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3,348,385 
SEPARATION OF GAS MIXTURES 

Jeram S. Kamlani, Fairfield, and Gunnar Lund, North 
Haven, Conn., assignors to Gas Equipment Engineering 
Corporation, Milford, Conn. 

Filed Dec. 23, 1964, Ser. No. 420,673 
10 Claims. (Cl. 62-29) 

ABSTRACT OF THE DISCLOSURE 
A process for separation of a gas mixture, such as a 

liquid air separation plant, wherein the high pressure 
column and the low pressure column are separate, i.e. 
the low pressure column is not mounted atop the high 
pressure column, and, for liquid air separation, a crude 
oxygen cut from the high pressure column is used to 
condense nitrogen at the top of the high pressure column, 
causing some vaporization of the oxygen cut, and the 
crude cut is then cooled for condensation and is then 
introduced into the low pressure column. 

This invention relates to separation of gas mixtures. 
While the invention was occasioned by the need for 
improvement in separation of air into oxygen and nitro 
gen, the procedure and the apparatus provided by the 
invention have general application for separation of gas 
mixtures which include components differing in proper 
ties as do the components of air, so that the separation 
can be effected by liquefaction and fractionation. Thus, 
whereas the invention will be described in detail with 
reference to separation of air into oxygen and nitrogen, 
it will be understood that the procedure and apparatus 
of the invention find application in the separation of 
other gas mixtures. 

It is known to separate air into oxygen and nitrogen 
by a two-step fractionating procedure, the first step being 
a high pressure fractionation and the second step being 
a low pressure fractionation. Thus, air cooled to a low 
temperature is introduced into a high pressure fractiona 
tion column which can be operated at, for example, 75 
150 p.s.i.a. to provide a crude oxygen cut as bottoms of 
the high pressure fractionation and a vapor rich in nitro 
gen as overhead of the high pressure fractionation. The 
crude oxygen cut is then transferred to the low pressure 
column and is there fractionated to provide oxygen of 
high purity, for example, 99% oxygen. The overhead of 
the low pressure column, like the overhead of the high 
pressure column, is nitrogen. It is common to provide 
the equipment so that the condenser for the high pressure 
column functions as the reboiler for the low pressure 
column and to utilize as the cooling fluid for condensa 
tion of overhead of the high pressure column, the liquid 
oxygen product (bottoms) of the low pressure column. 
Thus, nitrogen for reflux for the high pressure column 
is provided. Further, by the condensation of the overhead 
of the high pressure column, liquid nitrogen can be ob 
tained for utilization as reflux in the low pressure column. 
In general, the principal product of such operation is 
liquid oyygen. Oxygen gas, nitrogen gas, or liquid nitro 
gen can also be taken as product, depending on the par 
ticular operating conditions employed. In apparatus of 
the type referred to here, the low pressure column is dis 
posed above the high pressure column and the condenser 
reboiler is disposed between the two columns. This ap 
paratus has the disadvantage of requiring very consider 
able height due to the arrangement of the low pressure 
column atop the high pressure column. 

It has been proposed to reduce the height require 
ments for an air separation plant by providing a so 
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called split column, i.e. a plant wherein the high pres 
sure column and the low pressure column are located 
side by side, rather than one atop the other. 
A split column operation is the subject of a co-pending 

application by one of us, namely Jeram S. Kamlani, Ser. 
No. 275,009, filed Apr. 23, 1963, now Patent No. 
3,270,514. The said co-pending application is directed to 
providing a split column operation characterized in that 
heat transfer area requirements are relatively low, and 
in that the process is carried out in a manner not requir 
ing the use of mechanical, heat, or vapor pumps to 
transfer material between the columns, and further char 
acterized in that savings can be realized in respect to 
equipment requirements since a substantial portion of one 
of the columns, namely the low pressure column, can be. 
made of a diameter smaller than heretofore commonly 
used. 
The instant invention is directed to provide an im 

provement in the process of the aforementioned patent, 
more particularly, it is a principal object of the invention 
to further accommodate the process to operation without 
the use of mechanical, heat, or vapor pumps. Another 
principal object of the invention is to provide improve 
ment in over-all oxygen recovery. Other objects of the 
invention will be apparent from the ensuing description. 

According to the process of said co-pending application, 
a gas mixture including a low boiling component and a 
high boiling component is separated by liquefaction and 
fractionation. The mixture is first fractionated in a high 
pressure column to provide an overhead vapor rich in 
the low boiling component and as bottoms a crude cut 
of the high boiling component in liquid state. A portion 
of the high pressure column overhead vapor is condensed 
and the resulting condensate is used as reflux for the high 
pressure column. Crude cut, i.e. bottoms of the high pres 
sure column, is transferred to a low pressure column and 
fractionated therein to provide a low pressure column 
overhead vapor rich in the low boiling component and a 
low pressure column bottoms rich in the high boiling 
component. In these operations, the process of the co 
pending application is akin to known procedures. It de 
parts from the prior art, however, in that crude cut, i.e. 
bottoms of the high pressure column, is reduced in pres 
sure and is then utilized for condensing the reflux for the 
high pressure column by indirect heat exchange of crude 
cut at the reduced pressure and the overhead vapor of 
the high pressure column. Further, an overhead vapor 
product rich in the low boiling component can be with 
drawn from the high pressure column and bottoms of 
the low pressure column can be reboiled by indirect heat 
exchange of the overhead vapor product of the high 
pressure column and the bottoms of the low pressure. 
column. 
The transfer of crude cut from the bottom of the high 

pressure column to the top of the high pressure column, 
for utilization thereof in the condenser, is effected by the 
pressure of the crude cut at the bottom of the high pres 
sure column, so that it is not necessary to resort to me 
chanical pumping or other means for effecting the desired 
lifting of the crude cut. Further, the crude cut utilized 
for the indirect heat exchange in the condenser of the 
high pressure column can be transferred to the low pres 
sure column for fractionation, and this transfer is effected 
by the pressure of crude cut in the condenser. Thus, the 
transfer of crude cut to the condenser and from the con 
denser to the low pressure column is effected by pressure 
of the crude cut and without the utilization of means such 
as pumps. ... . . . 

According to the improvement of the instant invention, 
the crude cut which is transferred from the condenser of 
the high pressure column to the low pressure column is 
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cooled prior to introduction into the low pressure column. 
In the indirect heat exchange between the crude cut 

and the overhead vapor of the high pressure column, at 
least a portion of the crude cut is vaporized. It has been 
found that it is desirable to cool the crude cut before in 
troduction thereof into the low pressure column to con 
dense at least part of the materialso vaporized. The cool 
ing of the crude cut transferred to the low pressure col 
umn can be by indirect heat exchange with a low pressure 
column fraction rich in high boiling component, and pref 
erably is by such heat exchange with bottoms of the low 
pressure column. A distinctive feature of the operation 
is that all of the air or other gas treated in the system 
can be introduced into the high pressure column. 
An alternative procedure for cooling crude cut accord 

ing to the invention, during transfer thereof to the low 
pressure column, is to utilize the crude cut from the over 
head condenser of the high pressure column as the heat 
ing fluid in the reboiler of the low pressure column. The 
resulting cooled crude cut can then be introduced into an 
intermediate point of the low pressure column. Preferably 
all of the crude cut vapor is condensed in the low pres 
sure column reboiler, and the crude cut from the reboiler 
is further cooled in a subcooler before introduction into 
the low pressure column. The crude cut is reduced to the 
pressure of the low pressure column following passage 
through the reboiler and, preferably, following passage 
through the subcooler. In this embodiment overhead of 
the high pressure column is condensed to the extent neces 
sary to provide not only reflux for the high pressure col 
umn, but further to the extent necessary to provide re 
flux for the low pressure column. All of the high pressure 
column overhead can be condensed. The condensing is ef 
fected with crude cut from the bottoms of the high pres 
sure column, as is described above. In this embodiment 
all air or other gas treated can be introduced into the high 
pressure column and, further, all of the air or other gas 
can be condensed in the high pressure column. 
The invention is further described in reference to the 

accompanying drawings, wherein: - 
FIG. 1 is a flow diagram for an embodiment wherein 

crude cut is cooled during transfer with bottoms of the 
low pressure column and overhead vapor of the high 
pressure column is used as the heating fluid in the low 
pressure column reboiler; and 

FIG. 2 is an embodiment wherein the crude cut is 
cooled during transfer by use thereof as the heating fluid 
in the reboiler, the reflux for the low pressure column 
being produced in the condenser of the high pressure 
column. 
The apparatus of the invention, as shown in FIG. 1, 

can include a first or high pressure fractionating column 
21 outfitted with an overhead condenser 22. The overhead 
condenser can be of the dome type common to air separa 
tion apparatus and includes the tubes 23 and dome 24. 
The tubes are in communication with the fractionating 
column so that overhead vapor from the fractionating 
column can pass into the tubes and the dome for indirect 
heat exchange with material on the outside of the tubes 
and the dome. Further, the high pressure column 21 is 
provided with process air inlet line 1 and with conduit 2 
which communicates the bottom of the fractionating col 
umn with the condenser for transfer of crude cut or bot 
toms of the fractionating column 21 to the condenser for 
indirect heat exchange between crude cut and overhead 
vapor product inside the tubes and dome of the condenser 
22. The bottoms passed through line 2 to the condenser 
22 must be a cut rich in high boiling component. It need 
not necessarily be the cut at the lowermost point in the 
high pressure column 21. All of the gas treated in the Sys 
tem can be introduced into the high pressure column 21 
via line 1. 
The apparatus further includes a second or low pres 

sure column 25 which is provided with a reboiler 26. The 
arrangement employing two separate columns is called 
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4 
a "split column,” or separated column operation. The re 
boiler 26 of the low pressure column can be constructed 
similar to the condenser of the high pressure column and 
includes the tubes 27 and the dome 28. Conduit means 
in the form of line 6 communicate the top of the high 
pressure column 21 with the tube side of the reboiler 26 
for transfer of vapor from the top of the high pressure 
column to the reboiler wherein the vapor is utilized as 
heating medium for the reboiler. Further, there can be 
provided conduit means in the form of line 5 for trans 
ferring crude cut from the shell side of the condenser 22 
to the low pressure column 25. Vapor generated in the 
condenser 22 can pass through the line 29 and into line 
5, and the vapor can be introduced into the low pressure 
column 25 at an intermediate point thereof. Preferably, 
there is no flow or littlefiow in line 5. 

Thus, according to the invention, crude cut from con 
denser 22 passes through line 16 to cooler 16a wherein 
it is passed in indirect heat exchange relation with bot 
toms of the low pressure column. Bottoms passes through 
line 19 to the exchanger 16a and from the exchanger back 
to the column through line 20. Oxygen product can be 
withdrawn through line 14 as liquid oxygen from the ex 
changer 16a. Upon cooling of the crude cut, vapor, prefer 
ably all of the vapor, is condensed and the crude liquid 
then passes through line 17 to pressure reducing valve 36 
and then through line 18 to an inlet, at an intermediate 
point, to the low pressure column 25. 

In the reboiler 26 the overhead vapor utilized for heat 
ing condenses and the condensate passes through line 7 
to the subcooler 31, then through line 8 and line 9 to the 
top of low pressure column 25 where the condensate 
serves as reflux. The overhead vapor from the low pres 
sure column passes through line 10 to the subcooler 31 
and in the subcooler is passed in indirect heat exchange 
relationship with respect to the condensate flowing to 
the top of the low pressure column for use as reflux. 
From the subcooler 31, the overhead of the low pres 
sure column 25 flows through line 11 to subcooler 32, 
wherein the vapor overhead from the low pressure col 
umn is passed in indirect heat exchange relationship with 
the crude cut passed from the bottom of the high pres 
sure column 21 to the condenser of the high pressure 
column. The vapor leaves the subcooler 32 through line 
12. The high boiling component, substantially pure, in 
the form of gas, can be withdrawn through line 15. The 
low boiling component, in liquid state, can be withdrawn 
through line 13. 
The apparatus of the invention is provided with suit 

able control valves, and can be operated in a manner 
to provide liquid or gas products in selected proportions. 

In utilization for separation of air into oxygen and 
nitrogen, the process air introduced through line can 
be at a low temperature and can be about 6-25% liquid. 
The high pressure column can be operated at a pressure 
in the range of 75-150 p.s.i.a. The crude oxygen cut 
passed through line 2 is reduced in pressure by valve 
34 to the pressure utilized on the shell side of the con 
denser 22 and then passes as a liquid into the condenser 
22. The pressure of the crude cut at this point is a pres 
sure intermediate the pressure of the high pressure co 
umn and the pressure of the low pressure column. The 
pressure of the low pressure column can be 20-40 p.s.i.a. 
The drawoff line 29 is provided with a valve 35 and as 
noted above, preferably, this valve is closed. Nitrogen 
gas passed via line 6 to the reboiler 26 is condensed 
in the reboiler and passed through lines 7, 8, and 9 to 
the top of the low pressure column. The valve 37 is 
utilized to control the flow of nitrogen to the top of the 
low pressure column. The nitrogen gas line 6 connecting 
the top of the high pressure column 21 with the re 
boiler 26 of the low pressure column 25, is provided 
with a draw-off line 33 having valve 38; the liquid nitro 
gen line 13 is provided with valve 39; the liquid 
Oxygen line 14 is provided with valve 40; these various 
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valves can be manipulated to provide suitable operation 
of the process. 
The invention as represented by FIG. 1 is further de 

scribed in the following example. 
Example I 

A plant according to the flow sheet set forth in the 
drawing was assembled using available equipment. The 
high pressure column had 20 GEECO Navy-type perfo 
rated trays with a helical coil condenser at the top. The 
low pressure column had twenty-three GEECO Navy 
type perforated trays. The reboiler associated with the 
low pressure column was a horizontal shell-and-tube type 
exchanger located adjacent to but separated from the 
column itself. The subcoolers were wound "Helicoil' ex 
changers. The plant was operated to provide a liquid 
oxygen product of purity 99.6% and a nitrogen vapor 
product. Neither gaseous oxygen nor liquid nitrogen was 
taken as product. Conditions for the various streams, 
measured or calculated were as is set forth in the follow 
ing table. All of the air was introduced into the high 
pressure column. 

Line Flow, lbs.1 
hr. Press., 

O.S.l.9. 
Comp., per 

cent O2 

: 

Figures in parentheses were calculated. 
Equipment having more trays can be utilized to pro 

vide higher purity oxygen. Thus, by utilizing more trays, 
oxygen of purity of 99.9% can be produced. 

In the example, the product is liquid oxygen. The sys 
tem can, however, be operated to produce high purity 
oxygen gas, nitrogen gas and/or nitrogen liquid. 

In the embodiment shown in FIG. 2 the crude cut is 
cooled during transfer by use thereof as the heating me 
dium in the reboiler of the low pressure column. Reflux 
for the low pressure column is obtained from the con 
denser atop the high pressure column. As between FIG. 
1 and FIG. 2, like reference characters refer to corre 
sponding parts. The process as shown in FIG. 2 differs 
from that shown in FIG. 1 as is indicated in the follow 
ing with reference to FIG. 2. 

All of the gas treated is introduced into the high pres 
sure column and is condensed therein, and all the nitro 
gen gas at the top of the high pressure column 21 is 
condensed in condenser 22. Liquid crude oxygen from the 
bottom of the high pressure column is used at a reduced 
pressure to condense the nitrogen. Part of the liquid nitro 
gen from the condenser is returned to the high pressure 
column and the balance is passed through line 13 to nitro 
gen subcooler 31 and then passes through line 16a to 
the top of the low pressure column 25. If desired, nitro 
gen gas can be withdrawn from the top of the high pres 
sure column through line 42a. Normally, however, valve 
42 in line 42a will be closed. The crude oxygen gas gen 
erated in the condenser 22 passes through line 4a to 
the reboiler 26 located at the bottom of the low pressure 
column and is condensed therein by heat exchange with 
the liquid oxygen bottoms of the low pressure column. 
Liquid crude oxygen passes from the reboiler through 
line 5a to oxygen subcooler 32 and then through line 
6a and pressure reducing valve 36a and on through line 

0 

5 

20 

25 

30 

50 

55 

60 

65 

70 

75 

6 
7a to an inlet at about the middle of the low pressure 
column. Lines 8a and 9a which interconnect the crude 
oxygen side of the condenser 22 with about the middle 
of the low pressure column 25 are outfitted with a valve 
35. This line is a by-pass line and the valve 35 is nor 
mally closed. Liquid nitrogen can be taken as product 
through line 13a outfitted with valve 39; nitrogen gas 
is taken off as product through line 12; liquid oxygen is 
taken off as product through line 14a which connects 
with the reboiler of the low pressure column; and oxygen 
gas can be taken off through line 15 which connects with 
the low pressure column near the bottom thereof. If de 
sired, the crude oxygen passed from the bottom of the 
high pressure column to the condenser 22 thereof, through 
line 2, can be cooled in a subcooler. A portion of the 
overhead nitrogen gas from top of low pressure column 
can be used as cooling medium in such a cooler. 
The embodiment shown in FIG. 2 is further described 

in the following example. 
Example 2 

In this example, equipment as is described in Example 
1 is used. The plant can be operated to provide a liquid 
oxygen product of purity 99.5% and a nitrogen vapor 
product, without taking any gaseous oxygen or liquid 
nitrogen as product. All of the air is introduced into and 
condensed in the high pressure column. Conditions for 
the various streams are as is set forth in the following 
table: 

Line Flow, Pressure, Temp., Composition, 
lbs./hr. p.S.i.g. o F. percent O2 

400 74 -282.5 21.0 
238 74 -280.0 31.0 
238 54 -286.5 30 
238 54 -286.5 3.0 
238 54 -286.5 31.0 
238 31.0 
238 31.0 
O 
0 

333.5 7.5 
333.5 7.5 
333.5 7.5 
162 7.0 
0 7.0 

162 7.0 
66.5 99.5 
0. 99.5 

162 7.0 
162 7.0 

As can be observed from the examples, the process 
of the invention provides a high yield of high purity 
oxygen. By reason of utilization of the procedure of the 
invention, the split column operation can be utilized while, 
at the same time, performance is comparable to that for 
the conventional double column, wherein the low pres 
sure column is mounted over the high pressure column 
with a condenser-reboilder interposed between the upper 
and lower column sections. 
While the invention has been described in reference to 

particular embodiments thereof, various modifications will 
be apparent from the description, and it is desired to se 
cure by these Letters Patent all such variations. 
What is claimed is: 
1. In a process for separation of a gas mixture includ 

ing a low boiling component and a high boiling compo 
nent by liquefaction and fractionation in a high pressure 
column and a low pressure column separate from the high 
pressure column, comprising 

(a) fractionating the mixture in the high pressure col 
umn to provide an overhead vapor rich in the low 
boiling component and as bottoms a crude cut of 
the high boiling component in liquid state; 

(b) condensing a portion of the high pressure column 
overhead vapor and using the resulting condensate 
as reflux for the high pressure column; 

(c) reducing the pressure of crude cut and condens 
ing the reflux for the high pressure column by in 
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direct heat exchange of crude cut at the reduced 
pressure and the overhead vapor of the high pres 
sure column; 

(d) transferring crude cut utilized in said indirect heat 
exchange to the low pressure column and fractionat 
ing the crude cut therein to provide a low pressure 
column overhead vapor rich in the low boiling con 
ponent and a low pressure column bottoms rich in 
the high boiling component; 

the improvement which comprises: 
(e) vaporizing at least a portion of the crude cut dur 
ing said indirect heat exchange and cooling said at 
least partially vaporized crude cut during said trans 
fer to the low pressure column to condense crude cut. 

2. Process according to claim 1, wherein 
(a) crude cut for said indirect heat exchange is trans 

ferred from the bottom of the high pressure column 
to the top of the high pressure column for said heat 
exchange and said transfer is effected by reduction 
in pressure of crude cut, and said transfer of crude 
cut, utilized for said indirect heat exchange, to the 
low pressure column is effected by pressure of crude 
Cut. 

3. Process according to claim 2, wherein said cooling 
during transfer of the crude cut to the low pressure col 
umn is effected by indirect heat exchange with a low pres 
sure column fraction rich in high boiling component. 

4. Process according to claim 3, wherein said fraction 
is low pressure column bottoms. 

5. Process according to claim 1, wherein an overhead 
vapor product rich in low boiling component is with 
drawn from the high pressure column, and bottoms of the 
low pressure column are reboiled by indirect heat ex 
change of said overhead vapor product of the high pres 
sure column and the bottoms of the low pressure column. 

6. Process according to claim 1 wherein all of the 
gas is introduced into the high pressure column and is 
condensed in the high pressure column. - 

7. In a process for separation of a gas mixture includ 
ing a low boiling component and a high boiling compo 
nent by liquefaction and fractionation in a high pressure 
column and a low pressure column separate from the high 
pressure column, comprising 

(a) fractionating the mixture in the high pressure col 
umn to provide an overhead vapor rich in the low 
boiling component and as bottoms a crude cut of the 
high boiling component in liquid state; 

(b) condensing a portion of the high pressure column 
overhead vapor and using the resulting condensate as 
reflux for the high pressure column; 

(c) reducing the pressure of crude cut and condensing 
the reflux for the high pressure column by indirect 
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heat exchange of crude cut at the reduced pressure 
and the overhead vapor of the high pressure column; 

(d) transferring crude cut utilized in said indirect heat 
eXchange to the low pressure column and fractionat 
ing the crude cut therein to provide a low pressure 
column overhead vapor rich in the low boiling com 
ponent and a low pressure column bottoms rich in 
the high boiling component; 

the improvement which comprises: 
(e) condensing a further portion of the high pressure 
column overhead vapor and using the resulting fur 
ther condensate as reflux in the low pressure column; 

(f) cooling crude cut during said transfer by indirect 
heat exchange of crude cut and bottoms of the low 
pressure column. 

8. Process according to claim 7, wherein 
(a) crude cut for said indirect heat exchange is trans 

ferred from the bottom of the high pressure column 
to the top of the high pressure column for said heat 
eXchange and said transfer is effected by reduction 
in pressure of crude cut, and said transfer of crude 
cut, utilized for said indirect heat exchange, to the 
low pressure column is effected by pressure of crude 
Cut: 

(b) at least a portion of the crude cut is vaporized 
during said indirect heat exchange with high pressure 
column overhead vapor and 

(c) vapor of crude cut produced during said indirect 
heat exchange is condensed during said cooling dur 
ing transfer of the crude cut to the low pressure 
column. 

9. Process according to claim 8, wherein the crude cut 
cooled by indirect heat exchange with the bottoms of the 
low pressure column is introduced into the low pressure 
column at an intermediate height thereof. 

10. Process according to claim 7, wherein all of the 
gas treated is introduced into the high pressure column. 
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