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1. 
This invention relates to the production of 

Oxygen by the liquefaction and rectification of air, 
and more particularly to the operation of the 
usual two-stage rectification column and asso 
ciated heat exchangers. 

All temperatures herein given are in degrees 
F. and preSSures are in pounds per square inch 
gallge, 
Oxygen is commonly produced by partial lique 

faction of air and rectification at low tempera 
tures; preferably rectification is conducted in 
tWo Stages at different pressures. The refrigera 
tion necessary for liquefaction is supplied to the 
air after it has been compressed and water 
cooled to approximately room temperature, by 
indirect heat exchange with the effluent products 
of rectification. However, an additional amount 
of refrigeration must be supplied to compensate 
for cold losses resulting from the difference in 
enthalpy between the incoming air and the out 
going products of rectification, and for heat leaks 
into the System. Methods of supplying this re 
frigeration heretofore used, involve compressing 
at least a portion of the incoming air to pres 
Sures as high as 3000 pounds and expanding with 
or Without the performance of work to produce 
a temperature drop; or compressing all the in 
Coming air to about 600 pounds and after the 
air has been partially cooled by the products of 
rectification expanding a portion of the air. 
These methods are wasteful from the standpoint 
of compressor energy and require a great deal 
of equipment in the form of extra compressors, 
intercoolers and expanders. 

For economical operation it is essential to 
recover the cold content of the outgoing prod 
ucts of rectification. This is usually accom 
plished by paSSing these products in heat trans 
fer relationship with the incoming air. In older 
Systems 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 treatinent the exchangers had to be thawed 
out regularly to renove the frost (which term 
is used in a generic sense to include both Snow 
and ice) which caused stopping up of the appara 
tuS. 
More recently it has been suggested to use cold 

accumulators or regenerators (hereinafter re 
ferred to as heat exchangers) of large cold 
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absorbing 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 
rectification. The use of these reversing heatex 
changers in a process in which the air is: con 
pressed to relatively high pressure results in more 
costly operation from the standpoint of horse 
power requirements 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. 

In Copending application Serial No. 632,858 
filed December 5, 1945, there is disclosed and 
claimed a process for producing oxygen by lique 
faction and rectification of air involving the flow 
Of air at about 70 to about 85 pounds at a term 
perature of about 70° to about 110 F. through 
the heat, exchange paths of two or more revers 
ing, heat exchangers in series, each exchanger 
containing two other paths through which are 
paSSed respectively streams of oxygen and nitro 
gen products of rectification in heat exchange 
relation with the air passing therethrough. The 
air stream flowing from the first exchanger to the 
Second is refrigerated, the amount of cold thus 
introduced into the process being adequate to 
compensate for cold loSSes resulting from the 
difference in enthalpy between the air introduced 
into and the products of rectification withdrawn 
from the process, and for heat leaks into the sys 
ten. The temperature conditions in the first 
eXchanger are such that substantially all mois 
ture present in the air is removed therefrom in 
the form of frost. The temperature conditions 
in the Second exchanger are such as to effect sub 
stantially complete removal of carbon dioxide 
from the air in its passage therethrough. 
At the colder end of the second exchanger 

where the oxygen and nitrogen products of 
rectification enter and air leaves the exchanger, 
there is maintained between these products of 
rectification and the countercurrent stream of air 
a temperature difference in the range of about 5° 
to about 10 F., preferably about 6° to about 8° 
F. This temperature difference is the difference 
between the temperature of the air and the 
Weighted average temperature of the products of 
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rectification, all temperatures being taken at the 
colder end of the second exchanger. For the 
purposes of this invention, the weighted average 
temperature of the products of rectification is 
calculated by multiplying the temperature of the 
oxygen product stream by the volume percentage 
of the stream based on the combined volume of 
the products of rectification and adding thereto 
the corresponding figure obtained by multiplying 
the temperature of the nitrogen product Stream 
by its volume percentage. Thus, for example, if 
the rectification system is operated to produce 
two streams of substantially pure oxygen and 
pure nitrogen, the weighted average temperature 
of the two streams would be approximately the 
sum of 20% of the oxygen stream temperature 
and 80% of the nitrogen stream temperature. 
Periodically the flow of air and nitrogen through 
their respective paths in the two exchangerS is 
reversed so that upon reversal the air fioWS 
through the paths in the two exchangers through 
which during the preceding step the nitrogen 
had passed and the nitrogen flows through the 
paths in the two exchangers through which had 
previously passed the air. The nitrogen iremoves, 
by sublimation, the carbon dioxide deposited dur 
ing the preceding step in the second exchanger 
and the frost deposited during the preceding step 
in the first exchanger. 
Operating in this manner complete purging 

of carbon dioxide is attained upon each reversal 
of flow. Likewise complete purging of frost is 
obtained so that the equipment may be operated 
continuously. 
This invention is in the nature of an improve 

ment on the invention disclosed and claimed in 
the aforesaid copending application. It is an 
object of this invention to effect removal of in 
condensibles, such as hydrogen, heliuin and neon, 
from the rectification system without reduction 
in the yield of oxygen recovered in the proceSS. 
A further object is to increase the efficiency of 
the operation of the rectification System. Other 
objects and advantages of this invention Will be 
apparent from the following detailed description. 

In accordance with this invention a Strealin of 
air is passed through a path in tWO ZOnes in 
series, each of the zones containing at least three 
paths in heat exchange relation with each other 
and streams of oxygen and nitrogen rectifica 
tion products are passed through the other two 
paths in these zones in heat exchange relation 
With the air, passing therethrough. One of the 
streams is cooled in its flow between the first and 
second zones to a temperature Sufficient to Sup 
ply to the system the necessary cold to compen 
sate for cold losses resulting from the difference 
in enthalpy between the incoming air and the 
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panded to cool the same and the cold thus pro 
duced imparted to the rectification products en 
tering the low-pressure stage and preferably also 
to the air entering the high-pressure Stage. 
Periodically the flow of air and nitrogen is re 
versed through their respective paths in the two 
zones, the air upon reversal flowing through the 
paths through which had previously flowed the 
nitrogen and the nitrogen flowing through the 
paths through which had previously flowed the 
air, whereby upon each reversal the nitrogen Sub 
stantially completely removes the carbon dioxide 
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deposited in the second Zone during the preced 
ing step of the proceSS. 
In the preferred embodiment of the invention, 

a minor portion of the nitrogen withdrawn from 
the high-pressure stage of the rectification SyS 
ten is passed through the second Zone where 
the nitrogen is heated by the air stream flowing 
to the high-pressure stage of the rectification 
system. The heated nitrogen is then mixed. With 
the remainder of the nitrogen. Withdrawn from 
the high-pressure stage of the rectification Sys 
term thereby increasing the temperature of the 
nitrogen, preferably not more than 20 F., and 
the mixed nitrogen stream thus introduced into 
the expander at a temperature such that no 
liquid nitrogen is formed within the expander 
With consequent improvement in the efficiency 
of the operation of the expander. 

In the preferred embodiment illustrated in the 
drawing, the single figure of which illustrates 
diagrammatically a preferred layout of appara 
tus for practicing the process of this invention, 
the equipment shown for the practice of the 
process involves a pair of heat exchangers having 
an ethylene refrigeration system for refrigerat 
ing the air and the present description Will be 
confined to the present illustrated embodiment 
of the invention. It will be understood, however, 
that the process may be carried out in other 
equipment, for example, each of the two ex 
changers in series may be replaced by two or 
more smaller exchangers placed in Series and/or 
parallel, if desired, although this is objectionable 
from the standpoint of increasing construction 
costs, or the number of heat exchange paths in 
each exchanger may be increased over the 3 

outgoing products of rectification and for heat 
leaks into the system. The temperature differ 
ence between the temperature of the air leaving 
and the temperature of the rectification products 
entering the second Zone is maintained Within 

- the range of from about 5° to about 10 F. and the 
exit temperature of the air leaving this ZOne is 
such as to effect substantially complete removal 
of carbon dioxide from the air in its paSSage 
thirough its path in this zone. 
zone the air is passed to the high-pressure stage 
of a two-stage rectification System in indirect 
heat exchange relation. With rectification prod 
ucts from the low-pressure stage of the system. 
A minor portion of the nitrogen introduced into 
the process and containing incondensible gases 
is withdrawn from the high-pressure stage, ex 

From this Second 
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path construction shown in the drawing, or other 
refrigeration systems may be employed in lieul 
of the ethylene system. Hence, the Scope of the 
invention is not confined to the enbodiment 
herein described. - 
In the drawing reference character indi 

cates a heat exchanger which may be of any 
well-known type. In the embodiment shown in 
the drawings it consists of a single shell in which 
are provided three paths, namely, interior path 
{ through which flows in one and the same di 
rection throughout the Operation. Of the ex 
changer the oxygen product of rectification. 
Paths 2 and 3 are provided within the shell 
of the exchanger through which periodically flow 
air and the nitrogen product of rectification in 
heat exchange relation with each other and 
with the oxygen. The heat exchanger has in 
each of the paths suitable fins of heat-conduct 
ing material, e. g., copper, promoting rapid and 
efficient heat exchange between the gaseous 
media, flowing therethrough. As the construc 
tion of the heat exchanger per se does not form 
part of this invention and as it may be of any 
well-known type, it is believed further descrip 
tion thereof is unnecessary. - - - - 

The fow of the air and nitrogen through their 



5. 
respective paths is periodically reversed. So...that 
during one step of the process. air flows through 
path 2 and nitrogen, through path. 3, and upon 
reversal, during the succeeding step. air flows 
through path 3 and nitrogen through path 2. 

Reversal of flow is accomplished by Suitably 
positioning the compound reversing valves 4 and 
5 which may be of any well-known type. Waive 
4 is disposed in the pipe line system consisting 

of air inlet. pipe 6 leading into valve 4, and 
pipe lines f and 8 leading from the valve to 
cooling paths f2 and 3, respectively. At the 
base of the heat exchanger. O. lines. 9 and 23 
are positioned leading from paths f2 and 3, 
respectively, to the valve 5. 
A Second heat exchanger 2 is provided in the 

form of a shell having therein paths. 22, 23 
and 24 provided with fins to promote heat ex 
change as in the case of the exchanger C. Path 
24 is the path through which the oxygen product 
of rectification flows from the rectification Sys 
tem hereinafter described to a pipe line 25, which 
communicates. With path. . of heat exchanger 3. 
The base portions of paths 22 and 23 of heat, ex 
changer 2 communicate with pipe lines 26, and 
27, respectively, which are communicably con 
nected with a compound valve 28 which may be 
of the same type a.s. Valves. 4, and 5. At the 
upper portions paths 22 and 23 connunicate re 
Spectively with lines. 29 and 3 which in turn 
communicate with a compound reversing valve 
3 which may be of the same type as the other 
reversing valves. 

Reversing exchangers O and 2 may be placed 
in Vertical, horizontal or any other desired posi 
tion. Likewise, When these eXchangers are ar 
ranged. Vertically, the colder end may be above or 
below, the warmer end. 
A refrigeration system 32 of any well-known 

construction for supplying a refrigerating me 
dium, Such as ethylene or carbon tetrafluoride 
is provided for cooling either the nitrogen flowing 
from heat eXchanger 2 to heat exchanger 3, 
or the air flowing from heat, exchanger to heat 
exchanger 2. 
to cause the flow of the refrigerating medium 
in indirect heat exchange relation with thentiro 
gen or air to be cooled, the rate of flow and tem 
perature 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 en 
thalpy between the incoming air and the 
Outgoing products of rectification and for heat 
leakS. into the System. In the preferred embodi- : 
ment of the invention the air leaving the heat 
eXchanger it is refrigerated to cause a drop of 
about 5 to about 10 F. in its temperature; this 
has been found adequate for the purposes, above 
Stated. Refrigeration of the air is accomplished 
by causing it to flow through pipeline. 33 which 
passes through the refrigerator 32 in indirect 
heat eXchange with the refrigerant and com 
cunicably connects valves f and 28. Line 9 is 
the nitrogen line between the two heat exchang 
ers 0 and 2. 

Instead of refrigerating the nitrogen flowing 
from heat exchanger 2f to heat exchanger 0 
thereby introducing the cold Supplied by the re 
frigerating medium into the exchanger 9, or in 
stead of refrigerating the air flowing from heat 
exchanger O. to heat exchanger 21, the desired 
amount of refrigeration may be introduced into 
the System by expanding a portion of the air, say 
about 7% of the total air introduced into the sys 

This refrigerating system operates : 
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tem. The cold, expanded air thus produced may 
be introduced into the nitrogen stream entering 
the heat exchanger C thereby supplying the nec 
essary cold to compensate: for cold losses 
resulting from the difference in enthalpy be 
tween the incoming air and the outgoing prod 
ucts of rectification and for heat leaks into the 
System. This latter method has the disadvan 
tage that it involves a loss of approximately 7% 
of the oxygen content of the air introduced into 
the System. On the other hand it has the ad 
vantage that it eliminates the necessity for using 
a refrigeration system for cooling either the 
nitrogen or air, which system is more cumber 
Some and expensive, in construction and Opera 
tion than an expander of the type suitable for 
expending a relatively. Small amount of air at a 
relatively low pressure, e.g., 70-85 pounds gauge. 
With the arrangement of values and piping 

Shown flow of nitrogen and air through heat ex 
changers 9 and 2 may be periodically reversed, 
say every three minutes, so that during an ini 
tial period of operation airflows through heat ex 
change path 2, through line 9, valve f5, refrig 
eration system 32 by way of line 33, valve 28, 
line 26, cooling path 22 in heat exchanger 2i, 
pipe line 29, valve 3 and thence to line 34 lead 
ing through the non-reversing heat exchanger 
35 to the rectification system hereinafter de 
Scribed. At the Same time, nitrogen flows 
through pipe line 36 leading from the non-re 
Versing heat exchanger 35 into valve 3, line 33, 
through path 23 in heat exchanger 24, through 
line 27, valve 28, line 9, valve 5, pipe line 28, 
path. 3 in heat eXchanger: o, leaving, this path 
through pipe line f8 and passing through valve 
i4 to the atmosphere or other suitable disposal 
point. Upon reversal (as shown by dotted arrows 
and valve settings), the air flows through valve 
4, line 8, path f3, pipeline 29, valve. 5, re 

frigeration System 32 by way of line 33, valve 
28, pipe line 27, and thence through the cooling 
path 23, leaving this cooling path through pipe 
line 30 and passing through valve 3 f and pipe 
line 34 into the non-reversing exchanger 35. At 
the Same time, the nitrogen flows from heat ex 
changer 35, through pipe line 36. into valve 3 , 
thence through pipe line: 29, path 22 in heat ex 
changer 2, pipe. line. 26, valve 28, line 8, valve 
5, line 9 into path 2, thence through line 

into valve 4 and thence to the atmosphere or 
other Suitable disposal point. 
The rectification System comprises a two-stage 

rectification column 37, the lower section 38 of 
which is operated at a pressure of about 2 
pounds gauge and the upper section 39 of which 
is operated at, a pressure of from about 4 pounds 
to about 10 pounds gauge, preferably at about 
5 pounds gauge. This column as is customary 
is provided with rectification plates of the bui 
ble-cap, or other desired type. The lower 
Section. 38 of the column 3 communicates with 
a condenser 40 and has a liquid collecting shelf 
4 disposed immediately below the condenser 43 
for Collecting liquid nitrogen. Pipeline 42 leads 
from this shelf 4 f. to a non-reversing heat ex 
changer 43 which in turn communicates through 
a pressure reducing valve 44 with the top pol'. 
tion of the upper section 39 as indicated by the 
reference character 45. Condenser 43 acts as 
a reboiler for the upper section. 39 of the column 
37. - 

From the base portion of the lower section. 38 
a pipe line 46 for the flow of crude oxygen (con 
taining approximately 40% oxygen) passes to a 
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non-reversing heat exchanger 47 which COm 
municates with pipe line 48 having a preSSure 
reducing valve 49 therein with the low pressure 
section 39 at an intermediate point indicated by 
the reference character 50. Line 5 leads from 
the top of the condenser 4 and has a regulating 
valve 52 therein. This line communicates with 
an expander 53 which discharges by Way of line 
53a into line 54 hereinafter described. Prefer 
ably, there is also provided a branch line 58 hav 
ing a regulating valve 59 and leading to a path 
60 disposed in heat exchanger 2 in indirect heat 
exchange relation with the oxygen, nitrogen and 
air passing through the other three paths in this 
exchanger 2. A line 6 leads from path 60 back 
to line 5. Regulating Valves 52 and 59 disposed 
in lines 5 and 58, respectively, regulate the por 
tions of the nitrogen stream flowing from the 
condenser 40 which are passed directly to ex 
pander 53 and indirectly through path 60 of 
exchanger 2. 
By the arrangement of lines hereinabove de 

scribed a minor portion of the total nitrogen 
introduced into the process paSSes through line 
5, and, preferably, of the portion thus withdrawn 
a minor portion, say about 10%, paSSes through 
line 58, path 60 and line 6 entering line 5 where 
it mixes With the remainder of the nitrogen. With 
drawn from the condenser 4. The portion of 
nitrogen passing through path 69 is warmed up 
by indirect heat exchange, and by mixing with 
the remainder of the nitrogen, the Stream enter 
ing expander 53 is at a temperature sufficient to 
avoid condensation or formation of liquid nitro 
gen in the expander. In a preferred embodi 
ment of the invention from about 1% to about 
15% by volume of the total nitrogen introduced 
into the process and containing incondensibles, 
such as hydrogen, helium and neon, is passed 
through line 5 and of this quantity about 10% 
by volume passes through heating path 60 and 
90% by volume continues through line 5. 
The nitrogen stream refrigerated as a result 

of the expansion flows from the expander 53 to 
a line 53d which meets line 54 conveying the 
nitrogen stream leaving the top of low-pressure 
section 39. The mixture then flows through heat 
exchanger 43 in indirect heat eXchange relation 
with the nitrogen passing through this exchanger 
and thereafter flowing through reducing Walve 
A4 into the top of low-pressure section 39. From 
heat exchanger 43 the mixed nitrogen stream 
flows through line 55 into. and through heat eX 
changer 4 where it flows in indirect heat ex 
change relation with the crude oxygen flowing 
therethrough to low-pressure section 39. From 
the heat exchanger At the mixed nitrogen Stream 
passes through line 56 into and through heat 
exchanger 35 where it passes in indirect heat 
exchange relation with air flowing into and from 
this exchanger by way of line 34. From the heat 
exchanger 35 the nitrogen stream flows through 
line 36 into a compound valve 3, thence through 
path 22 or 23, as the case may be, of heat ex 
changer 24, through valves 28 and 5 connected 
by line 9, then through path 2 or 3 of heat 
exchanger O and finally through compound valve 
4 to the atmosphere; the flow through path 2 

or 3 of heat exchanger O depending upon the 
setting of valves 4 and 5 and the flow through 
path 22 or 23 of heat exchanger 2 depending 
upon the setting of Valves 28 and 3 as herein 
above described in connection with the operatio 
of these reversing heat exchangers. 
The heat exchangers 35, 43 and 47 and the two 
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stage fractionating column 37 maybe of any cor 
ventional type. Two separate fractionating col 
lumns, suitably interconnected may be used in 
place of the two-stage Column 3 ShoWa. It Will 
be understood that the equipment throughout is 
heat insulated to minimize loSS of cold. 
One example of the operation of the process of 

this invention is described below. It will be 
understood this example is given for purposes of 
exemplification only and the invention is not 
limited thereto. 
Air under pressure of about 75 pounds gauge 

and temperature of about 100 F. is Supplied 
through line 6, valve 4 and line 7 to heat ex 
changer 0, flowing through path 2 in which it 
is cooled to a temperature of -134.5 F. The 
air then flows in indirect heat eXchange relation 
With ethylene in the refrigeration System 32 and 
is cooled thereby to a temperature of -142 F., 
then passes through path 22 of the heat exchanger 
2 leaving this path at a temperature of -275. F. 

30 

40 

Substantially all moisture is removed in the form 
of frost in path 2 of heat exchanger and all 
carbon dioxide is removed in Solidified form in 
path 22 of heat exchanger 2. The air then flows 
through the heat exchanger 35 in heat eXchange 
relation with nitrogen and enters high-pressure 
columin 38, at a temperature of -278 F. and a 
preSSure of 72 poundS. 3. 
Crude oxygen at a temperature of -280° F. 

and a pressure of 72 pounds leaves the base of 
couran 38, fows through ... heat eXchanger. A 
wher its temperature is reduced to -289°F. and 
upon foW through the preSSure reducing Valve 
39 is fiashed, entering low-pressure column 39 at 
a temperature of -310 to -315° F. and a pres 
sure of 5 pounds. Pure oxygen is withdrawn 
through line 57 at a temperature of -2.92.5 F. 
and a preSSure of 5 pounds and fiows through 
path 24, its temperature being increased to 
-146 F., the oxygen at this temperature en 
tering path of heat exchanger O and being 
withdrawn from this path at a temperature of 
90. F. and at a pressure of i pound. 

Nitrogen at a temperature of about -286.5 
F. and a pressure of 72 pounds in amount equal 
to 12.5% by volume of the total nitrogen intro 
duced into the process is withdrawn through line 
5. Of the nitrogen flowing through line 5, 10% 
passes through line 58 and path 69, its tempera 
ture being increased to -146 F. The remain 
ing 90% of the nitrogen flows through valve 52 
in line 5? and is mixed With the other 10% nitro 
gen, the temperature of the mixture being 
about -277 F. The nitrogen stream leaving 
the expander 53 is at a pressure of 5 pounds and 
a temperature of -3.15° F. The expanded nitro 
gen flows through line 53d and becomes mixed 
with nitrogen at a temperature of -315.5° F. 
and a pressure of 5 pounds flowing through line 
54. The resultant nitrogen stream passes 
through exchanger 43 in indirect heat exchange 
relation with nitrogen employed as reflux in 
column 39, its temperature being thereby in 
creased to -306 F. while the temperature of 
nitrogen flowing through line 42 (pressure of 
72 pounds) and exchanger 43 is reduced to -300 

70 
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F. This nitrogen by expansion through valve 
4á has its pressure reduced to 5 pounds and its 
temperature to -315.5 F. The nitrogen prod 
uct of rectification then flows through heat ex 
changer 47 where its temperature is increased to 
-293 F. The crude oxygen stream flowing 
through exchanger 47 is thereby cooled from 
a temperature of -280° F. to a temperature of 
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-289° F. The nitrogen then flows through ex 
schanger 35 in heat exchange relation with the 
air, the nitrogen stream temperature being 
thereby increased to -279° F. at which tem 
perature it enters the heat exchanger 2, flows 
therethrough and is thereby heated to -146 
F. At the colder end of the heat exchanger 2, 
the nitrogen and the oxygen streams have a 
weighted average temperature of nearly -282 
F. While at this point the air is at a temperature 
of -275° F. A temperature difference of about 
7° E. is therefore maintained. It will be noted 
that at the point where the air enters and the 
oxygen and nitrogen leave the heat exchanger 
2. the difference in temperature is approximately 
'4 F., the air being at a temperature of -142 
F. and the oxygen and nitrogen at -146°F. 
From heat exchanger 2 the nitrogen flows 

through heat exchanger where it is heated to 
90° F. The nitrogen at this temperature and a 
pressure slightly above atmospheric, say i 
pound gauge, may he vented to the atmosphere 
thereby venting the incondensibles, such as hy 
drogen, helium and neon, removed from the 
high-pressure stage of the rectification system. 
The desired oxygen product is withdrawn 

through line 57 at a temperature of -292.5 F. 
and pressure of 5 pounds, flows through heat ex 
changer 2 where its temperature is increased 
to -46 F. and then through heat exchanger 

where its temperature is increased to 90° F. 
The oxygen leaves exchanger 9 at a pressure 
of 1-pound. 
Upon reversal (as shown by dotted arrows and 

valve settings), which may take place, every three 
minutes, the air flows through paths - 3 and 23, 
I'espectively, of heat exchangers 9 and 2 and 
nitrogen flows through paths 2 and 22, respec 
tively, of heat exchangers i? and 2. The flow is 
otherwise substantially the same and the tem 
perature and pressure conditions remain the 
Same. The nitrogen in its flow through path 22 
of heat exchanger 2 removes by Sublimation 
the carbon dioxide deposited in this path by the 
air during the preceding step. Likewise, the 
nitrogen in its flow through path 2 of heat ex 
changer it removes from this path the frost de 
posited therein from the air during the preced 
ing Step. Thus in the continued operation upon 
each reversal the nitrogen effects removal of the 
carbon dioxide and frost deposited in the paths 
through Which the air had passed during the 
preceding step of the process. 
Operating in accordance with this invention 

it is found possible to recover substantially 100% 
of the oxygen content introduced into the recti 
fication system in the form of substantially pure 
Oxygen and at the same time effect continuous 
purging from the high-pressure stage of the rec 
tification System of the incondensible constitu 
ents, Such as hydrogen, helium and neon. Fur 
ther the purging is carried out so as to increase 
the efficiency of the rectification system in that 
the nitrogen stream containing the incondensi 
bles is expanded and the refrigeration thus pro 
duced employed to cool the reflux oxygen and 
nitrogen introduced into the low-pressure stage 
and the air introduced into the high-pressure 
Stage. 
The expressions "reversing the flow of air and 

nitrogen' and "reversal's are used herein in the 
Sense COE.hmonly employed in this art, namely, to 
mean the Switching of the flow of two streams, 
for example, the air and the nitrogen streams, so 
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10 
the path through which had previously flowed 
the nitrogen, and the nitrogen flows through the 
path through which had previously flowed the 
air. 

It will be noted this invention provides a proc 
eSS for producing oxygen of high purity without 
the use of chemical agents, which process may 
be operated continuously over a long period of 
time without shut-downs for the purpose of re 
moving Solid carbon dioxide or frost, which proc 
eSS is economical to operate, particularly in that 
the refrigeration. Which must be Supplied to con 
pensate for coid losses resulting from the differ 
ence in enthalpy between incoming air and the 
outgoing products of rectification and for heat 
leaks into the System is supplied at a point in the 
process. Where the temperatures are relatively 
high so that it can be Supplied efficiently and 
economically, and which process effects continu 
Ous purging from the high-pressure stage of the 
rectification System of the incoindensible con 
StituentS, Such as hydrogen, helium and neon, so 
as to increase the efficiency of the rectification 
Systern. 
Since certain changes may be made in carry 

ing out the above process without departing from 
the Scope of the invention, it is intended that all 
matter contained in the above description shall 
be interpreted as illustrative and not in a limit 
ing Sense. 
What is claimed is: 
1. A process for producing oxygen by the lique 

faction and rectification of air, which comprises 
passing a Stream of air through a path in two 
Zones in Series, each of Said Zones containing at 
least three paths in heat exchange relation with 
each other, passing respectively Streams of oxy 
gen and nitrogen products of rectification through 
two other paths in said zones in heat exchange 
relation with the air passing therethrough, cool 
ing at least one of Said streams during its flow 
betWeen the first Zone and the second Zone, with 
drawing the air from the second Zone at a ten 
perature such that substantially all carbon di 
oxide in Said air has been removed from the air 
in its passage through its path in said second 
Zone, maintaining the temperature difference be 
tWeen the temperature of the air leaving and the 
Weighted average temperature of the nitrogen and 
OXygen entering said second Zone so that it falls 
Within the range or from about 5 to about 10 
F., passing the air from said Second Zone to the 
high-pressure stage of a two-stage rectification 
System in indirect heat exchange relation with 
a rectification product from the low-pressure 
stage of said system, withdrawing a minor por 
tion of the nitrogen from the high-pressure stage, 
expanding the nitrogen thus withdrawn to cool 
the same, imparting the cold thus produced to 
the rectification products entering the low-pres 
Sure Stage, periodically reversing the flow of air 
and nitrogen through their respective paths in 
Said Zones, the air upon reversal flowing through 
the paths through which had previously flowed 
the nitrogen and the nitrogen flowing through 
the paths through which had previously flowed 
the air, whereby upon each reversal the nitrogen 
Substantially completely removes the carbon di 
oxide deposited in Said second Zone during the 
preceding step of the process. 

2. A proceSS for producing oxygen by the lique 
faction and rectification of air, which comprises 
passing a stream of air at about 70 pounds to 
about 85 pounds gauge and a temperature of 

that upon each 'reversal” the air flows through about 70° to about 110° F. through a path in two 
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zones in series, each of said zones containing at 
least three paths in heat exchange relation. With 
each other, passing respectively streams of oxy 
gen and nitrogen products of rectification 
through two other paths in said Zones in heat 
exchange relation with the air passing there 
through, cooling at least one of said streams dur 
ing its flow between the first Zone and the Sec 
ond zone, the amount of cold thus introduced 
into the process being adequate to compensate 
for cold losses resulting from the difference in 
enthalpy between the air introduced into and 
the products of rectification withdrawn from the 
process and for heat leaks into the System, with." 
drawing the air from the second Zone at a tem 
perature such that substantially all carbon di 
oxide in said air has been removed from the air 
in its passage through its path in Said second 
zone, maintaining the temperature difference be 
tween the temperature of the air leaving and the 
weighted average temperature of the nitrogen 
and oxygen entering said second Zone so that it 
falls within the range of from about 5° to about 
10°. F., passing the air from said second ZOne to 
the high-pressure stage of a two-stage rectifi 
cation system in indirect heat exchange relation 
with a rectification product from the low-pres 
sure stage of said system, withdrawing a minor 
portion of the nitrogen containing incondensible 
gases from the high-pressure Stage, expanding 
the nitrogen thus withdrawn to cool the Same, 
passing the expanded nitrogen in heat eXchange 
relation with nitrogen and OXygen Supplied as 
reflux to the low-pressure stage and With air Sup 
plied to the high-pressure stage, and periodically 
reversing the flow of air and nitrogen through 
their respective paths in said Zones, the air upon 
reversal flowing - through the paths in the two 
zones through which had previously flowed the 
nitrogen and the nitrogen flowing through the 
paths through which had previously flowed the 
air, whereby upon each reversal the nitrogen sub 
stantially completely removes the carbon dioxide 
deposited in the second zone during the preced 
ing step of the process. 

3. A process for producing oxygen by the lique 
faction and rectification of air, which comprises 
passing a stream of air at about 70 pounds to 
about 85 pounds gauge and a temperature of 
about 70° to about 110° F. through a path in two 
Zones in series, each of said zones containing 
three paths in heat exchange relation with each 
other, passing respectively streams of oxygen and 
nitrogen products of rectification through the two 
other paths in said zones in heat exchange rela 
tion with the air passing therethrough, cooling 
at least one of Said streams during its flow from 
one Zone to the other, the amount of cold thus 
introduced into the process being adequate to 
compensate for cold losses resulting from the dif 
ference in enthalpy between the air introduced 
into and the products of rectification withdrawn 
from the process and for heat leaks into the 
System, withdrawing the air from the second zone 
at a temperature such that Substantially all car 
bon dioxide in said air has been removed from 
the air in its passage through its path in said 
Second Zone, maintaining the temperature dif 
ference between the temperature of the air leav 
ing and the weighted average temperature of the 
nitrogen and oxygen entering said second Zone 
so that it falls within the range of from about 
5° to about 10 F., passing the air from said zones 
to the high-pressure stage of a two-stage recti 
fication system in indirect heat exchange relation 

O 

15 

12 
with a rectification product from the low-pres 
sure stage of said system, withdrawing from the 
high-pressure stage about 1% to 15% of the 
total nitrogen introduced into the process, said 
nitrogen containing incondensible gases, heating 
approximately 10% of the nitrogen thus with 
drawn, mixing the heated nitrogen with the re 
maining 90% of the nitrogen thus withdrawn 
thereby yielding a nitrogen stream having a tem 
perature sufficiently high to avoid the formation 
of liquid nitrogen in the expander, expanding 
said nitrogen stream, passing the expanded nitro 
gen in heat exchange relation with oxygen and 
nitrogen supplied as reflux to the low-pressure 
stage and with the air supplied to the high 
pressure stage, and periodically reversing the 
flow of air and nitrogen through their respective 
paths in said two zones, the air upon reversal 
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flowing through the paths in the two Zones 
through which had previously flowed the nitrogen 
and the nitrogen flowing through the paths in the 
said two zones through which had previously 
flowed the air, whereby upon each reversal the 
nigtrogen substantially completely renoves the 
carbon dioxide deposited in the Second Zone dur 
ing the preceding step of the proceSS. 

4. A process for producing oxygen by the lique 
faction and rectification of air, which comprises 
passing air at about 70 to about 85 pounds gauge 
and a temperature of about 70° to about 110 F. 
through a path in a zone containing three paths 
in heat exchange relation with each other, flowing 
oxygen and nitrogen products of rectification re 
spectively through the other two paths in said 
Zone in heat exchange relation. With the air, the 
air thus being cooled to a temperature sufficiently 
low to deposit out as frost substantially all the 
moisture in the air, refrigerating the air leaving 
the first zone to lower its temperature about 5° to 
10° F., then further cooling the air by flowing 
it through a path in a second Zone containing 
three paths, flowing oxygen and nitrogen prod 
ucts of rectification respectively through the 
other two paths in said second Zone in heat ex 
change relation with the air thereby cooling the 
air to a temperature sufficiently low to deposit out 
substantially all the carbon dioxide in the air, 
the differential between the temperature of the 
air and the weighted average temperature of the 
oxygen and nitrogen at the colder end of Said 
second zone being within the range of about 5 
to about 10 F., passing the air from Said ZOnes 
to the high-pressure stage of a two-stage recti 
fication System in indirect heat exchange rela 
tion. With a rectification product from the low 
pressure stage of said system, withdrawing from 
1% to 15% of the total nitrogen introduced into 
the process from the high-pressure stage of the 
system, said nitrogen containing incondensible 
gases, expanding the stream of nitrogen thus 
withdrawn, mixing the expanded nitrogen with 
a stream of nitrogen withdrawn from the low 
pressure stage and passing the resultant nitrogen 
in heat exchange relation with nitrogen and oxy 
gen fed to the low-pressure stage and air fed 
to the high-pressure stage, and periodically re 
versing the flow of air and nitrogen through 
their respective paths in the said two zones, the 
air upon reversal flowing through the paths in 
the two zones through which had previously 
flowed the nitrogen and the nitrogen flowing 
through the paths in the said two zones through 
which had previously flowed the air, whereby 
upon each reversal the nitrogen substantially. 
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completely removes the carbon dioxide deposited 
in the second mentioned Zone and the frost de 
posited in the first mentioned Zone during the 
preceding step in the process. 

5. A process for producing oxygen by the lique 
faction and rectification of air, which comprises 
passing a stream of air through a path in two 
Zones in Series, each of said zones containing 
three paths in heat exchange relation with each 
other, passing respectively streams of oxygen and 
nitrogen products of rectification through the 
two other paths in said Zones in heat exchange 
relation with the air passing therethrough, there 
by cooling the air leaving said second Zone to a 
temperature sufficient to remove substantially all 
carbon dioxide therefrom the carbon dioxide thus 
removed being deposited in Said Second Zone, cool 
ing at least one of Said streams during its flow 
from One Zone to the other, the amount of cold 
thus introduced into the process being adequate 
to compensate for cold losses resulting from the 
difference in enthalpy between the air introduced 
into and the products of rectification withdrawn 
from the process and for heat leaks into the sys 
tem, passing the air from said second zone to the 
high-pressure stage of a two-stage rectification 
system, withdrawing from said high-pressure 
stage nitrogen containing incondensible gases, 
heating by indirect heat exchange with the air 
passing through said second zone the nitrogen 
thus withdrawn to a temperature Sufficiently high 
to avoid the formation of liquid nitrogen upon 
expansion of Said nitrogen, expanding said nitro 
gen, passing the expanded nitrogen in heat ex 
change relation with oxygen and nitrogen Sup 
plied as reflux to the low-pressure stage of Said 
rectification system, and periodically reversing 
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the flow of air and nitrogen through their re 
spective paths in said two Zones, the air upon re 
versal flowing through the paths in the two zones 
through which had previously flowed the nitrogen 
and the nitrogen flowing through the paths in the 
Said two Zones through which had previously 
flowed the air, whereby upon each reversal the 
nitrogen substantially completely removes the 
carbon dioxide deposited in the second Zone dur 
ing the preceding step of the process. 

6. A process for producing oxygen by the lique 
faction and rectification of air, which comprises 
passing a stream of air at about 70 pounds to 
about 85 pounds gauge and a temperature of 
about 70° to about 110 F. through a path in tWO 
zones in series, each of Said ZOnes containing 
three paths in heat exchange relation with each 
other, passing respectively streams of oxygen and 
nitrogen products of rectification through the two 
other paths in said Zones in heat exchange rela 
tion with the air passing therethrough, thereby 
cooling the air leaving said second ZOne to a tem 
perature sufficient to remove substantially all 

4) 

45 

60 

carbon dioxide therefrom the carbon dioxide thus 
removed being deposited in Said second Zone, 
cooling at least one of Said streams during its 
flow from One Zone to the other, the amount of 
cold thus introduced into the process being ade 
quate to compensate for cold loSSes resulting from 
the difference in enthalpy between the air intro 
duced into and the products of rectification with 
drawn from the process and for heat leaks into 
the System, passing the air from Said Second Zone 
to the high-pressure stage of a two-stage recti 
fication system in indirect heat exchange rela 
tion with a rectification product from the low 
pressure stage of said System, withdrawing from 
the high-pressure stage from about 1% to about 
15% of the total nitrogen introduced into the 
process, said nitrogen containing incondensible 
gases, heating a minor portion of the nitrogen 
thus withdrawn by indirect heat exchange With 
all of the air passing to the high-pressure stage 
of the rectification system, mixing the heated 
nitrogen with the remainder of the nitrogen thus 
withdrawn, thereby producing a nitrogen Stream 
having a temperature sufficiently high to avoid 
the formation of liquid nitrogen upon expansion, 
expanding said nitrogen stream, passing the ex 
panded nitrogen in heat eXchange relation. With 
oxygen and nitrogen supplied as reflux to the low 
pressure stage and with the air Supplied to the 
high-pressure stage, and periodically reversing 
the flow of air and nitrogen through their re 
spective paths in said two Zones, the air upon 
reversal flowing through the paths in the two 
zones through which had previously flowed the 
nitrogen and the nitrogen flowing through the 
paths in the said two zones through which had 
previously flowed the air, whereby upon each re 
versal the nitrogen substantially completely re 
moves the carbon dioxide deposited in the Sec 
ond zone during the preceding step of the process. 

FRANK. J. JENNY. 
EDWARD G. SCHEIBEL. 
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