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trogen product streams; (c) introducing the cooled and compressed air to
Description for the following Contracting States:     an intermediate stage
of a single distillation col- GB, SE, LI, CH, BE, AT, LU
umn; 5      (d) separating the air in the air in the column into The
present invention is directed to a cryogenic   a substantially pure gaseous
nitrogen overhead process and apparatus for the separation of airto pro-
fraction and an oxygen enriched liquid bottoms duce gaseous nitrogen and
optionally liquid nitrogen.  fraction and withdrawing a stream of each
frac- Processes for the separation of air to produce ni-  tion from the
column; trogen are known, as disclosed for example, in US-A-   10  (e)
forwarding substantially all of the oxygen en- 3,203,193 and
US-A-3,217,502. These processes         riched liquid bottoms stream and a
portion of the provide for the operation of a single distillation col-
gaseous nitrogen overhead stream to a condens- umn at a slightly higher
pressure than the product de-  er and therein indirectly exchanging heat
be- livery pressure to separate a gaseous nitrogen prod-  tween the bottoms
stream and overhead stream uct. Oxygen-enriched liquid air is withdrawn
from the  15  thereby boiling oxygen enriched liquid to form an
distillation column and is vaporised. Refrigeration is  oxygen-enriched gas
stream and condensing provided by further expanding the vaporised oxygen
gaseous nitrogen to form a liquid nitrogen enriched air, also termed "waste
nitrogen". Such      stream; methods are able to recover up to about 35 to
40 mole  (f) recycling at least a major portion of the liquid percent of
the feed air as nitrogen product.  20      nitrogen stream to the top of
the distillation col- US-A-4,400,188, discloses the use of a heat
umn as reflux; pump to separate nitrogen. The process, however, is   (g)
compressing at least a first portion of the oxy- only cost effective for
the production of very large  gen-enriched gas stream and recycling the
corn- quantities of nitrogen, e.g. 424,500 to 5,660,000 stan-  pressed
first portion of the oxygen enriched gas dard [err] per day (15 to 200
million standard cubic  25  stream to the bottom of the distillation column
feet/day(SCFD)). To enhance separation the process    without changing the
composition of the oxygen- uses overhead vapour recompression which
requires     enriched gas outside the distillation column eith- complex and
costly equipment making it uneconomi-     er upstream or downstream of the
compression cal for recoveries in the range of less than about    of said
first portion, thereby enhancing nitrogen 424,500 [err] (15 million SCFD).
30      product recovery from the air; US-A-4 595 405 discloses a process
for separat-   (h) warming the remainder of the gaseous nitro- ing nitrogen
from air in a single distillation column. A  gen overhead stream in the
heat exchanger by stream of oxygen-enriched liquid is withdrawn from
heat exchange with the compressed air; and the bottom of the distillation
column. A part of the  (i) recovering the warmed nitrogen overhead stream
is vaporised, is warmed to about ambient tem-   35  stream as a
substantially pure nitrogen product perature, and isseparated by membranes
into perme-   from the heat exchanger. ate and reject streams. The reject
stream is recom-   The invention also provides an apparatus for the pressed
and returned to the distillation column. The  production of nitrogen
product from air comprising: permeate stream Is typically vented from the
process.  (a) a first compressor for increasing the pressure The process
disclosed in US-A-4 595 405 is disad-  40  of gaseous feed air, vantageous
in that it requires the additional cost and  (b) a heat exchangerforcooling
the high pressure complexity of a membrane separation unit and in that  air
with products of distilled feed air; the vented permeate gas stream will
inevitably in-    (c) a distillation column for separating the cooled clude
nitrogen with the result that some nitrogen is   air into a substantially
pure gaseous nitrogen not recovered.                                45
overhead fraction and an oxygen-enriched liquid Such systems
characteristically recover only       bottom fraction; about 35-45 mole
percent of the feed air as nitrogen  (d) a condenser for at least partially
condensing product. It is an aim of the invention to provide proc-  a
stream of the gaseous nitrogen overhead to esses and apparatuses whereby
the mole percent re-    form a liquid nitrogen stream by indirect heat ex-
covery of nitrogen from the feed air is able to be sig-  50  change with a
stream of the oxygen-enriched liq- nificantly increased.
uid bottoms fraction to form an oxygen-enriched According to the
presentinvention there is provid-  gas stream; ed a process for the
recovery of substantially pure ni-  (e) a first recycle means for returning
a major por- trogen product at superatmospheric pressure from air   tion of
the liquid nitrogen stream from the con- comprising the steps of:
55      denser to the distillation column as reflux; (a) compressing
gaseous feed air;                  (f) a second compressor for increasing
the pres- (b) cooling the compressed air in a heat exchang-  sure of at
least part of the oxygen enriched gas er by heat exchange with enriched
oxygen and ni-   stream, the second compressor being positioned 2   



3                  EP 0 412 793 B1                 4 such that in use it
receives oxygen-enriched gas  embodiment of the invention using cold
compres- at a cryogenic temperature; and                   sion of the
waste nitrogen recycle flow wherein at (g) a second recycle means for
returning the in-  least a portion of the work outputfrom the expan-
creased pressure oxygen-enriched gas stream to    der is used to operate
the cold recycle compres- the bottom of the distillation column thereby
ena-   5  sor; and bling nitrogen product recovery to be enhanced    FIGURE
5 is a schematic flow diagram of a sec- there being no means intermediate
the distilla-   ond embodiment of the invention using cold com- tion column
and the inlet of the second compres-  pression of the waste nitrogen
recycle flow by sor or intermediate the outlet of the second com-  means of
the total available shaft work from the pressor and the distillation column
for changing   10  turboexpander, wherein refrigeration is supplied the
composition of the oxygen-enriched gas,       by an external source.
wherein in use the nitrogen product is recovered  Referring to Figure 1 of
the drawings, a nitrogen from the said heat exchanger.
recovery system 2 provides for a stream of feed air 4 Pure nitrogen product
is produced by the inven-  to be fed into a compressor 6. The resulting
com- tion at considerably less power than conventional  15  pressed air
stream isforwardedto an after cooler 7 for systems employing a single
distillation column. Fur-  the purposes of cooling and condensing water va-
ther, at least a portion of the work output of a turboex-  pour.
Thereafter, the condensate is removed in a sep- pander may drive the
compressor for compressing   arator 8 and an air stream now indicated by
the refer- the recycled waste nitrogen. Also, liquid nitrogen may  ence 10
exits the separator 8. The airstream 10 pass- be recovered as a product.
20  es through heat exchanger 12 where the air stream The compressed air
stream that is cooled in a  is cooled by heat exchange with an
oxygen-enriched heat exchanger against the nitrogen product stream  gas
stream 14 and nitrogen product stream 16. In the and oxygen-enriched gas
stream which are warmed   embodiment shown in Figure 1, heat exchanger 12
is is optionally treated to remove impurities such as in  a reversing heat
exchanger in which air passages are a reversing heat exchanger.
Alternatively, molecular  25  periodically switched with waste nitrogen
passages sieve may be used to remove impurities prior to for-  so that
water and carbon dioxide deposited in solid warding the air to a
non-reversing heat exchanger.  form from the air are evaporated after a
switch of the In accordance with an alternative aspect of the in-  passages
into the waste nitrogen stream. Appropriate vention, the first portion of
the 'waste nitrogen' (oxy-  valves and conduits are provided to enable the
air and gen-enriched gas) is sent to a cold compressor with-  30  waste
nitrogen passages to be so switched. out first being warmed to ambient
temperature. Also,  The cooled airstream leaving the heatexchanger a
portion of the work output from the turboexpander  12, and now shown by the
reference 18, enters an may be supplied to the cold compressor.
Alternative-  (optional) gas phase absorber 20 which absorbs im- ly, even
higher outputs of nitrogen product can be  purities such as any residual
carbon dioxide and hy- achieved by using all of the work output from the
tur-  35  drocarbons therefrom. The resulting filtered air boexpander to
operate the cold compressor. In this  stream now indicated by the reference
22 proceeds case, refrigeration is supplied to the system from an  to an
(optional) heat exchanger 24where the air is fur- external source such as
additional liquid nitrogen be-  ther cooled against the countercurrent flow
of oxygen ing provided to the distillation column.          enriched gas
stream 26 from a turbo-expander 28. The method and apparatus according to
the in-  40  The resulting cooled air stream now indicated by vention are
now described byway of example with ref-  reference 30 exiting heat
exchanger 24, is near sat- erence to the accompanying drawings, in which:
uration and may be partly in its liquid state. This FIGURE 1 is a schematic
flow diagram of a first  stream enters a distillation column 32 at an
intermedi- comparative embodiment of a nitrogen generator  ate
(liquid-vapour contact or mass transfer) stage. using a plurality of heat
exchangers including a   45  The cooled air stream 30 is separated by
(fractional) reversing heat exchanger wherein the entire    distillation
into a substantially pure gaseous nitrogen waste nitrogen stream is warmed,
and a portion  overhead (fraction), a stream 34 of which exits at the of
the warmed product is compressed and re-   top of the column 32, and a
liquid oxygen-enriched turned to the distillation column;
fraction, a stream 36 of which passes out of the bot- FIGURE 2 is a
schematic flow diagram of em-  50  tom of the column 32. The liquid stream
36 is cooled bodiment of a second comparative a nitrogen    by passage
through an (optional) heat exchanger 38 generator which operates a warm
compression    against (i.e. countercurrently to) an oxygen enriched cycle
using one less heat exchanger;           gas stream 40 and nitrogen product
gas stream 42. FIGURE 3 is a schematic flow diagram of a third  The
resulting cooled oxygen-rich liquid stream now comparative embodiment of
the warm compres-  55  indicated by reference 44 passes through valve 45,
its sion cycle using molecular sieve for air purifica-  pressure thereby
being reduced, and then via line 47 tion;
to condenser 46 where it boils while condensing a FIGURE 4 is a schematic
flow diagram of a first  portion or sub-stream 48 of the gaseous nitrogen 3



5                  EP 0 412 793 B1                 6 overhead stream 34
through indirect heat exchange.  greater than the operating pressure of the
distillation (The stream 34 of nitrogen is divided into two portions
column 32. The resulting compressed gas stream, or sub-streams, one of
which is the sub-stream 48  now indicated by reference 71, is cooled in an
after and the other of which is the stream 42 that is passed  cooler 72,
further cooled to a low temperature by be- through the heat exchanger 38
countercurrently to   5   ing returned through heat exchanger 64 from its
the liquid oxygen stream 36, thereby being warmed.  warm to its cold end,
and recycled via a line 74 to the This other stream of nitrogen leaves the
heat ex-  bottom of the distillation column 32 where it serves as changer
38 (and is now indicated by the reference 54)  "boil up", thus increasing
the nitrogen recovery pos- and is then warmed to ambient temperature by
pas-  sible from the feed air. The addition of the feed air sage through
the heat exchanger 12 and thereafter is  10  stream 30 at an intermediate
stage and recycled oxy- passed via line 17 out of the system 2 for use as
prod-  gen-enriched gas stream atthe bottom of the column uct nitrogen.)
32 permits the mass transfer stages between the in- The condensed liquid
nitrogen exits condenser  lets for these two streams to be used as a
stripping 46 as a stream 50 of liquid. The stream 50 is then split,
section. and a portion orsub-stream 51 is optionally collected   15  In the
embodiment shown in FIGURE 2. a single in a conventional storage facility
52. The major por-  heat exchanger performs thefunctions of the heatex-
tion, however, of the condensed liquid nitrogen   changers 12 and 64 of
Figure 1. The single heat ex- stream 50 returns via line 53 to the
distillation column  changer is indicated by the reference 112 in Figure 2.
32 where it serves as reflux.                     In all other respects,
the embodiment shown in Figure Afirst portion orsub-stream 55 of the
oxygen-en-  20  2 is the same as that shown in Figure 1, but before riched
gas stream 54 exiting heat exchanger 38 is  purposes of clarity the flow of
the oxygen-enriched heated by passage through heat exchanger 12, where  gas
stream leaving the condenser above the distilla- it serves to cool the feed
air stream 10. The gas  tion column is now described. stream 55 leaves the
heat exchanger 12 at a position  The oxygen-enriched stream 140 is warmed
by intermediate the ends of the heat exchanger 12 and   25  passage through
an optional heat exchanger 138. flows through a (pipe) line 56. A second
portion or  The warmed gas stream now indicated by reference sub-stream 58
of the oxygen-enriched gas stream 54  154 is divided Into three portions or
sub-streams. A by-passes heat exchanger 12, and combines with the  first
portion or sub-stream 155 of the oxygen enriched warmed gas flowing through
line 56. The combined  gas stream 154 is warmed in passage through the gas
stream indicated by reference 60 enters a tur-  30  heat exchanger 112. The
warmed gas stream leaves boexpander 28 and expands to nearly atmospheric
the heat exchanger at a position between the ends pressure producing
refrigeration required to keep the  thereof through a line 156. A second
portion or sub- system 2 cold. Some of the second portion or sub-  stream
of the oxygen-enriched gas stream 158 by- stream 58 may by-pass the
turboexpander 28 and be  passes the heat exchanger 112 and combines with
reunited with the rest of this sub-stream immediately  35  thefirst portion
orsub-stream 155 in the line 160. The downstream of the outlet of the
turboexpander 28.  combined stream enters turboexpander 128 and is The
expanded gas stream exiting the turboexpander  expanded to nearly
atmospheric pressure to provide 28 (now indicated by the reference 26) is
used to cool  refrigeration, and exits the system via optional heat the
incoming air, first by passage through heat ex-  exchanger 124 and the main
reversing heat exchang- changer 24. The oxygen-enriched gas stream, now
40  er 112. indicated by reference 16, leaves the heat exchanger  A third
portion or sub-stream 162 of the oxygen- 24 and provides further cooling
for the air by passage  enriched gas stream 154 passes completely through
through the heat exchanger 12. The oxygen-enriched  the heat exchanger 112
and, now indicated by refer- gas stream exiting heat exchanger 12 is shown
as  ence 168, flows into the compressor 170. The result- stream 15.
45  ing compressed gas stream, now indicated by refer- A third portion or
sub-stream 62 of the oxygen-  ence 171, is then passed through an after
cooler 172, enriched gas stream is warmed by passage through  back through
heat exchanger 112, and then via line a heat exchanger 64, preferably to
ambient tempera-  174 to the bottom of distillation column 132. ture. A
portion or sub-stream 66 of the stream 62 is  In Figure 2, the stream of
nitrogen product with- withdrawn from the heat exchanger 24 at a tempera-
50  drawn from the heat exchanger 112 is indicated bythe ture intermediate
those of the cool and warm ends  reference 117. thereof and is united with
the gas stream 60 that en-  Referring to Figure 3 of the drawings, there is
il- ters the turboexpander 28. The remainder of the   lustrated an
embodiment of the invention generally stream 62 continues its passage
through the heat ex-  similar to that shown in Figure 2, but in which
purifi- changer 64 and exits the warm end of the heat ex-  55  cation of
the feed air occurs outside of any heat ex- changer 64. The oxygen-enriched
gas stream (now   changer and therefore no heat exchanger of the re-
indicated by the reference 68) is compressed in com-  versing kind is
employed. A compressed feed air pressor 70 to a pressure about equal to or
slightly  stream is passed to a pre-purification unit 277 which 4 



7                   EP 0 412 793 B1                8 typically contains
beds of molecular sieves of zeolitic  needs of the plant and to supply the
energy for the material which is able to be regenerated and which re-  cold
compressor. This "equilibrium point" depends moves impurities such as
carbon dioxide, some hy-  upon the column operating pressure, the
refrigeration drocarbons and water vapour. A purified air stream  needs of
the plant, i.e. relating to its size and any liq- 210 passes through the
heat exchanger 212, through   5   uid production requirements, the
efficiencies of both optional heat exchanger 224, and into the bottom of
the turboexpander and the cold compressor. There distillation column 232
via line 230.             are other factors, eg, frictional pressure drops,
and In addition, the embodiment shown in Figure 3  choice of temperatures
of the fluids flowing into both differs from thatshown in Figure 2 with
respect to the  the turboexpander and the cold compressor, which treatment
of the waste oxygen-enriched gas stream   10  also have a bearing on the
equilibrium point ("waste nitrogen") passing through the heat exchang-  The
shaft output of the turboexpander is used to er 212. A portion or
sub-stream 276 of the waste ni-  accomplish two distinct tasks: trogen
stream 215 is sent to the pre-purification unit  (1) driving a cold
compressor of the waste nitro- 277 to serve as regeneration gas, which is
normally   gen which is recycled to the distillation column, heated before
entering the pre-purification unit 277,  15  thereby improving the nitrogen
recoveryfrom the and exits line 278. In operation, a first group of the
air feed to the distillation column, and beds of unit 277 is used to adsorb
impurities from the  (2) removing energy (as heat) from the cold proo-
incoming air, while the remaining beds are regenerat-  ess equipment by
delivering a portion of the shaft ed. Once the first group becomes
appropriately laden  energy to a dissipative brake in the surroundings.
with impurities, the flow of air is switched to the re-  20  The embodiment
illustrated in Figure 4 of the maining beds, and the first group
regenerated. Thus,  drawings shows the recycle of cold oxygen-enriched
continuous operation of the unit 277 is made possible.  gas, i.e.
oxygen-rich gas that is compressed in its cold The embodiments shown in
Figures 1 to 3 are all  state without being warmed to ambient temperature
directed to compression of a warm oxygen-enriched  in a heat exchanger.
More specifically, a compressed gas stream. That is, the waste nitrogen
stream (which  25  and purified feed air stream 310 is cooled by passage is
enriched in oxygen) is warmed to essentially ambi-  through a heat
exchanger312. Aportion orsubsidiary ent temperature by passage through a
heat exchang-  stream 314 of the cooled air stream 310 is passed er before
being compressed and recycled to the dis-  through an optional heat
exchanger 316 in which it is tillation column. These embodiments all
improve ni-  further cooled and condensed before passing via line trogen
recovery over that possible without compres-  30  318 into an intermediate
stage of a distillation column sion of a recycle waste nitrogen stream.
Processes  332. Asecond portion or subsidiary stream 320 of the and
apparatuses according to the invention employ  cooled air stream 310 is
passed directly to another, "cold compression" of the waste nitrogen as a
means  but lower, intermediate stage of the distillation col- of achieving
improved recoveries in an efficient man-  umn 332. ner. Such embodiments
use firstly excess refrigera-  35  Air entering distillation column 332 is
separated tion energy available in the turboexpanded stream of  into a
substantially pure gaseous nitrogen overhead the waste gas and secondly the
shaft work economy  exiting from the top of column 332 as stream 334 and
that can be achieved when compressing a gas in cold  an oxygen-enriched
liquid bottom stream 336 exiting state. Typically, in plants in which the
distillation col-  from the bottom of the column 332. The liquid stream umn
operating pressure is at least 100 psig, there Is  40  336 is cooled by
passage through a heat exchanger enough energy available in the
turboexpansion of the  338 against a return oxygen-enriched gas stream
waste nitrogen to cover the normal refrigeration  340 and a subsidiary or
product stream 342 of nitro- needs of the plant and to compress a
substantial  gen gas which is taken from the stream 334. The re- amount of
the waste gas recycle stream in order to in-  sulting cooled
oxygen-enriched liquid stream, now in- crease nitrogen recovery. Such a
scheme minimises  45  dicated by reference 344, is reduced in pressure by
the amount of equipment which needs to be installed,  passage through valve
345, and enters condenser forexample, a compressorwheel can be driven off
the  346 via line 347. The oxygen-enriched liquid stream turboexpander
shaft, and heat exchange passes for  boils in the condenser 346 while
condensing a por- warming the waste gas recycle stream to ambient   tion or
sub-stream 348 of the gaseous nitrogen prod- temperature prior to
compression and then cooling  50  uct stream 334 through indirect heat
exchange. The the compressed stream to low temperature following  condensed
nitrogen is returned to the distillation col- compression are eliminated.
Of course, any such   umn 332 to serve as reflux. process which uses
expansion of waste nitrogen to     Resulting boiled oxygen-enriched gas is
with- drive a compressor will reduce the amount of waste  drawn as a stream
340 from the condenser 346 and nitrogen available for turboexpansion. At
some point,  55  is optionally warmed by passage through the heat ex-
nitrogen recovery by compression of recycling oxy-  changer 338. The stream
of warmed oxygen-enrich- gen-enriched gas is maximised while sufficient
such  ed gas leaving the heat exchanger 338, now indicated gas remains
available to cover both the refrigeration  by the reference 301, is divided
into three portions or 
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One portion 302 of the oxygen-enrich-  shown in Figure 5, all of the
available work output of ed gas stream 301 is not further warmed by heat
ex-  the turboexpander 428 is supplied to a compressor change but enters a
compressor 370 in which it is  470. This enables a higher recovery of
nitrogen prod- compressed. The resulting compressed gas stream,   uct 417
to be obtained because an even greater boll now indicated by reference 303,
is then returned via   5   up flow is achievable in column 432. In this
event, re- line 304 to the bottom of distillation column 332 after
frigeration needs to be supplied to the system, for ex- being cooled by
passage through heat exchanger 312  ample, by supplying liquid nitrogen to
the distillation from a first intermediate region thereof at a relatively
column 432 from an external source 471, and there high temperature to a
second intermediate region  is no intentional dissipative brake. thereof at
a relatively low temperature. A second por-  10  If the external source 471
of refrigeration for the tion or sub-stream 305 of the gas stream 301 is
process of Figure 5 is liquid nitrogen at or near the passed to the
turboexpander 328 after passing      purity of the desired gaseous product
of the plant, a through the heat exchanger 312 from its cold end to
proportional increase in gaseous nitrogen product the an intermediate
region thereof. A third portion or sub-  plant can result. The amount of
refrigeration from an stream may by-pass the heat exchanger 312 via  15
external source isa function of the heat leak and en- valve 306. The
expanded gas stream leaving the tur-  thalpies associated with thefluid
flows atthe cold box boexpander 328 passes through the heat exchanger
boundaries. 316 from its cold end to its warm end thereby provid-  The cold
waste nitrogen compression is achieved ing cooling for the air stream 314.
and then through  by coupling the compressor470totheturboexpander the heat
exchanger 312 from its cold end to its warm   20  428 output exclusively,
which is made possible by end thereby providing cooling for the incoming
air  providing an external source of refrigeration. Such a stream 310. The
stream 342 after passage through   scheme gains commercial attractiveness
as the cost the heat exchanger 338 also passes through the heat  of
supplying refrigerating substances 471 (e.g. liquid exchanger 338 also
passes through the heat ex-     nitrogen) has diminished as producing
plants for changer312 from its cold end to its warm end thereby   25  these
liquids has become larger and more efficient. exchanging heat for the air
stream 310. The resulting  The increase in nitrogen recovery made possible
warmed nitrogen stream now indicated by reference  by dedicating the total
output of the turboexpander 317 is taken as nitrogen product.
428 to recycle waste nitrogen compression further in- Of particular
importance to this embodiment is  creases the amount of nitrogen gas per
unit of liquid that a shaft connection 307 is provided between the   30
refrigerant 471 supplied, and therefore the economic turboexpander 328 and
the compressor 370. A por-   return of the plant. tion of the work output
of the turboexpander 328 is   Another advantage of the process shown in
Fig- thus used to drive the compressor 370 thereby provid-  ure 5 is that
only two cold machines are required, pre- ing "boil up" flow distillation
column 332 which en-  ferably connected by a common shaft. The additional
hances the recovery of the nitrogen product stream   35   mechanical
complication of the dissipative device of 317. Part of the workoutput is
directed to a dissipative  FIGURE 4 is eliminated. brake 308 to remover
heat from the system and reject  In the plants shown in Figures 4 and 5,
pre-puri- this heat to the surroundings. By the term "surround-  fication
of feed air is a preferred alternative to a re- ings" is meant outside the
boundaries of the cold box  versing heat exchanger. (not shown) in which
the parts of the apparatus oper-  40  In another example of the use of cold
compres- ating at cryogenic temperatures are located. The dis-  sion (not
shown), the energy for such compression sipative brake 308 may be a
compressor, a pump,    comes from an external source, e.g., an electric mo-
electrical generator, or like device, or even friction in  tor. The
electric motor is an external requirement and the bearings of a rotating
part. It is important that the  increases the refrigeration needs of the
plant. How- system directs requisite energy to the surroundings to  45
ever, these are also met by the turboexpander which keep the cold
compression process refrigerated.   is free of the necessity of supplying
shaft energy to Whereas the process shown in Figure 4 requires  the cold
compressor. Once again, however, as cold some of the turboexpander shaft
output to supply a  compression increases the recovery of nitrogen, the
"dissipative" brake to refrigerate the plant, the proc-  amount of waste
nitrogen available for turboexpan- ess shown in Figure 5 of the drawings
needs no dis-  50  sion is reduced. When this is reduced to the quantity
sipative brake because some of its refrigeration is  required to meet the
refrigeration needs of the plant provided from an outside source. The
entire shaftout-  (including that from the external energy source driv- put
of the turbocompressor can be applied to driving  ing the cold compressor),
then the maximum recov- a compressor; thus even higher recoveries of nitro-
ery of nitrogen has been reached. gen from the air fed to the distillation
column are ach-  55 ievable. In all other respects, the embodiment of the
EXAMPLE 1 invention illustrated in Figure 5 is the same as that il- 



lustrated in Figure 4. In such use of cold compression,  A process for the
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12 nitrogen at the rate of 3113 standard cubic metres per  sor 370 via the
shaft 307 and the balance was trans- hour (SCMH) (110,000 standard cubic
feet per hour  mitted out of the system. (SCFH)) at 790.7 kPa (114.7 psia)
is conducted in ac-  An airflowof 1459 SCMH (51,546 SCFH) wasfed cordance
with FIGURE 1. SCMH and SCFH refer to    at a pressure of 917 kPa (133
psia) through the heat a substance measured as a gas at at 101.3 kPa and
5   exchanger 312. Then 29.3 SCMH (1036 SCFH) of the [err] (14.7 psia and
[err]).                        cooled air was sent through the heat
exchanger 316 A feed air flow of 5240.3 SCMH (185,169 SCFH)  for condensing
prior to delivery to an intermediate was compressed to a pressure of 863.8
kPa (125.3  stage of the distillation column 332. The balance of psia),
aftercooled to a temperature of  [err],  the cooled air entered an elevated
tray, below the en- and then cooled in the heat exchanger 12. The cooled
10  try stage of line 318, of the distillation column 332 di- air stream
was passed via the line 18 at the rate of  rectly. The products of the
distillation column 332 5188.4 SCMH (183,336 SCFH) and a temperature of
were 1861 SCMH (65,758 SCFH) nitrogen gas, of -165.4C [err] to the gas
phase absorber 20 for  which 1153 SCMH (40,758 SCFH) was returned as the
removal of impurities. The air stream was then  reflux after condensing in
condenser 346, and 1025 cooled by passage through the heat exchanger 24.
15  SCMH (36,211 SCFH) of oxygen rich liquid stream The cooled air having a
liquid content of 0.03 mole  336. The oxygen rich liquid stream 336 was
sub- percent at [err] and 842.4 kPa (-269.6F and   cooled in the heat
exchanger 338 and throttled 122.2 psia) was sent to an elevated tray (i.e.
inter-  through valve to about 469 kPa (68 psia) for boiling mediate stage)
of the distillation column 32.    in the condenser 346. Both the boiled
oxygen rich gas Gaseous nitrogen at a pressure of 821.1 kPa   20  stream
340 and 707.5 SCMH (25,000 SCFH) of the (119.1 psia) and a temperature of
-172.4C [err]  nitrogen (product) stream 342 were warmed in heat exited
from the top of the distillation column 32 and a  exchanger 338. The warmed
nitrogen product stream portion was forwarded to the heat exchanger 38
where  entered the main heat exchanger 312, was warmed to the nitrogen was
warmed to [err].  A flow  ambient temperature, and exited the system as of
3112 SCMH (109,980 SCFH) was warmed in heat  25  stream 317. exchanger 12.
The final product was cooled at a tem-  The oxygen-enriched gas stream was
divided perature of 34.8C [err] and 813 kPa (118 psia) to  into a portion
or sub-stream for turboexpansion and give a nitrogen recovery of about 59
mole percent  a portion or sub-stream for cold compression and re- based on
total air compressed.                    cycle to the distillation column,
the relative flow rates The oxygen enriched gas from condenser 46  30
being 751 and 274 SCMH respectively (26,546 SCFH passed through the heat
exchanger 38 at the rate of  and 9665 SCFH, respectively). The recycle gas
was 4020 SCMH (142,036 SCFH). A portion of this flow,  compressed to 896
kPa (130 psia), cooled In heat ex- 1944 SCMH (68,700 SCFH), passed
completely        changer 312 and injected into the bottom of the dis-
through the heat exchanger 64 and was warmed to am-  tillation column 332
for "boil up". The gas stream bient temperature therein. The warmed gas was
then  35  passed to the turboexpander 328 was first heated compressed to
850 kPa (123.3 psia) and aftercooled to  partially in heat exchanger 312
and expanded to [err] (100F). The cooled gas re-entered the heat ex-  about
124 kPa (18 psia) in the turboexpander 328. It changer 64 and was cooled to
-160.7C [err] at a  then passed through heat exchangers 316 and 312,
pressure of 844.5 kPa (122.5 psia) for delivery to the  yielding its
refrigeration and becoming the waste ni- bottom of the distillation column
32.        40  trogen product of the plant. The balance of the oxygen
enriched gas leaving    By these means, a nitrogen recovery of about the
heat exchanger 38 was divided between the heat  48.5 mole percent of the
feed air was attained. Vari- exchangers 64 and 12 and by-pass line 58 to
provide  ous recoveries are achievable by this process, de- the feed gas to
the turboexpander28 and its by-pass,  pending on the plant size, cold
compressor and tur- a total of 2075 SCMH (73,336 SCFH), at a pressure  45
boexpander efficiencies, the operating pressure of of 354.4 kPa (51.4 psia)
and temperature of [err]  the distillation column, the number of trays in
the dis- [err]. A flow of 1720 SCMH (60,790 SCFH) of this  tillation
column, and the desired nitrogen purity. gas 60 passed through the
turboexpander 28 provid-   In this Example, part of the shaft work
generated ing requisite refrigeration. The turboexpander ex-  by the
turboexpander 328 is transmitted to the sur- haust gas and the by-pass was
combined into line 26  50  roundings and part to the cold compressor 303.
Work and warmed in the heat exchangers 24 and 12.      transmitted to the
surroundings by brake 308 consti- tutes the refrigeration necessary to
refrigerate the EXAMPLE 2                                         plant.
Aflow of 707.5 SCMH (25,000 SCFH) of nitrogen  55   EXAMPLE 3 was produced
in accordance with the process descri- bed in FIGURE 4 wherein a portion of
the work output  The same procedure was follows as in Example 



from the turboexpander 328 was sent to the compres-  2 except that all of
the available work output from the 7    13                 EP0412793B1
14 turboexpander428 was used to operate the compres-       (g) compressing
at least a first portion of the sor 470 in order to maximise recovery of
nitrogen as    oxygen enriched gas stream and recycling the illustrated in
Figure 5. The cold box being well insu-  compressed first portion of the
oxygen enrich- lated, 27 SCMH (949 SCFH) of liquid nitrogen was        ed
gas stream to the bottom of the distillation added to the top of the
distillation column 432 to pro-   5  column without changing the
composition of vide refrigeration. A feed air stream of 1459 SCMH      the
oxygen-enriched gas outside the distilla- (51,546 SCFH) was processed in
the system to pro-       tion column eitherupstream ordownstream of duce up
to 849 SCMH (30,000 SCFH) of product ni-        the compression of said
first portion, thereby trogen 417 resulting in a nitrogen recovery rate of
enhancing nitrogen product recovery from about 58 mole percent of the feed
air.       10         the air; The present invention recovers substantially
pure    (h) warming the remainder of the gaseous ni- nitrogen product, both
gas and liquid as desired, on    trogen overhead stream in the heat
exchang- the order of up to 70 mole percent. As plant size de-   er by said
heat exchange with the com- creases, especially below 22640 SCMH (800,000
pressed air; and SCFH), the present invention becomes more cost ef-  15
(i) recovering the warmed nitrogen overhead fective due to the absence of
the standard column re-   stream as a substantially pure nitrogen prod-
boiler and the less expensive heat pump circuit com-    uct from the heat
exchanger. prising compression equipment. A single turboexpander is not
essential to this em-  2. A process according to Claim 1, further compris-
bodiment of the invention. If fact, one turboexpander  20  ing expanding a
second portion of the said oxy- serving the refrigeration needs of the
plant and an-  gen enriched gas stream in an expanding means otherdriving
the compressor for recycle to the column  thereby generating work output to
provide refrig- in order to provide higher nitrogen recovery is within
eration for the process. the scope of the present invention. There are
other combinations, in all of which the cold compression   25  3. A process
according to Claim 2, further compris- step uses shaft energy inherently
produced in the    ing warming a third portion of the oxygen enrich-
process.                                             ed gas stream in the
heat exchanger by heat ex- change with the compressed air upstream of
Claims for the following Contracting                  combination with said
second portion and expan- States: GB, SE, LI, CH, BE, AT, LU           30
sion of the combination. 1. A process for the recovery of substantially
pure  4. Aprocess according to Claim 2 or Claim3, where- nitrogen product
at superatmospheric pressure     in only part of the second portion is
expanded from air comprising the steps of:                  while the
remainder of the second portion by- (a) compressing gaseous feed air;
35      passes the expanding means. (b) cooling the compressed air in a
heat ex- changer by heat exchange with enriched oxy-  5. A process
according to any one of the preceding gen and nitrogen product streams;
claims, wherein the first portion of the oxygen en- (c) introducing the
cooled and compressed air  riched gas stream of step (g) starts its
compres- to an intermediate stage of a single distillation   40  sion at
essentially ambient temperature. column; (d) separating the air in the
column into a sub-  6. A process according to any one of claims 1 to 4,
stantially pure gaseous nitrogen overhead      wherein the first portion of
the oxygen enriched fraction and an oxygen enriched liquid bot-    gas
stream of step (g) starts its compression at toms fraction and withdrawing
a stream of  45  about a temperature of the distillation column. each
fraction from the column; (e) forwarding substantially all of the oxygen
7. A process according to Claim 6, further compris- enriched liquid bottoms
stream and a portion   ing utilising a portion of the work output obtained
of the gaseous nitrogen overhead stream to     from the expanding means to
compress the first a condenser and therein indirectly exchang-  50  portion
of the oxygen-enriched gas stream which ing heat between the bottoms stream
and        is recycled to the bottom of the distillation col- overhead
stream thereby boiling oxygen en-     umn. riched liquid to form an
oxygen-enriched gas stream and condensing gaseous nitrogen to   8. A
process according to Claim 6 or Claim 7, further form a liquid nitrogen
stream;         55      comprising removing from the process a portion (f)
recycling at least a major portion of the re-  of the work output from the
expansion means. suiting liquid nitrogen stream to the top of the 



distillation column as reflux;              9. A process according to Claim
8, wherein the re- 8    13                 EP 0 412 793 B1
14 turboexpander 428 was used to operate the compres-       (g) compressing
at least a first portion of the sor 470 in order to maximise recovery of
nitrogen as     oxygen enriched gas stream and recycling the illustrated in
Figure 5. The cold box being well insu-   compressed first portion of the
oxygen enrich- lated, 27 SCMH (949 SCFH) of liquid nitrogen was         ed
gas stream to the bottom of the distillation added to the top of the
distillation column 432 to pro-   5  column without changing the
composition of vide refrigeration. A feed air stream of 1459 SCMH       the
oxygen-enriched gas outside the distilla- (51,546 SCFH) was processed in
the system to pro-        tion column either upstream ordownstream of duce
up to 849 SCMH (30,000 SCFH) of product ni-         the compression of said
first portion, thereby trogen 417 resulting in a nitrogen recovery rate of
enhancing nitrogen product recovery from about 58 mole percent of the feed
air.        10         the air; The present invention recovers
substantially pure    (h) warming the remainder of the gaseous ni- nitrogen
product, both gas and liquid as desired, on     trogen overhead stream in
the heat exchang- the order of up to 70 mole percent. As plant size de-
er by said heat exchange with the com- creases, especially below 22640 SCMH
(800,000            pressed air; and SCFH), the present invention becomes
more cost ef-  15   (i) recovering the warmed nitrogen overhead fective due
to the absence of the standard column re-    stream as a substantially pure
nitrogen prod- boiler and the less expensive heat pump circuit com-    uct
from the heat exchanger. prising compression equipment. Asingle
turboexpanderis not essential to this em-  2. A process according to Claim
1, further compris- bodiment of the invention. If fact, one turboexpander
20  ing expanding a second portion of the said oxy- serving the
refrigeration needs of the plant and an-  gen enriched gas stream in an
expanding means otherdriving the compressorforrecycle to the column
thereby generating work output to provide refrig- in order to provide
higher nitrogen recovery is within  eration for the process. the scope of
the present invention. There are other combinations, in all of which the
cold compression   25  3. A process according to Claim 2, further compris-
step uses shaft energy inherently produced in the      ing warming a third
portion of the oxygen enrich- process.
ed gas stream in the heat exchanger by heat ex- change with the compressed
air upstream of Claims for the following Contracting
combination with said second portion and expan- States: GB, SE, LI, CH, BE,
AT, LU            30      sion of the combination. 1. A process for the
recovery of substantially pure  4. AprocessaccordingtoClaim2orClaim
3,where- nitrogen product at superatmospheric pressure     in only part of
the second portion is expanded from air comprising the steps of:
while the remainder of the second portion by- (a) compressing gaseous feed
air;       35      passes the expanding means. (b) cooling the compressed
air in a heat ex- changer by heat exchange with enriched oxy-  5. A process
according to any one of the preceding gen and nitrogen product streams;
claims, wherein the first portion of the oxygen en- (c) introducing the
cooled and compressed air   riched gas stream of step (g) starts its
compres- to an intermediate stage of a single distillation   40  sion at
essentially ambient temperature. column; (d) separating the air in the
column into a sub-  6. A process according to any one of claims 1 to 4,
stantially pure gaseous nitrogen overhead       wherein the first portion
of the oxygen enriched fraction and an oxygen enriched liquid bot-     gas
stream of step (g) starts its compression at toms fraction and withdrawing
a stream of  45   about a temperature of the distillation column. each
fraction from the column; (e) forwarding substantially all of the oxygen
7. A process according to Claim 6, further compris- enriched liquid bottoms
stream and a portion    ing utilising a portion of the work output obtained
of the gaseous nitrogen overhead stream to      from the expanding means to
compress the first a condenser and therein indirectly exchang-  50  portion
of the oxygen-enriched gas stream which ing heat between the bottoms stream
and         is recycled to the bottom of the distillation col- overhead
stream thereby boiling oxygen en-      umn. riched liquid to form an
oxygen-enriched gas stream and condensing gaseous nitrogen to    8. A
process according to Claim 6 or Claim 7,further form a liquid nitrogen
stream;          55      comprising removing from the process a portion (f)
recycling at least a major portion of the re-  of the work output from the
expansion means. sulting liquid nitrogen stream to the top of the 



distillation column as reflux;               9. A process according to
Claim 8, wherein the re- 8    15                  EP 0 412 793 B1
16 moved portion of the work output is transferred to  second compressor is
coupled to the turboexpan- the surroundings as heat or work.
der through a dissipative brake. 10. A process according to Claim 6,
wherein all the  15. Apparatus according to any one of claims 13 or work
output is utilised to compress the first por-   5  14, in which the second
compressor is in a loca- tion of the oxygen-enriched gas stream which is
tion in the apparatus such that in operation it re- recycled to the bottom
of the distillation column,  ceives oxygen-enriched gas at a cryogenic
tern- and furthercomprising adding refrigeration to the  perature. process
from an external source. 10  16. Apparatus according to Claim 15, in which
the 11. A process according to Claim 10, wherein the      second compressor
is upstream of the cold end step of adding refrigeration to the process
corn-  of the heat exchanger and down stream of the prises adding liquid
nitrogen to the distillation col-  outlet of the condenser for the
oxygen-rich gas umn.                                               stream.
15 12. Apparatus for the production of nitrogen product  Patentansprflche
fir folgende from air comprising:
Vertragastaaten: GB, SE, Li, CH, BE, AT, LU (a) a first compressor for
increasing the pres- sure of gaseous feed air;                    1. Ein
Verfahren zur Rfckgewinnung eines im we- (b) a heat exchangerfor cooling
the high pres-  20  sentlichen reinen Stickstoffprodukts bei Oberat- sure
air with nitrogen and oxygen-enriched      mosphirendruck aus Luft, mit den
Schritten: products of distilled feed air;                   (a)
Verdichtung von gasformiger Zufuhrluft; (c) a distillation column for
separating the      (b) Kuhlung der verdichteten Luft in einem cooled air
into a substantially pure gaseous ni-   WArmetauscher durch Warmetausch mit
an- trogen overhead fraction and an oxygen en-  25     gereicherten
Sauerstoff- und Stickstoffpro- riched liquid bottom fraction and having an
duktstr6men; outlet forthe nitrogen communicating with the     (c)
Einfuhrung dergakfhilten und verdichteten heatexchanger;
Luft in eine Zwischenstufe einer einzigen (d) a condenser for at least
partially condens-    Destillationssalule; ing a stream of the gaseous
nitrogen over-  30    (d) Trennung der Luft in der SAule in einen head to
form a liquid nitrogen stream by indir-    oben liegenden, im wesentlichen
reinen gas- ect heat exchange with a stream of the oxy-        fOrmigen
Stickstoffteil und einen Sauerstoff gen enriched liquid bottoms fraction to
form       angereicherten flfissigen unten flegenden an oxygen enriched gas
stream;                     Tail, und Herausziehen aines Stroms einesje-
(e) a first recycle means for returning a major  35  den Tells aus der
SAule; portion of the liquid nitrogen stream from the    (e) Zufihrung von
im wesentlichen dem ganz- condenser to the distillation column as reflux;
en mitSauerstoff angerelcherten flOssigen (f) a second compressor for
increasing the         Unterstrom und elnem Tell des gasformigen pressure
of at least part of the oxygen enrich-    Stickstoffoberstroms zu einem
Kondensator ed gas stream; and                      40         und
indirektes Warmetauschen darin zwi- (g) a second recycle means for
returning the       schen dem Unterstrom und dem Oberstrom, increased
pressure oxygen enriched gas             wobel Sauerstoff angereicherte
FlOssigkeit stream to the bottom of the distillation column    gekocht
wird, um elnen mit Sauerstoff anger- thereby enabling nitrogen product
recovery to      elcherten Gasstrom zu bilden und gasfarmi- be enhanced,
there being no means inter-  45       gen Stickstoff zu kondensieren, urn
einen mediate the distillation column and the inlet of   flOssigen
Stickstoffstrom zu bilden; the second compressor or intermediate the
(f) Rfckfcfhrung von zumindest elnern Haupt- outlet of the second
compressor and the dis-       tell des slch ergebenden flussigen
Stickstoff- tillation column for changing the composition      stroms zu
dem oberen Ende derDestillations- of the oxygen-enriched gas; wherein the
nitro-  5o  saule als R13ckfluB; gen product is able to be recovered from
the      (g) Verdichtung zumindest aines ersten Tells said heat exchanger.
des mit Sauerstoff angereicherten Gasstroms und Rlckffhrung des
verdichteten ersten 13 Apparatus according to Claim 12, in which the
Teils des mit Sauerstoff angerelcherten Gas- second compressor is coupled
to a turboexpan-  55    stroms zu dem Boden der DestillationssAule, der for
generating refrigeration.                     ohne die Zusammensetzung des
Sauerstoff angereicherten Gases auBerhalb der Destil- 



14. Apparatus according to Claim 13, in which the        lationsseule
wederstromaufwirts noch stro-    17                 EP 0 412 793B1
18 mabwarts derVerdichtung des ersten Tellszu   10. Ein Verfahren nach
Anspruch 8. worin die geW indern, wodurch die Stickstoffproduktrack-
samte Arbeitsausgangsleistung verwendet wirdi gewinnung aus der Luft erhoht
wird;             um den ersten Tell des Sauerstoff angereichert- (h)
Erwirmung des Rests des gasformigen         en Gasstroms zu verdichten, der
zu dam Boden Stickstoffoberstronis in dem Warmetauscher   5  der
Destillationssiule zuraickgefahrt wird, und durch den Warmetausch mit der
verdichteten      das weiter umfaSt die Zufuhrung von KUhlung zu Luft; und
dam Verfahren von ainer externen Quells. (i) Rrickgewinnung des erwarrnten
Stickstof- foberstroms als imrwesentlichen reines Stick-  11. Ein Verfahren
nach Anspruch 10, worin der stoffprodukt aus dam Wirmetauscher.     10
Schritt der Zufuihrung von KOhlung zu dam Ver- fahren die ZufOhrung von
flfissigem Stickstoff zu 2. En Verfahren nach Anspruch 1, das weiter
der Destillationssaule umfaet. umfalIt sine Expansion aines zweiten Teils
des Sauerstoff angerebcherten Gasstroms in elnem   12. Gerst zur Erzeugung
aines Stickstoffprodukts Expansionsmittel, wodurch sineArbeltsausgang-  15
aus Luft mit sleistung erzeugt wird, um die KOhlung fur das       (a) einem
ersten VerdIchterzur Erh8hung des Verfahren zu schaffen.
Drucks der gasfarmigen Zufuhrluft; (b) einern Warmetauscher zum KOihlen der
3. Ein Verfahren nach Anspruch 2, das weiterhin          Hochdruckluft mit
Stickstoff und Sauerstoff urnfal~t aine Erwarmung aines dritten Teils des
20   angereicherten Produkten aus destillierter Sauerstoff angereicherten
Gasstroms in dem            Zufuhrluft; Wirmetauscher durch Wfirmetausch
mit der ver-        (c) einer Destillationssaule zur Trennung der dichteten
Luft stromaufwirts derVerbindung mit        gekOhIten Luft in einen im
wesentlichen reln- dem zweiten Teil und Expansion der Verbindung.        en
gasformigen oben liegenden Stickstoffteil 25         und einen Sauerstoff
angereicherten flussi- 4. En Verfahren nach Anspruch 2 oder Anspruch 3,
gen unten liegenden Teil, die einen Auslal fOr worin nur ain Teil des
zweiten Teils expandiert       den Stickstoff hat, der mit dam
Wairmetausch- wird, wihrend der Rest des zweiten Teils an dem       er in
Verbindung steht; Expansionsmittel vorbeistr6mt.                        (d)
einem Kondensator, urn zumindest teilwe- 30        isa eanen Strom des
gasf6rmigen oben liegen- 5. Ein Verfahren nach einem der vorhergehenden
den Stickstoffs zu kondensieren, um einen AnsprOche, worin der erste Teil
des Sauerstoff        flOssigen Stickstoffstrom durch indirekten
angereicherten Gasstroms von Schritt (g) seine        Wfirmetausch mit
einem Strom des Sauerst- Verdichtung be! im wesentlichen be! Umgebung-
off angereicherten flflssigen Bodenteils zu stemperatur beginnt.
35         bilden, ur einen Sauerstoff angereicherten Gasstrom zu bilden;
6. Ein Verfahren nach einem derAnsprLiche I bis4,        (a) ainem ersten
ROckfihrmittel zum Zurrick- worin der orste Teil des Sauerstoff
angereichert-     ffhren aines Hauptteils des flufssigen Stick- en
Gasstroms von Schritt (g) seine Verdichtung        stoffstroms von dam
Kondensatorzu der Des- etwa be! einer Temperatur der Destillationssiule  4o
tillationssiule als RLIckfluB; beginnt.
(f) einem zweiten Verdichter zur Erh8hung des Drucks zurnindest aines Teils
des 7. En Verfahren nach Anspruch 6, das welter              Sauerstoff
angereicherten Gasstroms, wobei umfalt die Verwendung aines Teils der
Arbeit-         derzweite Verdichterso positioniert lst, da oer
sausgangslelstung, die von dem Expansionsmit-  45    im Gebrauch Sauerstoff
angereichertes Gas tel gewonnen wird, um den ersten Teil des
mit einer kryogenischen Temperatur anthilt; Sauerstoff angereicherten
Gasstroms zu ver-           und dichtbn, derzu dern Boden der
Destillationssfiule    (g) einern zwelten Ruckffihrmittel zum Zur-
zurrickgefuhrtwird.                                   Ockfuhren des
Sauerstoff angereicherten so         Gasstroms erhohten Drucks zu dam Boden
8. Ein Verfahren nach Anspruch 6 oder Anspruch 7,        der
Destillationssfule, wodurch die Stick- das weiter umfalt die Beseitigung
sines Teils der     stoffproduktrOckgawinnung erh6ht wird; wo-
Arbeitsausgangsleistung aus dem Expansion-            bei keine Mittel
zwischen der Destillations- smittel aus dem Verfahren.
siule und dam EinlaB des zweiten Verdichters s5         oder zwischen dam
AuslaR des zweiten Ver- 9. En Verfahren nach Anspruch 8, worin der basea-
dichters und derDestillationssaule zurAnder- tigte Teil
derArbeitsausgangsleistung an die Um-      ung der Zusammensetzung des
Sauerstoff 



gebung als Warme odor Arbeit abgegeben wird.          angereicherten Gases
vorgesehen sind; wor- 1 0 C   L!11   M11111  S1l 11!    19
EP 0 412 793 B1                 20 in im Gebrauch das Stickstoffprodukt von
(g) comprimer au moins une premiere partie dem Warmetauscher
zurrickgewonnen wird.            du courant de gaz enrichi en oxygene, et
re- cyclerla premiere partie, comprimee, du cour- 13. Gerat nach Anspruch
12, in dem der zweite Ver-       ant gazeux enrichi en oxygbne en
l'envoyant dichtermiteinerTurboexpansionsvorrichtung zur   5    vers le bas
de la colonne de distillation, sans Erzeugung einer Kuhlung gekoppelt ist.
modifierla composition du gazenrichi en oxy- gene a l'ext6rieur de la
colonne de distillation, 14. Gerat nach Anspruch 13, in dem der zweite Ver-
en amont ou en aval de la compression de la- dichtsr mit der
Turboexpansionsvorrichtung            dite premiere partie, co qui augments
le taux durch oine dissipative Bremse gekoppelt ist.  10      de
recuperation de l'azote produit a partir de l'air; 15. Gerat nach einem der
anspruche 13 oder 14, in        (h) rechauffer le resto du courant de tete,
dem der zweite Verdichter an einer Stelle in dem      comprenant de I'azote
gazeux, dans M'chan- Gerit liegt, so daa er im Betrieb Sauerstoff an-
geur de chaleur, par ledit 6change de chaleur gereichertes Gas mit siner
kryogenischen Tem-  15     avec l'air comprime; et peratur erhilt.
(i) r6cup6rer, a partir do l'echangeur de cha- beur, le courant de tAte
chauffe, formi d'azotb, 16. Gerat nach einem der Anspruch 15, In dem der
A titre d'azote essentiellement pur obtenu zweite Verdichter stromaufwArts
des kalten En-        comme produit. des des Wirmetauschers und
stromabwarts des  20 Auslasses des Kondensators fOr den sauerstof-  2.
Procede selon la revendication 1, comprenant en freichen Gasstrom
angeordnet ist.                  outre la dente d'une seconds partie dudit
cour- ant gazeux enrichi en oxygene, detente effectu~e Revendlcations pour
les Etats contractants            dans un moyen de detente, ce qui engendro
A la sulvants: GB, SE, Li, CH, BE, AT, LU          25      sortie de ce
moyen du travail disponible pour as- surer de. Ia refrig6ration pour 1s
procede. 1. Procede pour la recuperation d'azote essentielle- ment pur
produit sous une pression superieure A  3. Procede selon la revendication
2, comprenant en la pression atmospherique, A partir d'air, le pro-  outre
le rechauffage d'une troisieme partie du cede comprenant les etapes
consistant A:   30      courant gazeux enrichi en oxygene, dans l'echan-
(a) comprimer de l'air gazeux d'alimentation;   geurde chaleur, par echange
de chaleur avec I'air (b) refroidir l'air comprime, dans un echan-
comprime en amont de la combinaison avec la- geur de chaleur, par echange
de chaleur avec    dite seconds partie et detente de la combinaison. des
courants enrichi en oxygene et d'azote produit;
35  4. Procede selon la revendication 2 ou la revendica- (c) introduire
l'air, refroidi et comprime, dans  tlon 3, dans lequel une partie seulement
de la un etage Intermrdiaire d'une colonne unique     seconds portion ou
partie est detendue cepen- de distillation;
dant quo le rests de la seconds portion ou partie (d) separer dans la
colonne l'air en une frac-  contourne le moyen de realisatlon d'une
detente. tion de tete formee d'azots gazeux essen-  40
tiellementpuretunefractiondequeue farmne     5. Procede selon l'une
quelconque des revendica- d'un liquide ennichi en oxygene, et soutirer de
tions precedentes, dans lequol la premiere por- la colonne un courant de
chaque fraction;       tion ou partie du courant gazeux enrichi en oxy- (e)
envoyer la quasi-totalite du courant de     gene, de l'etape (g) commence
sa compression queue, qui est un liquide enrichi en oxygene,  45
essentiellement A la temperature amblante. et une partie du courant de
tete, comportant de I'azote gazeux, vers un condenseur et les  6. Procede
selon l'une quelconque des revendica- y soumettre A un echange indirect de
chaleur    tions I A 4, dans lequel la premiere partie du cour- entre le
courant de queue et le courant de      ant gazeux enrichi en oxygbne, de
l'etape (g), tote, ce qui provoque l'bullition du liquids en-  5o  commence
sa compression A une temperature richi en oxygene pour former un courant de
voisine de cello de la colonne de distillation. gaz enrichi en oxygene et
la condensation de I'azote gazeux pourformer un courant d'azote  7. Procedh
selon la revendication 6, comprenant en liquids;
outre l'utilisation d'une partie du travail dispon- (f) recycler au moins
une majeure partie du  5S  Ible A la sortie et obtenu A partir du moyen de
re- 



courant d'azote liquids resultant quo l'on en-  alisation d'une d~tente
pour comprimer la pre- vote, A titre de reflux, vers Is sommet de la co-
miere portion ou partle du courant gazeux enrichi lonne de distillation;
en oxygene, qui est recyclee vers le bas de la co- ID 11ll 11
IN    21                  EP 0 412 793 B1                22 lonne de
distillation.                               qui est renvoy6 a la colonne de
distillation; (f) un second compresseur, pour augmenter ia 8. Procede selon
la revendication 6 ou la revendica-     pression d'au moins une partie du
courant ga- tion 7, comprenant en outre l'enlevement, du pro-    zeux
enrichi en oxygbne, et c6de, d'une partie du travail disponible A la sortie
5  (g) un second moyen de recyclage pour faire du moyen assurant une
d~tente.                       revenir Is courant de gaz enrichi en
oxygene, et qui est sous presslon accrue, vers le bas de 9. Proc6de selon
la revendicatbon 8, dans lequel la      la colonne de distillation, ce qui
permet d'aug- partie de travail disponible A la sortie (du moyen   mentor
le taux de r6cuperation de I'azote pro- de d~tente) quo I'on enlbve est
transf6r6e A l'en-  10  duit ; aucun moyen n'existant, pour modifier
vironnement, sous forms de chaleur ou de trav-        la composition du gaz
enrichi en oxygene, sn- ail.
tre la colonne de distillation et lentr6e du seo- ond compresseur, ou entre
la sortie du seo- 10. Proc6de selon la revendication 6, dans lequel la
ond compresseur et la colonne de distilation, totalltbdu travail
disponibleA Ia sortie sertA corn-  15  l'azote produit 6tant, en service,
r6cupere A primer la premiere portion ou partie du courant      partir
dudit 6changeur de chaleur. gazeux enrichi en oxygene, qui est recyclde
vers le bas de la colonne de distillation, le procede  13. Appareil selon
la revendication 12, dans lequel Is comprenant en outre I'addition d'une
refrigera-    second compresseur est couple A un turbod6ten- tion,
provenant d'une source externe, que l'on in-  20  dour pour engendrer de la
refrigeration. troduit dans Is procede. 14. Appareil selon la revendication
13, dans loquel le 11. Proc6de selon la revendication 10, dans lequel
second compresseur est couple au turbodhten- l'etape d'addition d'une
refrigeration introduite  deur, par l'intermrdiaire d'un frein dissipateur.
dans le procede comprend I'addition d'azote liq-  25 uide A la colonne de
distillation.             15. Appareil selon l'une des revendications 13 ou
14, dans lequel le second compresseur est situe 12. Appareil pour la
production d'azote obtonu        dans l'appareil en une position telle
qu'en service comme produit A partir de l'air, cet appareil corn-  il
recoit du gaz, enrichi en oxygene, A une temper- prenant:
30      ature cryogenique. (a) un premier compresseur, destine A aug-
menter la pression de l'air gazeux d'alimenta-  16. Appareil selon la
revendication 15, dane lequel Is tion;
second compresseur est situe en amont de l'ex- (b) un echangeur de chaleur,
destine A sou-     tremite froide de l'echangeur de chaleur et en mettre
l'air, sous pression elevee, A du refrol-  35  aval de la sortie du
condenseur destine. au (pas- dissement realise A l'aide des produits, de
sage de) courant de gaz riche en oxygene. I'azote et un produit enrichi en
oxygene, obte- nu A partir de l'air d'alimentation distille;  Description
for the following Contracting States: (c) une colonne de distillation, pour
separer  DE, FR, IT, NL l'air refroidi en une fraction de tete formee par
40 de I'azote gazeux essentiellement pur et une    The present invention is
directed to a cryogenic fraction de queue formee par du liquids enri-
process and apparatus for the separation of air to pro- chi en oxygene, la
colonne comportant une    duce gaseous nitrogen and optionally liquid
nitrogen. sortie pour l'azote en communication avec       Processes for the
separation of air to produce ni- I'echangeur de chaleur;                 45
trogen are known, as disclosed for example, in US-A- (d) un condenseur
destine A condenser au     3,203,193 and US-A-3,217,502. These processes
moins partiellement un courant de la tMte ga-  provide for the operation of
a single distillation col- zeuse formee par de Ioxygene ou comportant   umn
at a slightly higher pressure than the product de- de l'oxygene, afin de
former un courant     livery pressure to separate a gaseous nitrogen prod-
d'azote liquide, la condensation etant realisee  so  uct. Oxygen-enriched
liquid air Is withdrawn from the par echange indirect de chaleur avec un
cour-  distillation column and is vaporised. Refrigeration Is ant de la
fraction de queue formea par du liq-  provided by further expanding the
vaporised oxygen uide enrichi en oxygene, afin de former un   enriched air,
also termed "waste nitrogen". Such courant de gaz enrichi en oxygene;
methods are able to recover up to about 35 to 40 mole 



(e) un premiermoyen de recyclage, pourfaire  55   percent of the feed air
as nitrogen product. revenir vera la colonne de distillation, A titre
US-A-4,400,188 discloses the use of a heat de reflux, une proportion
majeure du courant  pump to separate nitrogen. The process, however, is
d'azote liquids provenant du condenseur et   only cost effective for the
production of very large 12    23                  EP 0 412 793 B1
24 quantities of nitrogen, e.g. 424,500 to 5,660,000 stan-  (f) recycling
at least a major portion of the liquid dard [err] per day (15 to 200
million standard cubic     nitrogen stream to the top of the distillation
col- feet/day (SCFD)). To enhance separation the process   umn as reflux;
uses overhead vapour recompression which requires     (g) introducing at
least a first portion of the oxy- complex and costly equipment making it
uneconomi-   5  gen enriched gas stream at a cryogenic temper- cal for
recoveries In the range of less than about    ature into a compressor,
compressing said first 424,500 [err] (15 million SCFD).
portion of the oxygen-enriched gas stream, and US-A-4 595 405 discloses a
process forseparat-    recycling the compressed first portion of the oxy-
ing nitrogen from air in a single distillation column. A  gen enriched gas
stream to the bottom of the dis- stream of oxygen-enriched liquid is
withdrawn from   10  tillation column thereby enhancing nitrogen prod- the
bottom of the distillation column. A part of the  uct recovery from the
air; stream Is vaporised, is warmed to about ambient tem-  (h) warming the
remainder of the gaseous nitro- perature, and is separated by membranes
into perme-   gen overhead stream in the heat exchanger by ate and reject
streams. The reject stream is recom-   heat exchange with the compressed
air; and pressed and returned to the distillation column. The   15  (i)
recovering the warmed nitrogen overhead permeate stream is typically vented
from the process.  stream as a substantially pure nitrogen product The
process disclosed In US-A-4 595 405 is disad-     from the heat exchanger.
vantageous in that it requires the additional cost and  The invention also
provides an apparatus for the complexity of a membrane separation unit and
in that  production of nitrogen product from air comprising: the vented
permeate gas stream will inevitably in-  20  (a) a first compressor for
increasing the pressure clude nitrogen with the result that some nitrogen
is   of gaseous feed air; not recovered.
(b) a heat exchangerfor cooling the high pressure EP-A-0 343 065 (which
forms part of the state of   air with products of distilled feed air; the
art by virtue of Article 54(3) EPC) discloses a ni-  (c) a distillation
column for separating the cooled trogen separation process in which an
oxygen-enrich-  25  air into a substantially pure gaseous nitrogen ed
stream is withdrawn from the bottom of a single    overhead fraction and an
oxygen-enriched liquid distillation column, is warmed to about ambient tem-
bottom fraction; perature, is recompressed and is returned to the dis-  (d)
a condenser for at least partially condensing tillation column.
a stream of the gaseous nitrogen overhead to It is an aim of the invention
to provide processes  30  form a liquid nitrogen stream by indirect heat
ex- and apparatuses whereby the mole percent recovery     change with a
stream of the oxygen-enriched liq- of nitrogen from the feed air perunit
powerconsumed   uid bottoms fraction to form an oxygen-enriched is able to
be significantly increased.                gas stream; According to the
present invention there is provid-  (e) a f irst recycle means for
returning a major por- ed a process for the recovery of substantially pure
ni-  35  tion of the liquid nitrogen stream from the con- trogen product
atsuperatmospheric pressure from air   denser to the distillation column as
reflux; comprising the steps of:                              (f) a second
compressor for increasing the pres- (a) compressing gaseous feed air;
sure of at least part of the oxygen enriched gas (b) cooling the compressed
air in a heat exchang-  stream. the second compressor being positioned er
by heat exchange with enriched oxygen and ni-  40  such that in use it
receives oxygen-enriched gas trogen product streams;
at a cryogenic temperature. (c) introducing the cooled and compressed air
to  (g) a second recycle means for returning the in- an intermediate stage
of a single distillation col-  creased pressure oxygen-enriched gas stream
to umn;                                               the bottom of the
distillation column thereby en- (d) separating the air in the air in the
column into  45  handing nitrogen product recovery; wherein in a
substantially pure gaseous nitrogen overhead     use the nitrogen product
is recovered from the fraction and an oxygen enriched liquid bottoms
said heat exchanger. fraction and withdrawing a stream of each frac-
Pure nitrogen product is produced by the inven- tion from the column:
tion at considerably less power than conventional (e) forwarding
substantially all of the oxygen en-  50  systems employing a single
distillation column. Fur- riched liquid bottoms stream and a portion of the
ther, at least a portion of the work output of a turboex- gaseous nitrogen
overhead stream to a condens-  pander may drive the compressor for
compressing er and therein indirectly exchanging heat be-  the recycled
waste nitrogen. Also, liquid nitrogen may 



tween the bottoms stream and overhead stream   be recovered as a product.
thereby boiling oxygen enriched liquid to form an  55  The compressed air
stream that is cooled in a oxygen-enriched gas stream and condensing
heat exchanger against the nitrogen product stream gaseous nitrogen to form
a liquid nitrogen     and oxygen-enriched gas stream which are warmed
stream;                                        is optionally treated to
remove impurities such as in 13    25                  EP 0 412 793 B1
26 a reversing heat exchanger. Alternatively, molecular  periodically
switched with waste nitrogen passages sieve may be used to remove
impurities prior to for-  so that water and carbon dioxide deposited in
solid warding the air to a non-reversing heat exchanger.  form from the air
are evaporated after a switch of the In accordance with the invention, the
first portion  passages into the waste nitrogen stream. Appropriate of the
'waste nitrogen' (oxygen-enriched gas) is sent   5   valves and conduits
are provided to enable the air and to a cold compressor without first being
warmed to  waste nitrogen passages to be so switched. ambient temperature.
Also, a portion of the work out-  The cooled air stream leaving the heat
exchanger put from the turboexpander may be supplied to the  12, and now
shown by the reference 18, enters an cold compressor. Alternatively, even
higher outputs  (optional) gas phase absorber 20 which absorbs im- of
nitrogen product can be achieved by using all of the  10  purities such as
any residual carbon dioxide and hy- work output from the turboexpander to
operate the  drocarbons therefrom. The resulting filtered air cold
compressor. In this case, refrigeration is sup-  stream now indicated by
the reference 22 proceeds plied to the system from an external source such
as  toan (optional) heatexchanger24 where the airis fur- additional liquid
nitrogen being provided to the distil-  ther cooled against the
countercurrentflow of oxygen lation column.
15  enriched gas stream 26 from a turbo-expander 28. The method and
apparatus according to the in-     The resulting cooled air stream now
indicated by vention are now described by way of example with ref-
reference 30 exiting heat exchanger 24, is near sat- erence to the
accompanying drawings, in which:    uration and may be partly in its liquid
state. This FIGURE 1 is a schematic flow diagram of a first  stream enters
a distillation column 32 atan intermedi- comparative embodiment of a
nitrogen generator  20  ate (liquid-vapour contact or mass transfer) stage.
using a plurality of heat exchangers including a  The cooled air stream 30
is separated by (fractional) reversing heat exchanger wherein the entire
distillation into a substantially pure gaseous nitrogen waste nitrogen
stream is warmed, and a portion  overhead (fraction), a stream 34 of which
exits at the of the warmed product is compressed and re-   top of the
column 32, and a liquid oxygen-enriched turned to the distillation column;
25  fraction, a stream 36 of which passes out of the bot- FIGURE 2 Is a
schematic flow diagram of em-    tom of the column 32. The liquid stream 36
is cooled bodiment of a second comparative a nitrogen    by passage through
an (optional) heat exchanger 38 generator which operates a warm compression
against (i.e. countercurrently to) an oxygen enriched cycle using one less
heat exchanger;           gas stream 40 and nitrogen product gas stream 42.
FIGURE 3 is a schematic flow diagram of a third  30  The resulting cooled
oxygen-rich liquid stream now comparative embodiment of the warm compres-
indicated by reference 44 passes through valve 45, its sion cycle using
molecular sieve for air purifica-  pressure thereby being reduced, and then
via line 47 tion;                                          to condenser 46
where it boils while condensing a FIGURE 4 is a schematic flow diagram of a
first  portion or sub-stream 48 of the gaseous nitrogen embodiment of the
invention using cold compres-  35  overhead stream 34 through indirect heat
exchange. sion of the waste nitrogen recycle flow wherein at  (The stream
34 of nitrogen is divided into two portions least a portion of
theworkoutputfrom the expan-  or sub-streams, one of which is the
sub-stream 48 der is used to operate the cold recycle compres-  and the
otherof which is the stream 42 that is passed sor; and
through the heat exchanger 38 countercurrently to FIGURE 5 is a schematic
flow diagram of a sec-  40  the liquid oxygen stream 36, thereby being
warmed. ond embodiment of the invention using cold com-  This other stream
of nitrogen leaves the heat ex- pression of the waste nitrogen recycle flow
by  changer 38 (and is now indicated by the reference 54) means of the
total available shaft work from the  and is then warmed to ambient
temperature by pas- turboexpander, wherein refrigeration is supplied  sage
through the heat exchanger 12 and thereafter is by an external source.
45  passed via line 17 out of the system 2 for use as prod- Referring to
Figure 1 of the drawings, a nitrogen  uct nitrogen.) recovery system 2
provides for a stream of feed air 4  The condensed liquid nitrogen exits
condenser to be fed into a compressor 6. The resulting com-  46 as a stream
50 of liquid. The stream 50 is then pressed air stream is forwarded to an
aftercooler 7 for  split, and a portion or sub-stream 51 is optionally col-
the purposes of cooling and condensing water va-  so  lected in a
conventional storage facility 52. The major pour. Thereafter, the
condensate is removed in a sep-  portion, however, of the condensed liquid
nitrogen arator 8 and an air stream now indicated by the refer-  stream 50
returns via line 53 to the distillation column 



ence 10 exits the separator 8. The airstream 10 pass-  32 where it serves
as reflux. es through heat exchanger 12 where the air stream     Afirst
portion or sub-stream 55 of the oxygen-en- is cooled by heat exchange with
an oxygen-enriched  55  riched gas stream 54 exiting heat exchanger 38 is
gasstream 14 and nitrogen product stream 16. In the  heated by passage
through heat exchanger 12, embodiment shown in Figure 1, heat exchanger 12
is  where it serves to cool the feed airstream 10. The gas a reversing heat
exchanger in which air passages are  stream 55 leaves the heat exchanger 12
at a position 14    27                 EP0412793B1                     28
intermediate the ends of the heat exchanger 12 and  passage through an
optional heat exchanger 138. flows through a (pipe) line 56. A second
portion or  The warmed gas stream now indicated by reference sub-stream 58
of the oxygen-enriched gas stream 54  154 is divided into three portions or
sub-streams. A by-passes heat exchanger 12, and combines with the  f irst
portion or sub-stream 155 of the oxygen enriched warmed gas flowing through
line 56. The combined   5   gas stream 154 is warmed in passage through the
gas stream indicated by reference 60 enters a tur-  heat exchanger 112. The
warmed gas stream leaves boexpander 28 and expands to nearly atmospheric
the heat exchanger at a position between the ends pressure producing
refrigeration required to keep the  thereof through a line 156. A second
portion or sub- system 2 cold. Some of the second portion or sub-  stream
of the oxygen-enriched gas stream 158 by- stream 58 may by-pass the
turboexpander28 and be  io  passes the heat exchanger 112 and combines with
reunited with the rest of this sub-stream immediately  the first portion
orsub-stream 155 in the line 160. The downstream of the outlet of the
turboexpander 28.  combined stream enters turboexpander 128 and is The
expanded gas stream exiting the turboexpander  expanded to nearly
atmospheric pressure to provide 28 (now indicated by the reference 26) is
used to cool  refrigeration, and exits the system via optional heat the
incoming air, first by passage through heat ex-  15  exchanger 124 and the
main reversing heat exchang- changer 24. The oxygen-enriched gas stream,
now   er 112. indicated by reference 16, leaves the heat exchanger  A third
portion or sub-stream 162 of the oxygen- 24 and provides further cooling
for the air by passage  enriched gas stream 154 passes completely through
through the heat exchanger 12. The oxygen-enriched  the heat exchanger 112
and, now indicated by refer- gas stream exiting heat exchanger 12 is shown
as  20  ence 168, flows into the compressor 170. The result- stream 15.
ing compressed gas stream, now indicated by refer- A third portion or
sub-stream 62 of the oxygen-  ence 171, is then passed through an after
cooler 172, enriched gas stream is warmed by passage through  back through
heat exchanger 112, and then via line a heat exchanger 64, preferably to
ambient tempera-  174 to the bottom of distillation column 132. ture. A
portion or sub-stream 66 of the stream 62 is  25  In Figure 2, the stream
of nitrogen product with- withdrawn from the heat exchanger 24 at a
tempera-  drawn from the heat exchanger 112 is indicated by the ture
intermediate those of the cool and warm ends  reference 117. thereof and is
united with the gas stream 60 that en-  Referring to Figure 3 of the
drawings, there is il- ters the turboexpander 28. The remainder of the
lustrated an embodiment of a nitrogen generatorgen- stream 62 continues its
passage through the heat ex-  30  erally similar to that shown in Figure 2,
but in which changer 64 and exits the warm end of the heat ex-
purification of the feed air occurs outside of any heat changer 64. The
oxygen-enriched gas stream (now   exchanger and therefore no heat exchanger
of the re- indicated by the reference 68) is compressed in com-  versing
kind is employed. A compressed feed air pressor 70 to a pressure about
equal to or slightly  stream is passed to a pre-purification unit 277 which
greater than the operating pressure of the distillation   35  typically
contains beds of molecular sieves of zeolitic column 32. The resulting
compressed gas stream,   material which is able to be regenerated and which
re- now indicated by reference 71, is cooled in an after  moves impurities
such as carbon dioxide, some hy- cooler 72, further cooled to a low
temperature by be-  drocarbons and water vapour. A purified air stream ing
returned through heat exchanger 64 from its   210 passes through the heat
exchanger 212, through warm to its cold end, and recycled via a line 74 to
the   40  optional heat exchanger 224, and into the bottom of bottom of the
distillation column 32 where it serves as  distillation column 232 via line
230. "boil up", thus increasing the nitrogen recovery pos-  In addition,
the embodiment shown in Figure 3 sible from the feed air. The addition of
the feed air  differs from that shown in Figure 2 with respect to the
stream 30 at an intermediate stage and recycled oxy-  treatment of the
waste oxygen-enriched gas stream gen-enriched gas stream at the bottom of
the column   45  (waste nitrogen") passing through the heat exchang- 32
permits the mass transfer stages between the in-  er 212. A portion or
sub-stream 276 of the waste ni- lets for these two streams to be used as a
stripping  trogen stream 215 is sent to the pre-purification unit section.
277 to serve as regeneration gas, which is normally In the embodiment shown
in FIGURE 2, a single  heated before entering the pre-purification unit
277, heat exchanger performs the functions of the heat ex-  50  and exits
line 278. In operation, a first group of the changers 12 and 64 of Figure
1. The single heat ex-  beds of unit 277 is used to adsorb impurities from
the 



changer is indicated by the reference 112 in Figure 2.  incoming air, while
the remaining beds are regener- In all other respects, the embodiment shown
in Figure  ated. Once the first group becomes appropriately la- 2 is the
same as that shown in Figure 1, but before  den with impurities, the flow
of air is switched to the purposes of clarity the flow of the
oxygen-enriched  55  remaining beds, and the first group regenerated. gas
stream leaving the condenser above the distilla-  Thus, continuous
operation of the unit 277 is made tion column is now described.
possible. The oxygen-enriched stream 140 is warmed by       The embodiments
shown in Figures 1 to 3 are all 15    29                  EP 0 412 793 B1
30 directed to compression of a warm oxygen-enriched  a heat exchanger.
More specifically, a compressed gas stream. Thatis, thewaste nitrogen
stream (which  and purified feed airstream 310 is cooled bypassage is
enriched in oxygen) is warmed to essentially ambi-  through a heat
exchanger312. A portion or subsidiary ent temperature by passage through a
heat exchang-  stream 314 of the cooled air stream 310 is passed er before
being compressed and recycled to the dis-   5   through an optional heat
exchanger 316 in which it is tillation column. These embodiments all
improve ni-  further cooled and condensed before passing via line trogen
recovery over that possible without compres-  318 into an intermediate
stage of a distillation column sion of a recycle waste nitrogen stream.
Processes  332. Asecond portion or subsidiary stream 320 of the and
apparatuses according to the invention employ  cooled air stream 310 is
passed directly to another, "cold compression" of the waste nitrogen as a
means  10  but lower, intermediate stage of the distillation col- of
achieving improved recoveries in an efficient man-  umn 332. ner. Such
embodiments use firstly excess refrigera-   Air entering distillation
column 332 is separated tion energy available in the turboexpanded stream
of  into a substantially pure gaseous nitrogen overhead the waste gas and
secondly the shaft work economy  exiting from the top of column 332 as
stream 334 and that can be achieved when compressing a gas in cold  15  an
oxygen-enriched liquid bottom stream 336 exiting state. Typically, in
plants in which the distillation col-  from the bottom of the column 332.
The liquid stream umn operating pressure is at least 100 psig, there is
336 Is cooled by passage through a heat exchanger enough energy available
in the turboexpansion of the  338 against a return oxygen-enriched gas
stream waste nitrogen to cover the normal refrigeration   340 and a
subsidiary or product stream 342 of nitro- needs of the plant and to
compress a substantial  20  gen gas which is taken from the stream 334. The
re- amount of the waste gas recycle stream in order to in-  sulting cooled
oxygen-enriched liquid stream, now in- crease nitrogen recovery. Such a
scheme minimises  dicated by reference 344, is reduced in pressure by the
amount of equipment which needs to be Installed,  passage through valve
345, and enters condenser for example, a compressor wheel can be driven off
the  346 via line 347. The oxygen-enriched liquid stream turboexpander
shaft, and heat exchange passes for  25  boils in the condenser 346 while
condensing a por- warming the waste gas recycle stream to ambient    tion
or sub-stream 348 of the gaseous nitrogen prod- temperature prior to
compression and then cooling  uct stream 334 through indirect heat
exchange. The the compressed stream to low temperature following  condensed
nitrogen is returned to the distillation col- compression are eliminated.
Of course, any such    umn 332 to serve as reflux. process which uses
expansion of waste nitrogen to  30  Resulting boiled oxygen-enriched gas is
with- drive a compressor will reduce the amount of waste  drawn as a stream
340 from the condenser 346 and nitrogen available forturboexpansion. At
some point,  is optionally warmed by passage through the heat ex- nitrogen
recovery by compression of recycling oxy-  changer 338. The stream of
warmed oxygen-enrich- gen-enriched gas is maximised while sufficient such
ed gas leaving the heat exchanger 338, now indicated gas remains available
to cover both the refrigeration   35  by the reference 301, is divided into
three portions or needs of the plant and to supply the energy for the
sub-streams. One portion 302 of the oxygen-enrich- cold compressor. This
"equilibrium point" depends  ed gas stream 301 is not further warmed by
heat ex- upon the column operating pressure, the refrigeration  change but
enters a compressor 370 in which it is needs of the plant, i.e. relating to
its size and any liq-  compressed. The resulting compressed gas stream, uid
production requirements, the efficiencies of both  40  now indicated by
reference 303, is then returned via the turboexpander and the cold
compressor. There  line 304 to the bottom of distillation column 332 after
are other factors, eg, frictional pressure drops, and  being cooled by
passage through heat exchanger 312 choice of temperatures of the fluids
flowing into both  from a first intermediate region thereof at a relatively
the turboexpander and the cold compressor, which   high temperature to a
second intermediate region also have a bearing on the equilibrium point.
45  thereof at a relatively low temperature. A second por- The shaft output
of the turboexpander is used to  tion or sub-stream 305 of the gas stream
301 is accomplish two distinct tasks:                     passed to the
turboexpander 328 after passing (1) driving a cold compressor of the waste
nitro-  through the heat exchanger 312 from its cold end to gen which is
recycled to the distillation column,  an intermediate region thereof.
Athird portion or sub- thereby improving the nitrogen recoveryfrom the   50
stream may by-pass the heat exchanger 312 via 



air feed to the distillation column, and        valve 306. The expanded gas
stream leaving the tur- (2) removing energy (as heat) from the cold proc-
boexpander 328 passes through the heat exchanger ess equipment by
delivering a portion of the shaft  316 from its cold end to its warm end
thereby provid- energy to a dissipative brake in the surroundings.  ing
cooling for the air stream 314, and then through The embodiment illustrated
in Figure 4 of the  55  the heat exchanger 312 from its cold end to its
warm drawings shows the recycle of cold oxygen-enriched  end thereby
providing cooling for the incoming air gas, i.e. oxygen-rich gas that is
compressed in its cold  stream 310. The stream 342 after passage through
state without being warmed to ambient temperature in  the heat exchanger
338 also passes through the heat 16    31                  EP 0 412 793 B1
32 exchanger 338 also passes through the heat ex-     nitrogen) has
diminished as producing plants for changer 312 from its cold end to itswarm
end thereby  these liquids has become larger and more efficient. exchanging
heat for the air stream 310. The resulting  The increase in nitrogen
recovery made possible warmed nitrogen stream now indicated by reference
by dedicating the total output of the turboexpander 317 is taken as
nitrogen product.             5   428 to recycle waste nitrogen compression
further in- Of particular importance to this embodiment is  creases the
amount of nitrogen gas per unit of liquid that a shaft connection 307 is
provided between the  refrigerant 471 supplied, and therefore the economic
turboexpander 328 and the compressor 370. A por-   return of the plant.
tion of the work output of the turboexpander 328 is   Another advantage of
the process shown in Fig- thus used to drive the compressor370 thereby
provid-  10  ure 5 is that only two cold machines are required, pre- ing
"boil up" flow distillation column 332 which en-  ferably connected by a
common shaft. The additional hances the recovery of the nitrogen product
stream  mechanical complication of the dissipative device of 317. Partof
the workoutput is directed to a dissipative  FIGURE 4 is eliminated. brake
308 to remover heat from the system and reject  In the plants shown in
Figures 4 and 5, pre-puri- this heat to the surroundings. By the term
"surround-  15  fication of feed air is a preferred alternative to a re-
ings" is meant outside the boundaries of the cold box  versing heat
exchanger. (not shown) in which the parts of the apparatus oper-  In
another example of the use of cold compres- ating at cryogenic temperatures
are located. The dis-  sion (not shown), the energy for such compression
sipative brake 308 may be a compressor, a pump,    comes from an external
source, e.g., an electric mo- electrical generator, or like device, or even
friction in  20  tor. The electric motor is an external requirement and the
bearings of a rotating part. It is important that the  increases the
refrigeration needs of the plant. How- system directs requisite energy to
the surroundings to  ever, these are also met by the turboexpander which
keep the cold compression process refrigerated.   is free of the necessity
of supplying shaft energy to Whereas the process shown in Figure 4 requires
the cold compressor. Once again, however, as cold some of the turboexpander
shaft output to supply a   25  compression increases the recovery of
nitrogen, the "dissipative" brake to refrigerate the plant, the proc-
amount of waste nitrogen available for turboexpan- ess shown in Figure 5 of
the drawings needs no dis-  sion is reduced. When this is reduced to the
quantity sipative brake because some of its refrigeration is  required to
meet the refrigeration needs of the plant provided from an outside source.
The entire shaft out-  (including that from the external energy source
driv- put of the turbocompressor can be applied to driving   30  ing the
cold compressor), then the maximum recov- a compressor; thus even higher
recoveries of nitro-  ery of nitrogen has been reached. gen from the air
fed to the distillation column are ach- ievable. In all other respects, the
embodiment of the  EXAMPLE 1 (COMPARATIVE) invention illustrated in Figure
5 is the same as that il- lustrated in Figure 4. In such use of cold
compression,  35  A process for the recovery of substantially pure shown in
Figure 5, all of the available work output of  nitrogen atthe rate of 3113
standard cubic metres per the turboexpander 428 is supplied to a compressor
hour (SCMH) (110,000 standard cubic feet per hour 470. This enables a
higher recovery of nitrogen prod-  (SCFH)) at 790.7 kPa (114.7 psia) is
conducted in ac- uct 417 to be obtained because an even greater boil
cordance with FIGURE 1. SCMH and SCFH refer to up flow is achievable in
column 432. In this event, re-  40   a substance measured as a gas at at
101.3 kPa and frigeration needs to be supplied to the system, for ex-
[err] (14.7 psia and [err]). ample, by supplying liquid nitrogen to the
distillation  A feed airflow of 5240.3 SCMH (185,169 SCFH) column 432 from
an external source 471, and there  was compressed to a pressure of 863.8
kPa (125.3 is no intentional dissipative brake.               psia),
aftercooled to a temperature of  [err], If the external source 471 of
refrigeration for the   45  and then cooled in the heat exchanger 12. The
cooled process of Figure 5 is liquid nitrogen at or near the  air stream
was passed via the line 18 at the rate of purity of the desired gaseous
product of the plant, a  5188.4 SCMH (183,336 SCFH) and a temperature of
proportional increase in gaseous nitrogen product the   [err] to the gas
phase absorber 20 for plant can result. The amount of refrigeration from an
the removal of impurities. The air stream was then 



external source is a function of the heat leak and en-  50  cooled by
passage through the heat exchanger 24. thalpies associated with the fluid
flows at the cold box  The cooled air having a liquid content of 0.03 mole
boundaries.                                        percent at [err] and
842.4 kPa ([err] and The cold waste nitrogen compression is achieved  122.2
psia) was sent to an elevated tray (i.e. inter- by coupling the
compressor470 to the turboexpander  mediate stage) of the distillation
column 32. 428 output exclusively, which is made possible by  55  Gaseous
nitrogen at a pressure of 821.1 kPa providing an external source of
refrigeration. Such a  (119.1 psia) and a temperature of [err] (-278.4F)
scheme gains commercial attractiveness as the cost  exited from the top of
the distillation column 32 and of supplying refrigerating substances 471
(e.g. liquid  a portion was forwarded to the heat exchanger 38 17    33
EP 0 412 793 B1                34 where the nitrogen was warmed to  [err].
ambient temperature, and exited the system as A flow of 3112 SCMH (109,980
SCFH) was warmed in  stream 317. heat exchanger 12. The final product was
cooled at a  The oxygen-enriched gas stream was divided temperature of
[err] and 813 kPa (118  into a portion or sub-stream for turboexpansion and
psia) to give a nitrogen recovery of about 59 mole per-   5   a portion or
sub-stream for cold compression and re- cent based on total air compressed.
cycle to the distillation column, the relative flow rates The oxygen
enriched gas from condenser 46     being 751 and 274 SCMH respectively
(26,546 SCFH passed through the heat exchanger 38 at the rate of  and 9665
SCFH, respectively). The recycle gas was 4020 SCMH (142,036 SCFH). A
portion of this flow,  compressed to 896 kPa (130 psia), cooled in heat ex-
1944 SCMH (68,700 SCFH), passed completely  10  changer 312 and injected
into the bottom of the dis- through the heat exchanger 64 and was warmed to
am-  tillation column 332 for "boil up". The gas stream bient temperature
therein. The warmed gas was then  passed to the turboexpander 328 was first
heated compressed to 850 kPa (123.3 psia) and aftercooled to  partially in
heat exchanger 312 and expanded to [err]. The cooled gas re-entered the
heat ex-  about 124 kPa (18 psia) in the turboexpander 328. It changer 64
and was cooled to  [err] at  15  then passed through heat exchangers 316
and 312, a pressure of 844.5 kPa (122.5 psia)fordeliveryto the  yielding
its refrigeration and becoming the waste ni- bottom of the distillation
column 32.             trogen product of the plant. The balance of the
oxygen enriched gas leaving    By these means, a nitrogen recovery of about
the heat exchanger 38 was divided between the heat  48.5 mole percent of
the feed air was attained. Vari- exchangers 64 and 12 and by-pass line 58
to provide  20  ous recoveries are achievable by this process, de- the feed
gas to the turboexpander28 and its by-pass,  pending on the plant size,
cold compressor and tur- a total of 2075 SCMH (73,336 SCFH), at a pressure
boexpander efficiencies, the operating pressure of of 354.4 kPa (51.4 psia)
and temperature of -148.3C  the distillation column, the number of trays in
the dis- (-235F). Aflow of 1720 SCMH (60,790 SCFH) of this  tillation
column, and the desired nitrogen purity. gas 60 passed through the
turboexpander 28 provid-  25  In this Example, part of the shaft work
generated ing requisite refrigeration. The turboexpander ex-  by the
turboexpander 328 is transmitted to the sur- haust gas and the by-pass was
combined into line 26  roundings and part to the cold compressor 303. Work
and warmed in the heat exchangers 24 and 12.      transmitted to the
surroundings by brake 308 consti- tutes the refrigeration necessary to
refrigerate the EXAMPLE 2                                    30  plant.
Aflow of 707.5 SCMH (25,000 SCFH) of nitrogen  EXAMPLE 3 was produced in
accordance with the process descri- bed in FIGURE 4 wherein a portion of
the work output  The same procedure was follows as in Example from the
turboexpander 328 was sent to the compres-  35  2 except that all of the
available work output from the sor 370 via the shaft 307 and the balance
was trans-  turboexpander428 was used to operate the compres- mitted out of
the system.                         sor 470 in order to maximise recovery
of nitrogen as An airflow of 1459 SCMH (51,546 SCFH)was fed   illustrated
in Figure 5. The cold box being well insu- at a pressure of 917 kPa (133
psia) through the heat  lated, 27 SCMH (949 SCFH) of liquid nitrogen was
exchanger 312. Then 29.3 SCMH (1036 SCFH) of the   40  added to the top of
the distillation column 432 to pro- cooled air was sent through the heat
exchanger 316  vide refrigeration. A feed air stream of 1459 SCMH for
condensing prior to delivery to an intermediate  (51,546 SCFH) was
processed in the system to pro- stage of the distillation column 332. The
balance of  duce up to 849 SCMH (30,000 SCFH) of product ni- the cooled air
entered an elevated tray, below the en-  trogen 417 resulting in a nitrogen
recovery rate of try stage of line 318, of the distillation column 332 di-
45  about 58 mole percent of the feed air. rectly. The products of the
distillation column 332  The present invention recovers substantially were
1861 SCMH (65,758 SCFH) nitrogen gas, of     pure nitrogen product, both
gas and liquid as desired, which 1153 SCMH (40,758 SCFH) was returned as
on the order of up to 70 mole percent. As plant size reflux after
condensing in condenser 346, and 1025  decreases, especially below 22640
SCMH (800,000 



SCMH (36,211 SCFH) of oxygen rich liquid stream   50  SCFH), the present
invention becomes more cost ef- 336. The oxygen rich liquid stream 336 was
sub-   fective due to the absence of the standard column re- cooled in the
heat exchanger 338 and throttled    boiler and the less expensive heat pump
circuit com- through valve to about 469 kPa (68 psia) for boiling  prising
compression equipment. In the condenser 346. Both the boiled oxygen rich
gas  A single turboexpander is not essential to this stream 340 and 707.5
SCMH (25,000 SCFH) of the  55  embodiment of the invention. If fact, one
turboexpan- nitrogen (product) stream 342 were warmed in heat  der serving
the refrigeration needs of the plant and exchanger 338. The warmed nitrogen
product stream  another driving the compressor for recycle to the col-
entered the main heat exchanger312, was warmed to  umn in order to provide
higher nitrogen recovery is 18    35                 EP 0 412 793 B1
36 within the scope of the present invention. There are  thereby generating
work output to provide refrig- other combinations, in all of which the cold
compres-  eration for the process. sion step uses shaft energy inherently
produced in the process.                                       3. A process
according to Claim 2, further compris- 5      ing warming a third portion
of the oxygen enrich- ed gas stream in the heat exchanger by heat ex-
Claims                                                change with the
compressed air upstream of combination with said second portion and expan-
Claims for the following Contracting                  sion of the
combination. States: DE, FR, IT, NL                        10 4. A process
according to Claim 2or Claim 3, where- 1. A process for the recovery of
substantially pure   in only part of the second portion is expanded
nitrogen product at superatmospheric pressure      while the remainder of
the second portion by- from air comprising the steps of
passes the expanding means. (a) compressing gaseous feed air;       15 (b)
cooling the compressed air in a heat ex-  5.  A process according to anyone
of the preceding changer by heat exchange with enriched oxy-     claims,
wherein the first portion of the oxygen en- gen and nitrogen product
streams;               riched gas stream of step (g) starts its compres-
(c) introducing the cooled and compressed air   sion at about a temperature
of the distillation col- to an intermediate stage of a single distillation
20  umn. column; (d) separating the air in the column into a sub-  6. A
process according to Claim 5, further compris- stantially pure gaseous
nitrogen overhead       ing utilising a portion of the work output obtained
fraction and an oxygen enriched liquid bot-     from the expanding means to
compress the first toms fraction and withdrawing a stream of  25   portion
of the oxygen-enriched gas stream which each fraction from the column;
is recycled to the bottom of the distillation col- (e) forwarding
substantially all of the oxygen  umn. enriched liquid bottoms stream and a
portion of the gaseous nitrogen overhead stream to   7. Aprocessaccording
to Claim 5 or Claim 6,further a condenser and therein indirectly exchang-
30  comprising removing from the process a portion ing heat between the
bottoms stream and         of the work output from the expansion means.
overhead stream thereby boiling oxygen en- riched liquid to form an
oxygen-enriched gas  8. A process according to Claim 7, wherein the re-
stream and condensing gaseous nitrogen to       moved portion of the work
output is transferred to form a liquid nitrogen stream;          35
the surroundings as heat or work. (f) recycling at least a major portion of
the re- sulting liquid nitrogen stream to the top of the  9. A process
according to Claim 5, wherein all the distillation column as reflux;
work output is utilised to compress the first por- (g) introducing at least
a first portion of the  tion of the oxygen-enriched gas stream which is
oxygen enriched gas stream at a cryogenic  40   recycled to the bottom of
the distillation column, temperature into a compressor, compressing
and further comprising adding refrigeration to the said first portion of
the oxygen-enriched gas   process from an external source. stream, and
recycling the compressed first portion of the oxygen-enriched gas stream to
10. A process according to Claim 9, wherein the step the bottom of the
distillation column thereby   45  of adding refrigeration to the process
comprises enhancing nitrogen product recovery from        adding liquid
nitrogen to the distillation column. the air; (h) warming the remainder of
the gaseous ni-  11. Apparatus for the production of nitrogen product 



trogen overhead stream in the heat exchang-     from air comprising: er by
said heat exchange with the com-   50        (a) a first compressor for
increasing the pres- pressed air; and
sure of gaseous feed air; (i) recovering the warmed nitrogen overhead
(b) a heat exchangerfor cooling the high pres- stream as a substantially
pure nitrogen prod-      sure air with nitrogen and oxygen-enriched uct
from the heat exchanger.                       products of distilled feed
air; 55        (c) a distillation column for separating the 2. A process
according to Claim 1 further compris-       cooled air into a substantially
pure gaseous ni- ing expanding a second portion of the said oxy-
trogen overhead fraction and an oxygen en- gen enriched gas stream in an
expanding means        riched liquid bottom fraction and having an 19    37
EP 0 412 793 B1                 38 outlet for the nitrogen communicating
with the    ten liegenden Tell, und Herausziehen eines heat exchanger;
Stroms eines jeden Tells aus der Saule; (d) a condenser for at least
partially condens-    (e) Zufuhrung von im wesentlichen dem gan- ing a
stream of the gaseous nitrogen over-          zen Sauerstoff angereicherten
flissigen Un- head to form a liquid nitrogen stream by indir-   s  terstrom
und einem Tell des gasformigen ect heat exchange with a stream of the oxy-
Stickstoffoberstroms zu einem Kondensator gen-enriched liquid bottoms
fraction to form       und indirektes Warmetauschen darin zwi- an
oxygen-enriched gas stream;                     schen dem Unterstrom und
dem Oberstrom, (e) a first recycle means for returning a major    wobel
Sauerstoff angereicherte Flussigkeit portion of the liquid nitrogen stream
from the   10  gekocht wird, um einen mit Sauerstoff ang- condenser to the
distillation column as reflux;    reicherten Gasstrom zu bilden und
gasformi- (f) a second compressor for increasing the         gen Stickstoff
zu kondensieren, um einen pressure of at least part of the oxygen enrich-
flussigen Stickstoffstrom zu bilden; ed gas stream, the second compressor
being          (f) RfckfOhrung von zumindest einem Haupt- positioned such
that in use it receives oxygen-  15  teil des sich ergebenden flussigen
Stickstoff- enriched gas at a cryogenic temperature; and       stroms zu
dem oberen Ende der Destillations- (g) a second recycle means for returning
in-       saule als RrckfluG; creased pressure oxygen enriched gas
(g) Einfflhrung von zumindest einem ersten stream to the bottom of the
distillation column    Tell des mit Sauerstoff angereicherten Gas- thereby
enhancing nitrogen product recovery;   20  stroms bei einer kryogenischen
Temperatur wherein in use the nitrogen product is recov-      in einen
Verdichter, Verdichtung des ersten ered from the said heat exchanger.
Tells des mit Sauerstoff angereicherten Gas- stroms und Rulckf~hrung des
verdichteten er- 12. Apparatus according to Claim 11, in which the
sten Teils des mit Sauerstoff angereicherten second compressor is coupled
to a turboexpan-  25     Gasstroms zu dem Boden der Destillations- der for
generating refrigeration.                     saule, wodurch die
StickstoffproduktrUckge- winnuhg aus der Luft erh6ht wird; 13. Apparatus
according to Claim 12, in which the         (h) Erwirmung des Rests des
gasf6rmigen second compressor is coupled to the turboexpan-
Stickstoffoberstroms in dem Wfirmetauscher der through a dissipative brake.
30         durch den Wirmetausch mit der verdichteten Luft; und 14.
Apparatus according to any one of Claims 11 to       (i) R~ckgewinnung des
erwarmten Stickstoff- 13, in which the second compressor is upstream
oberstroms als im wesentlichen reines Stick- of the cold end of the heat
exchanger and down-       stoffprodukt aus dem Warmetauscher. stream of the
outlet of the condenserfor the oxy-  35 gen-rich gas stream.
2. Ein Verfahren nach Anspruch 1, das welter urn- Mfat eine Expansion eines
zweiten Teils des Sau- erstoff angereicherten Gasstroms in einemi Ex-
PatentansprOche                                        pansionsmittel,
wodurch sine Arbeitsausgangs- 40     leistung erzeugt wird, um die Kulhlung
fMr das Patentanspr Oche fOr folgende                          Verfahren zu
schaffen. Vertragsstaaten: DE, FR, IT, NL 3. Ein Verfahren nach Anspruch 2,
das weiterhin 1. Ein Verfahren zur RUckgewinnung eines im we-        umfait
eine ErwArmung eines dritten Tells des sentlichen reinen Stickstoffprodukts
be! Oberat-  45  Sauerstoff angereicherten Gasstroms in dem mosphirendruck
aus Luft, mit den Schritten:         Warmetauscher durch Wirmetausch mit
der ver- (a) Verdichtung von gasformiger Zufuhrluft;      dichteten Luft
stromaufwfirts der Verbindung mit 



(b) KIhlung der verdichteten Luft in einem       dem zweiten Teil und
Expansion derVerbindung. Wfirmetauscher durch Wfirmetausch mit an-
gereicherten Sauerstoff- und Stickstoffpro-  so  4. Ein Verfahren nach
Anspruch 2 oderAnspruch 3, duktstromen;
worin nur emn Tell des zweiten Tells expandiert (c) Einffhrung dergek~hiten
undverdichteten      wird, wihrend der Restdes zweiten Tells an dem Luft in
eine Zwischenstufe einer einzigen De-    Expansionsmittel vorbeistromt.
stillationssdule; (d) Trennung der Luft in der Saule in einen  a5   5. Ein
Verfahren nach elnem der vorhergehenden oben liegenden, im wesentlichen
relnen gas-      Ansprflche, worin der erste Tell des Sauerstoff orrmlgen
oben liegenden Stickstoffteil und ei-   angereicherten Gasstroms von
Schritt (g) seine nen Sauerstoff angereicherten flussigen un-
Verdichtung bel etwa einer Temperatur der De- 20 I HIID IIII IIII  IINI
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stillationssaule beginnt.                             stillationssiule als
Ruckflull; (f) einem zweitn Verdichter zur Erh6hung 6. Ein Verfahren nach
Anspruch 5, das welter urm-         des Drucks zumindest eines Tells des
Sauer- faSt die Verwendung eines Tells der Arbeitsaus-       stoff
angerelcherten Gasstroms, wobel der gangsleistung, die von dem
Expansionsmittel ge-   s   zweite Verdichter so positioniert ist, daM er im
wonnen wird, urn den ersten Tell des Sauerstoff       Gebrauch Sauerstoff
angereichertes Gas mit angereicherten Gasstroms zu verdichten, der zu
elner kryogenischen Temperatur enthilt; und dem Boden der
Destillationssaule zuruckgeffuhrt       (g) einem zweiten ROckffhrmittel
zum Zu- wird.                                                 rOckffhren
des Sauerstoff angereicherten 10         Gasstroms erhohten Drucks zu dem
Boden 7. En Verfahren nach Anspruch 5 oderAnspruch 6,           der
Destillationssaule, wodurch die Stick- das welter umfalit die Beseitigung
eines Tells der    stoffproduktrackgewinnung erh8ht wird; wor-
Arbeiteausgangsleistung aus dem Expansions-           in im Gebrauch das
Stickstoffprodukt von mittel aus dem Verfahren.
dem Wirmetauscher zurOckgewonnen wird. 15 8. Ein Verfahren nach Anspruch 7,
worin der besei-  12. Gerat nach Anspruch 11, in dem der zweite Ver- tigte
Tell derArbeitsausgangsleistung an die Um-   dichtermit
einerTurboexpanslonsvorrichtung zur gebung als WArme oder Arbeit abgegeben
wird.       Erzeugung einer KOhlung gekoppelt ist. 9. Ein Verfahren
nachAnspruch 5, worin die gesam-   20  13. GerAt nach Anspruch 12, in dem
derzweite Ver- te Arbeitsausgangsleistung verwendet wird, um      dichter
mit der Turboexpansionsvorrichtung den ersten Tell des Sauerstoff
angereicherten      durch eine dissipative Bremse gekoppelt ist. Gasstroms
zu verdichten, der zu dem Boden der Destillationssaule zuruickgeffhrt wird,
und das  14 Gerat nach einem der AnsprOche 11 bis 13, in welter umfaSt die
Zufihrung von Kihlung zu dem   25  dem der zweite Verdichter stromaufwarts
des Verfahren von einer externen Quelle.                kalten Endes des
Warmetauschers und stromab- wArts des Auslasses des Kondensators fMr den
10. En Verfahren nach Anspruch 9, worin der Schritt    sauerstoffreichen
Gasstrom angeordnet ist. derZufuhrung von Kuhlung zu dem Verfahren die
Zufflhrung von flOssigem Stickstoffzu derDestil-  30 lationssiule umfal3t.
Revendications 11. Gerat zur Erzeugung eines Stickstoffprodukts
Revendicatlons pour lee Etats contractants aus Luft mit:
sulvants: DE, FR, IT, NL (a) einem ersten Verdichterzur Erh8hung des   35
Drucks der gasformigen Zufuhrluft;           1. Proced6 pour la
recup6ration d'azote essentielle- (b) einern Warmetauscher zum KOhlen der
ment pur produit sous une pression superieure A Hochdruckluft mit
Stickstoff und Sauerstoff     la pression atmospherique, A partir d'air, le
pro- angereicherten Produkten aus destilpierter       c6d6 comprenant les
6tapes consistant A: Zufuhrluft;                             40         (a)
comprimer de l'air gazeux d'alimentation; (c) einer Destillationssiule zur
Trennung der      (b) refroidir l'air comprime, dans un echan- gekihlten
Luft in einen im wesentlichen rel-        geur de chaleur, par 6change de
chaleur avec nen gasf6rmigen oben liegenden Stickstoff-         des
courants enrichi en oxygene et d'azote tell und elnen Sauerstoff
angereicherten flis-      produit; sigen unten liegenden Tell, die einen
Ausla3   45  (C) introduire I'air, refroidi et comprime, dans fir den
Stickstoff hat, der mit dem Wfirmetau-      un 6tage interm6diaire d'une
colonne unique scher in Verbindung steht;                         de
distillation; 



(d) einem Kondensator, um zumindestteilwei-        (d) s6parer dans la
colonne l'air en une frac- se einen Strom des gasformigen oben liegen-
tion de tMte form6e d'azote gazeux essentiel- den Stickstoffs zu
kondensieren, um elnen   5o     lement pur et une fraction de queue formee
flissigen Stickstaffstrom  durch indirekten        d'un liquids enrichi en
oxygbne, et soutirer de Wirmetausch mit einem Strom des Sauer-
la colonne un courant de chaque fraction; stoff angereicherten flissigen
Bodenteils zu       (e) envoyer la quasi-totalite du courant de bilden, urn
elnen Sauerstoff angereicherten        queue, qui est un liquide enrichi en
oxygene, Gasstrom zu bilden;                     55         et une partie
du courant de tete, comportant (e) elnem ersten RickfIuhrmittel zum Zurick-
de l'azote gazeux, vers un condenseur et les fflhren eines Hauptteils des
flissigen Stick-      y soumettre A un echange indirect de chaleur
stoffstroms von dem Kondensator zu der De-         entre le courant de
queue et le courant de 21 1   11111111111111111    41                  EP 0
412 793 B1                 42 t~tet, ce qui provoque l'ebullition du
liquide en-  lisation d'une detente pour comprimer la premia- richi en
oxyghne pour former un courant de      re portion ou partie du courant
gazeux enrichi en gaz enrichi en oxygene et la condensation de    oxygene,
qui est recyclee vers le bas de la colon- I'azote gazeux pour former un
courant d'azote   ne de distillation. llquido;
5 (f) recycler au moins une majeure partie du  7. Proced saelon la
revendicatlon 5 ou la revendica- courant d'azote liquid. resultant quo 'on
en-  tion 6, comprenant en outre l'enlevement, du pro- voie, a titre de
reflux, vers le sommetde la co-  cede, d'uhe partie du travail disponible a
la sortie lonne de distillation;                          du moyen assurant
une d~tente. (g) introduire au moins une premiere partie du   10 courantde
gaz enrichi en oxygene, A une tem-  8. Procede selon la revendlcation 7,
dans lequel la perature cryogqenique, dans un compresseur,     partie de
travail disponible A la sortie (du moyen comprimer cette premiere partie du
courant      de d6tente) que l'on enlbve est transf6re A I'en- gazeux
enrichi en oxygene, et recycler la pre-  vironnement, sous forme de chaleur
ou de tra- miere partie, comprimee, du courant gazeux   Is  vail. enrichi
en oxygene en l'envoyant vers le bas de la colonne de distillation, ce qui
augments  9. Procede salon la revendication 5, dans lequel la le taux de
r6cup6ration de I'azote produit A    totalite du travail disponible A la
sortie sert A partir de l'air;                                comprimer la
premiere portion ou partie du cou- (h) r6chauffer le reste du courant de
tete,  20  rant gazeux enrichi en oxygene, qui est recyclde comprenant de
l'azote gazeux, dans l'echan-     vers le bas de la colonne de
distillation, le proc- geur de chaleur, par ledit echange de chaleur   de
comprenant en outre I'addition d'une rbfrig6- avec l'air comprime; et
ration, provenant d'une source externe, quo l'on (i) recuperer, A partir de
l'6changeur de cha-  introduit dans le proc6de. leur, le courant de tAte
chauffe, forme d'azote,  25 A titre d'azote essentiellement pur obtenu
10. Procede solon la revendication 9, dans lequel comme produit.
I'etape d!addition d'une refrigeration introduite dans le proc6de comprend
l'addition d'azote liqui- 2. Procede solon la revendication 1, comprenant
en    de A la colonne de distillation. outre la detente d'une seconde
partie dudit cou-  30 rant gazeux enrichi en oxygene, d~tente effec-  11.
Appareil pour la production d'azote obtenu tu6e dans un moyen de detente,
ce qui engendre     comme produit A partir de l'air, cot appareil A la
sortie de ce moyen du travail disponible pour  comprenant: assurer de la
refrigeration pour le proc6d.           (a) un premier compresseur, destine
A aug. 35         menter la pression de l'air gazeux d'alimenta- 3. Procede
solon la revendication 2, comprenant en       tion; outre le rechauffage
d'une troisieme partle du        (b) un echangeur de chaleur, destine A
sou- courantgazeux enrichi en oxygene, dans l'echan-       mettre l'air,
sous pression elevee, A du refroi- geurde chaleur, par echange de
chaleuravecl'air       dissement r6alis6 A l'aide des produits, de comprime
en amont de la combinaison avec ladi-  40   I'azote et un produit enrichi
on oxygene, obte- to seconds partle et detente de la combinaison.       nu
a partir de l'air d'alimentation distill; (c) une colonne de distillation,
pour separer 4. Procdd6 solon Ia revendication 2 ou la revendica-
I'airrefroidl en une fraction de tete formne par tion 3, dans lequel une
partie seulement de la se-    de I'azote gazeux essentiellement pur et une
conde portion ou partle est detendue cependant  45   fraction de queue
formee par du liquide enri- 



quo Is reste de la seconde portion ou partie         chi en oxygene, la
colonne comportant une contourne le moyen de r6alisation d'une detente.
sortie pour l'azote en communication avec l'echangeur de chaleur; 5.
Procede solon l'une quelconque des revendica-         (d) un condenseur
destine A condenser au tions precedentes, dans lequel la premiere por-  5o
moins partiellement un courant de la t~te ga- tion ou partie du courant
gazeux enrichi en oxy-      zeuse formee parde l'oxygene ou comportant
gene, de l'Itape (g) commence sa compression A        de I'oxygbne, afin de
former un courant d'azo- une temperaturevoisine de coll. de la colonnede
te liquids, la condensation etant realisee par distillation.
echange indirect de chaleur avec un courant ss         de la fraction de
queue formbe par du liquids 6. Procede selon la revendlcation 5,
comprenanten        enrichi en oxygene, afin de former un courant outre
l'utilisation d'une partie du travail disponi-  de gaz enrichi en oxygene;
ble A la sortie et obtenu A partir du moyen de r6a-   (e) un premier moyen
de recyclage, pour faire 22 *                . I Illlnl
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44 revenir A titre de reflux une proportion majeu- re du courant d'azote
liquide provenant du condenseur et qui eat renvoy6 A la colonne de
distillation; (f) un second compresseur, pouraugmenterla   5 pressbon d'au
moins une partie du courant ga- zeux enrichi en oxygbne, le second compres-
seur 6tant plac6 en une position telle qu'en service il recoive du gaz
enrichi en oxygene, A une temperature cryogenique ; et      10 (g) un
second moyen de recyclage pour faire revenir le courant de gaz enrichi en
oxygene, et qui est sous pression accrue, vers le bas de la colonne de
distillation, ce qui augmente le taux de recuperation de razote produit;
I'azo-  15 to produit etant, en service, r6cupere A partir dudit 6changeur
de chaleur. 12. Appareil selon la revendication 11, dans lequel le second
compresseur est couple A un turbodhten-  20 dour pour ongendrer de la
r6frig6ration. 13. Appareil selon la revendication 12, dans lequel le
second compresseur est couple au turbod6ten- deur, par I'interrnediaire
d'un frein dissipateur.    25 14. Appareil selon l'une quelconque des
revendica- tions 11 a 13, dans loquel le second compresseur eat situe en
amont de 1'extr6mit6 froide de l'6changeur de chaleur et en aval de la
sortie du   30 condenseur destinee au courant de gaz riche en oxygene. 35
40 45 50 55 23    


