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PRCCESS OF AND APi & BRATUS FOR LOW.EM 

PERATURE SEPARATION OF AR 
Sawrence D. Potis, Eggerts wife, N.Y., assign or to Union 

Carbide Corporation, a corporation of New York 
Fied May 26, 1953, Ser. No. 737,637 

16 (Caims. (C. 62-25) 
This invention relates to an improved process of and 

apparatus for the low-temperature separation of air to 
produce low-purity gaseous oxygen and gaseous nitrogen, 
and more particularly to improvements of such process 
and apparatus resulting in the simplification of the heat 
exchange equipment and reduction of the power costs. 

in the well-known Linde-Frankl system for producing 
low purity gaseous oxygen, all of the air is compressed 
to at east 75 p.s.i.g., and at least most of the air is cooled 
to about saturation temperature in heat exchangers of the 
regenerative or passage exchanging, self-cleaning type, 
and passed to the rectification column for separation 
therein. Unless externally supplied refrigeration is used, 
a minor part of the cold air is work expanded and passed 
to the lower pressure rectification stage, while the major 
part of the cold clean air is passed to the high pressure 
rectification stage. The inlet or head pressure of the 
incoming air is usually determined by the pressure differ 
ential required to operate the reboiler or main condenser 
separating the higher and lower pressure stages. Thus, 
the inlet air must be sufficiently compressed to provide 
transfer of heat from the condensing higher pressure 
nitrogen in the top of the high pressure stage or lower 
column to the boiling lower pressure liquid oxygen in the 
reboiler base of the lower pressure stage or upper column. 
One disadvantage of the aforedescribed Linde-Frank sys 
tem is that all of the air is compressed to the pressure 
required by the reboiler for condensing nitrogen. How 
ever, when only a low purity oxygen product is required, 
a relatively large part of the inlet air stream may bypass 
the lower column separation. This means that in the 
prior art single-pressure systems, power is being wasted 
to compress a part of the inlet air to a higher pressure 
than is needed to Satisfy both rectification and refrigera 
tion requirements. 

in order to overcoine this limitation and also provide 
an efficient air separation system with sufficient flow un 
balance to make the air cooling heat exchangers self 
cleaning, the prior art has proposed various dual-pressure 
cycles in which air is usually compressed to two different 
pressures by separate compressors. For example, in a 
imodified Linde-Fränki System a minor air stream is con 
pressed to high pressure, e.g. 2,000 p.s. i., cooled in a 
separate heat exchange system from that processing the 
main air stream, cleaned, and passed to the rectification 
column for separation along with the main air stream. 
The separately processed high pressure air may, for ex 
ample, be cooled by an externally supplied refrigerant 
and/or a portion of the CXygen or nitrogen separation 
products. However, a dual pressure system utilizing a 
separate high pressure air stream does not solve the afore 
mentioned problem because it provides a still higher re 
frigeration potential, which is not required by the cycle. 
Another significant drawback of this system is that a 
complicated heat exchange system is required which in 
creases investment and operating costs. For example, if 
the product nitrogen effluent is divided and used to cool 
both the major and minor air streams, the air-nitrogen 
heat exchange must be split into two exchange systems, 
whereas in the basic Linde-Frankl system, the air and 
nitrogen are heat exchanged in a single heat exchange 
system. 

Another disadvantage of certain previously proposed 
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air separation systems for producing low purity gaseous 
Oxygen is the relatively inefficient heat exchange across 
the main condenser, between the condensing nitrogen gas 
and boiling oxygen liquid. in one such reboiler, gaseous 
nitrogen reaching the top of the lower coiumn rises into 
a series of tubes which on the upper column lower pres 
Sure side, are surrounded by a liquid oxygen bath. As 
the gaseous nitrogen is cooled to the saturation point, 
it condenses and fails back through the tubes in counter 
current direction to the warmer rising nitrogen gas, into 
the lower column. Since the descending liquid nitrogen 
tends to run down and coat the tube waiis, heat exchange 
contact between the rising nitrogen and liquid oxygen 
bath is relatively poor. Also, boiling oxygen of relatively 
high purity must condense substantially pure nitrogen 
which necessitates a relatively large pressure differential 
since at atmospheric pressure, nitrogen boils at -196° C. 
and pure oxygen boils at -183° C. Since, as previously 
discussed, in the prior art systems the air head pressure 
is determined primarily by the main condenser heat ex 
change requirements, ineficient heat exchange necessi 
tates a high air inlet pressure which results in excessive 
power costs. The prior art has partially alleviated this 
problem by concurrently evapgrating the liquid oxygen, 
but despite this improvenient the condenser-reboiler has 
continued to impose higher total work of compression 
than demanded by the system's refrigeration balance. 

Principal objects of the present invention are to pro 
vide a process and apparatus for the production of low 
purity gaseous oxygen by air separation in a multi-pres 
sure double column cycle in which the power consumption 
is no higher than that required by the refrigeration bal 
ance, and in which the incoming air-outgoing oxygen and 
nitrogen air separation product heat exchange system is 
simplified. 

These and other objects and advantages of this inven 
tion will be apparent from the following description and 
accompanying drawings in which: 

FIG. 1 shows a flow diagram of a system for the sep 
aration of air according to the present invention in which 
both higher and low pressure air are work expanded; 

F.G. 2 is a flow diagram of a system similar to that 
of FIG. 1 but modified so that only higher pressure air is 
work expanded; and 

FiG. 3 is a fow diagram of still another system similar 
to that of FiGS. 1 and 2, but modified so that no work 
expansion is required. 

According to the present invention, a major air stream 
is compressed to a higher pressure approximating the 
operating pressure of the higher pressure rectification 
stage, and a minor air stream is compressed to a low 
pressure intermediate the operating pressures of the 
higher and lower pressure rectification stages. The ma 
jor and minor air streams are cooled to temperatures 
close to their respective condensation temperatures by 
heat exchange with the nitrogen and oxygen products, 
respectively, of the rectification, the major and minor 
air stream volumes being apportioned or matched for 
such heat exchanges with the volumes of at least most 
of the nitrogen and oxygen products, respectively. In 
the description and the claims, heat exchange with the 
nitrogen and oxygen proditicts refers to both recupera 
tive heat exchange between the fluids in thermally asso 
ciated separate passageways, and regenerative heat ex 
change through an intermediate refrigeration storage 
means such as regenerative packing. Next, the cold 
minor air stream is passed to the lower pressure rectifi 
cation stage for separation therein, and at least most of 
the cold major air stream is passed to the higher pressure 
stage for partial rectification and condensation therein 
to form at least a nitrogen-rich liquid and an oxygen 
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enriched liquid. The liquids are withdrawn from the 
lower column, throttled to the lower pressure of the 
upper column, and passed to such column for separation 
therein along with the minor air stream to provide said 
nitrogen and oxygen products. 
The volume of product gas to be withdrawn through 

the smaller set of heat exchangers, e.g. oxygen regenera 
tors, determines how much air should be passed as the 
minor air stream to the upper column. Also, a rela 
tively larger proportion of the air processed as the minor 
air stream and passed to the upper column provides a 
relatively lower oxygen product purity. This is because 
such air bypasses the lower column rectification. Usu 
ally at least 20% of the total inlet air must be directed 
to the upper column as the low pressure minor air stream 
since this minimum amount is required for heat exchange 
against the total oxygen product. The process of the 
present invention is suitable for production of gaseous 
oxygen up to about 90% purity. 
The minor air stream is preferably provided at a suf 

ficiently high pressure between the operating pressures 
of the two rectification stages so that it may be work 
expanded to supply the cycle's entire low temperature 
refrigeration requirements. This is advantageous because 
it minimizes the quantity of air processed directly in the 
lower pressure stage, and consequently provides high 
rectification efficiency. If the minor low pressure air 
stream is not work expanded, then a portion of the major 
higher pressure air stream must be work expanded, and 
the lower pressure rectification stage must then process 
the entire minor air stream, e.g. 20% of the inlet air, 
plus the work expanded fraction, e.g. 10% of the inlet 
air. This is usually more air than can be processed by 
the lower pressure stage without decreasing the oxygen 
product purity. Therefore, when product purity require 
ments tend to limit the amount of air that can be sepa 
rated efficiently in the lower pressure rectification stage, 
the minor air stream is preferably work expanded, and 
its pressure adjusted to be no higher than needed for 
the refrigeration balance. When lower oxygen product 
purity requirements permit considerably more air to be 
processed in the lower pressure stage, the minor air 
stream is preferably provided at only sufficient pressure 
to drive it into such stage, and a portion of the major 
higher pressure air stream is work expanded for refrig 
eration. However, even in the latter case, the volume 
of the minor air stream remains matched with the product 
volumes in the oxygen heat exchangers. Thus, the total 
work of compression will always be adjustable to suit 
the refrigeration requirements rather than being rigidly 
fixed at a higher level by temperature differences in the 
main condenser. 

In one embodiment, liquid oxygen from the upper 
column is cocurrently evaporated by heat exchange with, 
and simultaneously condenses gas in the lower column 
so as to form reflux liquid for such column. The main 
condenser also provides reflux liquid for the lower col 
umn in the conventional manner, but the highly efficient 
cocurrent evaporation heat exchange step provides a sub 
stantial portion of the required reflux liquid and permits 
a relatively lower air head pressure with accompanying 
power savings. The term "cocurrent evaporation' as 
used herein refers to the vaporization of a liquefied gas 
mixture wherein the vapors flow cocurrently with the 
liquid, as described in U.S. Patent 1,963,840 to M. 
Frink. 
The present air separation system also provides con 

siderable flexibility of operation, in that the cycle's re 
frigeration requirements may be fulfilled by a number 
of methods, depending on the oxygen and/or nitrogen 
product purities. For example, either or both the cooled 
and cleaned major and minor air streams may be ex 
panded to the lower pressure of the upper column with 
the production of external work, as previously discussed. 

Referring now to the drawings and particularly to 
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F.G. 1, air entering the system through conduit 9 is 
compressed in first compressor 11 to a low pressure of 
less than about 44 p.s. i.g., e.g. 20 p.s.i.g., and the heat of 
compression may be removed by, for example, a water 
cooled cooler (not shown). The low pressure air is 
discharged into conduit 2, and a minor part of Such 
air is directed as a minor air stream through control 
valve 6 to the warm end of an alternately reversed re 
generator pair 13 for cooling to substantially condensa 
tion temperature at such low pressure. The minor 
air stream enters the regenerators through reversing 
valves 14 and emerges through check valves 15 at the 
cold end. The regenerators 13 operate in the well-known 
Frankl manner, and are cooled and cleaned by outflow 
ing product oxygen gas from the rectification column. 

Returning now to the low pressure air stream in conduit 
12, the major part of this stream which is not passed to 
the oxygen regenerator pair i3 is conducted through coin 
duit 17 to second compressor E3 for compression to a 
higher pressure below about 85 p.S.i.g., e.g. 41 p.S.i.g. 
The higher pressure air stream is discharged into conduit 
17, and the heat of compression may be removed by, for 
example, a water-cooled cooler (not shown). This ma 
jor air stream is then directed to the warm ends of an al 
ternately reversed second regenerator pair 9 for cooling 
to substantially condensation temperature at the higher 
pressure. The major air stream enters the regenerators 
through reversing valves 20 and emerges through check 
valves 21 at the cold ends. These regenerators 9 also 
operate in the well-known manner described in U.S. Pat 
ent 1,890,646 to M. Frank, and are cooled and cleaned 
by outflowing nitrogen product gas also from the column. 
A Small fraction, e.g., 10%, of the major air stream is di 
verted from the nitrogen regenerator pair i9 at an inter 
mediate temperature level, e.g. -110° C., so as to unbal 
ance the regenerators. As used herein, the term “unbal 
ance' refers to the adjustment of temperature and flow 
conditions within the inlet air cooling heat exchangers so 
that all of the air impurities deposited within the heat ex 
changers by the inlet air are swept out by the outgoing 
cold purge gas. The diverted or “side-bleed' air is passed 
through control valves 22 and conduits 23 to adsorption 
trap 23a, for removal of the carbon dioxide impurity 
therein by gas phase adsorption on suitable material, such 
as silica gel. The cleaned side-bleed air is then processed 
in a manner to be described subsequently. The minor air 
Stream and that portion of the major air stream which 
passes through the entire length of the regenerators are 
cooled well below the freezing points of the moisture 
and carbon dioxide impurities, so that the moisture and 
a Substantial part of the carbon dioxide content of the 
inlet air are deposited therein. These impurities depos 
ited from the major air stream are reevaporated and car 
ried out of the regenerators 19 by the nitrogen effluent 
passing from conduit 24 through check valves 25 into the 
nitrogen regenerators 19 and out through warm end re 
versing valves 26 in conduit 27. The impurity-containing 
warmed nitrogen effluent may be withdrawn to consuming 
means or discarded to the atmosphere. Likewise, the im 
purities from the minor air stream are carried out of the 
regenerators i3 by the oxygen product gas passing from 
conduit 28 through check valves 29 into the oxygen re 
generators 3 and out through warm end reversing valves 
30 in conduit 3i. The oxygen product of, for example 
65% purity, may be withdrawn to consuming means. It 
is to be understood that if chemical cleanup means were 
employed to remove impurities from the inlet air up 
stream of the regenerators, at least some of the low-tem 
perature impurity removal components would not be re 
quired. 
The partially cleaned low pressure air is discharged 

through check valves S5 into conduit 32, and passed into 
the base of low pressure scrubber 33 through control valve 
34. In this vessel the remaining carbon dioxide is trans 
ferred to the liquid by bubbling the cold low pressure air 
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through Such liquid or through any suitable gas and 
liquid contact means to obtain the scrubbing action. 
Scrubber liquid is provided by throttling higher pressure, 
cleaned liquid air from the lower column 35 through coin 
duit 36 and control valve 37 therein, into the scrubber 34. 
The uniquefied but cleaned low pressure air emerges 
through conduit 33 into passageway 39 of a countercur 
rent heat eXchanger 48 where it is sightly Warned by heat 
exchange with the aforementioned side-bleed air entering 
exchanger 4G through conduit 45. The side-bleed air 
leaves exchanger 48 through conduit 4 ia and control 
valve 45b therein for juncture with the cold partially 
cleaned major air stream, to be described ater in more 
detail. The slightly warmed or preheated low pressure 
air is discharged through conduit 42 and control valve 43 
therein, and expanded with the production of external 
work through expansion turbine 44. It is to be noted that 
the low pressure air was slightly warmed prior to expan 
sion to avoid condensation within the turbine 44 which 
could cause erosion of the turbine blades. The work ex 
panded air in conduit 42 is passed to the upper column, 
lower pressure rectification stage 45 for separation therein. 

Returning to the low pressure scrubber 33, the impurity 
containing Scrubber liquid is passed in conduit 46 through 
throttling valve 47 and filter inlet valves 48 into one or 
the other of a pair of the filters 49 for removal of the 
Solid carbon dioxide impurities. These fifters are provided 
in duplicate and piped in parallel for alternate operation 
So that when one filter becomes loaded with carbon diox 
ide, the liquid may be diverted to the other filter having 
previously been purged by means not illustrated. The 
filtered liquid emerges through filter discharge valves 5) 
into conduit 5, and passes through absorbent trap inlet 
valves 52 into one or the other of a pair of the adsorbert 
traps 53 for removal of solubile impurities by a suitabie 
adsorbent such as silica gel. The cleaned scrubber liqui 
energes through adsorbent trap discharge waives 54 into 
conduit 55, and enters the upper column operating at ap 
proximately 5 p.S.i.g. 
The partially cleaned higher pressure major air stream 

discharged from nitrogen regenerator pair is through 
check valves 2 is conducted through conduit 56 and con 
trol valve 57 for juncture with the cooled side-bleed air 
in conduit 41a and passage to the base of a higher pres 
Sure scrubber 53 which is built into and continunicates 
with the higher pressure, lower column 35. This unit 
operates in the same general manner as the low pressure 
scrubber 34 in that the higher pressure air bubbles through 
the descending reflux liquid which drains from the base 
of the lower column. The impurity-containing scrubber 
liquid is drawn from the base of higher pressure scrubber 
53 through conduit 5.3a and throttling valve 53b therein to 
conduit 46 for passage along with the low pressure Scrub 
ber liquid to impurity-removing means, as previously de 
scribed. The cleaned higher pressure air emerging froin 
the Scrubbing section 58 rises into the lower column 35 
for separation by well-known means, for example rectifica 
tion trays 35a. 
As an alternate or supplement to the low pressure 

turbine 44, a small part of the lover column gas may be 
diverted through conduit 53c for preheating in passage 
way 59 of heat exchanger 40 by the side-bleed air. The 
slightly warmed diverted lower column gas is then passed 
through control valve 6) to turbine 6A for expansion 
therein with the production of external work. This work 
expanded stream is also passed to the upper column 45 
at an intermediate point of such column for separation 
therein. Alternatively, the turbines could be staged so 
that the exhaust from high pressure turbine 61 is passed 
to the suction side of the low pressure turbine 44 for 
expansion therethrough along with the low pressure 
Scrubbed air in condit 42. 
Another small part of the lower column gas is diverted 

through line 62 to heat exchanger 63 where the gas is 
liquefied by heat exchange with the upper column ni 
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trogen effluent in passageway 64. Vent valve 65 is pro 
vided at the top of heat exchanger 63 to purge non-con 
densible gases from the system. The lower column gas 
iiquefied in the exchanger drains back into the lower 
column 35 through conduit 62, thus providing additional 
scrubber liquid. 
A portion of the lower column reflux liquid is produced 

in the conventional manner, by condensation of nitrogen 
rich gas on the lower column side 65a of main condenser 
66 against boiling liquid oxygen on the upper column 
side 57 of Such condenser. At least most of the so con 
densed nitrogen-rich liquid is collected on shelf 68, and 
the remaining portion descends through the lower column 
as reflux liquid for the rising gas. The shelf liquid is 
drawn off through conduit 69, throttled through valve 7 
from about 37 p.S.i.g. to about 5 p.s.i.g. and directed to 
passageway 71 in heat exchanger 72 where it is Subcooled 
by the nitrogen effiuent in passageway 73. The sub 
cooled shelf transfer liquid in conduit 69 enters the top 
of upper column 45 as reflux liquid. The upper column 
45 in general operates in the conventional manner, the 
incoming work-expanded air and reboiler vapor rising 
through trays 74 for rectification against the downflowing 
reflux liquid. The resulting nitrogen effluent at the top 
of upper column 45 is drawn of through conduit 75, and 
is Superheated in passageway 73 of heat exchanger 72. 
The Superheated nitrogen effluent is further warmed in 
heat exchanger 63 by the condensing lower column gas, 
and then passed through conduit 24 to the nitrogen 
regenerator 9 for processing as previously described. 
The liquid oxygen accumulating in the lower column 

side 67 of the main condenser 66 is partially evaporated 
by heat eXchange with the condensing nitrogen gas, so 
as to provide Sufficient vapor to operate the upper column 
45. When the required oxygen product purity is suf 
ficiently low, e.g. below 85%, cocurrent evaporatoin of 
Such product becomes attractive. in this event, instead 
of additionally transferring sufficient heat across the 
main condenser 66 to provide oxygen product gas for 
Withdrawal from the upper column, liquid oxygen prod 
lict is drawn off from the main condenser 66 through 
conduit 76 with control valve 77 therein, and cocurrently 
evaporated in coils 78 in the lower column 69 by heat 
exchange with the rising lower column gas, thereby al 
lowing the lower column pressure to be reduced as will 
be explained hereinafter. The evaporated oxygen prod 
lict energing from soils 78 is passed through conduit 23 
to the oxygen regenerator pair E3, for further processing 
as previously described. Thus, instead of transferring a 
of the necessary heat to the oxygen-rich liquid across the 
main condenser in a relatively inefficient manner, a sub 
stantial part of this heat is transferred with minimum 
irreversibility. A closer approach to a reversible process 
is obtained because the descending cocurrently evaporat 
ing liquid in cois 78 is not high purity oxgyen and at 
first more nitrogen preferentially boils of than oxygen. 
Thus, its boiling temperature is lowest at the top of the 
coils and the composition of the remaining liquid in 
creases in oxygen so that the boiling temperature in 
creases downwardly and is highest at the lowest portions 
of the coils 78. The ascending lower column vapor on 
the outside of the coils gradually becomes richer in 
nitrogen. So that its condensing temperature is highest 
at the lower end of the coils 78 and lowest at the upper 
end of the coils. The net effect is a tendency towards a 
Constant temperature difference between the evaporating 
Oxygen-rich liquid and the coindensing lower column 
vapor over the length of the coils, which results in ef 
ficient heat transfer and relatively low pressures. This 
type of heat eXchange may be contrasted with the cus 
tomary main condensers wherein all the heat must be 
transferred at a constant temperatire level and which 
require a higher pressure difference since boiling oxygen 
rich liquid of highest purity must condense substantially 
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pure nitrogen. The lower pressure difference permits a 
lower head pressure and consequently a power Saving. 
As previously discussed, instead of work expanding 

the low pressure minor air stream, a relatively small part 
of the higher pressure major air stream may be wok 
expanded into the upper column. In such a systern, the 
only pressure required for the minor stream may be that 
recessary to pass low pressure air into the upper 
column for separation. The aforedescribed system is 
practical for use in relatively large air separation plants 
where the ratio of heat eak to air volune is low and foi 
low purity oxygen plants which can accommodate rela 
tively large quantities of air in the upper coiumri. 

Referring now to the embodiment illustrated in FiO. 
2, the features which are similar to those shown in Fig. 
are designated by similar reference numcrals. The ap 
paratus differs in certain particulars in that passage ex 
changing-reversing heat excihangers 1:3 and 19 are used 
instead of regenerators for cooling and partially clea:ing 
the incoming air. Another alternate difference is that 
a part of the oxygen product gas from the rectification 
column is passed through the reversing heat exchanger 
113 without contamination by the previously deposited 
air inpurities, thus providing an oxygen product gas 
fraction free of air impurities. A third distinction from 
F.G. 1 is that only part of the higher pressure major 
air stream is work expanded, and the cleaned low pres 
sure minor air stream is passed directly to the upper 
column without work expansion. 
The minor air stream enters reversing heat exchanger 

113 through one of reversing passageways 56 and 882, 
and is cooled by product oxygen flowing countercur 
rently in the other reversing passageway, and non-revers 
ing passageway 532. The latter air impurity-free stream 
is discharged through conduit 83 for further processing 
as desired. The product oxygen stream entering non 
reversing passageway 82 is provided by diverting a por 
tion of the cocurrently evaporated gas from conduit 
228 to conduit 33. The major air stream enters revers 
ing heat exchanger E9 through reversing passageway 84 
or 185, and is cooled by product nitrogen ficwing coun 
tercurrently in the other reversing passageway and a 
cleaned cold portion of the major air stream also flow 
ing countercurrently in non-reversing passageway 87. 
The latter stream is obtained by withdrawing a part of 
the cleaned higher pressure air from the base of the 
iower column 135 through conduit 53c, and a portion 
of such stream is passed through flow regulating valve 
286 therein to non-reversing passageway 587. The 
warmed clean higher pressure air emerging from non 
reversing passageway 387 is directed through conduit 
i88 to a juncture with cold, clean higher pressure air 
diverted from conduit is&c through conduit E39 with 
control valve 6 therein. The cold and warmed higher 
pressure air stream flows are proportioned so that the 
mixture is of Suitable temperature, e.g. - 169 C., and 
quantity for work expansion in turbine 6 to provide 
the required amount of refrigeration for the cycle. 

if a relatively high oxygen product purity is required, 
all of the low pressure minor air stream should be work 
expanded, and all of the higher pressure major air stream 
should be separated in the lower column. This will per 
mit the pressure of the minor air stream to be no higher 
than required by the refrigeration balance, and will mini 
mize the quantity of air passed directly to the upper 
column. FIG. 3 illustrates another embodiment of the 
present invention in which neither the higher nor low 
pressure air stream is work expanded, but instead the 
cycle's refrigeration requirments are met by supplying 
liquid oxygen from an external source for cocurrent 
evaporation along with part of the liquid oxygen from 
the main condenser. Also, instead of removing residual 
impurities from the cold air streams by liquid scrubbing, 
Such streams are cleaned by gas phase adsorption of the 
impurities therefrom. Another distinctive feature of 
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FiG. 3 is that a portion of the product nitrogen may be 
recovered from the nitrogen regenerator pair 2 is with 
oli contamination with the air impurities by passage. 
through embedded coils 299. 

Referring now more specifically to FIG. 3, the low 
pressure minor air Stream is discharged from the oxygen. 
regelerator pair 233 into conduit 232 and passed to ad 
Sorption trap 291 for removal of residual air impurities. 
he cleaned low pressure air is then passed through reg 

ulating valve 292 to upper column 245 for Separation 
therein. The higher pressure major air stream is cooled 
in the nitrogen regenerator pair 219 by the refrigeration. 
previously stored in the packing by the nitrogen purge 
gas, and by the nitrogen product gas passing through 
coils 258 embedded in the regenerators. The latteris. 
discharged from the cois 290 into conduit 2.96a as a 
Warria inpurity-free product gas. The cleaned side-bleed 
air in conduit 223 is further cooled in passageway 293. 
of heat exchanger 294 by the oxygen product gas in pas 
Sageway 295, and passed to the lower column 235 
through control valve 296 for partial condensation and 
rectification therein. The partially cleaned cold major 
air stream is discharged from the nitrogen regenerator 
pair 359 into conduit 2.56 and passed through adsorption 
trap 297 for finai cleariup, and directed through control 
valve 283 prior to entering lower column 235. 

Refrigeration is provided by an external source of 
liquid oxygen connected to conduit 299 and control valve 
309 therein, leading to storage tank 30 a. Liquid oxygen 
is drained therefrom through withdrawal conduit 392 and 
control valve 383 to a juncture with main condenser 
liquid oxygen in conduit 276. The combined stream is 
cocurrently evaporated in coils 278 and conducted to 
passageway 295 of heat exchanger 294 where the oxygen 
gas serves to cool the cleaned side-bleed air. Alterna. 
tively the liquid oxygen from storage tank 391 could be 
fed directly into the main condenser 266. The product 
QXygen gas is then passed to the oxygen regenerator pair 
253 for further processing in the conventional Ilanner. 
in order to take full advantage of the cocurrent evap 
Orator, the externally supplied liquid Oxygen is preferably 
of about the same purity as the main condenser liquid. 

it can be seen from the foregoing description that the 
present invention provides a system for the production 
of low purity gaseous oxygen in which the power con. 
Sumption is no higher than that required by the refrigera 
tion balance since the air is processed in two parts, a 
higher pressure major stream and a low preSSure minor 
Steam... the total work of compressing the streams being 
adjustable to a minimum power requirement. The in 
vention also facilitates cooling the two air Streans to 
a simplified heat exchange system, since the major air 
Stream is cooled by product nitrogen and the minor air 
Stream is cooled by product oxygen. 

It will be noted that in the Specifically described and il 
lustrated embodiments of the invention, the entire oxygen 
Product is warmed in one set of heat exchange units and 
the total nitrogen product is warmed in another set. t 
is to be understood, however, that a portion of the 
Oxygen product could be warned in a non-reversing 
passage in the nitrogen exchangers or conversely a por 
tion of the nitrogen product may be Warned in a non 
reversing passage of the oxygen exchangers, the two sets 
of heat transfer units being identified by their respective 
reversing product fiows. The important factor is that 
the major and minor air quantities should be matched 
With the volumes of at least most of the nitrogen and 
oxygen products, respectively. 

Although preferred embodiments of the invention have 
been described in detail, it is contemplated that modifica 
tions of the process and apparatus may be made and that 
Some features may be employed without others, all within 
the Spirit and Scope of the invention as set forth in the 
Specification and claims. The principles of the invention 
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may also be applied to the separation of low-boiling 
gas mixtures similar to air. 
What is claimed is: 
1. A process for the separation of a gas mixture by 

low temperature rectification in a multi-pressure double 
column cycle including the steps of compressing a major 
gas mixture stream to a higher pressure approximating 
that of the higher pressure rectification stage; compreSS 
ing a minor gas mixture stream to a low pressure inter 
mediate the pressures of the higher and lower pressure 
rectification stages; separately cooling said major and 
minor gas mixture streams to temperatures close to their 
respective condensation temperatures by heat exchange 
with at least most of the lower-boiling and higher-boil 
ing products, respectively, of the rectification, the major 
and minor gas mixture stream volumes being appor 
tioned for Such heat exchanges with the volumes of at 
least most of the lower and higher boiling products, 
respectively; passing the cold minor gas mixture stream. 
to the lower pressure rectification stage for separation 
therein; passing at least most of the cold major gas mix 
ture stream to the higher pressure rectification stage 
for partial rectification and condensation therein to 
form at least a lower boiling constituent rich liquid and 
a higher boiling constituent enriched liquid; throttling 
such liquids to a lower pressure and passing the liquids 
to said lower pressure rectification stage for separation 
therein along with the minor gas mixture stream to pro 
vide said lower-boiling and higher-boiling products. 

2. A process for the separation of air by low tempera 
ture rectification in a multi-pressure double column cycle 
including the steps of compressing a major air stream 
to a higher pressure approximating that of the higher 
pressure rectification stage; compressing a minor air 
stream to a low pressure intermediate the pressures of 
the higher and lower pressure rectification stages; cooling 
said major and minor air streams to temperatures close 
to their respective condensation temperatures by heat 
exchange with at least most of the nitrogen and oxygen 
products, respectively, of the rectification, the major and 
minor air stream volumes being apportioned for such 
heat exchanges with the volumes of at least most of the 
nitrogen and OXygen products, respectively; passing the 
cold, minor air stream to the lower pressure rectification 
Stage for separation therein; passing at least most of the 
coid inaior air stream to the higher pressure rectifica 
tion stage for partial rectification and condensation there 
in to form at least a nitrogen-rich liquid and an oxygen 
enriched liquid; throttling such liquids to the lower pres 
sure and passing the liquids to the lower pressure rectifi 
cation stage for separation therein along with the minor 
air stream to provide said nitrogen and oxygen products. 

3. A process according to claim 2 for the separation 
of air by low temperature rectification in a multi-pres 
Sire double column cycle, in which liquid oxygen from 
said lower pressure rectification stage is cocurrently evap 
orated by heat exchange with simultaneously condens 
ing gas in said higher pressure rectification stage so as 
to form reflux liquid for Such stage. 

4. A process according to claim 2 for the separation 
of air by low temperature rectification in a multi-pressure 
double column cycle, in which reflux fluid for said higher 
pressure rectification stage is obtained by condensing 
higher pressure Stage gas by heat exchange with at 
east two colder fluids, including liquid oxygen which is 
simultaneously cocurrently evaporated in the higher pres 
Stre Stage as a product gas, and liquid oxygen which is 
simultaneously evaporated in the reboiler Zone of the 
lower pressure stage. 

5. A process according to claim 2 for the separation 
of air by low temperature rectification in a multi-pres 
sure double column cycle in which at least part of the 
cold major air stream is slightly warmed, expanded from 
Said higher pressure to about said lower pressure with 
the production of external work, and passed to said 
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10 
lower pressure rectification stage for rectification therein. 

6. A process according to claim 2 for the separation 
of air by low temperature rectification in a multi-pressure 
double column cycle, in which gas from said higher pres 
Sure rectification stage is condensed by heat exchange 
With gaseous nitrogen product from said lower pressure 
rectification stage, and returned to said higher pressure 
rectification stage. 

7. A process according to claim 2 for the separation 
of air by low temperature rectification in a multi-pressure 
cycle, in which at least part of the cold, minor air stream 
is slightly warmed, expanded from said low pressure to 
about said lower pressure with the production of ex 
ternal work, and passed to the lower pressure stage for 
rectification therein. 

8. A process according to claim 2 for the separation 
of air by low temperature rectification in a multi-pres 
Sure cycle in which at least part of the cold, major air 
stream and at least part of the cold, minor air stream 
are slightly warmed, expanded from said higher pressure 
and Said iow pressure to about said lower pressure with 
the production of external work, and passed to the lower 
pressure stage for rectification therein. 

9. A process according to claim 2 for the separation 
of air by low temperature rectification in a multi-pres 
Sure cycle, in which an externally supplied liquid com 
prising mainly oxygen is cocurrently evaporated by heat 
eXchange with simultaneously condensing gas in said 
higher pressure rectification stage so as to form reflux 
liquid for such stage. 

10. A process according to claim 2 for the separation 
of air by low temperature rectification in a multi-pres 
Sure cycle, in which liquid oxygen from an external 
Source and from Said lower pressure rectification stage 
are cocurrently evaporated by heat exchange with simul 
taneously condensing gas in said higher pressure rectifi 
cation Stage so as to form reflux liquid for such stage. 

11. A process for the separation of impurity-contain 
ing air by low temperature rectification in a multi-pres 
Sure double column cycle including the steps of provid 
ing a major air stream at a higher pressure approximat 
ing that of the higher pressure rectification stage and 
providing a minor air stream at a low pressure inter 
mediate the pressures of the higher and lower pressure 
rectification stages; separately cooling said major and 
minor air streams to temperatures close to their respec 
tive condensation temperatures by heat exchange with at 
least most of the nitrogen and oxygen products, respec 
tively, of the rectification, the major and minor air stream 
Volumes being apportioned for such heat exchanges with 
the volumes of at least most of the nitrogen and oxygen 
products, respectively; expanding the cold, low pressure 
minor air stream to about the lower pressure with the 
production of external work and passing such work ex 
panded air to the lower pressure stage for rectification 
therein; passing at least most of the cold, major air 
Stream to the higher pressure rectification stage for partial 
rectification and condensation therein to form a nitrogen 
rich liquid and an oxygen-enriched liquid; and condensing 
higher pressure stage So as to provide higher pres 
Sure stage reflux liquid by heat exchange with liquid 
Oxygen from the lower pressure stage which is simultane 
ously cocurrently evaporated in the higher pressure stage 
to form product oxygen, and heat exchange with liquid 
oxygen which is simultaneously evaporated in the reboiler 
Zone of the lower pressure stage; throttling the nitrogen 
rich and oxygen-enriched liquids to the lower pressure and 
passing Such liquids to the lower pressure rectification 
stage for separation therein along with the minor air 
Stream to provide said nitrogen and oxygen products. 

12. Apparatus for the separation of impurity-contain 
ing air by low temperature rectification in a rectification 
column including means by which a major air stream is 
provided at a higher pressure approximating that of the 
higher pressure section of the column; means by which 
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a minor air stream is provided at a low pressure inter 
mediate the pressures of the higher and lower pressure 
sections of such column; heat, exchange means for Sep 
arately cooling said major and minor air streams to tem 
peratures close to their respective condensation tempera 
tures by at least most of the nitrogen and oxygen products, 
respectively, of the rectification so as to remove most of 
the impurities from the air streams; means for removing 
the remaining impurities from the cold, minor air strean 
and means for passing such stream to said lower preSSure 
section of the rectification column for separation therein; 
means for removing the remaining impurities from the 
cold, major air stream and means for passing at least 
most of such stream to said higher pressure section of 
the rectification column for partial rectification and con 
densation therein to form at least a nitrogen-rich liquid 
and an oxygen-enriched liquid; means for throttling such 
liquids to the lower pressure; and means for passing the 
liquids to said lower pressure section of said rectification 
column along with said minor air stream to provide said 
nitrogen and oxygen products. 

13. Apparatus according to clairn 12 for the separa 
tion of inpurity-containing air by low terperature recti 
fication in a rectification column in which heat eXchange 
means are provided for cocurrently evaporating liquid 
oxygen from said lower pressure section of said rectifica 
tion column by heat exchange with gas in said higher pres 
sure section so as to form reflux liquid for the higher 
pressure section. 

14. Apparatus according to claim 12 for the separation 
of impurity-containing air by low temperature rectifica 
tion in a rectification column including heat exchange 
means for slightly warming at least part of the cold 
cleaned major air stream, turbine means for expanding 
such part from said higher pressure to about said iower 
pressure with the production of external work, and means 
for passing such work expanded part to said lower pres 
sure section of said rectification column for separation 
therein. 
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15. Apparatus according to claim 12 for the separa 
tion of impurity-containing air by low temperature recti 
fication in a rectification columin including heat eXchange 
means for slightly warming at least part of the cold 
cleaned minor air stream, turbine means for expanding 
such part from said low pressure to about said lower 
pressure with the production of external work, and means 
for passing such work expanded part to said lower pres 
sure section of said rectification column for separation 
therein. 

16. Apparatus according to claim 12 for the separation 
of impurity-containing air by low temperature rectifica 
tion in a rectification column including heat eXchange 
means for slightly warming at least part of the cold 
cleaned major air stream and the cold clean minor air 
stream, turbine means for expanding said part of the 
major air stream from said higher pressure to about said 
Iower pressure with the production of external work, tur 
bine means for expanding said part of the minor air 
stream from said low pressure to about said lower pres 
sure with the production of external work, and means 
for passing such work expanded parts to said lower pres 
Sure section of said rectification column for separation 
therein. 
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