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7 Claims. (C. 62-25) 

This invention concerns a process of separation of air 
into its elements by liquefaction and rectification at low 
temperature. . . . 

In the conventional air separation processes, the refrig 
eration necessary to run the installation is generally pro 
duced by expansion, either of a part of the air to be: 
separated before its introduction into the rectification. 
section of the unit, or a part of the gaseous nitrogen. 
obtained in the rectification high pressure column of a 
two-column rectification process. 

It is characteristic of the present invention that the: 
low pressure stage used for the rectification is appre 
ciably higher than atmospheric pressure and that at least 
one of the product gases delivered by the low pressure 
column is expanded, at least in part, with production of 
external work. 
As the flow of expanded gas can be important (for ex 

ample, the total amount of nitrogen product can be ex-. 
panded), the refrigeration produced is considerable, even 
for a relatively small expansion ratio, and it is possible: 
to produce all the refrigeration necessary for the opera-. 
tion of the unit in expanding nitrogen from a relatively 
low pressure, for example, from 2 kg/cm2 absolute pres 
sure down to a pressure close to the atmospheric pres 
S. 

The expansion of the product gas can be carried out. 
in a turbine, this type of machine having a high efficiency 
for low expansion ratios, and being particularly con 
venient when the actual volume of gases to be expanded. 
is relatively considerable. In the case of small units, 
where generally reciprocating engines are used for the: 
expansion of high pressure air, the reciprocating engine: 
can be replaced by a turbine expanding low pressure 
nitrogen, as per the invention. The turbine will give: 
greater running security, will be less cumbersome, and 
cheaper than the conventional reciprocating expansion. 
engine. 

It should be also noticed that, due to the low intake. 
and discharge pressures of the turbine, smaller gas leaks 
will be experienced than on turbines running at higher 
pressures. 
The gas, which leaves the top of the low pressure: 

column at a very low temperature, must first be reheated 
before expansion in order to increase the efficiency of 
the expansion and avoid a partial liquefaction. In a pre 
ferred arrangement of the invention, the gas which must 
be expanded, is first reheated before expansion by heat 
transfer with a liquid leaving the high pressure column. 
The liquid is further expanded and delivered to a low 
pressure column. 

Besides, the gas which is expanded in the turbine leaves. 
it too cold to be sent directly to the heat exchanger sec 
tion destined to cool the air to be treated. In another 
type of arrangement of the present invenion, the expanded 
gas is reheated as above, by heat transfer with a liquid. 
leaving the high pressure column and sent to a low pres 
Sure column. 
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It is seen that for the reheating of the gas, before and 

after expansion, the liquid coolers can be used. These 
liquid coolers are standard on these plants to reduce the 
amount of liquid vaporized through the expansion. The 
liquid coolers can be used as super heaters for the gas, 
due to the relatively low temperature drop, which results 
from the expansion of the gas. 
An interesting application of the present invention con 

cerns the units where the separation of air produces: 
gaseous oxygen under pressure through the vaporization. 
of liquid-oxygen compressed beforehand. 

It is well known that, in order to produce oxygen under 
pressure, the compressed air to be separated is used both 
for the vaporization of the liquid-oxygen under pressure 
by heat transfer with the liquid-oxygen, and for the pro 
duction of refrigeration through expansion with external 
work. Due to the fact that the vaporization of liquid 
oxygen under pressure requires a large amount of heat 
supplied at a relatively high temperature, it is necessary 
in the conventional processes to compress air at a pres 
sure which is appreciably higher than that of the pro 
duced oxygen, so that the heat transfer can be carried out. 
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. If a part of the high pressure air has to be expanded 
with external work in the conventional processes, it is 
generally necessary to send it to the expansion engine at 
a temperature which is higher than the vaporization tem 
perature of the oxygen, in order to obtain a good efficiency 
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of the expansion without partial liquefaction in the engine. 
The total amount of air which remains available for the 
vaporization of the high pressure oxygen, is then reduced 
and the air pressure appreciably increased in order t 
compensate for the reduction of the output. 
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The present invention permits avoidance of the above 
mentioned inconveniences. Refrigeration is supplied by 
expansion with external work of at least one of the prod 
uct gases collected at one of the low pressures used for 
rectification. The air is supplied to the low temperature. 
unit in two fractions: the first one is compressed at a. 
higher pressure than the second one, and is put in heat 
transfer with the high pressure oxygen to be vaporized, 
whereas the second fraction is sent after cooling at about 
its initial pressure to the rectification section of the plant. 
A non-limitative example has been described below and 

is illustrated in the attached drawing, which shows a unit 
made of two columns for the production of gaseous 
oxygen under pressure. . 
The atmospheric air to be separated is compressed in 

a blower 1 at an absolute pressure of about 8.5 kg/cm. 
and cooled in a water-cooler 2. It leaves the cooler at 
about 27 C. The air is then divided into two fractions. 
The first one (about 77.5% of the total of air treated) 
enters regenerator 4A through pipe 3 and loses its mois 
ture and its carbon dioxide. The purified air leaves the 
regenerator at a temperature which is slightly higher than 
its dew point and, through pipe 6, enters the high pres 
sure rectification column 18 at an absolute pressure of 
about 8.3 kg/cm.. The second airfraction, about 22.5% 
of the total amount, is fed through pipe 7 to a compressor 
8, where it is further compressed to a pressure high enough 
to allow the vaporization of the compressed liquid oxygen. 
If, for example, it is desired to produce oxygen under an 
absolute pressure of about 6.3 kg/cm., the air is com 
pressed in the compressor 8 at an absolute pressure of 
about 21 kg/cm.?. 
Through pipe 9, the air is fed to the water-cooler 10. 

It then enters the decarbonation tower 11, where carbon 
dioxide is removed through caustic soda scrubbing. The 
air is then dried in the desiccation unit 12 and sent through 
pipe 12A to the exchanger 13, then to the liquefier 14, in 
which the air is cooled down and liquefied by indirect heat 
exchange with the liquid-oxygen under pressure, 
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Through pipe 15, the liquefied air enters coil 16, which 
is placed in the lower section of the high pressure column 
18. In this coil, the high pressure liquid air is further 
cooled by indirect heat exchange with the liquid boiling 
in the lower part of this column. The liquid air is then 
expanded to an absolute pressure of 8.4 kg./cm. through 
valve 17, and sent to column 18. This column separates 
the air into two fractions: a liquid rich in oxygen, and 
liquid-nitrogen. The liquid rich in oxygen leaves the 
lower part of this column through pipe 9 and is then 
cooled down in exchanger 20. It is then filtered in ab 
sorption filter 21, in order to remove acetylene, and Sent 
through valve 22 to the low pressure column 23. The 
high pressure column produces a second fraction which 
is liquid-nitrogen. This liquid-nitrogen leaves column 18 
through pipe 24, is cooled in heat exchanger 25 and sent 
through valve 26 to the top of the low pressure column 23. 
The low pressure column 23 works under an absolute 

pressure of about 2.1 kg./cm.?. It gives two products: 
(a) liquid-oxygen, which is later compressed to an ab 

solute pressure of 6.3 kg/cm. through pump 27 and sent 
through pipe 27A to the exchangers 14 and 13, where it is 
heated, vaporized and finally reheated in the gaseous state, 
before leaving the unit approximately at ambient tem 
perature. 

(b) Gaseous nitrogen, which leaves the top of column 
23, is reheated in heat exchanger 25, expanded to an ab 
solute pressure of about 1.25 kg./cm. in expansion turbine 
28. It is then reheated in heat exchanger 20, before en 
tering regenerator 4B through conduit 29. The nitrogen 
leaves the unit through pipe 30 at approximately ambient 
temperature and pressure. 

I claim: 
1. In a process of production of oxygen under pres 

sure by the liquefaction and rectification of air in at least 
two rectifying Zones under successively lower pressures, 
wherein the air to be separated is divided into two frac 
tions, the first one of which is compressed to a higher 
pressure than the second one and cooled by heat exchange 
with liquid cxygen under pressure, then introduced into a 
rectifying zone and the second one of which is introduced 
under its original pressure into a rectifying Zone, the in 
provement of maintaining a higher than atmospheric pres 
sure in the rectifying zone under the lowest pressure, and 
expanding with external work the whole of the separated 
nitrogen from said lowest pressure to nearly atmospheric 
pressure. 

2. A process according to claim 1, wherein the nitrogen 
is reheated before its expansion by heat exchange with a 
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4. 
liquid leaving a rectification zone and sent to a lower pres 
sure rectification zone. . 

3. A process according to claim 1, wherein the ex 
panded nitrogen is reheated by heat exchange with a liquid 
originating from a rectification zone and sent to a lower 
pressure rectification zone. 

4. A process of production of oxygen under pressure 
by the liquefaction and rectification of air in two rectifica 
tion Zones under successively lower pressures, comprising, 
compressing the air to be separated, dividing it into two 
fractions, further compressing a first fraction of the air, 
cooling said fraction by heat exchange with liquid oxygen 
under pressure, introducing it into at least a rectification 
Zone, cooling a second fraction of the air by heat ex 
change with cold gaseous nitrogen and introducing it under 
its original pressure into a rectification zone, compressing 
liquid oxygen issued from the lower pressure rectification 
Zone and reheating it by heat exchange with said first 
fraction of the air, and expanding with external work the 
whole of the gaseous nitrogen issued from the lower pres 
sure rectification zone and reheating it by heat exchange 
with said second fraction of the air. - 

5. A process according to claim 4, wherein the first 
fraction of the air is introduced into the higher pressure 
column. 

6. A process according to claim 5, wherein the gaseous 
nitrogen is reheated before its expansion with external 
work by heat exchange with liquid nitrogen extracted in 
the high pressure rectification zone and sent to the lower, 
pressure rectification Zone. 

7. A process according to claim 5, wherein the gaseous 
nitrogen is reheated after its expansion with external work 
by heat exchange with a liquid enriched with oxygen origi 
nating from the higher pressure rectification zone and sent 
to the lower pressure rectification zone. 
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