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1 
RECYCLABLE PAPER-CONTAINING 

PACKAGING WITH RADIANT BARRIER 

INSULATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present international application claims priority from 
and benefit of the U.S. Provisional Patent Application No. 
62/614,568 filed on Jan. 8, 2018, the disclosure of which is 
incorporated by reference herein. 

TECHNICAL FIELD 

Embodiments of the present invention relate to radiant 
barrier insulation configured for use in paper-containing 
packaging, where such packaging is intended and structured 
to be recyclable and/or recycled as paper, and, in particular, 
to such radiant barrier insulation in which a radiant barrier 
material is used to facilitate thermal insulation in packaging 
intended to preserve temperature sensitive food or pharma­
ceutical goods. 

SUMMARY 

Embodiments of the invention provide a recyclable pack­
aging that includes (i) a paper layer with first and second 
surfaces; (ii) a polymer layer with third and fourth surfaces, 
where the third surface is affixed to the second surface; (iii) 
an aluminum layer deposited on the fourth surface (here, the 
aluminum layer has a first thickness of 200 nanometers or 
less to cause emissivity of an outer surface of the packaging 

2 
mediate coating (where the aluminum layer has a first 
thickness of 200 nanometers or less and where the aluminum 
layer causes an outer surface of the packaging to have 
emissivity that is equal to or smaller than a first value of 

5 0.10). Such aluminum layer is characterized by becoming 
fully oxidized with no visible aluminum present in a recy­
clable material (suitable for manufacture of the recyclable 
packaging) that results from the packaging being subjected 
to a treatment that includes a) blending in a Waring Blender; 

10 b) disintegrating into water with a British Disintegrator at 
about 125 (±10) degrees F. at 3000 rpm; c) separating in a 
0.01 inch screen with a 1 inch water head for 20 minutes; 
and d) drying in an oven for 4 hours at 221 degrees F. In one 
implementation, the aluminum layer is disposed directly on 

15 the intermediate coating. In any implementation, the inter­
mediate coating may have a thickness between 10 nm and 
2000 nm and include a material selected from polymer and 
oligomer. In any implementation, the recyclable packaging 
may additionally include a protective coating over the 

20 aluminum layer (such protective coating having a second 
thickness of 1 micron or less, the second thickness being 
defined i) to maintain the emissivity of the outer surface of 
the packaging at the first value after the aluminum layer has 
been coated with the protective coating and ii) to prevent 

25 oxidation of the aluminum layer during normal use of the 
packaging, while the protective coating does not impede 
oxidation of the aluminum layer as a result of the treatment). 
Alternatively or in addition, the protective coating may 
include a material selected from wax, polymer, and lacquer 

30 and/or the polymer layer may include a material selected 
from low density polyethylene, high density polyethylene, 
polyethylene terephthalate, polypropylene, polyvinyl chlo­
ride, polyurethane, and polystyrene. In any embodiment, the to be equal to or smaller than a first value of 0.10). The 

aluminum layer is characterized by becoming fully oxidized 
with no visible aluminum present in (accepted for forming 35 
the recyclable packaging) material that results from the 
packaging being subjected to a particular treatment. Such 
particular treatment includes a) blending the packaging in a 
Waring Blender to form a first material; b) disintegrating the 
first material into water with a British Disintegrator at 125 
(±10) degrees F. at 3000 rpm to form a second material; c) 
separating the second material in a 0.01 inch screen with a 

polymer layer may be configured as a film or fabric. 
Embodiments of the invention additionally provide a 

method for thermally insulating a good within a recyclable 
packaging. The method includes placing a reflective insu­
lation material at a pre-defined proximity distance from the 
good, where pre-defined proximity distance is chosen to 

40 provide adequate thermal insulation to the good. In one 
embodiment, the reflective insulation material is used to 
wrap or otherwise enclose the good. In any embodiment the 
reflective insulation material includes the recyclable pack­
aging that contains: (i) a paper layer with first and second 

1 inch water head for 20 minutes to form a fourth material; 
and d) drying the fourth material in an oven for 4 hours at 
221 degrees F. In one embodiment, the recyclable packaging 
may additionally include a protective coating, over the 
aluminum layer, which has a second thickness of 1 micron 
or less. ( The second thickness is defined to maintain the first 
value of the emissivity of the outer surface after the alumi­
num layer has been coated with the protective coating and to 
prevent oxidation of the aluminum layer during normal use 
of the packaging, while the protective coating does not 
impede oxidation of the aluminum layer caused by the 
treatment.) Alternatively or in addition, the protective coat­
ing may include a material selected from: wax, polymer, and 
lacquer. In any embodiment, the polymer layer may include 
a material selected from: low density polyethylene, high 
density polyethylene, polyethylene terephthalate, polypro­
pylene, polyvinyl chloride, polyurethane, and polystyrene. 
In any embodiment, the polymer layer may include a mate­
rial selected from film and fabric. 

Embodiments of the invention additionally provide a 
recyclable packaging that contains (i) a paper layer with first 
and second surfaces; (ii) a polymer layer with third and 
fourth surfaces, wherein the third surface is affixed to the 
second surface; (iii) an intermediate coating applied to the 
fourth surface; (iv) an aluminum layer carried by the inter-

45 surfaces; (ii) a polymer layer with third and fourth surfaces, 
wherein the third surface is affixed to the second surface; (ii) 
an intermediate coating applied to the fourth surface; (iii) an 
aluminum layer carried by the intermediate coating, which 
aluminum layer has a first thickness of no more than 200 

50 nanometers to cause an outer surface of the packaging to 
have emissivity that is equal to or smaller than a first value 
of 0.10, and which aluminum layer becomes fully oxidized 
with no visible aluminum present in a material as a result of 
subjecting the recyclable packaging to a pre-defined treat-

55 ment. The pre-defined treatment includes a) blending the 
packaging in a Waring Blender to form a first material; b) 
disintegrating the first material into water with a British 
Disintegrator at 125 (±10) degrees F. at 3000 rpm to form a 
second material; c) separating the second material in a 0.01 

60 inch screen with a 1 inch water head for 20 minutes to form 
a fourth material; and d) drying the fourth material in an 
oven for 4 hours at 221 degrees F. 

Embodiments further provide a method for manufacturing 
a recyclable packaging, the method containing steps of 

65 attaching a polymer layer to a paper layer (here, an inner 
surface of the polymer layer is affixed to a first surface of the 
paper layer); depositing an aluminum layer on the polymer 
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layer (with the aluminum layer having a first thickness of 

200 nanometers or less and being configured to cause an 

outer surface of the polymer layer to have emissivity that is 

equal to or smaller than a first value of 0.10), which 

aluminum layer possesses a quality of becoming fully oxi- 5 

dized with no visible aluminum when the packaging is 

exposed to a treatment that includes: a) blending in a Waring 

Blender; b) disintegrating into water with a British Disin­

tegrator at 125 (±10) degrees F. at 3000 rpm; c) separating 

in a 0.01 inch screen with a 1 inch water head for 20 minutes, 
10 

and d) drying in an oven for 4 hours at 221 degrees F. 

Alternatively or in addition, the method may include a step 

of applying a protective coating over the aluminum layer 

(where the protective coating has a second thickness of 1 
15 

micron or less, and where the second thickness is defined a) 

to maintain the emissivity of the outer surface at the first 

value after the aluminum layer has been coated with the 

protective coating and b) to prevent oxidation of the alumi­

num layer during normal use of the packaging, while the 20 

protective coating does not impede oxidation of the alumi­

num layer as a result of the treatment. 

Embodiments additionally provide a method for ther­

mally insulating a good within a recyclable packaging. Such 

method involves placing a reflective insulation material in a 25 

pre-defined proximity with a good, the pre-defined proxim-

ity being suitably chosen to provide adequate thermal insu­

lation to the good, wherein said reflective insulation material 

comprises the recyclable packaging that includes: -a paper 

layer with first and second surfaces; -a polymer layer with 30 

third and fourth surfaces, wherein the third surface is affixed 

to the second surface; -an aluminum layer deposited on the 

fourth surface (where the aluminum layer has a first thick­

ness of 200 nanometers or less and where the aluminum 
35 

layer causes an emissivity of an outer surface of the pack­

aging to be equal to or smaller than a first value of 0.10, 

which aluminum layer is characterized with a property of 

becoming fully oxidized with no visible aluminum present 

in a material that results from the packaging being subjected 40 

to a pre-determined treatment. The pre-determined treatment 

is defined to include a) blending the packaging in a Waring 

Blender to form a first material; b) disintegrating the first 

material into water with a British Disintegrator at 125 (±10) 

degrees F. at 3000 rpm to form a second material; c) 45 

separating the second material in a 0.01 inch screen with a 
1 inch water head for 20 minutes to form a fourth material; 
and d) drying the fourth material in an oven for 4 hours at 
221 degrees F. 

4 
causes problems in related industries. Thus, there is a need 

for low-emissivity packaging material that is fully recy­

clable. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be more fully understood by referring 
to the following Detailed Description of Specific Embodi­
ments in conjunction with the not-to scale Drawings, of 
which: 

FIG. 1 is a graphical representation of the variations of 
optical density of Aluminum Polyester as a function of time, 
during simulated repulpability test conditions. 

FIG. 2 shows graphical and tabular representations of 
emissivity of Aluminum Polyester (PET) film as a function 
of the initial optical density of the film. 

FIG. 3 is a plot of the detectable lower limit of optical 
density of Aluminum in an Equivalent Black Area (EBA) 
test. 

FIGS. 4, 5, and 6 show various layers and combinations 
of layers of the fully recyclable low-emissivity packaging 
material. 

FIG. 7 presents graphical and tabular representations of 
changes in emissivity values for different types of coatings 
(Polymer, 201; Wax, 202) in relation to the thicknesses of 
such coatings. 

FIG. 8 contains plots illustrating changes in emissivity 
figure(s) as a function of thickness of protective coating 
layer(s) made of itemized materials. 

The sizes and relative scales of elements in Drawings may 
be set to be different from actual size and scales to appro­
priately facilitate simplicity, clarity, and understanding of 
the Drawings. For the same reason, not all elements present 
in one Drawing may necessarily be shown and/or labeled in 
another. 

DETAILED DESCRIPTION 

Embodiments of the invention address the problem(s) 
caused by inability of the related art to fully recycle a 
low-emissivity packaging material, and solve such 
problem(s) by using a specifically structured packaging that 
contains a particular aluminized polymeric film character­
ized by emissivity of equal to, or less than 0.10, yet is thin 
enough such that when the packaging material is subjected 
to the recycling process, what little amount of aluminum is 
present is "crumbled" and fully oxidized (and, as a result, 
does not affect the recyclability of the packaging material as 
a whole). Such specifically-structured aluminized polymeric 

BACKGROUND 

A variety of thermal insulation materials are used for 
perishable and other temperature sensitive goods. Common 
types of thermal insulation include rigid and flexible foams, 
bags or batts of fibrous materials, and reflective insulation. 
Reflective Insulation is any type of insulation intended to 
insulate against heat gain and heat loss by reducing, reflect­
ing, or not emitting radiant heat; this is accomplished by 
applying a low emissivity material, such as aluminum, to 
one or more surfaces. Simply incorporating a low emissivity 
material as part of the package could reduce the weight or 
dimensions of the total package, as compared for example to 
other types of insulation commonly used in packaging ( such 
as foams or bulk fibrous insulation). However, current 
methods and applications oflow-emissivity material impairs 
the recyclability of the total package, which understandably 

50 film may have an optional protective coating (which would 
be generally less than one micron in thickness) to protect the 
aluminum in the film from corrosion during the use of the 
packaging. However, this protective coating is judiciously 
configured to not raise the emissivity of the aluminized 

55 surface above the 0.10 value and, at the same time, to still 
allow for the aluminum material it covers to be removed in 
the repulping and recycling process such that the aluminum 
material in the stack of materials of the packaging is 
factually fully oxidized and corroded in the heat and at 

60 humidity levels used in the recycling process. It is this 
specific configuration that permits the aluminum of the 
packaging material to be included in the recycled portion of 
the packaging material. 

Repulping is the first stage in paper recycling. Features of 
65 the method employed for testing the repulpability of a 

paper-based containers are summarized in Part I of the 
document titled "The Voluntary Standard For Repulping and 
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accepted and the final product to be considered recyclable 
according to this test, no more than 15 of either kind of spots 
can be present (when visually observed) in an area that is 
equal to or greater than O .4 square mm. An inert material that 

Recycling Corrugated Fiberboard Treated to Improve Its 
Performance in the Presence of Water and Water Vapor", 
published by the Fibre Box Association (available at fibre­
box.org), the disclosure of which is incorporated herein by 
reference for all purposes. This test method is recognized in 
related industry-and, in particular, by the Fibre Box Asso­
ciation and Corrugated Packaging Alliance-and represents 
the commonly-used test, the exposure of a given container 

5 is both visually transparent (therefore resulting in no visu­
ally-recognized defects) and that does not adhere to paper 
material at 350 degrees F. (thereby preventing the formation 
of sticky areas in the mater material) would not be a cause 
for rejection, according to such test. 

Notably, practically all perishable or temperature sensi-
tive goods shipped in small volumes are shipped with the use 
of corrugated cardboard boxes, which are easily and com­
monly recycled. According to the "Advancing Sustainable 
Materials Management: 2014 Fact Sheet", for example, 

or packaging to which is required to be able to determine 
whether such given corrugated container or packaging can 10 
be classified as repulpable or recyclable. The first part of this 
test method addresses repulpability. In particular, a sample/ 
portion of the container is blended in a Waring Blender and 
disintegrated into water with a British Disintegrator at 125 
(±10) degrees F. at 3000 rpm, and separated in a 0.01" screen 
with a 1 inch water head for 20 minutes. The specimens of 
the resulting material are then dried in an oven for 4 hours 

15 published by the EPA (and available at epa.gov/facts-and­
figures-about-materials-waste-and-recycling/advancing­
sustainable-materials-management), cardboard boxes were 
recycled at a rate of 89 .5%, whereas PET plastic bottles were 
recycled at a rate of 31.2%, and HDPE plastic bottles were 

at 221 degrees F. to remove water. The dried weights (of 
what passes through the screen after such a treatment) is 
compared to rejects (or what is rejected by the screen). The 
material that passed through is considered/defined to be 
repulpable, implying that such material can be used, accord­
ing to industrial standards, to be reused/remade into paper at 

20 recycled at a rate of 29.5%, with other plastic materials 
being recycled at lower rates. In practice, few insulating 
products are as easy to recycle as a corrugated cardboard 
box. 

a mill. At the same time, the rejects that are left behind by 
the screen are considered to be the unusable waste and, 25 
generally, are rejected and sent to the landfill or otherwise 
disposed of. It is well recognized that in order for the 
container material to pass the first stage of this test, a portion 
of at least 85 weight-% of the total, overall amount of the 
initial container material has to be classified as repulpable. 30 

The second stage of the test involves the use of the 
accepted pulp for making paper. Here, using a Carver press 
at 350 degrees F. at 500 psi, the accepted pulp (sometime 
referred to as "accepts") is pressed together to form hand 
sheets, and the excess moisture is blotted away. Then several 35 
(often-three) hand sheets of the so-formed new paper are 
inspected for defects or "spots". This inspection is aided by 
TAPPI-developed test methods. TAPPI is a registered, not­
for-profit, international Non-Governmental Organization, 
see tappi.org, involved in research and development in the 40 
fields of pulp, paper, and packaging (such as corrugated 
fiberboard, flexible packaging, lamination, adhesives, coat­
ings and extrusion). This organization, among other things, 
develops and provides industry standards and test methods. 
Guidance for identifying spots include assessment of visu- 45 
ally-recognizable discoloration (according to TAPPI T-537 
and TAPPI T-563, incorporated herein by reference and 
available at tappi.org/Publications-Standards/Standards­
Methods/), and assessment of physical adhesion of a spot to 
pulp caused by melted plastic or "stickies" (according to 50 
TAPPI T-277, also incorporated herein by reference and 
available at tappi.org/Publications-Standards/Standards­
Methods/). 

For example, if a small amount of dirt or aluminum foil 
comes through the paper and makes its way into the pulp 55 
during the repulping phase, it could be made into paper, but 
could at the same time leave the paper with visual blemishes, 
and would be a cause for rejection of the final paper product. 
Alternatively, if a polymeric coating disposed over a paper 
layer is adhered to the pulp and makes it through the filter 60 
with the pulp during the repulping phase (in either a liquid 
form or in small enough pieces, for example), such piece of 
polymeric coating would be re-softened or re-melted in the 
paper-making process and could cause "sticky" areas or 
portions (referred to as "stickies"), in the newly-formed 65 
paper, that affect the physical properties of such paper. It is 
known in industry that for the newly-formed paper to be 

For the category of insulating products referred to as 
reflective insulation or radiant barrier, the thermal perfor­
mance is highly dependent on the surface emissivity. Emis­
sivity represents the ability for heat, provided by a given 
surface, to radiate from the surface into an adjacent air 
space. As used herein, the term emissivity ( of the surface of 
a material) is generally referred to the effectiveness of such 
surface in emitting energy as thermal radiation, that is as the 
material's ability to emit energy as IR radiation (and not 
visible light), in the range between about 700 nm and about 
1 micron wavelengths. Emissivity is commonly measured 
according to the test method discussed in ASTM C1371 
(available at astm.org/Standards/C1371.htm and incorpo-
rated herein by reference), for example with the use of a 
tabletop portable emissometer. The value of emissivity is 
stated as a number between O and 1, where O represents the 
case of emission of no radiant heat and 1 represents the case 
of emission of all radiant heat from a given surface. The 
higher the emissivity value, the more heat is emitted; and the 
lower the emissivity, the less heat is emitted. For the 
purposes of the product comparison, the emissivity of typi­
cal brown paper used in corrugated cardboard boxes has a 
value between 0.80 and 0.90, aluminized paper has an 
emissivity value between 0.10 and 0.50, aluminum foil or 
aluminized film with a polymeric film applied to both sides 
of such film has emissivity between 0.20 and 0.70, and 
aluminized polymeric film without any protection over the 
aluminum has emissivity between 0.03 and 0.05. When 
insulating an object with a low emissivity surface facing the 
air space, the lower the emissivity of the surface, the better 
quality of the insulation. The ASTM C1313 (available at 
astm.org/Standards/C1313.htm and incorporated herein by 
reference) is the industry standard specification for a radiant 
barrier, and defines a radiant barrier as a material having an 
emissivity of 0.10 or less, used in the construction of an 
insulating system. (There currently appears to be no maxi­
mum value of emissivity for a material to be called a 
reflective insulation.) 

The sizes of the air spaces, formed during the insulation 
of a given workpiece or good, also makes a difference for the 
quality of insulation of the workpiece of good. During the 
propagation of heat flow through a given air space, a certain 
percent of heat travels (is transferred) with moving air ( or 
via convection), and a certain percent of heat propagates in 
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the form of infrared radiation. When the heat is transferred 
downward, convection is minimized and the predominant 
means of heat transfer is radiation. In this case, the larger the 
air space between the packaging and the good, the better the 
quality of insulation. Circumstances change, however, when 
the flow of heat is directed upward or sideways, as convec­
tion in this case has a greater impact. In these cases, practical 
balance must be found in that a sufficiently large air space 
(between the container or wrapper and the workpiece or 
good, which this container/wrapper protects) should be 
identified the size of which is, nevertheless, is judiciously 
limited to not allow for easy air movement inside the air 
space. In Chapter 26, Table 3 of the Handbook of Funda­
mentals by America Society of Heating, Refrigerating, and 
AirOConditioning Engineers, or ASHRAE (available at 
ashrae.org/technical-resources/ ashrae-handbook/ ashrae­
handbook-online ), which is incorporated herein by refer­
ence, insulation values are provided for differently sized air 
spaces (ranging from½ inch to 3.5 inches) and at different 
temperature settings, with surfaces of varying emissivities 
(from 0.03 to 0.82). In Table 1 of that document, surfaces 
with emissivities of 0.05 and 0.20 are given as examples of 
"reflective" and 0.90 is called out as an example of "non­
reflective" surfaces. According to ASHRAE, a ¾ inch air 
space has a greater overall insulation value than a ½ inch air 
space for upward and sideways heat flow, but at 1 inch of 
space the insulation value diminishes. When it comes to 
insulated packaging and shipping, air spaces may conceiv­
ably be smaller than ½ inch, and multiple insulated liners 
could be used. 

A person of skill in the art will readily recognize that a 
variety of different products may be used to reduce the 
emissivity of a given surface. The use of aluminum foil, for 
example, is a common approach, as aluminum foil is rela­
tively inexpensive. Aluminum foil has very low mechanical 
strength, but is easy enough to handle when laminated to 
paper. In the lamination process, a foil with thickness of 6 to 

8 
sputtering or electron beam evaporation, a low emissivity 
aluminum layer is applied to a paper. Since the amount of 
aluminum applied using this method is miniscule (200 
nanometers or less in thickness), the weight of the aluminum 

5 layer is insignificant compared to the weight of the paper 
products. Therefore, it is generally assumed that when 
aluminized paper is submitted for repulping, it is easily able 
to meet the requirement that at least 85% is made into usable 
pulp, and that the exact weight of the aluminum is practi-

10 cally umneasurable in the confines of the repulpability test. 
Since these papers may generally contain clay coatings, 
lacquer coatings, printed inks, and other materials that could 
contribute to a failure from "spots" or "stickies" in the 
recyclability test, the ratio of non-paper to paper products is 

15 minimized, aluminum included. Since the paper generally 
does not have a smooth, planar surface, the emissivity of the 
paper surface does not reach as low a value as that of 
aluminum foil. Depending on the type of paper, the amount 
of moisture in the paper, roughness of the paper surface and 

20 some other factors, we measured the emissivity of alumi­
nized paper samples to be between 0.50 and 0.10. In fact, 
ASHRAE lists "Aluminum coated paper, polished" as hav­
ing an emissivity of 0.20. Understandably, lower values of 
emissivity are always preferred for reflective insulation, and 

25 a range in emissivity values that large, and with emissivity 
values still not qualifying it as a radiant barrier, aluminized 
paper leaves much to be desired. Combined with the fact that 
paper naturally contains a certain amount of moisture and 
that the aluminum may be uncoated or unprotected, the 

30 aluminized paper remains susceptible to corrosion in the 
presence of steam or condensation, which may occur in the 
normal use of packaging perishable goods. All in all, while 
aluminized paper may arguably present a better (from the 
point of view of repulpability and recycling) option than 

35 paper with aluminum foil laminated on it, the operational 
properties of the aluminized paper are substantially sacri­
ficed to achieve such improved repulpability/recycling prop­
erties. 18 microns is commonly preferred in industry (as at these 

thicknesses, the aluminum foil has some protection against 
oxidation and corrosion when exposed to high heat and 40 
moisture). Aluminum oxide develops on the outermost layer 

Yet another material that can be considered to achieve low 
emissivity is a metalized polymeric film. Notably, because 
such film is not paper itself, it simply cannot be repulped for 
paper recycling, and instead must be separated from the 
paper to which it is affixed, beforehand, to allow the remain­
ing paper portion to be recycled. The aluminum or other 

of the foil, but only in a "skin layer" of it----down to tens of 
nanometers at the thickest-and typically does not propa­
gate deeper into the body of the foil. As a result, after the 
initial value of the foil's emissivity (of 0.03 to 0.05) 45 
increases to about 0.08 to 0.12, the value of emissivity of the 
oxidized surface of the aluminum foil remains relatively 
constant and stable. 

Another industrial test, ASTM D3310 (the description of 
which is available at astm.org/Standards/D3310.htm and is 50 
incorporated herein by reference), is used to test resistance 
of a material to corrosion, and is specifically called out as the 
preferred test for a radiant barrier per ASTM C1313. (Emis­
sivity testing after corrosion resistance testing is one method 
of testing, but the ASHRAE Handbook, Chapter 26, Table 2, 55 
specifically calls out a few specific surfaces and materials, 
including bright aluminum foil as having an emissivity of 
0.05 and aluminum sheet as having an emissivity of 0.12.) 
A recognized disadvantage to using an aluminum foil in an 
insulating packaging container is that the aluminum foil is 60 
very difficult to remove from the paper if such a container is 
to be repulped or recycled. In particular, the aluminum foil 

metal can be applied to a film by vacuum deposition, like 
sputtering or electron beam evaporation (by analogy with 
the process of formation of the aluminized paper), but the 
higher figure of flatness of the surface of the film facilitates 
the achievement of lower emissivity value even at thick­
nesses of metallic material of 200 nanometers or less. For 
example, it was empirically shown in one of our studies that 
the aluminized polyethylene terephthalate film can achieve 
an emissivity value of 0.03, while the aluminized low 
density polyethylene film can achieve an emissivity value of 
0.05. The advantage of using a polymeric film for intended 
purposes is that such film contains little to no moisture, can 
be coated onto the chosen surface prior to metallization to 
further smooth the surface, and the metallic material can 
even be further covered with a coating or film after metal­
lization to further protect it from corrosion. A light top 
coating, less than one micron, may increase the emissivity 
over the level of 0.03 but still keep it below 0.10, while a 
thick 6 micron to 24 micron polymer film laminated over the 
aluminum can increase the emissivity to 0.20 to 0.70 (de-

is so soft that it can and often does break apart or crumble, 
and its crumbs or particles make their way into the paper 
pulp. 

The use of aluminized paper is considered to be another 
approach. Here, using a vacuum deposition process, such as 

65 pending on the film thicknesses and types of polymers). (As 
a comparison, plain brown kraft paper has an emissivity of 
0.80, and regular glass has an emissivity of 0.84.) If a 
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metalized film is going to be coated for corrosion protection 
though, the coating must be thin enough for it to not absorb 
significant radiant heat and significantly increase the emis­
sivity. 

There are a few metalized film products on the insulated 5 

packaging market. One such product is a low density poly­
ethylene bubble packaging material with an aluminized 
polyethylene terephthalate film facer on one or both sides, 
making an insert, pouch, or envelope to contain perishable 
goods. One challenge with this product is that it is a mixed 10 

polymer. The Society of the Plastics Industry (SPI) Resin 
Identification Code and ASTM D7611 (available at ast­
m.org/Standards/D7611.htm) put mixed polymers in the 
category of"other", numbered with a 7. Blue Apron explains 
says their bubble liner is "fully recyclable" but as a category 15 

7, would be very difficult to recycle and would often be 
excluded from recycling streams altogether, ending up in the 
landfill. It can vary by the community to community whether 
or not it can be collected and how it can be handled. The 
State of California has a "CA Cash Refund" program in 20 

place to take such items, but other states do not. 
An example of a product that advertises sustainability and 

uses a reflective insulation is a box liner called "northbox" 
made by Cascades Inc. Each wall of the liner includes two 
aluminized layers, each between two layers of polymeric 25 

films, with each of those polymeric film/aluminum/poly­
meric film layer structure separated by a honeycomb paper 
structure, and the entire assembly is inserted into the shipper 
box. The Cascades Inc. describes the reason for applying a 
polymeric film to both sides of the aluminum as "eliminating 30 

the risk of crumbling in the pulp during the recycling 
process", similar to the problems incurred with aluminum 
foil/paper laminates described above. As was already 
alluded to above, however, thin aluminum is especially 
vulnerable when exposed to water and humidity and cor- 35 

rodes easily if not adequately protected. The polymeric film 
on both sides of the aluminum serves dual purposes of both 
preventing the aluminum from crumbling off and getting 
into the pulp in the recycling process, and preventing 
corrosion that might occur with an unprotected aluminized 40 

film in use during the life of the packaging product. A benefit 
to the "northbox" product is that it is described as being 
"pulper-safe" and is illustrated in the Cascade's literature as 
the film/aluminum/film assembly being fully removed in the 
pulping process without the aluminum ever making its way 45 

into the pulp. There are two problematic issues with a 
Cascade's product and similar products, however. First, the 
polymeric films used to protect the aluminum dramatically 
increase the emissivity, resulting in a product that-while 
being reflective to visual light-is not nearly as heat- 50 

reflective as bare aluminum, and simply does not qualify as 
a radiant barrier. Second, the films add additional plastic 
weight, which when processed at the paper recycling mill, is 
additional waste destined for the landfill instead of being 
repulped. The ratio of weight of paper to weight of non- 55 

paper in a product is one factor in determining if a product 
can be called repulpable or recyclable as paper. 

When a radiant barrier/reflective insulation is to be 
repulped and recycled as paper, the preferred/ideal product 
or material from which such radiant barrier/reflective insu- 60 

lation is made would be one in which: 
The emissivity of at least one surface is 0.10 or less for 

optimum performance; 

10 
reasonably be expected to be subjected to during ship­
ping. For example, if the material is on the inside of a 
cardboard box and the goods being insulated are within 
that box, the normal use would be having that box ship 
across the country. Whereas, if the material is not on the 
inside surface of the box, but instead located as an 
insert within the box, then the outside box may provide 
additional protection from the elements, from tempera­
ture variations, from humidity, etc. If the material is 
instead configured as a mailer or envelope, then it may 
not be protected as well as if it were in a box. 

The process of protecting the aluminum in the material or 
product does not result in excess ratio of the weight of 
the protective layer to paper, so as to more easily meet 
the 85%/15% ratio of repulped material to rejected 
material when tested according to the "The Voluntary 
Standard For Repulping and Recycling Corrugated 
Fiberboard Treated to Improve Its Performance in the 
Presence of Water and Water Vapor" repulpability test. 
Additionally, the protective layer should be sufficiently 
thin to maintain the desired emissivity of the aluminum 
surface of the material, and be sufficiently thick to 
prevent oxidation of the aluminum surface during nor­
mal use of the packaging, but does not impede oxidi­
zation of the aluminum surface as a result of the 
treatment. The amount of protection the protective 
layer or coating needs to provide will depend on the 
products normal and expected use. Overall, the protec­
tive coating needs to ensure that the outer surface of the 
material used for packaging maintains the required 
emissivity; 

Any material that does make it through the repulping 
process is able to be made into paper without excess 
"spots" or "stickies" per "The Voluntary Standard for 
Repulping and Recycling Corrugated Fiberboard 
Treated to Improve Its Performance in the Presence of 
Water and Water Vapor" recyclability test. 

While flakes, specs or spots of reflective material would 
certainly contribute to a product's disqualification in the 
recyclability portion of the test, we discovered surprisingly 
that the use of a very thin coating over the aluminum as 
protection against corrosion (as opposed to the use of an 
aluminum foil or a aluminized layer encapsulated within 
polymeric film) allows to maintain the low level of emis­
sivity while offering the protection against corrosion and, at 
the same time, minimizing the weight of a portion of the 
material that is unable to be made into usable pulp. Because 
the thickness of the aluminum used in an embodiment of the 
invention is so thin, any aluminum that does make it into (is 
processed into) the accepts portion produced by the repulp­
ing process ends up being fully oxidized and corroded in the 
heat and humidity levels used in the process. Aluminum 
oxide is visually transparent, when observed with the human 
eye (that is, substantially not visible or not visually-perceiv­
able ), and thus, for the purposes of this disclosure and the 
claims, the aluminum is considered fully oxidized when the 
aluminum is substantially transparent instead of silver­
colored, for example. Using an optical densitometer, the 
optical density of the aluminum can be measured. Optical 
density is a measurement of transparency/opacity of the 
material, and is often defined as the logarithmic ratio of the 
radiation incident on the material to the radiation transmitted 
by the medium (at a given wavelength). Since aluminum 
oxide is transparent and un-oxidized aluminum has varying The aluminum present in the preferred material is pre­

vented or protected from corrosion or otherwise 
unlikely to corrode in normal use, where the normal use 
is defined as the conditions that the product could 

65 opacity depending on its thickness, the aluminum is con­
sidered to be transparent, for the purposes of this disclosure, 
when the optical density (OD) is less than 0.09. This 
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threshold value was determined based on the following 
observations. Bright white paper or pulp, which would result 

1359444/tappi-t-53 7, 

1682094/tappi-t-277, 

9918295/tappi-t-563, 

reference herein.) 

12 
standards .glo balspec .com/std/ 

and standards.globalspec.com/std/ 

respectively, and is incorporated by in aluminum sticking out the most, had a maximum of 253 
lumens, a minimum of 219 lumens, and a mode of 248 
lumens. According to TAPPI T-563, the software will count 5 

as a spot anything darker (lower) than 30 lumens below the 
chosen mode. This means that while darker areas may be 
detected, they are not counted if they are close enough in 
optical properties to the background. In this case, 30 below 
the mode would be 218 lumens. 

In one case, a sample of bright white paper with a gradient 
of aluminum (analyzed according to TAPPI T 563) had a 
brightness of a maximum of 251 lumens, a minimum of 168 
lumens, and a mode of 24 7 lumens. This sample allowed the 
software to plot a curve of the areas 30 below the mode. By 
looking at the curve on the identical film sample, we could 
determine that the average optical density across the curve 
was 0.092. Since the accuracy of the a typical optical 
densitometer is limited at about 0.001, the performed mea­
surements allowed us to conclude with confidence that the 20 

optical density of aluminum required to pass the TAPPI T 
563 test should be less than OD 0.09. 

Specifically, according to the TAPPI T 563 method, a 

scanner is used to analyze the EBA (equivalent black area) 

or a dark-colored area on a background of white paper or 

pulp. Since un-oxidized aluminum is silver-ish or grey-ish in 

color, and oxidized aluminum is substantially colorless and 
10 

transparent, the aluminum content of the embodiment of the 

invention is judiciously chosen such as to be fully oxidized 

(-oxidized to the extent beyond the limits of the registration/ 

detection capability of the used scanner to recognize such 

15 
aluminum content as "spot(s)". To this end, FIG. 3 demon­

strate a graphical representation of the empirically-deter­

mined detectable lower limit of optical density of aluminum 

in an EBA test. 

Contrary to the prevailing, in related industry, opinion that 

Aluminum is likely not the only material that would 

provide a low level of emissivity in use while remaining 

visually transparent and not pulp-adhering after repulpabil­

ity and recyclability testing, but aluminum would likely be 
the most practical in use. For example, silver or indium tin 
oxide could also satisfy the requirements of the present 

25 embodiment, but would likely be prohibitively expensive as 
compared to aluminum. 

an aluminum component of the radiant barrier or reflective 
insulation (as well as other non-paper products) must be 
prevented from being collected in the pulp for fear of 
contamination of the paper in the paper repulping and 
recycling processes, small amounts of aluminum are both 
undetectable and harmless to the paper being made. We have 
empirically found that actually allowing and not actively 
preventing small amounts of aluminum to enter the pulp is 
not detrimental to the process, and is a way of allowing a 
paper-containing radiant barrier material to be recyclable as 
paper. This result is achieved, according to an implementa­
tion of the idea of the invention, because the present 
aluminum is allowed to fully oxidize at the temperatures and 
humidity levels used in the test. The resulting aluminum 
oxide is transparent in visual "spot" testing and does not 
adhere to pulp in the mechanical "stickies" testing. To this 
end, FIG. 1 illustrates the optical density of Aluminum 40 

Polyester during simulated repulpability test conditions. 
Here, the reference numeral 101 indicates the graphical line 
for aluminum polyester with an initial optical density of 1.00 
and reference numeral 102 indicates the graphical line for 
aluminum polyester with an initial optical density of 2.00. 45 

As the aluminum material corrodes, the optical density falls. 
FIG. 2 shows a graphical and tabular representation of the 
emissivity levels of Aluminum Polyester (PET) film as a 
function of the initial optical density of the film. As alumi­
num material corrodes, and the optical density falls, a new 50 

(current) value of emissivity can be assessed based on the 
new (current) value of the optical density. The linear fit 
allows for extrapolation of an optical density value for a 
target emissivity value along the fit line. 

Implementation of the present idea includes the use of an 
aluminized polymeric film-either with a coating less than 
about one micron in thickness to protect the aluminum from 

30 corrosion in use and not raise the emissivity of the alumi­
nized surface greater than 0.10, or with no coating at all if 
it is not required for normal operation of a packaging 
article-to keep the emissivity as low as possible. The 
various layers and combination oflayers are shown in FIGS. 

35 4, 5, and 6. 

Appendix B of the "Voluntary Standard for Repulping and 55 

Recycling Corrugated Fiberboard Treated to Improve Its 
Performance in the Presence of Water and Water Vapor" 
( available at corrugated.org/wp-content/uploads/PDFs/Re­
cycling/and incorporated herein by reference) discusses 
causes for rejection of the pulp. Once the pulp is produced, 60 

"spots" are evaluated. There are three methods it specifically 
calls out to identify "spots": TAPPI T 537 is a dirt count 
estimator, TAPPI T 277 is a method of identifying a sticky 
substance that adheres to the pulp, and TAPPI T 563 uses 
image analysis to measures visual discoloration over an 65 

area. (The description of each of these methodologies is 
available, for example, at standards.globalspec.com/std/ 

The embodiment 400 of FIG. 4 contains a paper layer 410 

with a first surface 411 and a second surface 412; a polymer 
layer 420 with a third surface 423 and a fourth surface 424, 

where the third surface 4233 is affixed to the second surface 
412; and an aluminum layer 430 is deposited on the fourth 
surface 424. The corrugation sub-layer of the paper layer 
indicated between the surfaces 411, 412 with the line 413, is 
generally optional. 

FIG. 5 shows a related structure 500, which, in compari­
son with the structure 400, additionally contains a protective 
coating 5 over the aluminum layer 430, where the coating 
layer 510 is generally less than one micron in thickness. 

Similarly, FIG. 6 shows a structure 600 that additionally 
includes a second coating layer 610 disposed between the 
polymer layer 420 and the aluminum layer 430. 

Each of these various layered structures 400, 500, and 600 

is configured to ensure that the aluminum-containing portion 
of the structure is removable during the repulping and 
recycling process, while the aluminum material on the 
aluminized film is actually allowed to "crumble" into the 
pulp as the blender and disintegrator scratches, scrapes and 
otherwise removes and separates the paper products from 
the non-paper products, thereby facilitating the propagation 
of the aluminum material towards and into the accepts area 
for the pulp-against the conventional wisdom of keeping 
non-paper components and/or materials out of the pulp. 
Overall, the result will be a material product configured such 
that achieves a degree of insulation comparable or better 
than that of a reflective insulation and that does, when 
applied to a paper product or component, increase the 
probability of the final, multilayer product being repulpable 
and recyclable as regular paper. 
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requirement that must be met by a radiant barrier. Because 
the copolymer is a thermoset and not a thermoplastic, it does 
not soften, melt, or contribute to "stickies" when subjected 
to testing at 221 F at 10 0% RH for 4 hours, per the 

It was empirically found that there are two requirements 
that any coating covering the aluminum material of an 
embodiment of the invention would need to meet. First, such 
coating has to be such that the coated aluminum material 
meets the appropriate emissivity requirement to be consid­
ered a radiant barrier, (in other words, to demonstrate 
emissivity ofless than or equal to 0.10 when tested to AS TM 
C 1371). FIG. 7 shows how the emissivity of different types 

5 "Voluntary Standard For Repulping and Recycling ... " and, 
therefore, passes the required test. 

of coatings change in relation to the thicknesses of the 
coatings, where the polymer graph line is indicated with 
reference numeral 701, and the wax graph line is indicated 
by reference numeral 702. 

Examples of a reflective insulation packaging product 
comprising an embodiment of the present invention are 
various and diverse, and some of such examples are listed 

10 below: 

Second, the coating must pass the TAPPI T 277 test 
method, as called out in the "Voluntary Standard For 
Repulping and Recycling Corrugated Fiberboard Treated to 15 

Improve Its Performance in the Presence of Water and Water 
Vapor" to detect sticky "spots" which would be cause for 
failure of the standard. For example, during the deposition of 
fischer tropsch wax (with a 221 F melting point) onto an 
aluminized film with an initial emissivity of 0.0 3 (empiri- 20 

cally obtained as a result of testing according to the require­
ments of ASTM C 1371), as the thickness of the wax 
increases from 0.14 microns to 1.0 5  microns, the emissivity 
does not increase or otherwise change abruptly, only reach­
ing the value of 0.06 when the wax-coating thickness 25 

reaches 1.0 5  microns. However, the 1.0 5  micron thick wax 
is believed to be too thick a layer to pass the "Voluntary 
Standard for Repulping and Recycling Corrugated Fiber­
board Treated to Improve Its Performance in the Presence of 
Water and Water Vapor", because the presence of the wax 30 

material resulted in "stickies" when tested according to 
TAPPI T 277. 

It was discovered that, in order to comply with the 
"Voluntary Standard for Repulping and Recycling .... ", the 
layer of wax should be less than 0.70 microns thick. A 35 

sample with a 0.7 micron thick layer of deposited wax was 
subjected to testing according to the TAPPI T 277 test 
method. It will be appreciated that a given product can fail 
the TAPPI T 227 (the "stickies" test) in one of two ways: if 
a stickie spot count is greater than 15, and if the spot counts 40 

are greater than 30% of the control group. Since the results 
of the conducted test demonstrated on an average just one 
spot per sheet, it was concluded that, when the thickness of 
this type of coating is chosen to be less than 0.7 microns, this 
coating does not contribute to generation of the defects 45 

resulting in rejection of the material from the repulpability/ 
recyclability point of view. If a control figure of merit is set 
at zero spots per sheet, even one per sheet would result in 
failing the test, so keeping the thickness of the wax coating 
under 0.7 micron would result in satisfying (meeting) the 50 

"Voluntary Standard for Repulping and Recycling ... ". To 
this end, FIG. 8 contains a table illustrating the number of 
"stickies" defects empirically determined when various 
embodiments of the invention containing coatings made of 
materials listed in this table were tested according to TAPPI 55 

T 277. 

A box liner with the thin coated aluminized film facing 
outward, designed in such a way that when fold and 
closed has tabs or flanges between ½ and ¾ inches, 
protruding out from all six sides so that when inserted 
into a corrugated shipper box, the coated and protected 
metalized film is facing into air spaces between ½ and 
¾ inches; 

A standard box with thin coated aluminized film on the 
outside of the entire box, designed to fit inside a slightly 
larger box with separate spacers between the inner and 
outer box; 

A single panel of corrugated paper or cardboard with thin 
coated aluminized film on one side, designed to fit 
snugly inside a box containing goods where the height 
of the goods does not reach all the way to the top of the 
box, and the panel can be inserted with the coated 
metalized film facing into the above air space; 

A standard box where the inside of the box is lined with 
a thin coated aluminized film, where the goods do not 
completely fill the box and an air space is created by the 
size and shape of the goods themselves in relation to the 
walls of the box. 

Examples of normal use of the embodiments of the 
packaging product of the present invention are substantially 
dependent on the type of good that is shipped in such 
packaging product. In one example, if the good is perishable 
food that needs to remain fresh, the good may require to be 
at 40 degrees F. on the interior of the packaging while the 
exterior may be at the ambient in the summer, and while the 
good would need to maintain its temperature anywhere from 
24 to 72 hours ( depending on the mode of shipping). On the 

other hand, if the good is a frozen perishable good, then the 
internal temperature (in the container or packaging) could be 
required to be anywhere from 0° to 32° F. If the good is
candy or chocolate, then the temperature inside the packag­
ing would be above 32° F. but below 65° F. If the good is a
pharmaceutical, then it may be subject to its own unique 
temperature requirements. 

Specific examples of normal use include, but are not 
limited to, the following examples: 

( 1) A recyclable cardboard radiant barrier box liner is
made with the aluminum surface facing into an airspace 
between the cardboard liner and the cardboard box. The liner 
is packaged with 12 lbs. of dry ice and 10 lbs. of frozen beef. 
The frozen beef starts off at -5° F. and the dry ice at -10 9° 

F. The box is shipped through a standard ground service
from Los Angeles to Phoenix ( 48 hours), in the middle of
July, when the outside temperature is approximately 75° F.
in Los Angeles and 110° F. in Phoenix. The added conden-

Another example of a protective coating would be a 
radiation-cured acidic acrylic copolymer. This copolymer, 
when deposited onto an aluminized film with an initial 
emissivity of 0.0 3, behaves very different from the wax. As 
the thickness of the copolymer is increased from 0.20 
microns to 1.5 5  microns (see curve 701 of FIG. 7), the 
emissivity of the so-coated aluminized film rises at a sig­
nificantly greater rate than in the case of the wax-coated 
aluminized film ( compare with the curve 702). At a polymer 
thickness of 0.98 microns, the coated surface has emissivity 
of 0.12 and, therefore, no longer meets the emissivity 

60 sation created by the dry ice may cause an aluminum portion 
of the packaging to corrode if not coated, so a protective 
polymer or wax coating may be necessary. Either the recy­
clable liner itself must be able to insulate against the 
temperature difference between the goods and the outside 

65 air, or else additional insulation would preferably be used 
(such as foam, cellulose insulation, or perhaps a second 
recyclable radiant barrier box liner). 



US 11,072,148 B2 

15 
(2) A recyclable radiant barrier box is made with the

aluminum surface facing inward, toward the goods. The box 
contains 9 lbs. of chocolate and 5 lbs. of frozen gel packs. 
The chocolate starting off at 65° F. and the frozen gel packs 
at 5° F. The box of chocolate is shipped via overnight air 5 

transport (24 hours) from Los Angeles to New York, in 
December. The temperature of outside air starts off at 55° F. 
in Los Angeles, decreases to about 45° F. in the cargo area 
of the plane, and is at 35° F. when the shipment arrives in 
New York. The temperature differences being smaller than 10 

in the previous example, and the aluminum facing the inside 
instead of the outside, means that vapor condensation on the 
aluminum surface would be unlikely, and a protective coat­
ing over the aluminum material in the embodiment of this 
packaging may not be necessary. The goods, only needing to 15 

arrive at or below 65° F., and the external air temperature not 
being as extreme, means that the insulation required to 
maintain the required temperature of the goods may be 
achieved with the recyclable radiant barrier box alone. 

(3) A recyclable cardboard radiant barrier insert compo- 20 

nent is placed at the bottom of a box, which is otherwise 
insulated with a cotton insulation on the walls and under the 

16 
( 6) A recyclable radiant barrier cardboard insert comprises

a radiant barrier surface on both sides. The box is con­

structed with tabs to separate it from an exterior shipping 

box so that the outward radiant barrier is facing into the air 

space between it and the shipper box, and the inward radiant 

barrier is facing into the air space of the interior of the box 

and any intermittent air spaces created by the positioning of 

the goods. The good in this case are 32 oz. of refrigerated 

yogurt and 3 lbs. of frozen gel packs. The frozen gel packs 

start off at 25° F. and the yogurt starts off at 35° F. The 

package is shipped from Los Angeles, Calif. to Sacramento, 

Calif. in the summer via one-day ground shipment. The 

outside air temperature across the trip is at about 80° F. with 

little variation. The yogurt is partially frozen for the first 12 

hours, but thaws and arrives in Sacramento under 40° F. 

In stark contradistinction with technologies of related art, 

an embodiment of the present invention complies with the 

repulpability requirement, yet still provides insulation with 

very low emissivity figure(s). An embodiment may have a 

metalized film on one side and paper on the other, with the 

metal facing outwardly. Optionally, a protective top coating 
can be added, if required. Thus, an embodiment of the 
invention includes a paper layer with first and second 

25 surfaces; a polymer layer with third and fourth surfaces, 
wherein the third surface is affixed to the second surface and 

lid which would compress under the weight if it was on the 
bottom. The cardboard radiant barrier insert component is 
folded or constructed in such a way as to both hold the 
weight of the payload without compressing and maintain an 
airspace facing the radiant barrier surface. This insulated 
box is packed with 8 bottles of juice at 12 oz. each against 
the insulation on the walls and a 24 oz. frozen gel pack in 
the center. The juice starts off at 40° F. with the frozen gel 30 

pack at 10° F. The insulated box is shipped from San Diego, 
Calif. to San Francisco, Calif. in early January. The radiant 
barrier cardboard insert component holds up the weight of 
the juice, preventing crushing or collapsing of insulation, 
while at the same time providing reflective insulation to 35 

prevent heat gain from the bottom of the box. The air 
temperature that day in San Diego is 80° F., the overnight the 
temperature drops to 60° F., and the packaged good arrives 
in San Francisco where the temperature is 60° F. The juice 
arrives safely at its destination at a refrigerated temperature 40 

of less than 40° F. 
(4) A recyclable radiant barrier heavy paper bag, with a

radiant barrier facing toward the inside, is enclosed around 
9 lbs. of food and 6 lbs. of frozen gel packs, and inserted into 
a large box as a meal delivery kit. Of the 9 lbs. of food, 3 lbs. 45 

are frozen meats that start off at 20° F., and 6 lbs. are fresh 
fruits and vegetables that start off at 35° F., with 6 lbs. of 
frozen gel packs placed surrounding the meats. This meal kit 
ships in the winter from Dallas, Tex. where the temperature 
is 60° F. and travels by ground to Tulsa, Okla. where the 50 

temperature drops down to 40° F. at night and is back up to 
60° during the day. The meats arrive at a refrigerated 
temperate of under 40° F., and the fresh fruits and vegetables 
are still cool to the touch. 

(5) A recyclable radiant barrier box is constructed with 55 

outward facing tabs to create air space between it and a 
larger shipper box, with one radiant barrier surface facing 
into that air space. The radiant barrier box is filled with 8 
frozen tamales at 25° F. No other refrigerant is added. The 
box ships from Tucson, Ariz. in early February to New York, 60 

N.Y. via two day air transportation. The temperature in 
Tucson is 70° F. the afternoon the package leaves for the 
terminal and 70° F. the next day before boarding the plane. 
The temperature decreases to 45° F. in the cargo area of the 
plane, and the package arrives in New York where the 65 

temperature is 40° F. The tamales arrive at a temperature 
under 40° F. 

an aluminum layer is deposited on the fourth surface. 
Optionally, an embodiment of the invention may include an 
intermediate layer, where the purpose of the intermediate 
layer may be to smooth the fourth surface prior to applying 
the aluminum in order to achieve better emissivity, or it may 
serve the purpose of being easily removable in order to 
separate the aluminum from the fourth surface after use. The 
intermediate layer may, for example, be a polymer or an 
oligomer. 

The packaging product would possess the emissivity of 
well under 0.10, and typically closer to 0.05. This 
would give it superior insulating performance. 

The packaging product would pass the "Voluntary Stan­
dard . . . ", as empirical discovery of how vacuum 
deposited aluminum behaves during the "Voluntary 
Standard . . . " test. If the aluminum is allowed to 
oxidize under the conditions of the test, then the 
transparent aluminum oxide can be mixed in the pulp 
and not be cause for failure. 

As is well known in related art, the industry has been so 
concerned with aluminum showing up in the pulp 
(which does happen in the case of the use of aluminum 
foil) that either the aluminized plastic is not used at all, 
or else the aluminum portion is fully encapsulated, 
which solution both adds weight (which could still 
cause a failure of the Voluntary Standard) and increases 
emissivity (which significantly diminishes the insula­
tion performance). 

However, in contradistinction with the products of related 
art, when applied to 60 lb. kraft paper, as might be config­
ured to make an insulated pouch for example, the single 
layer of 48 gauge PET complemented with the aluminum 
and top coating layers as proposed in this disclosure results 
in meeting the 85%/15% weight criteria for the repulpability 
test according to the Voluntary Standard. 

A summary of the comparison between the existing 
technologies and an embodiment of the present invention is 
shown with reference to two possible products: 

Product 1: An insulating pouch using a strong and heavy 
paper, with a reflective surface on one side, where the 
reflective surface is: 
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The film/aluminum/film product-neither low emissivity 

nor recyclable; 
Aluminum foil-very low emissivity but is not recy­

clable; 
Metalized paper-recyclable and somewhat low emissiv- 5 

ity; 
An embodiment of the present invention-both recy­

clable and very low emissivity. 

18 
these term in describing a chosen characteristic or concept 

neither implies nor provides any basis for indefiniteness and 

for adding a numerical limitation to the specified character-

Product 2: An insulating box or insert for a box, using 
cardboard, with a reflective surface on one side where the 
reflective surface is: 

istic or descriptor. As understood by a skilled artisan, the 

practical deviation of the exact value or characteristic of 

such value, element, or property from that stated falls and 

may vary within a numerical range defined by an experi­

mental measurement error that is typical when using a 

measurement method accepted in the art for such purposes. 
10 

While the invention is described through the above-

described exemplary embodiments, it will be understood by 

those of ordinary skill in the art that modifications to, and 

variations of, the illustrated embodiments may be made 

The film/aluminum/film product-not low emissivity, but 
may be recyclable depending on the weight and type of 
cardboard used; 

Aluminum foil-very low emissivity but is not recy­
clable; 

15 without departing from the inventive concepts disclosed

herein. 

Metalized paper-recyclable and somewhat low emissiv­
ity; 

For example, related embodiments provide a receptacle 

(that is, a container or device configured to receive and hold 

contents in a cavity defined by the walls of the container) An embodiment of the present invention-both recy­
clable and very low emissivity. 

Thus, as illustrated in the above examples, an embodi­
ment of the present invention may be successfully used to 
effectively insulate an object during shipment, mail delivery, 
etc. with the added benefit that the packaging may then be 
recycled once it has served its purpose. The method of 
packaging an object that is perishable, or may otherwise be 
temperature sensitive, comprises placing the object in suit­
able proximity to an embodiment of the invention such that 
adequate thermal insulation is provided. Adequate thermal 
insulation ( of an object or good) is defined as protection ( of 
such good) from heat, cold, or changes between heat and 
cold, such that the desired temperature range of such object 

20 that includes (i) a first shell made from a first material and 

defining a first cavity therein, the cavity having a first 

volume, the shell having a first surface facing outwardly and 

a second surface facing inwardly towards the cavity, said 

first and second surfaces being separated by a thickness of 
25 the shell, and (ii) at least one piece of second material having 

a third surface and disposed inside the first volume with the 

third surface facing the second surface and separated from 

the second surface by a target separation distance. Here, the 

target separation distance is greater than 3 millimeters; any 
30 of the second and third surfaces is metallized. A metallized

is maintained during and throughout the shipment, mail 
delivery, etc. time frame. 

As broadly used and described herein, the reference to a 35 
material layer being "carried" on a surface of a chosen 
element refers to a material layer that is disposed directly on 
the surface of such chosen element or disposed on another 
coating, layer or layers that are disposed directly on the 
surface of the chosen element. For the purposes of this 40 
disclosure and the appended claims, the use of the terms 
"substantially", "approximately", "about" and similar terms 
in reference to a descriptor of a value, element, property or 
characteristic at hand is intended to emphasize that the 
value, element, property, or characteristic referred to, while 45 
not necessarily being exactly as stated, would nevertheless 
be considered, for practical purposes, as stated by a person 
of skill in the art. These terms, as applied to a specified 
characteristic or quality descriptor means "mostly", 
"mainly", "considerably", "by and large", "essentially", "to 50 
great or significant extent", "largely but not necessarily 
wholly the same" such as to reasonably denote language of 
approximation and describe the specified characteristic or 
descriptor so that its scope would be understood by a person 
of ordinary skill in the art. In one specific case, the terms 55 
"approximately", "substantially", and "about", when used in 
reference to a numerical value, represent a range of plus or 
minus 20% with respect to the specified value, more pref­
erably plus or minus 10%, even more preferably plus or 
minus 5%, most preferably plus or minus 2% with respect to 60 
the specified value. As a non-limiting example, two values 
being "substantially equal" to one another implies that the 
difference between the two values may be within the range 
of +/-20% of the value itself, preferably within the +/-10% 
range of the value itself, more preferably within the range of 65 
+/-5% of the value itself, and even more preferably within 
the range of +/-2% or less of the value itself. The use of 

surface of the receptacle is characterized by an energy­

radiating parameter of no greater than 0.1, while an energy­

radiating parameter of the first surface is no less than 0.50. 

The receptacle is recyclable. In one implementation, the at 

least one piece of the second material is configured as a 

second shell defining a second cavity therein, the second 

cavity having a second volume, the second shell having the 

third surface facing outwardly towards the second surface 

and a fourth surface facing inwardly towards the second 

cavity. In a specific case of such implementation, any of the 

third and fourth surfaces is metallized. 

Embodiments also provide a receptacle that includes (i) a 

first shell made from a first material and defining a first 

cavity therein, the cavity having a first volume, the shell 

having a first surface facing outwardly and a second surface 

facing inwardly towards the cavity, the first and second 

surfaces being separated by a thickness of the shell, and (ii) 

at least one piece of second material having a third surface 

and disposed inside the first volume with the third surface 

facing the second surface and separated from the second 

surface by a target separation distance of greater than 3 

millimeters. Here, any of the second and third surfaces is 

metallized, and an emissivity of a metallized surface of the 

receptacle is no greater than 0.1 while an emissivity of the 

first surface is no less than 0.50. The receptacle is recyclable. 

In one implementation, any of the second and third surfaces 

is metallized while the first surface is not metallized. Alter­

natively or in addition, at least one piece of the second 

material is configured as a second shell defining a second 

cavity therein, the second cavity having a second volume, 

the second shell having the third surface facing outwardly 

towards the second surface and a fourth surface facing 
inwardly towards the second cavity. 

Accordingly, the invention should not be viewed as being 
limited to the disclosed embodiment(s). 
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What is claimed is: 

1. A recyclable packaging comprising:

a stack including

a paper layer with first and second surfaces; 

a polymer layer with third and fourth surfaces, wherein 5 

the third surface is affixed to the second surface; 

an intermediate coating layer applied to the fourth 

surface; 

an aluminum layer carried by the intermediate coating 

layer, wherein the aluminum layer has a first thick-
10 

ness of 200 nanometers or less; 

wherein said stack has emissivity that is equal to or 

smaller than a first value of 0.10 as perceived 

through an outer surface of the aluminum layer; and 15
wherein, when said packaging is subjected to treatment 

that includes 

a) blending the packaging in a blender;

b) disintegrating into water with a British Disintegrator

at a temperature within a range from about 115 20
degrees F. to about 135 degrees F. at 3000 rpm;

c) separating in a 0.01 inch aperture screen with a
inch water head for 20 minutes; and 

d) drying in an oven for 4 hours at 221 degrees F.
to form a recyclable material, said aluminum layer 25 

becomes fully oxidized with no visible aluminum pres­
ent in said recyclable material, 
and further comprising 
a protective coating layer disposed over the aluminum 

layer, wherein the protective coating layer has a 30 
second thickness of 1 micron or less, and wherein the 
second thickness is configured i) to maintain the 
emissivity at the first value after the aluminum layer 
has been coated with the protective coating and ii) to 
prevent oxidation of the aluminum layer during 35 
normal use of the packaging, while not impeding 
oxidation of the aluminum layer as a result of the 
treatment. 

2. The recyclable packaging of claim 1, wherein the
aluminum layer is disposed directly on the intermediate 40 
coating. 

3. The recyclable packaging of claim 1, wherein the
intermediate coating has the intermediate coating thickness 
between 10 nm and 2000 nm and includes a material 
selected from polymer and oligomer. 45 

4. The recyclable packaging of claim 1, wherein the
protective coating includes a material selected from: wax, 
polymer, and lacquer. 

5. The recyclable packaging of claim 1, wherein the
polymer layer includes a material selected from: low density 50 
polyethylene, high density polyethylene, polyethylene tere­
phthalate, polypropylene, polyvinyl chloride, polyurethane, 
and polystyrene. 

6. The recyclable packaging of claim 1, wherein the
polymer layer is a material selected from: film and fabric. 55 

7. A method for manufacturing a recyclable packaging,
the method comprising: 

forming a packaging layer stack by: 
attaching a polymer layer to a paper layer, wherein an 

inner surface of the polymer layer is affixed to a first 60 
surface of the paper layer; 

depositing an aluminum layer on the polymer layer, 
wherein the aluminum layer has a first thickness of 
200 nanometers or less, and wherein the aluminum 
layer causes said packaging layer stack to have 65 
emissivity that is equal to or smaller than a first value 
of 0.10; and 

20 
wherein said aluminum layer is configured to acquire 

optical density (OD) of less than 0.09 when the 
packaging layer stack is exposed to a treatment that 
includes: 

a) blending the packaging stack in a blender;
b) disintegrating into water with a British Disintegrator

at a temperature within a range from about 115 
degrees F. to about 135 degrees F. at 3000 rpm,

c) separating an output from step b) in a 0.01 aperture
inch screen with a 1 inch water head for 20 minutes,
and

d) drying in an oven for 4 hours at 221 degrees F. 
8. The method of manufacturing a recyclable packaging

of claim 7, further comprising: 
applying a protective coating over the aluminum layer to 

form a coated packaging layer stack, wherein the 
protective coating has a second thickness of 1 micron 
or less, and wherein the second thickness is defined 

a) to maintain the emissivity of the packaging layer stack
at the first value after the aluminum layer has been 
coated with the protective coating and 

b) to prevent oxidation of the aluminum layer during 
normal use of the recyclable packaging, while the 
protective coating does not impede oxidation of the
aluminum layer during the treatment.

9. A recyclable packaging comprising:
a stack including

a paper layer with first and second surfaces; 
a polymer layer with third and fourth surfaces, wherein 

the third surface is affixed to the second surface; 
an aluminum layer deposited on the fourth surface, 

wherein the aluminum layer has a first thickness of 
200 nanometers or less and wherein the aluminum 
layer causes an emissivity of an outer surface of the 
recyclable packaging to be equal to or smaller than 
a first value of 0.10; and 

wherein said aluminum layer acquires an optical den­
sity (OD) of less than 0.09 with no visible aluminum 
present in a recyclable material that results from the 
recyclable packaging being subjected to a treatment, 
the treatment including 

a) blending the packaging in a blender to form a first
material;

b) disintegrating the first material into water with a
British Disintegrator at a temperature within a range
from about 115 degrees F. to about 135 degrees F. at
3000 rpm to form a second material;

c) separating the second material in a 0.01 inch aperture 
screen with a 1 inch water head for 20 minutes to
form a fourth material; and 

d) drying the fourth material in an oven for 4 hours at
221 degrees F.

10. The recyclable packaging of claim 9, further com­
prising: 

a protective coating over the aluminum layer, 
wherein the protective coating has a second thickness of 

1 micron or less, 
wherein the second thickness is defined to maintain the 

first value of the emissivity of the recyclable packaging 
after the aluminum layer has been coated with the 
protective coating and to prevent oxidation of the 
aluminum layer during normal use of the packaging, 

wherein the protective coating does not impede oxidation 
of the aluminum layer during the treatment. 

11. The recyclable packaging of claim 10, wherein the
protective coating includes a material selected from: wax, 
polymer, and lacquer. 
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12. The recyclable packaging of claim 9 wherein the
polymer layer includes a material selected fro�: low density 
polyethylene, high density polyethylene, polyethylene tere­
phthalate, polypropylene, polyvinyl chloride, polyurethane, 
and polystyrene. 5 

13. The recyclable packaging of claim 9, wherein the
polymer layer includes a material selected from: film and 
fabric. 

14. A method for thermally insulating a good within a
recyclable packaging, the method comprising: 10 

placing a reflective insulation material in a pre-defined 
pr�ximit)'. with the good, the pre-defined proximity 
bemg smtably chosen to provide adequate thermal 
insulation to the good, wherein said reflective insula­
tion material comprises the recyclable packaging that 
includes: 

15 

a paper layer with first and second surfaces· 
a polymer layer with third and fourth surface� wherein 

the third surface is affixed to the second s�rface· 
an aluminum layer deposited on the fourth surf;ce ' 20 

wherein the aluminum layer has a first thickness of 
200 nanometers or less and wherein the aluminum 
layer causes an emissivity of the recyclable packag­
ing to be equal to or smaller than a first value of O 1 O· 
� 

. ' 

wherein said aluminum layer becomes fully oxidized 
with no visible aluminum present in a recyclable 
material that results from the recyclable packaging 
being subjected to a treatment that includes 

25 

a) blending the packaging in a blender to form a first
material; 

30 

b) disintegrating the first material into water with a
British Disintegrator at a temperature within a range
from about 115 degrees F. to about 135 degrees F. at
3000 rpm to form a second material;

c) separating the second material in a 0.01 inch screen
35 

with a 1 inch water head for 20 minutes to form a
fourth material; and

22 

d) drying the fourth material in an oven for 4 hours at 
221 degrees F. 

15. A method for thermally insulating a good within a
recyclable packaging, the method comprising: 

placing a reflective insulation material at a pre-defined 
proximity distance from the good, said pre-defined 
proximity distance chosen to provide adequate thermal 
insulation to the good, wherein said reflective insula­
tion material comprises the recyclable packaging that 
includes: 
a paper layer with first and second surfaces· 
a polymer layer with third and fourth surface�, wherein 

the third surface is affixed to the second surface· 
an intermediate coating layer applied to the fourth ;ur­

face; 
an aluminum layer carried by the intermediate coating, 

wherein the aluminum layer has a first thickness of 
no more than 200 nanometers to cause the recyclable 
packaging to have emissivity that is equal to or 
smaller than a first value of 0.10; and 

wherein said aluminum layer is configured to acquire 
optical density (OD) of less than 0.09 and become 
fully oxidized with no visible aluminum present in a 
recyclable material when the recyclable packaging is 
subjected to a treatment that includes 

a) blending the packaging in a blender to form a first 
material;

b) disintegrating the first material into water with a
British at a temperature within a range from about
115 degrees F. to about 135 degrees F. at 3000 rpm 
to form a second material; 

c) separating the second material in a 0.01 inch aperture
screen with a 1 inch water head for 20 minutes to
form a fourth material; and

d) drying the fourth material in an oven for 4 hours at 
221 degrees F. 

* * * * *
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I. INTRODUCTION 

The Petition fails to establish a reasonable likelihood that any challenged 

claim of U.S. Patent No. 11,072,148 (EX1001, the “’148 Patent”) is unpatentable 

under 35 U.S.C. § 314(a). Rather than pointing to express disclosures in the cited 

references, Petitioner relies on conclusory expert assertions and hindsight-driven 

reconstructions to fill gaps the prior art does not supply. 

At its core, the ’148 Patent, through its independent claims in the aggregate, 

requires a low emissivity, paper-containing packaging material incorporating an 

aluminized polymeric film that (i) is recyclable, (ii) in certain claims, achieves an 

optical density (“OD”) of < 0.09 during a specific repulping “treatment” (i.e., the 

repulping test set forth in the claims), and (iii) in all cases oxidizes fully in the 

resulting pulp during the claimed repulping treatment. These same three elements—

recyclability, the treatment, and OD <0.09/no visible aluminum—are precisely the 

limitations missing from Petitioner’s cited art and constitute holes in every ground. 

None of ProAmpac’s references—alone or in combination—teach these claim-

critical requirements. Nor does Petitioner articulate any reasoned motivation with a 

rational underpinning to combine them.  

Reference-by-reference the gaps are the same. Gundlach neither discloses the 

claimed treatment nor the required recyclability outcomes (including OD < 0.09 / no 

visible aluminum in the resulting pulp) indeed, Gundlach’s use of heavy weight 
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polymers is inconsistent with recyclability. Yializis focuses on protecting thin 

aluminum films from oxidation (as opposed to the ’148 patent’s claimed controlled 

oxidation during repulping) and is silent on repulpability. Rebouillat concerns 

breathable Tyvek® cargo covers/bubble mailers—not repulpable, recyclable paper 

packaging—and contains no Voluntary Standard treatment or OD < 0.09 result. The 

Fibre Box Association Voluntary Standard is applicant admitted prior art (“AAPA”) 

and is (at most) a testing protocol; it does not disclose structures that meet the claims 

and, when invoked as applicant-admitted background, cannot serve as the basis of a 

ground.  

As detailed below, each Ground fails for the same fundamental reasons. 

Ground 1 (Gundlach) fails because Gundlach lacks recyclability, lacks the claimed 

treatment, and lacks OD < 0.09. Ground 2 (Gundlach + Yializis) fails because 

Yializis teaches away from the required oxidation and supplies no recyclability, 

treatment, or OD < 0.09. Ground 3 (Gundlach + Rebouillat) fails because Rebouillat 

is non-analogous transport/cargo art, discloses no recyclability/treatment/OD < 0.09, 

and otherwise does not fill Gundlach’s gaps.t. Ground 4 (Gundlach + Voluntary 

Standard) fails because the Voluntary Standard cannot be used as the basis for a 

ground under § 311(b) since it is AAPA and in any event is only a protocol that 

cannot cure Gundlach’s missing structural limitations. Grounds 5 and 6 (multi-

reference stacks) fail because adding Yializis/Rebouillat and the Voluntary Standard 
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still leaves the same missing elements and rests on hindsight, not an articulated 

rationale with a rational underpinning. There also is no reasoned motivation to 

combine the references asserted in Ground 2 – 6. 

Petitioner’s case thus reduces to an expert-driven attempt to bridge missing 

disclosures with generalized ipse dixit statements. That is not enough. The Examiner 

already evaluated the closest art—including metallized films, radiant barrier 

packaging, and repulpability standards—and allowed the claims for precisely the 

reasons ProAmpac’s Petition fails: There is no prior art disclosure of a low 

emissivity packaging combined with the other elements of the claims. 

This preliminary response includes the detailed testimony of Dr. Ruoxi 

(Rachel) Ma (EX2020, “Declaration of Ruoxi Ma, Ph.D.”), whose expertise in 

metalized films, polymer coatings, and recyclability protocols provides a far more 

credible, technically grounded analysis than Petitioner’s less qualified declarant, Mr. 

May. Dr. Ma explains why Gundlach’s base coat polymers are fundamentally 

incompatible with the repulping treatment and recyclability, why Yializis teaches 

away from the claimed oxidation goals, and why neither Rebouillat nor the 

Voluntary Standard supply the missing limitations. Dr. Ma’s testimony, grounded in 

industry standards and scientific principles, underscores that Petitioner’s expert 

relies on speculation rather than evidence. 

Because the Petition rests on cumulative references, hindsight-driven 
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combinations, and expert speculation, it falls well short of the statutory threshold 

required by 35 U.S.C. § 314(a).  

In addition, as set forth in the separately filed Patent Owner’s Request for 

Discretionary Denial brief (Paper 7), institution should be denied under § 314(a) and 

related precedent because parallel proceedings1 and equitable factors further weigh 

against institution. The discretionary factors are particularly strong here given the 

advanced parallel infringement action pending in the District of Delaware, where 

ProAmpac is the defendant and the same ’148 Patent is already being litigated. 

Sigma has granted an exclusive license to Pratt Retail Specialties, LLC, which is 

enforcing the ’148 Patent in that action (EX1009 ¶7). For these reasons, and for those 

explained in greater detail in the following sections, institution should be denied. 

II. SUMMARY OF THE ’148 PATENT 

A. The ’148 Patent 

The ’148 Patent discloses and claims a low emissivity recyclable packaging 

material that, based on a number of claimed criteria, “contains a particular 

aluminized polymeric film with emissivity of equal to, or less than 0.10 yet 

sufficiently thin to withstand and satisfy industrial requirements of the recycling 

process.”2 EX1001, Abstract. The low emissivity (i.e., high reflectivity) makes the 

 
1 Pratt Retail Specialties, LLC v. ProAmpac Holdings Inc., C.A. No. 1:24-cv-1073-
RGA (D. Del.). 
2 The term “emissivity” refers to the ability of heat, received by a given surface, to 
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material highly insulating while post-treatment  low optical density leads to 

transparency of the aluminum, thereby rendering the pulp recyclable. EX2020 ¶39. 

The innovative packaging material is illustrated in one embodiment at Figure 

6 of the ’148 Patent: 

 

 

 

At the time of the invention, paper-containing packaging with a reflective 

insulation or radiant barrier insulation was regularly used to facilitate thermal 

insulation of temperature sensitive food and pharmaceutical goods. EX1001, 1:15-

22. Insulation properties were derived from two groups of materials: traditional 

insulation materials (like foams and fibrous insulation); and reflective insulation 

(like aluminum foils or other low emissivity material). Id. at 3:53-67. Traditional 

 
radiate from the surface, which is measurable according to the test method discussed 
in ASTM C1371. See also EX1001, 6:29-34.  
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insulation materials tend to be bulky, sometimes rigid, and significantly increase the 

overall weight of the packaging. Id. Reflective insulation materials contribute 

significantly less weight to the packaging, however, the method and application of 

the materials historically made the whole paper-containing package unrecyclable. 

Id. 

The ’148 Patent explains how it seeks to overcome the limitations of other 

paper-containing packaging by addressing the “problem(s) caused by the inability 

of the related art to fully recycle a low-emissivity packaging material.” EX1001, 

4:39-41. That is, Steven Yializis and Luke Rogers invented a way to maintain 

superior thermal insulation while simultaneously ensuring the packaging and 

materials remain fully recyclable in commercial processes.  

“[C]urrent methods and applications of low-emissivity material impairs the 

recyclability of the total package, which understandably causes problems in 

related industries. Thus, there is a need for low-emissivity packaging material 

that is fully recyclable.”  

EX1001, 3:65-4:3. 

To achieve this goal, the patent teaches various claimed embodiments 

including various “stack” configurations—low emissivity packaging combined with 

the unique characteristics not found in the prior art. The “stacks” include 

combinations of multiple layers of paper (including corrugated fiberboard), polymer, 
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aluminum, and an optional protective coating. Importantly, all of the configurations 

maintain complete recyclability in commercial processes as determined through 

testing described within the patent. 

To ensure complete recyclability, the patent discloses a specific repulping 

treatment based on the Voluntary Standard (EX1007). This treatment requires that 

the material used in the packaging meet the established industry standards for 

repulpability and recycling in a two-step performance test. EX1001, 4:64-5:11. The 

first step assesses repulpability or the ability of a material to be broken down and 

dispersed into water for use in papermaking.3 The test requires the material to be 

blended and disintegrated into water which is then passed over a 0.01” screen. 

EX1001, 5:12-16. The portion of the material that passes through the screen 

(considered suitable for reuse) and the portion of the material that does not pass 

through the screen (considered unusable, sent to landfill) are dried and weighed 

separately. Id. at 5:16-27. If 85% or more of the total material (measured as 

percentage of total dry weight) is reusable, the material is classified as repulpable. 

Id. at 5:27-30.  

The second step determines recyclability of the material. The reusable pulp 

from step one, called the accepted pulp (or accepts), is pressed into sheets using a 

Carver press. Id. at 5:31-34. The sheets are then inspected for visual defects or 

 
3 Smook, Gary A, Handbook for Pulp & Paper Technologists (3d ed. 2002). 
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“spots” using TAPPI methods. Id. at 5:37-53. Dirt, aluminum foil, and polymeric 

coatings are examples of materials that are commonly found in pulp during the 

recycling process which result in rejectable visual defects. Id. at 5:54-6:4. The ’148 

Patent, however, discloses a reflective insulation or radiant barrier that is both 

visually transparent and does not adhere to the paper material during this treatment. 

Id. at 6:4-9. The low emissivity (i.e., high reflectivity) renders the claimed material 

a good insulator, and the post-treatment low optical density leads to transparency of 

the pulp rendering the pulp recyclable. EX2020 ¶39. 

Therefore, the claims of the ’148 Patent render the packaging material fully 

recyclable in commercial processes while maintaining superior thermal insulation 

for the transportation of  temperature-sensitive goods like food, pharmaceuticals and 

other perishable products. 

B. The Prosecution History 

The application for the ’148 Patent was filed on January 1, 2019 as application 

no. 16/238,998 (the “’998 Application”) claiming the benefit of U.S. Provisional 

Patent Application no. 62/614,568 filed on January 8, 2018. The ’998 Application 

was filed with 16 claims, including five (5) independent claims. See EX1002, 

“Prosecution File History for U.S. Patent No. 11,072,148.” On July 11, 2019, the 

’998 Application was published as U.S. Patent Application Publication No. US-

2019-0210321-A1. Id. at 76.  
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During prosecution, on June 25, 2020, the Office issued a non-final office 

action initially rejecting all 16 claims under, inter alia, 35 U.S.C. § 103 as being 

unpatentable over various combinations of Tilton (US 2017/0272163) in view of 

Shimizu et al. (US 2017/0129216; “Shimizu”), Wadsworth et al. (US 2011/0020570; 

“Wadsworth”), and Gregory (US 4,952,278; “Gregory”). Id. at 77-101. On the same 

date as the non-final office action, the Office filed its Notice of References Cited 

listing nine references that were considered by the Examiner, including not only the 

four cited in the § 103 rejection, but also inter alia U.S. Patent Publication No. 

2018/0022073 to Sasaki et al. (“Sasaki”). Id. at 102; see also EX1001, References 

Cited.   

None of these references disclosed the critical elements of the ’148 Patent. 

Tilton discloses multilayer radiant barrier laminates but uses protective polymer 

films that increases emissivity and adds non-repulpable weight. Tilton does not 

disclose recyclability under the Voluntary Standard, OD < 0.09, or maintaining 

emissivity ≤ 0.10 during and until repulping. Shimizu teaches metallized structures 

for barrier films but is focused on adhesion and barrier properties, not recyclability 

or controlled oxidation. Shimizu has no disclosure of emissivity ≤ 0.10 or OD < 

0.09. Wadsworth deals with barrier boards with polymer coatings. Its emphasis is 

moisture/oxygen barriers and does not address recyclability or aluminum 

emissivity/OD. Gregory is directed to high-opacity paper using expanded fibers and 
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pigments,  unrelated to emissivity, OD, or recyclability. Sasaki discloses multilayer 

gas-barrier laminates for food/electronics packaging, with focus on 

durability/adhesion. Sasaki includes no teaching of recyclability or the claimed 

treatment steps. In short, the closest art failed to disclose low emissivity coupled 

with (i) recyclability, (ii) the claimed treatment protocol, or (iii) the OD <0.09 result. 

Patent Owner responded to the non-final office action on December 22, 2020 

addressing all issues raised in the non-final office action. EX1002, 116-134.  

It was against this backdrop that the Examiner explicitly allowed the ’148 

Patent, stating that the cited art failed to teach maintaining emissivity ≤0.10 coupled 

with (i) recyclability, (ii) the claimed treatment protocol, or (iii)the OD <0.09 result. 

These same three missing elements remain absent from Petitioner’s references here. 

On March 29, 2021, the Office issued a Final Office Action allowing claims 8-16 

and rejecting claims 1-7. Id. at 136-47. Dependent claims 4 and 5 were deemed to 

be allowable if rewritten in independent form, including all of the limitations of the 

base claim. Subsequently, Patent Owner filed its Response after Final Action on 

April 5, 2021. Id. at 157-65. In response, Patent Owner amended independent claim 

1 to include limitations of the allowable claim 4, which now placed claims 1-7 in 

condition for allowance.  
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On April 28, 2021, the Office mailed its Notice of Allowance and Fee(s) Due, 

in which claims 1–3 and 5–16 were allowed. Id. at 168-74. In its Allowability Notice, 

the Office stated as reasons for allowance that: 

• Regarding claim 1, the most relevant prior art is Tilton and Shimizu. 

The combination of Tilton and Shimizu do not disclose maintaining 

the emissivity at the claimed value. 

• Regarding claims 8 and 10, the most relevant prior art is Tilton. The 

cited prior art fails to disclose or make obvious said aluminum layer 

acquiring and [sic] optical density of less than 0.09. 

• Regarding claims 15 and 16, the most relevant prior art is Tilton. The 

cited prior art fails to disclose or make obvious the packaging having 

an emissivity that is equal to or smaller than a first value of 0.10.  [Id.] 

These reasons for allowance mirror the same deficiencies in Petitioner’s 

references today: none of them disclose low emissivity packaging coupled with (i) 

recyclability, (ii) the claimed treatment protocol, or (iii) the OD < 0.09 result. The 

Examiner’s reasoning remains fully applicable here. 

The ’148 Patent issued on July 27, 2021 with 15 claims, including five 

independent claims (EX1001).  

III. CLAIM CONSTRUCTION 

Consistent with the positions of the Patent Owner’s exclusive licensee in the 
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related district court litigation, the Board should apply plain and ordinary meaning, 

informed by the specification and prosecution history, to all challenged claim terms 

under the standard articulated in Phillips v. AWH Corp., 415 F.3d 1303 (Fed. Cir. 

2005) (en banc). Indeed Dr. Ma acknowledges that she did not require more than a 

plain and ordinary meaning of the claim terms and further noted that “Mr. May too 

said it was not necessary to engage in claim construction” for the ’148 Patent 

analysis. EX2020, ¶32. 

For purposes of this Preliminary Response, Patent Owner acknowledges that 

the Petition states that “no terms need construction to resolve the controversy in this 

forum” (Paper 1, 10) and therefore does not adopt any meanings other than the plain 

and ordinary meaning of terms in view of the specification and prosecution history.4 

To the extent Petitioner advances extra-textual constructions that broaden or narrow 

the claims beyond what a skilled artisan would understand from the intrinsic record, 

those proposals should be rejected as inconsistent with Phillips and its progeny. See 

Phillips, 415 F.3d at 1312–14. 

Accordingly, and in alignment with Patent Owner’s positions in the parallel 

district court action, the Board should resolve this IPR under the plain-and ordinary-

meaning standard.  

 
4 In the district court litigation, however, Petitioner has asserted that 10 claim terms 
require construction as well as 6 terms that Petitioner deems to be indefinite and/or 
lacking enablement. 
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IV. LEVEL OF ORDINARY SKILL IN THE ART 

Patent owner submits that a person of ordinary skill in the art (“POSITA”) 

would have had at least a bachelor’s degree in packaging, chemical engineering, 

materials science, or paper engineering, or an equivalent field, and at least 5 years 

of experience in developing or evaluating packaging materials. Relevant experience 

could include repulpability and recyclability of barrier films, laminates, coatings, 

recyclability assessments, or thermal management in packaging applications. 

Additional academic training (e.g., a master’s degree) could compensate for less 

work experience, and conversely, more extensive work experience could 

compensate for formal education. Such a person would have been familiar with 

commonly used packaging materials (paper, polymers, thin films, metalized layers), 

as well as with standard testing methods used in the field (e.g., recyclability, 

repulpability, and barrier performance). EX2020, ¶31. 

Patent Owner submits that this definition of POSITA is more accurate than 

Petitioner’s POSITA, but Patent Owner is not aware of an issue raised by the Petition 

where the difference in the definition of POSITA impacts the outcome. 

V. PRIOR ART CITED 

A. Gundlach (EX1005) 

Gundlach discloses “a film for use in association with packaging useable with 

foodstuffs having product contact.” EX1005, Abstract. While Gundlach appears to 
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overlap superficially with the ’148 Patent, its purpose and teachings are entirely 

different. Gundlach only identifies the problem of recyclability of thermal packaging 

materials in passing—acknowledging that prior art packaging was “not well suited 

for recycling or composting” (Id. at [0006]) and that it “would be advantageous” to 

develop packaging combining low emissivity with recyclability (Id. at [0007])— 

Gundlach, however, never provides that solution.  

Instead, Gundlach’s base coat structures employ high-molecular-weight 

polymers that are fundamentally incompatible with the repulping treatment or 

recyclability required by the ’148 Patent and would, in fact, create “significant 

recycling problems, not advantages.” EX2020, ¶¶48, 50, 70.  

Gundlach tests performance of its packaging material by measuring the 

leaching of liquids—specifically, pickle juice and peanut oil. EX1005, [0052]. Using 

various stack configurations and layer thicknesses, performance was rated based on 

the amount of liquid that “leached through the different layers and began to saturate 

the base material.” Id. at [0057]. 

Gundlach’s only discussion of thermal insulation is disclosure of a metallized 

layer applied “directly to the outer base layer in an optical density of between 1.5 

and 4.5 optical density.” EX1005, [0009]. Not only does this fall far outside of the 

range established by the ’148 Patent (0.09 or less), but the overall structure Gundlach 

discloses is unrecyclable. Indeed, Gundlach never mentions recyclability of its 
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disclosed structure, under any treatment, much less the claimed treatment, and the 

reference never produces the full, post-treatment oxidation outcome required by the 

claims.  

Gundlach also is cumulative of the art already considered during prosecution; 

and institution of the Petition should be denied under 35 U.S.C. § 325(d) for this 

reason in addition to the other reasons addressed herein. The Examiner reviewed 

prior metallized packaging references—including Tilton, Shimizu, Wadsworth, 

Gregory, and Sasaki—all of which disclosed low-emissivity laminates but failed to 

show the claimed combination of (i) emissivity ≤ 0.10, tied together with (ii) 

recyclability under the claimed repulping treatment, and (iii) OD < 0.09/“no visible 

aluminum.” (see, for example, “Reason’s for Allowance”, EX1002 at p.173.) 

Gundlach also discloses metalized packaging and low-emissivity laminates but does 

not supply these same missing elements. It mentions low-emissivity foil layers but 

does not disclose emissivity values in the claimed range, does not tie emissivity to 

recyclability or oxidation outcomes, and does not disclose the required treatment or 

OD threshold. Furthermore, Petitioner never addresses why the Examiner’s detailed 

analysis during prosecution and subsequent reasons for allowance was erroneous. 

Where a petition does nothing more than re-argue substantially the same teachings 

without showing examiner error, the Board should deny institution.5  

 
5 See Ecto World, LLC v. RAI Strategic Holdings, Inc., IPR2024-01280, Paper 13 at 
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B. Yializis (EX1006) 

Yializis presents a study in minimizing the oxidation and corrosion of vacuum 

deposited aluminum. EX1006, Abstract. The stated purpose of Yializis is “to identify 

multi-layer, thin film, structures capable of withstanding extreme 

environments…designed to protect thin films from the effects of corrosion and 

oxidation.” (emphasis added) Id. at 755.  

This objective is the polar opposite of that of the ’148 Patent. The ’148 Patent 

seeks to maintain a low emissivity using a deposited aluminum layer that is achieved 

through such a particular application, while also ensuring the aluminum is fully 

oxidized in the recycling process for sufficient repulpablity. That is to say, the ’148 

Patent discloses and claims a structure with an aluminum layer that has low 

emissivity (i.e., high reflectivity) while in use, but then degrades by becoming fully 

oxidized during the repulping process. Yializis, by contrast, seeks to maintain 

emissivity by preventing aluminum oxidation through passivation layers and 

polymer coatings (Id. at 756). Its teaching is not only silent on recyclability but 

actively discourages the controlled oxidation required by the claims (i.e., the 

 
6 (USPTO Dir. May 13, 2025) (precedential) (“[I]f the Examiner applied the asserted 
prior art or substantially the same prior art during examination, then a petitioner must 
demonstrate that, for example, the previously presented art teaches the limitations of 
the challenged claims, and that no reasonable examiner could have found 
otherwise.”); see also id. at 7 (“Petitioner should identify and explain the Office’s 
alleged error in issuing the challenged patent and why that error is material to 
patentability.”). 
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aluminum layer is durable). EX2020, ¶57. 

Further, Yializis contains no disclosure of recyclability or repulpability 

testing, no reference to the Voluntary Standard, and no OD values under repulping 

conditions. Its multilayer, anti-oxidation strategies are fundamentally incompatible 

with the repulping-driven oxidation outcomes required by the ’148 Patent. 

In summary, there is no indication that Yializis contemplated the use of the 

aluminum for fully recyclable, thermally insulated packaging at the time of its 

publication. 

C. The Voluntary Standard Reference (EX1007) 

The Voluntary Standard Reference is cited in the ’148 Patent only as the 

industry protocol for evaluating repulpability, not as a structural disclosure. The 

specification states: 

“Repulping is the first stage in paper recycling. Features of the method 

employed for testing the repulpability of a paper-based containers are 

summarized in Part I of the document titled ‘The Voluntary Standard For 

Repulping and Recycling Corrugated Fiberboard Treated to Improve Its 

Performance in the Presence of Water and Water Vapor’, published by the 

Fibre Box Association (available at fibre-box.org), the disclosure of which is 

incorporated herein by reference for all purposes.”  

(emphasis added) EX1001, 4:64-5:5. 
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The ’148 Patent then restates the first repulpability step of the Voluntary 

Standard protocol to define the claimed “treatment.” Id. at 5:11-6:23. But critically, 

the Voluntary Standard itself is only a test method. It prescribes how to measure 

fiber yield, stickies count, and recyclability, but does not disclose any packaging 

structures, aluminized films, or OD outcomes that would satisfy the claims. A 

protocol is not a teaching of the structures required to pass that protocol. 

The Petition itself characterizes the Voluntary Standard as the admitted 

industry test. For example, Petitioner cites the ’148 Patent’s express incorporation 

of the Voluntary Standard as “evidence” that the test was known and used in the 

field (Petition at 6–7, citing EX1001, 4:64-5:11). Petitioner goes further and states: 

“The Voluntary Standard Reference is admitted prior art [.]” (emphasis added) Id. 

at 6. Petitioner has thus clearly and unmistakenly characterized the Voluntary 

Standard reference as applicant-admitted prior art (AAPA). Under Federal Circuit 

precedent, AAPA cannot serve as the “basis” of an IPR ground. See Qualcomm Inc. 

v. Apple Inc., 134 F.4th 1355 (Fed. Cir. 2025) (confirming AAPA cannot serve as

the basis of an IPR ground under § 311(b)). 

Thus, the Voluntary Standard is limited in two critical respects: (1) as a testing 

protocol, it cannot disclose the claim elements of recyclable structures or OD 

<0.09/substantially transparent outcomes; and (2) when invoked as AAPA—as 

Petitioner has done here—it cannot serve as the basis for an IPR ground under § 
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311(b). For these reasons, the Voluntary Standard cannot cure Gundlach’s missing 

limitations. 

D. Rebouillat (EX1008) 

Rebouillat describes “a breathable product for protecting articles in mass 

transportation and cold chain applications.” EX1008, [0002]. More specifically, 

Rebouillat addresses the buildup of humidity and condensation resulting in a 

“greenhouse effect” inside packages containing temperature-sensitive goods that are 

exposed to surface temperature changes. Id. at [0005]. Rebouillat focuses on testing 

the water vapor transmission rate of packaging that contains distinctly different 

layers for a purpose entirely different than that of the ’148 Patent.  

 Rebouillat’s configurations include such variations as: a “reflective 

sheet…made of a Tyvek®” (Id. at [0032]); “a low emissivity fire retardant cover” 

(Id. at [0033, 0034, 0035]); “honeycomb or similar non-woven structure…and a 

protective lacquer” for improved structural strength (Id. at [0037]); and “an active 

cooling layer (ACL)…a sealed enclosure containing a wicking sorbent imbibed with 

a liquid coolant in which the phase changes take place (liquid-vapor, vapor-liquid) 

(Id. at [0038]). All of these layers in the stack would necessarily negatively impact 

the recyclability of the packaging as a whole though no consideration is given to it 

in the totality of Rebouillat—because it is not an objective of the material or a 

problem it seeks to solve. 
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 While Rebouillat does seek to capture a low emissivity in its material 

configuration, its optimal range of emissivity is far outside and above that of the 

’148 Patent: 

“A further aim of the present invention is to improve the thermal insulation 

properties of a cover or sheet through a combination of layers preferably 

having on its inner surface a layer having a low emissivity of less than 0.35, 

preferably less than 0.25, and more preferably less than 0.15 so as to reduce 

radiant heat transfer from the sheet to the protected product or cargo.”  

EX1008, [0043]. 

 

VI. Improper Ipse Dixit/“Common Sense by Another Name” 

Petitioner’s declarant, Mr. May, never uses the phrase “common sense,” but 

repeatedly couches missing claim elements in statements that are nothing more than 

attorney argument dressed up as expert opinion. The law is clear: conclusory 

statements by an expert—without factual support in a patent or printed publication—

cannot fill missing limitations. See In re Magnum Oil Tools Int’l, Ltd., 829 F.3d 

1364, 1380–81 (Fed. Cir. 2016) (rejecting reliance on conclusory expert assertions); 

Arendi S.A.R.L. v. Apple Inc., 832 F.3d 1355, 1363 (Fed. Cir. 2016) (warning against 

invoking “common sense” to supply missing claim limitations); 37 C.F.R. § 42.65(a) 

(“Expert testimony that does not disclose the underlying facts or data … is entitled 
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to little or no weight.”). 

Mr. May does precisely what precedent forbids. For example: 

• ¶90: asserts that it was “common at the time of the invention to measure 

emissivity” using ASTM C1371, but provides no evidence that Gundlach or 

any other prior art reference actually measured emissivity at all. 

• ¶105: claims it was a “common consideration” to make coatings “as thin as 

possible” (<1 micron) but cites no prior art teaching or data supporting this 

alleged practice. 

• ¶¶156-157: declares that a POSITA “would have been familiar” with Yializis 

techniques and “standard, predictable stacks” without pointing to any 

structural disclosure in Gundlach or Yializis that meets inter alia the claim’s 

recyclability and OD <0.09 requirements. 

• ¶¶185-186: repeats the mantra that the claimed laminates were “standard, 

predictable” and “well-known” but never ties this to any actual teaching of 

recyclability, oxidation, or OD thresholds—much less in any of the cited 

references. 

• ¶¶205-206: concludes that a POSITA would have “embraced” recyclable 

packaging and “readily turned to the Voluntary Standard” because it was 

“widely considered the gold standard”—again without a printed publication 

that supplies the missing structural limitations. 
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EX1003. 

These are precisely the kinds of conclusory expert assertions that the PTAB 

and Federal Circuit have cautioned against: they substitute unsupported opinion for 

evidence. Petitioner fails to carry its burden of proof under 35 U.S.C. § 316(e), and 

improperly attempts to base a ground on expert ipse dixit rather than patents or 

printed publications as required by § 311(b). 

 

VII. Ground 1 Fails: Gundlach does not disclose each and every element of 
Claims 1-2, 4, 6-11, and 13-15. 
 

 In Ground 1, Petitioner asserts that claims 1-2, 4, 6-11, and 13-15 are 

anticipated by Gundlach. To anticipate a claim, a prior art reference must disclose 

every limitation of the claimed invention, either expressly or inherently. Rapoport v. 

Dement, 254 F.3d 1053, 1057 (Fed. Cir. 2001). The question of anticipation is not 

whether a prior art reference suggests the claimed subject matter, but whether one 

skilled in the art would reasonably understand or infer from a prior art reference that 

every claim element is disclosed in that reference. AstraZeneca LP v. Apotex, Inc., 

633 F.3d 1042, 1055 (Fed. Cir. 2010). Where even one limitation is missing, 

anticipation fails. And here Petitioner’s anticipation theory fails at the outset because 

Gundlach (EX1005) does not disclose several claim-critical limitations of the ’148 

Patent.  

 Petitioner attempts to salvage Gundlach by relying on their expert’s ipse dixit 
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that the missing elements are inherently present. Inherency, however, requires 

necessity, not mere possibility. “To serve as an anticipation when the reference is 

silent about the asserted inherent characteristic, such gap in the reference may be 

filled with recourse to extrinsic evidence. Such evidence must make clear that the 

missing descriptive matter is necessarily present in the thing described in the 

reference, and that it would be so recognized by persons of ordinary skill.” Cont’l 

Can Co. v. Monsanto Co., 948 F.2d 1264, 1268 (Fed. Cir. 1991)(emphasis added). 

Inherency therefore requires that the limitation be necessarily present in the prior art 

reference itself, not supplied by another reference or introduced by hindsight. 

 Ground 1 fails this standard. Gundlach does not disclose, either expressly or 

inherently: a low emissivity packaging coupled with (i) the requirement that the 

packaging or material be recyclable; (ii) repulping under the required “treatment”; 

or (iii) the optical density (“OD”) requirement of less than 0.09 after repulping. Each 

gap is fatal to anticipation. 

A. Gundlach Does Not Disclose Repulpability or Recyclability 

 Each independent claim of the ’148 Patent (claims 1, 7, 9, 14, and 15) 

expressly recites “recyclable packaging” and requires packaging that is recyclable, 

including full oxidation of the aluminum layer in the accepts during repulping (see, 

e.g., EX1001, 5:12-6:9; 9:58-10:67). 

 By contrast, while Gundlach acknowledges—in passing—that prior art 
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packaging was “not well suited for recycling or composting” (EX1005, [0006]) 

Gundlach never provides a solution. In the Petition, ProAmpac attempts to assert 

anticipation by making general statements that Gundlach’s “packaging material 

[has] characteristics that are well suited for paper recycling and commercial or 

industrial composting” (Petition at 18, citing EX1005 at [0007], [0009], [0025]-

[0027], [0032]-[0036]). But Gundlach never actually discloses a recyclable 

packaging.  

 As Dr. Rachel Ma explains:  

“While this might suggest Gundlach intended to solve this problem, 

Gundlach did not. Nowhere in the rest of Gundlach is there any 

discussion regarding how and why the packaging of Gundlach solves 

this problem. Indeed, the packaging of Gundlach does not.”  

EX2020, ¶44.  

 Dr. Ma further explains that Gundlach’s base coat structures employ high-

molecular-weight polymers that are incompatible with the repulping treatment or 

recyclability of the claims and would, in fact, create “significant recycling problems, 

not advantages” (EX2020, ¶¶48, 50, 70).  

 Gundlach does not disclose a recyclable material and therefore does not 

anticipate under § 102. 
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B. Gundlach Does Not Disclose the Claimed “Treatment” 

 Each independent claim of the ’148 Patent (claims 1, 7, 9, 14, and 15) 

expressly requires packaging that is recyclable through a multi-step 

repulpability/recyclability process (“treatment”), including full oxidation of the 

aluminum layer in the accepts during repulping (see, e.g., EX1001, 5:12-6:9; 9:58-

10:67). In fact, the independent claims all include claim elements that call for a 

“treatment” of specific repulping protocols that result in recyclable material: a) 

blending…, b) disintegrating…, c) separating…, and d) drying. Gundlach does not 

disclose the claimed “treatment” either expressly or inherently. 

 Dr. Ma confirms that Gundlach “references no standard or test regarding 

repulpability or recyclability.” (EX2020, ¶49). In fact, the only testing that Gundlach 

is concerned with is the leaching of pickle juice and peanut oil into paper substrates 

(EX1005, [0052]-[0103]) (EX2020, ¶49). Such liquid barrier tests bear no relation 

to the repulping and oxidation protocols that define recyclability in the ’148 Patent.  

 The Petition’s attempt to import the Voluntary Standard into Gundlach cannot 

salvage anticipation, because anticipation must be found within a single reference. 

The missing “treatment” cannot be supplied by another reference. Petitioner’s 

argument fails because recyclability and the specific claimed repulping treatment 

and claimed outcomes is not necessarily present in Gundlach’s disclosure, especially 

“where Gundlach’s base coat structure includes high molecular weight polymers that 
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are not recyclable under industry standards.” (EX2020, ¶71). A POSTIA, therefore, 

would not read Gundlach and determine that the required recyclable packaging 

achieved through a multi-step repulpability/recyclability process, including full 

oxidation of the aluminum layer in the accepts during repulping, was necessarily 

present in Gundlach. 

 Gundlach does not disclose the required “treatment” and therefore does not 

anticipate under § 102. 

C. Gundlach Does Not Disclose the Optical Density Requirement 
After Repulping Treatment 
 

 Independent claims 7 and 9 add the express requirement that the aluminum 

acquires OD < 0.09 under the treatment. The ’148 Patent sets this threshold explicitly 

as the line between visible aluminum and transparent, fully oxidized aluminum. 

EX1001, 10:47-67. This low OD value is critical: it is a measurable proxy for full 

oxidation of the thin aluminum film that makes it into the pulp, thereby ensuring that 

no visible aluminum remains and the recycled sheets are free of flakes, specks or 

spots.  

 Gundlach never teaches this. The Petition attempts to map Gundlach’s 

disclosure of optical density values (EX1005, [0044]-[0045]) to the claims, but those 

values are entirely unrelated to recyclability or the repulping protocol recited in the 

’148 Patent. The ’148 Patent makes clear that OD < 0.09 serves as a proxy for full 

oxidation of the thin aluminum layer during repulping, rendering the material 
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visually transparent and thus recyclable. EX1001, 10:52-67. By contrast, Gundlach 

discloses OD values as high as 2.0–4.0, and does so only in the context of radiant 

barrier performance, not recyclability or repulpability. EX1005, [0044].  

Dr. Ma explains that “[t]he optical density measurements disclosed in 

Gundlach are not taken in the context of a repulpability test and are well above the 

low claimed range of the ’148 Patent – below 0.09 in the claims and the lowest 

disclosed in Gundlach is 2.0.” EX2020, ¶72. Since, as discussed, above, Gundlach’s 

use of thick, high-molecular weight polymers forecloses the possibility of 

accomplishing the repulping treatment or recyclability of the claims and would, in 

fact, create “significant recycling problems, not advantages” (EX2020, ¶¶48, 50, 

70), a POSITA would recognize that the ’148 Patent’s requirement that the 

aluminum layer achieve an optical density (“OD”) of less than 0.09 after undergoing 

the defined repulping treatment would be fundamentally incompatible with the 

structures of Gundlach. 

 Petitioner’s inherency theory—that Gundlach necessarily produces OD < 0.09 

after repulping—improperly imports the ’148 Patent’s disclosure into Gundlach. 

Inherency requires that the limitation be necessarily present in the prior art reference 

itself, not introduced by hindsight. Importing disclosure from the ’148 Patent itself 

into a cited reference is classic impermissible hindsight.6 

 
6 “To draw on hindsight knowledge of the patented invention, when the prior art 
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 Thus, even if Gundlach mentions OD values, they are fundamentally 

disconnected from the repulping/oxidation context required by the claims. A 

POSITA would not read Gundlach as disclosing, inherently or expressly, the ’148 

Patent’s requirement that the aluminum layer achieve an optical density (“OD”) of 

less than 0.09 after undergoing the defined repulping treatment.   

 Gundlach does not disclose this necessary requirement and therefore does not 

anticipate under § 102.  

D. The Dependent Claims are Patentable for the Same Reasons as 
Their Respective Base Claims 
 

 Each dependent claim incorporates the full set of limitations from its 

respective base claim, and Petitioner’s failure to show that the base limitations are 

taught or suggested is dispositive. At a minimum, claims depending, either directly 

or indirectly, from and including the patentable aspects of independent claim 1 (e.g., 

claims 2-6), claim 7 (e.g., claim 8), and claim 9 (e.g., claims 10-13) are patentable 

by virtue of that dependency. Minnesota Mining and Mfg. Co. v. Chemque, Inc., 303 

F.3d 1294, 1299 (Fed. Cir. 2002); In re Fine, 837 F.2d 1071, 1074 (Fed. Cir. 1988). 

Moreover, several dependent claims add further narrowing features beyond the 

already-missing base limitations, which the Petition likewise does not substantively 

 
does not contain or suggest that knowledge, is to use the invention as a template for 
its own reconstruction—an illogical and inappropriate process by which to 
determine patentability.” Sensonics, Inc. v. Aerosonic Corp., 81 F.3d 1566, 1570 
(Fed. Cir. 1996). 
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map to the art.  

E. Conclusion on Ground 1 

 Ground 1 fails. Gundlach identifies a problem in the art but discloses no 

solution. It does not disclose recyclable packaging, the required repulping treatment, 

or the OD <0.09 outcome. Anticipation fails where any single limitation is missing. 

Here, multiple limitations are absent. 

 Independent claims 1, 14 and 15 require the claimed “treatment” and “fully 

oxidized with no visible aluminum present. Gundlach lacks both disclosures. 

Independent claims 7 and 9 require the claimed “treatment” and OD <0.09. 

Gundlach lacks both disclosures. All of the independent claims 1, 7, 9, 14, and 15 

require that the packaging be recyclable. Gundlach’s base coat structure creates 

“significant recyclability problems” and, therefore lacks recyclability.   

VIII. Ground 2 Fails: Yializis does not cure the deficiencies of Gundlach. 

 In Ground 2, Petitioner asserts that all claims 1–15 are obvious over Gundlach 

in view of Yializis. The ground fails at the threshold. Gundlach, as discussed above, 

does not disclose recyclable packaging, the required repulping treatment, or an OD 

<0.09 outcome. Yializis does not supply these missing limitations—indeed, it 

teaches in the opposite direction by protecting aluminum from oxidation. Petitioner 

fails to provide the reasoned rationale with a rational underpinning required under 

KSR Int’l Co. v. Teleflex Inc., 550 U.S. 398, 418 (2007), and In re Kahn, 441 F.3d 
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977, 988 (Fed. Cir. 2006). The combination theory is driven by hindsight rather than 

evidence and, even if there was a motivation to combine, Yializis does not cure the 

deficiencies in Gundlach.  

A. Yializis Teaches Protection Against Oxidation, Not Oxidation for 
Recyclability 
 

 The ’148 Patent claims depend on aluminum films that are reflective enough 

to perform as radiant barriers during use, but thin enough such that they oxidize 

completely under the repulping treatment, leaving “no visible aluminum present” 

(EX1001, 5:12-6:9; 9:58-10:67). 

 By contrast, Yializis is directed to the opposite goal: preventing oxidation and 

corrosion of thin vacuum-deposited aluminum. Yializis describes “multi-layer, thin 

film, structures capable of withstanding extreme environments … designed to 

protect thin films from oxidation and corrosion” (EX1006, p. 755, right col.). Its goal 

is to preserve low emissivity performance of metallized films by shielding aluminum 

from corrosion and oxidation in humid or hot conditions. It proposes plasma 

passivation and polymer over-coatings to prevent aluminum oxidation. EX1006, 757 

passim. 

 Thus, far from supplying the claimed feature, Yializis teaches away from it. 

A reference teaches away when it “criticize[s], discredit[s], or otherwise 

discourage[s]” the path urged by the challenger. Allied Erecting & Dismantling Co. 

v. Genesis Attachments, LLC, 825 F.3d 1373, 1381 (Fed. Cir. 2016). See In re 
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Gurley, 27 F.3d 551, 553 (Fed. Cir. 1994) (“A reference may be said to teach away 

when a person of ordinary skill…would be led in a direction divergent from the path 

taken by the applicant.”).  

A POSITA reading Yializis would understand that its multilayer structures are 

designed to prevent oxidation, not achieve it. Specifically, the ’148 Patent claims 

require that the portion of the thin aluminum layer that make it into the paper pulp 

oxidize fully during repulping, as measured by OD < 0.09 of the accepts and visual 

transparency. EX1001, 9:58-10:67. Dr. Ma explains that this is a fundamental 

incompatibility: the claims of the ’148 Patent intentionally tailor film thickness so 

that the aluminum is oxidized during repulping/recycling, while Yializis designs 

multilayer coatings to avoid that very outcome. EX2020, ¶¶52-58.  

 Yializis points a POSITA away from controlled oxidation for recyclability. A 

POSITA would recognize these teachings as opposite in purpose and would not be 

motivated to look to Yializis to cure the deficiencies of Gundlach.   

B. Yializis Does Not Disclose the Required Recyclability or Treatment 

 Like Gundlach, Yializis is silent on recyclability. It contains no reference to 

recyclability or any repulpability protocol, and it reports no results under such a 

treatment. EX1006, passim. As Dr. Ma explains, “The Yializis article does not 

address the repulpability and recyclability issues relating to low emissivity, thin 

aluminum layered packaging material addressed in the ’148 Patent…There is no 
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discussion regarding recyclable fiber yield, stickies count, optical density in 

connection with repulping or any other recyclability matrix.” EX2020, ¶¶56-57. 

 Petitioner cannot cure the missing recyclability or treatment steps into 

Gundlach by citing Yializis, because Yializis discloses none of them. 

C. Yializis Does Not Disclose the Optical Density Requirement 

 Independent claims 7 and 9 require that, under the treatment, the aluminum 

acquires an OD <0.09. Yializis nowhere discloses OD values under recycling or 

repulping conditions. Its focus is on maintaining barrier performance of metallized 

films in extreme environments, not transparency or disappearance of aluminum after 

treatment. EX1006, 755-757. 

 Thus, even if combined with Gundlach, Yializis does not remedy Gundlach’s 

failure to disclose the OD <0.09 outcome. 

D. No Reasoned Motivation to Combine 

 Petitioner offers no record-supported rationale for why a POSITA would 

combine Gundlach’s non-recyclable, thick metallized basecoat structures with 

Yializis’ corrosion-resistant multilayers. To the contrary, such a combination is 

internally inconsistent: Gundlach seeks liquid-resistant radiant barrier layers, and 

Yializis teaches protecting thin Al films from oxidizing. The claimed invention, by 

contrast, requires oxidation during repulping. A POSITA would not be motivated to 

combine Gundlach and Yializis to arrive at the claimed repulpable, oxidize-away 
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recyclable packaging. Petitioner’s assumption to combine lacks the “articulated 

reasoning with some rational underpinning” that the Federal Circuit requires. In re 

Kahn, 441 F.3d 977, 988 (Fed. Cir. 2006).  

 On the record, there is no “gap” in Gundlach that points a POSITA to 

Yializis’s anti-oxidation strategies and invoking generalities about what was 

“common knowledge” to a POSITA cannot substitute for a concrete, evidence-based 

reason a POSITA would have re-engineered the base-coat structured stack of 

Gundlach to include the thin-film anti-oxidation strategies of Yializis. A skilled 

artisan would have no expectation of success in adapting Yializis’ anti-oxidation 

strategies to Gundlach’s food packaging stacks, much less to achieve the ’148 

Patent’s repulpability outcomes.  

As Dr. Ma notes:  

“The Yializis article does not address the repulpability and recyclability issues 

relating to low emissivity, thin aluminum layered packaging material 

addressed in the ’148 Patent. Indeed, while the ’148 Patent seeks full 

oxidization during the pulping test, the Yializis article describes a protective 

layer to prevent the oxidization and corrosion of the aluminum layer.”  

EX2020, ¶56. 

 As a result, the Petition’s combination of Yializis to fill the gaps of Gundlach 

rests on conjecture rather than “articulated reasoning with some rational 
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underpinning,” and thus runs afoul of the Federal Circuit’s requirement in In re 

Kahn, 441 F.3d 977, 988 (Fed. Cir. 2006), and KSR’s admonition against hindsight, 

KSR Int’l Co. v. Teleflex Inc., 550 U.S. 398, 418–22 (2007). 

E. Conclusion on Ground 2 

 Gundlach lacks the claim-critical elements of recyclability, treatment, and OD 

<0.09. Yializis does not cure these deficiencies and, in fact, teaches in the opposite 

direction—protecting aluminum films from oxidation. Petitioner’s proposed 

combination rests on hindsight, not on a record-supported rationale with a rational 

underpinning. Dr. Ma confirms that, “the Gundlach/Yializis article combination still 

has the three gaps discussed above – no recyclability, no Voluntary Standard and no 

optical density measure in the context of the repulpability treatment.” EX2020, ¶73. 

Ground 2 therefore fails. 

 On this record, the obviousness ground fails as to claims 1-15, and the Board 

should deny institution for lack of a reasonable likelihood of prevailing under § 103. 

IX. Ground 3 Fails: Rebouillat does not cure the deficiencies of Gundlach. 

 In Ground 3, Petitioner asserts that claims 1–2 and 4–15 are obvious over 

Gundlach in view of Rebouillat. This ground fails for multiple reasons. First, as 

explained in Grounds 1 and 2, Gundlach does not disclose recyclable packaging, the 

required repulping treatment, or the OD <0.09 outcome. Second, Rebouillat is non-

analogous art, directed to barrier films for bubble-wrap and cargo covers, not 
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recyclable food packaging. Third, Rebouillat, like Yializis, does not disclose or 

suggest the missing claim limitations, but instead teaches away from the oxidation-

for-recyclability design of the ’148 Patent. Finally, Petitioner fails to supply the 

record-supported rationale with a rational underpinning required under KSR Int’l Co. 

v. Teleflex Inc., 550 U.S. 398, 418 (2007), and In re Kahn, 441 F.3d 977, 988 (Fed. 

Cir. 2006). The combination rests on hindsight rather than a reasoned rationale 

grounded in the record. 

A. Rebouillat is Non-Analogous Art 

 Obviousness can only be based on references that are analogous to the field 

of the invention. The Federal Circuit applies a two-part test: a reference is analogous 

if (1) it is from the same field of endeavor, regardless of the problem addressed, or 

(2) if it is reasonably pertinent to the particular problem with which the inventor is 

involved. In re Bigio, 381 F.3d 1320, 1325 (Fed. Cir. 2004). 

 The field of endeavor of the ’148 Patent is recyclable, food-grade packaging 

made of thin metallized paperboard, optimized for radiant barrier performance 

during use but complete oxidation and recyclability upon repulping. EX1001, 1:17-

30; 5:12-6:9. 

 Rebouillat, by contrast, is directed to “breathable product for protective mass 

transportation and cold chain applications.” EX1008, [0002]. Its background 

explains that prior art thermal covers were impermeable to gases and water vapor, 
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causing condensation and a greenhouse effect. EX1008, [0005]. Its solution is a 

multilayer, breathable reflective sheet with a Tyvek® substrate, a vapor-deposited 

aluminum layer, and optional protective lacquer or flame-retardant coatings. 

EX1008, [0032]-[0035]. Rebouillat tests these covers for thermal insulation 

performance, not for recyclability or repulpability. 

 A POSITA would not look to Rebouillat for solutions to the recyclability 

problem acknowledged in Gundlach. Rebouillat is therefore non-analogous art, and 

cannot be properly combined with Gundlach to show obviousness. 

B. Rebouillat Does Not Disclose Recyclability or the Claimed 
“Treatment” 
 

 Even setting aside non-analogousness, Rebouillat never discloses recyclable 

packaging. It uses thick polymer laminates, heat-sealable films, and foil laminates 

designed to withstand rough handling and moisture ingress. EX1008, [0042]-[0048]. 

Nothing in Rebouillat suggests that its structures can be repulped, much less that the 

aluminum layer will oxidize to transparency under the claimed “treatment.” Dr. Ma 

confirms the inability of Rebouillat to be repulped: “Tyvek® is 100% high-density 

polyethylene that does not repulp into fibers under the TAPPI tests.” EX2020, ¶64. 

 Thus, Rebouillat cannot supply the claim-critical recyclability or “treatment” 

limitations absent from Gundlach.  

C. Rebouillat Does Not Disclose the Optical Density Requirement 

 Independent claims 7 and 9 require that, under the treatment, the aluminum 
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oxide has an optical density less than 0.09. Rebouillat nowhere discusses OD values, 

let alone OD under repulping conditions. Its tests measure cargo temperature 

profiles, not transparency of aluminum in pulp. As Dr. Ma explains: “Rebouillat fails 

to disclose the optical density requirement of certain claims of the ’148 Patent.” 

EX2020, ¶67. 

D. No Reasoned Motivation to Combine 

 Petitioner offers no record-supported rationale for why a POSITA would 

combine Gundlach’s non-recyclable, thick metallized stacks with Rebouillat’s 

breathable Tyvek-based cargo covers. The problems addressed differ: Gundlach 

seeks liquid-resistant radiant barrier stacks for food packaging, while Rebouillat 

seeks breathable thermal covers for bulk cargo. Neither reference addresses 

recyclability or oxidation during repulping. As Dr. Ma concludes: “The 

Gundlach/Rebouillat combination still has the same three gaps—no recyclability, no 

Voluntary Standard, and no optical density measure in the context of repulping 

treatment.” EX2020, ¶74. 

 Under KSR and Kahn, an obviousness rationale must include “articulated 

reasoning with some rational underpinning.” Petitioner has not provided any. 

Instead, the combination is hindsight-driven, inconsistent in purpose, and 

unsupported by the record. 
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E. Conclusion on Ground 3 

 Rebouillat does not cure the fatal deficiencies in Gundlach. It discloses 

breathable Tyvek-based thermal cargo covers, not recyclable packaging subjected to 

the claimed repulping treatment. It fails to disclose recyclability, the claimed 

treatment, or OD <0.09. The proposed combination is hindsight, not evidence-based. 

On this record, the obviousness ground fails as to claims 1-2 and 4-15, and the Board 

should deny institution for lack of a reasonable likelihood of prevailing under § 103. 

X. Ground 4 Fails: The Voluntary Standard Reference is AAPA and does 
not cure the deficiencies of Gundlach. 
 

 In Ground 4, Petitioner asserts that claims 1-2, 4, 6-11, and 13-15 are obvious 

over Gundlach in view of the Voluntary Standard Reference. This ground fails for 

two independent reasons.  

First, the Voluntary Standard is not a prior art “patent or printed publication” 

as required by 35 U.S.C. § 311(b) when relied on as applicant-admitted prior art 

(AAPA). The Federal Circuit has squarely held that AAPA cannot serve as the 

“basis” of an IPR ground. Qualcomm Inc. v. Apple Inc., 134 F.4th 1355 (Fed. Cir. 

2025). As discussed above, Petitioner states: “The Voluntary Standard Reference is 

admitted prior art [.]” (emphasis added) (Petition at 6). Petitioner has thus clearly 

and unmistakenly characterized the Voluntary Standard reference as applicant-

admitted prior art (AAPA) and, therefore, cannot serve as the basis of an IPR ground 

under § 311(b)). 
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Second, even if treated as a printed publication, the Voluntary Standard is 

merely a test protocol. It does not disclose any packaging structures, any recyclable 

paper-aluminum stacks, or the OD <0.09 outcome. EX2020, ¶76.  

 The Federal Circuit has long held that anticipation and obviousness must be 

based on disclosure of claim limitations in prior art references, not on protocols that 

merely test for them. A test method does not disclose the structure required to 

achieve the tested result. The mere fact that a certain thing may result from a given 

set of circumstances is not sufficient. See In re Robertson, 169 F.3d 743, 745 (Fed. 

Cir. 1999). The Voluntary Standard does not teach how to design packaging that 

becomes recyclable; it only describes how to measure whether a sample is 

recyclable. EX2020, ¶38. Moreover, the Voluntary Standard does not disclose 

aluminum films that oxidize to transparency; it sets forth the measurement, not the 

material. EX2020, ¶51. It cannot transform Gundlach’s OD 2.0–4.0 films into OD 

<0.09 recyclables. “[T]he Gundlach/Voluntary Standard combination still omits the 

recyclability and optical density requirements.” EX2020, ¶74. 

A. No Reasoned Motivation to Combine 

 Petitioner also fails to articulate a reasoned rationale for combining Gundlach 

with the Voluntary Standard. A POSITA would understand that a test protocol is not 

a blueprint for designing packaging structures. In re Kahn, 441 F.3d 977, 988 (Fed. 

Cir. 2006) (requiring “articulated reasoning with some rational underpinning”). KSR 
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allows flexibility but still requires a reasoned explanation, not hindsight. 

 Here, the Petition’s logic is circular: Gundlach discloses non-recyclable 

laminates; the Voluntary Standard describes how to test for recyclability; therefore 

Gundlach + Voluntary Standard somehow renders the claims obvious. That is legally 

insufficient. As Arendi S.A.R.L. v. Apple Inc., 832 F.3d 1355, 1363 (Fed. Cir. 2016) 

warns, unsupported “common sense” cannot supply a missing limitation. 

Petitioners’ attempt to use the Voluntary Standard to fill the structural gaps in 

Gundlach is exactly that kind of impermissible hindsight. 

B. Conclusion on Ground 4 

 Petitioner’s reliance on the Voluntary Standard fails for two independent 

reasons. First, when invoked as an “admitted” industry standard in the ’148 Patent, 

it is AAPA. Under § 311(b) and Qualcomm v. Apple, AAPA cannot form the basis 

of an IPR ground. Second, even as a printed publication, the Voluntary Standard is 

a test protocol, not a disclosure of structural packaging features. It cannot cure 

Gundlach’s absence of recyclability or OD <0.09. 

 On this record, the obviousness ground fails as to claims 1-2, 4, 6-11, and 13-

15, and the Board should deny institution for lack of a reasonable likelihood of 

prevailing under § 103. 

XI. Ground 5 Fails: The combination of Yializis and The Voluntary Standard 
Reference does not cure the deficiencies of Gundlach. 

 
 In Ground 5, Petitioner asserts that claims 1–15 are obvious over Gundlach in 
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view of Yializis and the Voluntary Standard. This theory fails because neither 

Yializis nor the Voluntary Standard supplies the missing claim limitations of 

Gundlach. The combination is incoherent: Gundlach discloses non-recyclable 

laminates, Yializis teaches away by protecting aluminum from oxidation, and the 

Voluntary Standard is only a test protocol, not a disclosure of structure. Even if 

combined, these references do not disclose recyclable packaging or OD <0.09. 

EX2020, ¶77. Petitioner has not articulated any reasoned rationale with a rational 

underpinning for this combination, and the ground fails under § 103. 

A. The Deficiencies of Gundlach are Not Cured by Stacking 
References 
 

 As shown in Ground 1, Gundlach fails to disclose recyclability, the claimed 

“treatment”, or OD <0.09. These three fatal gaps remain throughout every ground in 

the Petition. Yializis, discussed above in Ground 2, does not cure the deficiencies of 

Gundlach and actually points in the opposite direction. A POSITA would not be 

motivated to look to Yializis to supply the very oxidation outcome required by the 

claims. As shown in Ground 4, the Voluntary Standard is AAPA and a test protocol. 

It describes how to measure recyclability, but does not disclose packaging structures 

that achieve those outcomes. It cannot supply the structural features missing from 

Gundlach. 

B. No Reasoned Motivation to Combine 

 Petitioner fails to articulate why a POSITA would combine Gundlach’s non-
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recyclable food packaging laminates with Yializis’s anti-oxidation coatings and the 

Voluntary Standard’s testing steps. The proposed combination is logically 

inconsistent: 

• Gundlach discloses laminates that are not recyclable. 

• Yializis teaches preserving aluminum by preventing oxidation. 

• The ’148 Patent requires and aluminum layer that does oxidize away under 

repulping. 

• The Voluntary Standard is only a test and does not teach how to design a 

structure to pass. 

This is not an obvious modification but a hindsight reconstruction. KSR requires 

“some articulated reasoning with some rational underpinning” (Kahn, 441 F.3d at 

988), and “conclusory statements” or ipse dixit cannot fill that gap. In re Magnum 

Oil Tools Int’l, Ltd., 829 F.3d 1364, 1380–81 (Fed. Cir. 2016). Nor may “common 

sense” supply a major missing limitation. Arendi S.A.R.L. v. Apple Inc., 832 F.3d 

1355, 1363 (Fed. Cir. 2016). 

 On this record, there is no reason a POSITA would reengineer Gundlach using 

Yializis and the Voluntary Standard to arrive at the claimed recyclable, OD <0.09 

structures. 

C. Conclusion on Ground 5 

 Gundlach lacks recyclability, treatment, and OD <0.09. Yializis does not cure 
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those deficiencies but teaches away by preventing oxidation. The Voluntary 

Standard is merely a test protocol—and when treated as AAPA, it cannot serve as 

the basis of an IPR ground under § 311(b). Even if treated as a printed publication, 

it does not disclose structural features. 

 The proposed three-reference combination is hindsight-driven, contradictory, 

and unsupported by any reasoned rationale. On this record, the obviousness ground 

fails as to claims 1-15, and the Board should deny institution for lack of a reasonable 

likelihood of prevailing under § 103. 

XII. Ground 6 Fails: The combination of Rebouillat and The Voluntary 
Standard Reference does not cure the deficiencies of Gundlach. 
 

 In Ground 6, Petitioner asserts that claims 1-2, and 4-15 are obvious over 

Gundlach in view of Rebouillat and the Voluntary Standard Reference. This ground 

fails because neither Rebouillat nor the Voluntary Standard supplies the missing 

claim limitations of Gundlach. The combination is incoherent: Gundlach discloses 

non-recyclable laminates, Rebouillat is directed to Tyvek®-based breathable cargo 

covers and bubble mailers that are not repulpable, and the Voluntary Standard is 

AAPA and only a test protocol, not a disclosure of structure. Even if combined, these 

references do not disclose recyclable packaging or OD <0.09. EX2020 at ¶78. 

Petitioner has not articulated any reasoned rationale with a rational underpinning for 

this combination, and the ground fails under § 103.  
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A. No Reasoned Motivation to Combine 

 Petitioner also fails to articulate why a POSITA would combine Gundlach’s 

non-recyclable laminates with Rebouillat’s Tyvek®-based cargo covers and then 

apply the Voluntary Standard’s testing steps. The proposed combination is logically 

inconsistent: 

• Gundlach discloses laminates that are not recyclable. 

• Rebouillat teaches Tyvek®-based thermal covers and bubble mailers, which 

are plastics, not recyclable paper. 

• The ’148 Patent requires recyclable paper packaging in which aluminum 

oxidizes away under repulping, leaving OD <0.09. 

• The Voluntary Standard is only a test and does not teach how to design a 

structure to pass. 

This is not an obvious modification but a hindsight reconstruction. KSR requires 

“some articulated reasoning with some rational underpinning” (Kahn, 441 F.3d at 

988), and “conclusory statements” or ipse dixit cannot fill that gap. In re Magnum 

Oil Tools Int’l, Ltd., 829 F.3d 1364, 1380–81 (Fed. Cir. 2016). Nor may “common 

sense” supply a major missing limitation. Arendi S.A.R.L. v. Apple Inc., 832 F.3d 

1355, 1363 (Fed. Cir. 2016). 

 On this record, there is no reason a POSITA would reengineer Gundlach using 

Rebouillat’s Tyvek® laminates and the Voluntary Standard’s testing protocol to 
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arrive at the claimed recyclable, OD <0.09 structures. 

B. Conclusion on Ground 6 

 Gundlach lacks recyclability, treatment, and OD <0.09. Rebouillat does not 

cure those deficiencies, because it discloses Tyvek®-based cargo covers and bubble 

mailers that do not repulp and are not repulpable under the claimed treatment. The 

Voluntary Standard is merely a test protocol—and when treated as AAPA, it cannot 

serve as the basis of an IPR ground under § 311(b). Even if treated as a printed 

publication, it does not disclose structural features. 

 The proposed three-reference combination is hindsight-driven, contradictory, 

and unsupported by any reasoned rationale. On this record, the obviousness ground 

fails as to claims 1-2, and 4-15, and the Board should deny institution for lack of a 

reasonable likelihood of prevailing under § 103. 

XIII. CONCLUSION 

 The Petition should be denied on every ground and as to every challenged 

claim, Under Phillips and plain and ordinary meaning, Petitioner never identifies a 

single reference that teaches each and every claim element, nor a combination of 

references that, combined, provides a teaching or reasoned rationale that would lead 

a person of ordinary skill to the inventions claimed in the ’148 Patent.  

 Petitioner has failed to carry its burden of proof under 35 U.S.C. § 316(e) and, 

therefore, the Board should deny institution as to all challenged claims and all 
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grounds. 

 

This 2nd day of October, 2025. 

Respectfully submitted, 
 
/s/ Michael J. Curley  
Michael J. Curley 
Registration No. 63,251 
Quarles & Brady LLP 
One South Church Avenue 
Suite 1800 
Tucson, Arizona 85701 
michael.curley@quarles.com 
Phone: (520) 770-8768 
 
Attorney for Sigma Technologies Int’l, LLC 
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I, D r . Ruoxi (Rachel) Ma, make this declaration in connection with the 

Case IPR2025-01143, ProAmpac Holdings Inc. (“Petitioner”) v. Sigma 

Technologies International LLC (“Patent Holder”): 

INTRODUCTION 

1. I am over 18 years of age and, if I am called upon to do so, I would 

be competent to testify as to the matters set forth in this Declaration. 

2. I have been retained on behalf of Pratt Retail Specialties, LLC 

(“Pratt”), which I understand to be the exclusive licensee of U.S. Patent No. 

11,072,148 (“the ’148 Patent”).  I understand that Patent Holder will submit this 

declaration as part of its Preliminary Response.  

3. Pratt has asked me to respond to the Declaration of Glenn May 

(EX1003), submitted in connection with the Petition. I understand that 

Petitioner challenges the patentability of Claims 1-15 of the ’148 Patent (the 

“Challenged Claims”). I have reviewed and analyzed Mr. May’s Declaration in 

this regard, including the list of materials he listed as having been reviewed and 

considered. I have not been asked and have not analyzed the Petition outside of 

the May Declaration. My analysis is technical and not legal. 

4. In summary, as set forth in greater detail below, I conclude that Mr. 

May has not shown Claims 1-15 to be unpatentable pursuant to the legal 

standards that I have been asked to apply. 
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5. I am being compensated for my services in connection with the 

above-identified proceeding at my standard rate of $375 per hour. My 

compensation is not dependent in any way upon the substance of my testimony 

or the outcome of Petitioner’s Petition. 

BACKGROUND INFORMATION 

6. All of my opinions stated in this Declaration are based on my own 

personal knowledge, professional experience and judgement, and analysis of the 

materials presented by Mr. May. Based on my understanding of a person of 

ordinary skill in the art as set forth below, I believe I have at least that level of 

skill regarding the ‘148 Patent and the materials addressed by Mr. May.  

7. I attach a copy of my current curriculum vitae, EX2021, which 

details my education and professional and academic experience. I summarize 

below my experiences that are most pertinent to my opinions in this declaration. 

8. I am an Associate Professor of Graphic Communication at 

California Polytechnic State University, where I specialize in packaging 

materials, barrier coatings, and sustainable design for thermal and food-related 

applications. My research and teaching span over 14 years.  

9. I earned a Ph.D. in Paper and Printing Science from Western 

Michigan University with a strong research background in barrier materials and 

sustainable packaging solutions. My dissertation was titled Screen Printed 
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Moisture Sensor on Barrier Coated SBS Board: The Characterizations of the 

Hemicellulose-Based Biofilms and Their Applications for Smart Packaging. 

Before that I earned my masters in Paper and Printing Engineering from Xi’an 

University of Technology, Xi’an China, and my undergraduate Bachelor of 

Science degree in Printing Science from Qingdao University of Science and 

Technology, Qingdao, China. 

10. I currently teach “Packaging Materials for Medical Applications” 

and “Digital Printing and Emerging Technologies.” I have taught a number of 

other courses that have touched on the issues relating to the issues raised by Mr. 

May and the ‘148 Patent including “Stock Preparation and Papermaking”, 

“Pulping and Paper Coating”, and “Emerging Technologies in Graphic 

Communication”.  

11. I have published several peer reviewed articles relevant to 

multilayer recyclable substrates including “Biopolymer Films from 

Glucomannan: The effects of Citric Acid Crosslinking on Barrier Properties,” in 

Journal of Print and Media Research Technology, Research 7(2018)1, 19-25. 

EX2022. I am also the co-author of “Screen Printed Moisture Sensor and Its 

Application on Smart Packaging,” in The Technical Association of Graphic Arts 

Proceedings 2021, pgs. 191-203 (focusing on material-layer substrates and 

substrates/coating surface interactions). EX2023. 
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12. I have presented at numerous conferences and industry meetings. 

For example, in May 2023, I was invited to speak at the PACKout Conference, 

presenting on digital print in healthcare packaging, which is a sector analogous 

to thermal insulated bags. PACKout is a leading annual forum that brings 

together global packaging professionals to showcase innovations, regulatory 

trends, and disruptive technologies shaping the future of healthcare and 

consumer packaging. 

13. I was invited to speak at TAGA Conference in 2021, presenting 

hemicellulose-based barrier coatings and their sustainability impact for smart 

packaging. TAGA (Technical Association of the Graphic Arts) is a premier 

international conference that bridges academic research and industry application 

in printing and packaging sciences, influencing technical standards and 

advancing best practices across the field. 

14. I was the lead researcher on digital printing and functional materials 

for food and medical packaging (2022-2025). I also served as an external 

advisor for Duo He’s Ph.D. dissertation “The Fractionation of Woody Biomass 

with Bifunctional Aryl Sulfonic Acids at Mild Conditions” (Western Michigan 

University, 2022). The work explored bio-based chemistries for coatings and 

binders that enhance functionality while remaining compatible with recycling 

streams, aligning with industry efforts to develop fiber-based packaging systems 
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that maintain repulpability and avoid mill contamination. 

15. I was awarded a grant by the German Academic Exchange Service 

(DAAD) for a project on sustainable medical packaging across the EU and 

North America. For this project, I served as a visiting researcher at Hochschule 

München University of Applied Sciences teaching and conducting research on 

Innovative Packaging Solutions for Medical Applications in Spring 2025. 

16. I was Co-PI (co-principle investigator) for a study on carbon 

footprint estimation and material compatibility of materials used in various 

mailing solutions in Winter 2025.  The study involved lifecycle analysis of 

multi-layer laminates and was a sponsored project awarded by Quad Graphics 

Co. 

17. I served as co-principal investigator on a study sponsored by Quad 

Graphics Co. (Quad), one of the world’s largest printing and packaging 

providers, examining the carbon footprint of printing and packaging materials in 

mailing solutions. The project focused on sustainability and recycling 

regulations, evaluating the environmental impact and repulpability of common 

substrates and laminates. Its findings provided actionable guidance on material 

selection and laminate design, directly informing industry best practices and 

advancing packaging sustainability. 

18. I hold a patent for A Method for Formulating Silver-Doped 
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Lanthanum Titanate Photochromic Ink (CN103804986A), issued May 21, 2014. 

EX2024. 

RELEVANT LEGAL STANDARDS 

19. I am not an attorney. My understanding of the law is based on 

information provided by counsel for Pratt, which I assume to be true. 

20. Anticipation. I understand that for a claim to be anticipated: (1) each 

and every claim element must be identically disclosed, either explicitly or 

inherently, in a single prior art reference; (2) the claim elements disclosed in the 

single prior art reference must be arranged in the same way as in the claim; and (3) 

the identical invention must be disclosed in the single prior art reference. Where 

even one element is not disclosed in a reference, there is no anticipation. 

21. I understand that to serve as an anticipatory reference, the reference 

itself must provide enough information so that a person of ordinary skill in the art 

can practice the subject matter of the reference without undue experimentation. 

22. I further understand that where a prior art reference fails to explicitly 

disclose a claim element, the prior art reference inherently discloses the claim 

element only if the prior art reference must necessarily include the undisclosed 

claim element. Inherency may not be established by probabilities or possibilities. 

The fact that an element may result from a given set of circumstances is not 

sufficient to prove inherency. 
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23. Obviousness. I understand that the test for obviousness is whether the 

claimed invention would have been obvious to one of ordinary skill in the art at the 

time of the invention, considering the scope and content of the prior art, the 

differences between the prior art and the invention, the level of skill of the person 

of ordinary skill in the art and secondary considerations of non-obviousness. 

24. I understand that a claim can be obvious in view of a single prior art 

reference (through modification of that reference) or multiple prior art references 

(through a combination of two or more prior art references). The single art 

reference or combination of prior art must teach each and every limitation of the 

patent claim at issue. 

25. I understand that to establish a finding of obviousness, one must show 

that a person of ordinary skill in the art (“POSITA”) would have had a motivation 

to combine the prior art references to produce the claimed invention and have a 

reasonable expectation that the combination would be successful. 

26. I understand that a prior art reference is proper to use in an 

obviousness determination if the prior art reference is analogous art to the claimed 

invention. I understand that a prior art reference is analogous art if at least one of 

the following two considerations is met. First, a prior art reference is analogous art 

if it is from the same field of endeavor as the claimed invention, even if the prior 

art reference addresses a different problem and/or arrives at a different solution. 
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Second, a prior art reference is analogous art if the prior art reference is reasonably 

pertinent to the problem faced by the inventor, even if it is not in the same field of 

endeavor as the claimed invention. 

27.  I understand that each alleged prior art reference in a proposed 

obviousness combination must be evaluated in its entirety, i.e., including those 

portions that would argue against obviousness, and must be considered for 

everything that it teaches, not simply the described invention or a preferred 

embodiment. 

28. I understand that it is inappropriate to resolve obviousness issues by a 

retrospective analysis or hindsight reconstruction of the prior art and that the use of 

“hindsight reconstruction” is improper in analyzing the obviousness of a patent 

claim. 

29. POSITA. I understand that a POSITA is a hypothetical person 

presumed to have known the relevant art at the time of the invention.  I understand 

that date here is January 8, 2018. I also understand that the factors considered in 

determining the level of ordinary skill in the relevant art include: (1) the problems 

encountered in the art; (2) the prior art solutions to the problems encountered in the 

art; (3) the rapidity of innovation; (4) the sophistication of the technology; and (5) 

the education level of active workers in the field. I understand that not all of these 

factors need to be considered for analysis and that equivalent work or experience 
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may be substituted for education.  

30. I have considered Mr. May’s description of POSITA for this case. 

EX1003, ¶ 24. While I agree on certain aspects of Mr. May’s description, I believe 

it is incomplete. This difference, however, does not impact my bottom-line 

conclusions. 

31. In my view, as of January 8, 2018, a person of ordinary skill in the art 

(“POSITA”) would have had at least a bachelor’s degree in packaging, chemical 

engineering, materials science, or paper engineering, or an equivalent field, and at 

least 5 years of experience in developing or evaluating packaging materials. 

Relevant experience could include repulpability and recyclability of barrier films, 

laminates, coatings, recyclability assessments, or thermal management in 

packaging applications. Additional academic training (e.g., a master’s degree) 

could compensate for less work experience, and conversely, more extensive work 

experience could compensate for formal education. Such a person would have been 

familiar with commonly used packaging materials (paper, polymers, thin films, 

metalized layers), as well as with standard testing methods used in the field (e.g., 

recyclability, repulpability, and barrier performance). 

32. Claim construction. I understand that in certain instances there is the 

need to engage in a process called claim construction to provide meaning to claim 

terms that are important to the dispute. Here, I am able to base my analysis on the 
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plain and ordinary meaning of the claim terms based on my technical 

understandings. This includes the ‘148 patents consistent use of terms such as 

recyclable packaging and emissivity. Accordingly, I have not engaged in any claim 

construction analysis. I note that Mr. May too said it was not necessary to engage 

in claim construction. EX1003, ¶ 61. 

SUMMARY OF THE ‘148 PATENT 

33. The ‘148 Patent is entitled “Recyclable Paper-Coating Packaging 

With Radiant Barrier Insulation.” EX1001. The problem the ‘148 Patent addresses 

is how to make a recyclable paper-containing packaging to preserve temperature 

sensitive foods or pharmaceutical goods. Id., 1:15-22. The ‘148 Patent observed 

that “practically all perishable or temperature sensitive goods shipped in small 

volumes are shipped with the use of corrugated cardboard boxes, which are easily 

and commonly recycled.” Id., 6:10-13.  The prior art, however, was not able to 

provide a fully recyclable, low-emissivity packaging material. Id., 4:39-41.  

34. The Abstract summarizes the solution: “Material for packaging – and 

package or receptacle made of such material – that contains a particular aluminized 

polymeric film with emissivity of equal to, or less than 0.10 and yet sufficiently 

thin to withstand and satisfy industrial requirements of the recycling process due to 

substantially complete oxidation of aluminum during recycling.” Id., Abstract. 

35. The ‘148 Patent describes and claims various “stacks” that meet the 
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goals of the invention, which include multiple layers of paper (which includes 

corrugated fiberboard), polymer and aluminum, and sometimes also a coating. 

Figure 4 illustrates such a stack.  

 

36. To be recyclable, packaging must first be repulpable. The ‘148 Patent 

lays out the industry standard for repulpability and recyclability in great detail 

underscoring the importance of repulpability and recyclability to the invention. 

EX1001, 4:64 – 6:9. In this regard, the ‘148 Patent refers to and incorporates “The 

Voluntary Standard for Repulping and Recycling Corrugated Fiberboard Treated to 

Improve its Importance in the presence of Water and Water Vapor” (“Voluntary 

Standard”). Id. I agree that the Voluntary Standard was and is a commonly used 

test. 

37. The first portion of the Voluntary Standard addresses repulpability. 

The ‘148 Patent sets forth the Voluntary Standard’s test method in this regard. Id., 

5:11-24. This test is included in each claim as the “treatment.” Id., 19:1 – 22:36. 

Sigma EX2020 - p. 014 of 29 
ProAmpac v. Sigma 

IPR2025-0114



 Declaration of Ruoxi Ma, Ph.D. 
U.S. Patent No. 11,072,148 

 12 
 

The material is disintegrated into water which is passed over a screen. The material 

that passes through the screen is called the “accepts” and the material that does not 

pass through the screen is called the “rejects.” The dried weight of the materials are 

measured and if the “accepts” weigh at least 85 weight-% of the total material, the 

material itself is classified as repulpable. That is, if 85% or more of the total 

material, by oven dry weight, passes through the screen during testing, the material 

is repulpable. 

38. The second step of the Voluntary Standard test involves the potential 

use of the recyclable material in paper making. EX1001, 5:31-32. The accepts are 

pressed together to form sheets. Id., 5:32-35. These sheets are then inspected for 

defects, “spots” or other visual blemishes according to industry test methods. Id., 

5:35-53. For example, if a small amount of dirt or aluminum makes its way into the 

pulp, it could result in visual blemishes and could be a cause for rejection of the 

paper product. Further, if polymeric material makes its way into the pulp, the 

polymer material could be re-softened or re-melted and cause undesirable 

“stickies” because they negatively affect the physical properties of the paper. Id., 

5:54-66. To pass this second step of the Voluntary Standard test, and for the paper 

to be considered recyclable, there can be no more than 15 visually observable spots 

in a 0.4 square millimeter area of the sheet. Id., 6:1-4. 

39. The low emissivity (i.e., reflectivity) and related low optical density 
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lead to transparency of the aluminum rendering the pulp recyclable. 

ANALYSIS OF MR. MAY’S PRIOR ART 

40. Mr. May bases his invalidity analysis on four primary references, 

which I have reviewed in detail: (1) U.S. Patent Publication No. 2014/0044903 

(“Gundlach”) (EX1005); (2) S. Yializis, Multi-Layer, Low Emissivity, Metallized 

Materials for Replacing Aluminum Foils in Heat Reflection and Energy 

Management Applications, Society of Vacuum Coaters, 52nd Annual Technical 

Conference Proceedings, 755-759 (May 2009) (“Yializis”) (EX1006); (3) The 

Voluntary Standard for Repulping and Recycling Corrugated Fiberboard Treated 

to Improve its Performance in the Presence of Water and Water Vapor, Fibre Box 

Association (August 16, 2013) (“Voluntary Standard Reference”) (EX1007); and 

(4) U.S. Patent Publication No. 2015/0053086 (“Rebouillat”) (EX1008). I also 

have reviewed the other materials cited in Mr. May’s list of materials reviewed and 

considered, but my focus has been on these four items. 

41. Applying the legal standards set forth above, I conclude that Mr. May 

fails to show the invalidity of the ‘148 Patent. I address each of the above four 

references below individually, and then address them in the context of each of the 

six grounds in the final section of this declaration.  

42. I have not been asked to identify every way in which I disagree (or 

agree) with Mr. May’s discussion. Instead, I have been asked to identify the key 
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areas in which I disagree with Mr. May’s analysis of each of the four references - 

that is, the reference does not satisfy one or more requirements or limitations of the 

claims of the ‘148 Patent. I reserve the right to address additional aspects of Mr. 

May’s Declaration if asked to do so. 

43. The following is a general discussion of Mr. May’s four main 

references: 

Gundlach’s Failure to Disclosure Each Element of the Claims of the 
‘148 Patent 

44. Gundlach generally addresses a film for use with packaging for 

foodstuffs having different layers on top of the paperboard “base material.” 

EX1005, Abstract. Gundlach states in the Summary of the Disclosure, “The 

disclosure is directed to a film for use in association with packaging useable with 

foodstuffs having product contact.” Id., [0008]. 

45. Gundlach does note in the Background of the Disclosure that the prior 

art packaging materials were “not well suited for recycling or composting.” Id., 

[0005]. While this might suggest Gundlach intended to solve this problem, 

Gundlach did not. Nowhere in the rest of Gundlach is there any discussion 

regarding how and why the packaging of Gundlach solves this problem. Indeed, 

the packaging of Gundlach does not.  

46. I am of the opinion that one of the key aspects of Gundlach is the base 

coat structure (something different than the base material), which can be made up 
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of an inner base layer and an outer base layer. Id., [0037-0042]. The importance of 

the base coat structure to Gundlach is underscored by the fact that the metallic 

layer is optional. EX1005, [0023; 0051]. 

47. Of particular interest in Gundlach’s discussion of the base coat 

structure is the disclosure of high molecular weight acrylic polymer resins. Id., 

[0042]. For instance, Gundlach discloses BMA acrylic copolymer -- a synthetic 

resin based on butyl methacrylate + (“BMA”) other acrylic monomers. Id., [0040]. 

In packaging, BMA polymer serves as a flexible, adhesive base coat to support 

metallization and prevent aluminum flaking. 

48. Gundlach discloses that these high molecular weight polymer resins 

“repress[] the propensity for metal flaking upon sheet folding (gusset folds).” Id., 

[0041]. Put another way, the high-molecular weight polymers help anchor the 

metallized layer so it doesn’t crack or shed upon repeated folding. The literature 

supports the conclusion that the acrylic copolymer's function is to increase 

adhesion and flexibility of the metallized layer and reduce flaking: (1) Friel, John 

M., and Edwin Nungesser. “Acrylic Polymers as Coatings Binders.” Paint and 

Coating Testing Manual - Fifteenth Edition of the Gardner-Sward Handbook: 

(MNL 17-2nd), edited by JV Koleske, no. MNL17, ASTM International, 2012, pp. 

49–64, https://doi.org/10.1520/MNL12186M. EX2025. And (2) Gündüz, 

Güngör. Chemistry Materials and Properties of Surface Coatings: Traditional and 
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Evolving Technologies. DEStech Publications, 2015. EX2026. 

49. These high molecular weight polymers, however, do not repulp with 

the fibers. They remain intact and can form stickies – stickies, as mentioned above 

regarding the disclosures of the ‘148 Patent, are tacky contaminants that can 

agglomerate in screens and can cause defects in recycled paper such as spots and 

blemishes. The literature also supports this observation: (1) Pigment Coating and 

Surface Sizing of Paper. Vol. bk. 11., Fapet Oy, 2000. Chapter 6: Binders, section 

Coating binders, @ page 191. This reference covers binders, including latex and 

acrylic, their functions, properties, and implications for coating 

formation. EX2027. And (2) Recycled Fiber and Deinking. Vol. bk. 7, Fapet Oy, 

2000. Chapter 11, page 441-504. EX2028. This reference deals with the sources 

and behavior of stickies in pulp, including adhesives, ink, coating binders/latexes 

as sources. 

50. Gundlach does not reference the Voluntary Standard - it references no 

standard or test regarding repulpability or recyclability. Instead, Gundlach 

references leaching tests using peanut oil and pickle juice. EX1005, [0052]. 

51. The Gundlach packaging material thus does not meet all of the 

requirements of the claims of the ‘148 Patent. As discussed above, the ’148 Patent 

generally discloses that the thin, low emissivity aluminum layer will oxidize and 

disappear during the repulping process as per the Voluntary Standard and the 
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treatment in the claims, resulting in pulpable material that meets the “industrial 

requirements of the recycling process.” EX1001, Abstract. Gundlach, in contrast, 

not only fails to disclose the Voluntary Standard and specific treatment claimed in 

the ‘148 Patent, but, as discussed above, it also discloses material for packaging 

that has significant recycling problems, not advantages. And the claims of the ‘148 

Patent require a recyclable packaging material. 

52. Finally, certain of the claims of the ‘148 Patent require an optical 

density (OD) of less than 0.09. EX1001 (e.g., Claim 7). This low OD means that 

oxidized aluminum layer has disappeared during the repulping test. While 

Gundlach does mention ODs, they are much higher (e.g., 4.0) and the discussion is 

not in the context of a measurement taken in connection with repulpability and 

recyclability tests. EX1005, [0044]. There is no discussion regarding the treatment 

or recyclability of the Gundlach packaging. 

The Yializis Article Fails to Disclose Each Element of the Claims of the 
‘148 Patent 

53. The problem addressed in the Yializis article is the degradation of 

metallized aluminum films in the presence of heat and moisture. EX1006, Abstract. 

“Unlike oxide layers grown in air, in dry conditions, aluminum hydroxides formed 

from a water reactions lack the ability to protect the aluminum from further 

corrosion. . . .” Id., p. 755, right col.. The Yializis article further observes, 

“Extreme environments consisting of high heat and moisture can result in 
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propagation of oxidation and corrosion sites to the degree that a vapor deposited, 

low-e surface is entirely consumed.” EX1006, p. 755, right col.. 

54. The Yializis article then goes on to report on the investigation into the 

solution to this problem – a “novel, multi-layer, low emissivity materials 

incorporating one or more vacuum deposited layers designed to protect vacuum 

deposited aluminum layers from oxidization and corrosion.” Id., Abstract. “[V]apor 

deposited polymer coatings [are] designed to protect thin films from the effects of 

corrosion and oxidization. Id., p. 755, right col.. 

55. The Yializis article goes on to discuss an “In-Line Plasma 

Passivation” that results in the “formation of an aluminum oxide layer that is 

guaranteed not to contain damaging hydroxides.” Id., p. 757, left col.. The article 

further discusses “Flash Evaporation and Curing,” the result of which “is a 

protective layer capable of preventing ingress of moisture in quantities sufficient to 

facilitate formation of aluminum hydrozides. Id., p.757, right col.. 

56. The Yializis article does mention the use of metallized films for use in 

packaging for foodstuffs and pharmaceutical products (Id., p. 757, left col.), but 

this is not the focus of the investigation. 

57. The Yializis article does not address the repulpability and recyclability 

issues relating to the low emissivity, thin aluminum layered packaging material 

addressed in the ‘148 Patent. Indeed, while the ‘148 Patent seeks full oxidization 
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during the pulping test, the Yializis article describes a protective layer to prevent 

the oxidization and corrosion of the aluminum layer. 

58. Consistent with the above, the Yializis article does not mention the 

Voluntary Standard or other industry standards (i.e., TAPPI) relating to 

repulpability and recyclability. There is no discussion regarding recyclable fiber 

yield, stickies count, optical density in connection with repulping or any other 

recyclability matrix. The article does mention an “Accelerated Steam Testing” 

(EX1006, p. 758, right col.), but this test gauges the performance of the protective 

coating and not to simulate repulping. 

59. The Yializis article thus does not meet all of the requirements of the 

claims of the ‘148 Patent. The article neither discloses a recyclable paper 

containing package, nor discloses the Voluntary Standard - the specific treatment 

claimed in the ‘148 Patent. Finally, the Yializis article fails to disclose the optical 

density requirement of certain of the claims of the ‘148 Patent. 

The Voluntary Standard 

60. The ‘148 Patent, as noted above, expressly refers to and incorporates 

the Voluntary Standard. Each claim of the ‘148 Patent incorporates the test of the 

first step of the Voluntary Standard as the treatment.   

61. The Voluntary Standard, however, as discussed in the final section of 

this declaration, does not support Mr. May’s arguments for rendering the claims of 
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the ‘148 Patent obvious. 

Rebouillat Fails to Disclose Each Element of the Asserted Claims of the 
‘148 Patent 

62. Rebouillat is entitled “Breathable Product for Protective Mass 

Transportation and Cold Chain Applications.” EX1008. The Background of the 

Invention describes how “thermal covers may be used to protect a wide variety of 

cargo, such as flowers, fresh fruits and vegetables, fresh fish, pharmaceuticals and 

electronic products, from temperature fluctuations experienced during transport.” 

Id., [0004]. The drawback in the prior art was that the thermal covers were 

impermeable to gasses and water allowing humidity and heat to build up (i.e., 

“green house effect”), which is detrimental for humidity and temperature sensitive 

goods. Id., [0005]. 

63. The Abstract describes the solution to the problem as “a breathable 

product for protecting mass transportation and cold chain applications.” Id., 

Abstract. This includes a reflective sheet having at least a first layer made of a 

highly reflective moisture vapor permeable substrate. The reflective sheet also 

contains a metal layer. Id. 

64. Figures 1a and 1b illustrate embodiments of the reflective sheet. Id., 

[0032]. The low emissivity, breathable reflective cover reflective has a first layer 1 

made of Tyvek®. Id. There can be a metal layer 2 and lacquer coating 3. Id. 

(Further embodiments relate to flame retardant covers. Id., [0034].) 
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65. Tyvek® is 100% high-density polyethylene that does not repulp into 

fibers under the TAPPI tests. Tyvek® is a #2 plastic that is recyclable in the 

plastics stream, not the paper stream.  

66. Rebouillat does not teach anything regarding the repulpable and 

recyclable packaging of the ‘148 Patent. Indeed, Rebouillat only makes minor 

mention of the possibility of having cellulose as part of the cover sheet. EX1008, 

[e.g., 0046].  

67. Rebouillat also does not disclose the Voluntary Standard or other 

industry tests or standards relating to the repulpability or recyclability of paper or 

cardboard packaging. Instead, the tests relate to such things as light reflectivity, 

moisture barrier transmission, liquid water penetration, emissivity and 

flammability. Id., [0069]. 

68. Rebouillat thus does not disclose all of the requirements of the claims 

of the ‘148 Patent. Rebouillat neither discloses a recyclable paper containing 

package, nor does it disclose the Voluntary Standard - the specific treatment 

claimed in the ‘148 Patent. Finally, Rebouillat fails to disclose the optical density 

requirement of certain of the claims of the ‘148 Patent. 

ANALYSIS OF AND CONCLUSIONS REGARDING THE SIX GROUNDS 
IN LIGHT OF MR. MAY’S PRIOR ART 

69. Mr. May addressed the six grounds of the Petition. I now will address 

each of the six grounds in light of my above examination of the prior art relied 
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upon by Mr. May. I conclude that Mr. May has failed to establish invalidity based 

on the arguments in each of the six grounds. 

70. I focus my analysis on three key omissions in Mr. May’s prior art: (1) 

the requirement that the packaging or material be recyclable as set forth in each of 

the independent claims;1 (2) the packaging is subjected to or exposed to the 

“treatment” (i.e., first step of the Voluntary Standard test) as set forth in each of the 

independent claims; and (3) the optical density requirement as set forth in 

independent claims 7 and 9. My above discussion of the references is incorporated 

herein and will not be repeated in full. 

71. Ground 1. Mr. May asserts that Gundlach anticipates Claims 1, 2, 4, 

6-11, and 13-15 of the ‘148 Patent. EX1003, ¶ 77. While Mr. May concludes that 

Gundlach “teaches that when the packaging is subjected to the treatment in 

element 1(g) to form a recyclable material” Id., ¶ 98, I disagree for the reasons set 

 
1 I note that the “recyclable packaging” of Claim 7 is referenced in what I 
understand to be the preamble of Claim 7. While I understand that the preamble 
may not be interpreted as a limitation in certain circumstances, I believe it is here 
given the following legal rule that I have been provided and assume to be true: the 
preamble of a claim is read as a limitation when it recites essential structural 
elements (necessary to give life, meaning, or vitality to the claim), provides 
antecedent basis for later claim terms, or defines the purpose or context of an 
invention in a way that is integral to the claim. Mr. May appears to agree as he too 
addresses recyclability in the context of a preamble. EX1003, ¶. 72. 
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forth above. Gundlach discloses material for packaging that has significant 

recycling problems, not advantages. Gundlach also fails to disclose the Voluntary 

Standard or treatment of the claims.  

72. To the extent Mr. May suggests these elements are inherent in 

Gundlach, I also disagree. A prior art reference noted above, inherently discloses 

the claim element only if the prior art reference must necessarily include the 

undisclosed claim element. Gundlach does not necessarily include recyclability 

and the Voluntary Standard/treatment where Gundlach’s base coat structure 

includes high molecular weight polymers that are not recyclable under industry 

standards. 

73. I also disagree with Mr. May’s conclusion that Gundlach teaches the 

optical density requirement of certain of the claims (e.g., 7) expressly or inherently. 

EX1003, ¶¶ 119-120. As discussed, the optical density of the ‘148 Patent is 

measured in the context of the repulpability treatment. The optical density 

measurements disclosed in Gundlach are not taken in the context of a repulpability 

test and are well above the low claimed range of the ‘148 Patent – below 0.09 in 

the claims and the lowest disclosed in Gundlach is 2.0. EX1005, [0044]. 

74. Ground 2. Mr. May argues that Claims 1-15 are obvious over 

Gundlach and the Yializis article. I again disagree. Mr. May cannot fill the gaps in 

Gundlach with the Yializis article because, as discussed above, the Yializis article 
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has the same omissions. Put another way, even assuming Mr. May has proven a 

motivation to combine, the Gundlach/Yializis article combination still has the three 

gaps discussed above – no recyclability, no Voluntary Standard and no optical 

density measure in the context of the repulpability treatment. 

75. Ground 3. Mr. May argues that Claims 1, 2 and 4-15 are obvious over 

Gundlach and Rebouillat. EX1003, ¶180. I disagree. Mr. May cannot fill the gaps 

in Gundlach with the Rebouillat because, as discussed above, the Rebouillat has 

the same omissions. Put another way, even assuming Mr. May has proven a 

motivation to combine, the Gundlach/Rebouillat combination still has the three 

gaps discussed above – no recyclability, no Voluntary Standard and no optical 

density measure in the context of the repulpability treatment. 

76. Ground 4. Mr. May argues that Claims 1, 2, 4, 6-11 and 13-15 are 

obvious over Gundlach and the Voluntary Standard. I disagree. Even assuming a 

motivation to combine Gundlach and the Voluntary Standard, the 

Gundlach/Voluntary Standard combination still omits the recyclability and optical 

density requirements. 

77. Ground 5. Mr. May argues that Claims 1-15 are obvious over 

Gundlach, the Yializis article and the Voluntary Standard. I disagree. Even 

assuming a motivation to combine these three references, the Gundlach/Yializis 

article/Voluntary Standard combination still omits the recyclability and optical 
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density requirements. 

78. Ground 6. Mr. Argues that Claims 1, 2 and 4-15 are obvious over 

Gundlach, the Rebouillat and the Voluntary Standard. I disagree. Even assuming a 

motivation to combine these three references, the Gundlach/Rebouillat/Voluntary 

Standard combination still omits the recyclability and optical density requirements. 

CONCLUSION 

In view of the facts above, and in accordance with the legal principles 

described in paragraphs 19-32, a POSITA would have found that Claims 1-15 

neither are anticipated nor obvious before January 8, 2018 (the date used by Glenn 

May in his analysis).   
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DECLARATION 

I hereby declare that all statements made herein of my own knowledge are true and 

that all statements made on information and belief are believed to be true, and 

further that these statements were made with the knowledge that willful false 

statements and the like so made are punishable by fine or imprisonment, or both, 

under Section 1001 of Title 18 of the United States Code. 

  Executed this ___ day of ___________ 2025. 

 

       _____________________________ 

        Ruoxi (Rachel) Ma, Ph.D. 
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