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[57] ' ' ABSTRACT 

In a process for separating air into an oxygen rich 
fractiomThe gas to be separated is compressed to a 
high pressure and cooled to almost the liquefaction 
temperature. A portion of the cooled gas is lique?ed 
and passed through a recti?cation column. Another 
portion of the resultant cooled gas is heated and en 
gine expanded and then passed to the recti?cation 
column to be placed in heat transfer relationship with 
the liquid portion. 

6 Claims, 2 Drawing Figures 
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PROCESS OF SEPARATING AIR INTO AN 
OXYGEN-RICH FRACTION SUITABLE FOR BLAS I 

FURNACE OPERATION ' 

This application is a continuation of co~pending ap 
plication, Ser. No. 590,391 ?led Oct. 28, 1966 and now 
abandoned. 

This invention relates in general to the low tempera 
ture separation of gases. In particular, this invention re-' 
lates to improvements in a process for the separation of 
air into a fraction enriched in nitrogen and a fraction 
enriched in oxygen by compressing air to be'separated; 
cooling resultant compressed air to almost the conden 
sation temperature; branching a portion of resultant 
cooled compressed air; liquefying resultant branched 
portion; passing resultant liquid to the top part of a 
rectifying column; and passing another portion of said 
resultant cooled compressed air to the bottom part of 
said recti?cation column. I 

In German Pat. No. 589,916 of Dec. 20, 1933, a 
mode of operation is described wherein a portion of the 
air is passed in heat exchange with the oxygen-rich mix 
ture, is completely lique?ed, and is then introduced 
into the recti?cation apparatus. The refrigeration ener 
'gy necessary for conducting such a process can be ob‘ 
tained by engine expanding the gaseous nitrogen-rich 
mixture withdrawn from the recti?cation column. This 
old process is satisfactory for some purposes, but-it is 
not the most economical from an overall standpoint. 
This problem of economics is especially acute when it 
is desired to produce oxygen~enriched blast air for the 
blast furnace industry, with the least possible expendi 
ture with respect to initial investment and operating 
costs. 

An object of this invention therefore is to provide an 
improved process for the production of oxygen in a 
concentration suitable for blast furnace operation. 

' Another object is to provide a process for the 
production of oxygen which entails a comparatively 
low expenditure with respect to initial investment and 
operating costs. 
Another object is to provide an improved low tem 

perature process for the production of fractions en 
riched in at least one component. 
Upon further study of the speci?cation and claims, 

other objects and advantages of the present invention 
will become apparent. 

For the attainment of the above objects there is pro 
vided in a process comprising 

a. compressing gas~to-be-separated to a higher pres 
sure; 

b. cooling resultant higher pressure gas to almost the 
liquefaction temperature; 

0. branching a portion of resultant cooled higher 
pressure gas; 7 ' 

d. liquefying resultant branched portion; 
e. passing resultant liquid to fractionating apparatus; 

and 
f. passing another portion of resultant cooled higher 

pressure air to said fractionating apparatus whereby 
said resultant liquid and said another portion are 
placed in heat transfer relationship; 
the improvement comprising the intermediate step of 
heating said another portion of resultant cooled higher 
pressure gas, and engine expanding resultant heated 
another portion prior to passing said another portion to 
said fractionating apparatus. 
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2 
‘Though this invention is applicable to the separation 

of any gaseous mixture, it is particularly useful for the 
production of blast furnace grade oxygen from air. 
Consequently, the following description, though per 
taining to air fractionation, is not to be considered a 
limitation of the broad aspects of this invention. 
in this connection, the air-to-be-separated is 

preferably compressed to a pressure of about l-2 at 
mospheres gauge. After engine expansion, preferably 
through a turbine, the pressure thereof drops to‘ 
preferably about 0.8 to 1.2 atmospheres absolute. 
The amount of air that is lique?ed is generally about 

28 to 36, preferably 30 to 34 percent. 
When the air is cooled to almost condensation tem 

perature, it is meant that the air is not more than 3 ° C., 
preferably not more than 1 ° C. above the air liquefac 
tion temperature under the pressure employed. 

All of that portion of the air which is to be engine ex 
panded can be deeply cooled to almost the condensa 

' tion temperature by heat exchange with separation 
products, preferably in a regenerator, and can then be 
reheated in anotherheat exchanger. It is preferred, 
however, that only a part, preferably 90 to 97 percent 
of said portion of the-air to be engine expanded be so 
cooled. The other part can then be withdrawn from the 
deep cooling heat exchanger at a position where it has a 
temperature of about 130°—230°, preferably 200° to 
220 ° K. This withdrawn stream should in any event 
have a temperature at least about 40 ° C., preferably 
about 120 ° C. higher than the deeply cooled air. The 
higher temperature withdrawn air is then freed from 
carbon dioxide by a technique such as adsorption 
which does not require any further temperature reduc 
tion. The resultant higher temperature COz-free stream 
is then admixed to the other part of the deeply cooled 
air which is to be engine expanded. » 
As to the fractionating apparatus, it is preferred to 

employ a rectifying column, although it is also possible. 
to employ alternative devices such as a partial evapora 
tor or partial condenser, for example, that illustrated in 
German Pat. No. 589,916. 

in a preferred embodiment, not all of the air is com 
pressed to that pressure necessary to engine expansion. 
In this way about preferably 30 to 34 percent of the 
total air is compressed to an intermediate pressure of 
preferably about 1.] to 1.3 atmospheres absolute, and 
after cooling thereof, is passed into ‘the rectifying 
column. 

Advantageously, at least one of the two separation 
products is withdrawn by applying a vacuum to the 
deep cooling heat exchangers. 
The energy produced in the expansion turbine is 

preferably utilized for air compression, or for the in 
take and compression of the oxygen product — suitably 
by a direct coupling of the turbine and the compressor. 
The recti?cation in the fractionating column thus 

takes place at only a slight superatmospheric pressure, 
or also atlsubatmospheric pressure, the preferred range 
being 0.8 to 1.2 atmospheres absolute. Owing to the 
fact that the curvature of the recti?cation equilibrium 
curve increases with decreasing pressures, it is possible, 
by recti?cation at low pressures, to attain a higher ox 
ygen yield, using the same amount of re?ux as in the 
case of higher pressures. This is a distinct advantage 
over the previously known processes which operate 
under a higher pressure. 



3,699,695‘ 
, 3 

Referring now to the drawing, _ , ~ 

FIGS. 1 and 2 are schematic illustrations of two 
preferred embodiments of this invention. 

Referring speci?cally to FIG. 1, the air introduced 
through conduit 1 is compressed in compressor 2 to 2.3 
atmospheres absolute, and is passed, throughconduit 
3, to the reversible interchangeable regenerators 4 or 5 
(illustrated: 4) wherein air is cooled by the nitrogen-en 
riched separation product, and to the regenerators 6 or 
7 (illustrated: 6) wherein air is cooled by the oxygen 
enriched product. 
A part, about 90 to 97 percent, of the air fed to the 

nitrogen regenerator 4 is withdrawn, at about 90° to 92 
°K_., through conduit 8, and another portion is 
withdrawn, at about 130° to 230 ° K., through conduit 
9, from the central section of this regenerator. The 
warmer air from conduit 9 is freed from its residual 
CO2 content in adsorber 10 and passed, via conduit 11, 
where it is mixed with the colder part in conduit 8, and 
the resultant mixture is fed to the expansion turbine 12. 
The expanded air at a pressure of about 0.8 to 1.2 at 
mospheres absolute is introduced into the single 
column recti?cation unit'l4 at the lower end thereof, 
via conduit 13. 
The air fed to the oxygen regenerator 6 passes 

through conduit 16 to the condenser-evaporator‘ 17 
and, from there, in substantially lique?ed form, 
through conduit 18 and throttle valve 19 into the head 
of the rectification column 14. 
From the sump of the column 14, liquid enriched in 

oxygen to an extent of 45-55 percent, preferably 47 
percent, is conducted through conduit 20 and regulat 
ing valve 21 through condenser-evaporator 17, is 
vaporized, and fed via conduit 22 to one of the oxygen 
regenerators (illustrated: 7) for warming to normal 
temperature. It is then withdrawn as product through 
conduit 23. (In this connection, the oxygen from con 
duit 23 — also with a subatmospheric pressure — can, 
of course, be compressed to the pressure necessary for 
the further operation.) 
The fraction exiting from the head of the rectifying 

column, enriched in nitrogen and containing about 7.5 
percent 02, passes via conduit 24 to the nitrogen 
regenerator(illustrated: 5), and from there through 
conduit 25 to the outside. 

Referring now to FIG. 2, the air introduced through 
line 1 is, in this embodiment, ?rst compressed in a 
blower 2' to an intermediate pressure of L3 at 
mospheres absolute. The resultant compressed stream 
is branched; one part, about 66 to 70 percent, passes 
through conduit 3' to the compressor 2"; and the other 
part passes to the oxygen regenerator 6 or 7 (illus 
trated: 6). In the compressor 2" the air is compressed 
to 2 atmospheres gauge, and is then passed through 
conduit 3 to one of the nitrogen regenerators 4 and 5 

, (illustrated: 4). 
Withdrawn at the cold end of the regenerator 

through conduit 8 is the major part of the high pressure 
ainThe vminor part of the high pressure air is only par 
tially cooled and is withdrawn from the central section 
of the regenerator through conduit 9, where it is then 
passed to adsorber 10 and is freed from its carbon diox 
ide'content. The conduit 11 then unites with conduit 8 
and leads to theexpansion turbine 12, where the air is 
lowered in pressure to about 1.1 atmospheres absolute. 
From there, inturn, conduit 13 leads into the lower 
section of the rectifying column 14. 
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4 
’ 1 Conduit 15 is branched off conduit 8, this conduit 15 1 
leading to the condenser-evaporator 17. The portion of 
the air lique?ed therein passes as scrubbing liquid via 
expansion valve 19 in conduit 18 into the head of the 
rectifying column 14. From the sump of the rectifying 
column 14, as in FIG. 1, the fraction enriched in ox 
ygen to an extent of 45-55 percent, preferably 47 per 
cent, is withdrawn in the liquid phase and fed, via the 
regulating valve 21, to the condenser-evaporator 17 
where it is vaporized. The vaporized product then 
passes through conduit 22, one of the oxygen regenera 
tors 6 or 7 (illustrated: 7), and then through conduit 23 
to the consumer. As in FIG. 1, the nitrogen-enriched 
fraction, which still contains about 7.5% 02, passes 
from. the head of the rectifying column through conduit 
24 to one of the nitrogen regenerators 4 or 5 (illus~ 
trated: 5), and through conduit 25 to the outside. 

ln contradistinction to FIG. 1, the amount of air con 
ducted through one of the oxygen regenerators 6 and 7 
(illustrated: 6-) is directly introduced through conduit 
30 to the foot of the rectifying column 14 at only 
slightly superatmospheric pressure. 
By the use of an analogous system, it is also possible 

to employ, in place of the rectifying column 14, a paral 
lel-?ow evaporator according to German Pat. No. 
589,916, there being suitably provided a vacuum pump 
for withdrawing the oxygen under suction from the 
evaporator coil. - 

From the foregoing description, one skilled in the art 
can‘easily ascertain the essential characteristics of this 
invention, and without departing from the spirit and 
scope thereof, can make various changes and modi?ca 
tions of the invention to adapt it to various usages and 
conditions. Consequently, such changes and modi?ca 
tions are properly, equitably, and intended to be, within 
the full range of equivalence of the following claims. 
What is claimed is: . - 

1. A process for separating air in a fractionating 
column to produce an oxygen rich separation product, 
said process comprising the steps of: 

a. compressing the air-to-be-separated toga pressure 
of l to 2 atmospheres gauge; 1, 

b. dividing resultant compressed air-to-be-separated 
into two branches, cooling all of one branch of said 
air-to-be-separated to almost liquefaction tem 
perature by heat exchange with a separation 
product, and cooling substantially all of the other 
branch of the air-to-be-separated to almost 
liquefaction temperature by heat exchange with 
another separation product; 

0. liquefying the one branch of the air as liquid air by 
heat exchange with liquid bottom product 
withdrawn from the fractionating column in a 
vaporizer condenser disposed externally of said 
fractionating column, thereby vaporizing the bot 
tom product and passing all of the vapor thus 
produced in heat exchange with said one branch of 
the air-to-be-separated; 4 

d. directly throttling the thus lique?ed air as sole 
re?ux into the top of the fractionating column; 
heating the other branch of the air, engine expand 
ing the heated air and passing resultant engine ex 
panded air in the gas phase into the foot of the 
separation column; 

f. fractionating said branches of air-to-be-separated 
' in said fractionating column at a pressure of about 

0.8-1 .2 atmospheres absolute. 

e. 
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2. A process as de?ned in claim 1 wherein-only a 
fraction of said other part of the portion of the air 
which is at a pressure of 1-2 atmospheres gauge and 
whichis to be engine expanded in step (e) is cooled to 
almost the liquefaction temperature instep (b). 

3. A process for separating air in a fractionating 
column to produce an oxygen rich separation product, 
said process comprising the steps of: 

a. compressingat least a portion of the air-to-be 
separated to a pressure of l ‘to 2 atmospheres 
gauge, the remaining portion being at a pressure 
below 1 atmosphere gauge: 

b. cooling both portions of said air from step (a) to 
almost liquefaction temperature by heat exchange 
with a separation product; ' 

cl liquefying as liquid air part of the portion of the air 
which is at a pressure of 1 to 2 atmospheres gauge 
and at almost liquefaction temperature, by heat 
exchange with liquid bottom product withdrawn 
from the fractionating column in a vaporizer con 
denser disposed externally of said fractionating 
column, thereby vaporizing the bottom product 
and passing all of the vapor thus produced in heat 
exchange with the portion of air-to-be-separated at 
a pressure below 1 atmosphere; 

d. directly throttling the thus lique?ed air as sole 
re?ux into the top of the fractionating column; 

e. heating the other, part of the portion of the air 
which is at a pressure of 1 to 2 atmospheres gauge 
and cooled to almost liquefaction temperature, en 
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6 
gine expanding resultant heated air and passing 
resultant engine expanded air in the gas phase into 
the foot of the separation column; 

f. passing the remaining portion of air from step (b) 
not treated in steps (0), (d), and (e), in gaseous 
form into the foot of the separation column; and 

g. fractionating both portions of said air-to‘be 
separated in said fractionating column at a pres 
sure of about 0.8-1.2 atmospheres absolute. 

4. A process as de?ned in claim 1 wherein in step (b) 
a part of said other branch of the compressed air to to 
be separated is desorbed of CO2 at a higher tempera 
ture; and wherein said heating of said substantially all 
of said other branch of resultant cooled compressed air 
is conducted by admixing resultant desorbed part 
thereto. 7 

5. A process in accordance with claim 4, wherein 
said higher temperature is l30°-230° K. 

6. A process as de?ned by claim 4 wherein step (a) is 
conducted in two stages, said air to be separated being 
compressed to an intermediate pressure before com 
pression to about 1 to 2 atmospheres gauge, a minor ' 
part of said air compressed to an intermediate pressure 
being cooled and directly passed to the other flow path 
of said recti?cation column without being engine ex 
panded, the remaining part of said air compressed to an 
intermediate pressure being compressed to about 1 to 2 
atmospheres gauge for further treating. 

' ' * * * * * 
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