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This invention relates to processesand apparatus for 
storing and shipping lique?ed gases, and=particularlyfor 
avoiding evaporation losses of a valuable gas. 
While the storage of lique?ed v‘gases can readily be 

effected at low temperatures, the use of refrigerating 
means of the usual recirculating types is cumbersome and 
expensive and, when the gas is one-such-as argon, which 
lique?es at'low temperatures, or when the gastis to ‘be 
transported in its liquid state, the drawbacks in employ 
ment of the usual means for maintaining the lique?ed 
gas at low temperatures may be almost- prohibitive. 
With‘the foregoing and othericonsiderations in view, 

the'present invention contemplates the use, in ‘preventing 
escape ‘of a'valuable gas, of an expendable gasunder con 
ditions'such that it will boil at a‘lower' temperature than 
the valuable gas. The expendable gas is allowed to evap 
orate and escape'as ‘needed to prevent such rise in tem 
perature as would cause expansion ofthe valuable gas 
to‘the point where it would force open a safety valve 
associated with its container. The valuable gas is thus 
preserved at the expense of the expendable gas, but with 
out the use of costly or cumbersome procedure or appa 
ratus. The expendable gas may be one which has a 
lower boiling point than that of the valuable gas, or the 
relative pressure conditions of the two gases may be so 
adjusted that the expandable gas will boil before the 
valuable gas boils. 

In various of its more speci?c aspects, the invention 
contemplates the ?lling of the container only partially so 
as to leave an area for evaporation of the valuable gas, 
the maintenance of the valuable gas at a temperature of 
not over minus 100° F., the provision of an elongated 
restricted channel for the valuable gas, the provision with— 
in the container of a receptacle for the expendable gas, 
and the provision of various unusual and inventive corn 
binations of steps and elements. 
Argon is an example of a valuable gas for use with 

which the invention is well suited; but it is adapted for 
use in the storage of any of a variety of rare or otherwise 
valuable gases, and of gases in particularly pure form, as 
puri?ed nitrogen, for example. 

Lique?ed commercial nitrogen, air, and other lower 
boiling inexpensive lique?ed gases are examples of gases 
which may be permitted to escape under controlled con 
ditions in order to maintain a more valuable higher-boil 
ing gas in lique?ed form. Other gases may be used under 
special conditions. For example, oxygen may be used 
with argon when the argon is under extra pressure, and, 
ordinarily, when means to recover the oxygen are pro 
vided. 
The invention accordingly comprises the several steps 

and the relation and order of one or more of such steps 
with respect to each of the others, and the apparatus 
embodying features of construction, combinations of ele 
ments, and arrangement of parts which are adapted to 
effect such steps, all as exempli?ed in the following de 
tailed disclosure, and the scope of the application of which 
will be indicated in the claims, . 
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For a fuller understanding of the nature and objects of 

'the‘invention, reference should be had to the following 
'det-ailed'description taken in connection with the accom 
panying ‘drawing, in which: 

Figure 1 shows somewhat diagrammatically one form 
of~a process and, inr‘cross section, an apparatus embody 
in g the invention; and 
Fig.2 's‘hows‘a modi?ed form. 
'As-exempli?ed in Fig. 1, there is provided a storage 

container ‘5 in-the'form of a metallic cylinder containing 
a body of‘lique'?e'd valuable gas @6—for example, liquid 
argon-and providing an area 7 thereabove for contain 
ing evaporated gaseous argon. Within the area 7, in the 
present instance,'is a receptacle 10 containing a lique?ed 
expendable gas -I2,‘preferably one having a lower boiling 
point than the argon-lique?ed commercial nitrogen, for 
example. The ‘receptacle 10 is itself in the form of a 
metallic cylinder so as‘to be in heat-transfer relationship 
with’the argon within the container 5 and is equipped 
with an'outlet 14,‘normally closed, with a back pressure 
regulator comprising a valve‘lS and an adjustable pres 
sure'control '16. The container‘S is equipped with a 
safety valve 18 to which a conduit 20 leads. The control 
‘member'1'6 will beso set as to permit the escape of nitro 
gen trom the receptacle 10 while the argon in the con 
tainer'S is still at a temperature such that itspressure will 
not operate the safety valve 18. 
_For e?iciency of heat ‘transfer there is provided a con 

duit122-leading from the area 7 to‘the interior of the 
receptaclefl0 and thence thru a metallic coil 24 to a con 
du'it 26- leading to a lower portion of the container'S. .The 
metallic-coil may,'of course, be much longer than indi 
cated by the diagrammatic showing. 

The container 5 is insulated against access of heat 
thereto, as by an insulating layer, such as shown at 25, 
by a suitable refrigerating layer, or by other suitable 
arrangement. 
The container 5 is ?lled—-ordinarily only partially 

?lled—W.ith the argon or other valuable gas, and the safety 
valve set to open before undue strain is put on the con 
tainer by the expansion of the gas. The-receptacle 10 is 
?lled with a suitable lique?ed expendable gas-for in 
stance, nitrogen-and the valuable gas is ready for storage 
or shipment. Whenever the temperature in proximity to 
the receptacle 10 reaches a point where the boiling nitro 
gen will open the valve 15, the nitrogen escaping thru this 
valve will carry away heat, so as to cool the remaining 
nitrogen, which in turn tends to extract heat from any 
argon with which it comes in contact. In the exempli 
?ed arrangement, a certain amount of gaseous argon 
will condense around the receptacle 10 and the lower part 
of the outlet 14, and a much larger amount will con 
dense within the coil 24 and run down the conduit 26 to 
join the mass of liquid argon. Argon evaporating from 
the surface of the liquid mass tends to rise in the direc 
tion of the arrows and to move into the conduit 22 and 
thru the coil 24 to be condensed, until such time as the 
nitrogen has ceased to evaporate su?iciently to open the 
valve 15, and a temperature equilibrium has been estab 
lished between the argon and nitrogen. 

It is, of course, not necessary that the receptacle be 
disposed within the cylinder which constitutes the con 
tainer proper, and in certain instances it is advantageous 
that it be outside of the same, as when it is desired to 
render inoperative the action of the expendable gas. Fig. 
2 illustrates such an arrangement. There is here provided 
a storage cylinder 5a which may be partially ?lled with 
liquid argon 6 and which is surrounded by insulation 30a. 
It has an outlet 20a leading to a safety valve 18a. The 
receptacle 10 for nitrogen is disposed, in the present in 
stance, outside the cylinder 5a but within the insulation 
3011, with portions of the conduit 220 which leads to 



coil 24 and of the conduit 26a which leads from coil 24 
disposed, in the present instance, outside the cylinder 5a 
but within the insulation 30a. A valve 15 with an ad 
justable pressure control 16 is provided for the conduit 14 
leading from the receptacle 10a. In the exempli?ed ar 
rangement there is provided an outlet ‘35' which has an 
openable valve 36 thru which liquid argon may be drawn 
off, a heater 37 which may be selectively operated as by - 
an electric circuit 38 including a switch 40, and a valve 
42 in the conduit 22a which may be closed to renderthe 
cooling effect of the evaporation of the nitrogen sub 
stantially ineffective on the body of argon in the con 
tainer. Thus, when it is desired to draw off liquid argon 
from the container 5a, the valve 36 may be opened and 
the valve 42 closed, and the switch 40 may be thrown 
to energize the heater 37. The heater will generate pres 
sure within the container which will be insu?icient to open 
the safety valve 18a but which will be sui?cient to force 
liquid argon thru the conduit 35. 

Since certain changes in carrying out the above process 
and in the constructions set forth, which embody the in 
vention, may be made Without departing from its scope, 
it is intended that all matter contained in the above de 
scription or shown in the accompanying drawing shall be 
interpreted as illustrative and not in a limiting sense. 

I claim: 
1, The process of storing and shipping a valuable gas 

which comprises liquefying the gas, placing it in an in 
sulated container, and providing in heat-transfer relation 
ship therewith but out of communication therewith a 
lique?ed expendable gas under conditions such that it 
will boil at a lower temperature than the'valuable gas, 
and permitting escape of said expendable gas whenever , 
the pressure thereof is increased by heat transfer from 
said valuable gas at a temperature of over substantially 
minus 100° F., whereby evaporation of said other gas 
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will reduce the temperature of said valuable gas to not 
over substantially minus 100° F., thus reducing the pres 
sure in said container, wherein the control exercised by 
the expendable gas is rendered ine?ective when the dis 
charge of valuable gas from said container is desired, 

2. Apparatus for storing‘ and shipping a valuable gas 
comprising a container for the valuable gas, a receptacle 
for lique?ed expendable gas, outlet means for said re 
ceptacle, means for normally maintaining said receptacle 
closed when in use and comprising a valve in said outlet 
means responsive to an increase in pressure Within said 
receptacle to open the same, a conduit leading from an 
upper point in said container and thru said receptacle 
and thence to a lower point in said container, said con 
tainer, said receptacle, and said conduit being enclosed 
in an insulating covering, and said receptacle being 
mounted on the upper portion of one side of said con 
tainer and being separated therefrom by insulation, and 
a control valve in said conduit; 
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