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This invention rel-ates to a process for the production 
of liquid oxygen by separation from air. 

Various processes for this purpose have already been 
disclosed. In these known processes, highly compressed 
air is employed. In view of the large amounts of cold 
required (owing to the extraction of the oxygen in liquid 
form), the compressed air is cooled by a work-perform 
ing expansion or by a simple throttle expansion in which 
the Joule-Thomson effect is utilised. 

It is an object of the invention to provide a new and 
improved process for the production of liquid oxygen, in 
which low-pressure ‘air is employed in combination'with ‘ 
a nitrogen refrigerating circuit. Favourable consumption 
?gures and a particularly simple, readily operable ar 
rangernent are the advantages afforded by the new process. 

According to the invention, there is provided a process 
for the production of liquid oxygen by separation from 
air, comprising the steps of compressing the air to a 
uniform pressure of about 5 to 6 atmospheres, cooling the 
compressed air in air regenerators in heat-exchange with 
nitrogen coolant produced in the air separation, separat 
ing the air into oxygen and nitrogen in a two-stage air 
separator, extracting nitrogen at about 5 atmospheres 
pressure from the top end of the high-pressure stage of 
the separator, heating the extracted nitrogen in said air 
regenerators in heat-exchange with the air passing through 
the latter, further compressing the heated nitrogen in a 
nitrogen-compressor to a pressure of “about 16 to 30 at 
mospheres, cooling the high-pressure nitrogen in nitrogen 
regenerators in heat-exchange with cold, expanded nitro 
gen, branching off a portion of the cooled, high-pressure 
nitrogen at an intermediate position on the nitrogen re 
generators, expanding the last-mentioned nitrogen by 
allowing the same to lose energy mechanically, to-a pres 
sure substantially equal to that in said high-pressure 
stage, thereby to obtain said cooled, expanded nitrogen, 
re-heating the cold, expanded nitrogen in the nitrogen 
regenerators and thereafter drawing the latter back into 
the nitrogen compressor to be re-circulated, supercooling 
the more highly cooled remainder of the nitrogen leaving 
said nitrogen regenerators, in heat-exchange with said 
cold, expanded nitrogen, and supplying the supercooled 
nitrogen to the low-pressure stage of the air-separator at 
a location near to the top thereof, extracting said nitrogen 
coolant from the top of said low-pressure stage, and ex 
tracting substantially pure oxygen from the bottom of the 
latter stage. 
The cold output obtained by the latter arrangement 

may be increased by branching oil? a part-of the nitrogen 
from the high-pressure stage, preheating the derived nitro 
gen, subjecting the latter to a work-performing expansion, 
and combining the expanded gases with the nitrogen leav 
ing the low pressure stage. 

Instead of expanding nitrogen from the high-pressure 
stage, part of the air from the high-pressure column may 
be preheated, subjected to a work-performing expansion, 
and returned to the low-pressure stage. 
The oxygen produced by this process is obtained in sub~ 
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stantially pure form and in very good yields and the 
regulation of the cold required is simply effected by regu 
lation of the nitrogen circuit in which the nitrogen pro 
duced provides the replacement nitrogen for the nitrogen 
refrigerating circuit. 
For a better understanding of the invention and to 

show how the same is to be carried into effect, reference 
will now be made to the accompanying drawing, in which 
Figure 1 represents diagrammatically one constructional 
form of ‘an apparatus for the production of liquid oxygen, 
and Figures 2 and 3 represent two other such construc 
tional forms similar to that of Figure 1. Referring ?rstly 
to Figure l the air to be separated is compressed to an ' 
absolute pressure of approximately 5.5 atmospheres in 
a compressor 1, After dissipation of its heat of compres 
sion in a cooler 2, the compressed air is led through a 
regenerator 3 to a two-stage air-separator 5, 6 and is 
introduced at 12 into the lower column 5 of the separator. 
The cooled, compressed air is separated in the latter into 
impure oxygen and pure nitrogen. The former is ex 
tracted in liquid form at 15, is supercooled in a heat 
exchanger 9 in heat-exchange with expanded nitrogen 
taken at 7 from the upper column 6 of the separator at 
an absolute pressure of about 1.2 atmospheres, expanded 
through a valve 26 to the pressure of the ‘upper column 6 
and introduced into the latter at an intermediate position. 
The nitrogen extracted in gaseous form from the top of I 
the lower column 5 is divided at 30 into two parts. One 
part is passed through heat-exchangers 13 and 14, which 
are disposed in the loose mass of the regenerator 3 and its 
twin regenerator 4. After being heated to about, the 
inlet temperature of the air, this part of the nitrogen is 
compressed in a turbo-compressor 16 to a pressure of, 
for example, about 16 atmospheres. The other part of 
the nitrogen is led through a duct 31 and combined at 32 
with the ?rst part which has been expanded again to about 
5 atmospheres absolute pressure in a turbine 20. The 
nitrogen which is compressed to about 16 atmospheres 
absolute pressure is caused to give up its heat of com 
pression in a water-cooler 34 and is thereafter passed 
through one of two nitrogen regenerators 21, 22, i. e. 21. 
A portion of this highly compressed nitrogen is 

branched 01f at 18 before being completely cooled and 
is expanded in the turbine 20 to an absolute pressure of 
about 5 atmospheres. After expansion at 32, this portion 
is combined with the other part of the nitrogen taken 
from the lower column 5. The combined stream of nitro 
gen gives up its surplus cold in a heat-exchanger 17 to 
unexpanded nitrogen, which is thereby lique?ed or super 
cooled, and is returneed through the other of the two 
nitrogen regenerators 21, 22, i. e. 22, to the intake duct 
of the turbo-compressor 16. The remainder of the nitro 
gen is passed through theentire length of the regenerator 
21, is combined at 24 with the above nitrogen portion 
after any liquid already formed has been removed in a 
nitrogen separator 23 and is expanded together with this 
portion in the turbine 20. The liquid fraction removed 
from the compressed nitrogen in the separator 23 is super 
cooled in the heat-exchanger 17 and in the exchanger 10 
(or lique?ed if no liquid has yet been separated off in the 
regenerator) and thereafter expanded in a valve 28 and 
introduced at S into the upper column 6 of the air sepa 
rator. In addition, nitrogen lique?ed in the lower column 
5 is also fed at 8 to the upper column 6 after extraction 
at 11 from the lower column, supercooling in the ex 
changer 10 and expansion in a valve 27. Liquid oxygen 
obtained in the upper column 6 is extracted through a 
valve 29 and fed to its place of use. Gaseous nitrogen 
taken from the top of the upper column 6 at 7 gives 
up its surplus cold in the exchangers 10 and 9 to the 
nitrogen and oxygen liquids to be cooled and enters the 
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atmosphere by way of the loose mass of the regenerator 
4 in the direction of the unbroken arrows. 

Both the air regenerators 3 and 4 and the nitrogen re~ 
generators 21 and 22 are changed over at particular in 
tervals of time. Thus, after the change-over, the air to 
be separated passes through the regenerator 4 into the 
apparatus, whilst the nitrogen produced escapes through 
the regenerator 3 (chain-lined arrows). Similarly, the 
compressed nitrogen is cooled by the regenerator 22 and 
the cold nitrogen expanded to 5 atmospheres absolute 
pressure is reheated by the regenerator 21 and passed to 
the intake duct of the compressor 16. The incompletely 
cooled nitrogen is extracted from the regenerator 22 at 
19 after the change-over of an automatically actuated 
valve 25 and ?ows to the expansion turbine 29. The re 
generators are provided at their upper hot ends with auto 
matically changed-over valves, and at their lower cold 
ends with automatically acting non-return valves. A non 
return valve 33 connected between the heat-exchangers 
13, 14 and the compressor 16 prevents reactions of the 
change-over impulses on the lower column 5. 

Referring now to Figure 2, part of the nitrogen taken 
from the lower column 5 and branched off at 39 is 
branched off at 42, preheated in a heater 35, subjected 
to a work performingexpansion, and fed back at 37 into 
the duct for the nitrogen leaving the upper column 6 
at 7. 

Referring now to Figure 3, instead of expanding nitro 
gen from the column, a part of the air may be extracted, 
for example, from the pressure column at 38 through a 
duct 39, subjected to a work-performing expansion in 
the turbine 36 after preheating in the heater 35 and re 
turned to the centre of the upper column 6 at 41 through 
the duct 40. 
We claim: 
1. A process for the production of liquid oxygen by 

separation from air, comprising the steps of compressing 
the air to a uniform pressure of about 5 to 6 atmospheres, 
cooling the compressed air in air regenerators in heat 
‘exchange with nitrogen coolant produced in the air sepa 
ration, separating the air into oxygen and nitrogen in a 
two-stage air separator, extracting nitrogen at about 5 
atmospheres pressure from the top end of the high-pressure 
stage of the separator, heating the extracted nitrogen in 
said air regenerators in heat-exchange with. the air passing 
through the latter, further compressing the heated nitro 
gen in a nitrogen compressor to a pressure of about 16 
to 30' atmospheres, cooling the high-pressure nitrogen in 
nitrogen regenerators in heat-exchange with‘ cold, ex 
panded nitrogen, branching off a portion of the cooled, 
high-pressure nitrogen at an intermediate position on the 
nitrogen regenerators, expanding the last-mentioned nitro 
gen by allowing the same to lose energy mechanically, to 
a pressure substantially equal to that in said high-pressure 
stage, thereby to obtain said cooled, expanded nitrogen, 
reheating the cooled, expanded nitrogen in the nitrogen 
regenerators, and thereafter drawing the latter back into 
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4 
the nitrogen compressor to be recirculated, super-cooling 
the more highly cooled remainder of the nitrogen leav 
ing said nitrogen regenerators in heat-exchange with said 
cold, expanded nitrogen, and supplying the supercooled 
nitrogen to the low-pressure stage of the air-separator at 
a location near to the top thereof, extracting said nitro 
gen coolant from the top of said low-pressure stage, and 
extracting substantially pure oxygen from the bottom of 
the latter stage. 

2. A process according to claim 1, and comprising the 
further step of branching o? a portion of the nitrogen ex 
tracted from the high-pressure stage of the air separator 
and combining said portion with the nitrogen which has 
been subjected to an expansion in which energy is me 
chanically lost. 

3. A process according to claim 1, and comprising the 
further step of branching off a portion of said remainder 
in a nitrogen separator before the supercooling operation 
and combining said portion with the nitrogen being sub 
jected to an expansion in which energy is mechanically 
lost. 

4. A process according to claim 1, and comprising 
the further steps of extracting impure oxygen from the 
bottom of said high-pressure stage, and feeding said im 
pure oxygen to said low-pressure stage at a position inter 
mediate the ends of the latter. 

5. A process according to claim 4, and comprising the 
further step of separately cooling the nitrogen fedto the 
air separator and the impure oxygen fed from the high 
to the low-pressure stage of said separator in heat-ex 
change with said nitrogen coolant. 

6. Process according to claim 1, and comprising the 
further step of extracting the nitrogen to be subjected to 
an expansion in which energy is mechanically lost from 
relatively warm locations in the nitrogen regenerators. 

7. A process according to claim 1, and comprising the 
further steps of branching off a portion of the extracted 
nitrogen, dividing said portion into two parts, combining 
one part with the nitrogen which has been subjected to an 
expansion in which energy is lost mechanically, subjecting 
the other part to a further expansion in which energy is 
lost mechanically, and combining said other part with said 
nitrogen. coolant. 

8. Process according to claim 1, and comprising the 
further steps of extracting a portion of the air that is 
being separated at a location near the bottom of said 
high-pressure stage, subjecting said portion to an expan 
sion inwhich energy is lost mechanically and feeding the 
expanded air to about the middle of the low-pressure 
stage of the air separator. 
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