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the internal volume through the peripheral cavity. The size of the peripheral cavity can be adjusted to control the volume of fluid
trapped between the collapsible pouch and the non-collapsible port assembly, and as such this area advantageously experiences limited

expansion during freezing.
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FLEXIBLE CONTAINER FOR STORAGE AND TRANSPORT OF
BIOPHARMACEUTICALS

FIELD
[0001] The present disclosure relates to storage bags and, in particular, to storage

bags for freezing, thawing, storing, and transporting biological products.

BACKGROUND

[0002] Single-use flexible containers are used for transportation, storage, freezing,
and thawing of materials, such as biologics. Some such containers are flexible bags that
are made out of plastic film. The bags may be used for storage, particularly in
cryopreservation applications. The bags are typically disposable to reduce risk of cross
contamination and the need for cleaning validation.

[0003] In biologic applications, bulk drug substances are stored and transported in
flexible storage bags. The contents of the bags can be frozen to maintain stability over
storage time. Current bags have certain drawbacks, including poor durability at freezing
temperatures (which typically are -80 °C, but can be as low as =160 ° C) and during warm-
up and usage of the bags. For example, existing bags are seamed around the edges
which can be a high stress point during freezing or impact. During freezing, the materials
from which the bags are made become brittle and when stressed failures can occur. For
example, during freezing the fluid inside the bag expands, and if fluid becomes trapped
in one area of the bag during freezing, the trapped fluid may expand beyond the capacity
of that area causing the bag to rupture. Such ruptures around the ports of
cryopreservation bags have been a problem in conventional bags. Existing bags also tend
to have leakage problems, particularly at the ends and corners of the bags. Other
drawbacks of existing bags include the risk of plastic extractables interacting with the drug
substances in the existing storage bags.

[0004] A storage bag, particularly for cryogenic applications, having improved
durability, reduced leakage, and reduced interaction between plastic extractables and

contained drug substances is therefore desirable.
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SUMMARY

[0005] In some embodiments, the disclosure is directed to a storage bag that
includes a collapsible pouch including an internal volume and an aperture at one end; a
non-collapsible port assembly; a port reinforcing laminate overlapping the port assembly
and the end of the collapsible pouch including the aperture; and at least one peripheral
cavity. The non-collapsible port assembly includes a body that may be elongate in a
lateral direction relative to the pouch, and a snout that may be elongate in the longitudinal
direction relative to the pouch, and the body includes at least two conduits passing
therethrough. The port reinforcing laminate retains the port assembly with the body
spaced apart from the collapsible pouch and the snout extending from the body into the
internal volume through the aperture. The peripheral cavity is formed by the port
reinforcing laminate and a portion of the port assembly and extends from the edge of the
collapsible pouch to at least one conduit so the conduit is in fluid communication with the
internal volume through the peripheral cavity.

[0006] In some aspects, the non-collapsible port includes a plurality of conduits,
optionally two conduits, where a first conduit is a filling conduit and a second conduit is
an extraction conduit. In certain examples, the non-collapsible port includes a third
conduit, where the third conduit may be a sampling conduit. In some embodiments, the
filling conduit, the extraction conduit, the sampling conduit, or any combination thereof,
extend through the non-collapsible snout. In various examples, at least one conduit is in
fluid communication with the internal volume through the non-collapsible snout. In certain
embodiments, one or more, e.g., two or more, of the conduits are in fluid communication
with the internal volume through the peripheral cavity. In some examples, the port
assembly further includes one or more connecters that extend outside the reinforcing
laminate for connecting one or more tubes to the port assembly so each tube is in fluid
communication with at least one conduit of the port assembly.

[0007] In some aspects, the collapsible pouch has an internal surface formed from
a first polymer and an external surface formed from a second polymer, and the relative
melting points of the first and second polymers are such that the collapsible pouch can

be heated to a temperature high enough to melt bond the second polymer without melting
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the first polymer. In some aspects, the melting point of the first polymer is at least 30 °C
higher than the melting point of the second polymer. In various aspects, the collapsible
pouch is formed of a multilayered composite material having a layer formed from the first
polymer and a layer formed from the second polymer. In some examples, the first polymer
is a fluoropolymer, such as polytetrafluoroethylene (“PTFE”) or perfluoroalkoxy (“PFA”).
In other examples, the first polymer may be a non-fluoropolymer, such as a polyimide
(e.g., Kapton®). In some examples, the second polymer is a fluoropolymer, such as
fluorinated ethylene propylene (“FEP”), polyvinylidene fluoride (‘PVDF”), ethylene
tetrafluoroethylene (“ETFE”), or ethylene chlorotrifluoroethylene (“ECTFE”). In other
examples, the second polymer may be a non-fluoropolymer. Optionally, the first polymer
and the second polymer are both fluoropolymers (e.g., the first polymer is PTFE and the
second polymer is FEP). In some examples, the non-collapsible port assembly is formed
from a fluoropolymer, such as FEP, PVDF, ETFE, or ECTFE. In other examples, the non-
collapsible port assembly may be formed from a non-fluoropolymer.

[0008] In certain examples, the reinforcing laminate includes two composite layers,
where each layer includes a first surface comprising a third polymer and an opposing
second surface comprising a fourth polymer, and the two composite layers are positioned
on either side of the port assembly and the collapsible pouch with the second surface of
each composite layer in contact with at least a portion of the non-collapsible port assembly
and at least a portion of the collapsible pouch. The relative melting points of the third and
fourth polymers are such that the composite layers can be heated to a temperature high
enough to melt bond the fourth polymer without melting the third polymer. In some
aspects, the melting point of the third polymer is at least 30 °C higher than the melting
point of the fourth polymer. Optionally, the third polymer is a fluoropolymer, such as PTFE
or PFA. Alternatively, the third polymer may be a non-fluoropolymer, such as a polyimide
(e.g., Kapton®). Optionally, the fourth polymer is a fluoropolymer, such as FEP, PVDF,
ETFE, or ECTFE. In other examples, the fourth polymer may be a non-fluoropolymer.
Optionally, the third polymer and the fourth polymer are both fluoropolymers (e.g., the
third polymer is PTFE and the fourth polymer is FEP). In some embodiments, the two
layers of the port reinforcing laminate are positioned on either side of the port assembly

and the end of the collapsible pouch with the fourth polymer in contact with the port
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assembly and the collapsible pouch. The fourth polymer may bond the two composite
layers to an external surface of the collapsible pouch, to the port assembly, and/or to each
other. In some examples, the end of the collapsible pouch overlapped by the reinforcing
laminate comprises a joint, and the reinforcing laminate covers the joint.

[0009]  Also provided is a method of forming a storage bag as disclosed herein, the
method including providing a collapsible pouch comprising an internal volume and an
aperture at one end; providing a non-collapsible port assembly comprising a body and a
snout, wherein the body comprises at least two conduits passing therethrough; locating
the end of the collapsible pouch including the aperture between two composite layers of
a reinforcing laminate, where the two composite layers each including a first surface
comprising a fifth polymer and a second surface comprising a sixth polymer, where the
end of the collapsible pouch contacts the second surface of each composite layer, and
where the relative melting points of the fifth and sixth polymers are such that the
composite layers can be heated to a temperature high enough to melt bond the sixth
polymer without melting the fifth polymer; melt bonding the port reinforcing laminate to
the portion of the collapsible pouch by heating the two composite layers to a temperature
between the melting point of the fifth polymer and the melting point of the sixth polymer;
locating the port assembly between the two composite layers, where at least a portion of
the port assembly contacts the second surface of each composite layer; and melt bonding
the port reinforcing laminate to the portion of the port assembly by heating the two
composite layers to a temperature between the melting point of the fifth polymer and the
melting point of the sixth polymer. In some embodiments, locating the end of the
collapsible pouch between the two composite layers and locating the portion of the port
assembly between the two composite layers are both carried out before melt bonding the
port reinforcing laminate to the portion of the collapsible pouch and to the portion of the
port assembly, and melt bonding the port reinforcing laminate to the portion of the
collapsible pouch and to the portion of the port assembly are carried out as a single step.
[00010] In certain aspects, melt bonding the two composite layers to the portion of the
port assembly forms at least one peripheral cavity extending from the collapsible pouch
to at least one conduit so the at least one conduit is in fluid communication with the

internal volume through the peripheral cavity. Optionally, melt bonding the two composite
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layers to the collapsible pouch and melt bonding the two composite layers to the portion
of the port assembly secures the port assembly with the body spaced apart from the
collapsible pouch and the snout extending from the body into the internal volume through
the aperture.

[00011] Also provided is a storage bag including first, second, and third, composite
sheets, where the first composite sheet is in the shape of a collapsible pouch surrounding
an internal volume, and where the first composite sheet includes a plurality of edges that
overlap or abut at joints to form the collapsible pouch. The collapsible pouch formed by
the first composite sheet includes a substantially planar top surface, a substantially planar
bottom surface, two opposing sides, and first and second ends, where the sides and ends
form a periphery of the collapsible pouch; a lap seam on the top or the bottom surface
extending from a point adjacent to the first end to a point adjacent to the second end,
where the lap seam includes two opposing edges of the first composite sheet that overlap;
a first series of joints on the top or the bottom surface and adjacent to the first end, where
the first series of joints includes a first plurality of edges of the first composite sheet that
abut; and a second series of joints on the top or the bottom surface and adjacent to the
second end, where the second series of joints includes a second plurality of edges of the
first composite sheet that abut. The second composite sheet is disposed across the first
series of joints to form a first series of lap seams; the third composite sheet is disposed
across the second series of joints to form a second series of lap seams; and the first end
of the collapsible pouch includes at least one aperture having an area. In some aspects,
the at least one aperture has an area greater than 0.11 square inches. In some aspects,

the sum of the areas of all of the apertures is less than 0.55 square inches.

BRIEF DESCRIPTION OF THE DRAWINGS
[00012] The accompanying drawings are included to provide a further understanding of
the disclosure and are incorporated in and constitute a part of this specification, illustrate
embodiments, and together with the description serve to explain the principles of the
disclosure. The terms “disclosure,” “the disclosure,” “this disclosure” and “the present
disclosure,” as used in this document, are intended to refer broadly to all of the subject

matter of this patent application and the claims below.
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[00013] FIG. 1Ais a partial front view of a storage bag according to some embodiments.
FIG. 1B is a cross-sectional view across line 1B-1B of FIG. 1A. FIG. 1C is a cross-
sectional view across line 1C-1C of FIG. 1A. FIG. 1D is a cross-sectional view across line
1C-1C of an alternate aspect.

[00014] FIG. 2 is a top view of a storage bag according to some embodiments .
[00015] FIG. 3 is a top view of a storage bag according to some embodiments.
[00016] FIG. 4 is a top view of a flat composite sheet used to form a collapsible pouch
of a storage bag according to some embodiments .

[00017] FIG. 5 is a perspective view of a composite tube formed from the flat composite
sheet of FIG. 4 and used to form a collapsible pouch of a storage bag according to some
embodiments.

[00018] FIG. 6 is a perspective view of the composite tube of FIG. 5 in a flattened
configuration.

[00019] FIG. 7A is a perspective view of a reinforcing laminate according to some
embodiments, and FIG. 7B is a top view of a partially assembled storage bag formed from
the composite tube of FIGs. 5-6 and the reinforcing laminate of FIG. 7A.

[00020] FIGs. 8A is a perspective view of a port reinforcing laminate according to some
embodiments, and FIG. 8B is a top view of a partially assembled storage bag formed from
the composite tube of FIGs. 5-6, the reinforcing laminate of FIG. 7A, and the port
reinforcing laminate of FIG. 8A. FIG. 8C is a top view of a storage bag according the an
exemplary embodiment.

[00021] FIG. 9A is a partial perspective view of the storage bag of FIG. 8C with the
reinforcing laminate omitted, where the storage bag is empty. FIG. 9B is a partial
perspective view of the storage bag of FIG. 9A where the storage bag contains a fluid.
[00022] FIG. 10A is a partial perspective view of a prior art storage bag, where the
storage bag is empty. FIG. 10B is a partial perspective view of the prior art storage bag

of FIG. 10A, where the storage bag contains a fluid .

DETAILED DESCRIPTION
[00023] Persons skilled in the art will readily appreciate that various aspects of the

present disclosure can be realized by any number of methods and apparatus configured
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to perform the intended functions. It should also be noted that the accompanying drawing
figures referred to herein are not necessarily drawn to scale, but may be exaggerated to
illustrate various aspects of the present disclosure, and in that regard, the figures should
not be construed as limiting.

[00024] Described herein are storage bags, such as cryopreservation bags, and
methods of making the bags. Generally, the bags are used to freeze, store, and transport
biologic materials. For example, a fluid including a biologic material may be introduced to
the bag through a conduit and then frozen for storage and/or transport, after which the
fluid may be thawed and extracted from the bag through the same or a different conduit.
[00025] The storage bags described herein advantageously limit the volume of fluid
in the port area of the bag to minimize or even prevent fluid expansion that is extensive
enough to cause delamination failures. Generally the bags include a collapsible pouch
having an internal volume where the fluid is contained and at least one aperture through
which fluid can be introduced and extracted. The structure of the storage bags as
described herein allows efficient filling and draining even with an aperture smaller than
that of known storage bags. Optionally, the aperture has an area greater than 0.11 square
inches. In some aspects, each aperture has an area and the sum of the areas of all of the
apertures is less than 0.55 square inches. In addition to the pouch, the bags include a
separate non-collapsible port assembly outside the pouch but fluidly connected thereto.
In some aspects, the non-collapsible port assembly includes a body that may be elongate
in a lateral direction relative to the pouch, and a snout that may be elongate in the
longitudinal direction relative to the pouch, and the body includes one or more conduits
passing therethrough. The collapsible pouch and non-collapsible port assembly are
sandwiched between layers of a port reinforcing laminate that maintains a desired
position of the port assembly relative to the pouch with the body spaced apart from the
pouch and the snout contacting the aperture or extending through the aperture into the
internal volume of the pouch. The port reinforcing laminate and a portion of the port
assembly define a peripheral cavity adjacent to the port assembly and between two layers
of the laminate. In some examples, the peripheral cavity extends from the pouch to the
conduit(s) in the body, and the conduit(s) are in fluid communication with the internal

volume through the peripheral cavity. The small volume of the peripheral cavity results in



CA 03097952 2020-10-21

WO 2019/209268 PCT/US2018/029119

low stress on seams in the port area because the small volume of fluid has little change
in volume upon freezing, and thus low change in stress on the seams, during the freeze
cycle. This minimizes or even prevents delamination failures at the port that might
otherwise be caused by expansion of trapped fluid when freezing. Moreover, the structure
and materials of the bags (including the pouch, the port assembly, and the laminate)
provide improved durability, reduced leakage, and reduced interaction between plastic
extractables and drug substances stored in the bags.

[00026] As used herein, “high melting polymer” and “higher melting polymer” mean a
polymer that does not melt when heated to a temperature high enough to melt bond
another polymer referred to herein as a “low melting polymer” or “lower melting polymer.”
In some embodiments, the “high melting polymer” or “higher melting polymer” is a polymer
having a melting point that is from about 30°C to about 80°C greater than a melting point
the “low melting polymer” or “lower melting polymer.” Conversely, the “low melting
polymer” or “lower melting polymer’” means a polymer that can be melt bonded at a
temperature where the “high melting polymer” or “higher melting polymer” does not melt.
In some embodiments, the “low melting polymer” or “lower melting polymer” is a polymer
having a melting point that is from about 30°C to about 80°C less than the melting point
of the “high melting polymer” or “higher melting polymer.”

[00027] As used herein, “joint” means an interface that includes two abutting edges,
edges that are in near abutment, or edges that overlap. “Lap seam” as used herein means
a seam having edges that overlap one another.

[00028] “Cryopreservation” as used herein means storage or preservation at
temperatures below 0 °C.

[00029] “Collapsible” as used herein means a material or component easily changes
shape, for example flattens, under an applied force. “Non-collapsible” as used herein
means a material retains its shape under an applied force.

[00030] A storage bag disclosed herein includes a collapsible pouch with an internal
volume and an aperture (i.e., an opening), a non-collapsible port assembly, and a port
reinforcing laminate that is a composite sheet that overlaps, bonds to, and maintains the
relative spacing of the pouch and the port assembly. The port reinforcing laminate

includes two layers, where the two layers are positioned on opposite sides of the
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collapsible pouch, on opposite sides of the aperture, and on opposite sides of the non-
collapsible port assembly. The non-collapsible port assembly includes a body that may
be elongate in a lateral direction relative to the pouch, and a snout that may be elongate
in the longitudinal direction relative to the pouch. In some examples, the port assembly
and the end of the pouch lie between layers of the reinforcing laminate with the snout
extending into the internal volume of the collapsible pouch through the aperture and the
body spaced apart from the pouch. In various aspects, the body includes at least one
conduit that is in fluid communication with the internal volume of the pouch through a
peripheral cavity formed by a portion of the snout (e.g., a side portion of the snout) and
layers of the reinforcing laminate. In some examples, a storage bag may include more
than one reinforcing laminate, for example one containing the port assembly and
maintaining its spacing relative to the collapsible pouch and another in a different location
that may include a handle. When a reinforcing laminate contains the port assembly, it is
referred to herein as a port reinforcing laminate. When a reinforcing laminate contains a
handle, it may be referred to herein as a handle reinforcing laminate to distinguish it from
the port reinforcing laminate.

[00031] In some embodiments, the collapsible pouch is formed from a polymer material
that remains durable even at very low temperatures and that also has a low level of
extractables. The durable polymer with low extractables may be a first polymer in a
composite material that also includes a second polymer that facilitates construction of the
bag, for example by having a lower melting point. In some aspects, first polymer forms
the inner surface of the pouch and the second polymer forms the exterior surface of the
pouch. Optionally, the first polymer forms the entire inner surface of the collapsible pouch,
so a contained fluid contacts only the first polymer and not the second polymer. For
example, the first polymer may form a continuous layer on the inner surface of the
collapsible pouch. The first polymer provides durability to the storage bag, so even at
extremely low temperatures the storage bag does not shatter when dropped. The second
polymer may have any properties desired for facilitating construction of the bag because
the first polymer prevents the second polymer from coming into contact with the contents
of the pouch, thereby preventing and/or inhibiting interaction between the contents of the

bag and any plastic extractables in the second polymer. Optionally, the first polymer is a
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fluoropolymer, such as PTFE or PFA. In other examples, the first polymer may be a non-
fluoropolymer, such as a polyimide (e.g., Kapton®). Optionally, the second polymer is a
fluoropolymer, such as FEP, PVDF, ETFE, or ECTFE. In other examples, the second
polymer may be a non-fluoropolymer. Optionally, the first polymer and the second
polymer are both fluoropolymers (e.g., the first polymer is PTFE and the second polymer
is FEP).

[00032] In some embodiments, the collapsible pouch of the storage bags disclosed
herein includes an internal surface formed from a first polymer and an external surface
formed from a second polymer, wherein the relative melting points of the first and second
polymers are such that the collapsible pouch can be heated to a temperature high enough
to melt bond the second polymer without melting the first polymer. In some aspects, the
melting point of the first polymer is at least 30 °C higher (e.g., at least 50 °C, or at least
80 °C higher) than the melting point of the second polymer.

[00033] In some embodiments, a reinforcing laminate includes two layers formed from
one or more sheets, where one sheet may be folded to form the two layers or two sheets
may be stacked to form the two layers. In some embodiments, the sheet(s) are composite
materials, each having a first side and a second side, where the first side is formed from
a third polymer and the second side is formed from a fourth polymer, wherein the relative
melting points of the third and fourth polymers are such that the reinforcing laminate can
be heated to a temperature high enough to melt bond the fourth polymer without melting
the third polymer. In some aspects, the melting point of the third polymer is at least 30 °C
higher (e.g., at least 50 °C, or at least 80 °C higher) than the melting point of the fourth
polymer. Optionally, the third polymer is a fluoropolymer, such as PTFE or PFA. In other
examples, the third polymer may be a non-fluoropolymer, such as a polyimide (e.g.,
Kapton®). Optionally, the fourth polymer is a fluoropolymer, such as FEP, PVDF, ETFE,
or ECTFE. In other examples, the fourth polymer may be a non-fluoropolymer. Optionally,
the third polymer and the fourth polymer are both fluoropolymers (e.g., the third polymer
is PTFE and the fourth polymer is FEP). The third and fourth polymers may be the same
as the first and second polymers described above for the collapsible pouch, or they may
be different.

10
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[00034] The two layers of a port reinforcing laminate are disposed on opposing sides
of the pouch and the port assembly such that the second side (i.e., the low melting
polymer side) of each layer faces the pouch and the port assembly, and the low melting
polymer can bond with the pouch and at least a portion of the port assembly when heat
is applied. Bonding the port reinforcing laminate to the pouch can be carried out in the
same step or in a separate step from bonding the port reinforcing laminate to the port
assembly. In some embodiments, to bond the port reinforcing laminate to the pouch
and/or the port assembly, the port reinforcing laminate is raised to a temperature between
the melting temperature of the third polymer and the melting temperature of the fourth
polymer. When the outer surface of the pouch is formed from a polymer having a
sufficiently low melting point, that polymer can contribute to the bonding between the
pouch and the port reinforcing laminate. When the outer surface of the port assembly is
formed from a polymer having a sufficiently low melting point, that polymer can contribute
to the bonding between the port assembly and the port reinforcing laminate. Moreover,
when a port reinforcing laminate is disposed over a joint or seam between two materials
that form the collapsible pouch, the reinforcing laminate can seal the joint or reinforce the
seal of the seam. Reinforcing laminates other than the port reinforcing laminate may be
used to seal other joints or reinforce other seams and/or for other purposes, such as to
incorporate a handle.

[00035] In some aspects, the two composite layers of a reinforcing laminate are formed
from a single composite sheet that is folded over. In other embodiments, the two
composite layers of a reinforcing laminate are two separate composite sheets, where one
sheet is disposed on each side of the collapsible pouch. The reinforcing laminate provides
enhanced leak protection at the ends and the corners of the storage bag and provides
additional strength to the storage bag, particularly when the fluid in the storage bag is
frozen.

[00036] In the region of the port reinforcing laminate between the port body and the
collapsible pouch, the two composite layers can bond with each other when heat is
applied. The composite layers, however, do not contact each other in a region
immediately adjacent to the port assembly, so they do not bond in that region. Rather, the

region immediately adjacent the snout remains open, forming a peripheral cavity. Thus,
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in some embodiments, at least one peripheral cavity is provided adjacent a side of the
port assembly and extends from the collapsible pouch to a conduit of the port assembly
such that the conduit is in fluid communication with the interior volume of the collapsible
pouch through the peripheral cavity. In some embodiments, the port reinforcing laminate
bonds to the body of the port assembly and to the snout, forming two peripheral cavities
with one on either side of the snout. In other embodiments, the port reinforcing laminate
bonds to the body of the port assembly, but does not bind to the snout or does not bind
to all of the snout, forming one peripheral cavity that extends from one side of the snout
to the other, including above and/or below the snout where the port reinforcing laminate
is not bonded to the snout. In some aspects, multiple peripheral cavities are provided,
e.g., on opposing sides of the snout, in which case each peripheral cavity may be in fluid
communication with a separate conduit or conduits in the body of the port assembly.
[00037] Fig. 1A illustrates a partial top view of storage bag 100. Fig. 1B is a cross-
sectional view along lines 1B-1B of Fig. 1A. Fig. 1C is a cross-sectional view along lines
1C-1C of Fig. 1A. The body 116 of the non-collapsible port assembly 114 includes two
conduits 120A, 120C and is retained in the port reinforcing laminate 108. The body 116
is spaced apart from the collapsible pouch 102. The snout 118 extends from the body
116 into the interior volume of the collapsible pouch 102. At least a portion of the snout
118 extends between the layers 108A, 108B of the port reinforcing laminate 108.
[00038] The port reinforcing laminate 108 includes first and second composite layers
108A, 108B that are bonded to the collapsible pouch 102 where the layers 108A, 108B
contact the collapsible pouch 102 and bonded the port assembly 114 where the layers
108A, and 108B contact the port assembly. The layers 108A, 108B are bonded to each
other between the collapsible pouch 102 and port assembly 114, except at the peripheral
cavity 124 (or 124A, 124B), where the layers 108A, 108B are spaced apart from each
other.

[00039] Fig. 1B illustrates a portion of the two distinct peripheral cavities 124A, 124B
formed by the snout 118 and the first and second composite layers 108A, 108B when
the first and second composite layers are bonded to the top and bottom of the snout. Fig.
1C illustrates a portion of the peripheral cavity 124A formed by the body 116 and the first

and second composite layers 108A, 108B. FIG. 1D illustrates a portion of the single
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peripheral cavity 124 formed by the snout 118 and the first and second composite layers
108A, 108B when the first and second composite layers are not bonded to the top or the
bottom of the snout. The single cavity 124 includes open regions on either side of the
snout that are in fluid communication through one or more passages defined above and/or
below the snout 118.

[00040] The size of a peripheral cavity 124 can be adjusted to control the volume of
fluid permitted in the peripheral cavity 124. Through use of the peripheral cavity 124 and
the non-collapsible snout 118, the volume of fluid trapped between the collapsible pouch
102 and the non-collapsible port assembly 114 is limited, and as such this area
advantageously experiences limited expansion during freezing. In addition, the non-
collapsible snout 118 inhibits or even prevents film collapse and allows unrestricted flow
into and out of the collapsible pouch through the non-collapsible port assembly.

[00041] In some embodiments, the non-collapsible port assembly 114 may include one
conduit, two conduits, three conduits, or more than three conduits. In various
embodiments, the conduit(s) may extend through the body, through the snout, or a
combination thereof. For example, a conduit may be defined through the snout with other
conduits defined through the body 116; all of the conduits may be defined through the
body 116; all of the conduits may be defined through the snout 118; or more than one
conduit may be defined through the snout 118 with one or more other conduits defined
through the body 116. Various other arrangements of conduits may be provided and are
considered to be within the purview of the current disclosure.

[00042] Insome embodiments, one of the conduits of the non-collapsible port assembly
is a filling conduit and another of the conduits is an extraction conduit. In some optional
embodiments, one of the conduits is a sampling conduit, however, in other examples, the
sampling conduit may be omitted. The filling conduit, extraction conduit, and optionally
the sampling conduit may be arranged (e.g., through the body and/or through the snout)
in any way desired, and such arrangement should not be considered limiting on the
current disclosure.

[00043] Each conduit may include one or more tubes disposed in or through the conduit
for providing material to or extracting material from the collapsible pouch 102.

Alternatively, the port assembly 114 may include connectors that extend outside the
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reinforcing laminate to connect tubes to the conduits. In some embodiments, the storage
bag 100 may include a filling tube, through which liquids can enter the internal volume,
and an extraction tube, through which liquids can be extracted from the internal volume.
Optionally, the storage bag may include a sampling tube through which samples can be
extracted during filling, freezing, storage, transportation, or extraction. Optionally, the
sampling tube is in fluid communication with the internal volume of the collapsible pouch
102 through the body 116 and the snout 118 that extends into the interior volume of the
pouch.

[00044] Optionally, a second reinforcing laminate may be provided at a different
location on the collapsible pouch. In some examples, a second reinforcing laminate is
provided at the end opposite the aperture. In some aspects, this additional reinforcing
laminate may include a slit or another opening therein that can be used as a handle to
facilitate transporting the pouch. This reinforcing laminate may be referred to as a handle
reinforcing laminate. Optionally, the handle reinforcing laminate is substantially similar to
the port reinforcing laminate. For example, the handle reinforcing laminate may include
two composite layers, each having a first side and a second side, where the first side
includes a higher melting polymer and the second side includes a lower melting polymer.
Also like the port reinforcing laminate, in some embodiments, the two composite layers
of the handle reinforcing laminate are formed from a single sheet that is folded over a
portion of the collapsible pouch. In other embodiments, the two composite layers of the
handle reinforcing laminate are two separate composite sheets, where one is disposed
on each side of the collapsible pouch and each sheet is arranged with the lower melting
second side facing the collapsible pouch. Optionally the handle reinforcing laminate and
the port reinforcing laminate provide enhanced leak protection at ends and corners of the
storage bag and provide additional strength to the storage bag, particularly when the
storage bag is frozen.

[00045] FIGs. 2 and 3 illustrate an embodiment of a storage bag 100. Elements in
common with FIGs 1A-C retain the same numbering. The collapsible pouch 102 includes
a first end 104, and a port reinforcing laminate 108 overlaps the first end 104. Optionally,
the collapsible pouch 102 also includes a handle reinforcing laminate 110 that overlaps a

second end 106 and includes a handle 112.
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[00046] In the example illustrated in FIGs. 2 and 3, the non-collapsible port assembly
114 includes three conduits 120A-C, three connectors 129A-C, and three tubes 122A-C
disposed over the three connectors 129A-C. FIG. 3 omits the tubes so the connectors
129A-C are more clearly visible. In the example illustrated in FIGs. 2 and 3, the conduits
120A and 120B are defined through the body 116 and the conduit 120C is defined through
the snout 118. As an example only, one of the conduits 120 (e.g. conduit 120A) of the
non-collapsible port assembly 114 may be a filling conduit, another of the conduits 120
(e.g., conduit 120C) may be an extraction conduit, and another of the conduits 120 (e.g.,
conduit 120C) may be a sampling conduit. The arrangement of the filling conduit,
extraction conduit, and optionally the sampling conduit within the storage bag should not
be considered limiting on the current disclosure. The port assembly 114 may have a
substantially T-shape, as shown in FIGs. 2-3, with a single snout positioned perpendicular
to and centered on the body. Alternatively, however, the port assembly 114 may have
any convenient or desired shape including an off-set snout (e,g., a snout that is not
centered on the body), a snout that is angled with respect to the body (i.e., not
perpendiculars to the body), or multiple snouts.

[00047] In the example illustrated in FIGs. 1-3, peripheral cavities 124A, 124B are
adjacent to opposing side portions of the non-collapsible port assembly 114. The
peripheral cavities 124A, 124B extend from the aperture of the collapsible pouch 102 to
the body 116 of the non-collapsible port assembly such that at least one of the conduits
of the non-collapsible port assembly 114 is in fluid communication with the interior volume
of the collapsible pouch 102 through the peripheral cavities 124A, 124B. In this
embodiment, the conduit 120A is in fluid communication with the interior volume of the
collapsible pouch 102 through the peripheral cavity 124A, the conduit 120B is in fluid
communication with the interior volume of the collapsible pouch 102 through the
peripheral cavity 124B, and the conduit 120C is in fluid communication with the interior
volume through the snout 118. It will be appreciated that the number and/or location of
the peripheral cavities 124A, 124B may be adjusted depending on the number and/or
location of the conduits 120.

[00048] In some examples, the collapsible pouch portion of the storage bag is formed

from a flat sheet by rolling the flat sheet into a tube, joining two opposing edges of the
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sheet, and then sealing the tube at both ends. Optionally the flat sheet is a composite
sheet, having a first surface that includes a first polymer and a second opposing surface
that includes a second polymer that has a lower melting point than the first polymer, as
described in detail above. The tube and collapsible pouch are formed with the first surface
of the composite sheet as the internal surface of the tube and collapsible pouch and with
the second surface of the composite sheet as the external surface of the tube and
collapsible pouch. That is, the higher melting polymer forms the internal surface of the
tube and the collapsible pouch and the lower melting polymer of the composite sheet
forms the external surface of the tube and the collapsible pouch. The higher melting
polymer imparts the beneficial properties of durability and low extractables discussed
above, and the lower melting polymer facilitates construction of the tube, the collapsible
pouch, and the storage bag, because it can be softened or melted to form bonds. In some
examples, the higher melting polymer is a non-melt processible polymer including, but
not limited to, PTFE, PFA, or a polyimide such as Kapton®. In various examples, the
lower melting polymer is a melt processible polymer including, but not limited to, FEP,
PVDF, ETFE, or ECTFE.

[00049] In some aspects, a flat composite sheet is formed into a composite tube by
joining two opposing edges of the composite sheet, optionally by overlapping the edges.
The composite sheet is oriented with the first surface/higher melting polymer toward the
inside of the tube and the second surface/lower melting polymer toward the outside of the
tube. In some examples, the overlapping edges are joined together by heating the
composite material to a temperature between the melting points of the lower melting
polymer and the higher melting polymer, so that the lower melting polymer softens or
melts but the higher melting polymer does not, applying pressure where the edges
overlap, and allowing the lower melting polymer to solidify. Thus the overlapping edges
form a lap seam.

[00050] After the opposing edges are joined to form the tube, the tube is flattened to
form a top portion and a bottom portion with the lap seam that joins the opposing edges
extending along the top or bottom portion of the tube from one end to another. Optionally,
the lap seam extends substantially along the center of the top or bottom portion of the

tube from one end to the other. In some examples, the lap seam does not form an edge
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of the flattened tube (along a periphery of the flattened tube) between the top and bottom
portions.

[00051] In some examples, the flat composite sheet has a substantially rectangular
shape, and optionally the two opposing edges to be joined are substantially straight. Once
the opposing edges are joined, the other edges of the composite sheet each form an end
of the composite tube. The edges forming the ends of the tube may include one or more
extensions, for example, one or more flaps or contoured portions, for use in closing the
ends of the tube to form the collapsible pouch. In some examples, the extensions on the
composite sheet are shaped and sized so that once the tube is formed and flattened, the
extensions are along only one of the top or bottom portion of each end. Thus, the ends of
the top and bottom portions of the tube are off-set.

[00052] As shown in FIG. 4, composite sheet 200 has a first surface 218 comprising a
higher melting polymer. The first surface 218 will become the inner surface of the
collapsible pouch 102 (shown in FIG. 7B). The composite sheet 200 further includes a
second surface (not shown) opposite the first surface 218. The second surface includes
a lower melting polymer, and the second surface will become the outer surface of the
collapsible pouch 102. The composite sheet 200 is substantially rectangular with two
extensions 210 on opposing sides having extension edges 212. Fold lines J and H
indicate where extensions 210 will be folded to close the ends of the collapsible pouch
102. One of the fold lines H includes an aperture 219. The aperture may be any
convenient shape, including circular, oval, or any other desired shape. Opposing side
portions 216 of the composite sheet 200 will overlap when the composite sheet is rolled
to form composite tube 201 (shown in FIG. 5). When the opposing side portions 216 are
joined and the tube is flattened, extension edges 212 are offset compared to the non-
extended edges 214. It should be understood that the specific geometry of extensions
210 is provided as an example only, other geometries are possible, and the exact
extension geometry illustrated should not be considered limiting on the present
disclosure.

[00053] FIGs. 5-6 show the formation of composite tube 201. FIG. 5 shows the
composite sheet 200 formed into a ring, optionally around a mandrel, until opposing side

portions 216 overlap. The composite tube 201 is formed with the first surface 218 (higher
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melting polymer) of the composite sheet 200 as the internal surface 221 of the composite
tube 201 and the second surface (lower melting polymer) of the composite sheet 200 as
the external surface 220 of the composite tube 201. Once overlapped, opposing side
portions 216 are heated to melt bond the lower melting polymer of the external surface
220 to the higher melting polymer of internal surface 221, forming a lap seam 224. After
forming the lap seam 224, tube 201 is flattened in a direction perpendicular to diameter
D by folding along line K. FIG. 6 shows the composite tube 201 flattened prior to folding
the extensions 210 to close the ends of the tube 201. The extension edges 212 are off-
set compared to the non-extended edges 214.

[00054] An end of the tube may be sealed by folding an extension so the edge of the
extension abuts or overlaps the edge of the non-extended portion of the tube end to form
a joint. In some embodiments the extension is folded along a fold line intermediate
between the edge of the extension and the edge of the opposing top or bottom portion of
the tube. That is, the fold line is within the extension, so that after the extension is folded
the joint with the non-extended portion is on the top or bottom of the collapsible pouch,
not at the periphery. In some embodiments, an extension is divided into multiple sections,
for example three sections, with different geometries and different fold lines to facilitate
folding required to join the top and bottom portions and seal an end of the tube. Each
section of an extension can be folded such that the edges of that section abut or overlap
another section or abut or overlap the opposing portion of the flattened tube to form a
joint.

[00055] FIG. 7A shows a first reinforcing laminate 250 that is placed over an end of the
collapsible pouch 102, as shown in FIG. 7B. The first reinforcing laminate 250 has a first
surface (not shown) including a high melt polymer and a second surface 252 opposite the
first surface, where the second surface includes a low melt polymer. As shown in FIG.
7B, extensions 210 are folded on lines J and H to form the collapsible pouch 102 before
placement of the first reinforcing laminate 250. Once the extensions are folded, the
extension edges 212 and the non-extended edges 214 form a joint 226 on the top (upward
facing) portion of the flat collapsible pouch 102. FIG. 7B shows the extension edges 212
and the non-extended edges 214 abutting, but alternatively they could overlap. FIG. 7B

further shows the first reinforcing laminate 250 folded along line L and placed around an
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end of collapsible pouch 102 and over joint 226 (i.e., the end of pouch 102 is sandwiched
between the two layers of folded first reinforcing laminate 250) with the second surface
252/lower melt polymer on the inside of the folded first reinforcing laminate 250 adjacent
to the external surface of the flattened collapsible pouch 102. Heat is applied to the first
reinforcing laminate 250 to melt bond the lower melting polymer of surface 220 and/or
surface 252 and secure joint 226. It should be understood that in some embodiments,
first reinforcing laminate 250 could be formed of only higher melting polymer and could
be bonded with surface 220 by melt bonding the lower melting polymer of surface 220 to
first reinforcing laminate 250. Also, in alternative embodiments the first reinforcing
laminate 250 could be a flat (unfolded) sheet that is applied only over the side of the
composite pouch 102 including joint 226. Still further, rather than a folded sheet, the first
reinforcing laminate 250 could be two separate sheets with one on each side of the
collapsible pouch 102.

[00056] FIG. 8A shows a second (or port) reinforcing laminate 260 that is placed over
the other end of the collapsible pouch 102 as shown in FIG. 8B. The port reinforcing
laminate 260 has a first surface (not shown) including a higher melting polymer and a
second surface 262 opposite the first surface, where the second surface 262 includes a
lower melting polymer. As shown in FIG. 8B, extensions 210 are folded on lines J and H
to form the collapsible pouch 102 as described for FIG. 7B. FIG. 8B further shows the
port reinforcing laminate 260 folded along line M and placed around an end of collapsible
pouch 102 and over joint 226 (i.e., the end of pouch 102 is sandwiched between the two
layers of folded port reinforcing laminate 260) with the second surface 262/lower melt
polymer on the inside of the folded port reinforcing laminate 260 adjacent to the external
surface of the flattened collapsible pouch 102.

[00057] An insert 266 is shown between the folded layers of the port reinforcing
laminate 260. The insert 266 may be placed before or after the port reinforcing laminate
260 is folded and before or after the port reinforcing laminate 260 is placed over the end
of the collapsible pouch 102. The insert 266 prevents the port reinforcing laminate from
bonding to anything in the area where the insert 266 is present. Heat is applied to the port
reinforcing laminate 260 to melt bond the lower melting polymers of surface 220 and/or

surface 262 and secure joint 226. The insert 266 is made from a material that does not
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bond to the port reinforcing laminate, for example polytetrafluoroethylene. After the port
reinforcing laminate 260 is bonded to the collapsible pouch 102, the outer edge of the
folded port reinforcing laminate 260 is cut to provide access to the insert 266, the insert
266 is removed, and a port assembly 114 (not shown in FIG. 8B) is inserted between the
layers of the port reinforcing laminate 260. The port assembly 114 optionally may be
substantially the same size and shape as the insert 266, but it need not be. In a second
heating step, heat is applied so the lower melting polymer of the reinforcing laminate 260
and/or a lower melting polymer on a surface of the port assembly 114 will melt bond the
port reinforcing laminate 260 to at least a portion of the port assembly 114.

[00058] As explained above for the first reinforcing laminate 250, it should be
understood that in some embodiments, port reinforcing laminate 260 could be formed of
only higher melting polymer and could be bonded with surface 220 and the surface of the
port assembly by melt bonding those surfaces to port reinforcing laminate 260. Also, in
alternative embodiments the port reinforcing laminate 260 could be a flat (unfolded) sheet
that is applied only over the side of the composite pouch 102 including joint 226. Still
further, rather than a folded sheet, the port reinforcing laminate 260 could be two separate
sheets with one on each side of the collapsible pouch 102.

[00059] Folding the extensions at each end of the pouch so the edges of the extensions
abut or overlap the non-extended edges and bonding those joints to first or second
composite sheets forms a pouch having lap seams only. Lap seams result in a stronger
construction since the joints/seams are subject to shear stress during freezing (or volume
expansion of the bag) which has a lower failure mode when compared to joints/seams
that are subject to peel or cleavage stress. This construction creates a more durable
pouch as compared to prior art storage bags, which have joints/seams that are subject to
peel or cleavage stress but not sheer stress. FIGs. 9A-9B show partial perspective views
of collapsible pouch 102 with the first reinforcing laminate 250 omitted. FIG. 9A shows
the pouch 102 empty and flat, and FIG 9B shows the pouch 102 at least partially filled
with a fluid. The periphery 228 of the pouch 102 is a continuous film, and the lap seam
224 and joint 226 on the top of the bag. As shown in other figures, in use, the lap seam
224 and joint 226 are covered by the first reinforcing laminate 250. For comparison, FIGs.

10A-10B show partial perspective views of a prior art bag 300, where the bag is formed
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from two materials joined together by a seam around at least a portion of the bag’s
periphery 310.

[00060] The disclosure may be further defined by the following examples.

[00061] Example 1. A storage bag, including a collapsible pouch including an internal
volume and an aperture at one end; a non-collapsible port assembly including a body and
a snout, where the body includes at least two conduits passing therethrough; a port
reinforcing laminate overlapping the port assembly and the end of the collapsible pouch
including the aperture to retain the port assembly with the body spaced apart from the
collapsible pouch and the snout extending from the body into the internal volume through
the aperture; and at least one peripheral cavity formed by the port reinforcing laminate
and a portion of the port assembly and extending from the collapsible pouch to at least
one conduit so the at least one conduit is in fluid communication with the internal volume
through the peripheral cavity.

[00062] Example 2. The storage bag of Example 1, where the body of the non-
collapsible port assembly includes a filling conduit and an extraction conduit.

[00063] Example 3. The storage bag of Example 1 or 2, where the body of the non-
collapsible port assembly includes a sampling conduit.

[00064] Example 4. The storage bag of any preceding Example, where two or more of
the at least two conduits are in fluid communication with the internal volume through the
at least one peripheral cavity and the aperture.

[00065] Example 5. The storage bag of any preceding Example, where at least one of
the at least two conduits is in fluid communication with the internal volume through the
non-collapsible snout.

[00066] Example 6. The storage bag of any preceding Example, where the port
assembly further includes one or more connectors that extend outside the port reinforcing
laminate for connecting one or more tubes to the port assembly so each tube is in fluid
communication with at least one conduit of the port assembly.

[00067] Example 7. The storage bag of any preceding Example, where the collapsible
pouch includes an internal surface formed from a first polymer and an external surface

formed from a second polymer, where the relative melting points of the first and second
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polymers are such that the collapsible pouch can be heated to a temperature high enough
to melt bond the second polymer without melting the first polymer.

[00068] Example 8. The storage bag of Example 7, where the melting point of the first
polymer is at least 30 °C higher than the melting point of the second polymer.

[00069] Example 9. The storage bag of Example 7 or 8, where the first polymer includes
polytetrafluoroethylene (“PTFE”) or perfluoroalkoxy (“PFA”) and the second polymer
includes fluorinated ethylene propylene (“‘FEP”), polyvinylidene fluoride (“PVDF”),
ethylene tetrafluoroethylene (“ETFE”), or ethylene chlorotrifluoroethylene (“ECTFE”).
[00070] Example 10. The storage bag of any preceding Example, where the non-
collapsible port assembly is formed of FEP, PVDF, ETFE, or ECTFE.

[00071] Example 11. The storage bag of any preceding Example, where the port
reinforcing laminate includes two composite layers, each layer including a first surface
including a third polymer and an opposing second surface including a fourth polymer, and
where the two layers are positioned on either side of the port assembly and the collapsible
pouch with the second surface of each layer in contact with at least a portion of the non-
collapsible port assembly and at least a portion of the collapsible pouch, where the relative
melting points of the third and fourth polymers are such that the composite layers can be
heated to a temperature high enough to melt bond the fourth polymer without melting the
third polymer.

[00072] Example 12. The storage bag of Example 11, where the melting point of the
third polymer is at least 30 °C higher than the melting point of the fourth polymer.
[00073] Example 13. The storage bag of Example 11 or 12, where the fourth polymer
bonds the two composite layers to at least a portion of the collapsible pouch, to at least a
portion of the port assembly, and to each other.

[00074] Example 14. The storage bag of any of Examples 11-13, where the third
polymer includes PTFE or PFA and the fourth polymer includes FEP, PVDF, ETFE, or
ECTFE.

[00075] Example 15. The storage bag of any of Examples 11-14, where the portion of
the collapsible pouch overlapped by the port reinforcing laminate includes a joint, and

where the port reinforcing laminate covers the joint.
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[00076] Example 16. A method of forming a storage bag, the method including:
providing a collapsible pouch including an internal volume and an aperture at one end;
providing a non-collapsible port assembly including a body and a snout, where the body
includes at least two conduits passing therethrough; locating the end of the collapsible
pouch including the aperture between two composite layers of a port reinforcing laminate,
where the two composite layers each comprise a first surface including a fifth polymer
and a second surface including a sixth polymer, where the portion of the collapsible pouch
contacts the second surface of each composite layer, and where the relative melting
points of the fifth and sixth polymers are such that the composite layers can be heated to
a temperature high enough to melt bond the sixth polymer without melting the fifth
polymer; and melt bonding the port reinforcing laminate to the portion of the collapsible
pouch by heating the two composite layers to a temperature between the melting point of
the fifth polymer and the melting point of the sixth polymer; locating the port assembly
between the two composite layers, where at least a portion of the port assembly contacts
the second surface of each composite layer; and melt bonding the port reinforcing
laminate to the portion of the port assembly by heating the two composite layers to a
temperature between the melting point of the fifth polymer and the melting point of the
sixth polymer.

[00077] Example 17. The method of Example 16, where locating the end of the
collapsible pouch between the two composite layers and locating the portion of the port
assembly between the two composite layers are both carried out before melt bonding the
port reinforcing laminate to the portion of the collapsible pouch and to the portion of the
port assembly, and where melt bonding the port reinforcing laminate to the portion of the
collapsible pouch and to the portion of the port assembly are carried out in a single step.
[00078] Example 18. The method of Example 16 or 17, where melt bonding the two
composite layers to at least a portion of the port assembly forms at least one peripheral
cavity extending from the collapsible pouch to at least one conduit so the at least one
conduit is in fluid communication with the internal volume through the peripheral cavity.
[00079] Example 19. The method of any of Examples 16-18, where melt bonding the
two composite layers to the collapsible pouch and melt bonding the two composite layers

to the port assembly secure the port assembly with the body spaced apart from the
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collapsible pouch and the snout extending from the body into the internal volume through
the aperture.

[00080] Example 20. A storage bag including first, second, and third, composite sheets,
where the first composite sheet is in the shape of a collapsible pouch surrounding an
internal volume, where the first composite sheet includes a plurality of edges that overlap
or abut at joints to form the collapsible pouch, where the collapsible pouch includes a
substantially planar top surface, a substantially planar bottom surface, two opposing
sides, and first and second ends, where the sides and ends form a periphery of the
collapsible pouch; a lap seam on the top or the bottom surface extending from a point
adjacent to the first end to a point adjacent to the second end, where the lap seam
includes two opposing edges of the first composite sheet that overlap; a first series of
joints on the top or the bottom surface and adjacent to the first end, where the first series
of joints includes a first plurality of edges of the first composite sheet that abut; and a
second series of joints on the top or the bottom surface and adjacent to the second end,
where the second series of joints includes a second plurality of edges of the first
composite sheet that abut; where the second composite sheet is disposed across the first
series of joints to form a first series of lap seams; where the third composite sheet is
disposed across the second series of joints to form a second series of lap seams; and
where the first end of the collapsible pouch includes at least one opening having an area
greater than 0.11 square inches.

[00081] Example 21. A storage bag including first, second, and third, composite sheets,
where the first composite sheet is in the shape of a collapsible pouch surrounding an
internal volume, where the first composite sheet includes a plurality of edges that overlap
or abut at joints to form the collapsible pouch, where the collapsible pouch includes a
substantially planar top surface, a substantially planar bottom surface, two opposing
sides, and first and second ends, where the sides and ends form a periphery of the
collapsible pouch; a lap seam on the top or the bottom surface extending from a point
adjacent to the first end to a point adjacent to the second end, where the lap seam
includes two opposing edges of the first composite sheet that overlap; a first series of
joints on the top or the bottom surface and adjacent to the first end, where the first series

of joints includes a first plurality of edges of the first composite sheet that abut; and a
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second series of joints on the top or the bottom surface and adjacent to the second end,
where the second series of joints includes a second plurality of edges of the first
composite sheet that abut; where the second composite sheet is disposed across the first
series of joints to form a first series of lap seams; where the third composite sheet is
disposed across the second series of joints to form a second series of lap seams; and
where the first end of the collapsible pouch includes at least one opening having an area,
and where the sum of the areas of all of the openings is less than 0.55 square inches.

[00082] The invention of this application has been described above both generically
and with regard to specific embodiments. It will be apparent to those skilled in the art that
various modifications and variations can be made in the embodiments without departing
from the scope of the disclosure. Thus, it is intended that the embodiments cover the
modifications and variations of this invention provided they come within the scope of the

appended claims and their equivalents.
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That which is claimed:

1. A storage bag, comprising:
a collapsible pouch comprising an internal volume and an aperture at one end;

a non-collapsible port assembly comprising a body and a snout, wherein the body
comprises at least two conduits passing therethrough,;

a port reinforcing laminate overlapping the port assembly and the end of the collapsible
pouch including the aperture to retain the port assembly with the body spaced apart from the
collapsible pouch and the snout extending from the body into the internal volume through the

aperture; and

at least one peripheral cavity formed by the port reinforcing laminate and a portion of the
port assembly and extending from the aperture of the collapsible pouch to at least one conduit
so the at least one conduit of the at least two conduits is in fluid communication with the internal

volume through the peripheral cavity.

2. The storage bag of claim 1, wherein the at least two conduits of the body of the non-

collapsible port assembly comprises a filling conduit and an extraction conduit.

3. The storage bag of claim 1 or 2, wherein the at least two conduits of the body of the

non-collapsible port assembly comprises a sampling conduit.

4. The storage bag of any one of claims 1 to 3, wherein two or more of the at least two
conduits are in fluid communication with the internal volume through the at least one peripheral

cavity and the aperture.

5. The storage bag of any one of claims 1 to 4, wherein at least one of the at least two
conduits is in fluid communication with the internal volume through the snout of the non-
collapsible port assembly.

6. The storage bag of any one of claims 1 to 5, wherein the port assembly further
comprises one or more connectors that extend outside the port reinforcing laminate for
connecting one or more tubes to the port assembly so each tube is in fluid communication with

at least one conduit of the port assembly.
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7. The storage bag of any one of claims 1 to 6, wherein the collapsible pouch comprises
an internal surface formed from a first polymer and an external surface formed from a second
polymer, wherein the relative melting points of the first and second polymers are such that the
collapsible pouch can be heated to a temperature high enough to melt bond the second polymer

without melting the first polymer.

8. The storage bag of claim 7, wherein the melting point of the first polymer is at least 30

°C higher than the melting point of the second polymer.

9. The storage bag of claim 7 or 8, wherein the first polymer comprises
polytetrafluoroethylene (*PTFE”) or perfluoroalkoxy (“PFA”) and the second polymer comprises
fluorinated ethylene propylene (“*FEP”), polyvinylidene fluoride (“PVDF”), ethylene
tetrafluoroethylene (“ETFE”), or ethylene chlorotrifluoroethylene (“ECTFE”).

10. The storage bag of any one of claims 1 to 9, wherein the non-collapsible port assembly
is formed of FEP, PVDF, ETFE, or ECTFE.

11. The storage bag of any one of claims 1 to 10, wherein the port reinforcing laminate
comprises two composite layers, each layer comprising a first surface comprising a third
polymer and an opposing second surface comprising a fourth polymer, and wherein the two
layers are positioned on either side of the port assembly and the collapsible pouch with the
second surface of each layer in contact with at least a portion of the non-collapsible port
assembly and at least a portion of the collapsible pouch, wherein the relative melting points of
the third and fourth polymers are such that the composite layers can be heated to a temperature

high enough to melt bond the fourth polymer without melting the third polymer.

12. The storage bag of claim 11, wherein the melting point of the third polymer is at least 30
°C higher than the melting point of the fourth polymer.

13. The storage bag of claim 11 or 12, wherein the fourth polymer bonds the two composite

layers to at least a portion of the collapsible pouch, to at least a portion of the port assembly,

and to each other.
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14. The storage bag of any one of claims 11 to 13, wherein the third polymer comprises
PTFE or PFA and the fourth polymer comprises FEP, PVDF, ETFE, or ECTFE.

15. The storage bag of any one of claims 11 to 14, wherein the portion of the collapsible
pouch overlapped by the port reinforcing laminate comprises a joint, and wherein the port

reinforcing laminate covers the joint.

16. A method of forming a storage bag, the method comprising:
providing a collapsible pouch comprising an internal volume and an aperture at one end;

providing a non-collapsible port assembly comprising a body and a snout, wherein the

body comprises at least two conduits passing therethrough;

locating the end of the collapsible pouch including the aperture between two composite
layers of a port reinforcing laminate, wherein the two composite layers each comprise a first
surface comprising a fifth polymer and a second surface comprising a sixth polymer, wherein a
portion of the collapsible pouch contacts the second surface of each composite layer, and
wherein the relative melting points of the fifth and sixth polymers are such that the composite
layers can be heated to a temperature high enough to melt bond the sixth polymer without

melting the fifth polymer;

melt bonding the port reinforcing laminate to the portion of the collapsible pouch by
heating the two composite layers to a temperature between the melting point of the fifth polymer

and the melting point of the sixth polymer;

locating the port assembly between the two composite layers, where at least a portion of

the port assembly contacts the second surface of each composite layer; and

melt bonding the two composite layers of the port reinforcing laminate to the at least a
portion of the port assembly by heating the two composite layers to a temperature between the

melting point of the fifth polymer and the melting point of the sixth polymer,

wherein melt bonding the two composite layers to the at least a portion of the
port assembly forms at least one peripheral cavity extending from the collapsible pouch
to at least one conduit so the at least one conduit is in fluid communication with the

internal volume through the peripheral cavity.
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17. The method of claim 16, wherein locating the end of the collapsible pouch between the
two composite layers and locating the portion of the port assembly between the two composite
layers are both carried out before melt bonding the port reinforcing laminate to the portion of the
collapsible pouch and to the portion of the port assembly, and wherein melt bonding the port
reinforcing laminate to the portion of the collapsible pouch and to the portion of the port

assembly are carried out in a single step.
18. The method of claim 16 or 17, wherein melt bonding the two composite layers to the
collapsible pouch and melt bonding the two composite layers to the port assembly secure the

port assembly with the body spaced apart from the collapsible pouch and the snout extending

from the body into the internal volume through the aperture.
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