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Description

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

An often used commercial system for the separa-
tion of a mixture comprising oxygen, nitrogen and argon,
e.g. air, is cryogenic rectification. The separation is driv-
en by elevated feed pressure which is generally attained
by compressing feed in a compressor prior to introduc-
tion 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 contact-
ing elements whereby more volatile component(s) are
passed from the liquid to the vapor, and less volatile
component(s) are passed from the vapor to the liquid.
As the vapor progresses up a column it becomes pro-
gressively richer in the more volatile components and
as the liquid progresses down a column it becomes pro-
gressively richer in the less volatile components. Gen-
erally the cryogenic separation is carried out in a main
column system comprising at least one column wherein
the feed is separated into nitrogen-rich and oxygen-rich
components, and in an auxiliary argon column wherein
feed from the main column system is separated into ar-
gon-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 increased feed pressure
requirements. It is desirable to operate the cryogenic
rectification with as low a pressure drop as possible thus
reducing feed compression 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 into and
up the argon column while becoming progressively rich-
erin argon. A crude argon product is recovered from the
top of the argon column. Vapor flows up the argon col-
umn due to a pressure gradient between the argon col-
umn feed and the crude argon product. The pressure of
the argon column feed is determined by the main col-
umn 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 tempera-
ture difference for the top condenser of the argon col-
umn. A low pressure at the top of the argon column also
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results in a low temperature and thus the temperature
difference between the condensing argon and the boil-
ing kettle liquid in the argon condenser is reduced.
Aminimum temperature difference of about 0.7°Kis nec-
essary 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 costly and creates
a system inefficiency.

EP-A-0 328 112 contains a general remark about
usage of either trays or packing or a combination of both
as vapour-liquid contacting elements in the argon col-
umn in order to reduce overall feed compression re-
quirements. No hint is given how to arrange trays and
packings within the argon column to gain further benefit
from such combination.

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

It is another object of this invention to provide a cry-
ogenic separation apparatus comprising a main column
system and an auxiliary argon column, which can oper-
ate at a lower average pressure without the need to in-
crease the pressure of liquid passed from the argon col-
umn to the main column.

The above and other objects which will become ap-
parent to one skilled in the art upon a reading of this
disclosure are attained by the present invention, one as-
pect of which is a method for cryogenic rectification com-
prising according to claim 1.

Another aspect of this invention is an apparatus for
cryogenic separation according to claim 11.

The term, "column", as used herein means a distil-
lation 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 or alternatively, on
packing elements with which the column if filled. For a
further discussion of distillation columns see the Chem-
ical Engineers' Handbook, Fifth Edition, edited by R.H.
Perry and C.H. Chilton, McGraw-Hill Book Company,
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.
Afurther discussion of double columns appears in Ruhe-
man "The Separation of Gases" Oxford University
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Press, 1949, Chapter VII, Commercial Air Separation.

As used herein, the term "argon column" means a
column wherein upflowing vapor becomes progressive-
ly enriched in argon by countercurrent flow against de-
scending liquid and an argon product is withdrawn from
the column.

The term "indirect heat exchange", as used herein
means the bringing of two fluid streams into heat ex-
change relation without any physical contact or intermix-
ing of the fluids with each other.

As used herein, the term "vapor-liquid contacting el-
ements" means any devices used as column internals
to facilitate mass transfer, or component separation, at
the liquid vapor interface during countercurrent flow of
the two phases.

As used herein, the term "tray" means a substan-
tially 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 configuration, size, and
shape used as column internals to provide surface area
for the liquid to allow mass transfer at the liquid-vapor
interface during countercurrent 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 other or to the col-
umn axis.

As used herein, the term ‘“structured packing"
means packing wherein individual members have spe-
cific 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.

Figure 1 is a simplified schematic flow diagram,
partly in cross-section, of one preferred embodiment of
the apparatus and process of this invention wherein the
main column system comprises a double column.

Figure 2 is a graphical representation of general-
ized argon column pressure profiles with argon column
height.

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 air, com-
prising oxygen, nitrogen and argon is deaned 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 4.9 to 13.4 bar (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
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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 column systems which
may be used with this invention include a single column,
and two or more columns in series. Column 10 generally
is operating at a pressure within the range of from 4.3
to 12.8 bar (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 tur-
bine 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 described below.
Column 13 is the lower pressure column of the double
column main column system.

Within column 10 the feed air is separated by recti-
fication into nitrogen-enriched vapor and oxygen-en-
riched liquid. Nitrogen-enriched vapor 11 is passed
through conduit means from column 10 to main con-
denser 12, which is preferably within second column 13.
Main condenser 12 may also be physically located out-
side 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
conduit means to column 10 as reflux. A portion 15 of
the resulting nitrogen-enriched liquid, generally within
the range of from 20 to 50 percent, is passed into column
13 at or near the top of the column.

Oxygen-enriched liquid 16 is removed from first col-
umn 10 and passed into argon column top condenser
17 wherein it is partially vaporized by indirect heat ex-
change with argon column top vapor. Resulting 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 0.9to0 3.2 bar (12 to 45 psia). Within second column
13 the fluids introduced into the column are separated
by rectification into nitrogen-rich and oxygen-rich com-
ponents which may be recovered respectively as nitro-
gen and oxygen products. Oxygen product may be re-
covered as gas and/or liquid having a purity generally
exceeding about 99 percent. Gaseous oxygen product
is removed from second column 13 at a point above
main condenser 12, passed as stream 19 through heat
exchanger 8, and recovered as stream 20. Liquid oxy-
gen 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 removed from the top of second
column 13 as stream 22, passed through heat exchang-
erB8andrecovered as stream 24. Waste nitrogen stream
25, which facilitates operation of the separation system,
is also removed from second column 13, passed
through heat exchanger 8 and vented as stream 23.
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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 col-
umn 10 are all trays 44 and the vapor-liquid contacting
elements within column 13 are all packing 43. The va-
por-liquid contacting elements within column 10 may al-
so be all packing or may comprise a combination of trays
and packing. The vapor-liquid contacting elements with-
in column 13 may also comprise all trays or may com-
prise a combination of trays and packing. One such
combined arrangement for column 13 comprises trays
in the portion of the column between the stream 40 in-
troduction point and the stream 25 withdrawal point with
the remainder of the vapor-liquid contacting elements
being packing. The packing may be either random or
structured packing. However, structured packing is pre-
ferred over random packing. Examples of structured
packing indude Stedman 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-Mei-
er.

The separation system of this invention further com-
prises 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 dose to a maximum within this column, generally
about 10 to 20 percent. Stream 26 is generally and pref-
erably a vapor stream as illustrated in Figure 1. Most of
the remainder of stream 26 comprises oxygen while ni-
trogen may be present in stream 26 in a concentration
of less than one percent.

Stream 26 is passed from the main column system
through conduit means into the lower portion of argon
column 27 which is operating at a pressure generally
within the range of from 0.9 to 3.2 bar (12 to 45 psia).
Vapor flows up column 27 and becomes progressively
enriched in argon by countercurrent flow against de-
scending liquid.

Argon-enriched vapor 28 is passed from argon col-
umn 27 to top condenser 17 wherein it is partially con-
densed by indirect heat exchange with partially vapor-
izing oxygen-enriched liquid 16. Resulting partially con-
densed argon-enriched fluid 29 is passed to separator
30. Argon-enriched vapor 31 is recovered from separa-
tor 30 as crude argon product having an argon concen-
tration generally exceeding 96 percent while liquid 32 is
passed from separator 30 into argon column 27 as the
descending liquid. Liquid accumulating at the bottom of
argon column 27, having an oxygen concentration ex-
ceeding that of stream 26, is passed as stream 33 into
second column 13. The flow of vapor through argon col-
umn 27 is effected by a pressure difference between the
pressure of stream 26 and the pressure of stream 28.
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The vapor-liquid contacting elements within argon
column 27 comprise at least one tray 45 in the lower
portion of the argon column.

In an embodiment of the invention the lower portion
of the argon column is the lower 10 percent of the height
of the argon column wherein during operation the argon
concentration in the contacting vapor and liquid is gen-
erally about 25 percent or less. As illustrated in Figure
1, the vapor-liquid contacting elements are all trays in
this lower portion of the argon column. The vapor-liquid
contacting elements in the remainder of the argon col-
umn where the argon concentration generally exceeds
the above-recited concentration are all packing 46. Pref-
erably 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 5 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 theoretical 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 col-
umn. The number of trays 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
comprisetrays before these problems occur. A sufficient
number of trays are used in the lower portion of the ar-
gon column to enable the operation of the argon column
at a lower average pressure than that of the column op-
erating 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 contacting elements are
trays and preferably, as illustrated in Figure 1, the argon
column feed stream is introduced into the argon column
at the bottom of the column. In this way the upward flow-
ing vapor within the argon column undergoes a pressure
drop while passing through the trayed section thus es-
tablishing a significant pressure gradient 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, oth-
er than for minor pressure drop in the conduit, and thus
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liquid from the argon column, such as stream 33 illus-
trated 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 low-
er average pressure levels compared to that attainable
with all packing in the argon column. Thus the benefit
from the improved relative volatility of argon with respect
to oxygen at lower pressure enables improved argon
separation and recovery without introducing any opera-
tional problems at the top or the bottom of the argon col-
umn.

Any suitable type of trays may be used with this in-
vention. Among such types one can name sieve trays,
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, suit-
able trays may include sieve trays with low perforation
areas.

Figure 2 illustrates the pressure profiles of a con-
ventional 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 conven-
tional 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
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 return
from the argon column to the main column system with-
out need for pressurization of this return stream.

Now by use of the method and apparatus of the
present invention one can carry out cryogenic air sepa-
ration with improved argon recovery. In a double column
system, the lower pressure column vapor-liquid contact-
ing elements may consist essentially of packing thus re-
ducing the pressure drop over this column and reducing
feed compression requirements. Furthermore packing
is employed in the argon column to enhance argon re-
covery. However, with the lower portion of the argon col-
umn having vapor-liquid contacting element being trays,
the requisite pressure gradient is provided within the ar-
gon column to enable suitable vapor upflow without
causing subatmospheric conditions at the top of the ar-
gon column, 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 with-
out need for further pressurization.
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In the method and apparatus of this invention, the
trays within the lower portion of the argon column simul-
taneously perform two functions. They 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 levels. Simultaneously they serve as
vapor-liquid contacting elements to effect mass transfer
between the upflowing vapor and the descending liquid
within the argon column.

Claims
1. Method for cryogenic rectification comprising:

(A) providing feed comprising oxygen, nitrogen
and argon into a main column system (10, 13)
comprising at least one rectification column;
(B) separating the feed by countercurrent va-
por-liquid contact within the main column sys-
tem into nitrogen-rich and oxygen-rich compo-
nents;

(C) passing fluid (26) comprising argon and ox-
ygen from said main column system into the
lower portion of an argon column (27); and
(D) separating the fluid, by countercurrent va-
por-liquid contact within the argon column on
vapor-liquid contacting elements comprising
both trays (45) and packing (46), into argon-en-
riched and oxygen-enriched components;

characterized by using for step (D) an argon column
(27) which in the lower portion thereof contains all
trays (45) and in the remainder thereof contains all
packing (46), said lower portion being the lower part
of the argon column wherein during operation the
argon concentration of the contacting vapor and lig-
uid is 25 percent or less.

2. The method of claim 1 wherein the packing com-
prises structured packing (46).

3. The method of any one of the preceding claims
wherein oxygen-richer component (33) is passed
from the argon column (27) to the main column sys-
tem (10, 13).

4. The method of any one of the preceding claims
wherein argon-enriched component is recovered
having an argon concentration of at least 96 per-
cent.

5. The method of any one of the preceding claims
wherein the main column system (10, 13) is a dou-
ble column having a lower pressure column (13) in
heat exchange relation with a higher pressure col-
umn (10).
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The method of claim 5 wherein the lower pressure
column (13) has vapor-liquid contacting elements
which are all packing (43).

The method of claim 6 wherein the packing (43) in
the lower pressure column (13) comprises struc-
tured packing.

The method of claim 5 wherein the higher pressure
column (10) has vapor-liquid contacting elements
which are all trays (44).

The method of any one of the preceding claims fur-
ther comprising recovering nitrogen-rich compo-
nent (22) as product nitrogen.

The method of any one of the preceding claims fur-
ther comprising recovering oxygen-rich component
(19, 21) as product oxygen.

Apparatus for cyrogenic rectification comprising.

(A) a main column system (10, 13) comprising
at least one rectification column having vapor-
liquid contacting elements (43, 44);

(B) an argon column (27) having vapor-liquid
contacting elements comprising trays (45) and
packing (46); and

(C) means to provide fluid (26) from the main
column system (10, 13) into the lower portion
of the argon column (27)

characterized in that the argon column (27) in the
lower portion thereof contains all trays (45) and in
the remainder thereof contains all packing (46), said
lower portion being the lower part of the argon col-
umn wherein during operation the argon concentra-
tion of the contacting vapor and liquid is 25 percent
or less.

The apparatus of claim 11 wherein the lower portion
of the argon column (27) is the lower 10 percent of
the height of the argon column.

The apparatus of any one of claims 11 to 12 wherein
the packing (46) comprises structured packing.

The apparatus of any one of claims 11 to 13 further
comprising means to provide fluid (33) from the ar-
gon column (27) to the main column system (10,
13).

The apparatus of any one of claims 11 to to 14
wherein the main column system (10, 13) is a dou-
ble column having a lower pressure column (13) in
heat exchange relation with a higher pressure col-
umn (10).
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17.

18.
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The apparatus of claim 15 wherein the lower pres-
sure column (13) has vapor-liquid contacting ele-
ments which are all packing (43).

The apparatus of claim 16 wherein the packing (43)
within the lower pressure column (13) comprises
structured packing.

The apparatus of claim 15 wherein the higher pres-
sure column (10) has vapor-liquid contacting ele-
ments which are all trays (44).

Patentanspriiche

1.

Verfahren zur Tieftemperaturrektifikation, bei dem:

(A) Einsatzfluid, das Sauerstoff, Stickstoff und
Argon enthélt, in ein Hauptkolonnensystem
(10, 13) eingebracht wird, das mindestens eine
Rektifikationskolonne aufweist;

(B) das Einsatzfluid durch Gegenstrom-Dampi-
Flissigkeits-Kontakt innerhalb dcs Hauptko-
lonnensystems in stickstoffreiche und sauer-
stoffreiche Komponenten zerlegt wird;

(C) Fluid (26), das Argon und Sauerstoff ent-
halt, von dem Hauptkolonnensystem in den un-
teren Bereich einer Argonkolonne (27) geleitet
wird; und

(D) das Fluid durch Gegenstrom-Dampf-Flis-
sigkeits-Kontakt innerhalb der Argonkolonne
auf Dampf-Flissigkeits-Kontakielementen, zu
denen sowohl Bdden (45) als auch Packung
(46) gehdren, in mit Argon angereicherte und
mit Sauerstoff angereicherte Komponenten ge-
trennt wird;

dadurch gekennzeichnet, daB fiir den Verfahrens-
schritt (D) eine Argonkolonne (27) verwendet wird,
die in ihrem unteren Bereich durchweg Bdden (45)
und in ihrem restlichen Bereich durchweg Packung
(46) enthalt, wobei der untere Bereich der untere
Teil der Argonkolonne ist, in welchem wahrend des
Betriebes die Argonkonzentration des Dampfes
und der damit in Kontakt kommenden Flussigkeit
25 Prozent oder weniger betragt.

Verfahren nach Anspruch 1, bei dem die Packung
strukturierte Packung (46) aufweist.

Verfahren nach einem dervorhergehenden Anspri-
che, bei dem sauerstoffreichere Komponente (33)
von der Argonkolonne (27) zu dem Hauptkolonnen-
system (10, 13) gcleitet wird.

Verfahren nach einem der vorhergehenden An-
sprichc, bei dem mit Argon angereicherte Kompo-
nente, die eine Argonkonzentration von mindestens



10.

11.

12.

13.

11 EP 0 439 126 B2

96 Prozent hat, gewonnen wird.

Verfahren nach einem dervorhergehenden Anspri-
che, bei dem das Hauptkolonnensystem (10, 13) ei-
ne Doppelkolonne mit einer mit niedrigerem Druck
arbeitenden Kolonnc (13) ist, die in Warmeaus-
tausch mit einer mit hdherem Druck arbeitenden
Kolonne (10) steht.

Verfahren nach Anspruch 5, bei dem die mit niedri-
gerem Druck arbeitende Kolonne (13) Dampf-Flis-
sigkeits-Kontakielemente aufweist, bei denen es
sich durchweg um Packung (43) handelt.

Verfahren nach Anspruch 6, bei dem die Packung
(43) in der mit niedrigerem Druck arbeitenden Ko-
lonne (13) strukturierte Packung aufweist.

Verfahren nach Anspruch 5, bei dem die mit hdhe-
rem Druck arbeitende Kolonne (10) Dampf-Flissig-
keits-Kontaktelemente aufweist, bei denen es sich
durchweg um Béden (44) handelt.

Verfahren nach einem dervorhergehenden Anspri-
che, bei dem stickstoffreiche Komponente (22) als
Produkistickstoff gewonnen wird.

Verfahren nach einem dervorhergehenden Anspri-
che, bei dem sauerstoffreiche Komponente (19, 21)
als Produkisauerstoff gewonnen wird.

Vorrichtung zur Tieftemperaturrektifikation mit:

(A) einem Hauptkolonnensystem (10, 13), das
mindestens eine Rekiifikationskolonne mit
Dampf-Flussigkeits-Kontakielementen (43, 44)
aufweist;

(B) einer Argonkolonne (27), die Dampf-Flis-
sigkeits-Kontaktelemcnte aufweist, zu denen
Béden (45) und Packung (46) gehdren; und
(C) einer Anordnung zum Uberleiten von Fluid
(26) von dem Hauptkolonnensystem (10, 13) in
den unteren Bereich der Argonkolonne (27),

dadurch gekennzeichnet, daf3 die Argonkolonne
(27) in ihrem unteren Bereich durchweg Béden (45)
und in ihrem restlichen Bereich durchweg Packung
(46) enthalt, wobei der untere Bereich der untere
Teil der Argonkolonne ist, in welchem wahrend dcs
Betriebes die Argonkonzentration des Dampfes
und der damit in Kontakt kommenden Fllssigkeit
25 Prozent oder weniger betragt.

Vorrichtung nach Anspruch 11, bei welcher der un-
tere Bereich der Argonkolonne (27) die unteren 10

Prozent der Hohe der Argonkolonne umfaft.

Vorrichtung nach einem der Anspruche 11 bis 12,
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15.

16.

17.

18.

12

bei welcher die Packung (46) strukturierte Packung
aufweist.

Vorrichtung nach einem Anspriiche 11 bis 13, ferner
versehen mit einer Anordnung zum Uberleiten von
Fluid (33) von der Argonkolonne (27) zu dem
Hauptkolonnensystem (10, 13).

Vorrichtung nach einem der Anspriche 11 bis 14,
bei dem das Hauptkolonnensystem (10, 13) eine
Doppelkolonne mit einer mit niedrigerem Druck ar-
beitenden Kolonne (13) ist, die in Warmeaustausch
mit einer mit hdherem Druck arbeitenden Kolonne
(10) steht.

Vorrichtung nach Anspruch 15, bei welcher die mit
niedrigerem Druck arbeitende Kolonne (13) Dampf-
Flissigkeits-Kontaktelemente aufweist, bei denen
es sich durchweg um Packung (43) handelt.

Vorrichtung nach Anspruch 16, bei welcher die Pak-
kung (43) innerhalb der mit niedrigerem Druck ar-
beitenden Kolonne (13) strukturierte Packung auf-
weist.

Vorrichtung nach Anspruch 15, bei dem die mit hé-
herem Druck arbeitende Kolonne (10) Dampf-Flis-
sigkeits-Kontaktelemente aufweist, bei denen es
sich durchweg um Bdden (44) handelt.

Revendications

1.

Procédé de rectification cryogénique consistant :
(A) a introduire une charge comprenant de
l'oxygéne, de l'azote et de l'argon dans un sys-
téme principal de colonnes (10, 13) compre-
nant au moins une colonne de rectification ;
(B) a séparer la charge par contact vapeur-li-
quide a contre-courant a l'intérieur du systéme
principal de colonnes, en constituants riche en
azote et riche en oxygéne ;

(C) & introduire un fluide (26), comprenant de
l'argon et de l'oxygéne provenant du systéme
principal de colonnes, dans la partie inférieure
d'une colonne (27) a argon ; et

(D) & séparer le fluide, par contact vapeur-liqui-
de a contre-courant & l'intérieur de la colonne
a argon sur des éléments de mise en contact
vapeur-liquide comprenant a la fois des pla-
teaux (45) et un garnissage (46), en consti-
tuants enrichi en argon et enrichi en oxygéne ;

caractérisé par l'utilisation, pour I'étape (D), d'une
colonne a argon (27) qui, dans sa portion inférieure,
contient en totalité des plateaux (45) et, dans sa
partie restante, contient en totalité un garnissage



10.

11.

13

(46), ladite portion inférieure étant la partie inférieu-
re de la colonne & argon dans laquelle, pendant le
fonctionnement, la concentration d'argon de la va-
peur et du liquide mis en contact est de 25 % ou
moins.

Procédé selon la revendication 1, dans lequel le
garnissage comprend un garnissage structuré (46).

Procédé selon I'une quelconque des revendications
précédentes, dans lequel on fait passer un consti-
tuant (38), plus riche en oxygéne, de la colonne a
argon (27) au systéme principal de colonnes (10,
13).

Procédé selon I'une quelconque des revendications
précédentes, dans lequel on récupére un consti-
tuant enrichi en argon ayant une concentration d'ar-
gon d'au moins 96 %.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel le systéme principal de
colonnes (10, 13) est une colonne double ayant une
colonne (13) a pression inférieure en relation
d'échange de chaleur avec une colonne (10) & pres-
sion supérieure.

Procédé selon la revendication 5 dans lequel la co-
lonne (13) & pression inférieure comporte des é1é-
ments de mise en contact vapeur-liquide qui sont
en totalité un garnissage (43).

Procédé selon la revendication 6, dans lequel le
garnissage (43) dans la colonne (13) & pression in-
férieure comprend un garnissage structuré.

Procédé selon la revendication 5 dans lequel la co-
lonne (10) & pression supérieure comporte des é1é-
ments de mise en contact vapeur-liquide qui sont
en totalité des plateaux (44).

Procédé selon I'une quelconque des revendications
précédentes, consistant en outre a récupérer un
constituant (22) riche en azote en tant qu'azote pro-
duit.

Procédé selon I'une quelconque des revendications
précédentes, consistant en outre a récupérer un
constituant (19, 21) riche en oxygéne en tant
qu'oxygéne produit.

Appareil de rectification cryogénique, comportant

(A) un systéme principal de colonnes (10, 13)
comprenant au moins une colonne de rectifica-
tion ayant des éléments (43, 44) de mise en
contact vapeur-liquide ;

(B) une colonne (27) a argon ayant des élé-
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13.

14.

15.

16.
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18.
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ments de mise en contact vapeur-liquide com-
prenant des plateaux (45) et un garnissage
(46) ; et

(C) des moyens destinés a faire passer un flui-
de (26) du systéme principal de colonnes (10,
13) dans la portion inférieure de la colonne (27)
aargon,

caractérisé en ce que la colonne (27) a argon, dans
sa portion inférieure, contient en totalité des pla-
teaux (45) et, dans sa partie restante, contient en
totalité un garnissage (46), ladite portion inférieure
étant la partie inférieure de la colonne a argon dans
laquelle, pendant le fonctionnement, la concentra-
tiond'argon de la vapeur et du liquide mis en contact
est de 25 % ou moins.

Appareil selon la revendication 11, dans lequel la
portion inférieure de la colonne (27) a argon forme
les 10 % inférieurs de la hauteur de la colonne &
argon.

Appareil selon I'une des revendications 11 et 12
dans lequel le garnissage (46) comprend un garnis-
sage structuré.

Appareil selon I'une quelconque des revendications
11 & 13, comportant en outre des moyens destinés
a faire passer un fluide (33) de la colonne & argon
(27) au systéme principal de colonnes (10, 13).

Appareil selon I'une quelconque des revendications
11 & 14, dans lequel le systéme principal de colon-
nes (10, 13) est une colonne double ayant une co-
lonne (13) a pression inférieure en relation d'échan-
ge de chaleuravec une colonne (10) a pression plus
élevée.

Appareil selon la revendication 15, dans lequel la
colonne (13) a pression inférieure comporte des
éléments de mise en contact vapeur-liquide qui
sont en totalité un garnissage (43).

Appareil selon la revendication 16, dans lequel le
garnissage (43) dans la colonne (13) & pression in-
férieure comprend un garnissage structuré.

Appareil selon la revendication 15, dans lequel la
colonne (10) a pression supérieure comporte des
éléments de mise en contact vapeur-liquide qui
sont en totalité des plateaux (44).
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