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CONTAINER CLOSURE WITH REVERSE COEFFICIENT OF THERMAL
EXPANSION MATERIALS

CROSS-REFERENCE TO RELATED APPLICATION
[0001] The present application claims priority to United States Patent Application No.
18/203,127 entitled “Container Closure with Reverse Coefficient of Thermal Expansion
Materials” filed May 30, 2023, the disclosure of which is hereby incorporated by reference in

its entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present disclosure relates generally to closure containers such as prefilled
syringes and, more particularly, to a sealing component for use with a prefilled syringe that
exhibits minimal shrinkage and/or possible expansion at low temperatures, so as to preserve

the closure integrity of the syringe liquid content during transport or storage.

Description of Related Art

[0003] Closure containers are used in the medical field for storing and potentially dispensing
fluids, such as medications or drugs. The closure container is provided as a stoppered glass or
plastic container (e.g., glass or plastic vial or syringe) with an elastomeric closure. The
medication or drug stored in the closure container may include, for example, vaccines or cell
therapies.

[0004] When a closure container is provided as a prefilled syringe for dispensing fluids, the
syringe will typically include a syringe barrel with an opening at a distal end and a plunger
assembly inserted through the opposite proximal end of the barrel. The plunger assembly
typically includes an elongated plunger rod extending out of the barrel, and a plunger head or
stopper disposed at the distal end of the plunger rod. The stopper or plunger stopper is typically
made of elastomeric material, and comprises a body with a tail disposed at its proximal end
adapted for attachment to the distal end of the plunger rod, and a head disposed at its distal end.
On an external cylindrical wall of the body is defined a plurality of annular outwardly
protruding ribs adapted to ensure the container closure integrity of a syringe when the stopper
is inserted into the syringe.

[0005] After a period of transport and/or storage, during delivery of the medication to a

patient, the opening of the syringe barrel on the distal end is adapted for fluid communication
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with a patient, such as through a needle already attached to the syringe barrel (stacked needle
syringe barrel), or through a hypodermic needle fitted at the distal end of the syringe barrel
(Luer syringe barrel), or through a Luer-type fitting (needleless access device) fitted at the
distal end of the syringe barrel and connected to a fluid line of a patient. Upon the user applying
a force to move the plunger assembly through the syringe barrel towards the distal end of the
syringe barrel, the content of the syringe is thereby pulled out of the syringe barrel through the
opening at the distal end for delivery to the patient. Such an operation is well known in the
medical field, and medical practitioners have become well accustomed to the use of such
common fluid delivery procedures using prefilled syringes.

[0006] Prefilled syringes provide the convenience of rapidly delivering the content to a
patient without the need to first aspirate the medication from another container and meter its
volume. At the same time, there is a need to maintain sterility and container closure integrity
of the medication inside the prefilled syringe, including over an extended period of time, and
throughout exposure to various storage and transport conditions. In some circumstances,
prefilled syringes are subjected to extremely cold temperatures — including temperatures down
to as low as -80 to -196°C (i.e., liquid nitrogen temperature) — in order to properly store the
medication contained therein (e.g., a vaccine or cell therapy). In other circumstances, prefilled
syringes are subjected to a combination of cold temperatures and higher pressures, such as
when being transported on a plane, for example. Maintaining container closure integrity in
these conditions is a big challenge for prefilled syringes based, at least in part, on the coefficient
of thermal expansion (CTE) mismatch between the stopper and the barrel materials. This CTE
mismatch is even more pronounced when the barrel of the prefilled syringe is formed of glass,
with it known that a glass substrate (i.e., the barrel) typically has a CTEg = Sppm/°C, while
rubber such as bromobutyl (i.e., the stopper) has a CTEs=200ppm/°C at room temperature
(T_amb). Assuming constant CTEs from room temperature to deep cold conditions, this level
of CTE mismatch may result in an interference rate between the stopper and the barrel dropping
by approximately 30% - this being due at least in part to the elastomeric stopper being brought
to its glass transition temperature (Tg) where the elastic properties of the stopper are altered so
that it becomes “glass-like” and loses its ability to apply a strong contact pressure against the
barrel and maintain a seal therewith. Any contact pressure variation/reduction between the
stopper and barrel during the thermal cycle may present risk on the container closure integrity
either by creating a leaking channel (partial lack of contact) at the barrel-stopper interface

and/or by enabling stopper movement inside the barrel during the freeze-thaw cycles.
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[0007] A large CTE mismatch between the barrel and the stopper can also cause issues with
subsequent container closure integrity when initially inserting the stopper into the barrel. That
is, during initial assembly of a pre-filled syringe, a stopper is typically placed by using vent
tube stoppering, which consists in compressing the stopper (using a vent tube stoppering tool)
to have a diameter significantly smaller than the barrel internal diameter, before placing the
stopper into the barrel and allowing the stopper to expand back and become sealed in the barrel.
For many stopper materials, including where a rubber stopper is coated with PTFE, this can
lead to damage to the rubber material and/or the coating thereon, which may lead to
compromised container closure integrity and/or particle generation.

[0008] Accordingly, a need exists in the art for closure containers, including prefilled
syringes, that are able to maintain sterility and container closure integrity even at extremely
low cold storage temperatures. A need further exists for a method of manufacturing such
closure containers that maintains container closure integrity throughout and subsequent to such

manufacturing.

SUMMARY OF THE INVENTION
[0009] Provided herein is a prefilled syringe including a syringe barrel having a proximal
end and a distal end and defining a chamber, the syringe barrel having an opening at the
proximal end. The prefilled syringe also includes a plunger assembly inserted through the
opening and axially movable within the chamber of the syringe barrel, with the plunger
assembly further including a plunger rod having an elongated body extending between a
proximal end and a distal end and a stopper attached to the distal end of plunger rod and
positioned within the barrel chamber. The stopper is composed of a blended material including
an elastomeric material and an intermixed material having a coefficient of thermal expansion
lower than the elastomeric material.
[0010] In certain configurations, the intermixed material has a negative coefficient of
thermal expansion.
[0011] In certain configurations, the blended material of the stopper has a coefficient of
thermal expansion matching a coefficient of thermal expansion of the syringe barrel or lower
than the coefficient of thermal expansion of the syringe barrel.
[0012] In certain configurations, the stopper is configured to expand at room temperature or
at cold storage temperatures of 0°C and lower, so as to maintain a closure integrity between

the stopper and the syringe barrel.
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[0013] In certain configurations, the intermixed material is graphene, a hexagonal boron
nitride compound (coronene), ScF3 compound, ZrW208, or beta—cucryptite and Ca2RuO4.
[0014] In certain configurations, the stopper includes an inert coating applied to at least a
portion of an outer surface thereof.

[0015] In certain configurations, the inert coating is a parylene coating.

[0016] In certain configurations, the syringe barrel is composed of a glass substrate.

[0017] In certain configurations, the syringe barrel is composed of a polymeric substrate.
[0018] In certain configurations, the stopper is a molded stopper formed via molding of a
blend of the elastomeric material and the intermixed material.

[0019] In certain configurations, the syringe includes a distal end cap positioned over a
nozzle at the distal end of the barrel chamber, wherein the distal end cap is composed of a
blended material including a polymeric material and an intermixed material having a
coefficient of thermal expansion lower than the polymeric material.

[0020] Also provided herein is an apparatus for storing and/or delivering a fluid. The
apparatus includes a container having a proximal end and a distal end and defining a chamber,
with the container having an opening at the proximal end. The apparatus also includes a sealing
component positioned at least partially within the chamber such that at least a portion of the
sealing component forms an interference fit with the container, wherein the sealing component
is composed of a blended material including an elastomeric material and an intermixed material
having a coefficient of thermal expansion lower than the elastomeric material.

[0021] In certain configurations, the intermixed material has a negative coefficient of
thermal expansion (NCTE).

[0022] In certain configurations, the intermixed material is graphene, hexagonal boron
nitride (coronene) compound, ScF3 compound, ZrW208, or beta—cucryptite and Ca2RuO4.
[0023] In certain conligurations, the stopper includes an inert coating applied to at least a
portion of an outer surface thereof.

[0024] In certain configurations, the container is composed of one of a glass substrate and a
polymeric substrate.

[0025] In certain configurations, the apparatus is a prefilled syringe, with the container being
a syringe barrel and the sealing component being a stopper affixed to a distal end of a plunger
rod.

[0026] In certain configurations, the apparatus includes a distal end cap positioned over a

nozzle at the distal end of the chamber, and wherein the distal end cap comprises a blended
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material including another polymeric material and an intermixed material having a coefficient
of thermal expansion lower than the polymeric material.

[0027] Also provided herein is a method of assembling a prefilled syringe. The method
includes providing a syringe barrel comprising a proximal end and a distal end and defining a
chamber, the syringe barrel having an opening at the proximal end. The method also includes
providing a plunger assembly insertable into the opening, the plunger assembly including a
plunger rod comprising an elongated body and extending between a proximal end and a distal
end and a stopper attached to the distal end of plunger rod and positioned within the barrel
chamber, wherein the stopper comprises a blended material including an elastomeric material
and an intermixed material having a negative coefficient of thermal expansion that is lower
than a coefficient of thermal expansion the elastomeric material. The method further includes
heating a vent tube stoppering tool that holds the plunger assembly therein, with the vent tube
stoppering tool heated to a temperature that causes the stopper to contract, due to the intermixed
material with the negative coefficient of thermal expansion, and inserting the plunger assembly
into the syringe barrel using the vent tube stoppering tool.

[0028] In certain configurations, the method also includes filling the barrel with a liquid

solution prior to inserting of the plunger assembly.

BRIEF DESCRIPTION OF THE DRAWINGS
[0029] FIG. 1 is a perspective view of a prefilled syringe, according to a non-limiting
embodiment described herein;
[0030] FIG. 2 is an exploded view of the syringe of FIG. 1;
[0031] FIG. 3is a side cross-sectional view of the syringe of FIG. 1, with a plunger assembly
thereof in an initial or pre-use position;
[0032] FIG. 4 is a detailed view of a stopper positioned within a barrel of the syringe of FIG.
1; and
[0033] FIG. 51s across-sectional view of a vial and associated sealing component, according

to another non-limiting embodiment described herein.

DESCRIPTION OF THE INVENTION
[0034] The following description is provided to enable those skilled in the art to make and
use the described embodiments contemplated for carrying out the invention. Various

modifications, equivalents, variations, and alternatives, however, will remain readily apparent
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to those skilled in the art. Any and all such modifications, variations, equivalents, and
alternatives are intended to fall within the spirit and scope of the present invention.

[0035] For purposes of the description hereinafter, the terms “upper”, “lower”, “right”,
“left”, “vertical”, “horizontal”, “top”, “bottom”, “lateral”, “longitudinal”, and derivatives
thereof shall relate to the invention as it is oriented in the drawing figures. However, it is to be
understood that the invention may assume various alternative variations, except where
expressly specified to the contrary. It is also to be understood that the specific devices
illustrated in the attached drawings, and described in the following specification, are simply
exemplary embodiments of the invention. Hence, specific dimensions and other physical
characteristics related to the embodiments disclosed herein are not to be considered as limiting.
[0036] In the present disclosure, the distal end of a component or of a device means the end
furthest away from the hand of the user and the proximal end means the end closest to the hand
of the user, when the component or device is in the use position, i.e., when the user is holding
a syringe in preparation for or during use. Similarly, in this application, the terms "in the distal
direction” and "distally” mean in the direction toward the distal tip of the syringe, and the terms
"in the proximal direction" and "proximally" mean in the direction opposite the direction of the
distal tip of the syringe.

[0037] Aspects and embodiments of the disclosure are directed to the use of low or negative
coefficient of thermal expansion (NCTE) materials in a container closure or sealing component.
The use of the low or negative CTE material allows for a sealing component to have a CTE
more closely matched to the CTE of the container in which it is seated. In embodiments where
the sealing component has a negative CTE, the sealing component may be configured to expand
when a container is exposed to cold storage temperatures.

[0038] Referring to FIGS. 1 and 2, shown is a non-limiting embodiment of a prefilled
syringe 10 with which aspects or embodiments of the disclosure may be implemented. The
syringe 10 generally includes a syringe barrel 12 and a plunger assembly 14. The plunger
assembly 14 is axially movable within the syringe barrel 12 to an advanced position to facilitate
administering of an injectable fluid (e.g., medication) to a patient, for example.

[0039] The syringe barrel 12 is formed of a generally cylindrical outer wall 16 and an end
wall 18 that collectively define a chamber 20 for retaining fluid therein. The syringe barrel 12
includes an open proximal end 22 configured to receive the plunger assembly 14 therein and a
distal end 24 at which end wall 18 is positioned. The proximal end 22 of the syringe barrel 12
may include a flange 26 to facilitate handling and positioning of the syringe 10 and to maintain

the relative position of the syringe barrel 12 with respect to the plunger assembly 14 during
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medication administration. In one embodiment, the distal end 24 of syringe barrel 12 may
include a tip 28 that extends distally outward from the end wall 18 and defines a lumen 30 in
fluid communication with the chamber 20. A luer lock adapter 29 is mounted on an external
surface of the tip 28 that is coupleable to a rigid cap 31 that covers the tip 28 and/or to a
corresponding needle hub (not shown) to which the syringe 10 is to be brought into engagement
for administering fluid to a patient. The adapter 29 comprises a cylindrical body having a
threaded inner surface that is configured to engage an outer surface of a threaded portion of the
rigid cap 31. It can be appreciated that, in other embodiments, syringe 10 may be provided as
a staked needle syringe, where a needle is secured to syringe barrel 12 and extends out distally
therefrom, with a needle shield positioned over the needle.

[0040] As best shown in FIG. 3, the rigid cap 31 may be configured as a rigid cap that mates
with the adapter 29, so as to provide a fluid-tight seal over the tip 28, with a proximal end of
the rigid cap 31 configured to engage the adapter 29 and a distal end configured as a closed
end, with some embodiments of rigid cap 31 including an elastomeric inner cap 33 (“RiTC”)
positioned in the rigid cap 31 so as to cover the tip 28 and be partially inserted into lumen 30
of tip 28.

[0041] The plunger assembly 14 of syringe 10 is formed of an elongate plunger rod 32 (more
generally “plunger 32,” as used hereafter) and a plunger head or stopper 34. The plunger 32
may include a main body 36 extending between a plunger proximal end 38 and a plunger distal
end 40. In some embodiments, the main body 36 may include a plurality of elongate vanes or
walls 42 extending axially along a length thereof between the plunger proximal end 38 and the
plunger distal end 40. A thumb press 44 is positioned at the plunger proximal end 38 that may
be engaged by a thumb (or other finger) of the user to apply a distally directed force to the
plunger assembly 14 to move the plunger 32 with respect to the syringe barrel 12. In some
embodiments, a flanged extension member 46 (e.g., disc-shaped flange) is positioned at the
plunger distal end 40 that is configured to mate with the stopper 34. In other embodiments, the
plunger distal end 40 may include a female receptacle formed therein that is configured to
receive and connect to a protrusion (e.g., pin) extending out proximally from the stopper, with
the protrusion and receptacle engaging via threading, for example.

[0042] The stopper 34 of plunger assembly 14 is positioned at the plunger distal end 40 so
as to be movable along with the plunger 32 within the chamber 20 of syringe barrel 12. The
stopper 34 may be made from a material that is different from the material of the plunger 32
and that is capable of forming a tight seal with the syringe barrel 12 as it is advanced

therethrough. In some embodiments, the stopper 34 includes a receptacle 56 (FIG. 4) formed
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therein that is sized and configured to receive the flanged extension member 46 of plunger 32,
with the flanged extension member 46 coupling with the receptacle 56 via a press fit
connection, for example, to secure the stopper 34 to the plunger 32, although it can be
appreciated that the attachment member 48 and plunger distal end 40 can be secured by other
techniques known in the art. The attachment member 48 may further include a pair of spaced-
apart annular flanges 58 formed thereon (i.e., O-rings) that form a tight seal with the cylindrical
outer wall 16 of syringe barrel 12.

[0043] As indicated above, syringe 10 may be provided as a prefilled syringe, such that the
syringe 10 contains a drug or medication prefilled within chamber 20. In some embodiments,
the drug or medication within the chamber 20 of prefilled syringe 10 may be a drug or
medication that requires cold storage (i.e., cryogenic storage) at temperatures down to as low
as -80 to -196°C. In order to maintain container closure integrity at these deep cold storage
temperatures, the syringe 10 may thus be specifically configured to maintain sterility and
container closure integrity at cold storage temperatures. According to aspects of the disclosure,
the stopper 34 is composed of desired materials that minimize a CTE mismatch between the
stopper 34 and the barrel materials and that allows that stopper 34 to maintain some degree of
contact pressure at cold storage temperatures. That is, according to aspects or embodiments of
the disclosure, the syringe barrel 12 may be formed of glass having a coefficient of thermal
expansion of CTE_g = 5ppm/°C or of a polymeric material having a coefficient of thermal
expansion of CTE_p=50ppm/°C, while the stopper 34 may be formed of a mixture of an
elastomeric material and other low or negative CTE material that provides an overall CTE of
the stopper 34 that is close to or below the CTE of the barrel material — i.e., that matches the
CTE of the barrel material or is below the CTE of the barrel material — so as to provide an
improvement over a typical elastomeric stopper 34 with a high CTE, such as bromobutyl with
a CTE_S=200ppm/°C at room temperature. By more closely matching the CTE of the stopper
34 to the CTE of the barrel 12 or making the CTE of the stopper 34 less than the CTE of the
barrel 12, an interference rate between the stopper 34 and the barrel 12 may be maintained even
down at extremely low cold storage temperatures where an elastomeric material of the stopper
34 is brought to its glass transition temperature (Tg).

[0044] According to aspects or embodiments of the disclosure, and as shown in FIG. 4, the
stopper 34 is formed of a flexible, elastomeric material 60 mixed with another (intermixed)
material 62 having a CTE that is less than the CTE of the elastomeric material and, in some
embodiments, has a negative CTE at the storage temperature, which may be below 0°C and

down to as low as -80 to -196°C. The intermixed material 62 is preferably interspersed with
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the elastomeric material 60 in a manner that will counter contraction of the elastomeric material
60 when the elastomer is near or goes below the Tg of the elastomer, thus allowing for the
stopper 34 to maintain contact pressure with the barrel 12. For example, the syringe 10 may
have a centerline axis 64, wherein the barrel 12 and stopper 34 are coaxial along the centerline
axis 64 when assembled, and when the syringe 10 is stored at low temperatures, such as
cryogenic temperatures, the elastomeric material 60 of the stopper 34 may contract radially
towards the centerline axis 64; however, the intermixed material 62 having a lower coefficient
of thermal expansion preferably contracts less, or more preferably, may expand radially away
from centerline axis 64 if the CTE of the intermixed material 62 is negative at the storage
temperature.

[0045] The amount of the intermixed material 62 incorporated into the stopper 34 is
dependent on the difference between the CTEs of the intermixed material 62 and elastomeric
material 60 and/or on the CTE of the substrate material from which the barrel 12 is formed
(e.g., glass or a polymeric material). For example, if the intermixed material 62 has a CTE that
is much less than the CTE of the elastomeric material 60, then more of the intermixed material
62 may be required to attain the desired counter-action of the expected contraction of the
elastomeric material 60 and/or to achieve a negative CTE for the overall stopper 34. However,
if the difference between the CTEs between the two materials is small, a lesser amount of the
intermixed material 62 may be required to achieve the same degree of resistance to the
contraction of the elastomeric material 60 and/or to configure the stopper 34 to expand at a low
temperature. Additionally, if the barrel 12 is formed of glass and has a very low CTE (.e.,
CTE_g = 5Sppm/°C), then a greater amount of the intermixed material 62 may be required to
bring the total CTE of the stopper 34 closer to the CTE of the barrel 12 (or below the CTE of
the barrel 12), while if the barrel 12 is formed of a polymeric material and has a very higher
CTE (i.e., CTE_g = 50ppm/°C), then a smaller amount of the intermixed material 62 may be
required to bring the total CTE of the stopper 34 closer to the CTE of the barrel 12 (or below
the CTE of the barrel 12).

[0046] Examples of the elastomeric material 60 for forming the stepper according to the
various embodiments of the present disclosure include, but are not limited to, synthetic or
natural rubbers, such as butyl rubber, isoprene rubber, butadiene rubber, halogenated butyl
rubber (e.g., bromobutyl rubber), ethylene propylene terpolymer, silicone rubber; combinations
thereof and the like. Preferably, the elastomeric material 60 is a butyl or halobutyl elastomer.

The elastomeric material 60 may further comprise one or more additives such as a vulcanizing
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agent, a vulcanizing accelerator, a vulcanizing activator, a processing aid, a filler, and a
reinforcing agent to improve or enhance the properties of the elastomeric material 60.

[0047] Examples of the intermixed material 62 included in the stopper 34 according to the
various embodiments of the present disclosure include, but are not limited to, graphene,
hexagonal boron nitride (coronene) compounds, ScF3 , ceramic types such as zirconium
ZrW208, or beta—eucryptite and Ca2Ru0O4, perovskite BiNiO3, and nano metal oxides like
CuO.

[0048] In accordance with one non-limiting aspect or embodiment of the disclosure, the
stopper 34 is formed of a rubber-graphene blend, with a 0.1 to 19% graphene content. The
amount of graphene or other NCTE materials may replace partially or totally typical rubber
reinforcement materials like clays or silica. In accordance with another embodiment under this
approach, the stopper 34 could be a rubber blend with up to 40% of any of the NCTE
compounds described above.

[0049] According to aspects or embodiments of the disclosure, the stopper 34 may be
manufactured via a molding process, with the elastomeric material 60 and intermixed material
62 being blended together prior to molding. Upon blending of the materials, the stopper 34
may be molded under relative high temperatures (e.g., 120-190°C) to allow the cross linking
of the molecules therein and obtaining of the elastic and resilience properties of the stopper 34.
With the inclusion of an intermixed material 62, such as graphene, the stopper 34 may be
molded while avoiding scorching of the elastomeric material 60 therein, with the graphene
providing improved functional performance of the stopper 34 by increasing uniformity of the
rubber curing state and toughness, and lowering the CTE of the stopper 34, as previously
described.

[0050] According to some aspects or embodiments of the disclosure, the stopper 34 may also
include a proteciive coating 66 on at least a portion thereol that prevents potential interaction
between the intermixed material 62 with the drug or medication contained within the chamber
20 of barrel 12. The coating 66 preferably covers at least a portion of the outer surface of the
stopper 34 that is most likely to contact the drug or medication within the barrel 12 and prevents
the leaching of the intermixed material 62 into the drug or medication. While coating 66 is
shown in FIG. 4 as being applied to only a bottom portion of stopper 34, the coating 66 may
be to an entirety of the outer surface of the stopper 34, according to other embodiments. In a
preferred embodiment, the coating 66 is an inert film, preferably a parylene or fluoropolymer

coating. According to one embodiment, the coating is a parylene C coating.
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[0051] According to aspects or embodiments of the disclosure, it is recognized that when
the intermixed material 62 selected to prevent the overall contraction of the stopper 34 at low
temperatures (i.e., cryogenic temperatures) has a negative CTE, the intermixed material 62 may
potentially jeopardize the container closure integrity if the syringe 10 is exposed to higher
temperatures. That is, as a negative CTE material shrinks at higher temperatures, the
interference rate between the stopper 34 and the barrel 12 may drop below an acceptable
amount if the temperature to which the stopper 34 is exposed becomes unacceptably high (e.g.,
exceeds 25°C), such that a leaking channel may form at the barrel-stopper interface and/or the
stopper 34 may move inside the barrel 12. Accordingly, when blending a negative CTE
intermixed material 62 with the elastomeric material 60, a maximum high temperature should
be defined at which the syringe 10 should be kept below.

[0052] According to embodiments of the disclosure, it is desirable for the stopper 34 to be
designed such that the interference between the stopper 34 and the barrel 12 does not drop by
more than 30% of the initial interference, which may be an interference of 0.35mm as an
example, as this would potentially jeopardize the container closure integrity. The temperature

at which interference drops by 30%, Ts0%, may be defined by:

. Sop —Bip
SOD *CTES _BID * CTEg

T30% = Tamb - 03

where Tamp 1s the ambient temperature, Sop is the stopper outer diameter, Bp is the barrel inner
diameter, CTEs is the CTE of the stopper, and CTE, is the CTE of the (glass) barrel, with the
above relationship assuming that the CTE is constant over an entire temperature range.

[0053] Using the above definition for T30, a relationship for interaction of various stoppers
(i.e., stoppers with various CTEs, including negative CTEs where the stopper 34 shrinks at high
temperatures) with a glass barrel substrate or a plastic barrel substrate may be provided, as
illustrated in Table 1 provided here below, with the following example assuming an
interference of 0.35mm between the stopper 34 and barrel 12 (e.g. stopper outer diameter Pop=
6.7mm, barrel inner diameter Bjp = 6.35mm). Table 1 thus illustrates minimum/maximum

temperatures at which T304 is reached.

T309, W/ Glass T399, W/ Plastic
CTE; barrel (°C or K) barrel (°C or K)

2,00E-04 - 76.64 - 104.50
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1,50E-04 -111.61 - 167.17
1,00E-04 - 183.25 0 Kelvin
5,00E-05 0 Kelvin 0 Kelvin
5,00E-06 0 Kelvin 501.19
0,00E+00 4276.97 450.20
-5,00E-06 2078.23 409.07
-5,00E-05 388.15 230.32
-1,00E-04 214.67 160.34
-1,50E-04 153.36 125.93
-2,00E-04 122.00 105.48
TABLE 1

[0054] It is recognized that the above example is purely illustrative, as the temperature
calculated will also depend on the product design (barrel ID, stopper OD, CTE over the
temperature range, etc.):

[0055] While it is recognized that the exposing of stopper 34 to high temperatures during
storage/transport can cause the interference rate between the stopper 34 and the barrel 12 to
drop below an acceptable amount when the stopper 34 includes an intermixed material 62 with
a negative CTE — thereby jeopardizing container closure integrity — it is further recognized that
such high temperatures may be beneficial during initial assembly of a container or syringe 10.
That is, a stopper 34 that includes an intermixed material 62 with a negative CTE can present
advantages during assembly due to the dimensions of the stopper 34 shrinking at temperatures
above room temperature. In inserting the stopper 34 into a syringe 10, a vent tube stoppering
tool used to insert the stopper 34 can be heated to facilitate the stopper insertion process, as
heating of the tool causes dimensions of the stopper 34 to shrink, thus reducing the interference
rate between the stopper 34 and vent tube stoppering tool — which lessens the chances of the
stopper 34 (and/or a coating 66 thereon) becoming damaged during assembly, thereby ensuring
a subsequent container closure integrity when the stopper 34 is inserted in the barrel 12.
[0056] Therefore, according to aspects or embodiments of the disclosure, a method of

assembling a prefilled syringe may be provided that includes providing a syringe barrel,
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providing a plunger assembly insertable into the syringe barrel and that includes a stopper
comprising a blended material including an elastomeric material and an intermixed material
having a negative coefficient of thermal expansion that is lower than a coefficient of thermal
expansion of the elastomeric material, heating the vent tube stoppering tool that holds the
plunger assembly therein, with the vent tube stoppering tool heated to a temperature that causes
the stopper to contract (e.g., above 25°C), and inserting the plunger assembly into the syringe
barrel using the vent tube stoppering tool. The method can also include filling the barrel with
a liquid solution prior to inserting of the plunger assembly.

[0057] According to aspects or embodiments of the disclosure, in addition to the stopper 34
including a material therein having a low or negative CTE, portions of the rigid cap 31 (or of
a needle shield) may also be composed in part of a low or negative CTE material. In some
embodiments, the inner cap 33 (or a rubber inner portion of a needle shield) may be formed of
a blended material including an elastomeric material and intermixed material having a negative
coefficient of thermal expansion that is lower than a coefficient of thermal expansion of the
elastomeric material, such as previously described for stopper 34. The inner cap 33 may
therefore be specifically configured to have a CTE that closely matches that of barrel 12 (i.e.,
of tip 28 of the barrel), such that closure of the tip 28 is ensured and the closure integrity of the
syringe 10 maintained.

[0058] In still other embodiments, other portions of rigid cap 31 (or a needle shield) may be
formed of a blend of a rigid polymeric material and an intermixed material 62 having a low or
negative CTE. The cap portion may be formed as a graphene based polymer nanocomposite,
with graphene being mixed with any suitable polymeric material, including polypropylene or
polyethylene, as non-limiting examples. The polymeric portion of the rigid cap 31 may
therefore also be specifically configured to have a CTE that closely matches that of a glass
barrel 12 (i.e., tip 28).

[0059] While aspects and embodiments of the disclosure described above are directed to a
prefilled syringe 10 including a barrel 12 and plunger assembly 14 having a stopper 34, it is
recognized that additional embodiments of the disclosure may be directed to other apparatuses
- i.e., to other containers and sealing elements - including a vial and an associated vial stopper,
for example. FIG. 5 generally illustrates such an apparatus that includes a container (vial) 70
and a sealing element (vial stopper) 72, where the vial 70 may be constructed of glass or a
polymeric material and the vial stopper 72 may be formed of a blend of elastomeric material
and a material with a low or negative CTE, as described in detail above regarding the syringe

10 of FIGS. 1-4.
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[0060] According to embodiments, a negative CTE material 62 such as graphene may be
blended into an elastomeric material 60 to form the vial stopper 72, so as to counter contraction
of the vial stopper 72. That is, when the vial 70 and vial stopper 72 are stored at low
temperatures, such as cryogenic temperatures, the elastomeric material 60 of the vial stopper
72 may contract radially inward and away from vial 70; however, the intermixed material 62
having a lower coefficient of thermal expansion preferably contracts less, or more preferably,
may expand radially outward toward vial 70 if the CTE of the intermixed material 62 is
negative at the storage temperature.

[0061] Beneficially, embodiments of the invention thus provide a container closure or
sealing component that includes low or negative coefficient of thermal expansion (CTE)
materials intermixed with another material, such as an elastomeric material. The use of the
low or negative CTE material allows for a sealing component to have a CTE more closely
matched to the CTE of the container in which it is seated. In embodiments where the sealing
component has a negative CTE, the sealing component may be configured to expand when a
container is exposed to cold storage temperatures, thereby further ensuring container closure
integrity even as extreme low cold storage temperatures.

[0062] Although the present disclosure has been described in detail for the purpose of
illustration based on what is currently considered to be the most practical and preferred
embodiments or aspects, it is to be understood that such detail is solely for that purpose and
that the present disclosure is not limited to the disclosed embodiments or aspects, but, on the
contrary, is intended to cover modifications and equivalent arrangements that are within the
spirit and scope of the appended claims. For example, it is to be understood that the present
disclosure contemplates that, to the extent possible, one or more features of any embodiment

may be combined with one or more features of any other embodiment.
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THE INVENTION CLAIMED IS

1. A prefilled syringe, comprising:
a syringe barrel comprising a proximal end and a distal end and defining a
chamber, the syringe barrel having an opening at the proximal end; and
a plunger assembly inserted through the opening and axially movable within the
chamber of the syringe barrel, the plunger assembly including:
a plunger rod comprising an elongated body and extending between a
proximal end and a distal end; and
a stopper attached to the distal end of plunger rod and positioned within
the barrel chamber;
wherein the stopper comprises a blended material including an elastomeric
material and an intermixed material having a coefficient of thermal expansion lower than the

elastomeric material.

2. The syringe of claim 1, wherein the intermixed material has a negative

coefficient of thermal expansion.

3. The syringe of claim 2, wherein the blended material of the stopper has
a coefficient of thermal expansion matching a coefficient of thermal expansion of the syringe

barrel or lower than the coefficient of thermal expansion of the syringe barrel.

4. The syringe of claim 2, wherein the stopper is configured to expand at
room temperature or at cold storage temperatures of 0°C and lower, so as to maintain a closure

integrity between the stopper and the syringe barrel.

5. The syringe of claim 2, wherein the intermixed material comprises
graphene, a hexagonal boron nitride (coronene) compound, ScF3 compound, ZrW208, or

beta—eucryptite and Ca2RuO4.

6. The syringe of claim 1, wherein the stopper comprises an inert coating

applied to at least a portion of an outer surface thereof.
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7. The syringe of claim 6, wherein the inert coating comprises a parylene
coating.

8. The syringe of claim 1, wherein the syringe barrel is composed of a glass
substrate.

9. The syringe of claim 1, wherein the syringe barrel is composed of a
polymeric substrate.

10. The syringe of claim 1, wherein the stopper comprises a molded stopper

formed via molding of a blend of the elastomeric material and the intermixed material.

11. The syringe of claim 1, further comprising a distal end cap positioned
over a nozzle at the distal end of the barrel chamber, and whercin the distal end cap comprises
a blended material including a polymeric material and an intermixed material having a

coefficient of thermal expansion lower than the polymeric material.

12. An apparatus for storing and/or delivering a fluid, the apparatus
comprising:

a container having a proximal end and a distal end and defining a chamber, the
container having an opening at the proximal end; and

a sealing component positioned at least partially within the chamber such that
at least a portion of the sealing component forms an interference fit with the container;

wherein the sealing component comprises a blended material including an
elastomeric material and an intermixed material having a coefficient of thermal expansion

lower than the elastomeric material.

13. The apparatus of claim 12, wherein the intermixed material has a

negative coefficient of thermal expansion.

14. The apparatus of claim 13, wherein the intermixed material comprises
graphene, hexagonal boron nitride (coronene) compound, ScF3 compound, ZrW20§, or beta—

eucryptite and Ca2Ru0O4.
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15. The apparatus of claim 12, wherein the stopper comprises an inert

coating applied to at least a portion of an outer surface thereof.

16. The apparatus of claim 12, wherein the container is composed of a glass

substrate or a polymeric substrate.

17. The apparatus of claim 12, wherein the apparatus is a prefilled syringe,
with the container comprising a syringe barrel and the sealing component comprising a stopper

affixed to a distal end of a plunger rod.

18. The apparatus of claim 17, further comprising a distal end cap positioned
over a nozzle at the distal end of the chamber, and wherein the distal end cap comprises a
blended material including another polymeric material and an intermixed material having a

coefficient of thermal expansion lower than the polymeric material.

19. A method of assembling a prefilled syringe, the method comprising:
providing a syringe barrel comprising a proximal end and a distal end and
defining a chamber, the syringe barrel having an opening at the proximal end;
providing a plunger assembly insertable into the opening, the plunger assembly
including:
a plunger rod comprising an elongated body and extending between a
proximal end and a distal end; and
a stopper attached to the distal end of plunger rod and positioned within
the barrel chamber;
wherein the stopper comprises a blended material including an
elastomeric material and an intermixed material having a negative coefficient of thermal
expansion that is lower than a coefficient of thermal expansion the elastomeric material;
heating a vent tube stoppering tool that holds the plunger assembly therein, with
the vent tube stoppering tool heated to a temperature that causes the stopper to contract, due to
the intermixed material with the negative coefficient of thermal expansion; and
inserting the plunger assembly into the syringe barrel using the vent tube

stoppering tool.
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20. The method of claim 19, further comprising filling the barrel with a

liquid solution prior to inserting of the plunger assembly.
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