto-conical apertures 130 and the inclined sidewalls is generally shown in
Figures 3a, 3b, 6 and 20 to so as to provide a better understanding of the invention made
and this disclosed.

[00059] Aluminum foil 102 has a low emissivity value of less than 5% on each

surface to essentially eliminate heat transfer by radiation thus making it desirable for use
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in the reflective metalized polymeric insulative layer.

[00060] Each of the single bubble-pack layers 112, 114 provides both thermal
conduction and convection insulation, and, in combination with the aluminum surfaces,
excellent radiation insulation.

[00061] The composite bubble-pack 100 offers significant resistance to heavy loading
whereby appreciative non-breakage of the air bubbles is often found. Preferably, outer
layers 128 are made slightly thicker than inner layers 116 to better resist abrasion.
Additional water resistance or abrasion resistant films may be bonded, formed or
laminated to layer 128.

[00062] Further, in consequence that the composite assemblies of the instant
disclosure may have better thermal R-values than prior art assemblies, thinner or higher
insulative assemblies may be provided.

[00063] Figure 4 shows a bubble pack generally as 80 having a pair of insulative air
chambers 81 created by inner spacers 88 laminated to individual bubble packs 82, 84.
[00064] The assembly of Figure 4, for example, also has a plurality of external
spacers 83 adhered to outer layer 85 to define with layer 85, open cavities 87 which may
be located adjacent the object surface 3. Assembly 80 has a pair of aluminum laminate or
metalized films 92 adhered together. Additionally, in such an embodiment as shown in
Figure 4, frusto-conical apertures 130 as described above may also be provided so as to
extend across the pair a metalized films 92 such that the inner insulative air chambers 89
are thus placed in in fluid communication. In some embodiments, although not shown for
simplicity, the assembly of Figure 4 may be provided with apertures 131 in the various

layers not to be located adjacent the object 1, in addition to the frusto-conical apertures
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130.

[00065] Furthermore, with reference to Figure 4, in particular the exploded view
portion, Figure 4a, of an exemplary insulative assembly, the location of the frusto-conical
insulative air chamber apertures 130 are shown in alignment interposed in the spaces 118
between bubbles 119,

[00066] With reference to Figures 5 to 16 the following numerals denote the same
materials throughout the drawings, as follows with reference to various exemplary
metalized bubble-pack insulative layer arrangement’s:

12 - 48 gauge aluminum metalized polyester (PET) film;

14 - adhesive;

16 - 1.2 ml polyethylene film;

18 - 2.0 ml polyethylene film (bubbled);

19 — fabric layer

20 - 1.2 ml ethylene vinyl acetate-polyethylene film;

22 - 2.0 ml polyethylene film;

24 - aluminum foil;

26 - polyester scrim; and

130 — aperture.

[00067] Figures S, 6 and 13 show exemplary frusto-conical apertures 130, in
exemplary arrangements. It should be noted that Figures 5 to 16 are provided for the
purposes of detailing exemplary arrangements of the layers comprising the insulative
assembly. Although not shown in all figures, frusto-conical apertures 130 are placed, as

noted above interposed between the bubbles so formed so as to allow the substantially
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one-way passage of moisture vapour across the insulative assembly. In some
embodiments, although not shown in Figures 5 to 16 for simplicity, apertures 131 may be
additionally be provided on layers comprising the bubble-pack assemblies nearer the distal
openings 134 of the frusto-conical apertures 130, such as the relative location as shown in
Figure 20. Additionally, in some embodiments, so as to attain a desired number of
apertures for certain applications, a portion of bubbles 119 may be pierced on both sides
so as to increase the number of apertures 130 per unit area of the bubble pack and reduce
the number of insulative intact bubbles and thus allow substantially one-way moisture
vapour transference. Also, as noted above, in some embodiments, such as which may be
formed by the exemplary apparatus of Figure 18, a predetermined number of bubbles 119
and array thereof may be deleted from production of the bubble-pack assemblies or
otherwise not formed thus allowing for an increase in the number of apertures 130 per unit
area of the bubble-pack and reduce the number of insulative intact bubbles, thus allowing
substantially one-way moisture vapour transference.

[00068] The bubble pack layer is preferably of a thickness selected from 0.5 cm to
1.25 cm. The other polyethylene layers are each of a thickness, preferably, selected from 1
to 6 mls.

[00069] In another aspect of the disclosure, there is provided an exemplary apparatus
for producing reflective metalized polymeric insulation materials having apertures for the
substantially transference of moisture vapour therethrough. Furthermore, the frusto-
conical apertures 130 are formed so as to provide substantially a one-way moisture vapour
transference passage. With reference to Figure 17, there is provided an exemplary

apparatus for producing the reflective metalized polymeric insulation material, for
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example, that shown in Figure 9, although in the absence of the adhesive layer 14, which
may be optional. The frusto-conically shaped apertures 130 are not shown in Figure 9 for
simplicity. The apparatus, generally shown at 300, has an endless movable conveyor mold
shown generally as 310 into which a sheet of metalized polyester 12, a first sheet of
polyethylene film 16 and a second sheet of polyethylene film 18 are fed in a layered
arrangement and move in the direction as shown by A. A preheater (not shown) softens
the first sheet or layer of polyethylene film 16, and in some instances the second sheet or
layer of polyethylene film 18 to just below the melt temperature thereof, for example,
136°C to 140°C for polyethylene, so as to allow bonding of layers. The molds 310, made,
in some instances from aluminum, have a plurality of spaced apart elongate members 322
movable by means of terminal rotating cog and sprocket assemblies (not shown). Each of
the members 322 has portions defining semi-spherical cavities 324 intermittent along the
width of the member 322 and, in some instances, offset to adjacent cavities 324 on
adjacent members 322. Each of the cavities 324 has a passage 326 to provide suctional
forces on the softened film for pulling the film under suction onto the inside of the cavity
surface, by way of a vacuum pump (not shown).

[00070] A first nip roller 318 is located to apply pressure so as to bond and complete
the sealing of the metalized polyester film 12 to the first sheet of polyethylene film 16 and
also seal the first sheet of polyethylene film 16 to the second sheet of polyethylene film 18
once the bubbles 119 are formed, thus forming an intermediate portion of the reflective
metalized polymeric cavity-filled bubble insulation assembly 338 with enclosed bubbles
119.

[00071] The size, shape and arrangement of the cavities or bubbles 119 in the films
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may be as suitably determined by the skilled person. Furthermore, the temperatures used
to soften the polymeric films 16 and 18 as well as the film throughput rate can be readily
selected by the skilled person, however throughput rates of about 50 meters/minutes are
preferred in some embodiments.

[00072] Once the intermediate portion of the reflective metalized polymeric cavity-
filled bubble insulation assembly 338 is formed, as described for exemplary purposes
above, a third sheet or layer of polymeric film 19 and metalized polyester 12a are applied
to the curved side of the bubbles 119. The third layer of polymeric film 19 and a second
metalized polyester sheet or layer 12a enter the system substantially as shown in Figure 17
and move in the direction shown at B. A second nip roller 330 applies pressure so as to
bond the third layer of polyethylene film 19 having adhered thereto the second layer of
metalized polyester film 12a to the curved side of the bubble 119. At this stage preheater
(not shown) may be used, similar to that as noted above, to soften the polyethylene film
19, or films 16, 18 and 19, to just below the melt temperature thereof, for example, 136°C
to 140°C, for polyethylene, such that the metalized polyester 12a may be adhered thereto
and also to aid in adhering the polymeric film 19 to the curved side of the bubbles 119.
Once the third polymeric film layer 19 and the second metalized polyester layer 12a are
adhered, the reflective metalized polymeric cavity-filled bubble insulation assembly 338 is
completed, in the exemplary embodiment noted herein.

[00073] In order to form the frusto-conical apertures 130 between in the spaces 118
interposed between the bubbles 119, a frusto-conical aperture forming roller 332is
provided. In some instances, the frusto-conical aperture forming roller 332 is provided for

co-operation with the second nip roller 330 wherein a degree of pressure is provided
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between the second nip roller 330 and the frusto-conical aperture forming roller 332. The
frusto-conical aperture forming roller 332 has a plurality of projections 334a, which may
be heated, provided at locations about the circumference thereof for making frusto-conical
apertures 130 through at least some of the spaces 118. Although not shown, in some
embodiments, the projections may be aligned to pierce a portion of the bubbles. However,
in preferred embodiments the projections 334a are provided as non-heated, needle-like
projections which pierce through the layers of the reflective metalized polymeric cavity-
filled bubble insulation assembly 338 to provide apertures 130, as shown in Figure 17.
The needle-like projections 334a are preferred because when the projection pierces the
reflective metalized polymeric cavity-filled bubble insulation assembly 338 at the location
of the spaces 118 interposed between bubbles 119, substantially frusto-conical apertures
130 are formed. Such frusto-conical apertures 130 are preferred owing the property of
being able to provide a substantially one-way moisture vapour transference when the
reflective metalized polymeric cavity-filled bubble insulation assembly 338 is utilized
against a surface requiring substantially one-way moisture vapour transference.

[00074] With specific reference to the apparatus 300 shown in Figure 17, the endless
molds shown 310, the first nip roller 318, the second nip roller 330, and frusto-conical
aperture forming roller 332 move in a synchronized fashion such that as the reflective
metalized polymeric cavity-filled bubble insulation assembly 338 is produced, the
projections 334a are aligned with the spaces 118 interposed between the bubbles 119 so as
to form the apertures 130, while not piercing bubbles. Furthermore, projections 334b may

be provided in an array to produce clusters of frusto-conically shaped apertures 130, such
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as shown, for example, in Figure 22.

[00075] Turning now to Figure 18, as similar exemplary apparatus 302 to that shown
in Figure 17 is provided for producing reflective metalized polymeric insulation materials
having apertures for allowing substantially one-way transference of moisture vapour
therethrough. The apparatus generally shown at 302 functions similar to apparatus 300
discussed above. However, in apparatus 302, second nip roller 330 has a plurality of
projections 334b located abdut the periphery thereof for forming frusto-conical apertures
130 or apertures 131 in some of the layers, for example that comprising the second
metalized polyester layer 12a and the third polymeric film layer 19 prior to completing the
lamination of a reflective metalized O or apertures 131, or combination thereof produced
by projections 334b, are pre-formed in the layers, for example that comprising the second
metalized polyester layer 12a and the third polymeric film layer 19. Such a layer with pre-
formed the frusto-conical apertures 130 or apertures 131 may also be made and fed
through an apparatus 300 having a second nip roller 330 similar to that of Figure 17, that
being devoid of projections 334b. Figures 20 to 22 show an exemplary embodiment of a
reflective metalized polymeric cavity-filled bubble insulation assembly 338 made by
apparatus 302 where the frusto-conical apertures 130 or aperture 131 are pre-preformed.
In some embodiments, projections 334b be provided as heated needles or punches so as to
provide apertures 131, as discussed above. Furthermore, with reference to the apparatus
of Figure 18 and the embodiments shown in Figure 20 to 22 it may be desirable in some
embodiments to plug a certain number of the semi-spherical cavities 324 intermittent
along the width of the member 322, as shown schematically at plug 325 so as to inhibit the

suctional forces provided from a corresponding passage 326 from drawing in a portion of
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the polymeric film and producing a bubble 119 at the corresponding location, thus
resulting a deleted bubble, as noted above. The array and number of cavity plugs 325 may
be determined accordingly the needs and environment where the resultant bubble-pack
assembly it to be used and the amount of moisture transference required for a given
application. Alternatively, to providing plugs 325, the spaced apart elongate members 322
may be provided with an array of semi-spherical cavities 324 corresponding to desired
bubble pattern array. Both alternatives provide for a bubble array, such as that shown for
example in Figure 20 to 22 where a desired portion of bubbles 119 have been effectively
deleted.

[00076] With respect to embodiments, such as those discussed above in relation
apparatus 302 and plugs 325 for inhibiting suctional forces into certain ones of the semi-
spherical cavities 324 or the semi-spherical cavity 324 array alternatively discussed above,
the pattern of the projections 334a provided on the frusto-conical aperture forming roller
332 may be provided, and in preferred embodiments, such that the frusto-conical apertures
130 are formed in the areas where the bubbles have been deleted for example, as clusters.
Figures 22 to 22 shown an exemplary pattern of frusto-conical apertures 130 formed by
such a projection pattern provided to frusto-conical aperture forming roller 332

[00077] As shown schematically in Figure 19, a sectional side view of a formed
section of reflective metalized polymeric cavity-filled bubble insulation assembly 338 is
provided. In use the reflective metalized polymeric cavity-filled bubble insulation
assembly or radiant barrier 338 is oriented such that the side having the broader opening of
the frusto-conical apertures 130 is located adjacent an object surface 3 and thus the side

having the narrower apex opening of the frusto-conical apertures 130 is oriented away
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from the object surface 3. In such an orientation, the larger opening of the frusto-conically
shaped apertures 130 is thus oriented toward the object surface 3. Moisture vapour is
therefore permitted to pass through apertures 130 along a path denoted by the arrow C.
This is also shown in Figure 20, for exemplary purposes. Owing to the frusto-conical
shape, the passage of moisture is allowed to pass through the apertures in substantially one
direction only thereby reducing dampness as may be emitted from an object. Also, the
frusto-conical shape of the apertures reduces the transference of air, and vapours contained
therein, from the outside of the object 1 to the inside of the object, thus providing a net
insulative effect with means to allow moisture vapour to escape from inside the object.
[00078] Figures 20 to 22 show an exemplary embodiment of a section of a reflective
metalized polymeric cavity-filled bubble insulation assembly where a predetermined
number and array of bubbles 119 have been deleted or not formed. The number of formed
bubbles 119, and size thereof, may be determined as required for a given application. For
example, as shown schematically in Figure 21, every fourth bubble has been deleted or not
otherwise not formed. However, as noted above, the array of formed bubbles, as well as
the size of the frusto-conical apertures 130 and/or apertures 131 may be determined for a
given application so as effect substantially one-way moisture vapour transference. Figure
21 shows a top plan view of a section of a reflective metalized polymeric cavity-filled
bu