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ABSTRACT 

An apparatus for shipping articles under controlled tempera 
ture conditions, having a metallic article enclosure Sur 
rounded by a set of insulating panels, with a predetermined 
Volume separation between the enclosure and the insulating 
panels, and the predetermined volume being filled with phase 
change material. 
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TRAVEL CONTAINER WITH PASSIVE THERMAL 
CONTROLAND A FLEXBILE OUTER SHELL 

0001. This is a continuation application of U.S. patent 
application Ser. No. 10/411,847, filed Apr. 11, 2003, which 
is a continuation-in-part of U.S. patent application Ser. No. 
10/278,662 filed on Oct. 23, 2002. 

BACKGROUND 

0002 The shipment of temperature-sensitive goods is 
extremely difficult when the shipping container itself is not 
independently temperature-controlled; ie., does not have an 
independent power source for maintaining interior tempera 
tures within close parameters. Of course, if it is merely 
desired to maintain an object to be shipped at a nominally 
cooled temperature relative to the ambient exterior tem 
perature—a common practice is to pack a shipping container 
with ice, and hope that the ice and hope that the ice will 
remain in a frozen state during transit so that the object 
shipped will arrive at its destination still cooled below 
ambient temperature. This can be an adequate technique for 
shipping objects where temperature control is not critical. 
However, even in this case, the temperatures at different 
points inside the shipping container will vary widely, with 
parts of the interior of the container becoming quite cool, 
and other parts of the interior warming to various degrees, 
depending on time and the distance and spatial relationship 
of the shipped object to the cooling ice which remains in the 
container. 

0003. In shipping objects for which the ambient tempera 
ture is expected to be cooler than the desired temperature for 
the object, the common practice is to place the warmed 
object inside a container having insulated walls, and then to 
hope the shipping time is shorter than the time for the heat 
inside the container to escape through the insulated walls. 
0004. A need exists for a passive, reliable and relatively 
inexpensive way to protect highly temperature-sensitive 
products and materials. Such products and materials are 
usually fairly high in value and may be extremely tempera 
ture-sensitive. Some examples of Such products or materials 
are blood shipped or carried to remote battle Zones, sensitive 
pharmaceuticals shipped between plants or to distributors, 
HIV vaccines shipped to third world countries, and medical 
instruments shipped to, or kept in readiness at, remote 
stations or in emergency vehicles. In Such cases the ambient 
temperatures may vary widely, from extremely hot shipping 
facilities in the Southern States to receiving points in cold, 
mountainous regions of the world in midwinter. 
0005. In the prior art temperature control of shipped 
products or materials has been at least partially achieved by 
using containers lined with insulating panels on all six outer 
wall Surfaces, and then including in the container with the 
product or material a pack or package of material which acts 
as either a heat sink (ie., ice) or heat source (ie., water), 
depending on whether the container is expected to encounter 
higher or lower ambient temperatures during shipment. The 
required wall thickness of the insulated container walls, and 
the Volume of heat sink, or heat source, material can be 
approximately empirically determined by testing, to identify 
an expected average interior temperature dependent on 
choice of materials, wall thickness, expected ambient tem 
peratures during shipment, and time of shipment. However, 
this testing cannot reliably identify the range of internal 
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temperatures which might be encountered, which depend 
upon the spatial relationship between the internal shipped 
object and the various other factors described above. 

SUMMARY OF THE INVENTION 

0006 The present invention comprises a container for 
shipping temperature sensitive products or materials, having 
outer walls constructed of thermal insulating material, and 
an inner liner of highly heat-conductive material, the inner 
liner being sized so as to provide some Volume separation 
between its walls and the thermal insulating walls of the, 
container, the Volume between the thermal insulating walls 
and the inner liner being filled with an appropriate phase 
change material as described herein. 
0007. It is a principal object of the invention to provide 
a shipping container having an extremely closely-controlled 
interior temperature throughout the inner liner interior vol 
ume, for the time required. 
0008. It is a further object of the invention to provide a 
shipping container having close interior temperature control, 
and which is inexpensive to make. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009 FIG. 1 shows an isometric view of a conventional 
prior art insulated shipping container, 
0010 FIG. 2 shows a side cross section view of one form 
of construction for the present invention; and 
0011 FIG. 3 shows a side cross section view of the 
preferred form of the present invention. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

0012 Referring first to FIG. 1, there is shown an insu 
lating container of the type known in the prior art. An outer 
carton 10 may be made from corrugated cardboard or the 
like. Inserted Snugly into the outer carton 10 is a top and 
bottom insulating panel 12, and four side insulating panels 
14. All insulating panels may be constructed of Styrofoam or 
the like, or any material having, good insulation qualities, 
ie., having a high thermal resistance “R”. The article to be 
shipped is typically placed in the interior volume 16 which 
is inside the inner insulating panels 14 and the top and 
bottom insulating panels 12, and then the carton is sealed 
and shipped. If extra cooling is desired, it may be necessary 
to also enclose a packet of cooling material Such as ice, 
which gradually melts during the shipping transit time as 
heat is absorbed into the carton from outside, and the ice is 
transformed from a solid material to a liquid. It is preferable 
that the ice be carried inside a waterproof bag or container, 
to prevent the liquid from escaping into the interior Volume. 
0013 In the prior art example above, the ice can be 
referred to as a phase change material (PCM), which is 
characterized as a material which changes from a solid to a 
liquid at a "melting point' temperature, or from a liquid to 
a solid at the same "melting point temperature, as thermal 
energy is either absorbed or released by the PCM, thus 
acting as a heat source or heat sink, depending on the 
circumstances. 

0014 Most solids are characterized by crystalline form, 
wherein the angles between adjoining faces are definite for 
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a given type of crystal, and cleavage planes exist along 
which the crystal may be split. The structure is made up of 
units. (molecules, atoms or ions) arranged in a fixed, sym 
metrical lattice, the shape of which is dependent on the size 
and arrangement of the underlying units which are packed 
together. As a solid, the underlying molecules or other 
constituents are no longer able to move freely, as they are in 
the gaseous or liquid states. 

0.015 When a crystalline solid is heated to a fixed tem 
perature, it melts, or changes to a liquid. The "melting point' 
is a definite temperature for a given Substance, and may be 
defined as “the temperature at which the solid and liquid are 
in equilibrium. For example, if the substance is a mixture 
of water and ice, at its melting point (0° C.), the ice and 
water remain in contact, with no tendency for one state to 
change to the other. This is the only temperature at which 
this condition exists; at temperatures above it the Substance 
becomes liquid water, and at temperatures below it the 
Substance becomes ice. 

0016. At the melting point temperature, the vapor pres 
sures of the solid and liquid forms of a substance are the 
same; otherwise, one state would be converted into the other 
by passing through the gaseous condition. When liquids are 
cooled to the melting point, and further quantities of heat are 
removed, generally they freeze, the temperature of the 
resulting solid, so long as any liquid remains, being the same 
as that of the liquid. However, if no solid crystals are present 
and if the liquid is not agitated, the temperature of liquids 
may be lowered below their normal freezing points without 
solidifying. These “supercooled' liquids have a higher vapor 
pressure than the Solid form of the Substance and hence a 
condition of equilibrium cannot exist. 

0017 Although molecules or other units of solids cannot 
move freely, nevertheless they possess thermal energy of 
motion, in the form of vibration about fixed positions in the 
lattice structure. Heat must be supplied to a solid in order to 
raise its temperature to the melting point, where it trans 
forms from a solid to a liquid, remaining at the melting point 
temperature until the transformation, is complete. If heat is 
removed from a liquid, its temperature drops until it reaches 
the melting point, and the liquid remains at the melting point 
temperature until it becomes transformed into a solid. 
Increase of temperature causes the molecules to vibrate 
more and more, until, at the melting point, this motion 
overcomes the binding forces in the crystal and the Sub 
stance gradually passes into the liquid State. Therefore, a 
definite amount of heat, called the “heat of fusion', is 
required to separate particles from the crystal lattice. The 
“heat of fusion' is defined as the amount of heat (in calories) 
required to change one gram of the Solid to a liquid, at the 
melting point. For ice, the heat of fusion is 79 calories (144 
Btu/pound). 

0.018. In the illustration of FIG. 1, if it were desired to 
ship an article in an insulated package such as the one 
shown, and assuming it were necessary to maintain the 
article at a temperature below the expected ambient tem 
perature to be encountered along the shipping route, it would 
be the normal practice to place the article and a packet of ice 
into the container and then ship it. The amount of ice 
required, and the size of the shipping container, would be 
estimated, depending upon the shipping time and the 
expected ambient temperature along the route, it being 
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hoped that the article would arrive at its destination still 
cooled to a reasonable temperature below ambient. 
0019. The uncertainties of the foregoing example are 
evident, although the technique is commonly used when 
maintaining the temperature of the article is not critical, or 
when the article is sufficiently inexpensive to not require 
better handling. Other difficulties exist with the common 
technique; for example, the distribution of temperatures 
within the container is highly nonuniform. This is because 
the thermal flux entering the container flows from the 
outside ambient to the PCM over many different paths. After 
flowing through the outside, insulating panels, the heat flux 
flows along various paths through the air inside the con 
tainer, each path having a different thermal resistance “R” 
depending upon path length, leading to a different thermal 
gradient from the insulating walls to the article inside the 
container. Therefore, Some parts of the article shipped may 
be at one temperature and other parts may be at Some other 
temperature. In particular, if the shipped article is placed 
atop a packet of ice, the underside of the article may be quite 
cool while the upper portions of the article may be exces 
sively warm. 
0020 FIG. 2 shows a cross-section view of a shipping 
container which alleviates the problems described with 
reference to the prior art. In this drawing, an outer carton 100 
may be made from corrugated cardboard or similar material. 
A plurality of insulated panels 149 line the interior walls of 
carton 100, wherein these panels may be made from styro 
foam material or some similar material having a relatively 
high thermal resistance. 
0021 A plurality of hollow panels or chambers 151 are 
positioned inside the insulated panels 149. These hollow 
panels may be formed of a single hollow housing having a 
sealed bottom and side walls, and a top hollow panel 150, or 
they may be formed of sealed hollow side panels 151 
positioned adjacent a sealed hollow bottom panel 150, with 
a further sealed hollow top panel 150 sized to fit over the 
side panels. If the structure is not rectangular or box-shaped, 
the walls and panels obviously must be shaped to conform 
to the shape of the structural walls. 
0022. For each separate hollow panel 150, 151, it is 
important to provide a vent relief hole 160 into the panel, 
which may be done by providing a hole of approximately 4 
inch covered with a material such as TYVEKR) which is a 
material which passes air but is impervious to water or other 
similar liquids. TYVEK is a registered trademark of EI 
Dupont Nemours Co. 
0023 The interior walls of the hollow panels or cham 
bers, or at least some of the interior walls, are preferably 
coated with a material Such as aluminum oxide, in the case 
of using water as the PCM so as to promote the formation 
of ice crystals at the freezing point. A material Such as 
aluminum oxide has an irregular, crystalline Surface which 
promotes crystal formation in a liquid Such as water. In 
general, the interior side walls should be at least partially 
coated with a non-soluble crystalline material which will 
promote the formation of crystals in the phase change 
material; ie., aluminum oxide for water and ice. The non 
soluble crystalline material should be coated on at least the 
side walls in the vicinity of the top surface of the liquid, so 
that when the freezing point is reached the formation of ice 
crystals readily occurs at the freezing point and where the 
liquid is at its coldest level. 
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0024. With the foregoing structure, thermal flux enters 
the carton through the carton through the corrugated outside 
walls, and is attenuated through the insulated interior panels. 
It is presumed that the PCM filling the interior hollow panels 
or chambers is initially converted to a solid such as ice. The 
thermal flux engages the PCM and causes a gradual phase 
change of the Solid into a liquid at the melting point of the 
solid. All volumes inside the hollow chambers filled with 
PCM remain at the melting point of the solid contained 
within the hollow chambers; therefore, the article being 
shipped and all regions on the inside of the package remain 
at the melting point of the PCM. In the case of waterfice, the 
melting point is approximately 0° C., and therefore the 
interior temperature will remain at 0°C. for so long as it 
takes for all the ice to convert to water (144 Btus per 
pound). 

0025. It is possible to calculate the amount of phase 
change material required for a given size package, over a 
predetermined time, with a predetermined thickness of insu 
lating material and a known ambient temperature, with the 
following formula: 

Btus F (shipping time in, hours) (internal area of insu 
lating material) (differential temperature in F.)/(thick 
ness of insulating material) (Thermal conductance of 
insulating material) 

0026. From the foregoing formula the amount of heat 
required to be absorbed by the PCM is determined. The 
amount of PCM can then be calculated as: 

Weight of PCM in pounds=(#Btus) (heat of fusion) 

0027. After the weight of PCM has been determined, it 
can be calculated how much volume of hollow chamber is 
required to contain this weight of PCM. If this calculation 
yields a volume which is greater than Volume assumed in the 
initial calculations, it is necessary to repeat the calculations 
with a new assumed Volume, until the calculated Volume is 
in approximate agreement with the Volume initially 
assumed, through an iterative process. 
0028. The following example illustrates the technique for 
calculating the size carton required for a predetermined size 
article to be shipped: 

0029. Initial Assumptions: 
0030 the required volume of the article is 7"x7"x7": 
0031 each wall thickness of the hollow chamber hous 
ing is 0.030 in: 

0032 the hollow chamber interior width is 
1"-0.060"=0.94"; 

0033 the permissible temperature extremes of the 
article are 28° F-36° F.; 

0034 the ambient temperature is 112° F.: 
0035 the choice of PCM is ice: 
0036. 1 pound of ice = 1 pound of water=28.8 cubic 
inches; 

0037 the heat of fusion of water=144 BtUs/pound; 
0038 the required shipping time is 120 hours; 
0039 80% of the hollow chamber volume is filled with 
water, to allow room for expansion as the water freezes; 

0040 the thermal resistance of the insulation is R=30; 
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0041 Calculations 
0042 calculating the total internal area of the insula 
tion panels, we obtain 384 sq. in.=2.67 sq. ft. 

0043 calculating the volume of the insulating walls, 
we obtain 384X0.94=361 cu. in...: 

0044 calculating the volume of the hollow chambers 
80% filled with the PCM, obtain V=361X0.8=290 cu. 
in. 

0045 calculating the volume needed to fit the assumed 
parameters, we obtain V=(cu. in/pound) (diff. F./in.) 
(time) (insulation inside area)/(insulation thermal resis 
tance) (heat of fusion per pound) (insulation thick 
ness)=(28.8) (112-31) (120) (2.67)/(30)(144)(1)= 
173 cu. in. 

0046 We calculate the available volume to be 290 cu. in., 
which is more than sufficient to provide the results wanted; 
the calculation could be repeated with different assumptions 
to more closely match the required volume (173 cu. in.). 
With the available volume (290 cu. in.), or the assumptions 
can be left alone, which will result in the carton being able 
to provide the desired cooling protection for more than 120 
hours. 

0047 There are alternative constructions which are avail 
able for the invention, particularly the hollow chamber 
which surrounds the space for receiving the article to be 
shipped. For example, the embodiment shown in FIG. 2 
could have some or all of the side walls and base layer 
formed of a single hollow shell, with a separate top cover 
formed of a hollow panel. 

0048 Alternatively, the side walls, top and bottom layers 
could be constructed of independent hollow panels which 
are closely fitted together to form the hollow enclosure for 
the shipment article. As a further alternative, a hollow, 
flexible rectangular tube could be shaped to form the four 
walls of the enclosure, with a separate hollow top panel and 
bottom panel, or several hollow tubes could be shaped into 
a “U-shape and fitted together orthogonally to form the 
enclosure. 

0049 Another alternative construction is shown in FIG. 
3, which is a variation having a rectangular, single-walled 
structure 200, with a top cover 201, placed inside the 
insulated outside walls 149. The material of the single 
walled structure 200 and the top cover 201 has a high 
thermal conductance, and is preferably made from a heat 
conductive metal Such as copper or aluminum. The internal 
structure 200 is sized to provide a volumetric space between 
it and at least some of the outside insulated walls 149, and 
this volumetric space is filled with flexible containers 210, 
such as plastic bags, filled at least partially with a PCM 
material Such as water and/or ice. The Volumetric space may 
be created between any one or more of the metal single 
walled container walls, or between the metal cover, or 
between the metal container bottom Surface, and anyone or 
more of the insulated outside walls. However; at least one 
metal container surface must be in contact with the PCM 
package. In this case, the heat of fusion is transferred to and 
from the interior of the single-walled structure uniformly 
because of the high heat conductance of the construction 
materials of the metal walls. 
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0050. In all cases of construction, it should be kept in 
mind that hollow, sealed panels or bags may need to have a 
pressure relief vent if the material cannot withstand the 
different ambient pressures which might be encountered. 
Such relief vents can be constructed in many ways, one of 
the simplest being to provide a hole through the hollow 
walls, with a covering layer of TYVAK or similar material 
which passes air but blocks liquid from flowing through the 
hole. 

0051. The embodiment of FIG. 3 is particularly useful 
when the heat of fusion of the internal volume contents is 
desirably the same as for a mixture of water and ice, for the 
structure provides: a very economical Solution to the prob 
lem of maintaining interior temperature for a considerable 
length of time. It is very easy to construct the embodiment 
of FIG. 3 for a modest cost. In particular, it is not necessary 
for all interior walls of the insulating panels and exterior 
walls of the metal container to be separated by a volume of 
PCM-containing material; it is sufficient if only several 
walls be so constructed, to achieve the degree of temperature 
stabilization desired in any particular application. 
0.052 It is not necessary to use only water and ice as the 
PCM for the operation of the invention. Other materials 
having different melting points are useful if the set point 
temperature desired to be maintained inside the container is 
higher or lower than 0° C. For example, deuterium oxide 
(DO) has melting point of 3.6° C. Furthermore, other 
materials. Such as salts or antifreeze, maybe mixed with 
water to provide a PCM having a controllable but different 
melting point. 

0053. The present invention may be embodied in other 
specific forms without departing from the spirit or essential 
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attributes thereof; and it is, therefore; desired that the present 
embodiment be considered in all respects as illustrative and 
not restrictive, reference being made to the appended claims 
rather than to the foregoing description to indicate the scope 
of the invention. 

I claim: 
1. An apparatus for maintaining an article under con 

trolled temperature conditions during extended periods of 
travel, comprising: 

(a) a first volume sized for containment of said article, and 
a first enclosure Surrounding said first volume; said first 
enclosure having a heat-conductive walled construction 
with a removable cover; 

(b) a plurality of insulating walls about said first enclosure 
in spaced apart relationship, at least one of said plu 
rality of insulating walls being removable to provide 
access to the interior of said first enclosure; 

(c) a package filled with phase change material placed in 
the space between said insulating walls and said first 
enclosure, and 

(d) a flexible shipping carton Surrounding said plurality of 
insulating walls. 

2. The apparatus of claim 1, wherein said plurality of 
insulating walls are arranged to form a cubic second enclo 
Sure about said first enclosure. 

3. The apparatus of claim 1, wherein said phase change 
material comprises a mixture of water and ice. 

4. The apparatus of claim 1, wherein said first enclosure 
is made from metal. 


