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VESSEL ASSEMBLIES FOR TEMPERATURE CONTROL
1. BACKGROUND

In the field of temperature sensitive shipping, it is desirable to keep the temperature as
constant as possible and within a specific temperature range, depending on the type of product
being shipped, Typically, this is achieved, in passive systems (i.¢., those without mechanical
devices), by using a phase change material (PCM) within a shipper box. The PCM offsets the
heat energy entering or leaving the shipper box, by absorbing or releasing energy as it changes
temperature or as it changes phase from solid to a liquid, solid to a gas or from a liquid to a

gas (or vice versa).

A single PCM can be used in situations in which it is desired to maintain a payload at
temperature below or above a certain temperature. For example, a single PCM can be used at
or near the desired temperature range. However, in situations in which it is desired to
maintain a payload within a range of temperatures, a single PCM is not effective. This is
because a single PCM is unable to affect or bracket the two different temperatures.
Specifically, if a single PCM that changes phase at 4 °C is used to maintain a range of
temperatures, such as 2-8 °C, then to keep the temperature from falling below 2 °C, the PCM
must be preconditioned at a temperature of above 4 °C to a liquid state at 6 °C. However, this
liquid 6 °C PCM is not effective at preventing the temperature from rising above 8 °C. If, on
the other hand, a different PCM that changes phase at 6 °C is frozen to 4 °C is used, the frozen
PCM is effective in preventing the payload from rising in temperature above 8 °C, but not

effective in preventing the payload from falling in temperature below 2 °C.

Thus, in situations in which it is desired to maintain a payload temperature across a
range of temperatures, more than one PCM can be used. In practice, a single PCM is placed
within a vessel (¢.g., a bag, bottle, container and the like). Another PCM, is placed within a
second vessel. A mixture of the two vessels are then arranged within a shipper box to achieve
the desired temperature range. However, this arrangement often leads to an excess of
packaging materials that do not contribute to the desired temperature control because each
vessel, when packed, increases the amount of packaging materials within the shipper box, and

importantly, adds empty spaces within the shipper box. Moreover, shipper boxes are
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commonly assembled by personnel who are not experienced with PCMs. What can happen 1s
that, without specific instructions, the wrong mixture of PCM containing vessels may be used,

thereby compromising the product being shipped.
2. SUMMARY OF THE DISCLOSURE

This present disclosure provides a vessel assembly for use in temperature sensitive
shipping that can maintain a payload temperature across a range of temperatures. Importantly,
the vessel assembly of the present disclosure reduces the overall packaging materials used in a

shipper box and prevents the “wrong” mixture of PCM-containing vessels from being used.

In one aspect, the present disclosure provides a vessel assembly comprising a vessel
having a first filling port; and a bladder having a second filling port. The chamber of the

vessel comprises a first PCM and the bladder comprises a second PCM.

In a second aspect, the present disclosure provides a method of preparing a vessel
assembly for maintaining a payload temperature across a range of temperatures, the method
comprising placing a bladder having a first filling port within the chamber of a vessel having a
second filling port; filling the bladder with a first PCM; and filling the chamber vessel with a
second PCM.

In a third aspect, the present disclosure provides a method of transporting a payload to

a desired location using any of the vessel assemblies described herein.

In a fourth aspect, the present disclosure provides a method of insulating a payload

using any of the vessel assemblies described herein.

In a fifth aspect, the present disclosure provides a method of maintaining payload
temperature across a range of temperatures using any of the vessel assemblies described

herein.
3. BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is an isometric view of a vessel assembly according to an embodiment of the

disclosure.
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FIG. 2 is an 1sometric view of a vessel assembly according to an embodiment of the
disclosure, similar to that of FIG. 1, but showing the bladder filling port in the retracted

position;

FIG. 3 is an 1sometric view of a vessel assembly comprising four bladders according

to an embodiment of the disclosure.

FIG. 4 is an 1sometric view of a vessel assembly comprising a first bladder within a

second bladder according to an embodiment of the disclosure.

FIG. S is an exploded view of a shipper box including a vessel assembly of the

present disclosure.
4. DETAILED DESCRIPTION
The invention includes the following:

(D A vessel within which is contained a bladder, each of which contains separate

and different temperature control materials.
(2) The vessel of the above (1) which is made from a rigid material.

3) The vessel of the above (2) whereby the material is polyethylene or other

suitable material or composite.
4) The bladder of the above (1) being of flexible material.

&) The bladder of the above (4) which is made from polyethylene or other

suitable material or composite.

(6) The temperature control materials of claim (1) being chosen from the group
consisting of: water, paraffin wax, octadecane, or alkanes of the formula CyHan:2, alkenes of
the formula C4Ha,, long chain alcohols, fatty acids, esters of fatty acids, ethylene glycol,
propylene glycol, eutectic mixtures, and hydrated salt(s) 1.e. water mixed with a single
chemical or combination of chemicals from the group consisting of, but not limited to: sodium
chloride, calcium chloride, sodium sulfate, ammonium nitrate, potassium carbonate,

ammonium chloride, and potassium chloride.

(8]
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(7 The bladder of the above (4) which is replaced by separate multiple bladders
in the shape of long tubes.

(8) The multiple bladders of the above (5) containing the same temperature

control material.

9) The multiple bladders of the above (5) containing two or more temperature

control materials.

(10)  The vessel of the above (2) and the bladder of the above (5) which have
dimensions and materials selected to enable the bladder(s) to be squeezed with a hand from
the outside of the vessel to determine in the temperature control material within the bladder(s)

is hard or soft to determine if it is in a solid or liquid state.

(11)  The vessel of the above (2) which has an area designated where to squeeze the
vessel designated by one of more of the following methods: vessel shape has an indented

area, markings as part of vessel, printing on vessel, and/or label adhered to vessel.
(12) A vessel assembly comprising

a vessel having a first filling port; and

a bladder optionally having a second filling port;
wherein the chamber of the vessel comprises a first phase change material; and
the bladder comprises a second phase change material.

(13)  The vessel assembly of the above (12), wherein the vessel comprises a rigid

material.

(14)  The vessel assembly of the above (13), wherein the rigid material is a material
selected from polyethylene, polypropylene, EVOH, nylon, fluorinated PE, fluorinated PP,
PTFE, a fluorinated polymer, coextruded PE/Nylon, PP/Nylon, PE/EVOH and PP/EVOH.

(15)  The vessel assembly of any one of the above (12) to (14), wherein the bladder

comprises a flexible material.
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(16)  The vessel assembly of any one of the above (12) to (15), wherein the flexible
material comprises a material selected from polyethylene, polypropylene, EVOH, Nylon,
fluorinated PE, fluorinated PP, PTFE, a fluorinated polymer, coextruded PE/Nylon,
PP/Nylon, PE/EVOH and PP/EVOH.

5 (17)  The vessel assembly of any one of the above (12) to (16), wherein the first
and second phase change material are selected from the group consisting of water, paraffin
wax, alkanes, alkenes, fatty alcohols, fatty acids, fatty esters, ethylene glycol, propylene

glycol, eutectic mixtures, and hydrated salt(s).

(18)  The vessel assembly of the above (17), wherein the hydrated salt is selected
10 from the group consisting of sodium chloride, calcium chloride, sodium sulfate, ammonium

nitrate, potassium carbonate, ammonium chloride, and potassium chloride.

(19)  The vessel assembly of any one of the above (1) to (18), wherein the vessel
comprises a plurality of bladders, each of which has a filling port and comprises a phase

control material.

15 (20)  The vessel assembly of the above (19), wherein the plurality of bladders

comprise the same phase control material.

(21)  The vessel assembly of the above (19), wherein the plurality of bladders

comprise two or more phase control materials.

(22)  The vessel assembly of the above (19), wherein the vessel comprises a first

20 bladder and a second bladder.

(23)  The vessel assembly of the above (22), wherein the first bladder is next to the

second bladder.

(24)  The vessel assembly of the above (22), wherein the first bladder is within the
second bladder.

25 (25)  The vessel assembly of any of the above (12) to (24), further comprising a

temperature indicator.
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(26)  The vessel assembly of any of the above (12) to (25), further comprising a

cooling fin.

(27)  The vessel assembly of any of the above (12) to (26), further comprising

electronics.

(28) A method of preparing a vessel assembly for maintaining a payload

temperature across a range of temperatures, the method comprising

a. placing a bladder having a first filling port within the chamber of a vessel

having a second filling port;
b. filling the bladder with a first PCM; and
C. filling the chamber vessel with a second PCM.

(29) A method of transporting a payload to a desired location, the method

comprising

a. placing a vessel assembly according to any one of the above (12) to (27) and

preconditioned to a specific temperature within a shipper box;
b. placing a payload within the shipper box;
C. transporting the shipper box comprising the payload to the desired location.
(30) A method of insulating a payload, the method comprising

a. providing a vessel assembly according to any one of the above (12) to (27)

and preconditioned to a specific temperature within a shipper box; and
b. placing a payload within the shipper box.

(31) A method of maintaining a payload temperature within a range, the method

comprising:

a. providing a vessel assembly according to any one of the above (12) to (27)

and , preconditioned to a specific temperature, within a shipper box; and

b. placing a payload within the shipper box;
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wherein the vessel assembly maintains the payload temperature within the range.

4.1 DEFINITIONS

Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as those commonly understood by one of ordinary skill in the art to which this
invention belongs. Although methods and materials similar or equivalent to those described
herein can be used in the practice or testing of the present invention, suitable methods and
materials are described below. The materials, methods and examples are illustrative only, and
are not intended to be limiting. All references, publications, patents, patent applications and
other documents mentioned herein are incorporated by reference in their entirety. Unless
clearly indicated otherwise, the following terms as used herein have the meanings indicated

below.

Throughout this specification, the word “comprise” or variations such as “comprises”
or “comprising” will be understood to imply the inclusion of a stated integer or groups of

integers but not the exclusion of any other integer or group of integers.
The term “a” or “an” may mean more than one of an item.

The terms “and” and “or” may refer to either the conjunctive or disjunctive and mean

“and/or”.

The term “about” means within plus or minus 10% of a stated value. For example,

“about 100” would refer to any number between 90 and 110.

The term “phase change material” refers to a substance that absorbs and releases
thermal energy while changing from one phase to another, e.g., melting and freezing. Since
PCMs undergo this energy change isothermally, or nearly isothermally, very narrow
temperature ranges can be maintained. Examples of phase change materials include water,
paraffin wax, ethylene glycol, propylene glycol, alkanes, fatty alcohols, fatty acids, fatty

esters, eutectic mixtures, and hydrated salts.

The term “alkane” refers to a saturated hydrocarbon having the formula CyHzq+2 and

having a melting point in the range of about -30 °C to about 40 °C. In one embodiment, the
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alkane has a latent heat in the range of about 150 kJ/kg to about 280 klJ/kg. In another
embodiment, the alkane has a latent heat in the range of about 175 kl/kg to about 280 kJ/kg. In
another embodiment, the alkane has a latent heat in the range of about 200 kl/kg to about 280
kl/kg. In another embodiment, the alkane has a nearly isothermal melting transition. When
an alkyl residue having a specific number of carbons is named, all geometric isomers having
that number of carbon atoms are intended to be encompassed; thus, for example, when decane
1s named, it includes, infer alia, n-decane, 2-methylnonane, 3-methylnonane, 4-methylnonane,
5-methylnonane, 3-ethyloctane, 4-ethyloctane, 2,2-dimethyloctane, etc. Examples of alkanes
include decane, undecane, dodecane, tridecane, tetradecane, pentadecane, hexadecane,
heptadecane, octadecane, nonadecane, and icosane. In one embodiment, the alkane is selected
from hexadecane, heptadecane, octadecane and nonadecance. In another embodiment, the
alkane is selected from hexadecane, heptadecane, and octadecane. In another embodiment,
the alkane is selected from hexadecane, heptadecane, and nonadecane. In another

embodiment, the alkane is selected from heptadecane, octadecane and nonadecane.

The term “alkene” refers to an unsaturated hydrocarbon having the formula C,Hz, and
having a melting point in the range of about -40 °C to about 40 °C. In one embodiment, the
alkane has a latent heat in the range of about 150 kJ/kg to about 280 kl/kg. In another
embodiment, the alkane has a latent heat in the range of about 175 kl/kg to about 280 kJ/kg. In
another embodiment, the alkane has a latent heat in the range of about 200 kl/kg to about 280
klJ/kg. In another embodiment, the alkane has a nearly isothermal melting transition.
Examples of alkanes include dodecene, tridecene, tetradecene, pentadecane, hexadecene,
heptadecene, octadecene, nonadecene, eicosene, and docosene. In one embodiment, the
alkene 1s selected from 1-dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene, 1-icosene, 1-

docosene. In another embodiment, the alkene is 1-octadecene orl-icosene.

The term “fatty alcohol” refers to an alkane or an alkene with an alcohol group and
having a melting point in the range of about -20 °C to about 40 °C. When an alkyl residue
having a specific number of carbons is named, all geometric isomers having that number of
carbon atoms are intended to be encompassed. Examples of fatty alcohols include octanol,
nonanol, decanol, undecyl alcohol, dodecanol, tridecanol, myristyl alcohol, pentadecyl
alcohol, hexadecanol and palmitoleyl alcohol. In one embodiment, the fatty alcohol is selected

from octanol, decanol, dodecanol, myristyl alcohol, hexadecanol and palmitoleyl alcohol.
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The term “fatty acid” refers to an alkane or alkene with a carboxylic acid group and
having a melting point in the range of about -5 °C to about 40 °C. When an alkyl or alkenyl
residue having a specific number of carbons is named, all geometric isomers having that
number of carbon atoms are intended to be encompassed. Examples of fatty acids include
acetic acid, propionic acid, butyric acid, pentanoic acid, hexanoic acid, heptanoic acid,

octanoic acid, nonanoic acid, decanoic acid, undecanoic acid and dodecanoic acid.

The term “fatty esters” refers to a fatty acid in which the carboxylic acid group is
replaced with an ester and having a melting point in the range of about -40 °C to about 80 °C.
Examples of fatty esters include methyl, ethyl, propyl, and butyl esters of decanoic acid,
undecanoic acid, dodecanoic acid, trideconic acid, tetradecanoic acid, pentanoic acid,

hexanoic acid, heptanoic acid, and octanoic acid.

The term “hydrated salt(s)” refers to water mixed with a single salt or combination of
salts. Examples of salts include sodium chloride, calcium chloride, sodium sulfate,

ammonium nitrate, potassium carbonate, ammonium chloride, and potassium chloride.

The term “eutectic mixture” refers to the lowest melting composition of a mixture of
two components. Examples of eutectics include about a 1:2 of choline chloride to urea,
acetamide, thiourea, trichloroacetic acid, phenlyacetic acid, malonic acid, oxalic acid, p-
toluene sulfonic acid, m-cresol, phenol, ethylene glycol, glycerol, or D-(-)-fructose. In one
embodiment, the eutectics mixture is about a 1:2 ratio of choline chloride to p-toluenesulfonic

acid or about 1:2 ratio of choline chloride to oxalic acid.

The term “open cell foam™ is a type of foam in which greater than about 50% of the
cells are open and/or interconnected by pores on the cell walls. Pore size can range in size
from 1 nm to 100 um. Examples of open cell foams include floral foam, pressed silica,
polyurcthane-based foams, EVA foams, polyesters, epoxide foams, vinyl-based foams, wood

(e.g. balsa) and cellulosic foams.

42 Vessel Assemblies

The present disclosure provides a vessel assembly for use in temperature sensitive
shipping that can maintain a payload temperature across a range of temperatures. The vessel

assembly comprises two or more PCMs. By using two or more PCMs in a single vessel
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assembly, the overall packaging materials used in a shipper box is reduced. Advantageously,
the single vessel assembly comprising two or more PCMs prevents the “wrong” mixture of

PCM-containing vessels from being used.

The PCMs used in the vessel assembly of the disclosure can be any solid, liquid or gas
that changes phase from one form to another and allows for the absorption or release of heat.
The PCMs used in the vessel assembly are selected from alkanes, fatty alcohols, fatty acids,
fattv esters, eutectic mixtures, hydrated salts and eutectic mixtures. The amount of PCMs
used in the vessel assemblics of the disclosure can be varied to provide a range of thermal
propertics to meet the desired temperature control requirements. The optimal ratio of the first
PCM to the second PCM depends on the particular temperature range and the ambient

temperature vs time profile.

Referring now to FIG. 1, one aspect of the disclosure provides a vessel assembly 31
comprising a vessel 21 having a first filling port 11. The vessel 21 is constructed from a
material selected from polyethylene, polypropylene, EVOH, nylon, fluorinated PE,
fluorinated PP, PTFE, a fluorinated polymer, coextruded PE/Nylon, PP/Nylon, PE/EVOH,
PP/EVOH, aluminum, steel, stainless steel and copper alloys. In one embodiment, the vessel
s rigid. In another embodiment, the vessel is flexible. The vessel 21 comprises a bladder 20
optionally having a second filling port 10. The bladder 20 is constructed from a material
selected from polyethylene, polypropylene, EVOH, Nylon, fluorinated PE, fluorinated PP,
PTFE, a fluorinated polymer, coextruded PE/Nylon, PP/Nylon, PE/EVOH and PP/EVOH,
aluminum foil-PE lamination. In one embodiment, the bladder is rigid. In another

embodiment, the bladder is flexible.

In deciding whether the vessel and bladder are rigid or flexible, the following
considerations are taken into account: providing a barrier to the PCM, durable for handling,
manufacturable to required shape, and cost. For rigid vessels manufactured from a polymeric
material, the material must be formable into the desired vessel shape via, infer alia, blow-
molding, coextrusion blow-molding, vacuum forming, injection molding, and/or thermal or
solvent joining, and the like. For rigid vessels manufactured from metallic material, the
material must be formable into the desired shape via, inter alia, punching, extrusion, hydraulic
forming, drawing and forming, flanging, and/or scaming, etc. For flexible vessels, the

polymer must be formable into the desired layer construction and shape via, inter alia,

10
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extrusion blowing, casting, coextrusion, lamination, cutting, thermal welding, and/or heat
sealing The must be heat sealable (PE, PP, or EVOH inner layer). It can be appreciated that

other methods of manufacturing rigid or flexible vessel and bladders may be used.

The vessel may be coated or treated to prevent leakage or bleeding of the PCMs. In
one embodiment, the vessel is coated or treated. In another embodiment, the vessel is coated
and treated. In another embodiment, the vessel is coated. In embodiments in which the vessel
1s coated, it may be coated with epoxy resin, PVA/PVOH, Si0,, Al,Os fluorinated polymers,
such as PTFE, PFA, and blends thereof. In another embodiment, the vessel is treated. In
embodiments in which the vessel is treated, it may be treated with a treatment selected from
fluorine, electron beam, plasma, or corona treatments or combinations thereof. In another
embodiment, the vessel is uncoated. Whether the vessel is coated depends on the particular
construction material of the vessel and the particular PCM used. For example, paraffin-based
PCMs can permeate through high density polyethylene, which would cause contamination on
the outside of the vessel assembly and would cause loss of PCM mass. Fluorination of the
high density polyethylene vessel would thus make the vessel wall surface more polar and

greatly reduce the permeation rate and improve the usable life of the PCM.

Referring back to FIG. 1, the bladder 20 is filled with a first PCM through its filling
port 10. After the bladder 20 is filled with the first PCM, the filling port 10 is sealed. The
filling port 10 can be permanently sealed, ¢.g., using a heat sealer, or temporarily sealed with a
cap. After sealing, the filling port 10 is optionally retracted into the vessel chamber 41, as
indicated in FIG. 2. Next, the vessel chamber 41 is filled with a second PCM through the
vessel filling port 11. After filling, the vessel 21 can be permanently sealed, temporarily
sealed or permanently and hermetically sealed. A plug, ¢.g., a high density polyethylene plug,
designed to fit into the vessel filling port can be used to create a permanent seal. After
insertion of the plug, a hermetic seal can be achieved by locally heating the interface between

the plug and the vessel and melting the two plastic surfaces together.

In embodiments in which the vessel or the bladder are made from flexible materials, it
may be desirable to mix the PCM with an open-cell material to stabilize the form of the vessel
or bladder. In some embodiments, one or both of the vessel chamber 41 and bladder 20 are
filled with a PCM and an open-celled material. In one embodiment, the vessel chamber 41 is

filled with a PCM and an open-celled material. In a second embodiment, bladder 20 is filled

11
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with a PCM and an open-cell material. In a third embodiment, both the vessel chamber 41 and

bladder 20 are filled with a PCM and an open-celled material.

While the vessel 21 is depicted in FIG. 1 as a rectangle, it should be understood that
any shape can be used and tailored to the size and shape of the payload. For example, the
vessel can have a rectangular profile on one face and a semi-cylindrical profile on the opposite
face. Such a shape can be used for cylindrical payloads. In addition, the opposite face can be
semi-cylindrical, rectangular with other dimensions, or any shape that provides a volume-
efficient fit to the payload. The vessel can optionally comprise an internal feature that
functions to restrict the movement of the bladder 20. Restricting the movement of the bladder

improves its durability and assists in positioning the bladder for the filling process.

The bladder may be in any size or shape, limited only by its ability to be placed within
vessel through the vessel filling port. For example, the bladder can be in the shape of a pouch,
a packet and a tube. When the bladder is a pouch, it can be placed within the vessel empty
and filled from its filling port. Altematively, in situations in which finer control on the
amount of PCM added to the assembly is required, the bladder may be a small packet. The
packet can be made without a filling port. When the bladder is a tube, the tube can be sized to
best fit the interior dimensions of the vessel. In some situations, the bladder can be a long
tube that is fed in and folds up with the vessel, thereby providing flexibility in the amount of
PCM used (length of the tube) and provides a benefit in that only part needs to be inserted.
When the bladder is a tube, it can be filled in-line, or be pre-filled with PCM and simply
placed into the vessel by hand or automatic machine. The vessel assembly can optionally
comprise further features. In one embodiment, the vessel assembly further comprises a
temperature indicator to provide the surface temperature of the vessel or the internal
temperature of the vessel. In one embodiment, the temperature indicator can be integrated or
part of the outside of the vessel. In another embodiment, the temperature indicator can be
integrated on the surface of the inner bladder. In embodiments in which the temperature
indicator is integrated on the surface of the inner bladder, the vessel is translucent to allow

visual inspection of the internal temperature indicator.

The temperature indicator may be a mechanical device, such as a bimetallic disk,
strip, or coiled spring, cte. that reacts to temperature and provides a visual indication. The
temperature indicator may be a chemical device, such as a phase change, leuco dye,

12
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thermochromic material, liquid crystal, etc. that reacts to temperature and provides a visual

indicator through change in color or opacity.

In another embodiment, the vessel assembly further comprises a cooling fin to

increase thermal transfer rates.

In another embodiment, the vessel assembly further comprises electronics. The
electronics can be integrated into or onto the vessel. Examples of useful electronics include

RFID, temperature sensors, humidity sensors, accelerometers, GPS and the like.

The vessel assembly can be configured so that the temperature of the PCM within the
bladder(s) can be determined. For example, the vessel and the bladder(s) can be of particular
dimensions and materials to allow the bladder(s) to be squeezed from the outside of the vessel
assembly. The temperature of the PCM can be determined by observing whether the PCM is
hard or soft, i.¢., in the solid or liquid state. The vessel assembly can optionally comprise an
indentation area, markings on the vessel, printing on the vessel or label attached to the vessel

designating an area for squeezing,

Another aspect of the present disclosure provides a plurality of bladders placed within
avessel. The number of bladders placed within the vessel, and the amount of PCM added to
cach bladder, can be varied to provide a range of thermal properties to meet the desired
temperature control requirements. Referring to FIG. 3, vessel assembly 51 comprises two
bladders 20 are placed within vessel 21. Each bladder is filled with a PCM in the same
manner as described above for single bladder-vessels. In one embodiment, each of the
plurality of bladders comprises the same PCM. In another embodiment, the plurality of

bladders comprise two or more PCMs.

Another aspect of the disclosure provides a vessel assembly 61 comprising a first
bladder 30 within a second bladder 40 within vessel 21, as indicated in FIG. 4. In assembly,
the first bladder 30 is placed with the second bladder 40, which, in turn, is placed within
vessel 21. The first bladder 30 is then filled with a first PCM through its filling port (not
shown). Alternatively, the first bladder contains a temperature indicator. Next, the filling port
of the first bladder 30 1s sealed, either permanently or temporarily, as described herein. The
second bladder 40 1s then filled with a second PCM through its filling port (not shown). After
filling, the filling port of the second bladder 40 is scaled, either permanently or temporarily, as
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described herein. Next, the vessel chamber 41 s filled with a third PCM through the vessel
filling port 11. After filling, the vessel can be permanently sealed, temporarily sealed or
permanently and hermetically sealed, as described herein. This vessel assembly allows for

further tailoring the desired temperature range.

Another aspect of the disclosure provides a vessel assembly for use in applications in
which proper preconditioning of the PCM is not available. In this aspect, the vessel assembly
comprises a first bladder within a second bladder within vessel, as shown in FIG. 4. The first
bladder and the second bladder contain chemicals that, when combined, undergo a chemical
reaction that is either exothermic or endothermic. This chemical reaction can precondition the
PCM-containing vessel by adding or removing heat from the PCM and ensuring it is in the
proper phase (solid or liquid) prior to being used in a shipment. As can be appreciated, the
chemical reaction can be initiated by squeezing or bending the outer vessel, e.g., in a specific

location.

The vessel assemblies described herein are designed to be useful in temperature
control shipping. Referring to FIG. 5, the shipper box 71 comprises an insulated container 81,
a payload box 91, an insulation lid 101 and vessel assemblies 105. The payload box
comprises the temperature-sensitive payload. While FIG. 5 shows a shipper box containing
four vessel assemblies, it is to be understood that the number, and nature, of the vessel
assemblies can be varied depending on the desired temperature control. For example, a
shipper box can contain four vessel assemblies each of which has the same set of PCMs or
four vessel assemblies, at least one different set of PCMs. Similarly, the shipper box can

contain one vessel assembly or more.
43 Methods of Use

The present disclosure also provides methods of transporting a payload to a desired
location. This method comprises placing a vessel assembly within a shipper box; placing a
payload within the shipper box; and transporting the shipper box comprising the payload to
the desired location. The vessel assembly may be any of the vessel assemblies described

herein.
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The present disclosure also provides methods of insulating a payload. The method
comprises providing a vessel assembly within a shipper box; and placing a payload within the

shipper box. The vessel assembly insulates the payload.

The present disclosure further provides methods of maintaining a payload temperature
within a range. The method comprises providing a vessel assembly within a shipper box; and
placing a payload within the shipper box. The vessel assembly maintains the payload

temperature within the range.

In order that this invention be more fully understood, the following examples are set
forth. These examples are for the purpose of illustration only and are not to be construed as

limiting the scope of the invention in any way.
5. EXAMPLE

The following example 1s presented for illustrative purposes and should not serve to

limit the scope of the disclosed subject matter.

The vessel assemblies disclosed herein can be made according to the method that

follows.

The properties of the vessel were as follows. The vessel was made from high density
polyethylene and manufactured using a blow-molding process. The vessel was rectangular in
shape and has dimensions in inches of 6 W x 10.5 H x 1.5 thick with a total volume of 1270

mL. The vessel filling port has an inner diameter of 0.75 inches.

The properties of the bladder were as follows. The bladder was made from a plastic
film, specifically 1lmil Nylon/5.5mil polyethylene co-extrusion. The bladder was assembled
from two pieces of film cut to shape and sealed together using a heat sealer. When laid flat,
the bladder had measurements in inches of 5.5 wide and 3.5 tall. The bladder filling port

extended an additional 4 inches giving an overall height of 9.5 inches.

The vessel assembly was prepared by placing the bladder within the vessel. This was
accomplished by rolling up the bladder and inserting it through the vessel filling port. The
bladder was then filled through the bladder filling port with 423mL of liquid Microtek PCM-
24, a PCM having a melting point of 24 °C. As it was being filled, the bladder “unrolled” and
filling continued. Once filled, the bladder filling port was permanently sealed using an
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impulse heat sealer. A length of approximately 1 inch is cut off of the bladder filling port,

above the scaled arca. The bladder filling port was then pushed into the opening of the vessel
until the bladder was entirely within the vessel. The vessel was then filled through the vessel
filling port with 846mL of liquid Microtek PCM-19.7, a PCM having a melting point of 19.7

°C. The PCM flowed into the vessel chamber filling the remaining volume.

The vessel was then permanently and hermetically sealed with a high density
polyethylene plug. A hermetic seal was achieved by using an ultrasonic welder to locally heat
the interface between the plug and vessel and melt the two plastic surfaces together. The plug

was flush with the outside of the vessel.

The vessel has internal features that contain the bladder so that 1t does not move
excessively within the vessel. A “tack-off” feature that was formed in the blow-molding

process kept the bladder in the upper half of the container.

While the invention has been disclosed in some detail by way of illustration and
example for purposes of clarity of understanding, it is apparent to those in the art that various
changes may be made and equivalents may be substituted without departing from the true
spirit and scope of the invention. Therefore, the description and examples should not be

construed as limiting the scope of the invention.
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WHAT IS CLAIMED IS:

1. A vessel assembly comprising

a vessel having a first filling port; and

a bladder optionally having a second filling port;
wherein the chamber of the vessel comprises a first phase change material; and
the bladder comprises a second phase change material.

2. The vessel assembly of claim 1, wherein the vessel comprises a rigid material.

3. The vessel assembly of claim 2, wherein the rigid material is a material selected from
polyethylene, polypropvlene, EVOH, nylon, fluorinated PE, fluorinated PP, PTFE, a
fluorinated polymer, coextruded PE/Nylon, PP/Nylon, PE/EVOH and PP/EVOH.

4. The vessel assembly of any one of claims 1 to 3, wherein the bladder comprises a

flexible material.

5. The vessel assembly of any one of claims 1 to 4, wherein the flexible material
comprises a material selected from polyethylene, polypropylene, EVOH, Nylon, fluorinated
PE, fluorinated PP, PTFE, a fluorinated polymer, coextruded PE/Nylon, PP/Nylon, PE/EVOH
and PP/EVOH.

6. The vessel assembly of any one of claims 1 to 5, wherein the first and second phase
change material are selected from the group consisting of water, paraffin wax, alkanes,
alkenes, fatty alcohols, fatty acids, fatty esters, ethylene glycol, propylene glycol, eutectic

mixtures, and hydrated salt(s).

7. The vessel assembly of claim 6, wherein the hydrated salt is selected from the group
consisting of sodium chloride, calcium chloride, sodium sulfate, ammonium nitrate, potassium

carbonate, ammonium chloride, and potassium chloride.

3. The vessel assembly of any one of claims 1 to 7, wherein the vessel comprises a

plurality of bladders, each of which has a filling port and comprises a phase control material.
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9. The vessel assembly of claim 8, wherein the plurality of bladders comprise the same

phase control material.

10. The vessel assembly of claim 8, wherein the plurality of bladders comprise two or

more phase control materials.

1. The vessel assembly of claim 8, wherein the vessel comprises a first bladder and a
second bladder.

12. The vessel assembly of claim 11, wherein the first bladder is next to the second
bladder.

13. The vessel assembly of claim 11, wherein the first bladder is within the second
bladder.

14. The vessel assembly of any of claims 1 to 13, further comprising a temperature
indicator.

15. The vessel assembly of any of claims 1 to 14, further comprising a cooling fin.
16. The vessel assembly of any of claims 1 to 15, further comprising electronics.
17. A method of preparing a vessel assembly for maintaining a payload temperature

across a range of temperatures, the method comprising

a. placing a bladder having a first filling port within the chamber of a vessel having a

second filling port;

b. filling the bladder with a first PCM preconditioned at a first predetermined

temperature; and

c. filling the chamber vessel with a second PCM preconditioned at a second

predetermined temperature.
18. A method of transporting a payload to a desired location, the method comprising
a. placing a vessel assembly according to any one of claims 1 to 16 within a shipper box;

b. placing a payload within the shipper box;
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c. transporting the shipper box comprising the payload to the desired location.
19. A method of insulating a payload, the method comprising

a. providing a vessel assembly according to any one of claims 1 to 16 within a shipper

box; and
5 b. placing a payload within the shipper box.
20. A method of maintaining a payload temperature within a range, the method
comprising:

a. providing a vessel assembly according to any one of claims 1 to 16 within a shipper

box; and
10 b. placing a payload within the shipper box;

wherein the vessel assembly maintains the payload temperature within the range.
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