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(57) Abregée/Abstract:

An annular column, particularly useful for cryogenic rectification, comprising coaxially oriented, radially spaced cylindrical
column walls defining a first column region, and a second column region between the walls, wherein different fluid mixtures are
rectifled In each of the first column and second column regions.
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ANNULAR COLUMN FOR CRYOGENIC RECTIFICATION
ABSTRACT

An annular column, particularly useful for
cryogenic rectification, comprising coaxially oriented,
radially spaced cylindrical column walls defining a
first column region, and a second column region between
the walls, wherein different fluid mixtures are
rectified in each of the first column and second column

regions.
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ANNULAR COLUMN FOR CRYOGENIC RECTIFICATION

Technical Field
This invention relates generally to rectification
and is particularly useful for cryogenic rectification

such as the cryogenic rectification of feed air.

Background Art

A major expense of a rectification plant for the
separation of a fluid mixture into components based on
thelr relative volatility is the cost of the column
casing and the space required for the column. This is
particularly the case where two or more columns are
required to conduct the separation. Such multi-column
systems are often used 1n cryogenic rectification, such
as 1n the cryogenic rectification of feed air, where
columns may be stacked vertically or located side by
side. It would be highly desirable to have a system
which will enable rectification to be carried out with
reduced column cost and with reduced space requirements
for the columns.

Accordingly 1t is an object of this invention to
provide a column system for rectification which has
reduced costs and space requirements over comparable

conventional systems.

Summary of the Invention

The above and other objects, which will become

apparent to one skilled in the art upon a reading of
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this disclosure, are attained by the present invention,
one aspect of which 1is:

An annular column for carrying out rectification,
said column comprising:

(A) a cylindrical main column wall defining a
first column region;

(B) an annular column wall radially spaced from
the main column wall demarcating a second column region
between the main column wall and the annular column
wall;

(C) means for passing fluid into the first column
region and means for withdrawing fluid from the first
column region; and

(D) means for passing fluid into the second
column region and means for withdrawing fluid from the
second column region.

Another aspect of the invention is:

Apparatus for carrying out cryogenic rectification
of feed air comprising:

(A) a higher pressure column and an annular
column, said annular column comprising a cylindrical
main column wall defining a first column region and an
annular column wall radially spaced from the main
column wall demarcating a second column region between
the main column wall and the annular column wall:;

(B) means for passing feed air into the higher
pressure column, means for passing fluid from the

higher pressure column into the first column region,
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and means for passing fluid from the first column
region into the second column region;

(C) means for recovering at least one of product
nitrogen and product oxygen from the first column
region; and

(D) means for recovering product argon from the
second column region.

Yet another aspect of the invention 1is:

Apparatus for carrying out cryogenic rectification
of feed air comprising:

(A) an annular column comprising a cylindrical
main column wall defining a lower pressure region, and
an annular column wall radially spaced from the main
column wall demarcating a higher pressure region
between the main column wall and the annular column
wall;

(B) means for passing feed air into the higher
pressure region, and means for passing fluid from the
higher pressure region into the lower pressure region;
and

(C) means for recovering at least one of product
nitrogen and product oxygen from the lower pressure
region.

A further aspect of the invention is:

Apparatus for carrying out cryogenic rectification
of feed air comprising:

(A) a lower pressure column and an annular
column, said annular column comprising a cylindrical

main column wall defining a main column region and an
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annular column wall radially spaced from the main
column wall demarcating a side column region between
the main column wall and the annular column wall;

(B) means for passing feed air into the main
column region, means for passing fluid from the main
column region into the lower pressure column, and means
for passing fluid from the lower pressure column into
the side column region; and

(C) means for recovering product oxygen from the
side column region.

As used herein the term "product oxygen" means a
fluid having an oxygen concentration greater than 80
mole percent, preferably greater than 95 mole percent.

As used herein the term "product nitrogen" means a
fluid having a nitrogen concentration greater than 95
mole percent, preferably greater than 99 mole percent.

As used herein the term "product argon" means a
fluid having an argon concentration greater than 80
mole percent, preferably greater than 95 mole percent.

As used herein the term "column" means a
distillation or fractionation column or zone, i.e. a
contacting column or zone, wherein ligquid and vapor
phases are countercurrently contacted to effect
separation of a fluid mixture, as for example, by
contacting of the vapor and ligquid phases on a series
of vertically spaced trays or plates mounted within the
column and/or on packing elements such as structured or
random packing. For a further discussion of

distillation columns, see the Chemical Engineer's
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Handbook, fifth edition, edited by R. H. Perry and C.
H. Chilton, McGraw-Hill Book Company, New York, Section
13, The Continuous Distillation Process.

Vapor and liquid contacting separation processes

5 depend on the difference in vapor pressures for the

components. The high vapor pressure (or more volatile
or low boiling) component will tend to concentrate in
the vapor phase whereas the low vapor pressure (or less
volatile or high boiling) component will tend to

10 concentrate in the liquid phase. Partial condensation
is the separation process whereby cooling of a vapor
mixture can be used to concentrate the volatile
component (s) in the vapor phase and thereby the less
volatile component (s) in the liquid phase.

15 Rectification, or continuous distillation, 1is the
separation process that combines successive partial
vaporizations and condensations as obtained by a
countercurrent treatment of the vapor and liquid
phases. The countercurrent contacting of the vapor and

20 liquid phases 1s generally adiabatic and can include
integral (stagewise) or differential (continuous)
contact between the phases. Separation process
arrangements that utilize the principles of
rectification to separate mixtures are often

25 interchangeably termed rectification columns,
distillation columns, or fractionation columns.
Cryogenic rectification is a rectification process

carried out at least in part at temperatures at or

below 150 degrees Kelvin (K).
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As used herein the term "indirect heat exchange"
means the bringing of two fluids into heat exchange
relation without any physical contact or intermixing of
the fluids with each other.

5 As used herein the term "feed air" means a mixture
comprising primarily oxygen, nitrogen and argon such as
ambient air.

As used herein the term "reboiler" means a heat
exchange device that generates column upflow vapor from

10 column liquid.
As used herein the term "condenser" means a heat

exchange device that generates column downflow ligquid

from column vapor.

Brief Description of the Drawings

15 Figure 1 1s a schematic representation of one
preferred embodiment of the invention wherein the
annular column 1s used in a cryogenic rectification

system which produces argon.

Figure 2 1s a more detailed view of the embodiment
20 lllustrated in Figure 1.
Figure 3 is a schematic representation of another
preferred embodiment of the invention wherein the

annular column is used in a double column type

cryogenic rectification system.
25 Figure 4 1s a schematic representation of another
preferred embodiment of the invention wherein the

annular column is used in a side column type cryogenic

rectification system.
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Figure 5 is a more detailed view of the embodiment

illustrated in Figure 4.

The numerals in the Drawings are the same for the

common elements.

5 Detailed Description

The invention will be described in detail with
reference to the Drawings. Figures 1 and 2 illustrate
one embodiment of a cryogenic rectification system
wherein the annular column of the invention may be

10 employed.

Referring now to Figures 1 and 2, feed air 1 1is
compressed 1n compressor 2 and cooled of the heat of
compression by passage through cooler 3. The
pressurized feed air is then cleaned of high boiling

15 1impuritilies such as water vapor, carbon dioxide and
hydrocarbons by passage through purifier 4 which is
typically a temperature or a pressure swing adsorption
purifier. Cleaned, compressed feed air 5 is then
cooled by indirect heat exchange with return streams in

20 primary heat exchanger 6. In the embodiment
lllustrated in Figure 1, a first portion 7 of feed air
5 1s further compressed by passage through booster '
compressor 8, a second portion 9 is further compressed
by passage through booster compressor 10, and resulting

25 further compressed feed air portions 11 and 12 and
remaining compressed feed air portion 50 are cooled by
passage through primary heat exchanger 6 to produce

compressed, cleaned and cooled feed air, in streams 51,
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52, and 53 respectively. Stream 52 1s turboexpanded to
form stream 54 by passage through turboexpander 55 to
generate refrigeration for the subsequent cryogenic
rectification and then passed into annular column 24.
Streams 51 and 53 are each passed into higher pressure
column 21.

Within higher pressure column 21 the feed air is
separated by cryogenic rectification into
nitrogen-enriched vapor and oxygen-enriched liguid.
Nitrogen-enriched vapor 1is passed 1n stream 22 into
reboiler 23 whereiln 1t 1s condensed by indirect heat
exchange with annular column 24 bottom liquid to form
nitrogen-enriched liquid 25. A portion 26 of
nitrogen-enriched liquid 25 is returned to higher
pressure column 21 as reflux, and another portion 27 of
nitrogen-enriched ligquid 25 1is subcooled in heat
exchanger 6 and then passed into annular column 24 as
reflux. Oxygen-enriched liquid 1s passed from the
lower portion of higher pressure column 21 in stream 28
and a portion 56 1s passed into argon condenser 29
wherein 1t 1s vaporized by indirect heat exchange with
argon-richer vapor, and the resulting oxygen-enriched
fluid 1s passed as illustrated by stream 30 from '
condenser 29 into annular column 24. Another portion
57 of the oxygen-enriched liquid is passed directly
into annular column 24.

Annular column 24 comprises a cylindrical main

column wall 70 and a cylindrical annular column wall 71
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radially spaced from the main column wall. Concentric
cylindrical walls 70 and 71 define a first column
region 72 and a second column region 73. Second column
region 73 is the volume between the main column wall
and the annular column wall and first column region 72
comprises at least some of the volume enclosed by the
main column wall but not part of second column region
73. Second column region 73 is closed off from first
column region 72 at the upper end of second column
region 73 by separator 74, and is in flow communlication
at lower end of second column region 73 with first
column region 72 through distributor 75. Preferably,
as illustrated in Figures 1 and 2, the vapor/liquid
contacting internals in second column region 73 are
annular trays 76. The vapor/liquid contacting
internals in first column region 72 preferably comprise
packing.

Vapor comprising mostly oxygen and argon passes
from first column region 72 through distributor 75 into
second column region 73 wherein it 1s separated by
cryogenic rectification with downflowing liquid into
argon-richer vapor and oxygen-richer liquid. The
oxygen-richer liquid is returned to first column region
72 through distributor 75 as shown by flow arrows 33.
The argon-richer vapor is passed in stream 34 into
condenser 29 wherein it condenses by indirect heat
exchange with the vaporizing oxygen-enriched liquid as
was previously described. Resulting argon-richer

ligquid is returned in stream 35 to second column region
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73 to be the aforesaid downflowing ligquid. A portion
36 of the argon-richer liquid may be recovered as
product argon indirectly from second column region 73.
Alternatively, or in addition to stream 36, a portion
of the argon-richer vapor may be recovered directly
from second column region 73 as product argon.

Annular column 24 is operatling at a pressure less
than that of higher pressure column 21. Within first
column region 72 of annular column 24 the various feeds
into the first column region are separated by
countercurrent cryogenic rectification into
nitrogen-rich fluid and oxygen-rich fluid.
Nitrogen-rich fluid is withdrawn from the upper portion
of annular column 24 as vapor stream 37, warmed by
passage through primary heat exchanger 6 and recovered
as product nitrogen 38. A waste stream 58 i1s withdrawn
from the upper portion of annular column 24, warmed by
passed through heat exchanger 6 and removed from the
system 1n stream 59. Oxygen-rich fluid i1s withdrawn
from the lower portion of annular column 24 as vapor
and/or liquid. If withdrawn as a liquid, the
oxygen-rich liquid may be pumped to a higher pressure
and vaporlized elther in a separate product boiler of in
primary heat exchanger 6 prior to recovery as high
pressure product oxygen. In the embodiment illustrated
in Figure 1 oxygen-rich fluid is withdrawn from annular
column 24 as liquid stream 39, pumped to a higher
pressure through liquid pump 60, vaporized by passage

through primary heat exchanger 6, and recovered as



CA 02279557 1999-08-03

D-20687

- 11 -

product oxygen 40. A portion 61 of the liquid oxygen
may be recovered as liguid product oxygen.
The annular column used 1n the system described in

conjunction with Figures 1 and 2 takes the place of the

5 lower pressure column and the argon sidearm column of a
conventional cryogenic air separation plant. In the
embodiment of the invention illustrated in Figure 3 the
annular column takes the place of higher pressure and
lower pressure columns of a conventional cryogenic air

10 separation plant. The embodiment of the invention
illustrated in Figure 3 also includes an annular
arrangement similar to that described in conjunction
with Figures 1 and 2 for the production of product
argon. It 1s understood, however, that such product

15 argon capabilility 1s not necessary or can be provided by
use of a conventional argon sidearm column when
practicing the embodiment of the invention i1llustrated
in Figure 3. Those aspects of the system illustrated
in Figure 3 which are the same as previously discussed

20 1in connectlion with the system illustrated in Figures 1
and 2 are gilven common numerals and will not again be
discussed 1in detail.

The subject annular column illustrated in Figure‘3

differs from that illustrated in Figures 1 and 2 in

25 that the annular column wall 80 is outside of the
cylindrical volume defined by main column wall 81 and
the second column region 82 is at a higher pressure
than .is first column region 83, whereas in the

embodiment illustrated in Figures 1 and 2 the annular

e bie v T b AN AN 55 4k 141 M R I AT 4 A 4 e NG AR I A AN 4 ALV AN S MM TG G S A AL S IO AP AT . M1 ATV kg L dn g et et S R A TR AT 13- S TR 14 # ATV M b b MLl 4 | A b I € A= LB (2 0 mmsimmne e A e britans s LG VRN R A o

MR 54k 696 1 b4, arkr Al- - | LOArsdrrealory- s e Curiact &



10

15

20

25

CA 02279557 1999-08-03

D-20687

- 12 -

column wall is within the volume defined by the main
column wall and, in addition, the pressure in the
second column region 1s about the same as that in the
first column region.

Referring now to Figure 3, feed air streams 51 and
53 are passed into second column region or higher
pressure region 82 and within higher pressure region 82
the feed alr 1s separated by cryogenic rectification
into nitrogen-enriched vapor and oxygen-enriched
ligquid. Nitrogen-enriched vapor is passed in stream 84
into reboiler 85 wherein it is condensed by indirect
heat exchange with bottom liguid from first column
region or lower pressure region 83 to form
nitrogen-enriched ligquid 86. A portion 87 of
nitrogen-enriched liquid 86 is returned to higher
pressure region 82 as reflux, and another portion 88 of
nitrogen-enriched liquid 86 is subcooled in heat
exchanger 6 and then passed into the upper portion of
lower pressure region 83 as reflux. Oxygen-enriched
liquid is passed from high pressure region 82 in stream
89 and a portion 90 is passed into condenser 29 wherein
1t 1s vaporized by indirect heat exchange with
argon-richer vapor, and the resulting oxygen-enrichéd |
fluid 1s passed in stream 30 from condenser 29 into
lower pressure region 83. Another portion 91 of the
oxygen-enriched liquid is passed directly into lower
pressure region 83.

Within lower pressure region 83 the various feeds

are separated by countercurrent cryogenic rectification
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into nitrogen-rich fluid and oxygen-rich fluid.
Oxygen-rich fluid, in the embodiment illustrated in
Figure 3, is withdrawn from the lower portion of lower
pressure region 83 in stream 92. A portion 93 of
stream 92 is passed into liquid pump 94 and from there
into reboiler 85 wherein it is vaporized by indirect
heat exchange with condensing nitrogen-enriched vapor
as was previously described. Resulting oxygen-rich
vapor is then passed into the lower portion of lower
pressure region 83 from reboiler 85 in stream 95.
Another portion 96 of stream 92 is pumped to a higher
pressure through liquid pump 97, vaporized by passage
through primary heat exchanger 6, and recovered as
product cxygen 98. A portion 99 of the liquid oxygen
may be recovered as liquid product oxygen.

In the embodiment of the invention illustrated in
Figures 4 and 5 the annular column is employed 1n place
of a side column and a higher pressure column of a
conventional cryogenic air separation plant.

Referring now to Figures 4 and 5 annular column
100 has cylindrical main column wall 101 defining first
column region or main column region 102 and annular
column wall 103, radially spaced from main column wall
101, demarcating second column region or side column
region 104 between main column wall 101 and annular
column wall 103. Annular column wall 103 is within the
cylindrical volume defined by main column wall 101 and
side column region 104 is at a lower pressure than 1is

main column region 102. Side column region 104 1s
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separated from main column region 102 at the top of
side column region 104 by separator 105 and at the

bottom of side column region 104 by separator 106.

Side column region 104 preferably contains annular

trays as the mass transfer internals.

Feed air stream 51 is divided 1nto stream 108,
which is passed i1nto lower pressure column 109, and
into stream 110 which is passed into main column region
102. Feed air stream 12 undergoes partial traverse of
main heat exchanger 6 and resulting stream 111 is
turboexpanded by passage through turboexpander 55
which, in the embodiment illustrated in Figure 4, 1is
directly coupled to and serves to drive compressor 10.
Resulting turboexpanded feed air stream 112 is then
passed from turboexpander 55 into lower pressure column
109.

Feed alr stream 53 1s passed into heat exchanger
113 wherein i1t 1s at least partially condensed and
passed 1n stream 114 into main column region 102.
Within main column region 102 the feed air is separated
by cryogenic rectification into nitrogen-enriched vapor
and oxygen-enriched ligquid. Nitrogen-enriched vapor is
passed 1in stream 115 into reboiler 23 wherein it is
condensed by indirect heat exchange with lower pressure
column 109 bottom liquid to form nitrogen-enriched
liquid 116. If desired, as illustrated in Figure 4, a
portion 117 of nitrogen-enriched vapor 115 may be
passed through main heat exchanger 6 and recovered as

high pressure product nitrogen vapor.
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Nitrogen-enriched liquid 116 is passed into main column
region 102 as reflux. If desired, a portion 119 of
nitrogen-enriched liquid 116 may be recovered as higher
pressure product nitrogen liquid. Oxygen-enriched
liquid is withdrawn from the lower portion of mailn
column region 102 in stream 120, subcooled by passage
through subcooler 121, and the resulting subcooled
oxygen-enriched liquid is passed as 1llustrated by
stream 122 into lower pressure column 109. A liquid
stream 123 taken from main column region 102 and
comprising nitrogen and oxygen 1s subcooled by passage
through subcooler 121 and then passed as stream 124
intc the upper portion of lower pressure column 109.
Lower pressure column 109 is operating at a
pressure less than that of main column region 102.
Within lower pressure column 24 the various feeds 1nto
the column are separated by cryogenic rectification
into nitrogen-containing fluid and oxygen-containing
fluid. Nitrogen-containing fluid is withdrawn from the
upper portion of lower pressure column 105 as vapor
stream 125, warmed by passage through subcooler 121 and
primary heat exchanger 6 and removed from the system 1n
stream 126. Oxygen-containing fluid is withdrawn ffom
the lower portion of lower pressure column 109 in
stream 127 and passed into side column region 104
wherein it 1s separated by countercurrent cryogenic
rectification into oxygen-richer fluid and
oxygen-poorer fluid. Oxygen-poorer fluid 1s passed as

vapor stream 128 from side column region 104 into the
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lower portion of lower pressure column 109. A portion
of the oxygen-richer fluid is passed as liquid stream
129 from side column region 104 into heat exchanger 113
wherein it is at least partially vaporized by indirect
heat exchange with aforesaid at least partially
condensing feed air stream 53, and resulting
oxygen-richer fluid is returned to side column region
104 from heat exchanger 113 in stream 130. Another
portion of the oxygen-richer fluid is withdrawn from
side column region 104 as ligquid 1in stream 131, pumped
to a higher pressure through ligquid pump 132, vaporized
by passage through main heat exchanger 6, and recovered
as product oxygen 133. A portion 134 of ligquid oxygen
stream 120 may be recovered as ligquid product oxygen.
Now with the use of this invention one can carry
out rectification of a multicomponent mixture using
less space and less material, particularly column
casing material, than has heretofore been necessary to
effect an equivalent separation. Although the
invention has been described in detail with reference
to certain preferred embodiments, those skilled in the
art will recognize that there are other embodiments of
the invention within the spirit and the scope of the
claims. For example, although the invention was
discussed in detail with reference to cryogenic
rectification, such as the rectification of air, it 1is
understood that the invention may be employed to carry

out other rectification processes such as, for example,
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oil fractionations, hydrocarbon separations and alcohol

distillations.
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The embodiments of the invention in which an exclusive

property or privilege 1s claimed are defined as follows:

1. An annular column for carrying out
rectification, said column comprising:

(A) a cylindrical main column wall defining
a first column region;

(B) an annular column wall radially spaced
from the main column wall demarcating a second column
region between the main column wall and the annular
column wall;

(C) means for passing fluid into the first
column region and means for withdrawing fluid from the
first column region; and

(D) means for passing fluid into the second
column region and means for withdrawing fluid from the

second column region.

2. The annular column of claim 1 wherein the
annular column wall is within an inside volume set off

by the main column wall.

3. The annular column of claim 1 wherein the
annular column wall is outside of the volume set off by

the main column wall.

4 . Apparatus for carrying out cryogenic
rectification of feed air comprising:
(A) a higher pressure column and an annular

column, said annular column comprising a cylindrical
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main column wall defining a first column region and an
annular column wall radially spaced from the main
column wall demarcating a second column region between
the main column wall and the annular column wall;

(B) means for passing feed air into the
higher pressure column, means for passing fluid from
the higher pressure column into the first column
region, and means for passing fluild from the first
column region into the second column region;

(C) means for recovering at least one of
product nitrogen and product oxygen from the first
column region; and

(D) means for recovering product argon from

the second column region.

5. Apparatus for carrying out cryogenic
rectification of feed air comprising:

(A) an annular column comprising a
cylindrical main column wall defining a lower pressure
region, and an annular column wall radially spaced from
the main column wall demarcating a higher pressure
region between the main column wall and the annular
column wall;

(B) means for passing feed air into the
higher pressure region, and means for passing fluid

from the higher pressure region into the lower pressure

region; and
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(C) means for recovering at least one of
product nitrogen and product oxygen from the lower

pressure region.

6. Apparatus for carrying out cryogenic
rectification of feed alr comprising:

(A) a lower pressure column and an annular
column, said annular column comprising a cylindrical
main column wall defining a main column region and an
annular column wall radially spaced from the main
column wall demarcating a side column region between
the main column wall and the annular column wall;

(B) means for passing feed air into the main
column region, means for passing fluid from the main
column region i1nto the lower pressure column, and means
for passing fluid from the lower pressure column into

the side column region; and

(C) means for recovering product oxygen from the

side column region.

7. The apparatus of claim 6 further comprising

means for recovering product nitrogen from the main

column region.
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