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LIQUEFACTION AND RECTIFICATION OF 
AR, 

Paul W. Garbo, Freeport, N. Y., assignor to Hy 
drocarbon Research, Inc., New York, N. Y., a 
corporation of New Jersey 

Application November 1, 1947, Serial No. 783,552 
1. Claims. (C. 62-5.5) 

This invention relates to the production of 
oxygen by the liquefaction and rectification of 
air, and more particularly to an economical 
method of obtaining oxygen in high purity and 
in high yield without the use of chemical re 
agents to effect the removal of carbon dioxide 
present in air. 

All temperatures herein are in degrees F. and 
pressures in pounds per Square inch gauge. 
Oxygen is commonly produced by liquefaction 

of air and rectification at low temperatures; pref 
erably rectification is conducted in two stages 
at different pressures. The refrigeration neces 
sary for liquefaction is supplied to the air, after 
it has been compressed and water-cooled to ap 
proximately room temperature, by indirect heat 
exchange with the effluent products of rectifica 
tion. However, an additional amount of refrig 
eration must be supplied to compensate for Cold 
losses resulting from the differenct in enthalpy 
between the incoming air and the outgoing prod 
ucts of rectification and for heat leaks into the 
system. Methods of supplying this refrigeration 
heretofore used involve compressing at least a 
portion of incoming air to pressures as high as 
3000 pounds and expanding with or without the 
performance of work to produce a temperature 
drop, or compressing all the incoming air to 
about 600 pounds and after the air has been par 
tially cooled by the products of rectification ex 
panding a portion of the air. These methods are 
wasteful from the standpoint of CompreSSOr en 
ergy and require a great deal of equipment in the 
form of extra compressors, intercoolers and ex 
panders, 
For economical operation it is essential to re 

cover the cold content of the outgoing products 
of rectification. This is usually accomplished 
by passing these products in heat transfer rela 
tionship with the incoming air. In older Sys 
tems, in order to avoid deposition of frost and 
solid carbon dioxide in the tubular countercur 
rent heat exchangers through which the air is 
passed in indirect heat exchange relation with 
the outgoing products of rectification, the air is 
treated in driers and caustic scrubbers to remove 
water and carbon dioxide prior to admittance of 
the air into the heat exchangers. Even with this 
treatment the exchangers had to be thawed out 
regularly to remove the frost (which term is 
used in a generic sense to include both Snow and 
ice) which caused stopping up of the apparatus. 
More recently it has been suggested to use cold 

accumulators or regenerators (hereinafter re 
ferred to as heat exchangers) of large cold ab 
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SOrbing capacity through which the warm in 
coming air and the cold products of rectification 
are alternately passed with periodically reversed 
Operation so that streams of warm air are flowed 
through the same packing-filled spaces that the 
cold separated oxygen and nitrogen traversed 
during the previous step in the process, the high 
boiling impurities deposited in these spaces dur 
ing the passage of air therethrough being re 
moved by sublimation during the subsequent flow 
in a reverse direction of the products of rectifica 
tion. The use of these reversing heat exchangers 
in a process in which the air is compressed to rel 
atively high pressure results in more costly oper 
ation from the standpoint of horsepower require 
ments because upon every reversal, which may 
take place every three minutes, the volume of 
compressed air in the heat exchangers is lost and 
must be again replaced. Moreover, in the opera 
tion of Such reversing heat eXchangers it is im 
portant not to let the temperature at the exit 
end of the exchangers drop to a point where a, 
part of the air becomes liquid because this liquid 
adheres to the Surface of the exchangers and 
is wasted upon reversal of flow. 
Among the objects of this invention is to prd 

vide a process for producing oxygen by the lique 
faction and rectification of air, which process re 
Sults in the production of an additional rectifica 
tion product, such as oxygen of over 99% purity 
Suitable for Welding purposes, high purity nitro 
gen or fractions rich in krypton, argon or Xenon, 
in addition to the usual oxygen of commerce of 
about 90% to 95% purity, and notwithstanding 
the utilization of such additional rectification 
product or products to improve the efficiency of 
the purging of the heat exchange zone, such addi 
tional rectification product or products may be 
withdrawn in substantially uncontaminated con 
dition, i. e., not contaminated with Condensible 
constituents removed from the air; and in which 
process the carbon dioxide, and preferably also 
the moisture, are removed from the air without 
the use of chemical reagents by flow through re 
versing heat exchangers of the regenerator Or 
recuperator type operated at relatively low pres 
sures, of the order of about 60 to 100 pounds, SO 
that the loss of compressed air in the exchangers 
upon each reversal is small and under conditions 
such that the carbon dioxide deposited therein 
is efficiently removed to permit continuous oper 
ation. 
Other objects and advantages of this invention 

will be apparent from the following detailed de 
Scription. 
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in accordance with this invention, the rectifi 
cation system is operated to produce a main oxy 
gen product stream having an Oxygen content of 
from 90% to 95% suitable for many commercial 
uses and a main nitrogen rectification product 
stream containing usually over 95% nitrogen, the 
rest being chiefly rare gases such as krypton, 

, 4 
or paths through which had previously flowed the 
air, thereby effecting removal of carbon dioxide. 
and moisture, if any, deposited in the heat ex 

' change zone. during the preceding step of the 

argon or xenon, and in addition a pure Oxygen 
of say over 99% purity suitable for welding uses, 
purer nitrogen than the main nitrogen stream, 
fractions rich in krypton, argon, Xenon, or two 
or more of these additional rectification products 
which are herein referred to as 'additional recti 
fication products” to distinguish them from the 
main oxygen and nitrogen rectification product 
streams. In this specification, where reference 
is made to oxygen and nitrogen streams, the main 
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oxygen and nitrogen rectification product 
streams are meant. The nitrogen and oxygen 
streams are passed through a heat exchange zone 
and a stream of air passed therethrough to re 
cover the cold content of these rectification prod 
lucts. The air is thus cooled to a temperature 
close to its condensation point at the pressure 
existing in its flow path through the heat ex 
change zone, thereby substantially completely 
removing all carbon dioxide present in the air. 
The flow of the nitrogen stream, and if desired, 
also of the oxygen stream, and that of the air, 
is periodically reversed so that the air flows 
through a path through which had previously 
flowed the nitrogen or oxygen and the oxygen or 
nitrogen or both flow through a path or paths 
through which had previously flowed the air, 
these rectification products or product effecting 
removal of carbon dioxide deposited in the heat 
exchange zone during the preceding step of the 
process. A non-reversing stream of additional 
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process. A non-reversing stream of additional 
rectification product, preferably oxygen suitable 
for welding purposes, is passed through at least 
the cold end of the heat exchange zone where 
deposition of carbon dioxide takes place in indi 
rect heat exchange relation with the air, oxygen 
and nitrogen; the additional rectification prod 
uct is thus warmed. A portion of this additional 
rectification product is withdrawn as product un 
COntaminated by carbon dioxide or other con 
densibles removed from the air stream. The re 
mainder is recirculated through the heat ex 
change zone. . 
The stream of air leaves the heat exchange 

2One at a temperature below about -270° F. but 
above its condensation point. This stream is 
divided into two streams; one comprising the 
major portion of the air flows to the rectification 
system, the other comprising the remaining 
minor portion, say 15% to 35% by volume of the 
total air introduced into the process, is warmed 
to a temperature such that upon subsequent 
expansion little or no liquid air is formed in the 
expander; the warming is preferably achieved 
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rectification product is passed through this heat 
exchange zone in indirect heat exchange relation 
with the air and the reversing stream or streams 
of rectification product. This additional stream 
of rectification product is thus warmed. 
A portion of this additional stream of rectifica 

tion product is withdrawn uncontaminated by 
carbon dioxide or other condensible constituents 
deposited in the heat exchange zone from the air 
stream passing therethrough. The remainder of 
the thus warmed additional rectification product 
is recirculated through its flow path in the heat 
exchange zone augmented by more of the addi 
tional rectification product from the rectification 
system. The flow path for the additional recti 
fication product extends through at least the cold 
end of the heat exchange zone. By circulating a 
stream of additional rectification product through 
a fixed path extending through at least the colder 
portion of the heat exchange zone the tempera 
ture conditions within this colder portion are 
maintained such that efficient purging takes 
place during each reversal period. Further, 
since the additional rectification product stream 
flows through a fixed path through which the 
air never passes, efficient purging is effected with 
out contaminating this additional rectification 
product stream with air, 
More specifically, in accordance with this in 
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by heat exchange with the non-reversing stream 
of additional rectification product which is recir 
culated within the heat exchange zone. The 
non-reversing rectification product stream also 
desirably flows in heat exchange relation with 
a reversing rectification product stream, prefer 
ably the nitrogen, to heat this stream to a tem 
perature within 5 to 10 F., preferably 6 to 8 F., 
below the temperature of the exiting air stream, 
thereby conditioning the reversing rectification 
product stream so that it effects more efficient re 
moval of carbon dioxide deposited in the ex 
changer during the preceding step of the process. 
The minor portion of the air stream which is 
warmed is then expanded to produce the refrig 
eration necessary to compensate for cold losses 
resulting from the difference in enthalpy between 
the incoming air and the outgoing products of 
rectification and for heat leaks into the system. 
The expanded air is introduced into the low pres 
sure stage of the rectification system where its 
oxygen content is recovered. 
In the rectification system the air is rectified 

to produce the usual Oxygen and nitrogen 
streams and an additional rectification product, 
such as high purity oxygen, e. g., welding grade 

55 

vention a stream of air at about 60 to 100 pounds 
and at a temperature of about 70 to about 110 
F. is passed through a heat exchange zone in 
heat exchange relation with a stream of nitrogen 
and a stream of oxygen. The flow of the air and 
the nitrogen and, if desired, also of the oxygen is 

70 

periodically reversed so that the nitrogen and 
also the oxygen, if desired, flows through the path 75 

oxygen, high purity nitrogen, or a fraction rich 
in one or more of the rare gases including argon, 
neon, krypton and xenon, which additional recti 
fication product, as hereinabove described, is re 
circulated through at least the cold end of the 
heat exchange Zone in indirect heat exchange 
relation with the air, oxygen and nitrogen paSS 
ing therethrough, a portion of the recirculated 
additional rectification product being continu 
ously withdrawn as product uncontaminated by 
condensibles removed from the air stream. 
Thus, when operating in accordance with this 

invention, in addition to the usual Oxygen and 
nitrogen rectification products an additional rec 
tification product, desirably welding grade Oxy 
gen, is produced, and this product is recirculated 
through a flow path in the heat exchange Zone 
through which path the air never paSSes so that 
it is not contaminated by carbon dioxide and 
other condensibles removed from the air, the re 
circulating stream of additional rectification 
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product improving the efficiency of the periodic 
purging of the heat exchange Zone. - 
In the accompanying drawings forming a part 

of this specification and showing, for purposes 
of exemplification, preferred layouts of equip 
ment for practicing the process of this invention, 
Figure 1 illustrates diagrammatically a pre 

ferred layout of apparatus for practicing the 
process of this invention; the apparatus of this 
figure involves a heat exchanger of the recupera 
tor type; 
Figure 2 illustrates a modified arrangement of 

heat exchangers of the regenerator type which 
may be used in lieu of the exchangers of the re 
cuperator type shown in Figure l; 

Figure 3 illustrates diagrammatically another 
modified arrangement of apparatus for practic 
ing the process of this invention, which modifi 
cation involves exchangers of the regenerator 
type; and r 

Figure 4 illustrates still another modified ar 
rangement of exchangers of the recuperator 
type. 

It will be understood the drawings illustrate 
diagrammatically preferred apparatus for prac 
ticing the process of this invention and that the 
invention may be carried out in other appara 
tus. For example, any desired number of re 
Versing exchangers of either the recuperator or 
regenerator type may be used in lieu of the revers 
ing exchangers shown in the drawings; each of 
the reversing exchangers of the drawings may be 
replaced by two or more similar exchangers placed 
in series and/or parallel if desired; the divided 
or separate exchangers hereinafter described 
may be disposed in a single housing or may be 
constructed as separate and distinct units; other 
rectification systems may be used in lieu of those 
shown in Figures 1 and 3; the manner of pro 
widing refrigeration to compensate for cold losses 
resulting from the difference in enthalpy be 
tween the air introduced into and the products 
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of rectification withdrawn from the process and 
for heat leaks into the System as disclosed in 
Figure i may be employed with the exchangers 
shown in the other figures of the drawings, or 
conversely the manner of supplying such refrig 
eration shown in Figure 3 may be used with the 
exchangers of the other figures of the drawings. 

In the drawings, in which like reference char 
acters indicate like parts, referring to Figure 1, 
A and B indicate a pair of heat exchangers; A 
is the heat eXchanger in which flow of air and 
nitrogen is reversed and B is the heat exchanger 
in Which the fiOW of air and oxygen is reversed. 
Exchanger A comprises two sections ) and , 
Section G having three flow paths, namely, in 
ternal path 2 and concentric paths 3 and ( 
disposed in heat exchange relation with each 
other. The heat exchanger has in each of these 
paths suitable fins of heat conducting material 
such as copper or aluminum for promoting rapid 
and efficient heat exchange between the gaseous 
media flowing therethrough. For purposes of 
illustration and in the interests of simplicity, 
each flow path in an exchanger is shown on the 
drawings as being formed by a Single tube, the 
Several paths being disposed concentrically. Ac 
tually, however, each path in each exchanger 
may comprise a multiplicity of tubes for flow 
therethrough. One form of exchanger of the 
recuperator type shown diagrammatically in Fig 
lures 1 and 4, which may be used in practicing 
the process of this invention, is disclosed in ap 
plication Serial No. 676,142, filed June 12, 1946. 
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As the construction of the heat exchanger per Se 
does not form a part of this invention and as 
it may be of any well known type, it is believed 
further description thereof is unnecessary. 
Exchanger section f has two flow paths, 5 

and 6. Flow path 5 is connected with path 
3 by line and flow path 6 is connected with 
path 4 by line 8. 
Exchanger B is of approximately one-fourth 

the volumetric capacity of exchanger A. Ex 
changer B comprises two sections 9 and 20. 
Section 9 consists of three flow paths, 2, 22, 
23, and section 20 consists of three flow paths, 
24, 25 and 26 connected with paths 2, 22 and 
23 by lines 27, 28 and 29, respectively. The ex 
changer sections ff, 9 and 20 are of the same 
construction as section O hereinabove described. 

Reversal of flow through exchanger A is ef 
fected by a pair of reversing valves 30, 3. Walve 
30 is connected with flow paths 5 and 6 by lines 
32, 33. Air line 34 has a branch 35 leading into 
valve 30 which is provided with a nitrogen exit 
line 36. Walve 3 is connected with flow paths 
3 and 4 by lines 3 and 38. Walve 3 has a 
nitrogen line 39 leading thereinto and is provided 
with an air exit line 40. 

Reversal of flow through the exchanger B is 
effected by a pair of reversing valves 4 and 42. 
Walve 4 is connected with flow paths 24 and 25 
by means of lines 43 and 44. Walve 4 has a 
branch line 45 leading thereinto from the air line 
34 and is provided with an oxygen discharge line 
46. Valve 42 is connected with flow paths 2 and 
22 by lines 47 and 48. This valve is provided with 
an oxygen supply line 49 and has leading there- . 
from an airline 50. 
A line 5, through which substantially pure 

oxygen flows from the rectification system, is pro 
vided with branches 52 and 53 leading into the 
flow paths 2 and 23, respectively. A line 54 leads 
from the exit end of flow path 2; line 29 con 
necting the flow paths 23 and 26 communicates 
with line 54; a portion of the pure oxygen passing 
through paths 2 and 23 flows through line 54 
to a pump or blower 56, the remainder passing 
through path 26 from which it is withdrawn as 
product through an exit line 55. Line 54 has 
therein a blower 56 for circulating the pure oxy 
gen through the circulating system comprising 
heat exchangers 5, 58 of the non-reversing type, 
a portion of oxygen line 5, branches 52, 53, flow. 
paths i2, 23 and line 54. 
The rectification system comprises three col 

umns 59, 60, 6. Column 59 is operated at a 
pressure of from about 60 to 100 pounds, prefer 
ably at about 75 to 90 pounds; columns 6 and 6 
at a pressure of from about 5 pounds to about 12 
pounds, preferably at about 7 to 9 pounds. These 
columns customarily are provided with rectifica 
tion plates of the bubble cap or other desired type. 
Air is supplied to the base portion of the high 
pressure column 59 through air line S2 into which 
lead the lines 40 and 50 and which passes through 
non-reversing heat exchangers 63 and 64, here 
inafter more fully described. Crude oxygen con 
taining approximately 40% oxygen, the rest being 
chiefly nitrogen, flows from the base of column 
59 through line 65 which passes through a non 
reversing heat exchanger 66, has therein an ex 
pansion valve 6, and enters column 60 at 68. 
A nitrogen line 69 leads from the top of column 
60 into a non-reversing heat exchanger 8. From 
this exchanger a line 7 leads to a non-revers 
ing heat exchanger 66. A line 72 leads from this 
non-reversing heat exchanger through the non 



7 
reversing heat exchanger 64. Thence, line 5' 
discharges into exchanger 58 from which leads 
nitrogen line S9. 
Line 3 leads from the top of column 59, passes 

through a non-reversing heat exchanger 4 into 
a line having one branch 75 for returning liquid 
reflux comprising chiefly nitrogen to column 59 
and another branch 76 passing through a non 
reversing heat exchanger 70 and leading into 
the low pressure column 60 at 77. An expansion 
valve 78 is disposed in the branch 76. 
The base of column 60 is provided with a lin 
9 passing through the non-reversing heat ex 

changer 4. 
leading into the low pressure column 60 at its 
base. The lines 79 and 80 and the heat exchanger 
4 function as a reboiler; liquid oxygen flows 

through line T9 through exchanger 74 in indirect 
heat exchange relation with the gaseous stream 
comprising chiefly nitrogen passing through line 
3 which causes vaporization of the liquid oxygen 

to take place, the oxygen vapor flowing into col 
umn 60 through line 80. Line 9 is provided with 
a branch line 8f having a valve 82 therein. 
Through this line a portion of the oxygen of about 
90% to 95% purity flowing through line 79 is 
drawn and passed as reflux down through col 
umn 6. Wapors, essentially oxygen, pass from 
column 6 through line 83 into the base of col 
umn 60. Substantially pure oxygen of over 99% 
purity flows through a line 84 leading from the 
base of the column 6 through heat exchanger 85 
from which a return line 86 leads into the base of 
column 6. A branch line 87 having a valve 88 
therein leads from the nitrogen line 73 through 
the heat exchanger 85 to the branch 75. The 
lines 84, 86, and the heat exchanger 85 function 
as a reboiler; liquid oxygen flowing through line 
84 and heat exchanger 85 is vaporized by the ni 
trogen flowing through the heat exchanger 85 in 
heat exchange relation therewith. The oxygen 
Vapors flow through line 86 into the column 6 
and upwardly therethrough countercurrent to the 
descending stream of oxygen reflux liquid admit 
ted to column 6 through line 8. A stream of 
Oxygen having a purity of over 99% is withdrawn 
from column 6 through line 5 leading from the 
base of this column. 
Air line 62 is provided with a branch line 89 

having a valve 90 therein; line 89 leads to the 
non-reversing heat exchanger 57. A minor por 
tion of the air flowing through line 62 is caused 
to flow through line 89 into and through the ex 
changer 5 in heat exchange relationship with 
the stream of pure oxygen passing through this 
exchanger, the air being thus warmed to a tem 
perature such that no liquefaction thereof takes 
place on subsequent expansion in expander 9 
connected with exchanger 57 by a line 92. A 
bypass line 93 having a valve 94 therein bypasses 
the exchanger 57 So that more or less of the air 
flowing through line 89, depending upon the posi 
tion of valve 94, may be caused to bypass the heat 
exchanger 57, thereby controlling the tempera 
ture of the air entering the expander 9. A line 
95 leads from the expander 9 to the low pressure 
column 60. The main oxygen stream leaves col 
unan 60 by way of line 49 and passes through 
exchanger 63 before entering reversing valve 42. 

In the operation of the equipment of Figure 1, 
air from the main airline 34 flows through branch 
lines 35, 45 through the reversing valves 30, 4, 
lines 33, 43, flow paths 6, 24, lines 8, 27, flow 
paths , 2 of exchangers A and B, respectively, 
lines 38, 47 and the reversing valves 3i, 42, branch 

This line has a return portion 80 

O 

2,618,806 
8 

lines 4, 50 through the air line 62. In its flow 
through paths B, 24, the air is cooled to a tem 
perature sufficient to remove all moisture, if any, 
present in the air. In its flow through paths 4, 
2f the air is cooled to a temperature near its con 
densation point so that all carbon dioxide is re 
moved from the air and deposited in these two 
flow paths. The major portion of the air leaving 
paths 4, 2 flows through line 62, non-reversing 
heat exchangers 63, 64 into the high pressure 
Column 59 of the rectification system. The re 
maining minor portion flows through lines 89, 93, 
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25 

that flowing through line 93 bypassing heat ex 
changer 57 and that flowing through the heat 
exchanger 5 being warmed as it passes in in 
direct heat exchange relation with the warm pure 
oxygen stream flowing through the exchanger 57. 
The thus warned air stream mixes in line 92 
With the air from line 93 to produce a mixture 
at a desired temperature such that upon expan 
sion no liquid air is formed in expander 9. The 
expanded air from expander 9 flows through line 
95 and enters the low pressure column 60, 

Nitrogen flows from the rectification system 
through line 39 into valve 3 passing through 
line. 37, flow path 3, line 7, flow path 5, line 
32, valve 30 through the nitrogen exit line 36. 

30 

35 

40 

45 

50 

55 

O 

5 

Simultaneously oxygen flows from the rectifica 
tion System through line 49 into valve 42, line 
48, flow path 22, line 28, flow path 25, line 44, 
valve into and through the oxygen exit line 46. 
Substantially pure oxygen flows through line 5, 
branches 52, 53 and through the flow paths 2, 
23 into line 5. A portion of the pure oxygen 
passes from line 54 into and through line 29 and 
flow path 26, and is withdrawn as product through 
line 55. The remainder of the pure oxygen en 
tering line 54 is recirculated by blower 56 through 
the exchanger 57 where the pure oxygen warmed 
in its flow through paths 2 and 23 gives up a 
portion of its heat to the air stream flowing 
through this exchanger. From the exchanger 5 
the pure oxygen stream flows through exchanger 
58 where residual heat is given up to the nitrogen 
stream passing through this exchanger. From 
this exchanger 58 the pure oxygen stream enters 
line 5 where it mixes with the pure oxygen 
flowing through this line from the rectification 
Column 6, the resulting mixed pure oxygen 
stream flowing through the branches 52, 53 into 
and through the flow paths 2 and 23 as herein 
above described. 
Upon reversal, which may take place every : 

three minutes, the air flows in the case of ex 
changer A through branch line 35, valve 30, line 
32, flow path 5, line 7, flow path 3, line 3, 
valve 3 into branch 40 communicating with air 
line 62. In the case of exchanger B the air flows 
through branch 45, valve 4, line 44, path 25, line 
28, path 22, line 48, valve 42, and branch 50 com 
municating with line 62. From line 62 the flow 
of the air is the same as hereinabove described in 
connection with the preceding step. Nitrogen 
flows from line 39 through valve 3, line 38, flow 
path 4, line 8, flow path 6, line 33, valve 3D, 
nitrogen exit line 36. Oxygen flows through line 
49, valve 42, line 47, flow path 2, line 27, flow path 
24, line 43, valve 4 through the oxygen exit line 
46. The flow of the pure oxygen is the same as 
hereinabove described in connection with the pre 
ceding step. 
The nitrogen, the flow of which is periodically 

reversed through flow paths 3 and 4 of ex 
changer section to and flow paths 5 and f of 
exchanger Section , and the oxygen, the flow 
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of which is periodically reversed through flow 
paths 2, 22 of exchanger section is and flow 
paths 24, 25 of exchanger section 20 remove from 
their respective flow paths carbon dioxide and 
other condensibles deposited therein from the air 
stream flowing therethrough during the preced 
ing step of the process. The pure oxygen stream 
flowing through paths 12, 23 is in part withdrawn 
as product after passing through flow path 26 and 
is in part recirculated through paths 2, 23. The 
recirculated pure oxygen stream gives up heat to 
the minor portion of the air stream fed to the 
expander 9 and to the nitrogen fed to exchanger 
A. Since the portion of the pure oxygen with 
drawn as product never flows through a path 
through which the air passes, it is uncontami 
nated by condensibles removed from the air 
stream. The portion of the pure oxygen recir 
culated through the exchanger sections O and 
9 establishes temperature conditions within the 

Several streams passing therethrough such that 
the reversing oxygen and nitrogen streams effect 
Jmost efficient purging of carbon dioxide and other 
condensibles from the flow paths through which 
they pass. d 
The modification of Figure 2 differs from that 

of Figure 1 chiefly in that (1) two sets of re 
generators are used instead of a pair of recuper 
ators, and (2) the recirculated pure oxygen 
Stream passes through the entire extent of the 
flow paths in the exchangers and not through 
the colder end only as is the case in exchanger A 
of Figure 1. S 
Each of the regenerators of Figure 2 contains 

material such as copper or aluminum of high heat 
transfer capacity over which alternate streams of 
rectification product and air flow, the rectifica 
tion product imparting its cold content to this 
material and the air recovering this cold when 
it flows over this material during the succeeding 
step of the process as is well known in this art. 
The two sets shown are C and D; C comprises the 
regenerators 96, 97, whereas D comprises the re 
generators 98, 99. Extending through these re 
generators are oxygen flow paths 00, 0, 02 and 

3, respectively. Each of these flow paths de 
sirably is in the form of one or more tubes of 
high heat conducting material, such as copper or 
aluminum, in indirect heat exchange relationship 
with the material of high heat transfer capacity 
in the regenerators 96 to 99. 
Pure oxygen line 5 is provided with branches 

04, f 05, 06 and 07 which communicate with 
the pure oxygen flow paths 00, 0, 02 and 
03, respectively. These flow paths are provided 

with exit lines fo8, fe9, O and , respectively, 
communicating with a line 2 having branch 3 
for withdrawal of pure oxygen as product and 
a Second branch 4 through which the remain 
der of the pure oxygen is recirculated by a blower 
corresponding with blower 56 (Figure 1) to the 
pure oxygen supply line 5 receiving pure oxygen 
from the rectification system as hereinabove de 
scribed in connection with Figure i. 
may pass through heat exchangers corresponding 
to exchangers 57 and 58 of Figure 1 so that the 
warm pure oxygen passing through this line 4 
gives up heat, say to a minor portion of the air to 
be expanded in order to supply refrigeration to 
the process and, if desired, also to the nitrogen 
stream passing to the exchanger set C. 

Reversing valve 30 is connected with regen 
erator 96 by a line 5 and with regenerator 97 
by line 6. Reversing valve 3 is connected with 
regenerator 96 by a line 7 and with regenerator 

Line 4. 
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10 
97 by line B. Reversing valve 4 is connected 
with regenerators 98, 99 by lines 9 and 20, 
respectively, and reversing valve 42 is connected 
with regenerators 98, 99 by lines 2, 22, re 
spectively. By means of these reversing valves 
the flow of air is caused to take place alternately 
through regenerators '97, 99 while nitrogen flows 
through regenerator 96 and oxygen through re 
generator 98 and upon reversal the air flows 
through the regenerators 96, 98, while nitrogen 
flows through regenerator. 97 and oxygen flows 
through regenerator 99. 

In the operation of the modification of Figure 
2, air at a pressure of 60 to 100 pounds and at a 
temperature of 70° to 110 F. supplied through 
line 34 flows through branches 35, 45 into and 
through the valves 30, 4, lines 6 and 20, re 
generators 97, 99, lines 8, 22, valves 3, 42, lines 
40 and 50 into the air line 62. The air is thus 
cooled to a temperature close to its condensation 
point at the pressure prevailing in these regen 
erators through which it flows. The thus cooled 
air flows through line 62 to the rectification 
system, a minor portion, if desired, being ex 
panded in expander 9 as hereinabove described 
in connection with the modification of Figure 1. 
to supply refrigeration to the process. 

Simultaneously, nitrogen flows through line 39, 
valve 3, line 7, regenerator 96, line 5, valve 

30/30 and nitrogen exit line 36, giving up its cold 
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to the heat transfer material in regenerator 96. 
Oxygen flows through line 49, valve 42, line 2, 
regenerator 98, giving up its cold to the heat 
transfer material therein, the oxygen exiting 
through line 9, valve 4 and oxygen exit line 
46. Pure oxygen flows from line 5 through the 
branches 04 to 07, the oxygen flow paths OO 
to 103, lines 108 to if into line f2. From this 
line a portion of the pure oxygen is withdrawn 
as product through line 3 and the remainder 
recirculated through line 4 to the pure oxygen 
supply line 5. 
Upon reversal, which may take place every 

three minutes as indicated by the dotted line 
valve settings, the air flows through valves 30, 4, 
lines 5, 9, regenerators 96, 98, lines , 2, 
valves 3, 42, lines 40, 50 into the air line 62 from 
which the air flows to the rectification System as 
hereinabove described. Simultaneously, nitrogen 
flows through line 39, valve 3, line 8, regen 
erator 97, line 6, valve 30, nitrogen exit line 
36. Oxygen flows through line 49, valve 42, line 
22, regenerator 99, line 20, valve 4 into the 
oxygen exit line 46. Pure oxygen flows from line 
5 through the same flow paths as hereinabove 
described in connection with the preceding step 
of the process. w 
The nitrogen which alternately flows through 

one or the other of regenerators 96, 9 and the 
oxygen which alternately flows through one or 
the other of regenerators 98, 99 remove there 
from the carbon dioxide and other condensibles 
deposited therein from air during the preceding 
step of the process. The efficiency of the purging 
action of the nitrogen and oxygen is materially 
improved by the recirculated stream of pure oxy 
gen, which recirculated stream results in tem 
perature conditions within the regenerators opti 
mum for effecting removal of carbon dioxide by 
the nitrogen and oxygen streams flowing there 
through. 
The modification of Figure 3 differs from those 

hereinabove described chiefly in that (1) a dif 
ferent rectification system is employed, namely 
a system which results in the production of a rec 



1. 
tification product rich in argon instead of a pure 
oxygen rectification product as in the modifica 
tion of Figure 1, and (2) the refrigeration to com 
pensate for cold losses resulting from the differ 
ence in enthalpy between the incoming air and 
the outgoing products of rectification and for heat 
leaks into the System is supplied by a refrigera 
tion system and not by expanding a minor por 
tion of the air as in the modification of Figure 1. 
The rectification system of Figure 3 comprises 

a two-stage rectification column 25, the lower 
section 26 of which is operated at a pressure of 
about 60 to 100 pounds, preferably at about 75 to 
90 pounds, and the upper section 27 of which is 
operated at a pressure of from 5 pounds to 12. 
pounds, preferably at about 7 to 9 pounds. This 
column, as is customary, is provided with rectifi 
cation plates of the bubble cap or other desired 
type. The lower section f26 communicates with 
condenser 28 and has a liquid collecting shelf 
29 disposed immediately below the condenser for 

collecting liquid nitrogen. Pipe line 30 leads 
from shelf f29 to a non-reversing heat exchanger 
3 which communicates through a pressure re 
ducing valve 32 with the top portion of low pres 
sure section. 27. Condenser f28 acts as a reboil 
erfor the uppersection 27. 
From the base of the lower section f26 a pipe 

line 33 for the flow of crude oxygen leads into 
a branch 34 which passes to a non-reversing 
heat exchanger 35 which communicates through 
pipeline 36 having a pressure reducing valve 37 
therein with the low pressure section 27 at an 
intermediate point 8. The other branch 39 
has an expansion valve 40 therein and commu 
nicates with a condensing coil fill disposed in the 
top portion of auxiliary column 42. Coil 
communicates with the low pressure stage 27 at 

3. Column 42 has a line 44 provided with a 
valve 45 through which a vapor side stream hav 
ing a maximum concentration of argon flows 
from stage 2 into column 42. In column 2 
this side streami is separated into an argon vapor 
product which passes off through line 46 and an 
argon-oxygen liquid fraction which is returned 
through line 4 to the low pressure stage 27. 
A line 48 having a pressure reducing valve 49 

therein leads from condenser 2 to a nitrogen 
line 50. A line 5 leads from the top of the low 
pressure section 27, passes through heat ex 
changers 3 and 35 and enters line 50; the 
nitrogen stream flowing through line 48 enters 
line 50 where it joins the stream from line 5. 
Nitrogen line f 50 enters a non-reversing heat ex 
changer 52 which has a nitrogen exit line 53 
passing through a non-reversing heat exchanger 
54 and communicating with line 39 entering 

valve 3. 
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Flow of argon through the refrigeration system 
56 may be accomplished by pump 56 in line 4. 
From the refrigeration system 56 a line ST 
passes to heat exchanger 54. A line 58 leads 
from exchanger 54 to the line f46 through which 
argon is supplied to the argon-flow paths too, foll, 
02 and fo3 in the regenerators 96, 97, 98 and 99, 

respectively. These regenerators may be of the 
same construction as those of Figure 2, differing 
chiefly in that argon instead of pure oxygen flows 
through the flow paths foo to 03 within the re 
generators. Hence like parts of the regenerators 
and associated piping of Figures 2 and 3 are in 
dicated by the same reference characters. 

In the operation of the modification of Figure 
3 air flows through branches 35, 45, valves 30, 4 
lines 6, 20 into the regenerators 97, 99, exit 
ing through lines 8, 22, valves 3, 42, lines 40, 
50 and flowing into the air line 62. From this 
line the air passes through exchanger 55 in heat 
exchange relation with the oxygen stream flow 
ing through line 49 and passing through this ex 
changer and then flows through line 62 through 
the heat exchanger 52, where the air passes in 
heat exchange relation with nitrogen, into the 
high pressure section f26 of column 25. The air 
stream in its flow through the regenerators 97, 
99 is cooled to a temperature near its condensa- . 
tion point and substantially all carbon dioxide 
and moisture, if any, removed therefrom. 

Nitrogen flows from the rectification column 
25 through line 50, passing through heat ex 
changer 52, line 53, heat exchanger 54, 
through line 39 which enters valve 3. From this 
valve nitrogen passes through line 7, regenera 
tor 96, and gives up its cold content to the heat 
transfer material within this regenerator, the 
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. The oxygen line 49 leads from the low pressure 
section 27 through a non-reversing heat ex 
changer 55 to reversing valve 42. Line 4 
passes through a refrigeration system 56 which 
may be of any well known construction for sup 
plying a refrigerating medium such as ethylene 
or methane to cool the recirculating argon stream 
flowing therethrough. This refrigeration System 
operates to cause the flow of the refrigerating 
medium in indirect heat exchange relation with 
the argon, the rate of flow and the temperature - 
of the various media being so controlled that 
enough cold is introduced by refrigeration at this 
point in the process to compensate for cold losses 
resulting from the difference in enthalpy between 
the incoming air and the outgoing products of 
rectification and for heat leaks into the system, 
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nitrogen leaving the regenerator through line 
5, flowing through valve 30 and exiting through 

line 36. Simultaneously, oxygen flows from the 
rectification column 25 through line 49, heat ex 
changer 55, entering valve 42 and flowing 
through line 2, regenerator 98, line ff and 
valve 4 and exiting through the oxygen exit line 
46. Also at the same time a stream rich in argon 
flows through line f46, enters the branches (4 
to BT, flows through the flow paths foo to fo, 
respectively, and exits through the branches 0 
to ff, respectively, into line f2. From this line 
a portion of the argon-rich stream is withdrawn 
through f3 as product. The remainder is recir 
culated by pump 56 through the refrigeration 
system, 56, line 57, exchanger 54 where it 
passes in heat exchange relation with the nitro 
gen, and line f58 into the argon line 46 from 
which the argon is recirculated through the ar 
gon flow paths in regenerators 96 to 99. 
Upon reversal, which may take place every 

three minutes, the air flows through the regen 
erators 96, 98, the nitrogen through regenerator 
97 and the oxygen through regenerator 99. The 
argon flows through the same flow paths within 
the regenerators. The nitrogen, flow of which 
is periodically reversed in regenerators 96, 97, 
and the oxygen, flow of which is periodically re 
versed in regenerators 98, 99, remove from their 
respective flows paths the carbon dioxide and 
other condensibles deposited therein from the air 
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stream flowing therethrough during the preced 
ing step of the process. The argon-rich stream, 
withdrawn as product through line 3, since it 
flows through paths through which the air never 
passes, is uncontaminated by condensibles re 
moved from the air stream. 
The modification of Figure 4 differs from that 
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of Figure 1, chiefly in that (1) an exchanger of 
the recuperator type in which the flows of nitro 
gen and air only are reversed is used instead of 
the pair of parallel exchangers of Figure 1, and 
(2) argon, rather than welding grade oxygen, is 
recirculated through the exchanger. In Figure 
4, 60 indicates an exchanger constituted of Sec 
tions 6 and 62, which sections except as here 
inafter noted may be of the same general con 
struction as the sections of the exchangers of 
Figure 1 hereinabove described. Section 6 con 
prises four flow paths 63, 64, 65 and 66; 63 
is the flow path of the recirculated stream of 
argon, 64 the flow path for the non-reversing 
stream of oxygen and 65 and 66 are the flow 
paths through which flow of air and nitrogen are 
periodically reversed. Exchanger section 62 is 
provided with flow paths 67, 68, 69 and 70; 
a line connects flow paths 63 and 67, a 
line 72 connects flow paths 64 and 68, a line 
a 73 connects flow paths 65 and 69 and a line 
4 connects flow paths 66 and 70. Commu 

nicating with line 7 is a line 75 through which 
a portion of the argon flowing through line 
is withdrawn and recirculated through the flow 
path 63 in exchanger section 6. This recir 
culating system, as in the modification of Figure 
, comprises pump 56, exchanger 5 in which 
the argon passes in heat exchange relation with 
a minor portion of the air stream flowing through 
line 89 to expander 9, an exchanger 58 in which 
the argon stream flows in heat exchange rela 
tion with nitrogen passing through line 65' and 
a line 6 extending from exchanger 58 to the 
argon line 46 (Figure. 3) which leads into the 
flow path 63. 

Reversal of flow of the nitrogen and air streams 
is accomplished by reversing valves and connect 
ed piping the same as described in connection 
with Figure 1. Hence these valves and associated 
piping have been given the same reference char 
acters as the corresponding parts of Figure 1. 

In the operation of the modification of Figure 
4, air is supplied through line 34 to valve 30 
and, as indicated by the full line valve settings, 
flows through line 32, flow path 70, line 4, flow 
path 66, line 38 into valve 3 from which the air 
enters line 62. From this line a minor portion of 
the air flows through line 89 to exchanger 57 
where the air is warmed, the warmed air passing 
to expander 9 and the expanded air passing 
through line 95 into the low pressure stage of 
the rectification System. The remainder of the 
air passes through heat exchanger 63 where it is 
further cooled by flowing in heat exchange re 
lation with the oxygen stream passing through 
line 49. The thus cooled air passes through line 
62 into the high pressure stage of the rectifica 
tion system. In its flow through path 70 the air 
is cooled to a temperature sufficient to remove 
all moisture, if any, present in the air. In its 
flow through path 66 the air is cooled to a tem 
perature near its condensation point and all car 
bon dioxide is removed therefrom and deposited 
in flow path f66. 

Nitrogen flows through line 6.5', exchanger 58, 
line 39, valve 3, line 3, flow path 65, line 3, 
flow path. 69, line 33, valve 30 to the nitrogen 
exit line 36. Simultaneously oxygen flows 
through line 49, exchanger 63, flow path 64, line 

2, flow path 68 to the Oxygen exit line 78 
leading from the exit end of the flow path 68. 
Argon flows from line 46 through flow path 63 
into line . A portion of the argon flowing 
through line is recirculated through line 5 
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14 
by pump 56, flowing as hereinabove described 
through exchangers 57 and 58, line 6 into line 
46 where it mixes with the argon from the recti 

fication system, the resultant stream passing 
through flow path 63. The remainder of the 
argon from line 7 flows through flow path is 
and is withdrawn through the argon line . 
Upon reversal, as indicated by the dotted set 

ting of reversing valves 30 and 3, which re 
versal may take place every three minutes, air 
flows through valve 30, line 33, flow path 69, line 
T3, flow path 65, line 3, valve 3 into line 62. 
From this line the flow of the air is the same as 
described above in connection with the preceding 
step. Nitrogen flows from line 65' through ex 
changer 58, line 39, valve 3, line 38, flow path 
66, line 4, flow path 70, line 32, valve 30 to 

the nitrogen exit line 36. The nitrogen on each 
reversal flows through the path through which 
had previously passed the air and removes from 
this path carbon dioxide and other condensibles 
removed from the air stream during the preced 
ing step of the process. The oxygen and argon 
streams flow through their respective flow paths 
the same as during the preceding step of the proc 
ess, i. e., no reversal of flow of either of these 
streams takes place. Since the argon stream emi 
ployed to condition the nitrogen stream to effect 
more efficient purging flows through a path in ex 
changer 60 through which the air never passes, 
it is not contaminated by condensibles removed 
from the air stream. 

Instead of argon, streams rich in krypton, 
xenon, neon or relatively pure nitrogen, produced 
for example in an auxiliary column associated 
with the rectification system by rectification of a 
side stream containing the desired constituent or 
constituents, may be recirculated through the 
flow paths 63 in Figure 4 and OO to 103 of Fig 
ure 2, a portion of the recirculating stream be 
ing withdrawn as product and the remainder re 
tained in the circulating system. In the modifi 
cations of Figures 2 and 3, instead of passing the 
recirculated additional rectification product 
through the entire extent of the regenerators, 
the flow paths through the regenerators may be 
provided with a take-off line at a point interme 
diate the ends of the flow paths for withdrawing 
a portion of the additional rectification product 
to be recirculated corresponding to the arrange 
ment shown in Figures 1 and 4. Desirably, this 
point of withdrawal is positioned in the flow path 
where the temperature is within the range of 
-120 F. to -175 F. Also the additional rectifi 
cation product which is recirculated may be 
caused to pass through the entire extent of the 
flow paths in the exchangers of Figures 1 and 4 
instead of through the colder portion only of 
certain of these exchangers as shown in Figures 1 
and 4. 
One example of the operation of the process of 

this invention in the apparatus shown in Figure 
1 is described below. It will be understood this 
example is given for purposes of exemplification 
only and the invention is not limited thereto. 
The example refers to an oxygen plant operating 
in a locality where the atmospheric pressure is 
14.6 pounds per square inch absolute. 
Air under pressure of about 90 pounds and a 

temperature of 70° F. is supplied through line 3, 
flows through branches 35, 45, valves 30, 4, pass 
ing through lines 33, 43, flow paths 6, 24, lines 8, 
27, flow paths 4, 2, lines 38, 4, valves 3, 2, 
lines 40, 50, respectively, into line 62. The air 
enters line 62 at a temperature of -272 F. 
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About 28% by volume of the air at this tempera 
ture is passed through line 89, flows through ex 
changer 57 where it passes in heat exchange re 
lation with a recirculating stream of pure oxy 
gen which enters the exchanger at a temperature 
of -217.5° F.; the temperature of the air is thus 
increased to -242 F. and the temperature of the 
oxygen reduced to -256 F. The thus warmed 
air enters expander 9 where it is expanded to a 
pressure of approximately 10 pounds and a tem 
perature of -302.2° F., at which temperature and 
pressure it enters the low pressure column 60 
through line 95. 
The remaining 72% of the air flows through 

heat exchanger 63 where its temperature is re 
duced to -273.8° F. by heat exchange with the 
oxygen flowing through this exchanger; the Oxy 
gen inlet temperature to this exchanger is 
-288.2° F.; it leaves the exchanger at a tempera 
ture of -280° F. The air then flows through ex 
changer 64 where its temperature is reduced to 
-274 F. by heat exchange with the nitrogen 
flowing through this exchanger. The nitrogen 
enters at a temperature of -292 F. and leaves at. 
-290 F. From exchanger 64 the air at a tem 
perature of -274 F. enters the bottom of high 
pressure column 59. 
High pressure column 59 is operated at a pres 

sure of about 88 pounds. Crude Oxygen at a ten 
perature of -275.3 F. is withdrawn through line 
65 and passed through the heat exchanger 66 
where its temperature is reduced to -277.6 F., 
at which temperature it flows through ex 
pansion valve 67 where it is flashed to a pressure 
of about 9 pounds and a temperature of about 
-307 F., at which pressure and temperature it 
enters the low pressure column 60. The nitrogen 
stream passing through exchanger 66 enters at a 
temperature of -294.8 F. and leaves at a tem 
perature of -292 F. Nitrogen at a temperature 
of -282.4 F. leaves the top of high pressure col 
umn 59, part of this nitrogen being recirculated 
through heat exchanger 85 to supply heat to the 
oxygen stream passing therethrough. From ex 
changer 85 the nitrogen flows to branch 75. The 
remainder of the nitrogen passes through ex 
changer 74 in heat exchange relation with the 
oxygen stream passing through this exchanger. . 
The nitrogen stream leaving exchanger 74 is di 
vided so that part flows through branch 75 and 
this part, along with nitrogen flowing into line 
5 from exchanger 85, is returned as reflux to 
column 59. The other part at a temperature of 
about -282 F. enters exchanger TO and leaves 
at a temperature of -309.4° F. The nitrogen is 
then expanded through valve 8 to a pressure of 
about 8 pounds and a temperature of -312.3 F., 
at which pressure and temperature it enters low 
pressure column 60 at 77. 

Nitrogen rectification product at a temperature 
of -312.3 F. leaves low pressure column 60 
through line 69 and passes through exchanger 
70, its temperature thereby being increased to 
-294.8° F. It then passes through exchanger 66, 
its temperature thereby being increased to -292 
F., thereafter through exchanger 64, its temper 
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a temperature of -288.2 F. passes through line 
8 into the pure oxygen stripping column 6 
which is operated at a pressure of approximately 
10.5 pounds. From the base of column 6 sub 
stantially pure oxygen at a temperature of -287 
F. flows through line 84, heat exchanger 85, where 
it passes in heat exchange relation with the ni 
trogen stream flowing through exchanger 85, re 
turning to column 6 through line 86 where the 
Oxygen vapors pass countercurrent to the de 
Scending stream of reflux liquid oxygen intro 
duced through line 8 as hereinabove described. 
From the top of column 6 oxygen vapors flow 
into the base of column 60 through line 83. Sub 
stantially pure oxygen (over 99% purity) is with 
drawn through line 5 at a temperature of -287 
F. This oxygen mixes with the circulating 
stream of oxygen which leaves exchanger 58 at a 
temperature of -287 F. and at this tempera 
ture enters line 5; the resultant oxygen stream 
flows through branch lines 52, 53 through the 
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ature being thereby increased to -290 F., and 
through exchanger 58, its temperature being 
thereby increased to about -280°F. At this tem 
perature it flows through reversing valve 3 f, line 
37, flow path. 3, line fl, flow path 5, line 32, 
valve 30 and nitrogen exit line 36, leaving this line 
at a temperature of 60°F. and a pressure of about 
0.1 pound. 
Oxygen of approximately 95% purity and at 
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flow paths 2, 23. The oxygen leaves these flow 
paths at a temperature of about -219 F. Ap 
proximately 6% of the oxygen flowing into line 
54 continues its flow through flow path 26 and 
leaves the flow path through line 55 at a tem 
perature of 50 F. and a pressure of about 1. 
pound. The remainder of the oxygen flowing 
into line 54 is recirculated by pump 56 through 
the exchangers 57, 58 into the return line 5; the 
oxygen enters exchanger 57 at a temperature of 
-217.5 F. and leaves at -256° F.; it enters ex 
changer 58 at -256° F. and leaves at -287 F. 
Oxygen of approximately 95% concentration 

flows from column 60 through line 49 at a tem 
perature of -288.2 F. and a pressure of about 
10 pounds, passes through heat exchanger is 
where its temperature is increased to about 
-280 F., at which temperature is enters revers 
ing valve 42, flows through line 48, flow path 
22, line 28, flow path 25, leaving this flow path 
at a temperature of about 50 F. and a pressure 
of about 1 pound. 
Upon reversal, which may take place every 

three minutes, the air flows through paths f, 
3 in exchanger A and 25, 22 in exchanger B; 
nitrogen flows through paths 4, 6 of exchanger 
A and oxygen through paths 2, 24 of exchanger 
B. The flow of the various streams is otherwise 
Substantially the same as hereinabove described 
and the temperature and pressure conditions re 
main the same. The nitrogen and oxygen 
streams of about 95% concentration in their flow 
remove by sublimation and evaporation carbon 
dioxide and moisture, if any, deposited by the 
air during the preceding step. Thus upon each 
reversal the reversing nitrogen and oxygen rec 
tification product streams effect removal of the 
carbon dioxide and frost, if any, deposited in 
the paths through which the air had passed dur 
ing the preceding step of the process. 

In the operation of the process of this inven 
tion it is preferred to effect removal of moisture 
and carbon dioxide both in accordance with the 
process of this invention. It will be understood, 
however, that, if desired, the moisture may be 
removed from the air by any conventional means 
and dry air containing carbon dioxide passed 
through the exchanger or exchangers as herein 
above disclosed. In the event that dry air is sup 
plied to the process and the exchanger system 
is similar to that of Figure 1, reversing valves 
30, 4 may advantageously be moved to the posi 
tion between exchanger sections 0 and of 
exchanger A and 9 and 20 of exchanger B so 

W 
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that reversal of the air and nitrogen streams 
occurs only in exchanger section i O and of the 
air and oxygen streams occurs only in exchanger 
section 9 wherein the carbon dioxide is depos 
ited by the air stream. The reversing valve 30 
of Figure 4 may be similarly positioned when 
the equipment of these figures is operated with 
dry air. Operation of Such an arrangement is 
carried out so that the temperature at the warm 
end of exchanger sections 0 and 9 of Figure 1 
and 6 of Figure 4 is at least slightly higher 
than the temperature at which the carbon di 
oxide begins to deposit from the air stream. In 
general, the air entering the warm end of these 
exchangers should be at a temperature in the 
range of about -110 to -160 F., the exiting 
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product streams being about 10 to 15° E. colder. 
As a desirable operating range the air is ad 

mitted to the inlet of the exchangers at a tem 
perature of from 70 to 110° F. and a pressure of 
60 to 100 pounds, preferably 75 to 90 pounds. 
The air in its flow through exchanger sections 
and 20 of Figure 1 and 62 of Figure 4 is cooled 

20 

to a temperature of -110° F. to -160°F. and at 
this temperature enters respectively exchanger 
sections do and 9 of Figure 1 and 6 of Fig 
ure 4 and exits therefrom at a temperature 
within the range of -260°F, to -280° F. In 
the modification of Figures 2 and 3 the air enters 
the regenerators at a temperature of from 70 
to 10 F. and leaves at a temperature of from 
-260' to -280 F. In general the oxygen rec 
tification product enters the exchangers at a 
temperature of from -288 to -293 F., the ni 
trogen enters at a temperature of from -265 
to -285 F., and both the oxygen and nitrogen 
leave the exchangers at a temperature of from 
60 to 100 F. In the modifications involving 
split or sectional exchangers, e. g., the modifi 
cations of Figures 1 to 4, the oxygen leaves ex 
changer sections f9 and 6 of Figures 1 and 4, 
respectively, and the nitrogen leaves exchanger 
sections and 6 of Figures 1 and 4, respec 
tively, at a temperature of from about -120° to 
-175 F. The high pressure stage of the recti 
fication system is maintained at about 60 to 100 
pounds and the low pressure stage at about 5 
to 12 pounds. 
Small pressure drop in flowing through the ex 
changers. 

In those modifications involving division of 
the air stream into two streams with a minor 
portion of the air passed to the expander to 
supply refrigeration to the process from 15% to 
35% of the total air introduced into the process 
may thus be expanded. 
Operating in accordance with this invention 

it is found that substantially complete removal 
of carbon dioxide takes place from the air stream 
prior to its introduction into the rectification 
system, permitting efficient rectification of the air 
to produce oxygen of about 95% purity suitable 
for most commercial uses and also pure oxygen 
or other desired rectification product. The air 
flow paths upon each reversal are purged to re 
move therefrom the carbon dioxide and frost, if 
any, thereby permitting continuous operation. 
This purging is accomplished more efficiently 
and at the same time pure oxygen or other rec 
tification product stream instrumental in im 
proving the efficiency of the purging is withdrawn 
as product uncontaminated by condensibles re 
moved from the air. 
The expressions 'reversing the flow of air and 

nitrogen' or of air and oxygen and "reversal' 
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are used herein in the sense commonly empioye 
in this art, namely, to mean the switching of 
the flow of two streams, for example, the air and 
the nitrogen or oxygen streams, so that upon each 
"reversal” the air flows through the path through 
which had previously flowed the nitrogen or 
oxygen and the nitrogen or oxygen flows through 
the path through which had previously flowed 
the air. The term 'path' is used herein in a 
comprehensive sense to include the flow are 
rangement of Figures 2 and 3 in which the non 
reversing recirculating rectification product 
stream flows through a path consisting of four 
sections in parallel as well as paths consisting of 
Sections in series as shown, for example, in Fig 
lure 1. 
Since certain changes may be made in carry 

ing out the above processes without departing 
from the scope of the invention, it is intended 
that all matter contained in the above descrip 
tion Shall be interpreted as illustrative and not 
in a limiting Sense. This application is directed 
to Species of the generic invention disclosed and 
claimed in my co-pending application Serial No. 
783,551, filed November 1, 1947. 
What is claimed is: 
1. A process for producing oxygen by the liq 

uefaction and rectification of air, which come 
prises passing streams of nitrogen and oxygen 
rectification products through nitrogen and oxy 
gen flow paths respectively in a heat exchange 
Zone, passing a stream of air through another 
path in said heat exchange zone to recover the 
cold content of the nitrogen and oxygen recti 
fication products, cooling the air to a temper 
ature, close to its condensation point at the pres 
Sure prevailing in its flow path through said 
heat exchange Zone and effecting substantially 
complete removal of carbon dioxide from the 
air in its passage through said heat exchange 
Zone, subjecting the thus cooled air to rectifica 
tion to produce said oxygen and nitrogen recti 
fication products and also an additional rectifi 
cation product, periodically reversing the flow of 
air and nitrogen through their respective paths 
in Said heat exchange zone, whereby upon each 
of Said reversals the nitrogen substantially com 
pletely removes the carbon dioxide deposited dur 
ing the preceding step of the process in the path 
through which the nitrogen - flows, passing the 
Stream of said additional rectification product 
through a path extending through at least the 
colder portion of said heat exchange zone in in 
direct heat exchange relation with the air and 
the nitrogen steams passing through their re 
Spective paths in said heat exchange Zone, re 
moving a portion of said additional rectification 
product as product uncontaminated by condensi 
bles removed from the air stream and recircu 
lating the remainder through its flow path ex 
tending through at least the colder portion of 
said heat exchange Zone. 

2. A process for producing oxygen by the lique 
faction and rectification of air, which comprises 
passing streams of nitrogen and Oxygen rectifi 
cation products through nitrogen and Oxygel 
flow paths respectively in a heat exchange zone, 
passing a stream of air through another path in 
Said heat exchange ZOne to recover the cold con 
tent of the nitrogen and oxygen rectification 
products, cooling the air to a temperature close 
to its condensation point at the pressure pre 
vailing in its flow path through said heat ex 
change Zone and effecting substantially complete 
removal of carbon dioxide from the air in its 
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passage through said heat exchange zone, Sub 
jecting the thus cooled air to rectification to pro 
duce said oxygen and nitrogen rectification prod 
uct streams, rectifying a portion of said oxygen 
rectification product to produce substantially 
pure oxygen, periodically reversing the flow of 
air and nitrogen through their respective paths 
in said heat exchange zone, whereby upon each of 
said reversals the nitrogen substantially con 
pletely removes the carbon dioxide deposited dur 
ing the preceding step of the process in the path 
through which the nitrogen flows, passing a . 
stream of said substantially pure oxygen through 
a path extending through at least the colder por 
tion of said heat exchange zone in indirect heat 
exchange retation with the air and the nitrogen 
stream passing through their respective paths in 
said heat exchange zone, removing a portion of 
said substantially pure Oxygen as product uncon 
taminated by condensibles removed from the air 
stream and recirculating the remainder of said 
substantially pure oxygen through its flow path 
extending through at least the colder portion of 
said heat exchange ZOne. 

3. A process for producing oxygen by the lique 
faction and rectification of air, which comprises 
passing a stream of nitrogen rectification prod 
uct through a path in a heat exchange zone, pass 
ing a stream of air through another path in said 
heat exchange Zone, passing a stream of Oxygen 
rectification product through a path in a second 
heat exchange zone, passing a second stream of 
air through another path in said second heat 
exchange Zone, cooling the air during its passage 
through Said first and Second heat exchange 
zones to a temperature close to its condensation 
point at the pressure prevailing in the air flow 
paths through Said heat exchange 20mes and ef 
fecting substantially complete removal of carbon 
dioxide from the air in its passage through said 
heat exchange Zones, subjecting the thus cooled 
air to rectification to produce said oxygen and 
nitrogen rectification product streams and also 
an additional rectification product, periodically 
reversing the flow of air and nitrogen and of the 
air and oxygen through their respective paths in 
said heat exchange zones, whereby upon each of 
Said reversals the nitrogen and Oxygen Substan 
tially completely remove the carbon dioxide de 
posited during the preceding step of the process 
in the paths through which the nitrogen and 
oxygen flows respectively, passing streams of said 
additional rectification product through a path 
extending through at least the colder portion of 
both of Said heat exchange zones in indirect heat 
exchange relation with (1) the air and nitrogen 
in Said first heat exchange Zone, and (2) the air 
and oxygen in said second heat exchange zone, 
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removing a portion of said additional rectifica 
tion product as product uncontaminated by con 
densibles removed from the air stream and re 
circulating the remainder through its flow paths 
extending through at least the colder portion of 
Said heat exchange zones. 

4. A process for producing oxygen by the lique 
faction and rectification of air in a rectification 
system involving high and low pressure stages, 
which comprises passing streams of nitrogen and 
oxygen rectification products through nitrogen 
and oxygen flow paths respectively in a heat ex 
changezOne, passing a stream of air through an 

- other path in said heat exchange zone to recover 
the cold content of the nitrogen and oxygen 
rectification products, cooling the air to a tem 
perature close to its condensation point at the 
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pressure prevailing in its flow path through said 
heat exchange zone and effecting substantially 
complete removal of carbon dioxide from the air 
in its passage through Said heat exchange ZOne, 
dividing the air stream into majof and minor 
portions, passing the major portion2to the high 
pressure stage of the rectificational system, pass 
ing an additional stream of rectification product 
through a flow path extending through at least 
the colder portion of said heat exchange zone in 
heat exchange relation with said streams of 
nitrogen and oxygen rectification products there 
by warming Said additional stream of rectifica 
tion product, dividing said warmed stream into 
two streams, withdrawing one of said streams as 
product, recirculating the other, of said streams 
through its flow path in said heat exchange Zone, 
the said recirculated stream flowing in indirect 
heat exchange relation with (1) said minor por 
tion of the air stream thereby warming said 
minor portion to a temperature such that said 
minor portion can thereafter be expanded with 
out substantial liquefaction, and (2) at least a 
portion of the said nitrogen stream prior to its 
entry into said heat exchange zone thereby 
warning Said nitrogen stream to a temperature 
within 5 to 10 F. of the temperature of the air 
stream leaving said heat exchange zone, expand 
ing said warmed minor portion of the air to pro 
duce refrigeration in amount sufficient to com 
pensate for cold losses resulting from the differ 
ence in enthalpy between the incoming air and 
the outgoing products of rectification and for 
heat leaks into the process, introducing the ex 
panded air into the low pressure stage of the 
rectification system, rectifying Said major and 
minor portions of air to produce said streams of 
oxygen, nitrogen and additional rectification 
products, and periodically reversing the flow of 
air and nitrogen through their respective paths 
in said heat exchange Zone, whereby upon each of 
said reversals the nitrogen substantially com 
pletely removes the carbon dioxide deposited dur 
ing the preceding step of the process in the path 
through which the nitrogen flows. 

5. A process for producing oxygen by the lique 
faction and rectification of air in a rectification 
System involving high and low pressure stages, 
which comprises passing streams of nitrogen and 
Oxygen rectification products through nitrogen 
and oxygen flow paths respectively in a heat ex 
change Zone, passing a stream of air through 
another path in said heat exchange zone to re 
cover the cold content of the nitrogen and oxygen 
rectification products, cooling the air to a tem 
perature close to its condensation point at the 
pressure prevailing in its flow path through said 
heat exchange Zone, dividing the air stream into 
major and minor portions, passing the major 
portion to the high pressure stage of the rectifi 
cation system, passing a stream of substantially 
pure oxygen through a flow path extending 
through at least the colder portion of said heat 
exchange ZOne in heat exchange relation with 
said streams of nitrogen and oxygen rectifica 
tion products thereby Warming said stream of 
pure oxygen, dividing said warm stream of pure 
Oxygen into two streams, withdrawing one of said 
streams as product, recirculating the other of 
said streams through its flow path in said heat 
exchange Zone, the said recirculated stream first 
flowing in indirect heat exchange relation with 
(1) said minor portion of the air stream thereby 
Warming Said minor portion to a temperature 
such that said minor portion can thereafter be 
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expanded without substantial liquefaction, and 
(2) at least a portion of the said nitrogen stream 
prior to its entry into said heat exchange zone 
thereby warming said nitrogen stream to a tem 
perature within 5 to 10 F. of the temperature 
of the air stream leaving said heat exchange Zone, 
expanding said warmed minor portion of the air 
to produce refrigeration in amount Sufficient to 
compensate for cold losses resulting from the 
difference in enthalpy between the incoming air 
and the outgoing products of rectification and for 
heat leaks into the process, introducing the ex 
panded air into the low pressure stage of the 
rectification system, rectifying said major and 
minor portions of the air to produce said oxygen, 
nitrogen and pure oxygen streams, and periodi 
cally reversing the flow of air and nitrogen 
through their respective paths in said heat ex 
change Zone, whereby upon each of Said reversals 
the nitrogen substantially completely removes 
the carbon dioxide deposited during the preced 
ing step of the process in the path through which 
the nitrogen flows. 

6. A process for producing oxygen by the lique 
faction and rectification of air, which comprises 
passing a stream of nitrogen rectification prod 
uct through a path in a heat eXchange ZOne, 
passing a stream of air through another path 
in said heat exchange Zone, passing a stream of 
Oxygen rectification product through a path in 
a second heat exchange Zone, passing a second 
stream of air through another path in said Sec 
Ond heat exchange Zone, Cooling the air during 
its passage through said first and second heat 
exchange Zones to a temperature close to its con 
densation point at the pressure prevailing in said 
flow paths through said heat exchange zones and 
effecting substantially complete removal of car 
bon dioxide from the air in its passage through 
Said heat exchange Zones, subjecting the thus 
COOled air to rectification to produce said oxygen 
and nitrogen rectification product streams and 
also an additional stream consisting of substan 
tially pure oxygen, periodically reversing the 
flow of air and nitrogen and of the air and oxygen 
through their respective paths in said heat ex 
change Zones, whereby upon each of said reversals 
the nitrogen and oxygen substantially complete 
ly remove the carbon dioxide deposited during 
the preceding step of the process in the paths 
through which the nitrogen and oxygen flows 
respectively, passing a stream of said substan 
tially pure oxygen through a path extending 
through at least the colder portions of both of 
Said heat exchange Zones in indirect heat ex 
change relation with (1).the air and nitrogen in 
Said first heat exchange Zone and (2) the air and 
oxygen in said Second heat exchange zone, re 
moving a portion of Said substantially pure 
Oxygen as product uncontaminated by conden 
sibles removed from the air stream and recircu 
lating the remainder through its flow paths ex 
tending through at least the colder portions of 
said heat eXchange Zones. 

7. A process for producing oxygen by the lique 
faction and rectification of air in a rectification 
system involving high and low pressure stages, 
which comprises passing a stream of nitrogen 
rectification product through a path in a heat 
exchange Zone, passing a stream of air through 
another path in Said heat exchange zone, passing 
a stream of oxygen rectification product through 
a path in a second heat exchange zone, passing 
a Second stream of air through another path in 
said second heat exchange zone, cooling the air 
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during its passage through said first and second 
heat exchange zones to a temperature close to 
its condensation point at the pressure prevailing 
in Said flow paths through said heat exchange 
zones and effecting Substantially complete re 
moval of carbon dioxide from the air in its pas 
sage through said heat exchange zones, dividing 
the thus cooled air leaving said first and second 
heat exchange zones into major and minor por 
tions, passing the major portion to the high pres 
sure stage of the rectification system, passing a 
stream of substantially pure oxygen through a 
flow path extending through at least the colder 
portions of Said heat exchange zones in indirect 
heat exchange relation with the air and nitrogen 
and the air and Oxygen passing therethrough, 
thereby warming Said stream of Substantially 
pure oxygen dividing Said Warm stream of Sub 
stantially pure oxygen into two streams, with 
drawing one of said streams as product, recir 
culating the other of said streams through its flow 
path in said heat exchange zones, the recirculat 
ing streamflowing in indirect heat exchange rela 
tion with (i) Said minor portion of the air stream 
thereby Warming Said minor portion to a tem 
perature such that said minor portion can 
thereafter be expanded without substantial lique 
faction and (2) at least a portion of the said 
nitrogen stream prior to its entry into the first 
mentioned heat exchange zone thereby warm 
ing said nitrogen stream to a temperature within 
5° to 0. F. of the temperature of the air stream 
leaving said first mentioned heat exchange zone, 
expanding the said warmed minor portion of the 
air to produce refrigeration in amount sufficient 
to compensate for cold losses resulting from the 
difference in enthalpy between the incoming air 
and the Outgoing products of rectification and 
for heat leaks into the process, introducing the 
expanded air into the low pressure stage of the 
rectification System, rectifying said major and 
minor portions of the air to produce said oxygen, 
nitrogen and Substantially pure oxygen, and 
periodically reversing the flow of air and nitrogen 
and of the air and oxygen through their respec 
tive paths in Said heat exchange zones, whereby 
upon each of Said reversals the nitrogen and oxy 
gen Substantially completely remove the carbon 
dioxide deposited during the preceding step of 
the process in the paths through which the nitro 
gen and oxygen flows respectively. 

8. A process for producing oxygen by the 
liquefaction and rectification of air, which com 
prises passing a stream of nitrogen rectification 
product through one of a pair of regenerators 
while simultaneously passing a stream of air 
through the other of said regenerators, passing 
a stream of oxygen rectification product through 
One of a second pair of regenerators while simuli 
taneously passing air through the other of said 
pair of regenerators, cooling the air passing 
through Said regenerators to a temperature close 
to its condensation point at the pressure prevail 
ing in its flow path through said regenerators, 
subjecting the thus cooled air to rectification to 
produce said oxygen and nitrogen rectification 
products and an additional rectification product, 
passing a stream of additional rectification prod 
luct through at least the colder portions of all of 
Said regenerators in indirect heat exchange rela 
tion with the gaseous media passing there 
through, removing a portion of said additional 
rectification product as product uncontaminated 
by condensibles removed from the air stream, 
recirculating the remainder through its flow path 
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extending through at least the colder portions of 
said regenerators and periodically reversing the 
flow of nitrogen and air through the respective 
regenerators of the first-mentioned pair and the 
flow of oxygen and air through the respective 
regenerators of the second-mentioned pair, 
thereby effecting the substantially complete re 
moval of carbon dioxide from the air in its pas 
sage through said regenerators and upon each 
reversal effecting the substantially complete re 
moval of the carbon dioxide thus deposited in 
the regenerators during the preceding step of the 
process. 

9. A process for producing oxygen by the lique 
faction and rectification of air, which comprises 
passing a stream of nitrogen rectification prod 
uct through one of a pair of regenerators while 
simultaneously passing a stream of air through 
the other of said regenerators, passing a stream 
of oxygen rectification product through one of a 
second pair of regenerators while simultaneously 
passing air through the other of Said pair of 
regenerators, cooling the air passing through 
said regenerators to a temperature close to its 
condensation point at the pressure prevailing in 
its flow path through said regenerators, subject 
ing the thus cooled air to rectification to pro 
duce said oxygen and nitrogen rectification prod 
uct, passing the stream of Substantially pure 
oxygen rectification product through at least the 
colder portions of all of said regenerators in in 
direct heat exchange relation with the gaseous 
media passing therethrough, removing a portion 
of said substantially pure oxygen rectification 
product as product uncontaminated by con 
densibles removed from the air stream and re 
circulating the remainder through its flow path 
extending through at least the colder portions of 
said regenerators, and periodically reversing the 
flow of nitrogen and air through the respective 
regenerators of the first-mentioned pair and the 
flow of oxygen and air through the respective 
regenerators of the second-mentioned pair, 
thereby effecting the substantially complete re 
moval of carbon dioxide from the air in its pas 
sage through said regenerators and upon each 
reversal effecting the substantially complete re 
moval of the carbon dioxide thus deposited in the 
regenerators during the preceding step of the 
process. 

10. A process for producing oxygen by the liq 
uefaction and rectification of air, which Com 
prises passing a stream of nitrogen rectification 
product through one of a pair of regenerators 
while simultaneously passing a stream of air 
through the other of said regenerators, passing 
a stream of oxygen rectification product through 
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one of a second pair of regenerators while simul 
taneously passing air through the other of said 
pair of regenerators, cooling the air passing 
through said regenerators to a temperature close 
to its condensation point at the pressure prevail 
ing in its flow path through said regenerators, 
subjecting the thus cooled air to rectification to 
produce Said oxygen and nitrogen rectification 
products and argon, passing a stream of argon 
through said regenerators in indirect heat ex 
change relation with the gaseous media passing 
therethrough, withdrawing a portion of the argon 
as product, passing the remainder in heat ex 
change relation with a refrigerant and also in 
heat exchange relation with at least a portion 
of the stream of nitrogen supplied to the first 
mentioned pair of regenerators, thereby cooling 
Said argon, recirculating the cooled argon 
through its flow path in said regenerators and 
periodically reversing the flow of nitrogen and air 
through the respective regenerators of the first 
mentioned pair and the flow of oxygen and air 
through the respective regenerators of the sec 
ond-mentioned pair, thereby effecting the sub 
stantially complete removal of the carbon diox 
ide thus deposited in the regenerators during the 
preceding step of the process. 

11. A process for producing Oxygen by the liq 
uefaction and rectification of air, which com 
prises passing nitrogen and Oxygen rectification 
products through a heat exchange zone, passing 
a stream of air through said heat exchange zone 
to recover the cold content of the nitrogen and 
oxygen rectification products thereby cooling the 
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air to a temperature close to its condensation 
point at the pressure prevailing in Said heat ex 
change zone and effecting substantially complete 
removal of carbon dioxide from the air in its 
passage through said heat exchange zone, sub 
jecting the thus cooled air to rectification to pro 
duce said oxygen and nitrogen rectification prod 
lucts and also an additional rectification prod 
uct, periodically reversing the flow of air and 
nitrogen through said heat exchange Zone, pass 
ing the said additional rectification product 
through at least the colder portion of said heat 
exchange ZOne in indirect heat exchange relation 
with the air and the nitrogen passing through 
Said heat exchange Zone, and removing a por 
tion of said additional rectification product as 
product uncontaminated by condensibles re 
moved from the air stream and recirculating the 
remainder through at least the colder portion of 
said heat exchange zone. 
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