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@ Cryogenic air separation system with hybrid argon column.

@ A cryogenic rectification system characterized
by a hybrid argon column having trays in the lower
portion (45) and packing in the upper portion (46)
whereby the argon column is operated at a lower
pressure thus enabling improved argon recovery

while maintaining the pressure sufficiently high at the
lower end of the argon column to enable fluid flow
back to the main column system without need for
pressurization.
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CRYOGENIC AIR SEPARATION SYSTEM WITH HYBRID ARGON COLUMN

Technical Field

This invention relates generally to cryogenic
rectification wherein a feed comprising oxygen, ni-
trogen and argon is separated into oxygen-richer,
nitrogen-richer, and argon-richer components.

Background Art

An often used commercial system for the sepa-
ration of a mixture comprising oxygen, nitrogen and
argon, e.g. air, is cryogenic rectification. The sepa-
ration is driven by elevated feed pressure which is
generally attained by compressing feed in a com-
pressor prior to infroduction into a column system.
The separation is carried out by passing liquid and
vapor in countercurrent contact through the column
or columns on vapor liquid contacting elements
whereby more volatile componeni(s) are passed
from the liquid to the vapor, and less volatile
component(s) are passed from the vapor to the
liguid. As the vapor progresses up a column it
becomes progressively richer in the more volatile
components and as the liquid progresses down a
column it becomes progressively richer in the less
volatile components. Generally the cryogenic sepa-
ration is carried out in a main column system
comprising at least one column wherein the feed is
separated into nitrogen-rich and oxygen-rich com-
ponents, and in an auxiliary argon column wherein
feed from the main column system is separated
into argon-richer and oxygen-richer components.

The power to operate the feed compressor and
thus drive the separation is the major operating
cost of the separation. Pressure drop within the
system burdens the feed compression causing in-
creased feed pressure requirements. [t is desirable
to operate the cryogenic rectification with as low a
pressure drop as possible thus reducing feed com-
pression requirements. Furthermore, the lower the
pressure level within the columns the greater is the
relative volatility between the components. The
greater is the relative volatility between the compo-
nents within a column, the easier is the separation,
which in turn increases the recovery of argon,
oxygen and nitrogen products.

In the operation of the argon column, a vapor
stream having a relatively high argon concentration
is taken from the main column system and passed
infto and up the argon column while becoming
progressively richer in argon. A crude argon prod-
uct is recovered from the top of the argon column.
Vapor flows up the argon column due {o a pressure
gradient between the argon column feed and the
crude argon product. The pressure of the argon
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column feed is determined by the main column
conditions at the vapor takeoff point. Operation of
the argon column at a lower pressure is subject to
two constraints on how low the pressure can be
irrespective of how the lower pressure is achieved.
One constraint is that subatmospheric pressure at
the top of the argon column should be avoided in
order to avoid air leaks into the system. The other
constraint involves the temperature difference for
the top condenser of the argon column. A low
pressure at the top of the argon column also re-
sults in a low temperature and thus the tempera-
ture difference between the condensing argon and
the boiling kettle liquid in the argon condenser is
reduced. A minimum temperature difference of
about 0.7 K is necessary for effective operation of
the condenser. When the argon column pressure is
reduced through the use of a valve, a particular
disadvantage arises in that the liquid at the bottom
of the argon column which must be returned to the
main column is now at a lower pressure than the
pressure in the main column at the return point.
Thus repressurization of the liquid, for example by
pumping or by raising the elevation of the argon
column, is necessary. This repressurization is cost-
ly and creates a system inefficiency.

Accordingly it is an object of this invention to
provide a cryogenic separation method for separat-
ing a feed comprising oxygen, nitrogen and argon
wherein an argon column is operated at a lower
average pressure without the need for repressuriz-
ing liquid passing from the argon column to the
main column.

It is another object of this invention to provide
a cryogenic separation apparatus comprising a
main column system and an auxiliary argon col-
umn, which can operate at a lower average pres-
sure without the need to increase the pressure of
liquid passed from the argon column to the main
column.

Summary Of The Invention

The above and other objects which will be-
come apparent to one skilled in the art upon a
reading of this disclosure are attained by the
present invention, one aspect of which is:

Method for cryogenic rectification comprising:

{(A) providing feed comprising oxygen, nitrogen

and argon into @ main column system compris-

ing at least one rectification column;

(B) separating the feed by countercurrent vapor-

liquid contact within the main column system

into nitrogen-rich and oxygen-rich components;

(C) passing fluid comprising argon and oxygen
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from said main column system into an argon
column;

(D) separating the fluid by countercurrent vapor-
liquid contact within the argon column into
argon-enriched and oxygen-enriched compo-
nents; and

(E) carrying out the countercurrent vapor-liquid
contact in the argon column on vapor-liquid con-
tacting elements comprising trays in the lower
portion of the argon column, and on vapor-liquid
contacting elements comprising packing in the
remainder of the argon column.

Another aspect of this invention is:

Apparatus for cryogenic separation comprising:
(A) a main column system comprising at least
one rectification column having vapor-liquid con-
tacting elements;
{B) an argon column having vapor-liquid contact-
ing elements comprising trays in the lower por-
tion of the argon column and vapor-liquid con-
tacting elements comprising packing in the re-
mainder of the argon column; and
(C) means to provide fluid from the main column
system into said lower portion of the argon
column.

The term, "column", as used herein means a
distillation or fractionation column or zone, ie., a
contacting column or zone wherein liquid and vapor
phases are countercurrently contacted to effect
separation of a fluid mixiure, as for example, by
contacting of the vapor and liquid phases on a
series of vertically spaced trays or plates mounted
within the column or alternatively, on packing ele-
ments with which the column if filled. For a further
discussion of distillation columns see the Chemical
Engineers' Handbook, Fifth Edition, edited by R.H.
Perry and C.H. Chilton, McGraw-Hill Book Com-
pany, New York, Section 13, "Distillation™ B.D.
Smith, et al., page 13-3 The Continuous Distillation
Process. The term, double column is used herein
to mean a higher pressure column having its upper
end in heat exchange relation with the lower end of
a lower pressure column. A further discussion of
double columns appears in Ruheman "The Separa-
tion of Gases" Oxford University Press, 1949,
Chapter VI, Commercial Air Separation.

As used herein, the term "argon column"
means a column wherein upflowing vapor becomes
progressively enriched in argon by countercurrent
flow against descending liquid and an argon prod-
uct is withdrawn from the column.

The term “indirect heat exchange", as used
herein means the bringing of two fluid streams inio
heat exchange relation without any physical contact
of intermixing of the fluids with each other.

As used herein, the term "vapor-liquid contact-
ing elements” means any devices used as column
internals to facilitate mass fransfer, or component
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separation, at the liquid vapor interface during
countercurrent flow of the two phases.

As used herein, the term "tray” means a sub-
stantially flat plate with openings and liquid inlet
and outlet so that liquid can flow across the plate
as vapor rises through the openings to allow mass
transfer between the two phases.

As used herein, the term "packing” means any
solid or hollow body of predetermined configura-
tion, size, and shape used as column internals to
provide surface area for the liquid to allow mass
transfer at the liquid-vapor interface during counter-
current flow of the two phases.

As used herein, the term "random packing”
means packing wherein individual members do not
have any particular orientation relative to each oth-
er or o the column axis.

As used herein, the term "structured packing”
means packing wherein individual members have
specific orientation relative to each other and to the
column axis.

As used herein the term "theoretical stage"
means the ideal contact between upwardly flowing
vapor and downwardly flowing liquid into a stage
so that the exiting flows are in equilibrium.

Brief Description Of The Drawing

Figure 1 is a simplified schematic flow dia-
gram, partly in cross-section, of one preferred em-
bodiment of the apparatus and process of this
invention wherein the main column system com-
prises a double column.

Figure 2 is a graphical representation of gen-
eralized argon column pressure profiles with argon
column height.

Detailed Description

The process and apparatus of this invention
will be described in detail with reference to Figure
1.

Referring now to Figure 1, feed 1, such as alir,
comprising oxygen, nitrogen and argon is cleaned
of dust and other particulate matter by passage
through filter 2. Filtered feed air 3 is compressed
by passage through compressor 4 to a pressure
generally within the range of from 70 to 190 psia.
Compressed feed air 5 is then cleaned of high
boiling impurities such as water, carbon dioxide
and hydrocarbons, by passage through purifier 6.
Cleaned, compressed feed air 7 is cooled to near
liquefaction temperature by indirect heat exchange
in heat exchanger 8 with product and waste
streams from the columns. Cleaned, compressed
and cooled feed air 9 is then introduced into first
column 10 which is the higher pressure column of
a double column main column system. Other main
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column systems which may be used with this in-
vention include a single column, and two or more
columns in series. Column 10 generally is operat-
ing at a pressure within the range of from 60 to 180
pounds per square inch absolute (psia). A minor
fraction 40 of the feed air is withdrawn from the
middle of heat exchanger 8, expanded in turbine
41 and introduced into lower pressure column 13 at
a point below the nitrogen withdrawal points but
above the argon column feed withdrawal point.
These withdrawal points will be more fully de-
scribed below. Column 13 is the lower pressure
column of the double column main column system.

Within column 10 the feed air is separated by
rectification into nitrogen-enriched vapor and
oxygen-enriched liquid. Nitrogen-enriched vapor 11
is passed through conduit means from column 10
to main condenser 12, which is preferably within
second column 13. Main condenser 12 may also
be physicaily located outside the walls of column
13. Within main condenser 12 nitrogen-enriched
vapor 11 is condensed by indirect heat exchange
with reboiling column 13 bottom liquid. Resulting
nitrogen-enriched liquid 14 is passed through con-
duit means to column 10 as reflux. A portion 15 of
the resuiting nitrogen-enriched liquid, generally
within the range of from 20 fo 50 percent, is
passed into column 13 at or near the top of the
column.

Oxygen-enriched liquid 16 is removed from
first column 10 and passed into argon column top
condenser 17 wherein it is partially vaporized by
indirect heat exchange with argon column top va-
por. Resuiting vapor and liquid are passed into
column 13 as streams 18 and 42 respectively at
points below the nitrogen withdrawal points but
above the argon column feed withdrawal point.

Second column 13 operates at a pressure less
than that of first column 10 and generally within the
range of from 12 to 45 psia. Within second column
13 the fluids introduced into the column are sepa-
rated by rectification into nitrogen-rich-and oxygen-
rich components which may be recovered respec-
tively as nitrogen and oxygen products. Oxygen
product may be recovered as gas and/or liquid
having a purity generally exceeding about 99 per-
cent. Gaseous oxygen product is removed from
second column 13 at a point above main con-
denser 12, passed as stream 19 through heat ex-
changer 8, and recovered as stream 20. Liquid
oxygen product is removed from second column
13 at or below main condenser 12 and recovered
as stream 21. Nitrogen product, having a purity
generally exceeding about 99.9 percent, is re-
moved from the top of second column 13 as
stream 22, passed through heat exchanger 8 and
recovered as stream 24. Waste nitrogen stream 25,
which facilitates operation of the separation system,
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is also removed from second column 13, passed
through heat exchanger 8 and vented as stream
23. Stream 25 is taken from second column 13 at a
point below the point where nitrogen-enriched
stream 15 is introduced into the column.

Figure 1 illustrates one preferred arrangement
wherein the vapor-liquid contacting elements within
column 10 are all trays 44 and the vapor-liquid
contacting elements within column 13 are all pack-
ing 43. The vapor-liquid contacting elements within
column 10 may also be all packing or may com-
prise a combination of trays and packing. The
vapor-liquid contacting elements within column 13
may also comprise all trays or may comprise a
combination of trays and packing. One such com-
bined arrangement for column 13 comprises frays
in the portion of the column between the stream 40
introduction point and the stream 25 withdrawal
point with the remainder of the vapor-liquid contact-
ing elements being packing. The packing may be
either random or structured packing. However,
structured packing is preferred over random pack-
ing. Examples of structured packing include Sted-
man packing, described in U.S. Patent No.
2,047,444, Goodloe packing, described in Ellis et
al, Trans. Instn. Chem. Engrs., 41, 1963, and more
recently developed, less costly but still efficient
structured packing such as disclosed in U.S. Patent
No. 4,186,159-Huber; and U.S. Patent No.
4,296,050-Meier.

The separation system of this invention further
comprises the production of crude argon. Referring
back to Figure 1, a stream 26 is withdrawn from an
intermediate point of column 13 where the argon
concentration is at or close to a maximum within
this column, generally about 10 to 20 percent.
Stream 26 is generally and preferably a vapor
stream as illustrated in Figure 1. Most of the re-
mainder of stream 26 comprises oxygen while ni-
frogen may be present in stream 26 in a concentra-
tion of less than one percent.

Stream 26 is passed from the main column
system through conduit means into the lower por-
tion of argon column 27 which is operating at a
pressure generally within the range of from 12 to
45 psia. Vapor flows up column 27 and becomes
progressively enriched in argon by countercurrent
flow against descending liquid.

Argon-enriched vapor 28 is passed from argon
column 27 to top condenser 17 wherein it is par-
tially condensed by indirect heat exchange with
partially vaporizing oxygen-enriched liquid 16. Re-
sulting partially condensed argon-enriched fluid 29
is passed to separator 30. Argon-enriched vapor 31
is recovered from separator 30 as crude argon
product having an argon concentration generally
exceeding 96 percent while liquid 32 is passed
from separator 30 into argon column 27 as the
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descending liquid. Liquid accumulating at the bot-
tom of argon column 27, having an oxygen con-
centration exceeding that of stream 28, is passed
as stream 33 into second column 13. The flow of
vapor through argon column 27 is effected by a
pressure difference between the pressure of
stream 26 and the pressure of stream 28.

The vapor-liquid contacting elements within ar-
gon column 27 comprise at least one fray in the
lower portion of the argon column. In the broadest
embodiment of this invention the lower portion of
the argon column comprises the lower 50 percent
of the height of the argon column whersin during
operation the argon concentration in the contacting
vapor and liquid is generally about 75 percent or
less. In a preferred embodiment of the invention,
the lower portion of the argon column comprises
the lower 25 percent of the height of the argon
column wherein during operation the argon con-
centration in the contacting vapor and liquid is
generally about 50 percent or less. In a more
preferred embodiment of the invention the lower
portion of the argon column comprises the lower
10 percent of the height of the argon column
wherein during operation the argon concentration in
the contacting vapor and liquid is generally about
25 percent or less. As illustrated in Figure 1, the
vapor-liquid contacting elements are all frays in this
lower portion of the argon column. The vapor-liquid
contacting elements in the remainder of the argon
column where the argon concentration generally
exceeds the above-recited concentration comprise
packing 46. Preferably the packing is structured
packing.

The number of trays in the lower portion of the
argon column can range from a minimum of about
1 to & trays to a maximum of about 20 to 30 trays.
The number of trays depends on the tray pressure
drop per theoretical stage, the packing pressure
drop per theoretical stage, the number of theoreti-
cal stages specified between the top of the upper
column and the point from which vapor is taken to
feed the argon column, and also on the number of
theoretical stages specified in the argon column.
The number of frays used must not be so large
that the pressure at the top of the argon column
falls below atmospheric since there is then a risk of
argon product contamination from leaks. Nor
should the number of trays be so large that the
pressure and hence temperature of the condensing
argon vapor at the top of the argon column be too
low for effective heat transfer performance of the
argon condenser. Typically up to about half the
theoretical stages in the argon column can com-
prise trays before these problems occur. A suffi-
cient number of trays are used in the lower portion
of the argon column to enable the operation of the
argon column at a lower average pressure than that
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of the column operating with all packing while
maintaining the pressure at the bottom of the argon
column at about the same pressure as that of the
main column at the point fluid is taken from the
main column for passage into the argon column.

It is an important aspect of this invention that
the fluid passed from the main column system into
the argon column be passed into the lower portion
of the argon column where the vapor-liquid confact-
ing elements comprise frays and preferably, as
illustrated in Figure 1, the argon column feed
siream is introduced into the argon column at the
bottom of the column. In this way the upward
flowing vapor within the argon column undergoes a
pressure drop while passing through the trayed
section thus establishing a significant pressure gra-
dient at the bottom of the column. The use of
packing in the upper section of the argon column
reduces the pressure gradient over the remainder
of the column. With the use of trays in the lower
section of the argon column, the pressure at the
bottom of the argon column is not different from
that of the incoming stream from the main column
system, other than for minor pressure drop in the
conduit, and thus liquid from the argon column,
such as stream 33 illustrated in Figure 1, may be
returned to the main column system without need
for pressurization, such as by pumping or liquid
head.

The combined use of trays and packing in the
argon column allows the operation of the argon
column at lower average pressure levels compared
to that attainable with all packing in the argon
column. Thus the benefit from the improved rela-
tive volatility of argon with respect to oxygen at
lower pressure enables improved argon separation
and recovery without introducing any operational
problems at the top or the boftom of the argon
column.

Any suitable type of trays may be used with
this invention. Among such types one can name
sieve frays, bubble cap trays and valve trays.
Trays which produce a higher pressure drop per
tray are preferred as in this way the advantages of
this invention are attained with fewer trays within
the argon column. For example, suitable trays may
include sieve trays with low perforation areas.

Figure 2 illustrates the pressure profiles of a
conventional argon column, an argon column with
feed pressure reduction such as by a valve, and
the hybrid argon column of this invention. Referring
now to Figure 2, line A-B illustrates the pressure
profile of a conventional all packing argon column
over the height of the argon column. Line C-D-E
illustrates the pressure profile of a conventional all
packing argon column wherein the feed is reduced
in pressure prior to introduction into the column.
Line A-D-E illustrates the pressure profile of the
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hybrid argon column of this invention over the
height of the argon column. As can be seen, the
pressure at the top of the hybrid argon column is
the same as that of the reduced feed pressure
column. However, the pressure at the bottom of the
hybrid argon column exceeds that of the reduced
feed pressure column. Accordingly most of the
lower pressure advantages are achieved with the
hybrid argon column while also enabling fluid re-
turn from the argon column to the main column
system without need for pressurization of this re-
turn stream.

Now by use of the method and apparatus of
the present invention one can carry out cryogenic
air separation with improved argon recovery. In a
double column system, the lower pressure column
vapor-liquid contacting elements may consist es-
sentially of packing thus reducing the pressure
drop over this column and reducing feed compres-
sion requirements. Furthermore packing is em-
ployed in the argon column to enhance argon re-
covery. However, with the lower portion of the
argon column having vapor-liquid contacting ele-
ments comprising trays, the requisite pressure gra-
dient is provided within the argon column to enable
suitable vapor upflow without causing subat-
mospheric conditions at the top of the argon col-
umn, and while maintaining sufficient pressure at
the bottom of the argon column to return liquid
from the argon column back to the main column
system without need for further pressurization.

In the method and apparatus of this invention,
the trays within the lower portion of the argon
column simultaneously perform two functions. Thay
serve as means to create a pressure reduction at
the inlet of the argon column so that the argon
column can operate at lower average pressure lev-
els. Simultaneously they serve as vapor-liquid con-
tacting elements fo effect mass transfer between
the upflowing vapor and the descending liquid with-
in the argon column.

While the invention has been described in de-
tail with reference to certain embodiments, it will be
recognized by those skilled in the art that there are
other embodiments of the invention within the spirit
and scope of the claims.

Claims

1. Method for cryogenic rectification comprising:
(A) providing feed comprising oxygen, nitro-
gen and argon into a main column system
comprising at least one rectification column;
(B) separating the feed by countercurrent
vapor-liquid contact within the main column
system into nitrogen-rich and oxygen-rich
components;

(C) passing fluid comprising argon and oxy-
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10.

11.

10

gen from said main column system into an
argon column;

(D) separating the fluid by countercurrent
vapor-liquid contact within the argon column
into argon-enriched and oxygen-enriched
components; and

(E) carrying out the countercurrent vapor-
liquid contact in the argon column on vapor-
liquid contacting elements comprising trays
in the lower portion of the argon column,
and on vapor-liquid contacting elements
comprising packing in the remainder of the
argon column.

The method of claim 1 wherein the lower por-
tion of the argon column comprises that por-
tion wherein the argon ‘concentration of the
contacting vapor and liquid is 75 percent or
less.

The method of claim 1 wherein the lower por-
tion of the argon column comprises that por-
tion wherein the argon conceniration of the
contacting vapor and liquid is 50 percent or
less.

The method of claim 1 wherein the lower por-
tion of the argon column comprises that por-
tion wherein the argon concentration of the
contacting vapor and ligquid is 25 percent or
less.

The method of claim 1 wherein the vapor-liquid
contacting elements in the lower portion of the
argon column are all trays.

The method of claim 1 wherein the vapor-liquid
contacting elements in the remainder of the
argon column are all packing.

The method of claim 1 wherein the packing
comprises structured packing.

The method of claim 1 wherein oxygen-richer
component is passed from the argon column
to the main column system.

The method of claim 1 wherein argon-enriched
component is recovered having an argon con-
centration of at least 96 percent.

The method of claim 1 wherein the main col-
umn system is a double column having a lower
pressure column in heat exchange relation with
a higher pressure column.

The method of claim 10 wherein the lower
pressure column has vapor-liquid contacting
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elements which are all packing.

The method of claim 11 wherein the packing in
the lower pressure column comprises struc-
tured packing.

The method of claim 10 wherein the higher
pressure column has vapor-liquid contacting
elements which are all trays.

The method of claim 1 further comprising re-
covering nitrogen-rich component as product
nitrogen.

The method of claim 1 further comprising re-
covering oxygen-rich component as product
oxygen.

Apparatus for cryogenic rectification compris-
ing:
(A) a main column system comprising at
least one rectification column having vapor-
liquid contacting elements;
(B) an argon column having vapor-liquid
contacting elements comprising trays in the
lower portion of the argon column, and
vapor-liquid contacting elements comprising
packing in the remainder of the argon col-
umn; and
(C) means to provide fluid from the column
system into said lower portion of the argon
column.

The apparatus of claim 16 wherein the lower
portion of the argon column comprises the
lower 50 percent of the height of the argon
column.

The apparatus of claim 16 wherein the lower
portion of the argon column comprises the
lower 25 percent of the height of the argon
column.

The apparatus of claim 16 wherein the lower
portion of the argon column comprises the
lower 10 percent of the height of the argon
column.

The apparatus of claim 16 wherein the vapor-
liquid contacting elements within the lower por-
tion of the argon column are all frays.

The apparatus of claim 16 wherein the vapor-
liquid contacting elements within the remainder
of the argon column are all packing.

The apparatus of claim 16 wherein the packing
comprises structured packing.
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The apparatus of claim 16 further comprising
means to provide fluid from the argon column
to the main column system.

The apparatus of claim 16 wherein the main
column system is a double column having a
lower pressure column in heat exchange rela-
tion with a higher pressure column.

The apparatus of claim 24 wherein the lower
pressure column has vapor-liquid contacting
elements which are all packing.

The apparatus of claim 25 wherein the packing
within the lower pressure column comprises
structured packing.

The apparatus of claim 24 wherein the higher
pressure column has vapor-liquid contacting
elements which are all trays.
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