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Description

Technical Field

[0001] The present disclosure relates to devices and
methods for thermally controlling packages for shipment
or transport. More specifically, the present disclosure re-
lates to foam-based phase change devices and methods
for making the same.

Background

[0002] In various industrial, agricultural, culinary, and
pharmaceutical applications, it may be required to ship
or otherwise transport products at temperatures less than
or greater than the ambient temperature, in order to avoid
spoilage or other degradation. For example, pharmaceu-
tical items such as vaccines and other biological sub-
stances are particularly sensitive to thermal variation dur-
ing shipment, and must be contained in a highly thermally
controlled environment. Likewise, fresh food products
may require a specified temperature range during trans-
port in order to obtain the maximum shelf-life upon arrival
at their point of sale.
[0003] Many such products are required by law to be
stored and shipped in what is known in the art as a "cold
chain." A cold chain is an unbroken, temperature-con-
trolled supply chain of storage and distribution which orig-
inates at the point of manufacture and terminates at the
end consumer. For example, the Food and Drug Admin-
istrative enforces strict cold chain requirements on the
storage and distribution of drugs and other biological
products in order to ensure their safety, efficacy, and
quality.
[0004] One approach to a cold chain is to use packag-
ing that is insulated and has thermal control devices that
can be cooled and packaged with the contents to hold
the package contents at a targeted temperature range.
Existing thermal-control devices suffer from a variety of
inefficiencies and problems in field use. For example,
gel-based devices, e.g., filled plastic bags, are not suit-
able for some applications, as "slumping" may occur in
the shape of these devices during phase change. Dry ice
blocks may sublimate during shipping, causing carbon
dioxide to accumulate at pressure many forms of trans-
portation, such as air transportation, require dry ice con-
tainers to carry special warning labels. Wet ice is prone
to leakage when not handled properly, and it is inefficient
at maintaining temperature for more than short periods
of time.
[0005] Further, existing thermal-control devices may
be inappropriate for transportation or shipping that re-
quires a precise thermal range. For example, dry ice sub-
limates at -78.6 degrees Celsius, and must be kept at a
distance from the product within the packaging for typical
applications which require the temperature to be main-
tained between -15 and -5 degrees Celsius in order to
avoid damaging the product. This concern is particularly

prevalent in the pharmaceutical industry, which often re-
quires shipment of biological products within a tempera-
ture range covering just a few degrees Celsius.
[0006] Phase change materials are known in the art
as materials which use changes in physical phase to ab-
sorb or release heat at a relatively constant temperature.
Typically, phase change materials undergo the physical
transformation known as fusion (freezing / melting),
which carries an associated latent heat. Known phase
change materials include salts, hydrated salts, fatty ac-
ids, and paraffins, among others. Such phase change
materials, suitably packaged, may be used as thermal
devices.
[0007] Unlike dry or wet ice, most phase change ma-
terials are not readily adaptable for shipping and trans-
portation applications by themselves. They must be
adapted to a substrate or other carrier which contains
the phase change material in a defined form and at a
defined location within the packaging. This additional re-
quirement has led to inefficiencies in existing phase
change devices, such as cooling capacity and weight-to-
volume characteristics, which are particularly important
concerns for shipping and transportation. For some
phase change materials a porous substrate has been
used as an absorbing and carrying medium. In U.S.
6,765,031, a micropore open cell foam is used. In some
embodiments absorption of the phase change material
into the foam is driven by application of vacuum and
greater-than-atmospheric pressure.
[0008] What is needed in the art is an improved thermal
control phase change device, and methods for making
the same, suitable for use in packaging for the shipment
and transportation of temperature sensitive products.
An example of a micropore open-cell foam composite
and a method for manufacturing such a composite are
disclosed in US 2002/147242. The micropore open-cell
foam composite comprises a micropore open-cell foam
having an open cell content of greater than about 80%
volume and an average pore size of about 200 microns
or less and a phase change material in the open cell foam
in the amount of 80% volume or greater.

Summary

[0009] Accordingly, there is provided an improved
phase change device for controlling temperature within
an environment according to Claim 1.
[0010] There is also provided a method for making a
phase change device for controlling temperature within
an environment according to Claim 2.
[0011] While multiple embodiments are disclosed, still
other embodiments of the present disclosure will become
apparent to those skilled in the art from the following de-
tailed description, which shows and describes illustrative
embodiments. Accordingly, the drawings and detailed
description are to be regarded as illustrative in nature
and not restrictive. Particularly, drawings are provided
which depict embodiments of a particular shape. It will
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be understood that these drawing are meant merely to
illustrate example shapes, and many other shapes will
be possible, all within the scope of the present disclosure.

Brief Description of the Figures

[0012] While the specification concludes with claims
particularly pointing out and distinctly claiming the subject
matter that is regarded as forming the various embodi-
ments of the present disclosure, it is believed that the
embodiments will be better understood from the following
description taken in conjunction with the accompanying
Figures, in which:

FIG. 1a is a top view of a phase change device in
accordance with one embodiment.
FIG. 1b is a side view of the phase change device
of FIG. 1a.
FIG. 1c is a side view of the phase change device
of FIG. 1a.
FIG. Id is a deconstructed view of the phase change
device of FIGs. 1a-1c.
FIG. 1e is a deconstructed view of a container using
several of the phase change devices of FIGs. 1a-1c.
FIG. 2a is an SEM magnified view at 70X of the phys-
ical properties of a foam material suitable for use in
one phase change device, where water is the phase
change material.
FIG. 2b is an SEM magnified view at 320X of the
physical properties of the foam material of FIG. 2a.
FIG. 2c is an SEM magnified view at 70X of the phys-
ical properties of a foam material suitable for use in
one phase change device, where a saline solution
is the phase change material.
FIG. 2d is an SEM magnified view at 320X of the
physical properties of the foam material of FIG. 2c.
FIG. 3a is a cut-away view of the layers of a protective
covering suitable for use in a phase change device.
FIG. 3b is a cut-away view of the layers of another
protective covering suitable for use in a phase
change device.
FIG 4a is a diagram of an apparatus configured to
operate in a process for making phase change de-
vice in accordance with the present disclosure.
FIGs. 4b-4c are schematic side and top diagrams of
an apparatus for introducing fluid phase change ma-
terial to a foam material in accordance with the
present disclosure.
FIG. 5a is a schematic block diagram of a process
for making phase change devices.
FIG. 5b is a detailed illustration of one procedure in
the process of FIG. 5a.
FIG. 5c is a detailed illustration of another procedure
in the process of FIG. 5a.

Detailed Description

[0013] The present disclosure relates to devices and

methods for thermally controlling packages for shipment
or transport. More specifically, the present disclosure re-
lates to foam-based phase change devices and methods
for making the same. The disclosed phase change de-
vices exhibit improved weight-to-volume characteristics
and improved manufacturing efficiencies, in addition to
improved cooling efficiency and longevity.

Phase Change Device

[0014] Overview. A phase change device in accord-
ance with the present disclosure includes a foam material
having low weight and high absorbency, a phase change
material, and a protective covering. A predetermined
amount of phase change material is absorbed into the
foam material, and the protective covering surrounds the
foam material and may be vacuum sealed to maintain a
predetermined shape of the foam material and to prevent
any of the phase change material from leaking out of the
foam material. The phase change device may take the
form of a three-dimensional rectangular or "brick" shape,
although other three-dimensional shapes are possible
for special packaging applications which may require oth-
er shapes.
[0015] FIGS. 1a-c depict the shape and relative dimen-
sions of a phase change device 100 in a three-dimen-
sional rectangular or brick shape in a top view (FIG. 1a)
and two side views (FIGS. 1b-c). As shown, the phase
change device 100 has a length and a width of similar
dimensions, and a depth which is significantly less than
the length or width. A top face of the device 100 may
have a cover film 101 which extends laterally beyond the
dimensions of the length and width of the rest of the de-
vice 100.
[0016] FIG. Id depicts a deconstructed representation
of a phase change device in a three-dimensional rectan-
gular shape. A bottom film 102 is provided, formed to
have a base, four sides extending generally perpendic-
ularly from the base, and four sealing edges 110 extend-
ing generally perpendicularly from the sides (or in a plane
generally parallel to the plane of the base). A block of
foam material 103 (with phase change material absorbed
therein) may be provided having dimensions such that it
fits substantially within the volume defined by the base
and sides of the bottom film 102. A cover film 101 is pro-
vided having dimensions such that it covers the foam
material 103 and mates with the sealing edges of the
bottom film 102.
[0017] A fully constructed phase change device has
the foam material (with phase change material absorbed
therein) 103 inserted within the volume defined by the
bottom film 102, and the top film 101 sealed along the
sealing edges 110 of the bottom film 102 to fully cover
and enclose the foam material. As previously discussed,
the fully constructed phase change device is depicted in
FIGS. 1a-1c.
[0018] FIG. 1d shows a container 150, representing
one example of an application in which several phase
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change devices may be used. Container 150 has a base
box 152 with a lid 154, both made of insulated material,
such as an insulating foam. To the extent the lid fits rel-
atively tightly and/or may be sealed, the container 150 is
a confined environment where temperature may be con-
trolled, based on the anticipated insulating value of the
material from which the base 152 and lid 154 are made
and the thermal design of the phase change devices. A
payload 160, the item to be kept within a desired tem-
perature range, is shown. Surrounding the payload 160
on four sides is a set of four phase change devices 156a-
156d. Two further phase change devices 156e-156f form
a top and bottom to completely enclose the payload 160.
Alternatively, the container may lack a lid 154 or may
have significant venting, in which case the environment
is not confined but rather will be more subject to ambient
conditions, while still providing some thermal protection.
[0019] Foam Material. Referring now particularly to the
foam material, its primary purpose is as a matrix for giving
form to and holding the phase change material in both
its solid and fluid phases; that is, the foam is shape-sta-
ble. Such a foam is one type of means for absorbing the
phase change material in its liquid form. As such, the
foam is "open cell" and provides mostly voids within which
the phase change material may be held. Because it is
desired to fill the volume occupied by the foam with a
phase change material, the foam is an open cell foam.
FIGs. 2a-2b are magnified (at 70X and 320X times mag-
nification, respectively) scanning electron microscope
(SEM) photographs, showing in cross-section the porous
structure and composition of one suitable foam material
where water is the phase change material. In FIG. 2a,
reference numeral 201 depicts a typical macropore cell,
while reference numeral 202 indicates a macropore cell
wall or lattice containing micropores (not readily visible
in this magnification) connected to a macropore 201. As
is shown in FIG. 2a, an open cell structure comprises
numerous irregularly-shaped open macropores, or
"cells," which may be filled by a phase change material.
In FIG. 2b, reference numeral 202 shows lattices con-
taining one or more micropores 211 that are within the
macropores. Such a lattice within a macropore may form
all or part of a cell wall of a macropore or may be posi-
tioned such that it is better viewed as an internal structure
for a larger cell or macropore. The macropores and mi-
cropores of the means for absorbing provide a pathway
for a phase change material to progressively fill the ma-
cropores at greater and greater depths within the foam.
The relative size and ratio of macropores to micropores
determines the total absorbency of phase change mate-
rial in the foam, as well as the speed at which the phase
change material absorbs. Without being bound by theory,
the micropores provide strong capillary action to lead the
phase change material into the foam and hold it, while
the macropores provide larger volumes for containing
the phase change material but provide less capillary ac-
tion.
[0020] FIGS. 2c-2d are magnified (at 70X and 320X

times magnification, respectively) scanning electron mi-
croscope (SEM) photographs, showing in cross-section
the porous structure and composition of one suitable
foam material where an aqueous saline solution is the
phase change material. In FIG. 2c, reference numeral
221 depicts a typical macropore cell, while reference nu-
meral 222 indicates a macropore cell wall or lattice con-
taining micropores (not readily visible in this magnifica-
tion) connected to a macropore 221. As is shown in FIG.
2c, as with FIG. 2a, an open cell structure comprises
numerous irregularly-shaped open macropores, or
"cells," which may be filled by a phase change material.
In FIG. 2d, reference numeral 222 shows lattices con-
taining one or more micropores 232. Again, such a lattice
may form all or part of a cell wall of a macropore or may
be positioned such that it is better viewed as an internal
structure for a larger cell or macropore. Relative to FIGS.
2a and 2b, FIGS. 2c and 2d appear to show less lattice
structure and thus fewer micropores per unit of volume,
and/or less lattice structure in macropore walls.
[0021] The foam material for use with the present dis-
closure is a phenolic foam. Phenolic foams in accordance
with the present disclosure may include phenol-aldehyde
resol resins. Such resol resins may be prepared by re-
acting one or more phenols with an excess of one or
more aldehydes in an aqueous phase and in the pres-
ence of an alkaline catalyst.
[0022] More particularly, the foam material is an open-
cell phenolic foam having both macroporous structures
and microporous structures may be used as the means
for absorbing. In these foams, the macropore forms the
dimensions of the open cell, and the micropores are con-
tained within the walls or internal lattices of the cell mem-
branes and form irregular channels between one or more
cells, i.e., the micropores are connected to macropores.
Open-cell phenolic foams for use in the phase change
device may have macropore sizes in the range of about
100 to 400 microns in diameter, and micropore sizes in
the range of about 0.5 to 100 microns in diameter. These
foams may further be characterized as having densities
of about 0.00069 to 0.00084 pounds/cubic inch. One par-
ticular foam type having these aforementioned charac-
teristics that has been found to be suitable for use with
the disclosed device is "natural foam" or regular grade
foam sold by Smithers-Oasis of Kent, Ohio, with item
codes TPB100FMBL (represented in FIGS. 2c-d) and
FPP64FOMBL, FPP15FOMBL, and FPP24FOMBL (rep-
resented in FIGS. 2a-b).
[0023] An open-cell phenolic foam in accordance with
the present disclosure has lattice formations as part of
the macroporous structure. A lattice may be formed in a
"net" or "web-like" configuration, and comprises one or
more micropores. Any macroporous structure within the
foam may be defined as having several lattices, one lat-
tice, or no lattices associated therewith. Such lattice
structures may define the boundary between one or more
macropores, enabling passage of phase change material
between macropores through the micropores of the lat-
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tice. An example lattice structure 202, 222 is depicted in
FIGS. 2b, 2d, respectively.
[0024] With regard to the characteristics of a particular
open-cell phenolic foam, the relative number of lattice
structures to the number of macropores may affect the
rate at which a phase change material is absorbed into
the foam, and it may further affect the retention of the
phase change material within the foam. In a foam char-
acterized as having relatively fewer lattice formations per
macropore, flow of a given phase change material is less
impeded by the foam material, which may result in faster
absorption rates, while at the same time, however, it may
result in less retention. Alternatively, in another example,
in a macropore where there are one or more lattices
present, the phase change material may pass through
the micropores of the lattice when traveling to or from
another macropore. Thus, in a foam characterized as
having relatively more lattice formations per macropore,
flow of the phase change material would be relatively
more impeded by the foam material, which may result in
slower absorption rates, while at the same time, however,
it may result in greater retention.
[0025] As previously discussed, different phase
change materials may be characterized as having great-
er of lesser viscosities. The higher the viscosity of a phase
change material, the slower it may be to achieve absorp-
tion into a given open-cell phenolic foam or other means
for absorbing. However, phase change materials with a
higher viscosity may display less of a tendency to desorb
from the foam (that is, they may have better retention or
drainage characteristics). Thus, making a phase change
device in accordance with the present disclosure may
involve optimizing the matching between foam materials
having defined lattice characteristics, and phase change
materials having defined viscosity. Optimization may be
conducted with regard to the absorption time of the phase
change material, the retention of the phase change ma-
terial within the foam, and other process variables. Ex-
amples of optimizing foam material selection with phase
change materials are provided below.
[0026] Phase Change Material and Compositions for
Changing Phases. Referring now particularly to the
phase change material, suitable materials for use with
the disclosed device may include both organic and inor-
ganic materials, including salts, hydrated salts, fatty ac-
ids, paraffins, mixtures thereof, or other materials or
means for changing phases as will be known to those
skilled in the art. Because different phase change mate-
rials means for changing phases undergo phase change
(or fusion) at various temperatures, the particular mate-
rial that is chosen for use in the device may depend on
the temperature at which the packaging is desired to be
kept, which may include ranges between approximately
-50 and +40 degrees Celsius.
[0027] In some embodiments used for a cold chain, an
approximately 20-23 weight percent salt solution com-
prising sodium chloride and water may be provided as
the phase change material. This particular phase change

material is characterized by a phase change temperature
of fusion of approximately -19 to -21 degrees Celsius.
Such temperature range may be suitable for use with the
packaging and shipment of many pharmaceutical prod-
ucts, such as drugs, vaccines, and other active biologics.
[0028] With reference again to FIGs. 2a-2b and 2c-2d,
two foams having differing lattice characteristics are pre-
sented. As may be seen, FIG. 2b has fewer lattices struc-
tures per macropore than does FIG. 2d. In effect, the
foam composition is more "open" in FIGs. 2c-2d than in
FIGs. 2a-2b. Thus, in order to optimize the qualities of a
foam to a selected phase change material, in accordance
with the above discussion, the foam of FIGs. 2c-2d may
be used in making a phase change device with a phase
change material having a greater viscosity, while the
foam of FIGs. 2a-2d may be used in making a phase
change device with a phase change material having a
lesser viscosity. In one representative example, the
phase change material matched with FIGs. 2a-2d may
be pure water, or water having a relatively low salt or
other electrolyte composition, or other liquid phase
change material that may have a similar viscosity when
introduced to the foam. In another representative exam-
ple, the phase change material matched with FIG. 2c-2d
may be water having a relatively higher salt or other elec-
trolyte solution, or other liquid phase change material that
may have a similar viscosity when introduced to the foam.
In a specific example, tap water (having a dynamic vis-
cosity of 0.00282 to 0.0179 Poise, from 212 to 32 degrees
Fahrenheit) may be added to the foam of FIGs. 2a-2b,
and a 20-23 weight percent salt solution (having a dy-
namic viscosity of 0.00495 to 0.0255 Poise, from 212 to
32 degrees Fahrenheit) may be added to FIGs. 2c-2d in
making phase change devices having phase change
temperatures of approximately 0 degrees and -19 to -21
degrees Celsius, respectively.
[0029] Thus, it may be possible to make phase change
devices using different phase change materials having
different phase change temperatures, while still main-
taining optimal absorbency speed and retention/drain-
age characteristics, using the optimization procedures
described above with regard to the characteristics of the
phase change material and the characteristics of the
open-cell phenolic foam.
[0030] It has been found that a foam or means for ab-
sorbing described as having the above referenced char-
acteristics from Smithers-Oasis of Kent, Ohio is particu-
larly suitable for use with the approximately 20-23 weight
percent aqueous salt solution phase change material
used in a phase change device for -19 to -21 degrees
Celsius. When used in combination, this foam material
is capable of absorbing the salt solution phase change
material at greater than approximately 98% by weight
and greater than approximately 91% by volume. In one
embodiment, the expected useful ranges for absorption
are approximately 92%-99% by weight and approximate-
ly 88%-96% by volume. When using the absorption quan-
tities for charging the foam with phase change material,
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there is little to no observed drainage, or "leakage," of
phase change material after absorption is complete. In
one embodiment, the foam drainage rate is in the range
3%-12%. This foam material or means for absorbing also
is capable of maintaining its approximate rigidity and size
after absorption of the phase change material, regardless
of its temperature. These characteristics may be benefi-
cial for applications in packaging and shipping, as it may
be important to maximize the phase change material in
the available volume and weight (to minimize shipping
costs) and thereby to maximize the thermal mass avail-
able within a package to maintain the target temperature
range. Furthermore, it may be important that the phase
change device maintains its rigidity and size so as to
remain in place during shipping (no slumping) and not to
damage the packaged product.
[0031] Additionally, the above mentioned foam / phase
change material combination has been found to have
rapid absorbency characteristics for a salt solution phase
change material. Rapid absorbency is desired for effi-
cient manufacturing of a thermal unit. In particular, a cer-
tain volume of phase change material must be introduced
throughout the volume of the foam material in a rapidly-
moving assembly line process. In a limited time, the vol-
ume available must be filled, but the same volume should
not rapidly exit from the material. As a packaging ele-
ment, and a packaging element that may only have a
one-time usage, the foam/phase change material com-
bination must be made inexpensively.
[0032] Without being bound by theory, the rapid ab-
sorbency observed with the above-described foam ma-
terial or means for absorbing may be due to the flow and
capillary action caused by the particular combination and
size of the macropores and the micropores, the relative
amount of lattice structure, the electrostatic characteris-
tics of the phenolic foam material, foam mass geometry
and/or viscosity, reactivity or electrostatic characteristics
of the salt solution. In particular, it has been found that
the above-described foam material in a block having di-
mensions of approximately 6 inches wide by 6 inches
long by 1.25 inches deep (suitable dimensions for many
shipping applications) may reach essentially full absorp-
tion (i.e., with the above percentage ranges) of the above-
described aqueous saline phase change material in ap-
proximately 5 to 35 seconds, without significant subse-
quent desorption (or "draining out") of the phase change
material. These dimensions and times are intended as
illustrative and not restrictive, as somewhat increased or
decreased absorbency speed may be realized with other
shapes and dimensions of foam material. The character-
istic of rapid absorption to high levels are significant for
the manufacturing process (which will be described in
greater detail below) in terms of production speed and
associated costs.
[0033] Other phase change materials or means for
changing phases useable in the present device may in-
clude compositions produced in accordance with the
process as described in U.S. Pat. No. 6,574,971, that

have the desired phase change temperature and viscos-
ity characteristics and the ability to be absorbed into the
foam materials or other means for absorbing that are
described above. The materials of U.S. Pat. No.
6,574,971 include fatty acids and fatty acid derivatives
made by heating and catalytic reactions, cooling, sepa-
rating and recirculating steps as more fully described in
U.S. Pat. No. 6,574,971. The reactant materials include
a fatty acid glyceride selected from the group consisting
of oils or fats derived from soybean, palm, coconut, sun-
flower, rapeseed, cottonseed, linseed, caster, peanut, ol-
ive, safflower, evening primrose, borage, carboseed, an-
imal tallows and fats, animal greases, and mixtures there-
of. In accordance with the processes of U.S. Pat. No.
6,574,971 the reaction mixture is a mixture of fatty acid
glycerides that have different melting points and the re-
action is an interesterification reaction, or the reaction
mixture includes hydrogen and the reaction is hydrogen-
ation, or the reaction mixture is a mixture of fatty acid
glycerides and simple alcohols and the reaction is an
alcoholysis reaction.
[0034] Protective Covering. Referring now particularly
to the protective covering, a thin polymeric film is provided
to enclose or encapsulate the foam/phase change ma-
terial in a manner as described above with reference to
FIGs. 1a-d. Such films may require a high tensile strength
in order to maintain integrity at a wide range of temper-
atures, approximately -50 to 40 degrees Celsius, while
also having a low thickness to reduce weight, to be easily
formable, and to aid the efficiency of the manufacturing
process. Within the above specified temperature ranges,
the covering may maintain a high enough elasticity to
provide adequate containment of the foam and phase
change materials during shipping applications. Further,
high durability and puncture resistance may be addition-
al, important characteristics of a protective covering such
that the covering maintains its integrity in a shipping en-
vironment where the phase change device may be rough-
ly handled or may encounter sharp or jagged edges of
products or packaging. Prevention of leaking may help
to assure that none of the phase change material comes
into contact with the shipped product.
[0035] In some embodiments, as depicted in FIG. 3a,
a protective covering 300 may include a four layer film
having a first layer of Nylon 302, a second layer of ad-
hesive 304, a third layer of white polyethylene 306, and
a fourth layer of LLDPE (linear low-density polyethylene)
sealant 308, such film having an approximate thickness
of 9.0 mils. In other embodiments, as depicted in FIG.
3b, a protective covering 350 may include a four layer
film having a first layer of 60g Biax Nylon 352 , a second
layer of .03 mils. thickness Ink 354, a third layer of .07
mils. thickness Adhesive 356, and a fourth layer of 2.5
mils. thickness White LLDPE 358. In some embodiments,
the covering as depicted in FIG. 3b may provide the top
layer or covering, while the covering depicted in FIG. 3a
may provide the bottom/side layer of covering. Other ma-
terials or combinations of materials having these char-
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acteristics are widely commercially available.
[0036] It will be appreciated that phase change devices
in accordance with the present disclosure may be de-
signed so as to keep a packaged product at a tempera-
ture below the ambient or at a temperature above the
ambient. In uses where the phase change device is in-
tended to keep the packaged product below the ambient,
the device will be provided with the phase change mate-
rial in solid phase (cooled below its phase change tem-
perature). In use, the device will absorb heat, and change
phase to liquid, while maintaining the constant tempera-
ture as desired. In uses where the phase change device
is intended to keep the packaged product above the am-
bient, the device will be provided with the phase change
material in liquid phase (heated above its phase change
temperature). In use, the device will give off heat, and
change phase to solid, while maintaining the constant
temperature as desired. It will also be appreciated that a
combination of solid and liquid state phase change de-
vices may be provided in applications where a wider
range of temperatures is acceptable. The protective coat-
ing 300, 350 may be selected for remaining flexible and
not brittle in the required temperature range and also,
particularly as to the bottom film, as suitable for roll feed-
ing and heat forming operations described next.

Method for Making Phase Change Device

[0037] A method for making a phase change device in
accordance with the present disclosure may include a
first step of selecting and providing a phase change ma-
terial, a second step of selecting and providing a foam
material, a third step of introducing the phase change
material into the foam material, and a fourth step of seal-
ing the foam material/phase change material within a pro-
tective covering. The above recited steps are not intend-
ed as limiting, nor are they intended to be restricted to
the particular order recited. Other associated steps may
be included, and they may be performed in different or-
ders. Furthermore, the steps may be performed in mul-
tiple parts and at multiple different times.
[0038] With reference now to FIG. 4a, an apparatus
400 is depicted capable of performing the steps of the
method for making a phase change device in accordance
with the present disclosure. At stage 401, the bottom film
of the protective covering is formed. This occurs in a form-
ing mold 420, into which a film 412 from a supply roll 410
is drawn and formed. At stage 402, a block of the foam
material or means for absorbing may be loaded into the
formed bottom film. At stage 403, the phase change ma-
terial or means for changing phase may be introduced
and absorbed into the foam material, as described in fur-
ther detail below. At stage 404, the top film of the protec-
tive covering delivered from a supply roll 430 is delivered
to and sealed at a sealing station 440 onto the sealing
edges of the bottom film (and over the filled foam/phase
change material) in a manner as depicted in greater detail
at FIG. Id. At stage 405, extraneous film may be cut away

from the formed device. At stage 406, the finished phase
change device may be unloaded from the filling and seal-
ing machine.
[0039] FIGS. 4b-4c show in schematic form the filling
operation. The phase change material, e.g., a salt solu-
tion as described above, is provided from a filling reser-
voir and dispenser 464. This filling reservoir and dispens-
er 464 may have heater or other means for delivering the
solution at a selected temperature. It has been noted that
a temperature above a typical controlled room tempera-
ture may aid a filling operation by ensuring that any dis-
solved material remains in solution and by providing the
fluid in a state more flowable or more conducive to en-
tering the macropores and micropores of the foam block
470 that rests in the bottom film 480, which in turn rests
in filling pocket 482. In one embodiment, a temperature
of 60 to 80 degrees Fahrenheit has been found suitable
for enhanced absorption of the above-described saline
solution into the foam block 470. This temperature may
vary for different phase change materials, but generally
a controlled, elevated temperature will aid absorption
speed. It has been observed that the absorption rate may
increase greatly as temperature is initially increased
above the phase change temperature. For example, with
saline solution, absorption rates may increase several
fold between approximately 30 degrees Fahrenheit and
80 degrees Fahrenheit. Temperatures up to 160 degrees
Fahrenheit may also be used; however, beyond about
80 degrees Fahrenheit, absorption speed does not in-
crease much with increases in temperature. Thus, due
to economic considerations, i.e., the cost of heating of
the phase change material, it has been found that pref-
erable temperatures for filling foam device in accordance
with the present disclosure may lie between 60 degrees
and 80 degrees Fahrenheit. Without being bound by the-
ory, the observed increase in absorption speed may be
due to the lower viscosity of the phase change material
at higher temperatures.
[0040] The filling reservoir and dispenser 464 may
have multiple flow points or nozzles 460, from which a
controlled volume of phase change material may be dis-
pensed to top surface 466 of the foam material. Although
three nozzles are shown, more or fewer may be used, to
distribute flow to a larger portion of the top surface 466,
where much of the phase change material may enter the
foam block 470.
[0041] The speed of absorption is in part dependent
on the surface area at which the phase change material
is introduced. Accordingly, each of the multiple nozzles
460 emits a flow or spray 462 directed at a specific area
of the top surface 466 of the foam block. Thus, the phase
change material may enter at any macropores and mi-
cropores it reaches on the top surface 466. To the extent
the dispensed phase change material volume exceeds
the absorption at the top surface 466, the phase change
material will flow down the four side surfaces of the foam
block 470 and form a pool 472 within the bottom film. The
bottom film is preferably formed into a pocket or well with
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a depth greater than the thickness (vertical height as seen
in FIG. 4b) of the block 470 to accommodate any brief
period where the phase change material forms the pool
472 before absorption. This pool 472 then delivers phase
change material into the bottom surface 468 of the foam
block 470 by capillary action. The filling reservoir and
dispenser 464 includes a control unit that determines the
amount of phase change material dispensed into each
bottom film 480 and the rate of flow of that controlled
amount. The amount is based on the known percentages
of absorption and the foam block geometry, such that
little excess phase change material enters the bottom
film. With a selected amount of phase change material
dispensed that corresponds to the known holding capac-
ity of the foam block 470, the block 470 becomes filled
to a high degree, rapidly, and there is little phase change
material not absorbed into the block 470. Further, it is
not necessary to provide special chambers to subject the
foam block to vacuum and/or greater-than-atmospheric
pressure in order to achieve the high level of absorption.
Gravity and/or capillary action provide the desired action.
Filling occurs by absorption at both the top surface 466
and the bottom surface 468 of the foam block 470.
[0042] It has been observed that the geometry of the
foam block 470 workpiece plays a role in absorption
speed. In general, the average thickness to top-face sur-
face area ratio for the block 470 ranges from between
approximately 1% to 8%. For example, a six inch square
block has a surface area of 36 square inches. With a
thickness of 1.25 inches, the thickness to top-face sur-
face area is 3.47 %. This geometry also implies that the
maximum straight line path length (the actual path would
not be a straight line, but rather follow macropores and
micropores) for phase change material to reach a storage
site is approximately the block thickness and will be less,
to the extent the pool 472 feeds phase change material
in from both the top and the bottom surfaces. Thus, se-
lection of the geometry and dimensions of the foam block
470 workpiece may provide opportunities to decrease
the time needed to reach the desired level of filling. The
desired level of filling is high (on both a % weight and a
% volume basis), to make efficient use of the volume
defined by the foam block 470.
[0043] With reference now to FIG. 5a, a flow diagram
is depicted illustrating a method for making a phase
change device. At film station 501, the bottom film may
be provided in roll or sheet form. At forming station 502,
the bottom film is formed into the bottom film pocket as
depicted in FIG. Id. FIG. 5b depicts in greater detail the
forming of the bottom film. The film 540 is provided at the
top plane of a vacuum forming die 550, where it is heated
and sealed against the upper lip of the die (see stages
521-522). A vacuum is applied to pull and stretch the
heated film down into the forming station to form the bot-
tom film 540a (see stages 523-524). With continued ref-
erence now to FIG. 5a, at loading station 503, foam ma-
terial in the form of a three-dimensional rectangle or brick
may be loaded into the formed bottom film pocket 540a.

At phase change material (PCM) station 506, the phase
change material may be dispensed and absorbed into
the foam material.
[0044] At film station 504, the top film may be provided
in sheet form. At lot coding station 505, a code may be
imprinted onto the top film to provide any designation as
may be required by the manufacturer. At sealing station
507, the top film may be applied and sealed to the bottom
film sealing edges (see FIGs. 1a-d), and the foam mate-
rial / phase change material may be fully sealed within
the protective cover. As seen in FIG. 5c, as part of sealing,
any air within the volume defined by bottom film and top
film and containing the foam material 560 filled with phase
change material may be evacuated (see stages
531-532). A light vacuum, on the order of about 180 mbar
is applied to avoid removal of phase change material
from the foam as the air is withdrawn. The heating that
accomplishes sealing of the top film and bottom film is
then applied (see stages 533-534). Reducing or elimi-
nating air within the volume defined by bottom film and
top film increases the effectiveness of heat transfer
across the film and into the phase change material, when
the phase change device is deployed in an application.
With continued reference now to FIG. 5a, at packout sta-
tion 508, the finished phase change devices may be
stacked on pallets for shipment to the customer or end
user.
[0045] Reducing or eliminating air within the volume
defined by bottom film and top film has other desirable
effects. As noted above, the foam material may have
some "drainage" defined by a test in which a foam block
without any protective covering is placed in a position
where it rests on an edge, i.e., on one of its narrowest
surfaces, and the amount of phase change material that
migrates out of the foam material in a defined period (e.g.,
five minutes, an hour) is measured as a percentage of
the amount initially absorbed into the foam material. In
one type of foam material discussed above, the supplier
quotes a drainage specification of 3%-12%. It has been
observed that reducing or eliminating air within the vol-
ume defined by bottom film and top film makes the pro-
tective coating cling to portions of the surface of the foam
material and leaves little or no air to migrate into pores
that might be vacated through drainage of phase change
material. Also, to the extent drainage occurs, the clinging
protective covering confines the phase change material
is against the surface of the foam material. This appears
to help reduce drainage once the foam material is en-
cased within the protective coating. A useful result of re-
duced drainage is that the phase change material is less
able to migrate. It stays in the pores into which it is ab-
sorbed. This means that the thermal mass largely stays
where it is designed to stay in a package that includes
one or more phase change devices, regardless of the
orientation of the phase change devices. Thus, as the
phase change material liquefies, it does not move signif-
icantly from where it was placed when the phase change
material is solid. This helps avoid thermal transfer path-
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ways that might undermine a package design based on
the exact dimensions and position of foam material.
[0046] In embodiments using the salt water solution as
the phase change material, the salt and water may be
mixed thoroughly at a temperature of approximately 75
- 100 degrees Fahrenheit prior to dispensing into the
foam material in order to ensure that all of the salt is fully
dissolved. Further, the PCM station 506 may be designed
to ensure that the phase change material solution is de-
livered for absorption at an above ambient temperature
that aids rapid absorption and that the solution is fully,
evenly, and homogeneously absorbed. These design
considerations may provide for more accurate and effec-
tive thermal maintenance in the finished devices.

Claims

1. A phase change device (100) for controlling temper-
ature within an environment, comprising:

a foam material (103) with both macropores
(201) and micropores (202) connected to ma-
cropores (201), the foam material (103) having
macropores (201) of a diameter between 100 to
400 microns, and micropores (202) of a diameter
between 0.5 to 100 microns;
a phase change material, the phase change ma-
terial being absorbed into the foam material
(103); and
a protective covering (101, 102, 300) encasing
the foam material (103) and the phase change
material,
characterised in that,
the foam material (103) is an open-cell phenolic
foam and wherein at least a portion of the mi-
cropores (202) are in lattices within macropores
(201).

2. A method for making a phase change device (100)
for controlling temperature within an environment,
comprising:

providing a phase change material (462);
providing a foam material (103) having both ma-
cropores (201) and micropores (202) connected
to macropores (201), the foam material (103)
having macropores (201) of a diameter between
100 to 400 microns, and micropores (202) of a
diameter between 0.5 to 100 microns;
absorbing the phase change material (462) into
the foam material (103); and
sealing the foam material (103) / phase change
material (462) within a protective covering (101,
102, 300),
characterised in that,
the foam material (103) is an open-cell phenolic
foam and wherein at least a portion of the mi-

cropores (202) are in lattices within macropores
(201).

3. The device of claim 1 or method of claim 2, wherein
the foam material (103) has a density between
0.0191 to 0.0233 grams per cubic cm (0.00069 to
0.00084 pounds per cubic inch).

4. The device of claim 1 or method of claim 2, wherein
the phase change material (462) is selected from the
group consisting of salts, hydrated salts, fatty acids,
paraffins, and solutions and mixtures thereof.

5. The device of claim 4, wherein the phase change
material (462) includes a salt solution comprising so-
dium chloride, the salt composition being between
20 to 23 weight percent of the solution.

6. The device of claim 1 or method of claim 2, wherein
the protective covering comprises a Nylon layer
(302), an adhesive layer (304), a white polyethylene
layer (306), and an LLDPE sealant layer (308).

7. The device of claim 1, wherein the protective cover-
ing consists of a 60g biaxial oriented Nylon layer, an
ink layer having a thickness of 0.03 mm, an adhesive
layer having a thickness of 0.07 mm, and a white
LLDPE layer having a thickness of 2.5 mm.

8. The method of claim 2, wherein the step of absorbing
the phase change material (462) into the foam ma-
terial (103) is accomplished in between 15 to 45 sec-
onds.

9. The method of claim 2, wherein the step of providing
a foam material (103) comprises providing a foam
material workpiece wherein the average thickness
to surface area ratio ranges from 1% to 8%.

10. The method of claim 2, further comprising forming
with a portion of the protective covering a pocket to
receive the foam material (103) and to hold the phase
change material (462) during absorption of the phase
change material (462) into the foam material (103).

11. The method of claim 10, wherein the step of forming
the pocket comprises forming a pocket with a depth
greater than the thickness of the foam material re-
ceived in the pocket.

Patentansprüche

1. Phasenwechselvorrichtung (100) zum Steuern von
Temperatur innerhalb einer Umgebung, die Folgen-
des umfasst:

ein Schaumstoffmaterial (103) mit sowohl Ma-
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kroporen (201) als auch Mikroporen (202), die
mit Makroporen (201) verbunden sind, wobei
das Schaumstoffmaterial (103) Makroporen
(201) mit einem Durchmesser zwischen 100 bis
400 Mikrometer aufweist, und Mikroporen (202)
mit einem Durchmesser zwischen 0,5 und 100
Mikrometer;
ein Phasenwechselmaterial, wobei das Pha-
senwechselmaterial in das Schaumstoffmateri-
al (103) absorbiert wird; und
eine Schutzabdeckung (101, 102, 300), die das
Schaumstoffmaterial (103) und das Phasen-
wechselmaterial ummantelt,
dadurch gekennzeichnet, dass
das Schaumstoffmaterial (103) ein offenzelliger
Phenolschaumstoff ist, und wobei mindestens
ein Abschnitt der Mikroporen (202) innerhalb der
Makroporen (201) vergittert ist.

2. Verfahren zum Herstellen einer Phasenwechselvor-
richtung (100) zum Steuern einer Temperatur inner-
halb einer Umgebung, das Folgendes umfasst:

Bereitstellen eines Phasenwechselmaterials
(462);
Bereitstellen eines Schaumstoffmaterials (103),
das sowohl Makroporen (201) als auch Mikro-
poren (202), die mit Makroporen (201) verbun-
den sind, aufweist, wobei das Schaumstoffma-
terial (103) Makroporen (201) mit einem Durch-
messer zwischen 100 und 400 Mikrometer auf-
weist, und Mikroporen (202) mit einem Durch-
messer zwischen 0,5 und 100 Mikrometer;
Absorbieren des Phasenwechselmaterials
(462) in das Schaumstoffmaterial (103); und
Abdichten des Schaumstoffmaterials (103) / des
Phasenwechselmaterials (462) innerhalb einer
Schutzabdeckung (101, 102, 300),
dadurch gekennzeichnet, dass
das Schaumstoffmaterial (103) ein offenzelliger
Phenolschaumstoff ist, und wobei mindestens
ein Abschnitt der Mikroporen (202) innerhalb der
Makroporen (201) vergittert ist.

3. Vorrichtung nach Anspruch 1 oder Verfahren nach
Anspruch 2, wobei das Schaumstoffmaterial (103)
eine Dichte zwischen 0,0191 bis 0,0233 Gramm pro
Kubikzentimeter (0,00069 bis 0,00084 Pfund pro Ku-
bikzoll) aufweist.

4. Vorrichtung nach Anspruch 1 oder Verfahren nach
Anspruch 2, wobei das Phasenwechselmaterial
(462) aus der Gruppe ausgewählt ist, die aus Salzen,
hydrierten Salzen, Fettsäuren, Paraffinen und Lö-
sungen und Mischungen davon ausgewählt ist.

5. Vorrichtung nach Anspruch 4, wobei das Phasen-
wechselmaterial (462) eine Salzlösung beinhaltet,

die Natriumchlorid umfasst, wobei die Salzzusam-
mensetzung zwischen 20 bis 23 Gew.-% der Lösung
ausmacht.

6. Vorrichtung nach Anspruch 1 oder Verfahren nach
Anspruch 2, wobei die Schutzabdeckung eine Ny-
lonschicht (302), eine Klebeschicht (304), eine wei-
ße Polyethylenschicht (306) und eine LLDPE-Ver-
siegelungsschicht (308) umfasst.

7. Vorrichtung nach Anspruch 1, wobei die Schutzab-
deckung aus 60g biaxial ausgerichteter Nylon-
schicht, einer Tintenschicht, die eine Stärke von 0,03
mm aufweist, einer Klebeschicht, die eine Stärke von
0,07 mm aufweist, und einer weißen LLDPE-
Schicht, die eine Stärke von 2,5 mm aufweist, be-
steht.

8. Verfahren nach Anspruch 2, wobei der Schritt des
Absorbierens des Phasenwechselmaterials (462) in
das Schaumstoffmaterial (103) in zwischen 15 und
45 Sekunden verwirklicht wird.

9. Verfahren nach Anspruch 2, wobei der Schritt des
Bereitstellens eines Schaumstoffmaterials (103) das
Bereitstellen eines Schaumstoffmaterial-Werk-
stücks umfasst, wobei das Verhältnis der mittleren
Stärke zu der Oberfläche von 1 % bis 8 % reicht.

10. Verfahren nach Anspruch 2, das weiter das Bilden
mit einem Abschnitt der Schutzabdeckung einer Ta-
sche zum Aufnehmen des Schaumstoffmaterials
(103) und zum Halten des Phasenwechselmaterials
(462) während der Absorption des Phasenwechsel-
materials (462) in das Schaumstoffmaterial (103)
umfasst.

11. Verfahren nach Anspruch 10, wobei der Schritt des
Bildens der Tasche das Bilden einer Tasche mit ei-
ner Tiefe umfasst, die größer ist als die Stärke des
Schaumstoffmaterials, das in der Tasche aufgenom-
men wird.

Revendications

1. Dispositif à changement de phase (100) pour com-
mander la température à l’intérieur d’un environne-
ment, comprenant :

un matériau de mousse (103) doté de macropo-
res (201) et de micropores (202) reliées aux
macropores (201), le matériau de mousse (103)
ayant des macropores (201) d’un diamètre com-
pris entre 100 et 400 microns, et des micropores
(202) d’un diamètre compris entre 0,5 et 100
microns ;
un matériau à changement de phase, le maté-
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riau à changement de phase étant absorbé dans
le matériau de mousse (103) ; et
une enveloppe protectrice (101, 102, 300) ren-
fermant le matériau de mousse (103) et le ma-
tériau à changement de phase,
caractérisé en ce que,
le matériau de mousse (103) est une mousse
phénolique à cellules ouvertes et dans lequel au
moins une partie des micropores (202) forment
des réseaux à l’intérieur des macropores (201).

2. Procédé de fabrication d’un dispositif à changement
de phase (100) pour commander la température à
l’intérieur d’un environnement, comprenant :

la fourniture d’un matériau à changement de
phase (462) ;
la fourniture d’un matériau de mousse (103)
ayant des macropores (201) et des micropores
(202) reliées aux macropores (201), le matériau
de mousse (103) ayant des macropores (201)
d’un diamètre compris entre 100 et 400 microns,
et des micropores (202) d’un diamètre compris
entre 0,5 et 100 microns ;
l’absorption du matériau à changement de pha-
se (462) dans le matériau de mousse (103) ; et
le scellement étanche du matériau de mousse
(103)/matériau à changement de phase (462) à
l’intérieur d’une enveloppe protectrice (101,
102, 300),
caractérisé en ce que,
le matériau de mousse (103) est une mousse
phénolique à cellules ouvertes et dans lequel au
moins une partie des micropores (202) forment
des réseaux à l’intérieur des macropores (201).

3. Dispositif selon la revendication 1 ou procédé selon
la revendication 2, dans lequel le matériau de mous-
se (103) a une densité comprise entre 0,0191 et
0,0233 gramme par cm cube (de 0,00069 à 0,00084
livre par pouce cube).

4. Dispositif selon la revendication 1 ou procédé selon
la revendication 2, dans lequel le matériau à chan-
gement de phase (462) est choisi dans le groupe
constitué de sels, de sels hydratés, d’acides gras,
de paraffines et de solutions et de mélanges de ceux-
ci.

5. Dispositif selon la revendication 4, dans lequel le ma-
tériau à changement de phase (462) comprend une
solution saline comprenant du chlorure de sodium,
la composition saline représentant entre 20 et 23
pour cent en poids de la solution.

6. Dispositif selon la revendication 1 ou procédé selon
la revendication 2, dans lequel l’enveloppe protec-
trice comprend une couche de nylon (302), une cou-

che adhésive (304), une couche de polyéthylène
blanche (306) et une couche d’étanchéité en LLDPE
(308).

7. Dispositif selon la revendication 1, dans lequel l’en-
veloppe protectrice comprend une couche de nylon
à orientation biaxiale de 60 g, une couche d’encre
ayant une épaisseur de 0,03 mm, une couche ad-
hésive ayant une épaisseur de 0,07 mm et une cou-
che de LLDPE blanche ayant une épaisseur de 2,5
mm.

8. Procédé selon la revendication 2, dans lequel l’étape
d’absorption du matériau à changement de phase
(462) dans le matériau de mousse (103) est effec-
tuée en 15 à 45 secondes.

9. Procédé selon la revendication 2, dans lequel l’étape
de fourniture d’un matériau de mousse (103) com-
prend la fourniture d’une pièce en matériau de mous-
se dans lequel le rapport moyen de l’épaisseur sur
la surface est compris entre 1 % et 8 %.

10. Procédé selon la revendication 2, comprenant en
outre la formation avec une partie de l’enveloppe
protectrice d’une poche pour recevoir le matériau de
mousse (103) et pour maintenir le matériau à chan-
gement de phase (462) pendant l’absorption du ma-
tériau à changement de phase (462) dans le maté-
riau de mousse (103).

11. Procédé selon la revendication 10, dans lequel l’éta-
pe de formation de la poche comprend la formation
d’une poche ayant une profondeur supérieure à
l’épaisseur du matériau de mousse reçu dans la po-
che.
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