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(57) Abrégée/Abstract:

A method for carrying out the cryogenic air separation of air wherein feed air is processed In three streams. The three streams are
at different pressures. One of the three streams Is tuboexpanded to generate refrigeration. The other of the two streams are
condensed to effect pressurized product vaporization.
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CRYOGENIC AIR SEPARATION SYSTEM

Technical Field

[0001] This i1nvention relates generally to cryogenic
alr separation and, more particularly, to cryogenic air
separation wherein feed air 1s condensed to vaporize a

pressurized product stream.

Background Art

[0002] Cryogenic ailr separation systems routinely
utilize what 1s often referred to as liquid pumping for
product pressurization. Liquid pumping refers to a
direct mechanical compression of a cryogenic liguid
product followed by vaporization against a warm
condensing fluid. 1In this process, the refrigeration
contained 1n the pumped ligquefied product is imparted
through indirect heat exchange to the
compensating/condensing fluid. Such an approach is
particularly useful for purposes of specialized product
pressurization. In particular, the expense of oxygen
compressors and related safety issues can be avoided
through liquid oxygen pumping. There has been
increased 1nterest 1n processes employing full liquid
pumping. In such processes oxygen is liquid pumped
directly to the sendout (pipeline) pressure and
vaporized within the process. The advantage of such
processes stems from the complete elimination of the
oxygen compressor. The complications associated with
full oxygen pumping stem from the very high pressure
alr streams required for liquefaction. These high

pressure alr streams create a thermodynamic mismatch
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within the primary heat exchanger and hence added power
consumption.

[0003] In many instances ailr 1s ﬁhe preferred
compensating fluid for vaporizing pumped liquid oxygen.
A complication associated with full oxygen liquid
pumpling stems from the fact that air pressures in
excess of the critical point, 547 pounds per square
inch absolute (psia), are often required to vaporize
the liquid oxygen. At oxygen pressures below the
oxygen critical point (737 psia) substantial heat
exchange inefficiencies are incurred. As a
consequence, there exists substantial room for
improvement 1n terms of heat exchange design approach.
Moreover, 1t has been found that ligquid pumped oxygen
processes are not typically amenable to variable liquid

production.

Summary Of The Invention

[0004] A method for the cryogenic separation of air
comprising:

(A) compressing a first feed air stream to a
first pressure, cooling the compressed first feed air
stream, turboexpanding the cooled compressed first feed
alr stream, and passing the turboexpanded first feed
alr stream into a cryogenic air separation plant
comprising at least one column;

(B) compressing a second feed air stream to a
second pressure, condensing the compressed second feed
air stream, and passing the condensed compressed second
feed air stream into the cryogenic air separation

plant;
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(C) condensing a.third feed air stream at a
pressure less than the first pressure and passing the
condensed third feed air stream into the cryogenic air
separation plant; and

(D) separating the feed air by cryogenic
rectification within the cryogenic air separation plant
to produce at least one of oxygen and nitrogen.

[0005] As used herein, the term “column” means a
distillation or fractionation column or zone, i.e. a
contacting column or zone, wherein liquid and vapor
phases are countercurrently contacted to effect
separation of a fluid mixture, as for example, by
contacting of the vapor and liquid 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
Handbook, fifth edition, edited by R. H. Perry and

C. H. Chilton, McGraw-Hill Book Company, New York,

Section 13, The Continuous Distillation Process. A

double column comprises a higher pressure column having
its upper end in heat exchange relation with the lower
end of a lower pressure column.

[0006] Vapor and liquid contacting separation
processes depend on the difference in vapor pressures
for the components. The higher vapor pressure (or more
volatile or low boiling) component will tend to
concentrate in the vapor phase whereas the lower vapor
pressure (or less volatile or high boiling) component
will tend to concentrate in the liquid phase. Partial
condensation is the separation process whereby cooling

of a vapor mixture can be used to concentrate the
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volatile component (s) in the vapor phase and thereby
the less volatile component (s) in the liquid phase.
Rectification, or continuous distillation, is the
separation process that combilines successive partial
vaporizations and condensations as obtained by a
countercurrent treatment of the vapor and liquid
phases. The countercurrent contacting of the vapor and
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
interchangeably termed rectification columns,
distillation columns, or fractionation columns.
Cryogenic rectification 1s a rectification process
carried out at least 1in part at temperatures at or

below 150 degrees Kelvin (K).

[0007] 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.

[0008] As used herein, the term “feed air” means a
mixture comprising primarily oxygen, nitrogen and

argon, such as ambient air.

[0009]) As used herein, the terms “upper portion” and
"lower portion" of a column mean those sections of the

column respectively above and below the mid point of

the column.

[0010] As used herein, the terms “turboexpansion”

and “turboexpander” mean respectively method and

apparatus for the flow of high pressure fluid through a
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turbine to reduce the pressure and the temperature of
the fluid, thereby generating refrigeration.

[0011] As used herein, the term “cryogenic air
separation plant” means the column or columns wherein
feed air 1s separated by cryogenic rectification to
produce nitrogen, oxygen and/or argon, as well as

interconnecting piping, valves, heat exchangers and the

like.

[0012] As used herein, the term “compressor” means a
machine that 1ncreases the pressure of a gas by the

application of work.

[0013] As used herein, the term “subcooling” means
cooling a liquid to be at a temperature lower than the
saturation temperature of that liquid for the existing

pressure.

Brief Description Of The Drawing

[0014] The sole Figure i1s a schematic representation

of one preferred embodiment of the cryogenic air

separation system of this invention.

Detailed Description

[0015] The subject invention is an improved liquid
oxygen pumped process assoclated with a cryogenic air
separation plant employing at least one column for air
separation and employing at least one turboexpander for
the production of refrigeration. In particular, the
subject 1nvention provides for the use of at least two
compensating or condensing alr streams to facilitate
oxygen vaporization. In its most preferred embodiment,
the pumped oxygen vaporization occurs within the

primary heat exchanger and the turboexpansion shaft
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work 1s utilized for the compression of the expansion
gas. The primary liquefaction gas 1s preferably
compressed 1n a dedicated and separate booster air

compressor.
[0016] The 1nvention will be described in greater
detail with reference to the Drawing. Referring now to
the Figure, feed air stream 1 1s compressed in a multi-
stage i1ntercooled air compressor 100 to a substantially
elevated pressure within the range of from 5 to 15
bara. Compressor 100 may be an intercooled integral
gear compressor with condensate removal (not shown).
Compressed feed air stream 2 1s then directed to
prepurification means 110. Process 110 may cqmprise
several unit operations including but not limited to
direct contact water cooling, refrigeration based
chilling, direct contact with chilled water, phase
separation and/or absorption. In addition, stream 2 is
dehydrated and purified of high boiling contaminants
(e.g. hydrocarbons, carbon dioxide and the like). This
process may be accomplished by a combination of
temperature and pressure swing adsorption. Process 110
produces a clean dry air stream 3 which is subsequently
split into three portions.

[0017] A first portion (approximately 65 to 70
percent) of stream 3 1is taken as first feed air stream
4 which 1s directed to turbine loaded booster
compressor 121. The partially boosted and cooled air
stream 5 (approximately 5 to 20 bara) is further
compressed by way of compression means 130 to a first
pressure within the range of from 20 to 60 bara.
Resulting first feed air stream 6 is cooled in primary

heat exchanger 200 to a temperature within the range of
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125 to 190 K and subsequently expanded 1n turboexpander
122. The turbine exhaust 8 is then directed to the
lower portion of column 300 as primary gaseous ailr
feed. Column 300 i1s the higher pressure column of a
double column which also includes lower pressure column
310. In the embodiment of the invention illustrated in
the Figure, the cryogenic air separation plant

comprises columns 300 and 310.

[0018] A second portion (20 to 25 percent) of stream
3 1s taken as second feed air stream 20. This stream
1s further compressed 1n compressor 140, which may
comprise multiple intercooled stages of compression, to
a second pressure, which may be greater than the first
pressure, and 1s within the range of from 25 to 70 bar.
Compressed and cooled stream 21 1s further cooled in
heat exchanger 200 and exits substantially condensed
and subcooled as stream 22. This stream may then be
pressure reduced via valve 400 and directed to higher
pressure column 300 by way of streams 23, 24 and 25. A
portion of this stream may also be passed into lower
pressure column 310 in streams 26 and 27 by way of

secondary expansion valve 420.

[0019] A third portion (5 to 10 percent) of air
stream 3 1s taken as third feed air stream 30 at a
pressure less than the first pressure. Stream 30 is
preferably directed to heat exchanger 200 wherein this
stream 18 cooled, condensed and subcooled and exits as
stream 31. Stream 31 1s then directed to pressure
reduction means 410 (1f necessary) exiting as stream 32
and then directed as feed to the column system by way

of stream 24.
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[0020] Columns 300 and 310 represent distillation
columns i1n which vapor and liquid are countercurrently
contacted in order to affect a gas/liquid mass-transfer
based separation of the respective feed streams.
Columns 300 and 310 will preferably employ packing
(structured or dumped) or trays or a combination
thereof.

[0021] Ailr streams 8 and 25 are directed to moderate
pressure column 300. Column 300 serves to separate the
respective streams into a nitrogen rich overhead and
oxygen rich bottoms stream. The condensation of the
overhead gas 50 1s effected by main condenser 220. The
latent heat of condensation is thereby imparted to the
oxygen rich bottoms fluid of column 310. The resulting
nitrogen rich liquid stream 51 is then used as a reflux
liquid for both the moderate pressure column as stream
56 and for the lower pressure column 310 as stream 55.
An oxygen enriched liquid 40 is also withdrawn from
column 300 and is then directed through pressure
reduction valve 430 prior to entry into column 310 as
stream 41. Column 310 operates at a pressure in the
range of 1.1 to 1.5 bara. Nitrogen rich liguid 52 is
first subcooled in heat exchanger 210 and exits as
stream 53 which may be split into a product liquid
stream 54 and the reflux ligquid stream 55 (as
previously mentioned). Within column 310 streams 655,
27 and 41 are further separated into nitrogen rich
overhead streams 60 and 70 and into an oxygen rich
bottoms liquid 80. Nitrogen rich streams 60 and 70 are
withdrawn from the upper portion of lower pressure
column 310 and warmed to ambient temperature by

indirect heat exchange within heat exchangers 210 and
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200 sequentially, subsequently emerging as warmed lower
pressure nitrogen streams 62 and 72 respectively.
Stream 62 may be taken as a co-product nitrogen stream
and compressed as necessary. Stream 72 may be used as
a purge/sweep fluid for purposes of regenerating
adsorbent systems which may form part of pre-treatment

means 110 and/or vented to the atmosphere.

[0022] An oxygen rich liquid 80 1s extracted from
the lower portion of lower pressure column 310. This
stream 1s then compressed by a combination of
gravitational head and by mechanical pump 440. Pumped
liquid oxygen stream 81 may then be split into a
product liquid stream 84 (and directed to storage not
shown) and stream 82. Stream 82 undergoes vaporization
and warming within heat exchanger 200 and emerges as
high pressure gaseous stream 83 typically at a pressure
within the range from 10 to 50 bar. In a preferred
embodiment condensing third feed air stream 30/31
begins condensation at a temperature lower than the
bubble point temperature of pumped oxygen stream 82.
Condensing second feed air stream 21/22 preferably
begins condensation (or pseudo-condensation if of
supercritical pressure) at a temperature above the
bubble point temperature of stream 82. 1In so doing,
the total power consumed by compressors 100, 140 and
130 1s substantially reduced. There exist numerous
modifications to the basic column system shown in the
Figure. The two-pressure thermally linked double
column can be used to recover both high and low purity
oxygen. In addition, when recovering high purity
oxygen a sidearm column can be incorporated into the

design 1in order to affect the recovery of argon in a
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crude or refined state (as liquid or gas). Various
ancillary heat exchange options can be employed with
the basic configuration. An example would include the
cooling of stream 40 against streams 61 and 71 prior to
entry i1nto column 310. If an argon sidearm column is
incorporated into the column system, the oxygen rich
liquid 40 can be used to refrigerate the argon
condenser. Other cryogenic air distillation methods
could be used i1n conjunction with the present
invention. These 1nclude heat pumped single columns in
addition to low purity oxygen cycles employing a low
pressure column reboiled by the condensation (partial
or otherwise) of moderate pressure feed air.

[0023] Regarding the warm end compression,
compression means 140, 130 and turbine booster 121 can
be 1ncorporated in whole or in part into a combined
integral gear machine. Such a machine would reduce the
number of i1independent drive motors (or means) required
of the process. The use of such a machine would still
enable separate and distinct compression services.
[0024] Alr liquefaction streams 20 and 30 have been
used to 1llustrate the general intent of the present
invention. It should be understood that more than one
pressure level can be employed (for condensation at
temperatures) both above and below the bubble point
temperature of stream 82 (pumped liquid oxygen) .

[0025] The disposition of the liquid air streams 22
and 31 shown 1n the Figure 1s not meant to be limiting.
Any number of combinations are envisaged. For
instance, stream 31 can be directed to columns 310 or
300 1n whole or in part via conduit that is separate

from that being used to transmit higher pressure ligquid
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ailr stream 22. Similarly, the high pressure liquid air
stream 22 can be directed 1in whole or in part to either
column 300 and 310. Stream 30 need not be derived
directly from the exit of pre-treatment means.
Alternatively, 1t can be derived from an inter-stage
location of compression means 140. The objective would
be to obtain an air stream of sufficient pressure to

condense at a temperature below the bubble point of

stxream 82.

[0026] Externally powered booster compression means

130 can be relocated to a point upstream of compressor
121 (and downstream of purification 110). For
instance, stream 4 could be compressed directly by
compressor means 130 prior to entry into turbine
booster unit 120. Alternatively, compression means 130
may be excluded from the process or periodically
bypassed.

[0027] As indicated, compression means 100 may
comprise several stages of inter-cooled compression.

As such, the pressure of stream 2 can be selected so
that a clean dry stream of air (stream 3) is produced
at a pressure comparable to that which exists at the
base of column 300. In such an arrangement, a fourth
stream of air can be extracted and cooled through heat
exchanger 200 to near saturation and directly into
column 300. Such an approach would be advantageous for
a plant with lower overall liquid production needs.
[0028] It 1s known to the art of air separation to
include multiple turbo-expansion streams. Such
arrangements can be incorporated into the subject
invention. For instance a portion of stream 6 could be

extracted prior to the temperature level of stream 7
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and expanded to a pressure near that of column 300.
Such a stream could then be further cooled to near
saturation i1n heat exchanger 200 and directed to the
base of column 300 or combined with the exhaust of
expander 122 stream 8. Alternatively, air streams can
be expanded into the low pressure column 310.

[0029] As an additional alternative, additional
minor streams of liquid oxygen or liquid nitrogen can
be pumped i1ndependently to that of the primary oxygen
stream and subsequently vaporized in heat exchanger 200
(ln tandem with the primary oxygen stream). The key
element of the invention still being a secondary
condensing stream exhibiting a condensing temperature
below that of the primary oxygen stream 82 representing

greater than one half of the total warmed oxygen flow.
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The embodiments of the invention 1in which an exclusive
property or privilege 1s claimed are defined as follows:

1. A method for the cryogenic separation of air
comprising:

(A) compressing a first feed air stream to a first
pressure, cooling the compressed first feed air stream,
turboexpanding the cooled compressed first feed air

stream, and passing the turboexpanded first feed air

stream into a cryogenic alr separation plant comprising
at least one column;

(B) compressing a second feed air stream to a second
pressure, condensing the compressed second feed air
stream, and passing the condensed compressed second feed
alr stream into the cryogenic air separation plant;

(C)condensing a third feed air stream at a pressure
less than the first pressure and passing the condensed
third feed air stream into the cryogenic air separation
plant;

(D) separating the feed air by cryogenic
rectification within the cryogenic air separation plant
to produce a product comprising liquid oxygen and pumping
the liquid oxygen to produce a pressurized liquid oxygen
stream; and

(E) vaporizing the pressurized liquild oxygen stream
by passing the pressurized liquid oxygen stream in
indirect heat exchange with the second feed air stream
and the third feed air stream, thereby causing the

condensation of the second feed air stream and the third
feed alr stream.

2 . The method of c¢claim 1 wherein the second
pressure 1s greater than the first pressure.
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3. The method of claim 1 wherein the cryogenic air
separation plant comprises a higher pressure column and a

lower pressure column.

4 . The method of claim 3 wherein the first feed

alr stream 1s passed i1nto the higher pressure column.

5. The method of claim 3 wherein at least some of

the second feed air stream 1s passed into the higher

pressure columnmn.

0. The method of claim 3 wherein at least some of
the third feed air stream 1s passed into the higher

pressure column.

7. The method of claim 1 wherein the second feed
alr stream begins condensation at a temperature above the
pbubble point temperature of the pressurized liquid oxygen

stream.

8 . The method of claim 1 wherein the third feed

alr stream begins condensation at a temperature lower

gr—

than the bubble point temperature of the pressurized

liquid oxygen stream.
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