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This invention relates to a process for separat 
ing low boiling gas mixtures, particularly adapt 
'ed for separating air, the separation being per 
formed in two stages, using periodically reversed 
cold regenerators, and compressing the air to be 
Separated to such a pressure only which allows 
its liquefaction, or the liquefaction of the nitro 
gen, in heat exchange with boiling oxygen. In 
these so-called low pressure processes the cold 
necessary for compensating the losses was till 
now obtained by expanding in an expansion mo 
tor or a turbine a portion of the compressed air, 
Or of the nitrogen separated under preSSure, at 
low temperature. The rectification process in 
this method, however, is too closely coupled with 
the process of producing the cold required; for 

mines the quantity of gas which for the purpose 
of expansion, must be taken from the pressure 
column and which hereby is lost as a Washing 
liquid for the upper column. As the separation 
plant must be regulated in such a way that the 
losses of cold varying according to the surround 
ing temperature, to the amount of liquid oxygen 
to be taken off and to other circumstances, are 
always exactly compensated, the rectification 
conditions will be favourable in exceptional cases 
only while in most cases the rectification will 
furnish either a poor output caused by a lack of 
Washing liquid, or a surplus of Washing liquid 
cannot be utilized. 

It is the object of the present invention to pro 
vide a method for avoiding this difficulty and 
furthermore to reduce the amount of energy re 
quired for the separation. According to the in 
vention a separate cold producing process by 
means of expanding a relatively Small quantity 
of air compressed to high pressure is provided in 
order to compensate the variable portion of the 
losses, and, besides, an optional portion of the 
constant losses. The remaining amount of cold 
necessary to maintain the refrigeration balance 
is produced by expanding a certain quantity of 
nitrogen which, independent of the total amount 
of the cold required, may be kept absolutely con 
stant in normal operation. Before expansion the 
nitrogen must be heated So far that no condensa 
tion takes place when expanded. Instead of us 
ing for this purpose a small quantity of air com 
pressed to 10-20 atms. the ai. is compressed to 
a higher pressure of about 200 atms., and this 
high pressure air is used for producing cold by 
expanding it to atmospheric pressure. 
This method of producing cold is particularly 

advantageous as the further compression from 
10 or 20 atms. to 200 atms. does not require much 
energy. If the ratio of air which is used for 
heating the nitrogen, amounts to 5% it is possi 
ble-even with simple throttling of the high pres 
Sure air-to produce 1 Kcal at low temperature. 
with an additional expenditure of energy of 
about 0.01 H. P. only. The additional quantity 
of cold is large enough to allow relatively large 
quantities of oxygen to be withdrawn, if required, 
in liquid condition from the apparatus, a fact 
Sometimes necessary if an enrichment of impuri 
ties in the evaporator shall be prevented. The 
fact that the expansion motor is nevertheless 
driven with constant power and a constant num 
ber of revolutions allows the expansion energy to 
be used in a much better way, While hitherto 
it was necessary to consume the energy of the ex 
pansion motor in a machine which-like a water 
pump-was able to follow the variations in power 
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and Speed of the expansion motor, or simply elec 
trically to waste the expansion energy it is now 
possible to couple the expansion motor directly 
With a compressor for instance. 
A modification of the method consists in re 25 

placing the nitrogen, taken from the pressure . 
column and to be sent into the expansion mo 
tor, by a portion of the unseparated air under 
condensation pressure; after expansion this air 
is introduced into the second rectification col 
The quantity of nitrogen or low pressure air 

to be expanded in the expansion motor may, as 
mentioned above, be reduced to any desired de 
gree while the lacking amount of cold is furnished 
by expanding high pressure air of due quantity 
and pressure. The limit to which the quantity 
of nitrogen may be reduced is zero, i. e. that the 
total refrigeration is produced by expansion of 
the high pressure air. The whole quantity of 
nitrogen thus becomes available as a Washing 
liquid for the upper column offering, in conse 
quence, the most favorable conditions for obtain 
ing the best output and the highest purity of 
the separation products. It is of Special advan 
tage in this case to throttle only one portion of 
the high pressure air while expanding the rest 
with external work; hereby the efficiency of cold 
production is practically as favourable as before. 
The production of cold may be performed, ac 

cording to the well-known Heylandt process, by 
introducing the air into the expansion motor at 
a pressure of 200 atms. and ordinary tempera 
ture, Though the Heylandt process is known to 
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be one of the most economic processes for produc 
ing cold it was hitherto not possible to use this 
process in connection with gas separating proc 
esses. (if no liquid oxygen or other liquid products 
are to be produced), for it is not possible totally 
to transmit the cold produced in the expansion 
motor to fresh air. Either the heat exchange is 
imperfect, and thus directly cold is lost, or the 
ratio of high pressure air passing through the 
expansion motor must be reduced which means 
an indirect loss of cold. Besides, in consequence 
of the small differences of temperatures, particul 
larly large exchangers for heat transmission are 
necessary. 
These disadvantages of the liquefaction proc 

ess are now-according to the present inven 
'tion-converted into a special advantage by using 
regenerators for the heat exchange. When em 
ploying regenerators it has practically proved 
necessary to withdraw a greater quantity of cold 
gas through the regenerators than hot gas is in 
troduced in order to keep, by this addition of 
cold, the difference of temperature between hot 

25 
and cold period in the cold part of the regen- . 
erators so small that the revaporization of the 
condensates separated from the fresh gas is ab 

3) 

solutely guaranteed. The additional requirement 
of cold, necessary for this purpose, is now sup 
plied in a particularly favourable manner by the 
cold excess of the said.liquefaction process which 
otherwise could not be used. 

Similar circumstances prevail with other meth 
ods of liquefaction in which a portion of the air 
is expanded with external work while the rest is 
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throttled. Instead of using the Heylandt process 
it is possible e. g. to compress the greater por 
tion of the air used for producing cold to 16 
atms., precool it to about -40° C., and expand it 
in an expansion motor while the rest of the air 
is compressed to about 40 atmS., preCooled to 
-40° C., further cooled by the exhaust of the 
expansion motor, and then is throttled. 
The larger quantity of washing liquid available 

in the upper column may be utilized, according 
to the present invention, by additionally blowing 
air into this column which air must be com 
pressed to some tenths of one atmosphere above 
atmospheric only. This means a considerable 
economy in compression energy. 

It may seem to be a disadvantageous complica 
tion to use air under three different pressures, 
particularly when using cold-regenerators as the 
difficulties of correctly distributing the quantities 
of air to the regenerators become the greater the 
more currents of gas, i. e. the more regenerators, 
are required. This complication, however, may 
be avoided if, according to this invention, the 
quantity of air being blown into the upper col 
umn is chosen exactly as... great regarding the 
heat contents, or-what is practically the same 
the volume as the quantity of the oxygen ob 
tained. In this case the usually necessary two 
pairs of regenerators are sufficient, the one of 
which provides for the heat exchange between 
nitrogen and the air at condensation pressure 
while the other pair provides for the heat ex 
change between oxygen and blast air. Of course, 
the cooling down of the small portion of air com 
pressed to high pressure is separately effected in 
continually acting counter-current heat. ex 
changers. 
The invention will be more particularly de 

scribed with reference to the accompanying 
drawings, in which: 

2,048,076 
Fig. 1 is a diagrammatic illustration of one em 

bodiment of the invention; and 
Figs. 2 and 3 are diagrammatic illustrations of 

modified embodiments of the invention. 
The following example of producing Oxygen 

of 65% purity out of 10,000 cu. metres of air per 
hour will illustrate one of the different ways in 
which the invention may be performed:- 

7,000 cu. metres of the air to be separated are 
compressed to condensation pressure, i. e. about O 
4 atms., cooled to about condensation tempera- , 
ture in regenerators or 2 of Fig.1 in heat ex 
change with the separated nitrogen, then intro 
duced into the pressure column 4 of a two-stage 
separation apparatus 3, and there separated in 
the known and usual Way. (If the condensation 
Of the air is performed in a reflux condenser and 
the liquid oxygen is vaporized while its vapors 
flow in the same direction as the liquid does, the 
condensation pressure may be lowered to about 
3.2 atms.) About 1,350 cu. metres per hour of 
nitrogen, equal to about 20% of the treated air, 
are gaseously taken from the pressure column , 
or from the reflux condenser, and expanded with 
external work in the turbine 9 while the rest is 
used in liquid form in the upper column 5 as a 
Washing liquid. 3,000 cu. metres of air per 
hour-just as much as Oxygen is obtained-are 
Compressed to 0.4 atms. Only in a blast, cooled 
down in heat exchange with the oxygen in the 
regenerators 6 or 7 to about condensation tem 
perature, and then gaseously blown into the upper 
Column 5. ... 
To balance the cold losses about 500 cu. metres 

of air per hour are Compressed to a pressure of 
200 atms., cooled in counter-current heat ex 
change with the separation products, and suit 
ably brought into heat exchange with the nitro 
gen in countercurrent heat exchanger 8 before 
it enters the expansion motor 9. Then the cold 
high pressure air is throttled, and-as desired 
introduced into the first separation stage 4 as 
shown in Fig. 1 or into the Second stage. For 
increasing the amount of refrigeration the high 
pressure air may be precooled to about -40° C. 
before the heat exchange with the separation 
products by means of a special refrigerating ma 
Chine. 

Fig. 2 of the drawings illustrates the method of 
operation referred to above in which the nitro 
gen taken from the pressure column to be sent 
into the expansion motor is replaced by a por 
tion of the unseparated air under condensation 
pressure. 
The air compressed to condensation pressure 

is cooled to condensation temperature in regen 
erators or 2 in heat exchange with the sep 
arated nitrogen. A part of this air is warmed 
up in counter-current heat exchanger 8 in heat 
exchange with high pressure air to such an ex 
tent that upon expansion in turbine 9 no con 
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densation takes place. After expansion it is 
mixed with low pressure air which has been cooled 
in regenerators 6 or 7 in heat exchange with the 
separated Oxygen. The rest of the air com 
pressed to condehsation pressure, together with 
the high pressure air which has been throttled in 

65 

valve 0, is introduced into pressure column 4 
of the two-stage separation apparatus. 
whole amount of nitrogen which is separated 
from the air in pressure column 4 is liquefied in 
condenser 3 and used as washing liquid in column 
5, into which the remainder of the air to be sep 
arated, which has been compressed Only slightly 

The 

above atmospheric pressure, is blown in gaseous 75 
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condition together with the expanded air from the 
turbine. - 
. Various changes may be made in the details 
of operation without departing from the inven 
tion or sacrificing any of the advantages there 
of. For instance the ratio of nitrogen expanded 
in the expansion motor may be reduced, as de 
scribed, to any optional value down to zero then 
producing the total amount of cold required by 
one of the high pressure methods mentioned be 
fore. This method of operation will be more 
particularly described with reference to Fig. 3. 
The air compressed to condensation pressure is 
cooled to condensation temperature in regen 
erator or 2 in heat exchange with the separated 
nitrogen and introduced into column 4 of the 
two-stage separation apparatus 3. An amount of 
air equal to the amount of oxygen obtained is 
cooled under slight pressure in heat exchange 
with the oxygen in regenerators 6 and , and 
blown into rectification column 5 in gaseous form. 
The generation of cold is effected in this method 
of operation by expanding a portion of the air 
compressed to 200 atmospheres in the expansion 
engine 9, while the remainder, after precooling 
with nitrogen in countercurrent heat exchanger 
8, is throttled in valve it and introduced into 
column 4. The precooling of the second portion 
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of the high pressure air in countercurrent heat 
exchanger 8 can also be effected by heat ex 
change with the exhaust of the expansion engine 
9. Instead of nitrogen a portion of the air com 
pressed to condensation pressure may be ex 
panded in the expansion motor. The quantity of 
air compressed to high pressure and the height 
of the pressure may vary according to the amount 
of cold actually required at any time. 
As to the upper limit of nitrogen to be with 

drawn from the first separation stage it should 
not exceed about 20% of the treated air when 
pure oxygen is to be produced. Though the 
usual calculation shows that it should be possible 
to withdraw much larger a quantity of nitrogen 
gaseously from the pressure column without di 
minishing the output it was found out, however, 
that in fact the output decreases rapidly when 
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the above mentioned limit is surpassed, a fact 
probably due to the presence of argon which com 
ponent prevails in the lower part of the rectifica 
tion column, and renders the separation of oxy 
gen much more difficult than it would be with 
nitrogen only present. 
As the quantity of injecting-air is automati 

cally adjusted to the purity of the oxygen the 
process has a great adaptiveness, so that it be-, 
comes possible, in spite of the blowing in of air 
which renders the rectification more difficult, to 
produce oxygen of any desired degree of purity, 
even surpassing 99%. With decreasing purity of 
the oxygen a larger quantity of air may be intro 
duced practically without compression. By this 
fact the energy required for the separation is 
additionally lowered besides the lowering due to 
the lowering of condensation pressure. Another 
advantage of the invention is the fact that the 
losses of compressed gas become smaller at each 
reversing of the regenerators as the pressure of 
the air passing through the Oxygen regenerators 
is very low. In consequence the Oxygen is less 
contaminated by the air remaining in the re 
generators at reversal than it wastill now, so that 
the oxygen is obtained in a higher degree of 
purity. 
The process has been described for the example 

3048,076 3. 
of separating air into oxygen and nitrogen. In 

, the same manner it may be used for separating 
other low boiling gas mixtures into tWO com 
ponents. The lower boiling component then 
takes the place of nitrogen while the higher boil 
ing One takes that of Oxygen. 
I claim:- 
1. Process for scparating a gas mixture, such 

as air, in a two-stage rectifying plant which COm 
prises compressing the major portion of the air 
to such a pressure that the nitrogen separated 

10 

under that pressure can be liquefied in heat ex 
change with the oxygen vaporizing in the bottom 
of the second stage of rectification, cooling said 
major portion of the air down to condensation 
temperature in periodically reversed cold re 
generators in heat exchange with the separated 
gases, introducing the cooled air into the first 
stage of rectification, producing the cold required 
by compressing a minor portion of the air to high 
pressure, cooling at least a portion of Said high 
pressure air by counter-current heat exchange 
with a compressed gas expanded with external 
work, throttling the cooled high pressure air, in 
troducing the throttled air into one of the stages 
of rectification and completing the separation 
of the air into nitrogen and oxygen of desired 
purity in the second stage of rectification. 

2. Process for separating a gas mixture, such 
as air, in a two-stage rectification plant, which 30 
comprises compressing the major portion of the 
air to such a pressure that the nitrogen sepa 
rated under that pressure can be liquefied in heat 
exchange with the oxygen vaporizing in the bot 
tom of the second stage of rectification, cooling 
said major portion of the air down to condensa 
tion temperature in periodically reversed cold re 
generators in heat exchange with the separated 
gases, introducing the cooled air into the first 
stage of rectification, withdrawing from the first 
stage of rectification a constant quantity of the 
separated nitrogen, heating it, in heat exchange 
with a minor portion of the air, which has been 
compressed to high pressure and precooled, to 
such an extent that no condensation takes place 
upon expanding it with external work, expanding 
the nitrogen, throttling the high pressure air, 
introducing the throttled air into one of the 
stages of rectification and completing the sepa 
ration of the air into nitrogen and oxygen of de 
sired purity in the second stage of rectification. 

3. Process for separating a gas mixture, such 
as air, in a two-stage rectification plant, which 
comprises compressing the major portion of the 
air to such a pressure that the nitrogen separated 
under that pressure can be liquefied in heat ex 
change with the oxygen vaporizing in the bottom 
of the second stage of rectification, cooling said 
major portion of the airdownto condensationtem 
perature in periodically reversed cold regenera 
tors in heat exchange with the separated gases, 
introducing most of Said major portion of the 
air into the first stage of rectification, heating 
the rest of said major portion of the air in heat 65 
exchange with a minor portion of the air, which 
has been compressed to high pressure and pre 
cooled, to such an extent that no condensation 
takes place upon expanding it with external 
work, expanding the rest of said major portion 70 
Of the air and blowing it in gaseous form into the 
Second stage of rectification, throttling the high 
pressure air, introducing the throttled air into one 
of the stages of rectification and completing the 
separation of the air into nitrogen and oxygen 75 
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4. 
of desired purity in the second stage of rectin 
cation. 

4. Process for separating a gas mixture, such 
as air, in a two-stage rectification plant, which 
comprises compressing the major portion of the 
air to such a pressure that the nitrogen separated 
under that pressure can be liquefied in heat ex 
change with the oxygen vaporizing in the bot 
tom of the second stage of rectification, compress 

0. ing a further portion of the air only to a small 
pressure above atmospheric, cooling both said 
portions of the air down to condensation tem 
perature in periodically reversed cold regenerators 
in heat exchange with the separated gases, in 
troducing said major portion of the air into the 
first stage of rectification, blowing said further 
portion of the air in gaseous form into the sec 
ond stage of rectification, withdrawing from the 
first stage of rectification a constant quantity of 
the separated nitrogen, heating it in heat ex 
change with a minor portion of the air, which 
has been compressed to high pressure and pre 
cooled, to such an extent that no condensation 
takes place upon expanding it with external work, ', 
expanding the nitrogen, throttling the high pres 
sure air, introducing the throttled air into one of 
the stages of rectification, and completing the 
separation of the air into nitrogen and oxygen 
of desired purity in the second stage of rectifica 
tion. 

5. Process for separating a gas mixture, such as 
air, in a two-stage rectification plant, which com 
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prises compressing the major portion of the air to . 
such a pressure that the nitrogen separated under 
that pressure can be liquefied in heat exchange 
with the oxygen evaporating in the bottom of 
the second stage of rectification, compressing a 
further portion of the air only to a small pres 
sure above atmospheric, cooling both said por 
tions of the air down to condensation tempera 
ture in periodically reversed cold regenerators 
in heat exchange with the separated gases, intro 
ducing most of said major portion of the air into 
the first stage of rectification, heating the rest 
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of said major portion of the air in heat ex 
change, with a minor portion of the air, which . 
has been compressed to high pressure and pre 
cooled, to such an extent that no condensation 
takes place upon expanding it with external work, 
expanding it, blowing the expanded air together 
with said further portion of the air in gaseous 
form into the second stage of rectification, throt 
tling the high pressure air, introducing the throt 
tled air into one of the stages of rectification, and 
completing the separation of the air into nitro 
gen and oxygen of desired purity in the second 
stage of rectification. 

6. Process for separating a gas mixture, Such as 
air, in a two-stage rectification plant, which com 
prises compressing the major portion of the air to 
such a pressure that the nitrogen separated un 
der that pressure can be liquefied in heat ex 
change with the oxygen vaporizing in the bottom 
of the second stage of rectification, compressing 
a further portion of the air equal in amount to 
the oxygen separated only to a small pressure 

75 

above atmospheric, cooling both said portions of 
the air down to condensation temperature in pe 
riodically reversed cold regenerators in heat ex-, 
change with the separated gases, introducing said 
major portion of the air into the first stage of 
rectification, blowing said further portion of the 
air in gaseous form into the second stage of recti 
fication, withdrawing from the first stage of recti 

second stage of rectification. 

2,048,076 
fication a constant quantity of the separated . 
nitrogen, heating it in heat exchange with a 
minor portion of the air, which has been com 
pressed to high pressure and precooled, to such 

- an extent that no condensation takes place upon 5 
expanding it with external work, expanding the 
nitrogen, throttling the high pressure air, intro 
ducing the throttled air into one of the stages 
of rectification, and completing the separation . 
of the air into nitrogen and oxygen of desired 10 
purity in the second stage of rectification. . 

7. Process for separating a gas mixture, such as 
air, in a two-stage rectification plant, which com 
prises compressing the major portion of the air 
to such a pressure that the nitrogen separated 
under that pressure can be liquefied in heat ex 
change with the oxygen evaporating in the bot 
tom of the second-stage of rectification, com- : 
pressing a further portion of the air equal in 
amount to the oxygen separated only, to a small 20 
pressure above atmospheric, cooling both said 
portions of the air down to condensation tem 
perature in periodically reversed cold regenera 
tors in heat exchange with the separated gases, 
introducing most of said major portion of the 
air into the first stage of rectification, heating the 
rest of said major portion of the air in heat ex 
change with a minor portion of the air, which has 
been compressed to high pressure and precooled, 
to such an extent that no condensation takes 
place upon expanding it with external work, ex 
panding it, blowing the expanded air together 
with said further portion of the air in gaseous 
form into the second stage of rectification, 
throttling the high pressure air, introducing the 
throttled air into one of the stages of rectifica 
tion, and completing the separation of the air 
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into nitrogen and oxygen of desired purity in the 
second stage of rectification. 

8. Process for separating a gas mixture, such as 
air, in a two-stage rectification plant, which com 
prises compressing the major portion of the air 
to such a pressure that the nitrogen separated 
under that pressure can be liquefied in heat ex 
change with the oxygen vaporizing in the bottom 
of the second stage of rectification, cooling said 
major portion of the air down to condensation 
temperature in periodically reversed cold regen 
erators in heat exchange with the separated gases, 
introducing the cooled air into the first stage of 
rectification, producing the cold required by com 
pressing a minor portion of the air to high pres 
sure, expanding a part of said high pressure air 
with external work, cooling the rest of said high 
pressure air in heat exchange with the expanded 
portion, throttling the cooled portion, introducing 
the throttled air into one of the stages of recti 
fication, and completing the separation of the air 
into nitrogen and oxygen of desired purity in the 
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9. Process for separating a gas mixture, such 

as air, in a two-stage rectification plant, which 
comprises compressing the major portion of the 
air to such a pressure that the nitrogen separated 
under that pressure can be liquefied in heat ex- 65 
change with the Oxygen vaporizing in the bottom 
of the second stage of rectification, cooling said 
major portion of the air down to condensation 
temperature in periodically reversed cold regen 
erators in heat exchange with the separated gases, 70 
introducing the cooled air into the first stage of 
rectification, producing the cold required by com 
pressing a minor portion of the air to high pres 
sure, expanding a part of said high pressure air 
with external work, cooling the rest of said high 75 
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2,048,078 
pressure air in heat exchange with the separated 
gases, throttling the cooled portion, introducing 
the throttled air together With the expanded air 
into one of the stages of rectification, and com 
pleting the separation of the air into nitrogen 
and oxygen of desired purity in the second stage 
of rectification. 

10. Process for separating a gas mixture, such 
as air, in a two-stage rectification plant, which 
comprises compressing the major portion of the 
air to such a pressure that the nitrogen separated 
under that pressure can be liquefied in heat ex 
change with the oxygen vaporizing in the bottom 
of the second stage of rectification, compressing 
a further portion of the air only to a small pres 
sure above atmospheric, cooling both said por 
tions of the air down to condensation temperature 
in periodically reversed cold regenerators in heat 
exchange with the separated gases, introducing 
said major portion of the air into the first stage 
of rectification, blowing said further portion of 
the air in gaseous form into the second stage of 
rectification, producing the cold required by com 
pressing a minor portion of the air to high press 
sure, expanding a part of Said high pressure air 
with external work, cooling the rest of said high 
pressure air in heat exchange with the expanded 
portion, throttling the cooled portion, introducing 
the throttled air into one of the stages of recti 
fication, and completing the separation of the air 

S. 
into nitrogen and oxygen of desired purity in the 
second stage of rectification. 
1. Process for separating a gas mixture, such 

as air, in a two-stage rectification plant, which 
comprises compressing the major portion of the 
air to such a pressure that the nitrogen separated 
under that pressure can be liquefied in heat ex 
change with the Oxygen vaporizing in the bottom 
of the second stage of rectification, compressing a 
further portion of the air only to a small pressure 
above atmospheric, cooling both said portions of 
the air down to condensation temperature in 
periodically reversed cold regenerators in heat ex 
change with the separated gases, introducing 
said majorportion of the air into the first stage of 
rectification, blowing said further portion of the 
air in gaseous form into the second stage of recti 
fication, producing the cold required by com 
pressing a minor portion of the air to high pres 
sure, expanding a part of said high pressure air 
with external work, cooling the rest of said high 
pressure air in heat exchange with the separated 
gases, throttling the cooled portion, introducing 
the throttled air together with the expanded air 
into one of the stages of rectification, and con 
pleting the separation of the air into nitrogen and 
oxygen of desired purity in the second stage of 
rectification. 
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