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5 Claims. (Cl. 62-4122) 

This invention relates to a process of and apparatus 
for the production of argon, and more particularly re 
lates to the manufacture of nitrogen-free argon from an 
argon-oxygen-nitrogen mixture obtained during the two 
stage recti?cation of air. 

It is already known to produce mixtures of oxygen 
having a high argon content by removing the nitrogen 
contained in a mixture of nitrogen and oxygen in the 
upper column of a two-stage recti?cation apparatus. 
Thereafter, the fraction of the oxygen which contains 
the argon and the higher boiling fractions is reintroduced 
into the recti?cation apparatus where it is separated 
into a higher boiling component consisting of oxygen and 
into a lower boiling component consisting of an argon~ 
oxygen mixture. This mixture may be further separated, 
if desired, in a further recti?cation column into an argon 
fraction having only a residue of oxygen. 

However, experience has shown that the withdrawal 
of the argon-containing oxygen fraction from the low 
pressure column of the air separation apparatus affects 
detrimentally the further separation of the air. Accord 
ingly, it has been proposed to improve the known process 
and to prevent interference with the separation of the air 
by withdrawing only a portion of the oxygen-argon mix 
ture at a higher point in the recti?cation apparatus where 
the concentration of the oxygen amounts to between 90 
and 98 per cent. While this known process interferes 
with the air separation process less than the ?rst process, 
it is still not satisfactory because only a small portion 
of the argon contained in air can be recovered. 

It is accordingly the principal object of the present in 
vention to provide an improved process of and apparatus 
for the production of argon from air whereby the major 
portion of the argon which is contained in the air may 
be recovered. 
A further object of the invention is to provide a proc 

ess of and apparatus for the manufacture of argon from 
a mixture of gases obtained during the two-stage recti 
?cation of air which will not substantially disturb the 
recti?cation of air. 

In accordance with the process of the invention it is 
possible to recover the major part of the argon content 
of the air contained in the air separation column by 
withdrawing an argon-oxygen-nitrogen fraction at a point 
in the low pressure column where oxygen and nitrogen 
are present in substantially comparable or equal con 
centration. Thereafter, the nitrogen is completely re 
moved by recti?cation of the argon-oxygen-nitrogen frac 
tion in a distillation column and by separating the re 
maining argon-oxygen mixture in a separation column 
into pure oxygen and pure argon. The recti?cation is 
carried so far in the distillation column that, for ex 
ample, the argon-oxygen mixture evaporated at the bot 
tom of the column contains only approximately 0.02 per 
cent of nitrogen. On the other hand, it is also possible 
to reduce the concentration of the argon leaving the col 
umn with the vaporized nitrogen to a minimum by using 
a distillation column of ample dimensions. By means 
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of the process of the invention the argon contained in 
the air treated in the air separator is recovered as pure? 
argon with a yield of about 60 per cent which is about? ‘ 
twice the yield obtained in known processes. In some. 
cases, it may be desirable to remove the oxygen from 
the argon-oxygen mixture by a known chemical method. 

In a preferred modi?cation of the process of the in 
vention the liquid oxygen fraction obtained in the sep 
aration column is utilized to produce the sprinkling liquid 
required for the distillation column. The sprinkling 
liquid is obtained by indirect heat exchange with the 
nitrogen fraction condensing in the condenser coils. The 
evaporated oxygen is then discharged in counter-current 
heat exchange with fresh gas. It is also feasible to com 
bine the two columns in a double column of the type used 
in air separators. In this case the sump liquid of the 
upper column condenses the rising nitrogen fraction of 
the distillation column. However, in order to limit the 
height of the apparatus and to reduce the cold losses the 
two columns are preferably disposed adjacent to each 
other and the sump liquid of the separation column con 
sisting of liquid oxygen, is delivered by a pump to the. 
condenser of the distillation column. 

In order that the operation of the air separator may 
not be affected in any way, the cold required for the sep~ 
aration is produced, in accordance with the invention, 
by the expansion of highly compressed nitrogen which is 
guided in a closed circuit. This is effected as follows. 
At ?rst the heat developed during the compression of 
the highly compressed nitrogen is dissipated. Then'the 
nitrogen is pre-cooled in counter-current heat exchange 
with the expanded cold nitrogen whereafter the sump 
liquid of the distillation column is heated by the .pre 
cooled nitrogen which is thus lique?ed. After ‘further 
cooling in heat exchange with the oxygen evaporating in 
the sump of the distillation column, the lique?ed nitro— 
gen is expanded and delivered to the head of the con 
denser to produce sprinkling liquid from the argon frac 
tion contained in the separating column. There the 
nitrogen is evaporated in indirect heat exchange with the 
argon fraction which condenses partially. The vapor 
ized nitrogen is then permitted to escape and is used for 
further cooling of the lique?ed nitrogen under pressure 
before it is expanded. 
The apparatus for carrying out the process of the in 

vention consists of two recti?cation columns which may, 
for example, be provided with recti?cation plates. One 
of the columns serves as a distillation column for the‘ 
nitrogen to be ?rst removed while the other column is‘ 
the separation column for the‘ argon-oxygen mixture; 
The apparatus further includes a liquid pump for deliver 
ing the sump liquid of the separation column (oxygen) 
to the condenser of the distillation column, a counter 
current heat exchanger for the nitrogen cooling circuit, a 
counter-current heat exchanger for the separation prod; 
nets with the crude mixture and associated valves. 
For a better understanding of the invention reference 

is now made to the accompanying drawings, in which: 
Fig. 1 is a schematic diagram illustrating apparatus 

for carrying out the process of the invention; and 
Fig. 2 is a schematic diagram illustrating further ap 

paratus for carrying out a modi?ed process in accord 
ance with the invention. 
The argon containing mixture to be separated contains‘ 

substantially equal parts of nitrogen and oxygen and 
is withdrawn from the low pressure column of an air 
separator not shown in the drawing. This mixture is 
introduced into a counter-current heat exchanger 1 at 
a pressure of about 7~ atmospheres where it is cooled. 
The mixture then passes through coil 6 and is intro 
duced substantially in the center 7 of the distillation 
column 2. Here the mixture is separated into a nitro~ 
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gen-free oxygen-argon fraction which collects in liquid 
form 3 at the bottom of the distillation column and into 
a nitrogen fraction containing argon and oxygen resi 
dues‘; The‘ latter fraction leaves the head of the distil 
lation column at 5, is expanded by valve 25 and re 
heated substantially to the temperature of the high-pres 
sure‘ nitrogen which enters the system. The heating 
takes‘ place by heat-exchange with high-pressure nitro 
gen in nitrogen counter-current heat exchanger 8 or in 
the counter-current heat exchanger 1. A portion of 
the fraction may, if desired, be directed through the 
counter-current‘ heat exchanger 1 in a direction opposite 
to that in which the crude or untreated argon mixture 
?ows. Another portion of this fraction has previously 
been condensed in the coils of condenser 4 and serves 
as sprinkling liquid for‘ the distillation column 2. The 
oxygen-argon fraction is Withdrawn at 9 from the distil 
lation column 2 and is ?rst expanded by valve 1% and 
then introduced at 24 substantially at the center of the 
separation column 11. Here, the fraction is separated 
into an- oxygen fraction which collects at the bottom 
of the'column at 12 and into‘ an argon fraction which 
is‘ removed at 14 as pure argon and is passed through 
the counter-current heat exchanger 1 before being utilized. 
A portion of the argon vapors arriving at the head of. 
column 11 is condensed in the coils 13 of the condenser 
27 and serves as sprinkling‘ liquid for the separation 
column. The'sump liquid 12 of the separation column 
11 isv delivered by pump 15 having a motor 16 to the 
head of the distillation column 2 where it is evaporated 
in indirect heat. exchange with condensing nitrogen. 
The evaporated oxygen is partly discharged at 21, passed 
through the crude gas counter-current heat exchanger 1 
and heated to approximately room temperature while 
another part is discharged at 22 and introduced at 23 
into‘ the separation column. 
The high-pressure nitrogen which serves for produc 

ing the required cold is passed after pre-cooling in the 
nitrogen counter-current heat exchanger 8, through coil 
17 where it is lique?ed. After further cooling in the 
liquid oxygen by passing through coil 18 and through 
super-cooling heat exchanger 19 the nitrogen is then 
passed through expansion valve 20 into condenser 27 
of the separation column 11. The nitrogen evaporated 
in‘ the chamber 27 in heat exchange with the argon con 
(lensing in tubes 13 is returned into the closed circuit 
through super-cooling heat exchanger 19“ and‘ through 
nitrogen counter-current‘ heat exchanger 8. 

Inv accordance with a modi?cation of the process of 
the invention the cold required for the separation proc 
ess is- produced by a closed‘ crude argon circuit into 
which the; crude‘ argon mixture to be separated is also 
introduced and’ from which it is removed in a compressed 
state, and by means of highly compressed air. Both 
gases ?rst serve‘ in a‘ condensed pre-cooled state to heat 
the separation: column‘ whereby they are lique?ed. After 
the thus formed liquid is expanded to vaporization pres 
sure it is employed to cool the upper part of the col 
umn whereby it is simultaneously evaporated. The 
vapors thus produced are brought into counter-current 
heat exchange with compressed air to be pre-cooled or 
with circulating. crude or untreated argon‘ thereby to 
utilize their cold content. The compressed air, however, 
is only used to heat‘ the sump liquid of the distillation 
column and is thereby lique?ed. Thereafter, the liquid 
is expanded and delivered to the head of the distillation 
column for sprinkling purposes; 
The modi?ed separation process of the invention will 

now be described by way of example with reference to 
Fig. ‘ 

The crude or‘ untreated argon to be separated‘ which 
contains besides argon approximately equal parts of oxy 
gen. and'_nitrogen is introduced at 31 into a closed‘ crude 
argon circuit. The mixture is compressed in compres 
sor $2 with a circulating gas to about 4 atmospheres 
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pressure above atmospheric pressure. 
cooled by water cooler 33, pro-cooled in counter-current 
heat exchanger 34 and lique?ed by the sump liquid 35 
of the separation column 36 in the coil 46. A portion 
of the liquid thus formed is expanded by 'valve 37, 
vaporized by vaporizing coil 38 at the head of separa 
tion column 36 and returned into the circuit through 
counter-current heat exchangers 6i) and 34. Another 
portion of the untreated argon mixture is introduced in‘ 
liquid form into the distillation column 39 through valve 
49 for the purpose of removing the nitrogen by recti?ca 
tion. The nitrogen driven off is discharged into the at 
mosphere with the vaporized fraction of the liquid air 
introduced at 44 through valve 62 and the outlet 65 of 
counter-current heat exchanger 63. 
The distillation column 39 is heated and vapors are 

formed from the sump liquid 42 by a portion of the high 
pressure air which is condensed after pro-cooling in the ' 
counter-current heat exchangers 63 and 56 in exchange 
with escaping oxygen or nitrogen in the coil 41 in the 
liquid oxygen-argon mixture. The lique?ed air is ex 
panded through valves 43 and 44' and introduced into‘ 
distillation column 39 at 45. Here, the liquid air 
trickles over the vapors rising over the recti?cation plates 
of the distillation column 39 and washes theargon and 
oxygen content thereof. 
liquid air is preferably evaporated and escapes through 
valve 62 while a considerable part' of its argon content 
remains in the liquid phase and is thus recovered. The 
liquid air to be introduced at 45 into distillation column 
3? is super-cooled in heat exchanger 60 by cold crude 
argon. 

Another portion of the highly compressed air is used 
for the purpose of heating the separation column in a 
coil 47 in addition to compressed crude‘ argon which con 
denses in coil 46. After liquefaction of the air in coil 47, 
the air is expanded by valves 48 and 49 and evaporated 
in special condenser pipes 52 at the head of separation‘ 
column 36. This air is thereby utilized to condense‘ the 
pure argon fraction to be recovered. The vaporized air 
is guided in the heat exchanger 63 in counter current with 
a portion of the condensed high-pressure air introduced at 
64 and distributed to the two counter-current heat ex 
changers 56 and as. 
The oxygen-argon mixture obtained by recti?cation is 

withdrawn in liquid form at 51 from the bottom of the 
distillation column 39 and introduced‘ at 54 through’ ex 
pansion valve 53 into separation column 36' for‘ further 
recti?cation. The‘ oxygen component which collects in 
liquid form‘ at the bottom of separation column 36 after 
recti?cation of the oxygen—argoni mixture introduced-there 
in, is ?rst vaporized, then is discharged in gaseous form“ 
at 55 and is brought into counter-current heat exchange 
with highly compressed air in the counter-current ex 
changer 56 and is discharged through’ outlet 66. In order 
to produce in the separation column 36 simultaneously 
both argon of high purity as well as oxygen of high. 
purity a portion of the rising argon-containing oxygen 
is continuously withdrawn in gaseous form from the 
separation column a few recti?cation plates above the 
level of the sump‘ liquid. This fraction is branched 0d 
at 57 and introduced through valve 58 into the expanded 
circulating argon at‘ 61. 
The pure argon produced at‘ the head‘ of separation 

column as is withdrawn in liquid form at 59 and vapor 
ization of the accumulated liquid argon may take place 
under pressure by suitable hot Vaporizers, not shown, and 
discharged into suitable storage tanks, not shown; The’ 
liquid may also be compressed to high pressure by pump 

By excluding mechanically driven compressors and 
by utilizing a closed evaporation circuit any contact with 
other liquids, such as lubricants and the like, and any 
contamination by other vapors‘ or gases‘ can be pre 
vented. By the process of the‘invention highly puri?ed, 
absolutely dry gas can be directly produced“ 
The second process of the invention affords among 

Thereafter, it is. 

The nitrogen fraction of they 
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others the advantage that a large portion of the argon 
content of the highly compressed air utilized for the gen 
eration of cold is recovered during the process. 

According to a further modi?cation of the invention 
it may be expedient to omit separation columns 11 (in 
Fig. l) or 36 (in Fig. 2). In this case the oxygen may 
be removed from the argon-oxygen mixture chemically 
in a known manner instead of removing the oxygen in 
the separation column. 
The invention has been described with reference to a 

preferred embodiment and it will be understood that 
many variations and modi?cations thereof may be re 
sorted to Without departing from the scope of the inven 
tion as de?ned in the following claims. 
We claim: 
1. A process for the production of argon comprising 

the steps of Withdrawing an argon-rich argon~oxygen 
nitrogen fraction at a predetermined point of a two-stage 
air recti?cation process, the oxygen and nitrogen content 
of said fraction of gases being of substantially equal 
magnitude, rectifying said argon-oxygen-nitrogen fraction 
to remove the nitrogen substantially completely therefrom, 
separating the remaining argon-oxygen mixture into sub 
stantially pure oxygen and substantially pure argon by 
the application of cold, pre-cooling compressed air and 
circulating it in a circuit, expanding the pre-cooled com 
pressed air in order to produce the required cold, in 
directly cooling a portion of said argon-oxygen mixture 
by the expanded pre-cooled air, heating the separated 
substantially pure oxygen by the pre-cooled compressed 
air, Washing out the argon from said argon-oxygen-nitro 
gen fraction by means of the expanded pre-cooled air, and 
discharging the air resulting from the washing out of the 
argon into the atmosphere in heat exchange with the 
compressed air. 

2. A process as de?ned in claim 1 wherein oxygen 
containing a small portion of argon is removed in gaseous 
form during the argon-oxygen separation and fed into the 
crude argon circuit, thereby to recover simultaneously 
argon and oxygen of high purity. 

3. A process as de?ned in claim 1 wherein the pro 
duced pure argon is withdrawn in liquid form, and is 
then vaporized under pressure. 

4. A process for the recovery of argon from an argon 
oxygen nitrogen mixture comprising Withdrawing a gase 
ous argon rich oxygen nitrogen fraction from an air 
recti?cation device where the oxygen and the nitrogen 
content is of substantially the same magnitude, rectify 
ing the said argon oxygen nitrogen fraction to e?iect a 
complete removal of the nitrogen and thereafter separat~ 
ing the remaining argon oxygen mixture into its pure com 
ponents, producing the cold required for the separation 
of the gas mixture by expansion of compressed circuit 
conducted precooled crude argon and of precooled com 
pressed air, while utilizing each of said compressed gases 
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for heating the separating column,v thereby condensing 
said gases and using the same upon expansion from the 
?uid state for the indirect cooling of the upper portion of 
the separating column, heating the fluid contained in the 
sump portion of the distillation column by compressed 
air only, introducing the condensed air upon expansion 
into the upper portion of the distillation column for rins 
ing and washing argon, returning the vaporized crude 
argon upon cold exchange in counter-current heat ex 
changer into the circuit and releasing vthe vaporized air 
while conducting the same in heat exchange with com 
pressed air. 

5. In an apparatus for the recovery of argon from an 
argon-rich oxygen-nitrogen mixture containing substan 
tially equal parts of oxygen and nitrogen, a distillation 
column for the distillation of nitrogen, a separation col 
umn for separating oxygen and argon from said mixture 
of gases, means connecting said two columns for provid 
ing mutual cooperation thereof, a compressor and a 
cooler disposed in series to compress and cool the initial 
gas mixture, a pair of counter-current heat exchangers for 
pre-cooling compressed air in heat exchange counter-cur 
rent flow with expanded nitrogen obtained from said dis 
tillation column and with vaporized oxygen obtained from 
said separation column, a further counter-current heat 
exchanger connected downstream of said cooler for fur 
ther cooling the initial gas mixture in a heat exchange 
counter-current flow with argon containing oxygen de 
rived from said separation column, a ?rst heating coil 
disposed in the sump of said distillation‘column and con 
nected to said pair of heat exchangers to receive pro-cooled 
compressed air therefrom, a second and a third heating 
coil superposed in the sump of said separation column , 
to heat the latter, said second coil being connected to 
said pair of heat exchangers to receive pro-cooled com 
pressed air therefrom, said third coil being connected to 
said further heat exchanger to receive the cooled initial 
gas mixture therefrom, a fourth and a ?fth vaporizing 
coil located at the top of said separation column to 
vaporize the lique?ed gas mixture therein, said fourth 
coil having its output connected to one of said pair of 
heat exchangers to convey cooled air thereto ?owing to 
gether with said expanded nitrogen, said ?fth vaporizing 
coil being connected to the output of said third coil for 
circulating a portion of the initial gas mixture. 
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