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2,824,428 
PROCESS AND APPARATUS FoR 

:SEPARATING AR 

Edward E. Yendall, Kenmore, N.Y., assignor to Union Carbide Corporation, a corporation of New York 
Contination of application Serial No. 449963, August 

,E. This application March 19, 1957, Serial No. 
9 

19 Claims. (CL 62-123) 
This invention relates to a process of and cap 

for separating air into products including an 
enriched product, and more particularly for improving 
the yield of such argon product. 

Customarily commercial argon is recovered from air 
during the two-stage rectification of air by drawing off 
an argon-containing vapor from an intermediate level of 
the second stage, which vapor is further réctified in an 
auxiliary rectification to produce a crude: argon product 
containing a small residue of nitrogen and some oxygen. 
By further treatment the oxygen content may bei elimi 
nated and the nitrogen residue content reduced to an al 
most immeasurable amount. Usually the oxygen prod 
uct is recovered as a compressed gas or as a liquid for 
commercial use, and while in some cases some pure 
'nitrogen product may be recovered from the first stage: 
of rectification, most of the nitrogen constitutes the waste 
effluent returned to the air after the refrigeration therein 
is recovered. 

By the customary processes less than half of the total 
amount of argon in the air processed is recovered in the: 
argon-containing product. As the industrial demand for 
argon increases it becomes important to increase the 
yield. Since nominal increases of yield may not be 
sufficient to satisfy the demand, it becomes economically 
practical to sacrifice either part or all of the oxygen 
production to increase the yield of argon or even to sepa 
rate air to recover argon as the sole product while re 
turning the oxygen with the 'effluent to atmosphere after 
recovery of the refrigeration. - - - 

It is therefore a principal object of the present inven 
tion to provide an improved process and system for sepa 
rating air into its products including an argon-product 
with substantially increased yield recovery of the argon. 
in the air processed. 
A further object of the invention is to provide anim 

proved process and system for separation of air to pro 
duce a crude argon, product as the sole recovered product. 
of the separation. - 
'A further object is to provide an improvement in the: 

two-stage separation of air whereby increased yields of 
argon are obtainable, whereby the system can be operated 
to increase the yield of argon at the sacrifice of more 
or less of the oxygen product production according to the: 
relative demands for the argon and oxygen products, and 
whereby a substantially pure nitrogen product can also 
be produced when required. 

Other objects and advantages of the invention will be 
come apparent as the description proceeds in connection 
with the accompanying drawings, in which: 

Fig. 1 is a schematic flow diagram of an exemplary 
system for the separation of air according to the inven 
tion particularly suitable for obtaining an argon product 
as the sole recovered productor with also a minor amount 
of oxygen product, and 

Fig. 2 is a schematic flow diagram according to the 
invention of a system for separation of air to provide 
both a variable amount of liquid oxygen product and an 

ployed may be 

2 
optional small amount of nitrogen product in addition 
to an improved yield of argon product. 

According to the invention, it has been discovered that 
in a two-stage rectification system for air separation that, 
when the main rectification is operated so that a minimum 
amount of argon remains with the liquid oxygen product 

cted at the base zone of the main rectification, that 
substantial loss of argon with the effluent from the top 
of the main rectification column can be reduced by the 10 transfer of a liquid containing very little argon to the 
top of the main rectification column and preferably above 
several rectification trays provided in the column above 
the feed point of the nitrogen-rich reflux liquid to the 
column. An effective liquid for this purpose has been 

for the entire liquid oxygen prod 
ation column. Such liquid oxygen 

- the waste nitrogen vapor effluent rgon'out-of it. 
also been discovered that when some nitrogen. 
awn as a nitrogen product from a prior stage. 

ent reflux nitrogen liquid is avail 
ification column to wash down ntly. Such nitrogen withdrawal 

he'amount of refrigeration which also tends 
25 to limit the amount-of-liquid oxygen that can be with 

“drawn as a li oxygen product. This refrigeration der 
ficiency may be balanced by sacrificing some of the liquid 
6xygen production bypassing part of the liquid oxygen 
'product to the top of the main rectifying column. Such 

fliquid oxygen not only balances the sys 
uction 'of some pure nitrogen but it also 

ents the reflux requirement in the main column 
nt loss of argon with the columineffitient and 
ases the yield of argon. . . . . . . . . . . . 

Referring now to' Fig. 1, air is compressed in a turbo 
compressor system 10 and passed to a main heatex 
'changer system B by a conduit 11. The pressure is at 

5 

20 is withd 
of rectification, insuffici 

if a. ?. hai 

least high enough so that airfractions at such pressure can be condensed by heat exchange with a liquid rich in 
40 oxygen boiling at the pressure of the main'stage of recti 

''fication. Such condensation pressure may be between 
*60 and 125 p.s. i.g. The heat exc r systemB maybe 
any of the types customarily employed for effecting heatex 
"change between air and effluent. Preferably the type'em 

cuperative or regenerative operated to 
move moisture and carbon dioxide from the incom for evaporation into the outgoing effluent gas. Cold accu 
imulators are shown as an example of such type of main 
heat exchangers. The cold accumulators 12 and 13 are pro 
-vided at their upper warm ends with a piping system 14 
containing reversing valves to which the pipe 11 connects. 
“The air, during one flow period of the reversing cycle, 
flows down through one accumulator 12 filled with pre 
cooled heat-absorbing material of large surface area. The 
moisture and carbon dioxide are deposited on thema 
terial while the air gives up its heat to the material and 
comes out at the cold end substantially free of moisture 
nd carbon dioxide and cooled to a temperature close to 

its condensation temperature at the 'existing pressure. 
Such air fl rom the lower reversing valve piping sys 
"tem 15 through a pipe 16 into the lower end of a 'scrubber 
chamber 17. 

Inscrubber 

S. 

5C) 

55 

chamber 17 the air is scrubbed with a liquid 
fraction by bubbling up through perforated contact plates 
i8 and the cleanied vapor portion flows through cofidlit 
19 from the upper part of chamber 17 into the lower 
part of a higher pressure rectifying column 20. In the 
column 20 the rising vapors contact descending nitrogen 

70 rich liquid and are partially condensed to form a crude 
oxygen liquid at the base of the column:20. A main 
rectifying column 21 is superimposed on the high-prest 

  

  

    

  



3 
sure column 20 and coupled in heat exchange therewith 
by a vapor condenser 22 surrounded by liquid oxygen 
collected in the base zone 23 of the main column. The 
vapor from the column 20 enters and is condensed in 
the condenser 22 to provide reflux liquid for the column 
20 and to provide a liquid rich in nitrogen which is 
collected on a shelf 24 under the condenser 22. The 
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liquid fraction from the base of the high pressure column 
20 is conducted by a conduit 25 to an intermediate level 
feed point 26 of the main column, there being a throttling 
valve 27 interposed therein. The nitrogen-rich liquid 
collected on the shelf 24 is transferred by a conduit 28 to 
a higher level feed point 29 of the main column 21 above 
the feed point 26. The transfer conduit 28 has inter 
posed therein a throttling valve 30 and preferably also a 
subcooling heat exchanger 31 which is cooled by effluent 
of the top of the main column passed to heat exchanger 
passage 32 by conduit 33. 
When the refrigeration production in the system is 

limited to that required for recovery of all products in 
warm gaseous state, the amount of liquid fraction used 
for scrubber liquid may be so limited that it is desirable 

10. 

s 

20 

to employ a recirculation system for impurity elimination 
of the type shown in Patent 2,572,933 of R. W. Houvener. 
The scrubber liquid fraction which has collected residual 
impurities is withdrawn from overflow cup 35 of the 
scrubber chamber 17 by conduit 36a to the inlet of a 
liquid pump 36 from the discharge of which a conduit 
36b to impurity-removing devices 37 which may be filters 
or a combination of filter elements and adsorbent-con 
taining traps, and then returned by a conduit 38 to the 
scrubber preferably to a point below at least part of the 
plates 18. If refrigeration production is great enough, 
for example when producing some liquid oxygen product, 
excess scrubber liquid fraction can be passed to the 
intermediate level feed point 26 of the main rectification 
either by a separate transfer line or by a conduit 38a 
connecting to conduit 25 and containing a control valve 
38. 
The scrubber liquid fraction is preferably produced by 

condensing a diverted portion of the scrubbed air vapor 
so that condensing surfaces may remain free of impur 
ities. To this end a conduit 39 diverts air vapor to a 
condenser 40 surrounded by a heat exchange chamber 
41. The air condensed by the condenser 40 is collected 
in a chamber 42 under it and then passed by conduit 43 
joining conduit 38 into the scrubber 17. The heat ex 
change chamber 41 receives its coolant in the form of 
effluent gas through conduit 44 connecting heat exchange 
passage 32 therewith. The partly warmed effluent gas is 
conducted from heat, exchange chamber 41 through a 
conduit 45 to the reversing system 15 for passage up 
ward through the cold accumulator 13 during a period 
of the reversing cycle and from the upper end of the cold 
accumulator 13 through reversing valve system 14 to 
the effluent outlet 46. 

Alternatively, the scrubber may be positioned in the 
bottom of the column 20 to employ the crude oxygen as 
scrubber liquid, in which case the impurity-eliminating 
devices 37 would be interposed in the transfer line 25. 
For producing the low temperature refrigeration re 

quirement of the system an unliquefied portion of scrubbed 
air is preferably work-expanded and in order that the 
work expansion may be efficient and result in an ex 
panded vapor which is close to a dry saturated condition, 
the vapor to be expanded is pre-warmed by suitable 
means, for example, a portion of the scrubbed air is 
diverted from below the condenser 40 through a conduit 
48, passed through one of a pair of heat exchangers 49 
and 50 in heat exchange with a portion of the incoming 
air in heat exchange passages 51 and 52, which air is 
diverted from an intermediate portion of the cold ac 
cumulators 12 and 13 through conduit 53. The airpor 
tion cooled by such heat exchange is conducted from 
the passage 51 or 52 through conduit 54 connected to 
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4. 
conduit 16. The pre-warmed portion of air is then con 
ducted from heat exchange passage 49 or 50 through 
sconduit 55 to the nozzles of a turbo-expander 56. 

From the expander 56 a conduit 57 connecting to 
an intermediate level of the main rectification column 
conducts the cold expanded air vapor to the column so 
that argon contained therein can be washed out. The 
refrigeration thus applied to the main column in part 
passes down the column with refluxing liquids and in 
part passes up the column with the rising vapors eventu 
ally forming the effluent gas in conduit 33 so that at 
least part of the expander refrigeration is employed in 
the heat exchange chamber 41 for liquefaction of scrubbed 
air vapor to form scrubber liquid. 

Alternatively, the system may be operated as a so 
called excess air cycle or partial excess air cycle by in 
creasing the amount of air through the expander 56 and 
providing a by-pass connection 58 connecting with the 
effluent line 44. Valves 59 and 60 are interposed in con 
nections 57 and 58 to regulate the flow of expanded air 
to the column and to the effluent line 44 as required. 
Up to about 15% of the air can be passed as expanded 
air to the column. 
The point in the main column where the argon content 

of the rising vapors is relatively high and where the 
nitrogen content in such vapors is very low or substan 
itially a minimum is a desirable level for withdrawal of 
argon-containing vapor for further processing. This level 
-61 is several trays below the intermediate feed point 26. 
A conduit 62 conducts the argon-containing vapor to the 
lower portion of an auxiliary rectifying column 63. In 
the column 63 the rising vapors meet a descending flow 
of reflux liquid which washes the oxygen content to the 
lower end of the column 63 from which such oxygen-rich 
liquid is passed by conduit 64 back to the main rectify 
ing column. The column 63 may be placed at such a 
level that the liquid flows by gravity toward the main 
column. If desired, however, a liquid pump can be 
interposed in the conduit 64 so that the base of the 
column 63 can be positioned at a lower level. . 
The reflux liquid for the auxiliary column 63 is prefer 

ably provided by positioning a reflux condenser 65 at its 
upper end through which the rising vapors of the column 
must pass. The condenser 65 is preferably refrigerated 
by a cold fluid from the system, for example, a portion 
of the transfer liquid of conduit 25 may be diverted 
through a conduit 66 and passed into a boiling chamber 
67 surrounding the condenser 65, a throttling valve 68 
being interposed in the conduit 66. The liquid portion 
that does not flash into vapor after passage through throt 
tling valve 68 forms a cold refrigeration liquid in cham 
ber 67 which boils to condense a portion of the vapors 
passing through condenser 65. The vapor from boiling 
chamber 67 is conducted by conduit 69 to the main col 
umn 21 at a point close to the intermediate level 26. 
The crude argon product is withdrawn, preferably from 
the upper part of the condenser 65 through a conduit 70. 
Such crude argon product may be further processed in 
another rectifying column in the customary manner for 
telimination of residual nitrogen or it may be collected 
as a warm crude argon gas to be sent to an argon re 
finery, not shown. The latter procedure is illustrated in 
Fig. 1 wherein the crude argon product through conduit 
70 is passed to heat exchange coils 71 and 72 which are 
in heat exchange relation with the heat exchange ma 
terial in the cold accumulators 12 and 13. The conduit 
70 connects to the cold end of the passages 71 and 72 
and the warm ends of such passages connect to a conduit 
73 which delivers the crude argon product to receiving 
eas. ... . ... -- - . . . 

For washing argon out of the rising effluent vapor in 
the main rectifying column there is preferably added 
Some gas and liquid contact means in the form of sev 
eral rectification trays at the upper end of the column 
between the feed point 29 and the top of the column 
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and as a reflux liquid for this section of the column a 
"liquid having low argon content is employed. Prefer 
ably at least a portion of the oxygen liquid-from the 
lower zone:23 is pumped by a rotary liquid oxygen pump 
376 connected to the zone 23 by conduit 77 and by a 
“conduit'78 to the upper end of the main column 21. The 
"rate of flow to the pump may be controlled by varying 
-the-speed of the pump by a variable speed drive and by 
providing a by-pass from conduit 78 to conduit 77 con 
trolled by valve 79. A desired amount of liquid oxygen 
product could be withdrawn by regulating a valve 80 in 
a branch connection 85 of conduit 78. , , 2 
The operation of the system is believed clear from the 

above - description. The expander 56 can be provided 
with several expansion nozzles so that the amount of 
i-air-expanded can be varied within limits, and for greater 
variation two or more expanders can be connected to 

\ the inlet pipe 55 and outlet pipe 57. When the system 
sis in balanced operation with the valve 60 closed and 
valve'59 open so that all the turbine exhaust passes into 
the main rectifying column, it is found that the argon 

3 recovered will be about 90% of the total argon available. 
'The power cost of operating the system for argon re 
scovery as the sole product is also found quite reasonable. 
- When the turbine exhaust is diverted to the effluent pipe 
"44 with-valve 59 closed-and valve 60 open and the pro 
"portion of air which is passed through the expander is 
"about 15%, then the recovery of the argon in the product 
i is found to be about 83% of the argon available. If 
- some liquid oxygen is withdrawn as a product the re 
ifrigeration loss contained in the amount of liquid oxygen 
withdrawn must be provided by expansion of an extra 
amount of air. Such excess air may be provided by 
operating-additional expansion nozzles in the turbine or 
by: placing in service an additional expansion turbine, 
sand such excess expanded air is passed through the con 
tirection '58 to the effluent pipe '44. A further control for 
columni operation is obtained by an oxygen-rich vapor 
discharge connection 82a from column-zone 23-directly 
to the: effluent line .44 and controlled by a valve 82. 
2Referring now to Fig. 2, there is illustrated a rectifying 

icolumn portion of a system for producing liquid oxygen 
sandsome liquid nitrogen product as well as a crude argon 
"product. The portion of such system for cooling and 
preparing the air for rectification and for-providing the 
required low temperature refrigeration may be of a cus 
tomary. type, for example, similar to that shown in Patent 
No. 2,547,177 issued to G. E. Simpson, April 3, 1951. 
In Fig. 2 the air which has been cooled, freed of mois 

ture, and partially liquefied at about 75 p.s. i. g. enters 
through pipe 116 into scrubber chamber 117 where the 
vapor, portion is scrubbed with the liquid portion. The 
impurity-containing liquid portion passes through a pipe 
136. and impurity-removing devices 137 and pipe 138 to 
an intermediate level 26 of the main rectifying column 
12. The vapor portion of the air passes through pipe 
:19: to the lower part of the high pressure stage recti 
fying column: 120. The liquid crude -oxygen collecting 
at the lower part of column 120 passes through transfer 
pipe 125 and throttling valve 127 to the intermediate level 
126 of the main column. The liquid nitrogen collected 
'at: shelf 124 at the upper part of the column 120- and 
below the condenser. 22 is conducted by pipe 128 and 
through heat exchanger pass 131 and throttling valve 
130 to the higher level 129 of the main rectifying column. 
The effuent from the top of the main column leaves 
through conduit 133 to heat exchanger pass 132 from 
{which it is conducted by conduit 144 to the main heat 
exchanger system for cooling incoming air. 
A desired portion of liquid nitrogen to form a liquid 

nitrogen product may be withdrawn through a branch 
85 of the conduit 128, the withdrawal being controlled 
by a valve 86. The point of connection between the 
conduit 85 and conduit 128 may be on either side of the 
heat exchanger passage 131. However, if it is desired 
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- pressure is reduced through valve 86. 
product may be withdrawn from the boiling chamber 
zone 123 of the main column through a connection 81 

i having a control valve 80. The liquid oxygen product 
which is not withdrawn as product through-valve 80 is 
recirculated through conduit 177 to the liquid oxygen 

demands for the three, products. 

6 
to withdraw subcooled liquid nitrogen the connection must 
"be between the exchanger 131 and valve. 130, the sub 
cooling being desired to prevent excessive amounts of 
the nitrogen-product from flashing into vapor when its 

A liquid oxygen 

pump 176 and conduit 178 to the upper end of the main 
rectifying column above upper rectifying trays 175. 
The argon-containing vapor is withdrawn from a point 

of the main column below intermediate level 126 and 
5 - passed into the auxiliary column 163 for rectification 

therein to produce an oxygen-rich bottom liquid which 
is withdrawn through conduit 164 and passed back to the 
main rectification. A reflux condenser 165 of the aux 
iliary column is refrigerated by a portion of the crude 
oxygen transfer liquid diverted through a conduit 166 
and throttling valve 168 to the boiling chamber 167 
around the condenser 165. The vapor is conducted from 
the boiling chamber through conduit-i69 to the main 
column just past the intermediate level 126. The crude 
argon product is withdrawn by conduit 170 from the 
upper part of the reflux condenser 165. . 

In the system according to Fig. 2 sufficient refrigera 
tion is produced and passed to the rectifying system in the 
form of liquid that all the oxygen product of separation 
could be withdrawn as liquid oxygen and some of the 
liquid nitrogen can be withdrawn as product. However, 
as more liquid nitrogen is withdrawn less is available for 
reflux liquid for the main column but it is possible, ac 
cording to the invention, to balance the system by with 
drawing less liquid oxygen at valve 80 as product and 
transferring more by the pump 176 to the upper end 
of the main column. This extra refrigeration and reflux 
supplied to the top of the main column also improves 
the washing down of argon so that the argon recovery is 
improved. 
The system provides flexibility for meeting variable 

For example, the sys 
tem can be operated to provide substantially no liquid 
nitrogen product and a maximum of liquid oxygen prod 
uct, in which case the recovery of argon would be about 
45% of the argon available. If, however, less liquid 
oxygen product is required the argon recovery can be 
substantially improved by pumping some oxygen to the 
top of the main column. When an increased amount of 
liquid nitrogen product is required, the liquid oxygen 
production can be further reduced and the recirculation 
of oxygen to the top of the main column correspondingly 
increased with further improvement of the argon recovery 
as well as of the nitrogen product recovery. The sys 
tem of Fig. 2 can also be operated to make no oxygen 
product so that all the oxygen is recirculated as reflux to 
the top of the main column, thus increasing the argon 
recovery to the maximum available. 

This application is a continuation of my application 
Serial No. 449,963, filed August 16, 1954, now aban 
doned. 
What is claimed is: 
1. A process for separating air by low temperature 

rectification into products including an argon-enriched 
product which comprises subjecting air to cooling and 
liquefying heat exchanges including a rectification at a 
higher rectification pressure to provide liquid feeds for 
a main rectification at lower pressure, said feeds includ 
ing an oxygen-enriched liquid containing a substantial 
part of the argon and a nitrogen-rich liquid containing 
a minor amount of the argon; feeding the oxygen-enriched 
liquid to an intermediate feed point level of said main 
rectification after expansion to said lower pressure; feed 
ing the nitrogen-rich liquid to a higher feed point level 
of said main rectification after expansion to said lower 
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pressure; withdrawing an argon-containing vapor from 
a level of said main rectification below said intermediate 
feed point and passing it to an auxiliary rectification; 
refrigerating the effluent of said auxiliary rectification to 
partially liquefy same and provide a reflux liquid for 
said auxiliary rectification and an argon-enriched prod 
uct; boiling the oxygen-rich liquid collected at the lower 
Zone of said main rectification to produce vapor for said 
main rectification and to reduce the argon content of 
such oxygen-rich liquid to an immaterial amount; and 
feeding at least a portion of the unvaporized oxygen 
rich liquid from the lower zone of the main rectification 
to the top Zone thereof above said higher feed point level 
to Wash down a substantial amount of the argon contained 
in the nitrogen vapor above said higher feed point where 
by an improved yield of argon is recovered in said argon 
enriched product. 

2. A process for separating air by low temperature 
rectification according to claim 1 in which said refrigera 
tion of the effluent of said auxiliary rectification is ef 
fected by heat exchange between the effluent and a por 
tion of a liquid of the system and the resulting vapor 
of such heat exchange is passed to the main rectification. 

3. A process for separating air by low temperature 
rectification according to claim 1 in which the entire 
unvaporized oxygen-rich liquid is passed to the upper 
Zone of the main rectification and the argon containing 
crude product and the top effluent are the sole products 
of the separation. 

4. A process for separating air by low temperature 
rectification according to claim 1 in which a part of the 
unvaporized oxygen-rich liquid is passed to the upper 
Zone of the main rectification and a desired remainder 
of the unvaporized oxygen-rich liquid is withdrawn as 
a product of the separation. 

5. A process for separating air by low temperature 
rectification according to claim 1 in which a part of the 
unvaporized oxygen-rich liquid is passed to the upper 
Zone of the main rectification, a desired remainder of 
the oxygen-rich product is withdrawn as a product of 
the separation, and a portion of said nitrogen-rich frac 
tion is withdrawn as another product of the separation. 

6. In a process for separating air by low temperature 
rectification into products including an argon-enriched 
product in which liquids made from air are treated in 
a main rectification stage having an oxygen-rich liquid 
reboiler at its lower end, an oxygen-enriched liquid frac 
tion containing argon is introduced at an intermediate 
feed point, a nitrogen-rich liquid fraction containing a 
Small amount of argon is introduced at a higher feed 
point, and from which an argon containing crude product 
is withdrawn at a level below said intermediate feed 
point, the improvement for increasing the yield of argon 
which comprises passing at least a portion of the un 
vaporized oxygen-rich liquid collected in said reboiler to 
an upper Zone of said main rectification above said high 
er feed point to wash down argon from the nitrogen 
vapors above said higher feed point. 

7. A process for separating air by low temperature 
rectification according to claim 6 in which the entire un 
vaporized oxygen-rich liquid is passed to the upper zone 
of the main rectification and the argon containing crude 
product and the top effluent are the sole products of the 
separation. 

8. A process for separating air by low temperature 
rectification according to claim 6 in which a part of the 
unvaporized oxygen-rich liquid is passed to the upper 
Zone of the main rectification and - a desired remainder 
of the unvaporized oxygen-rich liquid is withdrawn as 
a product of the separation. ... 

9. A process for separating air by low temperature 
rectification according to claim 6 in which a part of the 
unvaporized oxygen-rich liquid is passed to the upper 
Zone of the main rectification, a desired remainder of the 
oxygen-rich liquid is withdrawn as a product of the sepa 
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- 8 . 
ration, and a portion of said nitrogen-rich fraction is with 
drawn as another product of the separation. 

10. Process for the low temperature separation of air 
to recover an argon product which process comprises 
cooling air at a condensation pressure between 60 and 125 
p.s. i.g. by heat exchange with effluent gas to provide 
an air stream close to condensation temperature corre 
sponding to the pressure and substantially free of mois 
ture and carbon dioxide; scrubbing the air stream with 
a liquid fraction to collect residual impurities in the liquid 
fraction so that the gaseous part of the stream is sub 
stantially free of impurities; effecting partial liquefaction 
of said gaseous part to produce said liquid fraction; elimi 
nating impurities from said liquid fraction; passing the 
cleaned liquid fraction to a main rectification at lower 
pressure at an intermediate level thereof; diverting a por 
tion of said gaseous part and warming such portion by 
heat exchange with air to a temperature such that upon 
subsequent work-expansion a substantially dry Saturated 
vapor will result; expanding such warmed portion with 
the production of external work; effecting heat exchanges 
for using at least part of the low temperature refrigera 
tion of said work-expansion for effecting at least part of 
said liquefaction; effecting heat exchange between the 
remainder of said gaseous part of the stream and oxygen 
rich liquid collected at the base zone of the main recti 
fication to produce a nitrogen-rich liquid; passing a sub 
stantial part of said nitrogen-rich liquid to said main 
rectification at a higher feed level above said intermediate 
level; passing at least part of the oxygen-rich liquid from 
the base zone of the main rectification to an upper level 
of the main rectification above said higher level; with 
drawing an argon-containing vapor of improved argon 
yield from a level of said main rectification below said 
intermediate level; and subjecting such argon-containing 
vapor to auxiliary rectification to separate oxygen-rich 
liquid for return to the main rectification and produce a 
crude argon product. 

11. In a process for the low temperature separation of 
air in which the air is subjected to two stages of rectifica 
tion to produce at least some nitrogen product taken 
from the higher pressure stage, an effluent gas from the 
top of the lower pressure stage and at least one other 
product, an oxygen-rich liquid product from the lower 
zone of the lower pressure stage, the improvement for 
meeting varying demands for said products which com 
prises increasing the withdrawal rate of said nitrogen 
product and reducing the withdrawal rate of said oxy 
gen-rich product while correspondingly withdrawing from 
the lower zone of said lower pressure stage sufficient liquid 
rich in oxygen for passage to the top of said lower pres 
sure stage as reflux liquid to balance the refrigeration 
requirements and compensate the reduction of reflux 
liquid created by said increased withdrawal of said nitro 
gen product. 

12. In a process for the low temperature separation 
of air in which the air is subjected to two stages of recti 
fication into an overhead top effluent gas, an oxygen 
product, and an argon-containing product removed from 
an intermediate part of the second stage and in which 
reflux feeds for the second stage in the form of crude 
oxygen and liquid nitrogen are fed to the second stage 
at successively higher levels the improvement for increas 
ing the recovery of argon which comprises adjusting the 
liquid-vapor reflux ratio in the upper zone of the second 
stage to increase the oxygen content of the reflux liquid 
for washing down the argon by supplementing the liquid 
feed to the higher zone with a liquid high in oxygen 
content and low in argon, content, the effluent thereby 
containing more oxygen and less argon. 

13. In a process for the low temperature separation 
of air in which the air is subjected to two stages of recti 
fication into an overhead top effluent gas, an oxygen prod 
ci, and an argon-containing product removed from an 

intermediate part of the second stage and in which reflux 
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feeds for the second stage in the form of crude oxygen 
and liquid nitrogen are fed to the second stage at Suc 
cessively higher levels the improvement for increasing 
the recovery of argon which comprises adjusting the liquid 
vapor reflux ratio in the upper zone of the second stage 
to increase said oxygen content of the reflux liquid for 
washing down the argon by passing a portion of an oxy 
gen-rich liquid of small argon content in the system to 
the higher zone of the rectificatoin at a level at least as 
high as the nitrogen reflux feed level. 

14. In a system for the separation of air by low tem 
perature rectification including higher pressure and lower 
pressure main rectification column chambers associated 
so that vapor of the higher pressure column is condensed 
in a heat exchanger by heat exchange with oxygen-rich 
liquid collected in the base Zone of the main column cham 
ber, means for feeding oxygen-containing liquid from the 
base of the higher pressure column to an intermediate 
level of the main column, means for collecting a portion 
of nitrogen-rich liquid produced by said heat exchanger 
and transferring same to said main column at a higher 
level above said intermediate level, an auxiliary rectifying 
column with a reflux condenser at its upper end, means 
for feeding argon-containing vapor from the main column 
at a level below said intermediate level to said auxiliary 
column, means for feeding liquid collected at the base of 
said auxiliary column to said main column, and means 
for withdrawing an argon-enriched product from said re 
flux condenser of the auxiliary column; the improvement 
which comprises means providing in said main rectifying 
column additional gas and liquid contact means between 
the upper end of the main column and said higher level; 
and means for passing oxygen-rich liquid from the base 
zone of said main column to the upper end of said main 
column above said additional gas and liquid contact 

S. 

15. A system for the separation of air according to 
claim 14 which includes means for diverting, expanding, 
and passing a portion of a liquid of the system in heat ex 
change with said reflux condenser of the auxiliary column 
and for passing vapor of such heat exchange to said main 
column. 

16. A system for the separation of air according to 
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10 
claim 14 which includes means for also withdrawing a 
liquid oxygen product from the base zone of said main 
column. 

17. A system for the separation of air according to claim 
14 which includes means for withdrawing a nitrogen 
product from the upper end of the higher pressure column, 
and means for subcooling such nitrogen product by heat 
exchange with effluent gas of the main rectification before 
discharge to receiving means. 

18. In a process for the low temperature separation of 
air in which the air is subjected to two stages of rectifica 
tion in the second stage of which is produced an over 
head top effluent gas, a bottom oxygen liquid which is 
reboiled to produce vapor for product withdrawal and 
for the second stage rectification, and an argon-containing 
product removed from an intermediate part thereof and 
in which reflux feeds for the second stage in the form 
of crude oxygen and liquid nitrogen are fed to the Sec 
ond stage at successively higher levels, the improvement 
for increasinig the recovery of argon which comprises ad 
justing the liquid-vapor reflux ratio in the upper Zone of 
said second stage to increase the oxygen content of the 
reflux liquid for washing down the argon by supplement 
ing the liquid feed to the higher zone with a liquid high 
in oxygen content and low in argon content and by 
regulating the rate of oxygen vapor product withdrawal 
from said second stage. 

19. A process for separating air by low temperature 
rectification according to claim 6 in which part of the oxy 
gen vapor produced in said reboiler is passed to the upper 
zone of the main rectification and part is withdrawn as a 
product of the separation, and which includes the step 
of regulating the rate of oxygen vapor product withdrawal 
from said main rectification to control the liquid-vapor 
reflux ratio therein. 
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