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1. 

This invention relates to the fractionation of 
gas mixtures, as for example (but without limi 
tation) the separation of air for the production 
of oxygen and nitrogen. 
This application is a continuation of lily ap 

plication Serial No. 601,769, filed June 27, 1945, 
now abandoned. 
The invention is applicable to any two-stage 

fractionating operation which is conducted at a 
low subatmospheric temperature and in which 
the two stages are maintained at naterially dif 
ferent pressures. 
The invention will be described in connection 

with the operation of the double or two-stage 
column commonly used in ai' fractionation and 
illustrated in the attached drawings, in which 

Figure 1 illustrates a double coluinn in vertical 
section, the column being provided With an ex 
ternal heat interchanger for a purpose to be de 
Scribed, and 

Figure 2 illustrates a rhodified form of the 
apparatus having the interchanging elements 
located inside the low pressure section of the 
column. 
The functioning of the two-stage column is so 

well known that only the briefest description is 
needed. Referring to Figure 1, the column itself 
consists of two stacks of fractionating piates, as 
at 5 and , separated by a partition including 
a downwardly draining condenser 2. 

Air under a relatively high pressure, as for 
example 75 pounds gauge, and previously cooled 
to the point of incipient or partial liquefaction, 
is admitted into the lower compartinent S. in 
this section gaseous nitrogen is separated, in a 
variable degree of purity which depends on the 
number and effectiveness of the plates in this 
section, and a crude oxygen (for example, of 35% 
concentration) collects in a pool 3 in the base 
of the column. 
The gaseous nitrogen passes into condenses 2, 

in which it is liquefied, a part of the liquid return 
ing to reflux the plates of the lower section while 
a part is collected on an annular tray A4. From 
this tray the liquid nitrogen passes to the top of 
the upper Section of the coltinn, in which it func 
tions as reflux liquid for the upper stack of plates, 
this section being maintained at a materially 
lower pressure, as for example 5 pounds gauge. 
In passing from the higher to the lower pressure 
a potrion of the liquid nitrogen is evaporated, 
leaving the column as a saturated vapor, 
The crude oxygen collecting in pool 3 is simi 

larly expanded into the upper section of the 
couinn, but at a medial height. The plates in 

y 
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2 
this section separate the crude oxygen into two 
fractions: gaseous nitrogen, which passes out of 
the upper end of the tower, and liquid oxygen, 
which collects in a pool 5 surrounding condensel 
A2. Each of these products may and Oidinarily 
will be somewhat impure, depending on the Over 
all efficiency of the column, but the purity of the 
nitrogen and the quantity of oxygen recoverable 
at any given degree of purity will be enhanced 
by the use of the step hereinafter described. 
By reason of the difference in the boiling points 

of oxygen and nitrogen, the pressure of the first 
or higher pressure stage rises until it becomes 
stable at a point where the nitrogen, in condens 
ing in condenser 2, is at a temperature slightly 
higher than that of the oxygen in pool 5 of the 
second or lower pressure stage, and is thus eth 
abled to impart heat to the oxygen, constantly 
boiling it. 
The separated oxygen collecting in pool i, 

which is one of the final products of the Coluiyin, 
may be withdrawn in liquid form from below the 
surface of the pool, as at 6. If preferred, the 
oxygen may be withdrawn as a vapor froin the 
gaseous body above the Surface of the pool, as 
at fl. 

It Will be understood that, in this description 
and also in the appended clains, the terms 
'gaseous nitrogen' and “liquid nitrogen' are used 
for identification only and do not itnply that the 
nitrogen is in a state of purity. The nitrogel 
vapor condensing in condenser 2 is in equili 
briuin with a liquid containing oxygen and 
therefore cannot be wholly oxygen-free, and the 
nitrogen vapor passing out of the upper end of 
the column also may contain an appreciable pro 
portion of oxygen. While the operation of a 
double column is irnproved by reducing the 
oxygen content of the refluxing nitrogen to the 
lowest feasible point, the invention herein de 
scribed is functional So long as sole ractionalition 
takes place in the high-pressure section of the 
column, so that a boiling point difference is 
established. Thus the term “liquid initiogen' 
should be understood to refer to the liquid col 
lecting in the upper end of the high-pressure sec. 
tion, this liquid containing more nitrogen and 
less oxygen than the air feed. The term “crude 
Oxygen' should be understood to refer to the 
liquid collecting in the base of the column, this 
liquid containing less nitrogen and more oxygen 
than the air feed. 

I have discovered that the functioning of a 
55 two-stage fractionating systein, as exemplified in 
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the operation of the double column above de 
Scribed, may be improved materially by abstract 
ing heat from the liquid nitrogen in its passage 
from the high-pressure to the low-pressure stage. 
TWO methods of effecting this heat abstraction, 
by interchange against colder fluids, are illus 
trated in the two figures of the attached draw 
ligS. 

Referring first to Fig. 1, the crude oxygen flows 
from pool 3 through conduit 7 and an expan 
Sion valve 3 into one side of an indirect, heat 
interchanger 9. In this unit a portion of the 
Crude oxygen vaporizes, conduit 2 conveying the 
vapor together with the residual liquid to a me 
dial point in the upper column section, as at 2 . 
The high-pressure nitrogen passes from the pool 
in tray 4 through conduit 22 to the opposite side 
of the interchanger, in which it preferably coun 
terflows the crude oxygen, flowing thence 
through conduit 23 and an expansion valve 2 
to the upper end of the column as at 25. 

in the modification illustrated in Fig. 2 a simi 
lar interchange is performed within the low 
preSSure Section of the column. A deep tray 26 
is placed within the column at a medial height 
and a Suitable transfer surface, such as a coil 2, 
is fitted within it. Conduit 28 conducts high 
preSSure liquid nitrogen to the coil, which dis 
charges through conduit 29 and expansion valve 
30 into the upper portion of the column at 25. 
The Stream of crude oxygen flows through con 
duit 3 and an expansion valve 32 to a point ci 
entry into the low-pressure section, which may 
be directed into the tray as at 33, or onto a plate 
above the tray as at 34, or onto a plate below the 
tray as at 35. In the drawing a single expansion 
Valve is shown and the valves in the branch con 
nections are used as diversion valves only, but, if 
preferred these may be individual expansion 
Valves and any one or tWO of then may be 
Omitted if the desired point of entry has been 
predeterinied. 
The immediate effect of this abstraction of 

heat from the liquid nitrogen is to reduce, or 
even to eliminate, the vaporization of the liquid 
nitrogen stream as it passes the nitrogen expan 
Sion Valve into a ZOne of reduced pressure. 
The liquid nitrogen leaves the lower Section of 

the column at its boiling point under the pres 
Sure existing in this (high preSSure) Section. In 
passing to the lower pressure existing in the upper 
Section, without the use of my invention, it must 
Vaporize to Such extent as to bring it to its boil 
ing point at the lower pressure. This vaporiza 
tion has at least three undesirable effects, all of 
which are reduced or even eliminated by the use 
of the steps herein described. These undesirable 
effects are: 

First, the excessive quantity of vapor acconn 
panying the liquid nitrogen entering the low 
pressure section results in the entrainment of 
liquid mist in the nitrogen vapor leaving the coln 
unin and also requires special means to prevent 
turbulent conditions on the topmost plate. 
Second, and this becomes more important as 

the oxygen content of the liquid nitrogen in 
creases, the vaporization of liquid results in the 
loss of Some oxygen Which Would otherwise be 
fractionated from the mixture and added to the 
Oxygen production, 

Third, the vaporization of liquid reduces the 
quantity of reflux available for those plates of 
the upper section which are located above the 
crude oxygen inlet. This reduction in reflux 
necessitates either an increase in the number of 
plates, the acceptance of a reduced Oxygen pro 
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4. 
duction or purity, or any two or even all three of 
these disadvantages. 
The abstraction of heat from the liquid nitro 

gen, prior to its expansion, reduces all three of 
these undesirable effects and, if performed to a 
Sufficient extent, results in their complete elimi 
nation. 
While the invention is described only in con 

nection. With the fractionation of air, it is equally 
adapted to and useful in the separation of any 
binary gaS mixture. More broadly, the invention 
is useful in any fractionation in which a low 
boiling reflux liquid is condensed at a relatively 
higi preSSure by the evaporation of the higher 
boiling component of the feed mixture at a rela 
tively OW pressure. Thus the utility of the in 
wention is not confined to column arrangements 
in which the low-pressure section is superim 
posed on the high-pressure, but extends to pairs 
of Columns arranged in parallel. 

I claim: 
1. In a liquefied gas fractionating operation 

conducted in two zones maintained at a higher 
and at a lower preSSure respectively, with upflow 
ing vapors in repeated direct contacts with down 
flowing liquids in each zone; the sequence of steps 
consisting in withdrawing a strean of a relatively 
high-boiling liquid and a stream of a relatively 
low-boiling liquid from the higher pressure Zone; 
cooling the first mentioned stream solely by ex 
panding it to the lower pressure; bringing the 
lower-boiling liquid Without change of phase into 
heat interchange relation. With Said expanded 
stream and thereby cooling said lower-boiling 

expanding Said cooled lower-boiling 
Stream to the lower pressure, and introducing 
both said expanded streams into the lower-pres 
Sue 2.O.e. 

2. In a liquefied gas fractionating operation 
conducted in two zones maintained at a higher 
and at a lower pressure respectively, with upflow 
ing Vapors in repeated direct contacts with down 
flowing liquids in each zone; the sequence of steps 
Consisting in withdrawing liquid streams of a 
relatively high-boiling and a relatively low-boil 
ing component from the higher-pressure zone; 
cooling the higher-boiling stream solely by ex 
panding it to the lower pressure; and cooling the 
liquid lower-boiling stream under the higher 
preSSure by heat interchange with the higher 
boiling stream under the lower pressure. 

3. In a liquefied gas fractionating operation 
conducted in two zones maintained at a higher 
and at a lower pressure respectively: the se 
duence of steps consisting in withdrawing a rela 
tively low-boiling liquid stream from the upper 
end of the higher-pressure zone; expanding said 
liquid stream to the lower pressure and introduc 
ing the expanded stream into the lower-pressure 
ZOne, and cooling Said liquid stream prior to said 
eXpansion by heat interchange with a mixed 
liquid drawn in part from the lower end of the 
higher-pressure zone and in part from the upper 
portion of the lower-pressure zone, said mixed 
liquid boiling at substantially the lower pressure 
during said interchange. 

4. In a liquefied gas fractionating operation 
Conducted in tWo Zones maintained at a higher 
and at a lower pressure respectively, with upflow 
ing vapors in repeated direct contacts with down 
flowing liquids in each Zone, the combination of 
steps comprising: withdrawing a liquid strean 
rich in the lower-boiling components of said gas 
from the higher-pressure zone; expanding said 
liquid Stream to the lower pressure and introduce 



2,672,031 
5 

ing said expanded stream into the lower-pressure 
ZOne, and Cooling said liquid stream prior to said 
expansion by heat interchange with a liquid de 
rived from at least one of said zones, said liquid 
being initially at the temperature at which it ex 
isted in the Zone from which it was derived and 
boiling at substantially the lower pressure during 
Said interchange. 

5. In a liquefied gas fractionating operation 
conducted in two zones maintained at a higher i 
and at a lower pressure respectively: the se 
quence of steps consisting in withdrawing a liquid 
Stream rich in the lower-boiling components of 
Said gas from the upper end of the higher-pres 
Sure ZOne; expanding said liquid stream to the 
lower pressure and introducing the expanded 
stream into the lower-pressure Zone, and cooling 
Said liquid stream prior to said expansion by heat 
interchange with a liquid refluxing from the up 
per portion of the lower-pressure zone and boil 
ing therein at the lower pressure. 

6. In combination with a fractionating column 
for liquefied gaseous mixtures having sections 
adapted to be maintained at different pressures, 
at least the higher pressure section having means 
for producing repeated direct contacts between 
liquids and vapors counterflowing therein and 
having means in its upper end for collecting a 
liquid rich in the lower-boiling component of said 
gaseous mixture: a heat interchanger having 
separate flow paths for two fluids; conduit means 
connecting the respective ends of one of said flow 
paths with said collecting means and with the 
upper portion of the lower-pressure section; con 
duit means connecting the respective ends of the 
other of said flow paths directly with the lower 
end of the higher-pressure section and with a 
medial point in the height of the lower-pressure 
section; an expansion valve in first said conduit 
means downstream from said interchanger and 
an expansion valve in last said conduit means 
upstream from said interchanger. 

7. In combination with a fractionating column 
for liquefied gaseous mixtures having sections 
adapted to be maintained at different pressures, 
at least the higher pressure section having 
means for producing repeated direct contacts be 
tween liquids and vapors counterflowing therein 
and having means in its upper end for collecting 
a liquid rich in the lower-boiling component of 
Said gaseous mixture: a heat interchanger com 
prising a tubular element and a surrounding ves 

... Sel, the upper end of said vessel communicating 
With the interior of the lower-pressure section; a 
Conduit connecting Said collecting means with 
one end of said tubular element, and a conduit 
connecting the other end of said tubular element 
with the upper portion of said lower-pressure 
section; a conduit directly connecting the lower 
portion of the higher-pressure section with the 
interior of the vessel; an expansion valve in the 
Second said conduit between said tubular element 
and Said lower-pressure section, and an expan 
sion valve in the last said conduit between said 
higher pressure section and said vessel. 

8. In combination with a fractionating column 
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6 
for liquefied gaseous mixtures having sections 
adapted to be maintained at different pressures, 
each section being provided with means for pro 
ducing repeated direct contacts between liquids 
and vapors counterflowing therein and the higher 
pressure section having means in its upper end 
for collecting a liquid enriched in the lower-boil 
ing component of Said gaseous mixture: a tu 
bular element located at a medial height Within 
the lower-pressure Section and means for retain 
ing a pool of liquid surrounding Said element; a 
conduit connecting Said collecting means With 
one end of said tubular element and a conduit 
connecting the other end of Said tubular element 
with the upper portion of the lower-pressure sec 
tion; an expansion valve in last said conduit 
downstream from Said element; a conduit ar 
ranged to convey liquid from the lower portion 
of the higher-pressure section into Said liquid 
pool and an expansion valve in last said conduit, 
and means for directing liquids condensing in 
the upper portion of the lower pressure section 
into said liquid pool. 

9. In combination with a fractionating column 
for liquefied gaseous mixtures having Sections 
adapted to be maintained at different pressures, 
each Section having means for producing re 
peated direct contacts between liquids and va 
pors counterflowing therein and the higher-pres 
Sure section having means in its upper end for 
collecting a liquid rich in the lower-boiling COm 
ponent of Said gaseous mixture: a tubular ele 
ment located at a media height within the lower 
pressure Section and means for retaining a pool 
of liquid Surrounding said element; a conduit 
connecting said collecting means with said tu 
bular element and a conduit connecting said tu 
bular element with the upper portion of the 
lower-pressure section; an expansion valve in 
last said conduit; a conduit connecting the lower 
portion of the higher-pressure section with a 
point in the lower-pressure Section below said 
liquid pool and an expansion valve in said con 
duit, and means for directing liquids condensing 
in the upper portion of the lower-pressure sec 
tion into Said pool and from Said pool into the 
lower portion of the lower-pressure Section. 

CLARENCE. J. SCHILLING. 
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