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This invention relates to insulated containers and, in 
particular, to insulated containers that are especially 
adapted for shipment of biological materials. 
Various biological lmaterials undergo undesirable 

changes unless maintained at extremely low tempera 
tures. By Way of illustration, frozen bovine semen lose 
their viability unless maintained at a temperature below 
_129° C. To maintain biological materials at such low 
temperatures, it has become common practice to store 
the :materials in refrigerated containers employing liquid 
nitrogen as a refrigerant. However, satisfactory liquid 
nitrogen-refrigerated containers for shipping biological 
materials that must be maintained at extremely low tem 
peratures by public carriers have not been available. The 
unavailability of suitable containers for shipping such 
materials is due in large measure to the tendency of the 
nitrogen refrigerant to escape from containers due to 
heat in-leak. The tendency of nitrogen to escape is 
aggravated by accidental tipping of the container in transit 
with the resulting flow of nitrogen from the conduit at 
the top of the container. Means for completely sealing 
the container against this leakage are not practical in 
such containers, particularly over a period of several days, 
such as is required for some shipments. Periodic re 
placement of the nitrogen from these containers as re 
quired during shipping is not feasible inasmuch as the 
personnel available on public carriers are generally not 
versed in the techniques of handling liquid nitrogen. 

Other problems associated with the development of sat 
isfactory liquid nitrogen-refrigerated shipping containers 
are the economic requirements that the containers be 
relatively light and compact. 

It is, therefore, an object of the present invention to 
provide relatively light and compact liquid nitrogen 
refrigerated shipping containers which do not require 
replenishment of the liquid nitrogen refrigerant during 
shipping. 

Other objects, features and advantages of the present 
invention will be apparent from the following detailed 
description. 

ln the drawings: 
The FIGURE 1 is a front elevation view, partly in 

cross section, of an insulated container of this invention. 
FIGURE 2 is a sectional front view of a portion of the 

container of FIGURE 1. 
This invention provides double-wall containers suitable 

for transporting materials requiring refrigeration by liquid 
nitrogen having a composite opaciñed insulating ymaterial 
(hereinafter more specifically deñned) in an evacuated 
space between the walls and containing a porous mass of 
a sand-lime ñller (hereinafter more particularly defined) 
that is suitable for retaining absorbed liquid nitrogen 
and that is adapted with recesses for holding the material 
requiring refrigeration. More specifically, this invention 
provides containers for transporting materials requiring 
refrigeration by liquid nitrogen which containers com 
prise: (1) a rigid self-supporting outer shell, (2) an inner 
vessel enclosed by and spaced from the outer shell so 
as to define an intervening evacuable space, (3) a com 
posite insulating material in the evacuable space composed 
of (a) a radiant heat reflecting component and (b) a low 
heat conducting component, said composite insulating ma 
terial having a thermal conductivity no greater than about 
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2 
3.2><10‘*5 B.t.u. per hour, ° F., square foot per foot, 
(4) a specimen holder composed of an integral mass of a 
sand-lime ñller in the inner vessel comprising mainly cal 
cium silicate in which the ratio of silica as silicon dioxide 
to calcium as calcium oxide is between l and 1.5, the filler 
also containing between 4% and 20% by Weight based on 
the total weight of the ñllers of an inert metal fiber and 
the iìller having a porosity of 86% to 93%, said specimen 
holder having voids in the central portion thereof adapted 
for storing the materials requiring refrigeration, (5) an 
access means providing access to the inner vessel (e.g. 
for introducing the specimen holder into the inner vessel, 
and for introducing the objects requiring refrigeration 
into the voids in the specimen holder) and (6) sealing 
means for minimizing both heat in-leak through the con 
duit into the container and escape of liquid nitrogen 
from the inner vessel while providing passages for the 
escape of nitrogen vapor from the inner vessel. An opti 
cal feature of this invention contemplates the provision of 
a gas absorbent in the evacuable space between the outer 
shell and the inner vessel. Such gas adsorbents insure the 
maintenance of a vacuum in the evacuable space when 
the space is evacuated. 
An illustration of a container of this invention is shown 

in FIGURE l showing container 1 having self-supporting 
outer wall 2 and inner vessel 3 disposed so as to provide 
an intervening evacuable space 4 occupied by an insulat 
ing material composed of alternating layers of a metallic 
radiant heat barrier substance 5 and a »fibrous substance 
of low thermal conductivity 6 having a thermal conductiv 
ity of no greater than about 3.2><105 B.t.u. per hour, 
° F., square foot per foot. Within inner vessel 3 there is 
provided specimen holder 7 composed of an integral 
mass of sand-lime filler having voids 3 in the central por 
tion thereof adapted for storing the material to be refrig 
erated (not shown). The container ̀ 1 is fitted with a low 
heat conductive plug 9 which serves as a sealing means 
for preventing heat in-leak through the otherwise open 
top of the container 11 and which provides a conduit for 
introducing the specimen holder into the inner vessel and 
for introducing the material requiring Arefrigeration into 
the voids 8 in the specimen holder 7. In the preferred 
embodiment illustrated in FIGURE l, perforated disc 12 
is attached to the outer surface of inner vessel 3 so as to 
provide a space for zeolitic molecular sieve gas adsorbent 
13. Gasket 14 is provided between cap 15 and outer 
wall 2 to seal the inner vessel. Cap 15 (composed of 
aluminum or other suitable materials) provides protection 
for the sealing means and can, if desired, accommodate 
spring lock fasteners (not shown) for locking the cap `15 
and, in turn, the plug 9 to the outer shell 2. Cap 15 and 
plug 9 can be integrally bonded together or they can 
be separate members. 
FIGURE 2 depicts additional features of the plug 9 

'and gasket 14. of the container of FIGURE l. Plug 9 
is provided with gas escape passages 20 and 21 which al 
low for the escape of vaporized liquid nitrogen from 
the inner vessel. Such escaping gas would pass between 
the inner vessel 3 and plug 9, into lower gas escape pas 
sages 20, then along upper gas escape passages 21 >and 
out through openings `22 in gasket 14. The lower Lgas 
escape passages 20 preferably describe an angle of about 
45 ° with upper gas escape passages 21 so as to provide 
for maximum use of the cooling eñect of escaping nitro 
gen gas on plug 9. Preferably, the plug 9 contains four 
lower gas escape passages 20 in a horizontal plane inter 
secting at right angles, and four upper gas escape pas 
sages 21 efach of which forms an angle of 45° with a 
lower gas escaping passage. These passages prevent ex 
cessive pressures building up in the container. In FIG 
URE 2 the space between plug 9 and inner vessel 3 has 
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been exaggerated for purposes of illustration. In actual 
practice, plug 9 would fit snugly against inner vessel 3 
so as to minimize the tendency of liquid nitrogen to ñow 
out of the container. 
The materials of construction employed in the con 

Itainers of this invention are not critical and, in general, 
any of the materials of construction normally used in 
liquid nitrogen refrigerated storage containers oan be 
employed. The outer shell can be composed of stainless 
steel, or plain carbon steel, but is preferably composed of 
aluminum for lightness in weight. The gasket can be 
composed of poly (tetrafiuoroethylene). The inner ves 
sel can be composed of stainless steel or aluminum, but is 
preferably composed of a suitable reinforced plastic such 
as Synthane (a phenol aldehyde condensation resin). 
The container for the gas adsorbent (e.g. disc 12 in FIG 
URE 1) can be composed of a metal screen, but is pref 
erably composed of a glass cloth. The sealing means 
can be composed of cork but is preferably composed of 
a foam plastic (eg. polyurethane foam). 
A critical feature of this invention is the use of .a 

specimen carrier composed of a filler having several es 
sential low ltemperature properties. The filler must be 
capable of absorbing liquid nitrogen rapidly so as to 
minimie loss of liquid nitrogen while charging the filler 
with liquid nitrogen. The nature of the absorption must 
be such that the liquid nitrogen does not tend to flow 
Out of the filler appreciably under the influence of gravity 
or mild agitation. The latter property is particularly 
valuable when the container is accidentally inverted or 
shaken during shipment with the result that, if the liquid 
nitrogen were released from the filler, it would tend to 
escape to Some extent between the inner vessel and the 
sealing means. Moreover, the .absorption of the liquid 
nitrogen by the filler must be such that the vapor pressure 
of the liquid nitrogen is reduced so as to minimize the 
pressure in the inner vessel. On the other hand, the ab 
sorption must not be so strong as to unduly retard vapori 
zation of the liquid nitrogen as required to cool the ma 
terial requiring refrigeration. The porosity of the filler 
must be such fas to permit the absorption on a relatively 
small amount of the filler of sufficient liquid nitrogen to 
`achieve the amount of refrigeration required. If a filler 
is of insufiicient porosity, the amount required would be 
such that the volume and weight of the container would 
be excessive and hence economically unfeasible. The 
strength of the filler must be such that undesirable voids 
are not created and' the filler does not tend to settle 
when the container is subject to handling impacts or 
other forces during shipment. In addition, the filler must 
not undergo physical or chemical changes (e.g. crystalli 
z-ation) during cooling to liquid nitrogen temperatures or 
while at liquid nitrogen temperatures «for la long period 
of time (e.g. several days) to the extent that any of the 
above-mentioned properties are seriously impaired. 
A filler which has been found to possess the above 

described properties and which is, accordingly, uniquely 
suited for use in the containers of this invention is a 
sand-lime filler comprising mainly calcium silicate, in 
which the ratio of silica as silicon dioxide to calcium as 
calcium oxide is between l and 1.5, and between 4% land 
20% by weight of an inert mineral fiber based on the 
total weight of the ñller. Such fillers having a porosity 
of from 86% to 93%. 
The sand-lime filler is formed into a specimen holder 

having the desired shape, such as the shape depicted in 
FIGURE l, by any convenient method. Thus, the sand 
lime filler can be produced in a mold such that the dimen 
sions of the specimen holder will conform Ito those of the 
inner vessel of the container of this invention in which it 
is to be employed. The mold is placed at an autoclave 
since the filler is preferably produced under pressure. 
Thus, the fillers `are produced by providing an aqueous 
slurry containing fine particle size lime and having incor 
porated therein fine particle size reactive silica and a non 
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reactive mineral liber, the proportions of lime to silica 
being las l0 parts of calcium oxide to between l0 and 15 
parts of silica by weight, the total amount of water being 
6.7 to 18.7 pounds per pound of lime and the amount 
of mineral fiber being between 4% and 20% by weight 
of the total -dry solids. The mixture is stirred to provide 
complete mixing while keeping it cool. The mixture is 
maintained homogeneous during the subsequent steps of 
filling the suitably shaped mold and initial reaction of 
the ingredients in the mold. The mold is completely 
filled with such cooled mixture ,and provision is made for 
the escape of only enough liquid from the mold to avoid 
excessive pressure development due to hydraulic expan 
sion. The mold and contents are heated to temperatures 
above 225° F. in an autoclave to promote reaction of 
the mixture therein while maintaining the internal pres 
sure at a value at least about equal to the equilibrium 
pressure of steam corresponding to the temperature of 
heating until the mixture in 'the mold is set. The reac 
tion is completed by heat and pressure and the filler is 
dried in the mold while allowing free escape of water 
vapor. 

The mineral fiber used in producing the filler employed 
in the containers of this invention should be a material 
that is inert under the conditions of the manufacturing 
process so that it does not lose its fibrous character by 
substantial reaction with the other ingredients. Asbestos 
is a preferred mineral fiber and it should be in loosely 
shredded form. Commercial types of asbestos are quite 
satisfactory, such as chrysotile, and it has been found 
that when the type known as amosite is used, the smaller 
proportions thereof are preferable. The silica and lime 
used in producing the filler may contain minor impurities 
which may result in the presence of a small amount of 
alumina of the order of 1/2% or less in the final product 
due to such impurities, but when a preferred alumina-con 
taining suspending agent is employed, such as bentonite 
or aluminum sulphate, the final product will have an 
appreciable content of aluminum compound measurable in 
alumina. On a dry basis, the finished filler mass will 
then contain aluminum compounds measurable as alumi 
num oxide in the amount of from 1% to 5% by weight. 
Various suspending agents may be used in producing the 
filler and examples of suitable inorganic suspending 
agents are: fresh aluminum and magnesium hydroxides, 
aluminum sulfate, sodium carbonate with a trace of sul 
fate, sodium aluminate, basic magnesium carbonate, phos 
phoric acid or a phosphate, `boric acid or a borate, and 
certain clays such as bentonite. Mixtures of these mate 
rials may also be used. The amount and type of suspend 
ing agent to be used should be merely suiiicient to keep 
the slurry from settling or stratifying before it becomes 
set, and also insufi’icient to detract from the desired phys 
ical properties of the final filler structure. 
The voids in the specimen holders employed in the in 

sulated containers of this invention can be produced by 
any convenient method. By way of illustration, the 
above-described molds employed in producing the speci 
men holders can be fitted with removable cores whose di 
mensions correspond to the desired size of the voids. Al 
ternately, voids of the desired dimensions can be drilled 
in a solid cylinder of the filler using 'a suitable drill (e.g. 
a fiat bottom drill). 
As it is apparent, a variety of specimen holders each 

adapted with voids suitable for retaining an ampoule for 
biological material of particular dimensions can be em 
ployed with Va given container of this invention. The size 
of the plug employed can be adapted to suit the height of 
the specimen holder. In this connection, it should be 
noted that it is desirable that the plug be of sufiicient 
length so that its lower surface is close to the upper sur 
face of the specimen holder, and/or the ampoules con 
taining the specimen so as to prevent excessive movement 
of the holder and/or ampoule when the container is sub 
jected to impacts. 
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The specimen holder can be saturated with Iabsorbed 
liquid nitrogen by any suitable method. Such suitable 
methods include a forced saturation method, a free float 
saturation method, and an installed position saturation 
method hereinafter described. The forced saturation 
method involves submerging the specimen holder in liquid 
nitrogen and maintaining it below the surface or liquid 
nitrogen for a time suiñcient to permit the holder to be 
come saturated with liquid nitrogen. The liquid nitrogen 
saturated specimen holder can then be inserted in the inner 
vessel. The free flow saturation method involves placing 
the specimen holder in liquid nitrogen and allowing it to 
float freely on the liquid. The holder gradually absorbs 
liquid nitrogen and sinks below the liquid surface. After 
the holder has been Ibelow the surface of .the liquid for 
a sufhcient time to become saturated with liquid nitrogen, 
it is withdrawn and placed in the inner vessel. The in 
stalled position saturation method involves placing the 
specimen holder in the inner vessel and then pouring a 
liquid nitrogen into the holder. The liquid nitrogen level 
is maintained above the top of the specimen holder for a 
time sufiiciently long to permit the holder to become satu 
rated with liquid nitrogen and then any non-absorbed 
liquid nitrogen is poured from the holder. 
The use of the above-described sand-lime ñllers Ias con 

templated in the containers of this invention constitutes 
a radically novel area of application for these fillers inas 
much as such ñllers have previously 'been employed in such 
non-analogous areas as ambient temperature absorbents 
for acetylene (as such or liqueñed by absorption in ace 
tone) in conventional gas storage cylinders. 
By “absorption” of liquid nitrogen by the ñller herein 

is meant retention of the liquid nitrogen by the filler by 
adsorption and capillarity as well as by absorption alone. 
Another critical feature of this invention is the use of 

the composite “opacified” insulation hereinafter described. 
The composite insulation employed in the insulated con 
tainers of this invention comprises a radiant heat reflect 
ing (ie. radiation-impervious) component and a low heat 
conducting component located in the space between the 
outer shell and the inner vessel. This space is main 
tained at a pressure less than 1 micron (preferably at a 
pressure less than 0.1 micron) when the container is in 
use. These low operating pressures are 'attained by con 
ventional means and are preferably maintained by the 
above-described gas absorbents. The components in the 
insulation used in this invention cooperate to minimize 
the total heat leak into the inner vessel by radiation and 
conduction. The thermal conductivity of this insulation 
must be no greater :th-an ‘about 3.2 B.t.u. per hour, ° F. 
square foot per foot. The use of such insulation has 
been found e-ssential in the insulated containers of this 
invention since, with other types of insulation (such as 
urethane foam insulation), an excessive loss of nitrogen 
from the container resulting from excessive heat in-leak 
across the evacuable space occurs. 
The components of the insulation employed in the con 

tainer of this invention can be in the form of particles 
(i.e., powder) or in the form of sheets and the components 
can be composed of any of a wide variety of materials. 
By way of illustration, suitable radiant heat reflecting 
components include particulate metals, metal oxides or 
metal-coated materials (e.g., particulate copper paint pig 
ments, aluminum paint pigments, magnesium oxide, zinc 
oxide, iron oxide, titanium dioxide, carbon black above 
10 microns in size, copper-coated mica flakes and graphite) 
having particle sizes less than about 500 microns (pref 
erably less than 50 microns). Suitable low heat conduct 
ing components include particulate silica, silicates (e.g., 
perlite), alumina, magnesia having particle sizes less than 
420 microns (preferably less than 75 microns) and car 
bon black having particle sizes less than 0.1 micron. As 
further illustrated, suitable radiant heat reflecting compo 
nents in sheet form include thin metal foil, such as alu 
minum, tin, silver, gold, copper and cadmium foil pref 
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6 
erably having a thickness between 0.2 millimeter and 0.002 
millimeter. Suitable low heat conducting components in 
sheet form include plastic sheets (e.g., polyethylene ter 
ephthalate and polytetrañuoroethylene sheets) and fibrous 
sheets (e.g., glass fiber paper or web sheets) are prefer 
ably composed of fibers having ñber glass diameters of 
less than 50 microns or more preferably of less than 10 
or l microns. Insulation components in the form of 
sheets are disposed so that the sheets are substantially 
parallel to each other and substantially perpendicular to 
the direction of heat iiow across the evacuable space be 
tween the outer shell and the inner vessel. 
The radiant heating reflecting component and the low 

heat conducting component used in the insulation em 
ployed in the insulated containers of this invention are 
so disposed in relation to each other that the latter com 
ponent prevents transmission of heat across the evacuable 
space by conduction through the former component. By 
way of illustration, when both insulating components are 
in the form of sheets, they are arranged as alternating 
sequence. In the latter embodiment, the low heat con 
ducting component sheets can serve as a spacing and 
supporting means for the radiant heat reflecting compo 
nent sheets. As a further illustration, when both insulat 
ing components are in the form of particles (as in the 
insulation disclosed in ULS. Patent 2,967,152), the radiant 
heat reiiecting component particles are dispersed in a 
matrix of the low heat conducting component particles. 
In the latter embodiment, the radiant heat reiiecting com 
ponent particles can constitute from 1% -to 80% by weight 
of the total weight of both component particles. 

It should be recognized that combinations of sheet and 
particulate insulation components can be employed in 
the insulated containers of this invention. By way of 
illustration, a particulate low heat conducting component 
can be employed to fill the voids between the fibers of a 
fibrous low heat conducting component as disclosed in 
U.S. Patent 3,007,596. The latter embodiment serves to 
minimize the variations in the thermal conductivity of the 
insulation due to changes in pressure in the evacuable 
space. Moreover, the radiant heat reliecting component 
in the insulation employed in the insulated containers of 
this invention can, if desired, be bonded -to the low heat 
conducting component. By way of illustration, suitable 
insulation includes the metallized crinkled plastic or 
glassine sheets (e.g., crimped or crumpled polyethylene 
terephthalate or polytetrailuoroethylene sheets covered, 
preferably on only one side, with a thin film of aluminum, 
gold, silver or copper) disclosed in U.S. Patent 3,018,016. 
Preferably at least thirty layers of such sheets can be 
employed although fewer layers can be employed in some 
cases. 

The above-mentioned insulation of U.S. Patent 
3,018,016 can be more specifically described as metal 
coated-non-metallic, iiexible plastic material, said plastic 
material being essentially free of any substance havingl 
an equilibrium vapor pressure at 20° C. of greater than 
10 microns mercury absolute. There are between 12 and 
120 layers of flexible material per centimeter of thick 
ness of insulation space occupied by the layers and the 
metal coating on the iiexible material has a thickness less 
than .25 micron and being sufficiently thick to have an 
emissivity less than .06. The flexible material has a low 
heat conductivity to give a low lateral heat conductivity 
to the metal-coated flexible material of less than 10>< l0“6 
watts per square degree K. at 300° K. the layers of flexible 
material are permanently deformed as by crumpling so 
that they are free of extensive areas of planar Contact 
while having numerous point contacts therebetween, the 
layers are essentially free of spacer elements therebetween 
and the major portions of the layers are held in spaced re 
lation by the point contacts between layers. The apparent 
thermal conductivity of this insulation is less than about 
l microwatt/cm. degree K. 
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A typical insulation suitable for use in the insulated 
containers of this invention is composed of sheets of 
fibrous material, which are disposed alternately between 
sheets of metal foil material to provide alternate layer 
composite insulation. Such alternate layer composite 
insulation is broadly disclosed in U.S. Patent 3,007,576. 
One variety of such alternate layer composite insulation 
is disclosed in U.S. Patent 3,009,600 which relates to 
insulation comprising alternate layers (a) of fibrous 
material in the form of paper and (b) metal foil material. 
Another variety of such alternate layer composite insula 
tion is disclosed in U.S. Patent 3,009,601 which relates 
to insulation comprising alternate layers of (a) fibrous 
material in the form of a web and (b) metal foil material. 
Such metal foil sheets function as the radiant heat reflect 
ing component and fibrous sheets function at the low 
heat conducting component. 

In general suitable fibrous-metal foil alternate layer 
composite insulation of U.S. Patent 3,007,576 can be 
more specifically described as external load-free insulation 
comprising low conductive fibrous sheet material layers 
composed of fibers `for reducing heat transfer by gaseous 
conduction and thin, flexible sheet radiation barrier layers. 
The radiation barrier layers being supportably carried in 
superimposed relation by .the fibrous sheet layers to pro 
vide a large number of radiation barrier layers in a limited 
space for reducing the transmission of radiant heat across 
said space without perceptively increasing the heat trans 
mission by solid conduction thereacross. Each radiation 
barrier layer is disposed in contiguous relation on oppo 
site sides with a layer of the fibrous sheet material, While 
the ‘fibers of the fibrous sheet material all oriented sub 
stantially Iparallel to the radiation barrier layers and sub 
stantially perpendicular to the direction of heat in-leak 
across the space occupied by the layer. The fibrous sheet 
material is composed of fibers having diameters less than 
about 10 microns and the radiation barrier sheet having 
a thickness less than about 0.2 millimeter, the multi 
layered composite insulation being disposed in the space 
occupied by the layers `to provide more than 4 radiation 
barrier layers per inch of said composite insulation. 
The above-mentioned insulation of U.S. Patent 

3,009,600 can be more specifically described as a com 
posite multi-layered, external load-free insulation in the 
space occupied by the layers comprising low conductive 
fibrous sheet material layers composed of fibers for re 
ducing heat transfer by gaseous conduction and thin, flex 
ible radiant heat reflecting shields. The radiant heat re 
fleeting shields are supportably carried in superimposed 
relation by the fibrous sheet layers to provide a large 
number of radiant heat reflecting shields in a limited 
space for reducing the vtransmission of radiant heat across 
the space without perceptively increasing the heat trans 
mission by solid conduction thereacross :and each radiant 
heat reflecting shield is disposed in contiguous relation 
on opposite sides with a layer of the fibrous sheet ma 
terial. The fibers of the fibrous sheet material are 
oriented substantially parallel to the heat reflecting 
shields and substantially perpendicular to the direction of 
heat in-leak across the space. The fibrous sheet material 
is a permanently precompacted paper composed of un 
bonded fibers having a thickness less than about 0.2 milli 
meter. The multi-layered composite insulation is gen 
erally spirally wound in the space to provide more than 
40 radiant heat reflecting shields per inch of said com 
posite insulation. 
The insulation of U.S. Patent 3,009,601 can be more 

specifically described as a composite multi-layered, ex 
ternal load-free insulation in the space occupied by 
the layers comprising low conductive fibrous sheet ma 
terial layers composed of fibers for reducing heat trans 
fer by gaseous conduction and thin, flexible radiant heat 
reflecting shields. The radiant heat reflecting shields are 
supportably carried in superimposed relation by the 
fibrous sheet layers to provide a large number of radiant 
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8 
heat reflecting shields in a limited space for reducing the 
transmission of radiant heat across the space without 
perceptively increasing the heat transmission by solid con 
duction thereacross and radiant heat reflecting shield is 
disposed in contiguous relation on opposite sides with a 
layer of the fibrous sheet material. The fibers of the 
fibrous sheet material are `oriented substantially per 
pendicular to the direction of heat in leak across 
the insulating space and the fibrous sheet material is an 
elastically compressible web composed of fibers having 
diameters between about 0.2 and 5 microns. The ra 
diant heat reflecting shields have a thickness less than 
about 0.2 millimeter and can, if desired, be perforated 
lto provide flow paths through the shields. The multi 
layered composite insulation is generally spirally wound 
in the insulation space to provide more than 5 radiant 
lheat reflecting shields per inch of said composite insula 
tion. 
The containers of this invention preferably contain a 

gas absorbent that is in vapor communication with the 
evacuable space between the outer shell and the inner 
vessel. The absorbent can .be held in a perforated disc 
or blister or in a wire screen or glass cloth attached to 
the outer surface of the inner vessel. Such absorbents 
assist in maintaining a vacuum in .the evacuable space. 
Particularly suitable gas absorbents which can be placed 
between the outer shell and the inner vessel in the insula 
tion containers of this invention are crystalline zeolitic 
molecular sieves such as zeolite A and zeolite X, which are 
more particularly described below. 

Zeolite molecular' sieves have a three-dimensional 
framework of S104 and A104 tetrahedra. The tetrahedra 
are cross-linked by the sharing of oxygen atoms. The 
ectrovalence of the tetrahedra containing aluminum is 
-balanced by the inclusion in the crystal of a cation, for 
example sodium or calcium. The spaces between the 
tetrahedra are occupied by water molecules prior to dehy 
dration or activation as by heating. 
The general formula for zeolite A, disclosed in U.S. 

Patent No. 2,882,243, can be represented as follows: 

In rthe latter formula “M” is a cation and “n” its valence. 
The composition of calcium zeolite A, a preferred ma 

terial ̀ for use in the containers of the invention, expressed 
in terms of mol fractions of the oxide of the materials in 
the zeolite is as follows: 

1.010.2CaO2Al2O3:1.851\0.5Si02:0 to 5H2O 

In addition to its composition, zeolite A can be identi 
fied by its X-ray powder diffraction pattern. In obtain 
ing the X-ray powder diffraction pattern standard tech 
niques were employed. The radiation was the Ka doublet 
of copper, and a Geiger counter spectrometer with a strip 
chart pen recorder was used. The most significant lines 
of the X-ray diffraction pattern zeolite A are given in 
Table A. 

TABLE A 

d Value of reflection in A 

12.2102 
8.610,2 
70510.15 
40710.08 
3.681007 
33810.06 
32610.05 
2.961005 
2.731005 
2.601005 

Zeolite X, disclosed in U.S. Patent 2,882,244, can be 
represented as follows: 

0.910.2M2/nO1Al2O3:2.510.5Si021 0 to 8H2O 
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In the latter `formula “M” represents a metal and “n” its 
valence. A typical composition for the sodium form of 
zeolite X is represented as follows: 

0.9Na201A1203 i 

The more significant lines of the X-ray diffraction pat 
tern of zeolite X are given in Table B. 

TABLE B 

d Value of reflection in A 

Prior to use in the containers of this invention, the 
above-described zeolitic molecular sieve absorbents should 
be activated by heating to remove absorbed materials 
(eg. water vapor). 
The containers of this invention are uniquely suited for 

shipping biological materials which must be maintained 
at temperatures below ~l29° C. Such materials include 
bull semen, bone marrow, blood, pathogens and the like. 
Such materials are often admixed with various additives, 
extenders, solvents and the like. The biological materials 
are desirably in a frozen state before being .placed in 
the containers of this invention. These materials are 
generally placed in ampoules or vials of dimensions suit 
able for insertion in the voids in the specimen holders 
in the containers of this invention. 
A specific container of this invention which has given 

excellent performance in the shipping of biological mate 
rials has the following specifications: 

Height (from bottom of outer shell 
to top of cap) ____________ __ 16 inches. 

Outer diameter of outer shell ____ 6.25 inches. 
Inside diameter of inner vessel ___ 4.25 inches. 
Weight emptied (containing a hold 

er but without liquid nitrogen 
and biological materials) _____ 5 pounds. 

Weight filled (with specimen hold 
er saturated with liquid nitro 
gen) ____________________ .._ 8 pounds. 

Liquid nitrogen absorbed _____ __ 1.6 liters. 
Liquid nitrogen evaporation rate __ 
Holding time when holding two 50 

cubic centimeter ampoules _____ 5 days at a maxi 
mum temperature 
of _130° C. 

The specimen holder employed in this container had 
an outer diameter of about 4.5” and a height of 73/8”. 
It contained two voids having a depth of 6%”. The di 
ameter of the voids was lï/s” for the first inch below the 
top of the holder and 15/16” thereafter. The composite 
insulation material in the container was that disclosed in 
U.S. Patent 3,009,600. 
What is claimed is: 
l. An insulated container suitable for transporting ma 

terials requiring refrigeration by liquid nitrogen which 
container compri-ses (l) a rigid self-supporting outer 
shell, (2) an inner vessel enclosed by and spaced from the 
outer shell so as to define an intervening evacuable space, 
(3) a composite insulation material in the evacuable space 
composed of (a) a radiant heat reflecting component and 
(b) a low heat conducting component disposed in rëla 
tion to the radiant heat reflecting component so as to min 
imize the transfer of heat across the evacuable space 
through the radiant heat reflecting component by con 
duction, said composite insulating material serving to 
minimize heat transfer across the evacuable space by radi 
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10 
ation and conduction and said composite insulation mate 
rial having a thermal conductivity no greater than about 
3.2><l05 B.t.u. per hour, ° F. square foot per foot, (4) 
a specimen holder composed of an integral mass of a 
sand-lime filler in the inner vessel comprising mainly cal 
cium silicate in which the ratio of silica as silicon dioxide 
to calcium as calcium oxide is between l and 1.5, the 
filler also containing between 4 percent and 20 percent 
by weight, based on the total weight of the filler, of an 
inert metal fiber and the filler having a porosity of 86 
percent to 93 percent, said specimen holder having voids 
in the central portion thereof adapted for storing the 
materials requiring refrigeration, (5) access means for 
introducing the specimen holder into the inner vessel and 
for introducing the objects requiring refrigeration into the 
voids in the specimen holder and (6) sealing means for 
minimizing heat leak through the access means into the 
container and escape of liquid nitrogen from the inner 
vessel while providing passages for the escape of nitrogen 
vapor from the inner vessel. 

2. The insulated container of claim 1 wherein the in 
rsulation material is a composite multi-layered, external 
load-free insulation comprising low conductive fibrous 
sheet material layers composed of fibers for reducing heat 
transfer by gaseous conduction and thin, fiexible sheet 
radiation barrier layers, said radiation barrier layers be 
ing supportably carried in superimposed relation by said 
fibrous -sheet layers to provide a large number of radia 
tion barrier layers in a limited space for reducing the 
transmission of radiant heat across said space without 
perceptively increasing the heat transmission by solid con 
duction thereacross, each radiation barrier layer being 
disposed in contiguous relation on opposite sides with a 
layer of the fibrous sheet material, the fibers of said 
fibrous sheet material being oriented substantially par 
allel to the radiation barrier layers and substantially per 
pendicular to the direction of heat inleak across the space 
occupied by the layers, said fibrous sheet material being 
composed of fibers having diameters less than about l0 
microns, said radiation barrier sheet having a thickness 
less than about 0.2 millimeter, and said multi-layered 
composite insulation being disposed in the space occupied 
by the layers to provide more than 4 radiation barrier 
layers per inch of said composite insulation. 

3. The insulated container of claim ll wherein the in 
sulating material is a composite multi-layered external 
load-free insulation in the space occupied by the layers 
comprising low conductive ñbrous sheet material layers 
composed of fibers for reducing heat transfer by gaseous 
conduction and thin, flexible radiant heat reflecting shields, 
said radiant heat reflecting shields being supportably car~ 
ried in superimposed relation by said fibrous sheet layers 
to provide a large number of radiant heat reliecting shields 
in a limited space for reducing the transmission of radiant 
heat across said space without perceptively increasing the 
heat transmission by solid conduction thereacross, each 
radiant heat reflecting shield being disposed in contiguous 
relation on opposite sides with a layer of the fibrous sheet 
material, the fibers of said fibrous sheet material being 
oriented substantially parallel to the heat reflecting shields 
and substantially perpendicular to the direction of heat in 
leak across the space, said fibrous sheet material being 
a permanently precompacted paper composed of un 
bonded fibers having a diameter less than 5 microns and 
a length of less than about 0.5 inch, said radiant heat 
reflecting shields having a thickness less than about 0.2 
millimeter, and said multi-layered composite insulation 
being generally spirally wound in the space to provide 
more than 40 radiant heat reflecting shields per inch of 
said composite insulation. 

4. The insulated container of claim 1 wherein the in 
sulating material is a composite multi-layered, external 
load-free insulation in the evacuable space occupied by 
the layers comprising low conductive fibrous sheet mate 
rial layers composed of fibers for reducing heat transfer 
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by gaseous conduction and thin, flexible radiant heat re 
flecting shields, said radiant heat reflecting shields being 
supportably carried in superimposed relation by said 
fibrous sheet layers to provide a large number of radiant 
heat reflecting shields in a limited space for reducing the 
transmission of radiant heat across said space without 
perceptively increasing the heat transmission by solid con 
duction thereacross each radiant heat reflecting shield 
being disposed in contiguous relation on opposite sides 
with a layer of the fibrous sheet material, the fibers of 
said fibrous sheet material being oriented substantially 
perpendicular to the direction of heat inleak across the 
insulating space, said fibrous sheet material being an elas 
tically compressible web composed of fibers having diame 
ters between about 0.2 and 5 microns, said radiant heat 
reflecting shields having a thickness less than about 0.2 
millimeter and said multi-layered composite insulation 
being generally spirally wound in the insulation space to 
provide more than 5 radiant heat reflecting shields per 
inch of said composite insulation. 

5. The insulated container of claim 1 wherein the in 
sulating material is at least thirty of a metal-coated, non 
metallic, flexible plastic material, said plastic material 
being essentially free of any substance having an equilib 
rium vapor pressure at 20° C. of greater than l0 microns 
mercury absolute, there being between 12 and 120 layers 
of flexible material per centimeter of thickness of insula 
tion space occupied by the layers, the metal coating on 
the flexible material having a thickness less than ,25 
micron and being sufficiently thick to have an emissivity 
less than .06, the flexible material having a low heat con 
ductivity to give a low lateral heat conductivity to the 
metal-coated flexible material of less than 10><106 watts 
per square per ° K at 300° K., the layers of flexible mate 
rial being permanently deformed, as by crumpling, so that 
they are free of extensive areas of planar contact while 
having numerous point contacts therebetween, said layers 
being essentially free of spacer elements therebetween, the 
major portions of said layers being held in spaced relation 
by said point contacts between layers, the apparent ther 
mal conductivity of the insulation being less than about 
1 microwatt/cm. ° K. 

6. The insulated container of claim 1 wherein the in 
sulating material is characterized by a low rate of heat 
transfer by conduction and radiation, consisting essen 
tially of finely divided low heat conductive particles of 
agglomerate sizes less than about 420 microns being se 
lected from the group consisting of silica, perlite, alumina, 
magnesia and carbon black; and finely divided radiant 
heat reflecting bodies of sizes less than about 500 microns 
and having metallic surfaces, such radiant heat reflecting 
bodies constituting between about 1% and 80% by 
weight of said insulating material. 

7. The insulated container of claim 1 wherein the in 
sulating material is composed of a low heat conductive 
fibrous material and a multiplicity of radiation-impervious 
sheets supportably carried by said fibrous material, said 
radiation-impervious sheets being disposed in parallel 
spaced relation to each other, and said fibrous material 
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having a fiber orientation substantially parallel to said 
sheets and substantially perpendicular to the direction of 
heat flow across said space, and a fine low-conductive 
powder in the voids between the fibers of said fibrous 
material, whereby said sheets and fibrous material are 
effective in reducing the transmission of radiant heat 
across said space without perceptibly increasing the heat 
transmission by conduction thereacross, and whereby said 
powder reduces the variation in thermal conductivity of 
said fibrous material and sheets due to changes in pres 
sure conditions in said space. 

8. The insulated container of claim 1 wherein a crystal 
line zeolitic molecular sieve gas absorbent is provided in 
the evacuable space. 

9. An insulated container for transporting materials re 
quiring refrigeration by liquid nitrogen which container 
comprises (l) a rigid self-supporting outer shell, (2) an 
inner vessel enclosed by and spaced from the outer shell 
so as to define an intervening evacuated space in which 
the pressure is less than 1 micron, (3) a composite in 
sulating material in the evacuated space composed of 
(a) a radiant heat reflecting component and (b) a low 
heat conducting component disposed in relation to the 
radiant heat reflecting component so as to minimize the 
transfer of heat across the evacuable space through the 
radiant heat reflecting component by conduction, said 
composite insulating material serving to minimize heat 
transfer across the evacuated space by radiation and con 
duction and said composite insulating material having a 
thermal conductivity no greater than about 32x10-5 
B.t.u. per hour, ° F., square foot per foot, (4) a specimen 
holder composed of an integral mass of a sand-lime filler 
in the inner vessel comprising mainly calcium silicate in 
which the ratio of silica as silicon dioxide to calcium as 
calcium oxide is between 1 and 1.5, the filler also con 
taining between 4 percent and 20 percent by weight, 
based on the total weight of the filler, of an inert metal 
fiber and the filler having a porosity of 86 percent to 
93 percent, said specimen holder having voids in the cen 
tral portion thereof wherein are stored the materials re 
quiring refrigeration and said specimen holder having 
liquid nitrogen absorbed thereon so as to saturate the 
filler therewith, (5) access means for introducing the 
specimen holder into the inner vessel and for introducing 
the objects requiring refrigeration into the voids in the 
specimen holder and (6) sealing means for minimizing 
heat in-leak through the access means into the container 
and escape of liquid nitrogen from the inner vessel while 
providing passages for the escape of nitrogen vapor from 
the inner vessel. 
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