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This invention relates to the separation of at 
mospheric air into its constituents by liquefaction 
a 2nd rectification, and particularly to improve 
ments in the method and apparatus therefor. 
In commercial liquefaction methods of sepa 

rating OXygen fron the atmosphere as hereto 
fore practised, the necessary refrigeration to at 
tain low, tenperatures is obtained by compression 
and Subsequent expansion of the air treated. 
This necessitates initial compression of the air 
to relatively high pressure of the order of 15-20 
attraoSpheres. Such compression can be attained 
only in reciprocating compressors which require 
oil lubrication. The oxygen of the air under 
Such pressures and at the temperatures resulting 
from compression cause decomposition of the 
lubricating oil and the introduction to the air 
stream of substantial proportions of hydroear 
boils in addition to any which may be present. 
The use of special lubricating oils does not avoid 
this source of contamination. 

Since the hydrocarbons are not removed from 
the air stream by the usual treatment intended 
to separate moisture and carbon dioxide, they 
tend to accumulate and eventually find their way 
to the compartment of the apparatus where liquid 
Oxygen accumulates. The presence of such mate 
rial in contact With pure oxygen, whether liquid 
or gaseous, is undesirable. Hence very elaborate 
attemptS have been made heretofore to eliminate 
the hydrocarbons at Some point intermediate 
compression of the air and the formation of liq 
uid or vapor rich in oxygen in which the hydro 
carbons might accumulate. Such attempts in 
Voive operations which interfere with the effi 
ciency of the cycle and the use of necessarily com 
plicated equipment. Furthermore, these at 
tempts have failed Substantially to achieve the 
desired object. It is still possible for hydrocar 
bons derived from the lubricating oil to accumu 
late at points in the apparatus where gases or liq 
uids rich in oxygen are present. 

It is the object of the present invention to pro 
vide a simple and effective method and apparatus 
whereby the presence of hydrocarbons resulting 
from decomposition of oil in the compression of 
the air can be eliminated and further improve 
ments in the separation of oxygen from the at 
mosphere can be obtained, 
Another object of the invention is the provision 

of a method and apparatus whereby the power 
required to maintain refrigeration necessary for 
the liquefaction of air and the separation of the 
constituents thereof is materially reduced, thus 
affording a more economical procedure for the 
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recovery of oxygen and nitrogen from the atmos 
phere. 
A further object of the invention is the provi 

sion of a method and apparatus affording more 
economical utilization of the available refrigera 
tion, avoiding premature liquefaction of the air 
introduced for separation. 
Other objects and advantages of the invention 

will be apparent as it is better understood by 
reference to the following specification and the 
accompanying drawing, which illustrates dia 
grammatically an apparatus suitable for the 
practice of the invention. - - 
In accordance with the present invention, the 

air to be Separated is not utilized to produce Suffi 
cient refrigeration to maintain the cycle. I em 
ploy instead a nitrogen cycle which acts as a heat 
transfer agent to effect the liquefaction of the 
entering air. The air need be compressed in ac 
cordance With the invention only to pressures not 
substantially higher than three atmospheres ab 
solute. Usually a pressure of two atmospheres or 
sufficient pressure only to ensure movement of 
the gas through the apparatus is needed to ac 
complish the purpose of the invention. Such 
pressures are easily attainable in various types 
of blowerS Which require no internal lubrication. 
Hence no lubricating oil and decomposition prod 
ucts thereof are mingled with the air which is 
eventually separated to recover oxygen there 
from. The procedure as hereinafter described 
effectively increases the proportion of oxygen" 
which can be recovered from the atmosphere and 
the purity of the product. 
The nitrogen which affords, the refrigerative 

effect is compressed, circulated and expanded in 
such a Way as to provide sufficient refrigeration 
to liquefy the air at low preSSure. The nitrogen 
of the refrigeiation cycle does not imingle at any 
point With the air undergoing separation. Hence 
tile presence of hydrocarbons in the nitrogency 
cle is not inimical to the method and affords no 
possibility of accumulation of hydrocarbons in 
the presence of OXygen or products rich in oxygen. 

However, in accordance With the present inven 
tion, hydrocaiboins may be eliminated also from 
the nitrogen cycle since it is unnecessary to com 
press the nitrogen to pressures higher than those 
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attainable in available types of blowers. The 
necessary refrigerative effect can be provided 
readily by COInpression of the nitrogen to rela 
tively low pressures, generally not exceeding 5 
atmospheres absolute, and the subsequent ex 
pansion of a portion of the nitrogen with external 
Work in a suitable engine or turbine. Higher 
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pressures may be used, but it is usually inadvisa 
ble for economic reasons to compress the nitrogen 
to pressures higher than 8 atmospheres absolute, 
since the additional work expended affords no 
advantage in the System. While a reciprocating 
compressor can be employed to compress the ni 
trogen to the relatively low pressures necessary, a 
Suitable blower is ordinarily satisfactory for the 
pulp OSe, 
The amount of refrigeration which is readily 

obtainable in the System as hereinafter described 
is in fact such that some of the refrigeration 
available must be transferred from the products 
of rectification to avoid excessive cooling of the 
entering air, and this may be accomplished by 
heat exchange between the liquid oxygen prod 
uct and the nitrogen circulating in the separate 
nitrogen cycle, for example by the provision of 
a coil at the bottom of the rectifier through 
which the nitrogen flows. The effluent nitrogen 
which leaves the top of the rectifier is still very 
cold, and if all of this nitrogen is delivered to an 
exchanger through Which the entering air passes, 
Some of the air, even at the low preSSure en 
ployed, may be prematurely liquefied. Accord 
ingly, I utilize the effluent nitrogen as a cooling 
agent for nitrogen flowing in the nitrogen cycle, 
diverting only a portion thereof for heat ex 
change With the entering air While the remainder 
is mingled with the circulating nitrogen of the 
nitrogen cycle. The proportional distribution of 
the cold effluent nitrogen is Such that the enter 
ing air is not prematurely liquefied and the re 
mainder of the available refrigeration is con 
served, thus reducing the work necessary to main 
tain refrigeration through the operation of the 
separate nitrogen cycle. 
That considerable economy is possible in the 

operation of the procedure as described is readily 
evident. In commercial Systems for the liquefac 
tion and separation of the constituents of air 
such as the well known Claude System in which 
a part of the air is expanded with external Work, 
it is necessary usually to compress the air initi 
ally to a pressure approximating 20 atmospheres 
absolute. In the engine a portion of the air is 
expanded to approximately 5 atmospheres abso 
lute or in a ratio of 4:1. The refrigerative effect 
obtained is a function of the ratio of expansion. 
Hence initial compression of the gas which is 
employed to attain refrigerative effect to a pres 
sure of 4 atmospheres absolute and expansion of 
a portion thereof to a pressure of 1 atmosphere 
absolute will afford the same amount of refrig 
erative effect in respect to a given volume of the 
gas. It is not possible to take advantage of this 
Condition where the gas to be separated, such 
as air, is utilized also in maintaining refrigera 
tion. The advantage can be secured, however, 
by utilizing nitrogen in a separate refrigeration 
cycle in accordance with the invention as herein 
described. 
The procedure will be readily understood by 

reference to the drawing, in which 5 indicates a 
rectification column having the usual trays 6 and 
bubble caps 7. The column is provided at its top 
With an outlet 8 through which the effluent rich 
in nitrogen escapes. Liquid oxygen accumulates 
in the bottom of the column and the vapors rise 
therefrom through the trays 6 and bubble caps 

in contact with the liquid flowing downwardly 
Over the trayS. 
To provide this liquid, air previously compressed 

to the initial pressure, preferably not greater 
than 3 atmospheres absolute, in any suitable ap 
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4. 
paratus such as a blower (not shown) is intro 
duced through a pipe 9 to an exchanger f) and 
travels about pipes f f and 2 therein in a heat 
eXchange With cold products of the separation. 
The air thus cooled is delivered through a pipe 
3 to the bottom of a backWard return condenser 
f4 having tubes 5 and bafiles 6 therein. The 
air flows upwardly through the tubes, being sub 
jected therein to backward return condensation 
by heat exchange with liquid nitrogen and Wa 
pors supplied through a pipe 7. The liquid from 
the condenser f4, which is enriched in oxygen, 
is delivered by a pipe f8 controlled by a valve 
9 to an intermediate level of the column 5. 
The gaseous residue of the air from the tubes 

5, consisting principally of nitrogen, is deliv 
ered by a pipe 20 controlled by a valve 2 to a 
condenser 22 containing tubes 23 through which 
the residue flows in contact with liquid nitrogen 
Supplied through a pipe 24. The gaseous residue 
is condensed by heat exchange with the liquid 
nitrogen and is delivered by a pipe 25 controlled 
by a Valve 26 to the top of the column 5 and af 
fords the reflux nitrogen liquid required to ef. 
fectively separate Substantially all of the oxygen 
from the air treated. The surplus liquid nitro 
gen from the condenser 22 overflows through the 
pipe f together with the pure nitrogen vapor 
formed in the condenser and serves as the cool 
ing agent in the condenser 4. A purge line 4.' 
controlled by a valve 5 permits withdrawal of 
liquid nitrogen from the condenser 4. 
The liquid oxygen from the bottom of the col 

lumn 5 may be Withdrawn through a pipe 27 con 
is trolled by a valve 28 and may be pumped by a 

Suitable liquid pump 29 through a pipe 30. If 
desired, oxygen vapor from the bottom of the 
column 5 may be withdrawn through a pipe 3 
controlled by a Valve 32 and delivered to the 
pipe 30. The oxygen liquid or vapor in the pipe 
3) is delivered to a compartment 33 at the end 
of the exchanger O and after passing through 
the tubes f2, enters a compartment 34 whence 
it is withdrawn through a pipe 35 and delivered 
to any Suitable storage receptacle. 
To maintain refrigeration, nitrogen is com 

pressed in a compressor 36 and delivered by a 
pipe 31 to a cooler 38. Thence it is delivered by a 
pipe 39 to an exchanger 40 having tubes 4 where 
the nitrogen is cooled by cold nitrogen returning 
in the cycle as hereinafter described. The cooled 
nitrogen is withdrawn through a pipe 42 and de 
livered to a coil 43 in the bottom of the column 5 
which permits further cooling of the nitrogen by 
heat exchange with the liquid oxygen in the bot 
tom of the column. The nitrogen is then de 
livered by a pipe 44 and a branch 45 having a 
Valve 46 to a liquefier 41 having tubes 48. Here 
the nitrogen is completely liquefied by heat ex 
change With cold nitrogen vapors provided as 
hereinafter described. The liquid nitrogen is 
withdrawn through a pipe 49 and delivered to a 
pipe 50 having a throttle valve 5f which is con 
nected to the pipe 24. The liquid nitrogen is thus 
Supplied to the condenser 22 for utilization in 
liquefying the air in the condensers 4 and 22. 
A portion of the nitrogen from the pipe 42 is 

diverted through a pipe 52 controlled by a valve 
53 to an expansion engine 54 where the nitrogen 
is expanded with external work and thereby 
cooled. The expanded nitrogen escapes from the 
engine through a pipe 55 and is delivered through 
a pipe 56 controlled by a valve 57 to the liquefier 
4T where the refrigeration is utilized to liquefy 
nitrogen flowing through the tubes 48. A portion 
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of the expanded nitrogen may be diverted 
through a pipe 58 controlled by a valve 59 which 
delivers, it to the pipe. 50 in which it is mingled 
with liquid produced in the liquefier 4. 

Nitrogen vapor from the condenser f4 escapes 
through a pipe 69 and is mingled with the effluent 
nitrogen from the rectification which escapes 
through the pipe 8. The total of the nitrogen 
vapor is delivered by the pipe 60 to the pipe 56 
and thus mingles with the expanded nitrogen 
entering the liquefier 47. After passing about 
the tubes 48 of the liquefier the nitrogen which 
has given up some of its refrigeration is delivered 
through a pipe 6 and a portion is withdrawn 
through the pipe. 62 controlled by a valve 63 to a 
chamber 64 at one end of the exchanger . 
After passing through the tubes in heat eX 
change with the entering air, the nitrogen en 
ters a chamber 65 and is Withdrawn through a 
pipe 66. This portion of the nitrogen, having no 
longer any refrigerating value, may be discarded. 
The remainder of the nitrogen from the pipe 6i 

is delivered by a pipe 67 controlled by a valve 68 
to the exchanger 40, and after passing through 
the tubes 4 therein, it is returned through a pipe 
69 to the compressor 36 for recompression and 
circulation in the cycle. 
Under certain circumstances, it may be desir 

able to divert a portion of the high pressure ni 
trogen which has been reduced to a low tempera 
ture in the coil 43 and to expand such portion 
with external work. In order to provide for this 
contingency, a pipe T0 controlled by a valve 
is connected to the pipe 44 and to the pipe 52. 
The introduction of the cold high pressure nitro 
gen to the expansion engine 54 permits further 
reduction in the temperature of the nitrogen 
delivered through the pipe 55 and hence mainte 
nance of the required refrigeration in the lique 
fier 4. 
As hereinbefore indicated, it is possible, in ac 

cordance with the procedure described, to cool 
the entering air to the required temperature in 
order that it may be liquefied in the condensers 
f4 and 22 without danger of premature lique 
faction. Which Would reduce the advantages of 
selective liquefaction in the tubes 5. The desired 
result is accomplished by diverting to the ex 
changer to only so much of the cold nitrogen as 
may be necessary to attain the desired tempera 
ture. This procedure has the further advantage 
that refrigeration is conserved at the point where 
it is most desirable, that is, the liquefier 47 where 
the nitrogen liquid necessary for the operation is 
produced. Any refrigeration available after the 
nitrogen vapor leaves the liquefier 47 is utilized in 
the exchanger 40 where the nitrogen is initially 
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apparatus as described is that the initial pres 
Sure of the nitrogen may be relatively low as 
compared with pressures normally employed in 
commercial Systems. An initial pressure of 4. 
atmospheres absolute requires much less power 
input to maintain the cycle than a pressure of 
20 atmospheres absolute. Even pressures as high 
as 8 atmospheres absolute in the initial compres 
Sion of the nitrogen afford material savings. 
Nevertheless it is possible to supply all of the re 
quired refrigeration by expansion of a portion 
of the nitrogen from its initial pressure to a pres 
Sure of approximately 1 atmosphere absolute. 
This insures operation. On an economical basis. 
The invention as described affords, a practical 

and simple solution of a problem which has ex 
isted for many years in the commercial produc 
tion of oxygen by liquefaction and rectification. 
It permits the substantially total recovery of the 
Oxygen content of the air, since the nitrogen re 
flux. Which is supplied at the top of the rectifi 
cation column prevents the escape of oxygen. i 
the effluent. 
Warious changes may be made in the details 

of procedure and in the apparatus as described 
Without departing from the invention or sacri 
ficing the advantages thereof. 

I clain: 
f. The method of separating the constituents 

of atmospheric air by liquefaction and rectifica 
tion under conditions affording resistance to 
travel of the air which comprises compressing 
air to a relatively low pressure not materially in 
excess of that required to overcome resistance 
to travel, subjecting the air to liquefaction by 
indirect heat exchange with liquid nitrogen and 
Subsequently to rectification to separate liquid 
oxygen, and a gaseous effluent, compressing ni 
trogen, expanding a portion of the nitrogen to a 
lower pressure with external work, liquefying the 
other portion of the nitrogen by indirect heat ex 
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cooled. The procedure affords, therefore, the 
most economical operation. 
The nitrogen in the refrigeration cycle does not 

at any point mingle with the air undergoing Sep 
aration. The effluent nitrogen from the rectifica 
tion is, however, mingled with the nitrogen in the 
independent nitrogen cycle. This does not per 
mit hydrocarbons which may be present in the 
nitrogen cycle to mingle with the air undergoing 
separation and thus arrive at a point in the Sys 
tem where oxygen or products rich in oxygen are 
present. The liquid oxygen which accumulates 
in the bottom of the column 5 is free from any 
contaminating hydrocarbons which night have 
been introduced had it been necessary to employ 
oil in the initial compression of the air. The use 
of the blower obviates that possibility. 
A further major advantage of the method and 
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change with the expanded portion and the gase 
ous effluent from the rectification, and thereby 
supplying the liquid nitrogen utilized in the lique 
faction of the air. 

2. The method of separating the constituents 
of atmospheric air by liquefaction, and rectifica 
tion under conditions affording resistance to 
travel of the air which comprises compressing 
air to a relatively low pressure not materially in 
excess of that required to overcome resistance to 
travel, subjecting the air to liquefaction by indi 
rect heat eXchange With liquid initrogen and Sub 
sequently to rectification to separate liquid oxy 
gen and a gaseous effluent, compressing nitrogen, 
expanding a portion of the nitrogen to a lower 
pressure with external work, liquefying the other 
portion of the nitrogen by indirect heat exchange 
with the expanded portion, cold nitrogen Vapor 
from preceding liquefied portions of the nitrogen 
and the gaseous effluent from the rectification, 
and thereby supplying the liquid nitrogen utilized 
in the liquefaction of the air. 

3. The method of separating the constituents 
of atmospheric air by liquefaction and rectifica 
tion under conditions affording resistance to 
travel of the air which comprises compressing 
air to a relatively low pressure not materially in 
excess of that required to overcome resistance to 
travel, subjecting the air to liquefaction by indi 
rect heat exchange with liquid nitrogen and Sub 
sequently to rectification to separate liquid oxy 
gen and a gaseous effluent, compressing nitrogen 
to a pressure not materially exceeding. 5 atmos 
pheres absolute, expanding a portion of the ni 
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trogen to a lower pressure with external Work, 
liquefying the other portion of the nitrogen by 
indirect heat exchange With the expanded por 
tion and the gaseous effluent from the rectifica 
tion, and thereby supplying the liquid nitrogen 
utilized in the liquefaction of the air. 

4. The method of separating the constituents 
of atmospheric air by liquefaction and rectifica 
tion under conditions affording resistance to 
travel of the air which comprises compressing 
air to a relatively low pressure not materially 
in excess of that required to overcome resistance 
to travel, subjecting the air to liquefaction by 
indirect heat exchange with liquid nitrogen and 
subsequently to rectification to separate liquid 
oxygen and a gaseous effluent, compressing nitro 
gen to a pressure not materially exceeding 8 at 
mospheres absolute, expanding a portion of the 
nitrogen to a lower pressure with external Work, 
liquefying the other portion of the nitrogen by 
indirect heat eXchange With the expanded por 
tion and the gaseous effluent from the rectifica 
tion and thereby supplying the liquid nitrogen 
utilized in the liquefaction of the air. 

5. The method of separating the constituents 
of atmospheric air by liquefaction and rectifica 
tion under conditions affording resistance to 
travel of the air which comprises compressing air 
to a relatively low pressure not materially in ex 
cess of that required to overcome resistance to 
travel, subjecting the air to liquefaction by in 
direct heat exchange with liquid nitrogen and 
subsequently to rectification to separate liquid 
oxygen and a gaseous effluent, compressing nitro 
gen to a pressure not materially exceeding 5 at 
mospheres absolute, expanding a portion of the 
nitrogen to a lower pressure With external Work, 
liquefying the other portion of the nitrogen by in 
direct heat exchange with the expanded portion, 
cold nitrogen vapor from preceding liquefied 
portions of the nitrogen, and the gaseous effluent 
from the rectification, and thereby Supplying the 
liquid nitrogen utilized in the liquefaction of the 
air. 

6. The method of separating the constituents -t: 
of atmospheric air by liquefaction and rectifica 
tion under conditions affording resistance to 
travel of the air which comprises compressing air 
to a relatively low pressure not materially in ex 
cess of that required to overcome resistance to 
travel, Subjecting the air to liquefaction by in 
direct heat exchange With liquid nitrogen and 
subsequently to rectification to separate liquid 
oxygen and a gaseous effluent, compressing nitro 
gen to a pressure not materially exceeding 8 at 
mospheres absolute, expanding a portion of the 
nitrogen to a lower pressure with external Work, 
liquefying the other portion of the nitrogen by 
indirect heat exchange with the expanded por 
tion, cold nitrogen vapor from preceding liquefied 
portions of the nitrogen and the gaseous effluent 
from the rectification, and thereby supplying the 
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liquid nitrogen utilized in the liquefaction of the 
air. 

7. The method of Separating the constituents of 
atmospheric air by liquefaction and rectification 
Which comprises compressing nitrogen, expanding 
a portion of the nitrogen to a lower pressure with 
external work, liquefying the other portion of the 
nitrogen by indirect heat exchange with the ex 
panded portion and nitrogen separated by the 
rectification, thereby maintaining a constant 
supply of liquid nitrogen to afford refrigeration, 
compressing air, vaporizing the liquid nitrogen 
by indirect heat exchange of the air therewith 
and rectifying the liquid obtained containing the 
oxygen and nitrogen constituents of the air to 
separate Such constituents. 

8. The method of Separating the constituents of 
atmospheric air by liquefaction and rectification 
Which Comprises compressing nitrogen, expanding 
a portion of the nitrogen to a lower pressure with 
external Work, liquefying the other portion of the 
nitrogen by indirect heat exchange with the ex 
panded portion and nitrogen separated by the 
rectification, thereby maintaining a constant 
Supply of liquid nitrogen to afford refrigeration, 
compressing air, Vaporizing the liquid nitrogen by 
indirect heat eXchange of the air therewith, mix 
ing the nitrogen vapor With the expanded nitro 
gen and rectifying the liquid obtained containing 
the oxygen and nitrogen constituents of the air 
to separate such constituents. 

9. The method of Separating the constituents 
of atmospheric air by liquefaction and rectifica 
tion Which comprises compressing nitrogen to a 
pressure not materially exceeding 5 atmospheres 
absolute, expanding a portion of the nitrogen to 
a lower pressure With external work, liquefying 
the other portion of the nitrogen by indirect heat 
exchange With the expanded portion and nitro 
gen separated by the rectification, thereby main 
taining a Constant Supply of liquid nitrogen to 
afford refrigeration, compressing air, vaporizing 
the liquid nitrogen by indirect heat exchange of 
the air therewith and rectifying the liquid ob 
tained containing the oxygen and nitrogen con 
stituents of the air to separate such constituents. 

10. The method of separating the constituents 
of atmospheric air by liquefaction and rectifica 
tion which comprises compressing nitrogen to a 
preSSure not materially exceeding 8 atmospheres 
absolute, expanding a portion of the nitrogen to 
a lower pressure With external Work, liquefying 
the other portion of the nitrogen by indirect heat 
eXchange With the expanded portion and nitrogen 
Separated by the rectification, thereby maintain 
ing a constant supply of liquid nitrogen to afford 
refrigeration, compressing air, vaporizing the liq 
uid nitrogen by indirect heat exchange of the air 
therewith and rectifying the liquid obtained con 
taining the Oxygen and nitrogen constituents of 
the air to Separate Such constituents. 
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