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This invention relates to a method and apparatus for 
the low temperature distillation of normally gaseous 
substances, particularly for obtaining oxygen, preferably 
compressed gaseous oxygen, and simultaneously other 
liquid products by fractionation of liquid air in a double 
rectification column, with circulating nitrogen being 
utilized as a heat transfer medium. More particularly, 
the liquefied oxygen may be removed in the liquid state 
from the sump of a low pressure column, or it may be 
brought to the required pressure and gasified by heat from 
the circulating nitrogen. 
The previously known methods of fractionating air 

have the disadvantage in that it has not been possible, 
without the use of supplemental refrigeration or further 
expenditure of energy, to obtain other components from 
the air in a high state of purity simultaneously with the 
production of gaseous compressed oxygen. In these pre 
vious methods, such as that disclosed in German Patent 
921,809, the compressed circulating nitrogen which was 
cooled and liquefied by an auxiliary cooling source, is ex 
panded to an intermediate pressure, and a gaseous por 
tion of the partially decompressed nitrogen is then used 
to heat a supplementary column for the production of a 
certain portion of especially pure oxygen, the nitrogen 
being passed into the pressure column for further ex 
pansion. By the removal of liquid fractions, their latent 
heat must also be removed, which, of course, involves 
a further expenditure of energy which burdens the indus 
trial efficiency of the process. 
An object of this invention, therefore, is to provide 

an industrially efficient process for the low temperature 
distillation of normally gaseous substances, particularly 
wherein one fraction is employed as a circulating heat 
transfer medium for the recovery of refrigerant and 
energy values. 
Another object of this invention is to fractionate air 

in a simple and economical manner so as to simultaneous 
ly produce, in addition to the compressed oxygen, other 
components in liquid form. 

Other objects and advantages of the present invention 
will become apparent upon further study of the specifica 
tion and appended claims. 
The objects of this invention are achieved by causing 

the circulating nitrogen which has been taken from the 
top of the pressure column to absorb heat indirectly from 
the air that is to be cooled, and/or from compressed 
nitrogen. This heated circulating nitrogen is then com 
pressed to a high pressure (about 1.5 to 3 times the pres 
sure of the gaseous high pressure oxygen to be produced), 
and a portion thereof (about 20-90%) is passed through 
heat exchangers for transferring its heat to the evaporat 
ing oxygen. The other portion (about 10-80%) of the 
compressed circulating nitrogen, after precooling is then 
partially (about 4) allowed to expand while doing ex 
ternal work, and is thereafter released into the pressure 
column. The remaining part of said other portion of the 
compressed circulating nitrogen may simultaneously with 
said first portion be recycled to the top of the pressure 
column by way of an expansion device after being cooled 
by products and circulation nitrogen respectively which 
have been already withdrawn from the double column. 
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The preferred embodiment of this invention is depicted 

in flowsheet form in the attached drawing. 
The energy gain and refrigeration resulting from the 

Work producing expansion of a portion of the highly com 
pressed condensed circulating nitrogen is so great that 
considerable quantities of the separated nitrogen and oxy 
gen fractions can be obtained in liquid form without the 
use of supplemental refrigeration, for example, 50% of 
the oxygen in the feed and 25% of the nitrogen in the 
feed. 
A considerable portion (about 40-60% of the oxygen 

in the feed) of the liquefied oxygen which has collected 
in the sump can be removed while in the liquid state, 
without evaporating it by absorption of the heat from 
the air to be fractionated. This is advantageous because 
the production of liquid oxygen and likewise the produc 
tion of liquid nitrogen are important for various reasons 
such as the storage of larger quantities and the transport 
of larger amounts. 

Furthermore, it is also possible and especially advan 
tageous here to obtain especially pure oxygen in a sup 
plementary column which can be heated by the circulating 
nitrogen of a corresponding pressure stage. 

Similarly, a considerable portion (about 20–30% of the 
nitrogen in the feed) of the nitrogen in the air can ad 
vantageously be obtained in the liquid state from the 
upper part of the high pressure column (about 5.5-6.5 
atmospheres absolute). 

For the production of especially pure nitrogen, some of 
the nitrogen which has been taken from the upper por 
tion of the high pressure column (about 40-60% of the 
nitrogen in the feed) is introduced into a supplemental 
rectification column from the head of which pure liquid 
nitrogen is removed, while the liquid from the sump of 
this column is returned to the head of the high pressure 
column. The head condenser of the supplemental col 
umn is then advantageously cooled by a portion of the 
expanded oxygen from the sump of the high pressure col 
umn (about 30-50% of the oxygen in the feed), which 
portion is then returned to a distributing device in the 
middle of the low pressure column (about 1.3 atmos 
pheres absolute). An additional refrigeration can be ad 
vantageously accomplished by expanding the gaseous 
nitrogen from the high pressure column in a Work-per 
forming turbine to a pressure of about 1.2 atmospheres 
absolute. For this purpose, a portion of the gaseous 
nitrogen from the top of the high pressure column (about 
5-25% of the nitrogen in the feed, this portion depends 
on the quantity of liquid nitrogen withdrawn) is pre 
heated by regenerative heat exchange with air to be frac 
tionated and/or by recuperative heat exchange with com 
pressed circulation nitrogen and is passed through an ex 
pansion turbine, and combined with gaseous nitrogen 
from the head of the low pressure column (together at 
least about 70% of the nitrogen in the feed depending on 
the liquid nitrogen withdrawn). The remainder of this 
gaseous mixture is then passed in part (about 50%) 
through a regenerator intermittently and alternately with 
a countercurrent of the air to be fractionated, and in part 
through a heat exchanger in countercurrent relation to a 
current of compressed nitrogen, and then finally to the 
high pressure compressor. 
In this installation comprising indirect heat eXchange 

between the entering air and the nitrogen from the low 
and high pressure column, the Sublimation of impurities, 
for example CO2, can be further improved by diverting a 
portion of the circulating nitrogen from the regenerator 
(about 20-40%), and passing it through a heat exchanger 
in countercurrent relation to the highly compressed ni 
trogen, and then returning it to the circulating nitrogen 
which leaves the regenerator. 
Without further analysis, it is believed that one skilled 
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in the art can readily appreciate and practice this inven 
tion. The following preferred embodiment, therefore, 
is not to be considered limitative of the remainder of 
the Specification and appended claims in any way whatso 
eWer. 
The preferred embodiment of this invention, relating 

to a method of fractionating air, will now be described 
in detail, with particular reference to the attached draw 
Ilg. s 

Compressed air is delivered by a pipe 1 to one of the 
cyclically interchangeable regenerators 1a-d and passes 
through the pipe 2 into the lower part of the high pres 
sure distillation column 3 having about 20 plates. This 
column, however, can be omitted or have for example 40 
plates. This depends on the desired purity and quantity 
of the products. From the bottom of this column im 
pure oxygen is removed through the pipe 4, while from 
the upper portion of this column considerably enriched 
nitrogen is removed through pipes 5 and 6. 
head of the high pressure column there is a main con 
denser 7 which at the same time serves as a reboiler for 
the sump liquid of the low pressure column 8. 

In the space 9 around the cooling tubes of the main 
condenser 7, liquid oxygen collects. The impure oxygen 
from pipe 4 is delivered selectively to one or the other 
of two alternately operated adsorbers 10 which also may 
be omitted, and from there through pipe 11, heat ex 
changer 12, and pipe 13, to be divided between two ex 
pansion valves 14 and 15, the valves 14 leading to the 
middle portion of the low pressure column 8 having 
about 45 plates (this column may also have 5 or 85 plates 
depending on the desired purity and quantity of the prod 
ucts), while the valve 15 leads through pipe 16 to the 
condenser 17 of a supplementary nitrogen rectification 
column 18, from which the vaporized impure oxygen 
passes through the pipe 19 into the middle portion of 
column 8 at a somewhat lower level. Into the supplemen 
tary column 18 having about 20 plates, nitrogen is in 
troduced via pipe 5. (This column, however, can be 
omitted or have for example 40 plates. This depends 
on the desired purity and quantity of the products.) 
From the sump of the column 18 liquid oxygen-containing 
nitrogen is returned through pipe 20 to column 3. The 
liquid nitrogen which collects on the highest tray 21 is 
conducted by pipe 22 to the expansion valve 23, for de 
livery into the upper end of the column 8 where it is 
received momentarily by the distributor 25 for use as a 
wash liquid, and preferably with intermediate cooling 
and expansion. Gaseous nitrogen is delivered from the 
upper end of column 8 through pipe 26 to the heat eX 
changer 12, and from there through pipe 27 and manifold 
28 to two branch pipes 29 and 30 leading to two of the 
regenerators 1a-d from which the gaseous nitrogen is 
then delivered by pipes 31, 32 for outside use. 

Very pure liquid nitrogen is delivered from the highest 
tray 33 of supplementary column 18 through pipe 34 to 
a tank 35, from which it can be drawn off through the 
pipe 36 for outside use. Liquid oxygen is removed from 
the main condenser through pipe 37 and tank 38 to the 
discharge pipe 39, from which it can be obtained for out 
side use. 

Another portion of the liquid oxygen is removed 
through pipe 41 for delivery to the high pressure pump 
42, from which it is delivered under pressure to the heat 
exchanger 43a, from there through pipe 44 to heat ex 
changer 44a, from there through pipe 45 to heat ex 
changer 45a, and finally in the form of gaseous oxygen 
under pressure to the pipe 46 for outside use. 
The above-mentioned pipe 6 delivers considerably en 

riched nitrogen to one of the regenerators 1a-1d, e.g. 
ad, or through the branch pipe 48 to the heat exchanger 
43b. From the heat exchanger 43b the nitrogen passes 
through pipe 49 to the heat exchanger 45b, then through 
pipe 50 to heat exchanger 45c, and from there through 
pipe 51 to the same pipe 52 which receives the nitrogen 
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4. 
from the regenerator 1d. The pipe 52 then conducts its 
nitrogen to the high pressure pump 53 which is preferably 
of the dry type to avoid any possibility of oil being car 
ried by the compressed nitrogen into the heat exchangers 
where it could cause explosions. 
The nitrogen which is thus compressed to 50-200 atm., 

depending on what liquefied fractions are needed, is con 
ducted through pipe 54 and branch pipes 55 and 56 to 
the above-mentioned heat exchangers 45c or 45a. Pipe 
57 delivers the nitrogen from heat exchanger 45c to heat 
exchanger 45b and from there to heat exchanger 44a 
through one tube, while the pipe 59 delivers the nitrogen 
from heat exchanger 45a to heat exchanger 44a through 
another tube. These two tubes are coupled respectively 
to pipes 60 and 61 which lead to heat exchangers 43b 
and 43a respectively. The pipes 62 and 63 conduct the 
highly cooled nitrogen from the heat exchangers 43b and 
43a to the expansion valves 64 and 65 respectively, and 
from there through pipes 66 and 67 to the head of the 
pressure column 3. 
A branch pipe 69 leads from pipe 49 for delivering 

a portion of the nitrogen to an expansion turbine 70 
which exhausts into the pipe 71 connected to the mani 
fold 28 connected to two of the regenerators 1a-1d. Some 
of the nitrogen may then be returned from the regenera 
tor 1d through pipe 72 to pipe 49. 
Some of the compressed and precooled nitrogen may 

be removed from pipes 57 and 59 and conducted through 
pipe 73 to the expansion turbine 74 and from there 
through pipe 75 to pressure column 3. 
The external work performed by turbines 74 and 70 

amounts to about 140 kcal./Nm O2 withdrawn in liquid 
state and 135 kcal/Nm3 N withdrawn in liquid state. 
With this invention the cost of an installation for the 

production of gaseous compressed oxygen, liquid oxygen 
and liquid nitrogen will be about 10% less than with 
previously known installations, the reason being that (1) 
oxygen compressors and (2) Supplementary recycling 
compressors for further cooling are avoided. The operat 
ing cost is also appreciably reduced thereby. 
The process of this invention can be appropriately 

modified for the separation of gas mixtures other than air, 
as for example, mixtures of hydrocarbons such as nat 
ural gas. For that purpose, the most abundant compo 
ment, such as methane, could be used instead of nitrogen 
as the circulating medium. 
From the foregoing description, one skilled in the art 

can easily ascertain the essential characteristics of this in 
vention, and without departing from the spirit and scope 
thereof, can make various changes and modifications of 
the present invention to adapt it to various usages and 
conditions. Consequently, such changes and modifica 
tions are properly, equitably, and intended to be, within 
the full range of equivalence of the following claims. 
What is claimed is: 
1. In a process for producing compressed gaseous oxy 

gen by the low temperature rectification of air in a double 
rectification column having a bottom high pressure col 
umn and a top low pressure column wherein circulating 
nitrogen is utilized as a heat transfer medium, and where 
in at least a portion of liquefied oxygen from the bot 
tom of the low pressure column is compressed and then 
passed in heat transfer relationship with the circulating 
nitrogen, said oxygen being thereby vaporized, the im 
provement which comprises (1) withdrawing a nitrogen 
enriched stream from the top Zone of the high pressure 
column, (2) preheating said stream by heat exchange 
partly with air to be separated and partly with a portion 
of said stream after being compressed, (3) compressing 
said prehated nitrogen enriched stream, (4) expanding at 
least a portion of said nitrogen enriched stream through 
an expansion turbine to produce external work after being 
precooled by said heat exchange, (5) recycling the result 
ant expanded nitrogen stream to the high pressure column, 
(6) simultaneously passing a second portion of the com 



3,216,206 
5 

pressed nitrogen enriched stream in heat exchange rela 
tionship with at least one low temperature fraction from 
the double column, thereby cooling the second nitrogen 
enriched stream, and (7) expanding the resultant cooled 
Second stream into the top Zone of the high pressure 
column. 

2. The process of claim 1, further comprising the step 
of withdrawing a portion of liquefied oxygen from the 
bottom of the low pressure column directly from the proc 
ess in the liquefied state. 

3. The process of claim 1, further comprising the step 
of withdrawing a portion of liquefied nitrogen directly 
from the process in the liquefied state. 

4. The process of claim 1, further comprising the steps 
of withdrawing a gaseous nitrogen enriched stream from 
the top of the high pressure column, passing said stream 
to the bottom Zone of an additional fractionating col 
umn, fractionating said nitrogen enriched stream to pro 
duce a pure liquid nitrogen overhead product and an im 
pure liquid bottom product, removing the pure liquid ni 
trogen product directly from the process, and recycling 
the impure liquid bottom product to the top zone of the 
high pressure column. 

5. The process of claim 4, further comprising the steps 
of withdrawing an impure liquid oxygen stream from 
the bottom of the high pressure column, expanding said 
OXygen stream, passing the resultant expanded oxygen 
Stream through the top of the additional fractionating 
column in indirect heat transfer relationship with the 
vapors therein, thereby actuating as condenser cooling 
liquid, and passing the resultant heated oxygen stream to 
the low pressure column for further fractionation. 

6. The process of claim , further comprising the steps 
of preheating a portion of the circulation nitrogen in the 
lower part of a regenerator provided in a regenerator 
arrangement for cooling the air to be fractionated and 
combining the resultant preheated circulation nitrogen 
with a portion of said nitrogen enriched stream from the 
high pressure column after being preheated by heat ex 
change with compressed circulation nitrogen, and ex 
panding the resultant nitrogen enriched stream through 
a second expansion turbine to produce external work; 
combining the resultant expanded nitrogen enriched 
stream with gaseous nitrogen from the top Zone of the 
low pressure column; passing the combined streams 
through regenerators of said arrangement alternately and 
countercurrently to the air to be fractionated; passing 
a portion of the circulation nitrogen in countercurrent 
heat exchange relationship to compressed circulation ni 
trogen, and then compressing both of said resultant por 
tions of the circulation nitrogen to produce compressed 
circulation nitrogen. 

7. The process of claim. 6, further comprising the steps 
of diverting some of the circulation nitrogen before pass 
ing completely through the regenerator, to a heat eX 
changer; passing the diverted circulation nitrogen through 
said heat exchanger in indirect countercurrent relation 
ship with compressed circulation nitrogen, thereby cool 
ing said compressed circulation nitrogen and heating the 
diverted circulation nitrogen; and then combining the 
heated diverted circulation nitrogen together with the re 
maining circulation nitrogen having passed completely 
through the regenerator; and compressing to a high pres 
sure the latter combined streams. 

8. An apparatus for separating a gaseous mixture into 
fractions comprising; a circulation nitrogen compressor 
having an inlet and an outlet side, two heat exchangers 
having inlet and outlet sides, first conduit means connect 
ing the outlet side of said compressor to the inlet side of 
the two heat exchangers, an expansion turbine means hav 
ing an inlet and an outlet side, further a plurality of other 
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heat eXchangers having one flow path means for com 
pressed circulation nitrogen and extending in one direc 
tion and other flow path means extending in the opposite 
direction for oxygen to be evaporated and heated respec 
tively and circulation nitrogen from the top zone of the 
high pressure part of the double rectification column to 
be preheated before compression, a second conduit means 
connecting the outlet side of at least one of said two heat 
exchangers to the inlet side of the expansion turbine 
means and also to the inlet end of said one flow path 
means of Said plurality of other heat exchangers, a double 
rectification column with a first high pressure and a sec 
Ond low pressure part and having inlet means in the said 
first part, third conduit means connecting the outlet side 
of the expansion turbine means to the inlet means of the 
high pressure part of the double rectification column; an 
eXpansion device; a fourth conduit means connecting the 
outlet end of said one flow path means of said plurality 
of heat eXchangers via said expansion device to the inlet 
means of the high pressure part of the double rectifica 
tion column; an arrangement of regenerators, each hav 
ing a cold end and a warm end for cooling the air to be 
fractionated and for heating gaseous nitrogen as a prod 
uct and to be recirculated respectively, and connecting 
conduits leading to and from said regenerators for convey 
ing said air and nitrogen. 

9. An apparatus for separating a gaseous mixture into 
fractions comprising; a circulation nitrogen compressor 
having an inlet and an outlet side, two heat exchangers 
having inlet and outlet sides, first conduit means connect 
ing the outlet side of said compressor to the inlet side of 
the two heat eXchangers, an expansion turbine means hav 
ing an inlet and an outlet side, second conduit means 
connecting the outlet side of at least one of said heat ex 
changers to the inlet side of the expansion turbine means, 
a double rectification column having a first high pressure 
and a second low pressure part and third conduit means 
connecting the outlet side of the expansion turbine means 
to the inlet means of the double rectification column; 
further a plurality of heat exchangers for heat exchange 
between said compressed circulation nitrogen to be cooled 
and oxygen to be evaporated and heated respectively and 
circulation nitrogen from the upper zone of the high 
pressure part of said double rectification column to be 
preheated before compression, and an arrangement of 
regenerators, each having a cold and a warm end for 
cooling the air to be fractionated and for heating gase 
ous nitrogen as a product and to be recirculated respec 
tively, and connecting conduits for said purposes; another 
heat eXchanger connected for effecting heat exchange be 
tween circulation nitrogen to be preheated and com 
pressed circulation nitrogen to be cooled; further a sec 
ond expansion turbine the inlet of which is connected 
to the conduit for the nitrogen to be preheated at the 
outlet of Said other heat eXchanger and to a conduit di 
verting circulation nitrogen from a middle part of a re 
generator of said regenerator arrangement; and the outlet 
of said second expansion turbine being connected by con 
duit means to the cold end of at least one regenerator of 
Said arrangement. 
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