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This invention relates to storing volatile liquids having 
boiling point temperatures materially below 273 Kelvin 
at atmospheric pressure and particularly to novel method 
and apparatus whereby the liquid may be contained for 
indefinite storage on a no-loss basis. 

In general, the present invention provides method and 
apparatus for the safe and efficient storage of expensive, 
toxic, corrosive, flammable or otherwise hazardous liqui 
fied gas having a boiling point below 273 Kelvin utiliz 
ing a colder radiation shield containing a liquid having 
a boiling point below the boiling point of the liquid 
being stored. The liquid utilized in the colder radiation 
shield may be less expensive or less toxic, or less cor 
rosive, or less flammable than the liquid being stored. 
Moreover, it can be inert or unreactive with the stored 
liquid, thus providing an efficient and safe means of 
storing a liquified gas on an indefinite no-loss storage 
basis. In practicing the present invention, not only can 
the stored liquid be contained for indefinite storage, but 
it can be safely contained for shipment via the various 
conventional modes of transportation. 
As an example of one aspect of the present invention, 

liquid fluorine can be safely and efficiently stored and 
transported utilizing liquid nitrogen as a colder radiation 
shield according to the teachings of the present invention. 

It is therefore an object of the present invention to 
provide method and apparatus for storing a volatile liquid 
of the type described wherein a novel colder radiation 
shield is utilized to shield the stored liquid from radiation 
from the environment. 

It is another object of the present invention to provide 
method and apparatus for storing a volatile liquid of the 
type described by means of a novel radiation shield com 
prising a contained liquid having a boiling point below 
the boiling point of the liquid being stored. With such 
arrangement, said second liquid not only isolates the 
stored liquid from radiation from the environment, but 
also permits heat transfer only from the stored liquid 
to the second liquid whereby the stored liquid is con 
tained on a no-loss basis. 

It is another object of the present invention to provide 
method and apparatus for storing a volatile liquid of the 
type described utilizing a novel radiation shield inter 
posed between the stored liquid and the environment, 
said radiation shield being adapted to control the tem 
peratures of the stored liquid by effecting controlled heat 
transfer from the stored liquid to said radiation shield 
whereby said stored liquid can be maintained at a pre 
determined storage temperature, 

It is another object of the present invention to provide 
method and apparatus for storing a volatile liquid of 
the type described which utilizes a novel radiation shield 
interposed between the stored liquid and the environ 
ment, and which includes means for varying the rate of 
heat transfer from the stored liquid to said radiation 
shield whereby the temperature of the stored liquid can 
be efficiently and safely varied. 

It is another object of the present invention to provide 
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method and apparatus for storing a volatile liquid of the 
type described utilizing a novel radiation shield inter 
posed between the stored liquid and the environment and 
which provides means for effecting heat transfer from 
the stored liquid to said radiation shield whereby the 
stored liquid can be maintained at a predetermined sub 
cooled temperature notwithstanding the occurrence of a 
certain amount of heat transfer from the environment 
to the liquid being stored. 

It is another object of the present invention to provide 
method and apparatus for storing a liquified gas of the 
type described whereby the liquid being stored can be 
delivered to the storage means at boiling point tempera 
ture, yet due to the novel radiation shield utilized in the 
present invention, the stored liquid can be efficiently and 
safely subcooled subsequent to delivery thereof to the 
Storage means. 

It is another object of the present invention to provide 
method and apparatus for storing a liquified gas of the 
type described which eliminates boil-off, and hence loss 
of the liquid being stored, without the need for a re 
condensor apparatus or an external refrigeration cycle. 

It is another object of the present invention to provide 
method and apparatus for storing a volatile liquid of 
the type described whereby the liquid is maintained in 
a subcooled condition which permits the pumping of 
same without the need of pressurizing the liquid or ele 
vating the containing vessel above pump suction to effect 

80 Subcooling. Further objects and advantages of the present inven 
tion will be apparent from the following description, 
reference being had to the accompanying drawing wherein 
a preferred form of embodiment is shown. 
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In the drawings: 
Figure 1 is a schematic view of a storage means and 

associated control apparatus arranged according to one 
aspect of the present invention and adapted for practic 
ing the method thereof. Figs. 1 and 2 are sectional 
views, taken on lines i-E of Fig. 2 and 2-2 of Fig. 1, 
respectively, and looking in the direction of the arrows. 

Referring next to the drawing, an apparatus for prac 
ticing the present invention is schematically illustrated in 
Figure 1 with such apparatus including a storage means 
indicated generally at 6. Storage means 10 includes an 
outer jacket 2 which surrounds an insulating space 13. 
Insulating space 3 may be in the form of a vacuum 
chamber or it may be formed as a vacuum chamber con 
taining insulating material such as fine particles of low 
conductivity and high reflectivity. A vacuum can be 
maintained in the insulating space 3 by connecting such 
space with a source of vacuum 26 by means of the lines 
16 and 17. A valve 8 is located along line 7 to con 
trol and maintain the vacuum in insulating space 3. 

Reference is next made to a radiation shield structure 
indicated generally at 22. Radiation shield 22 is sup 
ported within the outer jacket 2 by a plurality of struc 
tural members 24, 25, 26 and 27, which extend between 
the inner wall of the outer jacket 2 and an outer wall 
30 of the radiation shield. For example, structural 
member 24 has one end thereof secured to the outer 
jacket 2 at 28, and the other end thereof secured to the 
radiation shield 22 at 29. 

Radiation shield 22 further includes an inner wall 32 
and end walls 33 and 34 which form a sealed chamber 
36. At this point it should be noted that the chamber 36 
of the radiation shield substantially surrounds a second 
insulating means indicated generally at 38 and provided 
with an outer shell 42. Insulating means 38 in turn 
surrounds a container 40 which directly contains the 
liquid being stored. 

Referring further to the inner container 40, such con 
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tainer is supported in spaced relationship with the radia 
tion shield 22 and wall means 42 by means of a plurality 
of structural members such as are exemplified by the 
members indicated at 44, 45, 4, 6 and 47. For example, 
structural member 44 has one end thereof secured to 
the inner side of wall 32 at 49, and the other end 
thereof secured to the outer side of wall 42 at 50. 

Since the inner container 40 is supported by the radia 
tion shield structure 22, and since the radiation shield 
structure is Suspended within the outer she 32 it wi 
understood that the inner container 43 is { ai:ii:iiicki in 
substantially rigid suspension relative to the surround 
ing structure of the storage means. 
The inner container can be filled and drained of the 

liquid to be stored by means of a line 6G and waive 
The inner container is further provided with a 
pressure release valve 63 which is connected to the iaiter 
container by means of a line 64. 

Reference is again made to the radiation shield 22 and 
particularly to chamber 36 thereof which is adapted to 
receive and store a fluid in the liquid state. A fluid 
having a boiling point lower than the boiling point of the 
stored liquid is utilized to provide a radiation shield 
which is maintained colder than the liquid being stored. 
A line 63 and valve 67 serve to fill and drain the colder 
liquid carried in chamber 36, and a safety pressure relief 
control valve 76 is connected with the chamber 36 by 
means of a line 71. 

Reference is next made to the inner insulating means 
38 which includes a chamber 75 in surrounding relation 
ship with the inner container 40. Chamber 75 is con 
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nected to the source of vacuum 20 by means of a line 77 . 
which extends from chamber 75 to the vacuum line 6. 
A valve 78 is interposed along the line so that the cham 
ber 75 can be selectively isolated from the vacuum 
source 20. A pressurization source 30 is connected to 
chamber 75 by lines 88 and 77, and a valve 83 is pro 
vided for controlling the rate of gas flow from the pres 
surization source 89, or for isolating such source from 
the chamber 75. Hence it is seen that the pressure in 
the chamber 75 can be readily varied by means of the 
valve 78, which is interposed between chamber 75 and 
the vacuum source 20, and by means of the valve 83 
which is interposed between chamber 75 and the pres 
surization source 86. 

In addition to the above described vacuum and pres 
surization arrangement for chamber 75, it will be under 
stood that chamber 75 can also be arranged to contain 
insulating materials such as fine particles of low thermal 
conductivity and high reflectivity. 

in operation, radiation shield liquid is introduced into 
the chamber 33 of the radiation shield through the fill 
line 66. The liquid to be stored is transferred to the 
inner container 48 by means of the fill line 69. With this 
arrangement, the radiation shield liquid in the chamber 
36 substantially surrounds the stored liquid in the inner 
container 40 and hence the radiation shield liquid is in 
terposed between the stored liquid and the ambient tem 
perature of the environment surrounding the outer shell 
of the storing means. At this point, it will be understood 
that the colder radiation shield 22 accepts radiation heat 
from the surrounding environment and thereby prevents 
the radiation heat from passing to the stored liquid in 
the inner container 40. This must occur since the radia 
tion shield liquid in the chamber 36 is colder, according 
to the present invention, than the temperature of the 
stored liquid in the inner container 40. Since heat can 
be transferred only from the warmer substance to the 
colder substance, it will be understood that heat can only 
move outwardly from the inner container to the radia 
tion shield 22 and hence the stored liquid can only be 
come colder. 
At this point it should be noted that the structural 

members 44, 45, 46 and 47 extend between the inner 
container 40 and the radiation shield 22 and form heat 
conducting paths whereby a certain amount of heat is 
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continuously conducted outwardly from the warmer 
Stored liquid to the colder radiation shield. Since the 
rate of heat conduction is a function of the physical 
characteristics of the support members 44, 45, 46 and 
47, a continuous outward conduction of heat from the 
Stored liquid can be effected at a predetermined rate by 
the appropriate structural design and selection of ma 
terial for such structural members. 

It will be understood that it is advantageous to con 
trol the temperature of the stored liquid in the inner con 
tainer 48 in order to efficiently supply the liquid with 
necessary refrigeration, or in other instances, to subcool 
the liquid after it has been placed in the inner container 
40, or, in still other instances, to maintain the stored 
liquid in a Subcooled condition. According to the present 
invention, the temperature of the stored liquid can be 
controiled by controlling the rate at which the stored 
liquid gives up heat to the colder radiation shield 22. 
To effect such controlled heat transfer, the present ap 
paratus may be adapted to readily and precisely vary the 
rate at which heat is transferred outwardly through the 
insulating space 75 by varying the pressure therein by 
means of the control valves 83 and 78 in the manner 
previously described. Since all heat passing from the 
Stored liquid to the radiation shield must pass through 
the gas contained in insulating space 75, it will be under 
stood that the rate of heat transfer will be a function 
of the molecular concentration of the gas and hence a 
function of pressure of the gas in insulating space 75. 
When it is desired to lower the temperature of the 

Stored liquid, valve 83 to the pressurization source 80 
can be opened and valve 78 to the vacuum source can 
be closed to produce an increase in the gas pressure in 
chamber 75. The rate of heat transfer from the stored 
liquid to the colder radiation shield 22 will then increase 
and valve 83 can be maintained open until the tempera 
ture of the stored liquid has dropped to the desired valve. 

if an increase in temperature of the stored liquid is de 
sired, valve 78 to the vacuum source 20 can be opened 
and valve 83 to the pressurization source 80 can be closed 
to effect a rapid reduction in pressure in insulating space 
75 with a resulting decrease in the rate of heat transfer 
from the stored liquid to the colder radiation shield 22. 
in this case the design of the vessel would incorporate 
a heat leak to the stored fluid, through piping 60 and 64 
and other means, greater than the heat loss through the 
Suspension members to the radiation shield. Thus the 
present method and apparatus are readily adaptable to 
meet various conditions encountered in service. 
As an illustrative example of one aspect of the present 

invention, liquid fluorine can be safely and efficiently 
stored on a no-loss basis by using nitrogen as a radiation 
shield liquid according to the present teachings. Liquid 
fluorine has a boiling point of -180° C. and a freezing 
point of -223 C., while nitrogen has a boiling point of 
-195.8 C. and a freezing point of -209.8° C. In this 
particular example, both the boiling point and freezing 
point of the radiation shield liquid are between the boil 
ing point and freezing point of the stored liquid and 
hence the two liquids could be maintained in controlled 
heat transfer relationship and without freezing the stored 
liquid. Due to the presence of the colder radiation shield 
of the present invention, however, heat can transfer only 
from the fluorine to the nitrogen and the fluorine can 
only get colder. Hence, with the particular example of 
fluorine and nitrogen, the aspect of controlling the rate of 
heat transfer through the intermediate insulating space 
75, by controlling the pressure therein, need be utilized 
only when it is desired to provide control for the tempera 
ture of the stored fluorine as would be the case when it 
is desired to Subcool the fluorine to a certain predeter 
mined temperature after it has been introduced into the 
Storage means. - 
As another aspect of the present invention, it will be 

understood that a radiation shield liquid can be utilized 
having a boiling point temperature below the freezing 

  



2,868,297 
5 

point temperature of the liquid being stored. In such 
instance, when the heat loss through the structural mem 
bers 44, 45, 46, 47 of the suspension system is less than 
the heat leak inwardly along the pressure relief, fill and 
drain piping 64 and 60, and other means, then the con 
trol System for varying the rate of heat transfer through 
the intermediate insulating space 75 is required to con 
trol the temperature or amount of subcooling of the 
stored liquid. Such temperature control can be effected 
by raising and lowering the pressure of the gas in insu 
lating space 75 to raise and lower the rate of heat trans 
fer from the stored liquid to the radiation shield 22. 
As still another aspect of the present invention, the 

temperature of the stored liquid can be controlled by 
varying the pressure, and hence the corresponding tem 
perature, of the liquid contained in the radiation shield 
22. To effect such control of the pressure of the radia 
tion shield liquid, a variable pressurization means, sche 
matically illustrated at 85, can be connected to the line 
7i by means of a line 87 and a valve 88. In effecting 
control of the temperature of the stored liquid in con 
tainer 40, by means of the variable pressurization means 
85, the valve 88 is opened to connect the radiation shield 
liquid with the variable pressurization means. When 
it is desired to vary the temperature of the stored liquid, 
the variable pressurization means is adjusted to produce 
a desired corresponding variation in the temperature of 
radiation shield liquid. Such variation in the tempera 
ture of the radiation shield liquid will produce a cor 
responding change in the rate of heat transfer from the 
stored liquid to the radiation shield liquid. Hence the 
temperature of the stored liquid is made warmer or colder 
by varying the effect of the variable pressurization means 
on the radiation shield liquid. 

In summary, it is seen that the present invention pro 
vides a safe and efficient way for storing dangerous or 
expensive liquified gases on a no-loss basis by use of a 
novel radiation shield which substantially completely iso 
lates the stored liquid from heat radiation from the 
environment, and which permits heat transfer, between 
the stored liquid and the radiation shield, only in the di 
rection of the radiation shield and away from the liquid 
being stored. Moreover, the method and apparatus of 
the present invention is readily adaptable to provide con 
venient and precise control of the temperature of the 
liquid being stored. Hence the system becomes versatile 
in its adaptation to the various applications to which it 
may be employed. 
While the form of embodiment of the present inven 

tion as disclosed herein constitutes a preferred form, it 
is to be understood that other forms might be adopted, 
all coming within the scope of the claims which follow. 

I claim: 
1. An apparatus for no-loss storage of volatile liquid 

fluorine having a boiling point materially below 273 K. 
at atmospheric pressure comprising, in combination: a 
storage container for the liquid being stored, an insulat 
ing jacket in spaced surrounding relationship with said 
storage container, a cold radiation shield interposed be. 
tween said storage container and said insulating jacket, 
and means for supplying a different volatile liquid which 
contacts said shield continuously to maintain it cold, said 
radiation shield being immediately separated from said 
storage container by an insulating space evacuated below 
atmospheric pressure. 

2. An apparatus for no-loss storage of volatile liquid 
fluorine having a boiling point material below 273 K. 
at atmospheric pressure comprising, in combination: a 
first container for the liquid being stored, an insulating 
jacket in spaced surrounding relationship with said first 
container, a cold radiation shield interposed between said 
first container and said insulating jacket, said radiation 
shield comprising a second container containing a dif 
ferent volatile liquid and immediately separated from 
said first container by an insulating space evacuated be 
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6 
low atmospheric pressure, said different volatile liquid 
having a boiling point lower than the boiling point of 
the stored liquid. 

3. An apparatus for no-loss storage of volatile liquid 
fluorine having a boiling point temperature materially be 
low 273 K. comprising, in combination: a storage con 
tainer for the liquid being stored; an insulating jacket in 
spaced surrounding relationship with said first container; 
a cold radiation shield formed to contain a different 
volatile liquid, said radiation shield being interposed be 
tween said storage container and said insulating jacket 
and spaced from said jacket; a gas-containing insulation 
chamber evacuated below atmospheric pressure and im 
mediately disposed between said shield and said storage 
container; and pressure-control means including a con 
duit in communication with said chamber for varying 
the effectiveness of said insulation by varying the gas 
pressure in said chamber. 

4. An apparatus for no-loss storage of volatile liquid 
fluorine having a boiling point temperature materially be 
low 273 K. comprising, in combination: a storage con 
tainer for the liquid being stored; an insulating jacket in 
spaced surrounding relationship with said first container; 
a cold radiation shield formed to contain a different 
volatile liquid, said radiation shield being interposed be 
tween said storage container and said insulating jacket 
and spaced from said jacket, a chamber immediately dis 
posed between said shield and said storage container, 
and vacuum-producing means including a conduit in com 
munication with said chambers, for varying the degree 
of vacuum in said chamber. 

5. An apparatus for no-loss storage of volatile liquid 
fluorine having a boiling point temperature materially be 
low 273 K. at atmospheric pressure, comprising, in com 
bination: a storage container for the liquid being stored; 
an insulating jacket in spaced surrounding relationship 
with said container; a cold-radiation shield formed to 
contain a different volatile liquid and interposed between 
said storage container and said insulating jacket; insula 
tion evacuated below atmospheric pressure and im 
mediately disposed between said storage container and 
shield; and means for varying the pressure and corre 
sponding temperature of said different liquid whereby 
the rate of heat transfer from said stored liquid to said 
radiation shield can be predetermined. 

6. In no-loss storage of liquid fluorine in apparatus 
having an exterior jacket and an interior storage container, 
the method of controlling the temperature of the stored 
liquid in the container, which method comprises inter 
posing between said stored fluorine and the jacket a 
quantity of a different liquid having a boiling point 
below the boiling point of the stored fluorine; maintaining 
said different liquid in a liquefied state to provide a 
radiation shield; vacuum-insulating the stored fluorine 
from said second liquid; and varying the magnitude of 
the insulating effect whereby control of the temperature 
of said stored fluorine is effected. 

7. In no-loss storage of liquid fluorine in apparatus 
having an exterior jacket and an interior storage container, 
the method of controlling the temperature of the stored 
fluorine in a container which method comprises inter 
posing between said stored fluorine and the jacket a 
quantity of liquid having a boiling point below the boiling 
point of the stored fluorine; maintaining the last-men 
tioned liquid in a liquefied state to provide a colder radia 
tion shield; interposing a vacuum between said stored 
fluorine and the shielding liquid; and varying the amount 
of the vacuum to effect control of the temperature of 
the liquid fluorine. 

8. In no-loss storage of volatile liquid fluorine having 
a boiling point temperature materially below 273 K. at 
atmospheric pressure in apparatus having an exterior 
jacket and an interior storage container, the method 
comprising: interposing between the stored liquid and 
the jacket a quantity of radiation-shielding liquid; vacuum 
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insulating the stored and shielding liquids from each 
other; and determining the pressure and corresponding 
temperature conditions of the radiation shield liquid 
whereby the rate of heat transfer from said stored liquid 
to said radiation shield can be controlled within predeter 
mined limits. 

9. An apparatus for no-loss storage of liquid fluorine, 
having a boiling point temperature materially below 
273 K. at atmospheric pressure, comprising, in combi 
nation, container means for the liquid fluorine; a jacket 
surrounding the container means; and means forming a 
nitrogen-cooled radiation shield colder than the boiling 
point and warmer than the melting point of said liquid 
being stored, said radiation shield being interposed 
between said container and the jacket, and spaced from 
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8 
the container means by a chamber, which is evacuated 
below atmospheric pressure. 
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