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Description

Description for the following Contracting States :
GB, SE, LI, CH, BE, AT, LU

The present invention is directed to a cryogenic
process and apparatus for the separation of air to pro-
duce gaseous nitrogen and optionally liquid nitrogen.

Processes for the separation of air to produce ni-
trogen are known, as disclosed for example, in US-A-
3,203,193 and US-A-3,217,502. These processes
provide for the operation of a single distillation col-
umn at a slightly higher pressure than the product de-
livery pressure to separate a gaseous nitrogen prod-
uct. Oxygen-enriched liquid air is withdrawn from the
distillation column and is vaporised. Refrigeration is
provided by further expanding the vaporised oxygen
enriched air, also termed “waste nitrogen™. Such
methods are able to recover up to about 35 to 40 mole
percent of the feed air as nitrogen product.

US-A-4,400,188, discloses the use of a heat
pump to separate nitrogen. The process, however, is
only cost effective for the production of very large
quantities of nitrogen, e.g. 424,500 to 5,660,000 stan-
dard m? per day (15 to 200 million standard cubic
feet/day (SCFD)). To enhance separation the procass
uses overhead vapour recompression which requires
complex and costly equipment making it uneconomi-
cal for recoveries in the range of less than about
424,500 sm? (15 million SCFD).

US-A-4 595 405 discloses a process for separat-
ing nitrogen from air in a single distillation column. A
stream of oxygen-enriched liquid is withdrawn from
the bottom of the distillation column. A part of the
stream Is vaporised, is warmed to about ambient tem-
perature, and is separated by membranes intc perme-
ate and reject streams. The reject stream is recom-
pressed and returned to the distillation column. The
permeate stream is typically vented from the process.
The process disclosed in US-A-4 585 405 is disad-
vantageous in that it requires the additional cost and
complexity of a membrane separation unit and in that
the vented permeate gas stream will inevitably in-
clude nitrogen with the result that some nitrogen is
not recovered,

Such systems characteristically recover only
about 35-45 mole percent of the feed air as nitrogen
product. It is an aim of the invention to provide proc-
esses and apparatuses whereby the mole percent re-
covery of nitrogen from the feed air is able to be sig-
nificantly increased.

According to the presentinvention there is provid-
ed a process for the recovery of substantially pure ni-
trogen product at superatmaspheric pressurs from air
comprising the steps of:

(a) compressing gaseous feed air;

(b} cooling the compressed air in a heat exchang-

er by heat exchange with enriched oxygen and ni-
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trogen product streams;
(c) introducing the cocled and compressed afr to
an intermediate stage of a single distillation col-
umn;
{d) separating the air in the air in the column into
a substantlally pure gasecus nitrogen overhead
fraction and an oxygen enriched liquid bottoms
fraction and withdrawing a stream of each frac-
tion from the column;
(e) forwarding substantially all of the oxygen en-
riched liquid bottoms stream and a portion of the
gaseous nitrogen overhead stream to a condens-
or and thersin indirectly exchanging heat be-
tween the bottoms stream and overhead stream
theraby boiling cxygen enriched liquid to form an
oxygen-enriched gas stream and condensing
gaseous nitrogen to form a liquid nitrogen
stream;
(f) recycling at least a major portion of the liquid
nitroegen stream to the top of the distillation col-
umn as reflux;
{(g) compressing at least a first portion of the oxy-
gen-enriched gas stream and recycling the com-
pressed first portion of the oxygen enriched gas
stream to the bottom of the distillation column
without changing the composition of the oxygen-
enriched gas outside the distillation column eith-
or upstream or downstream of the compression
of said first portion, thereby enhancing nitrogen
product recovery from the air;
{h) warming the remainder of the gaseous nitro-
gen overhead stream in the heat exchanger by
heat exchange with the compressed air; and
(i) recovering the warmed nitrogen overhead
stream as a substantially pure nitrogen product
from the heat exchanger.
The invention alsc provides an apparatus for the
production of nitrogen product from air comprising:
{a) a first compressor for increasing the pressure
of gaseous feed air;
(b) a heat exchangerfor cooling the high pressure
air with products of distilled feed air;
(c) a distillation column for separating the cooled
air into a substantially pure gaseous nitrogen
overhead fraction and an oxygen-enriched liquid
bottom fraction;
(d) a condenser for at least partially condensing
a stream of the gaseous nitrogen overhead to
form a liquid nitrogen stream by indirect heat ex-
change with a stream of the oxygen-enriched lig-
uid bottoms fraction to form an oxygen-enriched
gas stream;
(e) afirst racycle means for returning a major por-
tion of the liquid nitrogen stream from the con-
denser to the distillation column as reflux;
(f) a second compressor for increasing the pres-
sure of at least part of the oxygen enriched gas
stream, the second compressor being positionad
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such that in use It receives oxygen-enriched gas
at a cryogenic temperature; and
(g) a second recycle means for returning the in-
creased pressure oxygen-enriched gas stream to
the bottom of the distillation column thereby ena-
bling nitrogen product recovery to be enhanced
there being no means intermediate the distilla-
tion column and the iniet of the second compres-
sor or intermediate the outlet of the second com-
pressor and the distillation column for changing
the composition of the oxygen-enriched gas,
wherein in use the nitrogen product is recovered
from the said heat exchanger.

Pure nitrogen product is produced by the inven-
tion at considerably less power than conventional
systems employing a single distillation column. Fur-
ther, at least a portion of the work output of a turboex-
pander may drive the compressor for comprassing
the recycled waste nitrogen, Also, liquid nitrogen may
be recovered as & product.

The compressed air stream that is cooled in a
heat exchanger against the nitrogen product stream
and oxygen-enriched gas stream which are warmed
is optionally treated to remove impurities such as In
a reversing heat exchanger. Alternatively, molecular
sieve may be used to remove impurities prior to for-
warding the air to a non-reversing heat exchanger.

In accordance with an alternative aspect of the in-
vention, the first portion of the 'waste nitrogen’ (oxy-
gen-enriched gas) is sent to a cold compressor with-
out first being warmed to ambient temperature. Also,
a portion of the work output from the turboexpander
may be supplied to the cold compressor. Alternative-
ly, even higher cutputs of nitrogen product can be
achieved by using all of the work output from the tur-
boexpander to operate the cold compressor. In this
case, refrigeration is supplied to the system from an
external source such as additional liquid nitrogen be-
ing provided to the distillation column.

The method and apparatus according to the in-
vention are now described by way of example with ref-
erence to the accompanying drawings, in which:

FIGURE 1 is a schematic flow diagram of a first

comparative embodiment of a nitrogen generator

using a plurality of heat exchangers including a

reversing heat exchanger wherein the entire

waste nitrogen stream is warmed, and a portion
of the warmed product is compressed and re-
turned to the distillation column;

FIGURE 2 is a schematic flow diagram of am-

bodiment of a second comparative a nitrogen

generator which operates a warm compression
cycle using one less heat exchanger;

FIGURE 3 is a schematic flow diagram of a third

comparative embodiment of the warm compres-

sion cycle using molecular sieve for air purifica-
tion;

FIGURE 4 is a schematic flow diagram of a first
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embodiment of the invention using cold compres-
sion of the waste nitrogen recycle flow wherein at
least a portion of the work output from the expan-
der is used to operate the cold recycle compres-
sor; and
FIGURE 5 is a schematic flow diagram of a sec-
ond embodiment of the invention using cold com-
pression of the waste nitrogen recycle flow by
means of the total available shaft work from the
turboexpander, wherein refrigeration is supplied
by an external source.

Referring to Figure 1 of the drawings, a nitrogen
recovery system 2 provides for a stream of feed air 4
to be fed into a compressor 6. The resulting com-
pressed air stream is forwarded to an aftercooler 7 for
the purposes of cooling and condensing water va-
pour. Thereafter, the condensate Is remeved in a sep-
arator 8 and an air stream now indicated by the refer-
ence 10 exits the separator 8. The air stream 10 pass-
es through heat exchanger 12 where the air stream
is cooled by heat exchange with an oxygen-enriched
gas stream 14 and nitrogen product stream 16. In the
embodiment shown in Figure 1, heat exchanger 12 is
a reversing heat exchanger in which air passages are
periodically switched with waste nitrogen passages
so that water and carbon dioxide depasited in solid
form from the air are evaporated after a switch of the
passages into the waste nitrogen stream. Appropriate
valves and conduits are provided to enable the air and
waste nitrogen passages to be so switched.

The cooled air stream leaving the heat exchanger
12, and now shown by the referance 18, enters an
{optional) gas phase absorber 20 which absorbs im-
purities such as any residual carbon dioxide and hy-
drocarbons therefrom. The resulting filtered air
stream now indicated by the reference 22 procesds
to an (optional) heat exchanger 24 where the air is fur-
ther cocled against the countercurrent flow of oxygen
enriched gas stream 26 from a turbo-expander 28.

The resulting cooled air stream now indicated by
reference 30 exiting heat exchanger 24, is near sat-
uration and may be partly in its liquid state. This
stream enters a distillation column 32 atan intermedi-
ate (liquid-vapour contact or mass transfer) stage.
The cooled air stream 30 is separated by (fractional)
distillation into a substantially pure gaseous nitregen
overhead (fraction), a stream 34 of which exits at the
top of the column 32, and a liquid oxygen-enriched
fraction, a stream 36 of which passes out of the bot-
tom of the column 32. The liquid stream 36 is cooled
by passage through an (optional) heat exchanger 38
against (l.e. countercurrentiy to) an oxygen enriched
gas stream 40 and nitrogen product gas stream 42.
The resuliing cooled oxygen-rich liquid stream now
indicated by reference 44 passes through valve 45, its
pressure thereby being reduced, and then via line 47
to condenser 46 where it boils while condensing a
portion or sub-stream 48 of the gasecus nitrogen
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overhead stream 34 through indirect heat exchange.
{The stream 34 of nitrogen is divided into two portions
or sub-streams, one of which is the sub-stream 48
and the cther of which is the stream 42 that is passed
through the heat exchanger 38 countercurrently to
the liquid oxygen stream 36, thereby being warmed.
This other stream of nitrogen leaves the heat ex-
changer 38 (and is now indicated by the reference 54)
and Is then warmed to ambient temperature by pas-
sage through the heat exchanger 12 and thereafter is
passed via line 17 out of the system 2 for use as prod-
uct nitrogen.)

The condensed liquid nitregen exits condenser
46 as a stream 50 of liquid. The stream 50 is then split,
and & portion or sub-stream 51 is optionally collected
in a conventional storage facility 52. The major por-
tion, however, of the condensed liquid nitrogen
stream 50 returns via line 53 to the distillation column
32 where it serves as reflux.

Afirst portion or sub-stream 55 of the oxygen-en-
riched gas stream 54 exiting heat exchanger 38 is
heated by passage through heat exchanger 12, where
it serves to cool the feed air stream 10. The gas
stream 55 leaves the heat exchanger 12 at a position
intermediate the ends of the heat exchanger 12 and
flows through a (pipe) line 56. A second portion or
sub-stream 58 of the oxygen-enriched gas stream 54
by-passes heat exchanger 12, and combines with the
warmed gas flowing through line 58. The combined
gas stream indicated by reference 60 enters a tur-
boexpander 28 and expands to nearly atmospheric
pressure producing refrigeration required to keep the
system 2 cold. Some of the second portion or sub-
stream 58 may by-pass the turboexpander 28 and be
reunited with the rest of this sub-stream immediately
downstream of the outlet of the turboexpander 28.
The expanded gas stream exiting the turboexpander
28 (now indicated by the reference 28} is used to cool
the incoming alr, first by passage through heat ex-
changer 24, The oxygen-enriched gas stream, now
indicated by refsrence 16, leaves the heat exchanger
24 and provides further cooling for the air by passage
through the heat exchanger 12. The oxygen-enriched
gas stream exiting heat exchanger 12 is shown as
stream 15.

A third portion or sub-stream 62 of the oxygen-
enriched gas stream is warmed by passage through
a heat exchanger 64, preferably to ambient tempera-
ture. A portion or sub-stream 66 of the stream 62 is
withdrawn from the heat exchanger 24 at a tempera-
ture intermediate those of the cool and warm ends
thereof and is united with the gas stream 60 that en-
ters the turboexpander 28. The remainder of the
stream 62 continues its passage through the heat ex-
changer 64 and exits the warm end of the heat ex-
changer 84. The oxygen-enriched gas stream {(now
indicated by the reference 68) is compressed in com-
pressor 70 to a pressure about equal to or slightly
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graater than the operating pressure of the distillation
column 32. The resulting compressed gas stream,
now indicated by reference 71, is cooled in an after
cooler 72, further cooled to a low temperature by be-
ing returned through heat exchanger 64 from its
warm to its cold end, and recycled via a line 74 to the
bottom of the distillation column 32 where it serves as
*boil up”, thus increasing the nitrogen recovery pos-
sible from the feed air. The addition of the feed air
stream 30 at an intermediate stage and recycled oxy-
gen-enriched gas stream at the bottom of the column
32 permits the mass transfer stages between the in-
lets for these two streams to be used as a stripping
section.

In the embodiment shown in FIGURE 2. a single
heat exchanger performs the functions of the heat ex-
changers 12 and 64 of Figure 1. The single heat ex-
changer is indicated by the reference 112 in Figure 2.
In all other respscts, the embediment shown in Figure
2 is the same as that shown in Figure 1, but before
purposes of clarity the flow of the oxygen-enriched
gas stream |eaving the condenser above the distilla-
tion column is now described.

The oxygen-enriched stream 140 is warmed by
passage through an optional heat exchanger 138.
The warmed gas stream now indicated by reference
154 is divided into three portions or sub-streams. A
first portion or sub-stream 155 of the oxygen enriched
gas stream 154 is warmed in passage through the
heat exchanger 112. The warmed gas stream |eaves
the heat exchanger at a positicn between the ends
thereof through a line 156. A second portion or sub-
stream of the oxygen-enriched gas stream 158 by-
passes the heat exchanger 112 and combines with
the first portion or sub-stream 155 in the line 160. The
combined stream enters turboexpander 128 and is
expanded to nearly atmospheric pressure to provide
refrigeration, and exits the system via optional heat
exchanger 124 and the main reversing heat exchang-
er 112,

A third portion or sub-stream 162 of the oxygen-
enriched gas stream 154 passes completsly through
the heat exchanger 112 and, now indicated by refer-
ence 168, flows into the compressor 170. The result-
ing compressed gas stream, now indicated by refer-
ence 171, is then passed through an after cooler 172,
back through heat exchanger 112, and then via line
174 to the bottom of distillation column 132.

In Figure 2, the stream of nitrogen product with-
drawn from the heat exchanger 112 is indicated by the
reference 117.

Referring to Figure 3 of the drawings, there is il-
lustrated an embodiment of the invention generally
similar to that shown in Figure 2, but in which purifi-
cation of the feed air occurs outside of any heat ex-
changer and therefore no heat exchanger of the re-
versing kind is employed. A compressed feed air
stream is passed to a pre-purification unit 277 which
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typically contains beds of molecular sieves of zeolitic
material which is able to be regenerated and which re-
moves impurities such as carbon dioxide, some hy-
drocarbons and water vapour. A purified air stream
210 passes through the heat exchanger 212, through
optional heat exchanger 224, and into the bottom of
distillation column 232 via line 230.

In addition, the embodiment shown in Figure 3
differs from that shown in Figure 2 with respect to the
treatment of the waste oxygen-enriched gas stream
("waste nitrogen") passing through the heat exchang-
er 212. A portion or sub-stream 276 of the waste ni-
trogen stream 215 is sent to the pre-purification unit
277 to serve as regeneration gas, which is normally
heated before entering the pre-purification unit 277,
and exits line 278. In operation, a first group of the
beds of unit 277 is used to adsorb Impurities from the
incoming air, while the remaining beds are regenerat-
ed. Once the first group becomes appropriately laden
with impurities, the flow of air is switched to the re-
maining beds, and the first group regenerated. Thus,
continuous operation of the unit 277 is made possible.

The embodiments shown In Figures 1 to 3 are all
directed to compression of a warm oxygen-enriched
gas stream. That is, the waste nitrogen stream (which
is enriched in oxygen) is warmed {o essentially ambi-
ent temperature by passage through a heat exchang-
er before being compressed and recycled to the dis-
tillation column, These embodiments all Improve ni-
tregen recovery over that possible without compres-
sion of a recycle waste nitrogen stream. Processes
and apparatuses according to the invention employ
"cold compression” of the waste nitrogen as a means
of achieving improved recoveries in an efficient man-
ner. Such embodiments use firstly excess refrigera-
tion energy available in the turboexpanded stream of
the waste gas and secondly the shaft work economy
that can be achisved when compressing a gas in cold
state. Typically, in plants in which the distlllation col-
umn operating pressure is at least 100 psig, there is
enough energy available in the turboexpansion of the
waste nitrogen to cover the normal refrigeration
needs of the plant and to compress a substantial
amount of the waste gas recycle stream in order to in-
crease nitrogen recovery. Such a scheme minimises
the amount of equipment which needs to be installed,
for example, a compressor wheel can be driven offthe
turboexpander shaft, and heat exchange passes for
warming the waste gas recycle stream to ambient
temperature prior to compression and then cooling
the compressed stream to low temperature following
compression are eliminated. Of course, any such
process which uses expansion of waste nitrogen to
drive a compressor will reduce the amount of waste
nitrogen avallable for turboexpansion. At some point,
nitrogen recovery by compression of recycling oxy-
gen-enriched gas is maximised while sufficient such
gas remains available to cover both the refrigeration
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needs of the plant and to supply the energy for the
cold compressor. This "equilibrium point® depends

upon the column operating pressure, the refrigeration
needs of the plant, i.e. relating to its size and any liq-
uid production requirements, the efficiencies of both
the turboexpander and the cold compressor. There
are other factors, eg, frictional pressure drops, and
choice of temperatures of the fluids flowing into both
the turboexpander and the cold compressor, which
also have a bearing on the equilibrium point.

The shaft output of the turboexpander is used to
accomplish two distinct tasks:

(1) driving a cold compressor of the waste nitro-

gen which is recycled to the distillation column,

thereby improving the nitrogen recovery from the
air feed to the distiliation column, and

(2) removing energy (as heat) from the cold proc-

ess equipment by delivering a portion of the shaft

energy to a dissipative brake in the surroundings.

The embodiment illustrated in Figure 4 of the
drawings shows the recycle of cold oxygen-enriched
gas, i.e. oxygen-rich gas that is compressed in its cold
state without being warmed to ambient temperature
in a heat exchanger. More specifically, a compressed
and purified feed air stream 310 is cooled by passage
through a heat exchanger 312, Aportion or subsidiary
stream 314 of the cooled air stream 310 is passed
through an optional heat exchanger 316 in which it is
further cooled and condensed before passing vialine
318 into an intermediate stage of a distillation column
332. Asecond portion or subsidiary stream 320 of the
cooled air stream 310 is passed directly to another,
but lower, Intermediate stage of the distillation col-
umn 332.

Alr entering distillation column 332 is separated
into a substantially pure gaseous nitrogen overhead
exiting from the top of column 332 as stream 334 and
an oxygen-enriched liquid bottom stream 336 exiting
from the bottom of the column 332. The liquid stream
336 is cooled by passage through a heat exchanger
338 against a return oxygen-enriched gas stream
340 and a subsidiary or product stream 342 of nitro-
gen gas which is taken from the stream 334, The re-
sulting cooled oxygen-enriched liquid stream, now in-
dicated by reference 344, is reduced in pressure by
passage through valve 345, and enters condenser
348 via line 347, The oxygen-enriched liquid stream
boils in the condenser 346 while condensing a por-
tion or sub-stream 348 of the gaseous nitrogen prod-
uct stream 334 through indirect heat exchange. The
condensed nitrogen is returned to the distillation col-
umn 332 to serve as reflux.

Resulting boiled oxygen-enriched gas is with-
drawn as a stream 340 from the condenser 346 and
is optionally warmed by passage through the heat ex-
changer 338. The stream of warmed oxygen-enrich-
ed gas leaving the heat exchanger 338, now indicated
by the reference 301, is divided into three portions or
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sub-streams. One portion 302 of the oxygen-enrich-
od gas stream 301 is not further warmed by heat ex-
change but enters & compressor 370 in which it is
compressed. The resulting compressed gas stream,
now indicated by reference 303, is then returned via
line 304 to the bottom of distillation column 332 after
being cooled by passage through heat exchanger 312
from a first intermediate region thereof at a relatively
high temperature to a second intermediate region
thereof at a relatively low temperature. A second por-
tion or sub-stream 305 of the gas stream 301 is
passed to the turboexpander 328 after passing
through the heat exchanger 312 from its cold end to
an intermediate region thereof. A third portion or sub-
stream may by-pass the heat exchanger 312 via
valve 308. The expanded gas stream leaving the tur-
boexpander 328 passes through the heat exchanger
316 from its cold end to its warm end thereby provid-
ing cooling for the air stream 314, and then through
the heat exchanger 312 from its cold end to its warm
end thereby providing cooling for the incoming air
stream 310. The stream 342 after passage through
the heat exchanger 338 also passes through the heat
exchanger 338 also passes through the heat ex-
changer 312 from its cold end to its warm end thereby
exchanging heat for the air stream 310. The resulting
warmed nitrogen stream now indicated by reference
317 is taken as nitrogen product.

Of particular importance te this embodiment is
that a shaft connection 307 is provided between the
turboexpander 328 and the compressor 370. A por-
tion of the work output of the turboexpander 328 is
thus used to drive the compressor 370 thereby provid-
ing "boil up” flow distillation column 332 which en-
hances the recovary of the nitrogen product stream
317. Part of the work output is directed to a dissipative
brake 308 to remover heat from the system and reject
this heat to the surroundings. By the term "surround-
ings" is meant outside the boundaries of the cold box
({not shown) in which the parts of the apparatus oper-
ating at cryogenic temperatures are located. The dis-
sipative brake 308 may be a compressor, a pump,
electrical generator, or like device, or even friction in
the bearings of a rotating part. It is important that the
system directs requisite energy to the surroundings to
keep the cold compression process refrigerated.

Whereas the process shown in Figure 4 requires
some of the turboexpander shaft output to supply a
"dissipative” brake to refrigerate the plant, the proc-
ess shown in Figure 5 of the drawings needs no dis-
sipative brake because some of its refrigeration is
provided from an outside source. The entire shaft out-
put of the turbocompressor can be applied to driving
a compressor; thus even higher recoveries of nitro-
gen from the air fad to the distillation column are ach-
jevable. In all other respects, the embodiment of the
invention illustrated in Figure 5 is the same as that il-
lustrated in Figure 4. In such use of cold compression,
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shown in Figure §, all of the available work output of
the turboexpander 428 is supplied to a compressor
470. This enables a higher recovery of nitrogen prod-
uct 417 to be obtained bacause an even greater boil
up flow is achievable in column 432. In this event, re-
frigeration needs to be supplied to the system, for ex-
ample, by supplying liquid nitrogen to the distillation
column 432 from an external source 471, and there
is no intentional dissipative brake.

If the external source 471 of refrigeration for the
process of Figure 5 is liquid nitrogen at or near the
purity of the desired gaseous product of the plant, a
proportional increase in gaseous nitrogen product the
plant can result. The amount of refrigeraticn from an
external source is a function of the heat leak and en-
thalpies associated with the fluid flows at the cold box
boundaries.

The cold waste nitrogen compression is achieved
by coupling the compressor 470 to the turboexpander
428 output exclusively, which is made possible by
providing an external source of refrigeration. Such a
scheme gains commercial attractiveness as the cost
of supplying refrigerating substances 471 (e.g. liquid
nitrogen) has diminished as producing plants for
these liquids has become larger and more efficient.

The increase In nitrogen recovery made possible
by dedicating the total output of the turboexpander
428 to recycle waste nitrogen compression further in-
creases the amount of nitrogen gas per unit of liquid
refrigerant 471 supplied, and therefore the economic
return of the plant.

Another advantage of the process shown in Fig-
ure 5 is that only two cold machines are required, pre-
ferably connected by a common shaft. The additional
mechanical complication of the dissipative device of
FIGURE 4 is eliminated.

In the plants shown in Figures 4 and 5, pre-puri-
fication of feed air is a preferred alternative to a re-
versing heat exchanger.

In another example of the use of cold compres-
sion (not shown), the energy for such compression
comes from an external source, 8.g., an slactric mo-
tor. The elactric motor is an external requirement and
Increases the refrigeration needs of the plant. How-
ever, these are also met by the turboexpander which
is free of the necessity of supplying shaft energy to
the cold compressor. Once again, however, as cold
compression increases the recovery of nitrogen, the
amount of waste nitrogen available for turboexpan-
sion is reduced. When this is reduced to the quantity
required to meet the refrigeration needs of the plant
{including that from the external energy source driv-
ing the cold compresser), then the maximum recov-
ery of nitregen has been reached.

EXAMPLE 1

A process for the recovery of substantially pure
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nitrogen at the rats of 3113 standard cubic metres per
hour (SCMH) (110,000 standard cubic feet per hour
{SCFH)) at 790.7 kPa (114.7 psia) is conducted in ac-
cordance with FIGURE 1. SCMH and SCFH refer to
a substance measursd as a gas at at 101.3 kPa and
21°C (14.7 psia and 70°F).

A feed air flow of 5240,3 SCMH (185,169 SCFH)
was compressed to a pressure of 863.8 kPa (125.3
psia), aftercodled to a temperature of 38°C (100°F),
and then cooled in the heat exchanger 12. The cooled
air stream was passed via the line 18 at the rate of
5188.4 SCMH (183,336 SCFH) and a temperature of
-165.4°C (-265.8°F) to the gas phase absorber 20 for
the removal of impurities. The air stream was then
cooled by passage through the heat exchanger 24.
The cooled air having a liquid content of 0.03 mole
percent at -167.6°C and B42.4 kPa (-269.6°F and
122.2 psia) was sent to an elevated tray (i.e. inter-
mediate stage) of the distillation celumn 32.

Gaseous nitrogen at a pressure of 821.1 kPa
(119.1 psia) and a temperature of -172.4°C (-278.4°F)
exited from the top of the distillation column 32 and a
portion was forwarded to the heat exchanger 38 where
the nitrogen was warmed to -166,9°C (-268.5°F). Aflow
of 3112 SCMH {109,980 SCFH) was warmed in heat
exchanger 12, The final product was cooled at a tem-
perature of 34.8°C (94.6°F) and 813 kPa (118 psia) to
give a nitrogen recovery of about 59 mole percent
based on total air compressed.

The oxygen enriched gas from condenser 46
passed through the heat exchanger 38 at the rate of
4020 SCMH (142,036 SCFH). A portion of this flow,
1944 SCMH (88,700 SCFH), passed completely
through the heat exchanger 64 and was warmed to am-
bient temperature therein. The warmed gas was then
compressed to 850 kPa (123.3 psia) and aftercooled to
37.8°C (100°F). The cooled gas re-entered the heat ex-
changer 64 and was cooled to -160.7°C (-2567.3°F) at a
pressure of 844.5 kPa (122.5 psia) for delivery to the
bottom of the distillation column 32.

The balance of the axygen snriched gas leaving
the heat exchanger 38 was divided between the heat
exchangers 64 and 12 and by-pass line 58 to provide
the feed gas to the turboexpander 28 and its by-pass,
a total of 2075 SCMH (73,336 SCFH), at a pressure
of 354.4 kPa (51.4 psia) and temperature of -148.3°C
{-235°F). Aflow of 1720 SCMH (60,790 SCFH) of this
gas 60 passed through the turboexpander 28 provid-
ing requisite refrigeration. The turboexpander ex-
haust gas and the by-pass was combined into line 26
and warmed In the heat exchangers 24 and 12.

EXAMPLE 2

Aflow of 707.5 SCMH (25,000 SCFH) of nitrogen
was produced in accordance with the process descri-
bed in FIGURE 4 wherein a portion of the work output
from the turboexpander 328 was sent to the compres-
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sor 370 via the shaft 307 and the balance was trans-
mitted out of the system.

An airflow of 1458 SCMH (51,5456 SCFH) was fed
at a pressure of 917 kPa (133 psia) through the heat
exchanger 312. Then 29.3 SCMH (1036 SCFH) of the
cooled air was sent through the heat exchanger 316
for condensing prior to delivery to an intermediate
stage of the distillation column 332. The balance of
the cooled air entered an elevated tray, below the en-
try stage of line 318, of the distillation column 332 di-
rectly. The products of the distillation column 332
were 1861 SCMH (65,758 SCFH) nitrogen gas, of
which 1153 SCMH (40,758 SCFH) was returned as
reflux after condensing in condenser 346, and 1025
SCMH (36,211 SCFH) of oxygen rich liquid stream
336. The oxygen rich liquid stream 336 was sub-
cooled in the heat exchanger 338 and throttled
through valve to about 469 kPa (68 psia) for boiling
in the condenser 346, Both the boiled oxygen rich gas
stream 340 and 707.5 SCMH {25,000 SCFH) of the
nitrogen (product) stream 342 were warmed in heat
exchanger 338. The warmed nitrogen product stream
entered the main heat exchanger 312, was warmed to
ambient temperature, and exited the system as
stream 317.

The oxygen-enriched gas stream was divided
into a portion or sub-stream for turboexpansion and
a portion or sub-stream for cold compression and re-
cycle to the distillation column, the relative flow rates
being 751 and 274 SCMH respectively (26,546 SCFH
and 9685 SCFH, respectively). The recycle gas was
compressed to 898 kPa (130 psia), cooled in heat ex-
changer 312 and injected into the bottom of the dis-
tillation column 332 for "boil up”. The gas stream
passed to the turboexpander 328 was first heated
partially in heat exchanger 312 and expanded to
about 124 kPa (18 psia) in the turboexpander 328. It
then passed through heat exchangers 316 and 312,
yielding its refrigeration and becoming the waste ni-
trogen product of the plant.

By these means, a nitrogen recovery of about
48.5 mole percent of the feed air was attained. Vari-
ous recoveries are achievable by this process, de-
pending on the plant size, cold compressor and tur-
boexpander efficiencies, the operating pressure of
the distillation column, the number of trays in the dis-
tillation column, and the desired nitrogen purity.

In this Example, part of the shaft work generated
by the turboexpander 328 is transmitted to the sur-
roundings and part to the cold compressor 303. Work
transmitted to the surroundings by brake 308 consti-
tutes the refrigeration necessary to refrigerate the
plant.

EXAMPLE 3

The same procedure was follows as in Example
2 except that all of the available work output from the
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turboexpander 428 was used to operate the compres-
sor 470 in crder to maximise recovery of nitrogen as
illustrated in Figure 5. The cold box being well insu-
lated, 27 SCMH (949 SCFH) of liquid nitrogen was
added to the top of the distillation column 432 to pro-
vide refrigeration. A feed air stream of 1459 SCMH
(51,546 SCFH) was processed Iin the system to pro-
duce up to 849 SCMH (30,000 SCFH) of product ni-
trogen 417 resulting in a nitrogen recovery rate of
about 58 mole percent of the feed air.

The present invention recovers substantially pure
nitragen product, both gas and liquid as desired, on
the order of up to 70 mole percent. As plant size de-
creases, especially below 22640 SCMH (800,000
SCFH), the present Invention becomes more cost ef-
fective due to the absence of the standard column re-
boiler and the less expensive heat pump circult com-
prising compression equipment.

A single turboexpander is not essential to this em-
bodiment of the inventien. If fact, one turboexpander
serving the refrigeration needs of the plant and an-
other driving the compressor for recycle to the column
in order to provide higher nitrogen recovery is within
the scope of the present invention. There are other
combinations, in all of which the cold compression
step uses shaft energy inherently produced in the
process.

Claims for the following Contracting
States : GB, SE, LI, CH, BE, AT, LU

1. A process for the recovery of substantially pure
nitrogen product at superatmospheric pressure
from air comprising the steps of:

{a) compressing gaseous feed air;

{b) cooling the compressed air in a heat ex-
changer by heat exchange with enriched oxy-
gen and nitrogen product streams;

{c) introducing the cooled and compressed air
to an Intermediate stage of a single distillation
column;

(d) separating the air in the column into a sub-
stantially pure gaseous nitrogen overhead
fraction and an oxygen enriched liquid bot-
toms fraction and withdrawing a stream of
each fracticn from the column;

(e) forwarding substantially all of the oxygen
enriched liquid bottoms stream and a portion
of the gaseous nitregen overhead stream to
a condenser and thersin indirectly exchang-
ing heat between the bottoms stream and
overhead stream thereby boiling oxygen en-
riched liquid to form an oxygen-enriched gas
stream and condensing gaseous nitrogen to
form a liguid nitrogen stream;

(N recycling at least a major porticn of the re-
sulting liquid nitrogen stream to the top of the
distillation column as reflux;
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(g) compressing at least a first portion of the
oxygen enriched gas stream and recycling the
compressed first portion of the oxygen enrich-
ed gas stream to the bottom of the distillation
column without changing the compaosition of
the oxygen-enriched gas outside the distilla-
tion column either upstream or downstream of
the compression of said first portion, thereby
enhancing nitrogen product recovery from
the air;

(h) warming the remaindar of the gaseous ni-
trogen overhead stream in the heat exchang-
er by said heat exchange with the com-
pressed air; and

(i) recovering the warmed nitrogen overhead
stream as a substantially pure nitrogen prod-
uct from the heat exchanger.

A process according to Claim 1, further compris-
ing expanding a second portion of the said oxy-
gen enriched gas stream in an expanding means
thereby generating work output to provide refrig-
eration for the process.

A process according to Claim 2, further compris-
ing warming a third portion of the oxygen enrich-
ed gas stream in the heat exchanger by heat ex-
change with the compressed air upstream of
combination with said second portion and expan-
sion of the combination.

A process according to Claim 2 or Claim 3, where-
in only part of the second portion is expanded
while the remainder of the second portion by-
passes the expanding means.

A process according to any one of the preceding
claims, wherein the first portion of the oxygen en-
riched gas stream of step (g) starts its compres-
sion at essentially ambient temperature.

A process according to any one of claims 1 to 4,
wherein the first portion: of the oxygen enriched
gas stream of step (g} starts its compression at
about a temperature of the distillation column.

A process according to Claim 6, further compris-
ing utilising a portion of the work output cbtained
from the expanding means to compress the first
portion of the oxygen-enriched gas stream which
is recycled to the bottom of the distillation col-
umn.

A process according to Claim 6 or Claim 7, further
comprising remaving from the process a portion
of the work output from the expansion means.

A process according to Claim 8, whersin the re-
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moved portion of the work output is transferred to
the surroundings as heat or work,

A process according to Claim 6, wherein all the
work cutput is utilised to compress the first por-
tion of the oxygen-enriched gas stream which is
recycled to the bottom of the distillation column,
and further comprising adding refrigeration to the
process from an external source.

A process according to Claim 10, wherein the
step of adding refrigeration to the process com-
prises adding liquid nitrogen to the distillation col-
umn.

Apparatus for the production of nitrogen product

from air comprising:
{a) a first compressor for increasing the pres-
sure of gaseous feed air;
{b) a heat exchanger for cooling the high pres-
sure air with nitrogen and oxygen-enriched
products of distilled feed air;
{c) a distillation column for separating the
cooled airinto a substantially pure gaseous ni-
tregen overhead fraction and an oxygen en-
riched liquid bottom fraction and having an
outlet for the nitrogen communicating with the
heat exchanger;
{d) a condenser for at least partially condens-
ing a stream of the gaseous nitrogen over-
head to form a liquid nitrogen stream by indir-
ect heat exchange with a stream of the oxy-
gen enriched liquid bottoms fraction to form
an oxygen enriched gas stream;
(e) a first recycle means for returning a major
portion of the liquid nitregen stream from the
condenser to the distillation column as reflux;
(H a second compressor for increasing the
pressure of at least part of the oxygen enrich-
ed gas stream; and
(g) a second recycle means for returning the
increased pressure oxygen enriched gas
stream to the bottom of the distillation column
thereby enabling nitrogen product recovery to
be enhanced, there being no means inter-
mediate the distillation column and the inlet of
the second comprassor or intermediate the
outlet of the second compressor and the dis-
tillation column for changing the composition
of the oxygen-enriched gas; wherein the nitro-
gen product is able to be recovered from the
said heat exchanger.

Apparatus according to Claim 12, in which the
second compressor is coupled to a turboexpan-
der for generating refrigeration.

14. Apparatus according to Claim 13, in which the
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second compressor is coupled te the turboexpan-
der through a dissipative brake.

15. Apparatus according to any one of claims 13 or
14, in which the second compressor is in a loca-
tion in the apparatus such that in operation it re-
ceives oxygen-enriched gas at a cryogenic tem-
perature.

16. Apparatus according to Claim 15, in which the
second compressor is upstream of the cold end
of the heat exchanger and down stream of the
outlet of the condenser for the oxygen-rich gas
stream.

Patentanspriiche fiir folgende
Vertragsstaaten : GB, 8E, LI, CH, BE, AT, LU

1. Ein Verfahren zur Riickgewinnung eines im we-
sentlichen reinen Stickstoffpredukts bei Oberat-
mosphé&rendruck aus Luft, mit den Schritten:

{a) Verdichtung von gasfdrmiger Zufuhrluft;
{b) Kilhlung der verdichteten Luft in einem
Wérmetauscher durch Warmetausch mit an-
gereicherten Sauerstoff- und Stickstoffpro-
duktstrdmen;

{c) Einflhrung der gekdhiten und verdichteten
Luft in eine Zwischenstufe einer einzigen
Destillationssaule;

{d) Trennung der Luft in der Sdule in einen
oben liegenden, im wesentlichen reinen gas-
férmigen Stickstoffteil und einen Sauerstoff
angereicherten fllissigen unten liegenden
Teil, und Herausziehen eines Stroms sines je-
den Teils aus der Saule;

(e) Zufdhrung von im wesentlichen dem ganz-
en mitSauerstoff angereicherten fliissigen
Unterstrom und einem Teil des gasfSrmigen
Stickstoffoberstroms zu einem Kondensator
und indirektes Warmetauschen darin zwi-
schen dem Unterstrom und dem Oberstrom,
wobei Sauerstoff angereicherte Fllssigkeit
gekocht wird, um einen mit Sauerstoff anger-
sicherten Gasstrom zu bilden und gasfdrmi-
gen Stickstoff zu kondensieren, um einen
fliissigen Stickstoffstrom zu bilden;

{f) Rickflhrung von zumindest einem Haupt-
teil des sich ergebenden fllssigen Stickstoff-
stroms zu dem oberen Ende der Destillations-
sdule als Rickfluf;

(g) Verdichtung zumindest eines ersten Teils
des mit Sauerstoff angersicherten Gasstroms
und Riickflihrung des verdichteten ersten
Teils des mit Sauerstoff angereicherten Gas-
stroms zu dem Boden der Destillationsséule,
ohne die Zusammensetzung des Sauerstoff
angereicherten Gases auRerhalb der Destil-
lationssBule wederstromaufwiirts noch stro-
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mabwarts der Verdichtung des ersten Tells zu
#ndern, wodurch die Stickstoffproduktriick-
gewinnung aus der Luft erhht wird;

(h) Erwidrmung des Rests des gasfdrmigen
Stickstoffoberstroms in dem Warmetauscher
durch den Wirmetausch mit der verdichteten
Luft; und

(i) Riickgewinnung des erwirmten Stickstof-
foberstroms als im wesentlichen reines Stick-
stoffprodukt aus dem Warmetauscher.

Ein Verfahren nach Anspruch 1, das weiter
umfalt eine Expansion eines zweiten Teils des
Sauerstoff angereicherten Gasstroms in einem
Expansionsmittel, wodurch eine Arbeitsausgang-
sleistung erzeugt wird, um die Kdhlung fir das
Verfahren zu schaffen,

Ein Verfahren nach Anspruch 2, das weiterhin
umfalit eine Erwdnmung eines dritten Teils des
Sauerstoff angereicherten Gasstroms in dem
Wérmetauscher durch Wérmetausch mit der ver-
dichteten Luft stromaufwarts der Verbindung mit
dem zweiten Teil und Expansion der Verbindung.

Ein Verfahren nach Anspruch 2 oder Anspruch 3,
worin nur ain Teil des zweiten Teils expandiert
wird, wahrend der Rest des zweiten Teils an dem
Expansionsmittel vorbeistrmt.

Ein Verfahren nach einem der vorhergehenden
Anspriiche, worin der erste Teil des Sauerstoff
angereicherten Gasstroms von Schritt {g) seine
Verdichtung bei im wesentlichen bei Umgebung-
stemperatur beginnt.

Ein Verfahren nach sinem der Anspriiche 1 bis 4,
worin der erste Teil des Sauerstoff angereichert-
on Gasstroms von Schritt (g) seine Verdichtung
etwa bei einer Temperatur der Destillationsséule
beginnt.

Ein Verfahren nach Anspruch 6, das weiter
umfalt die Verwendung eines Teils der Arbeit-
sausgangsleistung, die von dem Expansionsmit-
tel gewonnen wird, um den ersten Teil des
Sauerstoff angereicherten Gasstroms zu ver-
dichtan, der zu der Boden der Destillationsséule
zuriickgefihrt wird.

Ein Verfahren nach Anspruch 6 oder Anspruch 7,
das weiter umfalt die Beseitigung eines Teils der
Arbeitsausgangsleistung aus dem Expansion-
smittel aus dem Verfahren.

Ein Verfahren nach Anspruch 8, worin der besei-
tigte Teil der Arbeitsausgangsleistung an die Um-
gebung als Warme oder Arbeit abgegeben wird.
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10. Ein Verfahren nach Anspruch 6, worin die ge-

1.

12

samte Arbeitsausgangsieistung verwendet wird,
um den ersten Teil des Sauerstoff angereichert-
en Gasstroms zu verdichten, der zu dem Boden
der Destillationssdule zuriickgefiihrt wird, und
das weiter umfagt die Zufihrung von Kilhiung zu
dem Verfahren von einer externen Quelle,

Ein Verfahren nach Anspruch 10, worin der
Schritt der Zufihrung von Kihlung zu dem Ver-
fahren die Zufiihrung von fliissigem Stickstoff zu
der Destillationssiule umfait.

Ger#t zur Erzeugung eines Stickstoffprodukts

aus Luft mit:
(a) einem ersten Verdichter zur Erh8hung des
Drucks der gasf&rmigen Zufuhriuft;
(b) einem Warmetauscher zum Kiihlen der
Hochdruckluft mit Stickstoff und Sauerstoff
angereicherten Produkten aus destillierter
Zufuhrluft;
(c) einer Destillationss#dule zur Trennung der
geklhlten Luft in einen im wesentlichen rein-
en gasfdrmigen oben liegenden Stickstoffteil
und einen Sauerstoff angereicherten flissi-
gen unten liegenden Teil, die einen AuslaR fiir
den Stickstoff hat, der mit dem Wérmetausch-
ar in Verbindung steht;
(d) einem Kondensator, um zumindest teilwe-
ise einen Strom des gasfbrmigen cben liegen-
den Stickstoffs zu kondensieren, um einen
flissigen Stickstoffstrom durch indirekten
Wirmetausch mit einem Strom des Sauerst-
off angereicherten flissigen Bodenteils zu
bilden, um einen Sauerstoff angereicherten
Gasstrom zu bilden;
{e) einem ersten Riickfdhrmittel zum Zurlick-
fahren eines Hauptteils des flilssigen Stick-
stoffstroms von dem Kondensator zu der Des-
tillationss&ule als Riickfluf;
{f) einem zweiten Verdichter zur Erhdhung
des Drucks zumindest eines Teils des
Sauerstoff angereicherten Gasstroms, wobei
derzweite Verdichter so positioniert ist, daB er
im Gebrauch Sauerstoff angereichertes Gas
mit einer kryogenischen Temperatur enthdlt;
und
{g) einem zweiten Riickfithrmittel zum Zur-
dckfihren des Sauerstoff angereicherten
Gasstroms erhdhten Drucks zu dem Boden
der Destillationss#ule, wodurch die Stick-
stoffproduktriickgewinnung erhdht wird; wo-
bei keine Mittel zwischen der Destillations-
s#ule und dem EinfaB des zweiten Verdichters
oder zwischen dem Auslall des zweiten Ver-
dichters und der Destillationssdule zur Ander-
ung der Zusammensetzung des Sauerstoff
angereicherten Gases vorgesehen sind; wor-
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in im Gebrauch das Stickstoffprodukt von
dem Wirmetauscher 2zurickgewonnen wird.

Geriit nach Anspruch 12, in dem der zweite Ver-
dichter mit einer Turboexpansionsvorrichtung zur
Erzeugung einer Kihlung gekoppelt ist.

Ger#it nach Anspruch 13, in dem der zweite Ver-
dichter mit der Turboexpansionsvorrichtung
durch eine dissipative Bremse gekoppelt ist.

Gerat nach einem der anspriche 13 oder 14, in
dem der zweite Verdichter an siner Stelle in dem
Gerét liegt, 80 daB er im Betrieb Sauerstoff an-
gersichertes Gas mit einer kryogenischen Tem-
peratur erhalt.

Gerét nach einem der Anspruch 15, in dem der
zweite Verdichter stromaufwérts des kalten En-
des des Warmetauschers und stromabwiérts des
Auslasses des Kondensators fir den sauerstof-
freichen Gasstrom angeordnet ist.

Revendications pour les Etats contractants
sulvants : GB, SE, LI, CH, BE, AT, LU

1.

Procédé pour la récupération d’azote esseantielle-
ment pur produit sous uns pression supérieure a
la pression atmosphérique, a partir d'air, le pro-
cédé comprenant les étapes consistant 4 ;
(a) comprimer de I'air gazeux d’alimentation ;
(b) refroidir I'air comprimé, dans un échan-
geur de chaleur, par change de chaleur avec
des courants enrichi en oxygéne et d’azote
praduit ;
(c) introduire I'air, refroidi et comprimé, dans
un étags intermédiaire d'une colonne unique
de distillation ;
{d) séparer dans la colonne I'air en une frac-
tion de téte formée d'azote gazeux essen-
tiellement pur et une fraction de queus formée
d'un liquide enrichi en oxygéne, et soutirer de
la colonne un courant de chaque fraction ;
{e) envoyer la quasi-totalité du courant de
queue, qui est un liquide enrichi en oxygéne,
et une partie du courant de téte, comportant
de 'azote gazeux, vers un condenseur et les
y soumettre & un échange indirect de chaleur
entre le courant de queue et le courant de
téte, ce qui provoque I'ébullition du liquide en-
richi en oxygéne pour former un courant de
gaz enrichi en oxygéne et la condensation de
I'azote gazeux pour former un courant d'azote
liquide ;
(N recycler au moins une majeure partie du
courant d'azote liquide résultant que I'on en-
voie, & titre de reflux, vers le sommet de la co-
lonne de distillation ;
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{g) comprimer au moins une premiére partie
du courant de gaz enrichi en oxygéne, et re-
cycler la premidre partie, comprimée, du cour-
ant gazeux enrichl en oxygéns en I'envoyant
vers le bas de la colonne de distiillation, sans
modifier la composition du gaz enrichi en oxy-
géne al'extérieur de la colonne de distillation,
en amont ou en aval de la compression de la-
dite premiére partie, ce qui augmente le taux
de récupération de I'azote produit & partir de
I"air ;

{h) réchauffer le reste du courant de téte,
comprenant de I'azote gazeux, dans I'échan-
geur de chaleur, par ledit échange de chaleur
avec |'air comprimé ; et

(i) récupérer, a partir de I'échangeur de cha-
leur, le courant de téte chauffé, formé d'azots,
a titre d'azote essentiellement pur obtenu
comme produit.

Procédé selon la revendication 1, comprenant en
outre la détente d'une seconde partie dudit cour-
antgazeux enrichi en oxygéne, détente effectuée
dans un moyen de détente, ce qui engendre & la
sortie de ce moyen du travail disponible pour as-
surer de la réfrigération pour le procédé.

Procédé selon la revendication 2, comprenant en
outre le réchauffage d'une troisidme partie du
courant gazeux enrichi en oxygéne, dans I'échan-
geur de chaleur, par échange de chaleur avec i air
comprimé en amont de la combinaison avec la-
dite seconde partie et détente de la combinaison.

Procédé selon la revendication 2 ou la revendica-
tion 3, dans lequel une partie seulement de |a
seconde portion ou partie est détendue cepen-
dant que le rests de |la seconde portion ou partie
contourne le moyan de réalisation d'une détente.

Procédé selon I'une quelconque des revendica-
tions précédentes, dans lequel la premiédre por-
tion ou partie du courant gazeux enrichi en oxy-
géns, de I'étape (g) commence sa compression
assentiellement & la température ambiante.

Procédé selon 'une quelconque des revendica-
tions 1 44, danslequel la premiére partie du cour-
ant gazeux enrichi en oxygéne, de |'étape (g),
commence sa compression & une température
voisine de celle de la colonne de distillation.

Procédé selon la revendication 6, comprenant en
outre I'utilisation d'une partie du travail dispon-
ible & la sortie et cbtenu a partir du moyen de ré-
alisation d'une détente pour comprimer ia pre-
miére portion ou partie du courant gazeux enrichi
en oxygéne, qui est recyclée vers le bas de la co-
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lonne de distillation.

Procédé selon la revendication 6 ou la revendica-
tion 7, comprenant en outre I'enldvement, du pro-
cédé, d'une partie du travail disponible 4 la sortie
du moyen assurant une détents.

Procédé selon la revendication 8, dans lequel la
partie de travail disponible 4 la sortie (du moyen
de détente) que I'on enléve est transférée 4 I'en-
vironnement, sous forme de chaleur cu de trav-
ail.

Procédé selon la revendication 6, dans lequel la
totalité du travail disponible & la sortie sert & com-
primer la premiéra portion ou partie du courant
gazeux enrichi en oxygéne, qui est recyclée vers
le bas de la colonne de distillation, le procédé
comprenant en outre I'addition d'une réfrigéra-
tion, provenant d'une source externe, que I'on in-
troduit dans le precédsé.

Procédé seion la revendication 10, dans lequel
'étape d'addition d'une réfrigération introduite
dans le procédé comprend I'addition d'azote lig-
uide a la colonne de distillation.

Appareil pour la production d'azote obtenu

comme produit & partir de ["air, cet appareill com-

prenant :
(a) un premier compresseur, destiné a aug-
menter la pression de I'air gazeux d'alimenta-
tion ;
(b) un échangeur de chaleur, destiné a sou-
mattre ['air, sous pression élevée, & du refroi-
dissement réalisé a I'aide des produits, de
I'azote et un produit enrichi en oxygéne, obte-
nu & partir de i"air d'alimentation distillé ;
(c) une colonne de distillation, pour séparer
I'air refroidi en une fraction de téte formée par
de l'azote gazeux essentiellement pur et une
fraction de queus formée par du liquide enri-
chi en oxygéne, la colonne comportant une
sortie pour I'azote en communication avec
I'échangeur de chaleur ;
(d) un condenseur destiné & condenser au
moins partiellement un courant de la téte ga-
zeuse formée par de I'oxygédne ou comportant
de lPoxygéne, afin de former un courant
d’'azote liquids, la condensation étant réalisée
par échange indirect de chaleur avec un cour-
ant de la fraction de queue forméde par du lig-
uide enrichi en oxygéne, afin de former un
courant de gaz enrichi en oxygéne ;
(e) un premier moyen de recyclage, pour faire
revenir vers la colonne de distillation, & titre
de reflux, une proportion majeure du courant
d’'azote liquide provenant du condenseur et
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qui est renvoyé a la colonne de distillation ;
{f) un second compresseur, pour augmenterla
pression d’au moins une partie du courant ga-
zeux enrichi en oxygéne, et

{g) un second moyen de racyclage pour faire
revenir le courant de gaz enrichi en oxygéne,
et qui est sous pression accruse, vers e bas de
la colonne de distillation, ce qui permet d'aug-
menter le taux de récupération de I'azote pro-
duit ; aucun moyen n'existant, pour modifier
la composition du gaz enrichi en oxygéne, en-
tre la colonne de distillation et |'entrée du sec-
ond compresseur, ou entre la sortie du sec-
ond compresseur et la colonne de distilation,
'azote produit étant, en service, récupéré &
partir dudit échangeur de chaleur.

13. Appareil selon la revendication 12, dans lequel le
second compresseur est couplé & un turbodéten-
deur pour engendrer de la réfrigération.

14, Appareil selon |arevendication 13, dans lequel le
second compresseur ast couplé au turbodéten-
deur, par I'intermédiaire d'un frein dissipateur.

15. Appareil selon ['une des revendications 13 ou 14,
dans lequel le second compresseur est situé
dans I'appareil en une position telle qu'en service
il regoit du gaz, enrichi en oxygéne, a une tempér-
ature cryogénique.

16. Appareil selon la revendication 15, dans lequel le

second compresseur ast situé en amont de "ex-

trémité froide de I'échangeur de chaleur st en
aval de la sortie du condenseur destinée au (pas-
sage de) courant de gaz riche en oxygéne.

Description for the following Contracting States :
DE, FR, IT, NL

The present invention is directed to a cryogenic
process and apparatus for the separation of air to pro-
duce gaseous nitrogen and optionally liquid nitrogen.

Processes for the separation of air to produce ni-
trogen are known, as disclosed for example, in US-A-
3,203,193 and US-A-3,217,502, These processes
provide for the operation of a single distiilation col-
umn at a slightly higher pressure than the product de-
livery pressure to separate a gaseous nitrogen prod-
uct. Oxygen-enriched liquid air is withdrawn from the
distillation column and is vaporised. Refrigeration is
provided by further expanding the vaporised oxygen
enriched air, also termed “"waste nitrogen". Such
methods are abla to racover up to about 35 to 40 mole
percent of the feed air as nitregen product.

US-A-4,400,188 discloses the use of a heat
pump to separate nitrogen. The process, however, is
only cost effective for the production of very large
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quantities of nitrogen, e.9. 424,500 to 5,660,000 stan-
dard m? per day (15 to 200 million standard cubic
feet/day (SCFD)). To enhance separation the process
uses overhead vapour recompression which requires
complex and costly equipment making it uneconomi-
cal for recoveries in the range of less than about
424,500 sm? (15 million SCFD).

US-A-4 595 405 discloses a process for separat-
ing nitrogen from air in a single distillation column, A
stream of oxygen-enriched liquid is withdrawn from
the bottom of the distillation column. A part of the
stream is vaporised, is warmed to about ambient tem-
perature, and is separated by membranes into perme-
ate and reject streams. The reject stream is recom-
pressed and returned to the distillation column, The
permeate stream is typically vented from the process.
The process disclosed in US-A-4 595 405 is disad-
vantageous in that it requires the additional cost and
complexity of a membrane separation unit and in that
the vented permeate gas stream will inevitably in-
clude nitrogen with the result that some nitrogen is
not recovered.

EP-A-0 343 065 (which forms part of the state of
the art by virtue of Article 54(3) EPC) discloses a ni-
trogen separation process in which an oxygen-enrich-
ed stream is withdrawn from the bottom of a single
distillation column, is warmed to about ambient tem-
perature, is recompressed and is returned to the dis-
tillation column.

It is an aim of the invention to provide processes
and apparatuses whereby the mole percent recovery
of nitragen from the feed air per unit power consumed
is able to be significantly increased.

According to tha present invention there is provid-
od a process for the recovery of substantially pure ni-
trogen product at superat mospheric pressure from air
compriging the staps of:

(a) compressing gasecus feed air;
(b) cooling the compressed air in a heat exchang-
or by heat exchange with enriched oxygen and ni-
trogen product streams;
(c) introducing the cooled and compressed air to
an intermediate stage of a single distillation col-
umn;
(d) separating the air in the air in the column into
a substantially pure gaseous nitrogen overhead
fraction and an oxygen enriched ligquid bottoms
fraction and withdrawing a stream of each frac-
tion from the column:
(e) forwarding substantially all of the oxygen en-
riched liquid bottoms stream and a portion of the
gaseous nitrogen overhead streamto a condens-
er and therein indirectly exchanging heat be-
tween the bottoms stream and overhead stream
thereby boiling oxygen enriched liquid to form an
oxygen-enriched gas stream and condensing
gaseous nitrogen to form a liquid nitrogen
stream;
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{f) recycling at least a major portion of the liquid
nitrogen stream to the top of the distillation col-
umn as reflux;
{g) introducing at least a first portion of the oxy-
gen enriched gas stream at a cryogenic temper-
ature into a compressor, compressing said first
portion of the oxygen-enriched gas stream, and
recycling the compressed first portion of the oxy-
gen enriched gas stream to the bottom of the dis-
tillation column thereby enhancing nitrogen prod-
uct recovery from the air;

{h) waming the remainder of the gaseous nitro-

gen overhead stream in the heat exchanger by

heat exchange with the compressed air; and

(i) recovering the warmed nitrogen overhead

stream as a substantially pure nitrogen product

from the heat exchanger.

The invention also provides an apparatus for the
production of nitrogen product from air comprising:

(a) a first compressor for increasing the pressure
of gaseous feed air;
(b) a heat exchanger for cooling the high pressure
air with products of distilled feed air;
(c) a distillation column for separating the cooled
air into a substantially pure gaseous nitrogen
overhead fraction and an oxygen-enriched liquid
bottom fraction;
(d) a condenser for at least partially condensing
a stream of the gaseous nitrogen overhead to
form a liquid nitrogen stream by indirect heat ex-
change with a stream of the oxygen-enriched lig-
uid bottoms fraction to form an oxygen-enriched
gas stream;
(e) afirstracycle means for returning a major por-
tion of the Jiquid nitrogen stream from the con-
denser to the distillation column as reflux;
(f) a second compressor for increasing the pres-
sure of at least part of the oxygen enriched gas
stream. the second compressor being positioned
such that in use it receives oxygen-enriched gas
at a cryogenic temperature,
{g) a second recycle means for returning the in-
creased pressure oxygen-enriched gas stream to
the bottom of the distillation column thereby en-
hancing nitrogen product recovery; whersin in
use the nitrogen product is recovered from the
said heat exchanger.

Pure nitrogen product is produced by the inven-
tion at considerably less power than conventional
systems employing a single distillation column. Fur-
ther, at least a portion of the work output of a turboex-
pander may drive the compressor for compressing
the recycled waste nitrogen. Also, liquid nitrogen may
be recovered as a product.

The compressed air stream that is cooled in a
heat exchanger against the nitrogen product stream
and oxygen-enriched gas stream which are warmed
is optionally treated to remove impurities such as in
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a reversing heat exchanger. Alternatively, molscular
sieve may be used to remove impurities prior to for-
warding the air to a non-reversing heat exchanger.

In accordance with the invention, the first portion
of the "'waste nitrogen’ (oxygen-enriched gas) is sent
to a cold compressor without first being warmed to
ambient temperature, Also, a portion of the work cut-
put from the turboexpander may be supplied to the
cold compressor. Alternatively, even higher outputs
of nitrogen product can be achieved by using all of the
work output from the turboexpander te operate the
cold compressor. In this case, refrigeration is sup-
plied to the system from an external source such as
additional liquid nitrogen being provided to the distil-
lation column.

The method and apparatus according to the in-
vention are now described by way of example with ref-
erence to the accompanying drawings, in which:

FIGURE 1 is a schematic flow diagram of a first
comparative embodiment of a nitrogen generator
using a plurality of heat exchangers including a
reversing heat exchanger wherain the entire
waste nitrogen stream is warmed, and a portion
of the warmed product is compressed and re-
turned to the distillation column;
FIGURE 2 is a schematic flow diagram of em-
bodiment of a second comparative a nitrogen
generator which operates a warm compression
cycle using one less heat exchanger;
FIGURE 3 is a schematic flow diagram of a third
comparative embodiment of the warm compres-
sion cycle using molecular sieve for air purifica-
tion;
FIGURE 4 is a schematic flow diagram of a first
embodiment of the invention using cold compres-
sion of the waste nitrogen recycle flow wherein at
least a portion of the work output from the expan-
der Is used to operate the cold recycle compres-
sor; and
FIGURE § is a schematic flow diagram of a sec-
ond embodiment of the invention using cold com-
pression of the waste nitrogen recycle flow by
means of the total available shaft work from the
turboexpander, wherein refrigeration is supplied
by an external source.

Referring to Figure 1 of the drawings, a nitrogen
recovery system 2 provides for a stream of feed air 4
to be fed into a compressor 6. The resulting com-
pressed air stream is forwarded to an aftercooler 7 for
the purposes of cooling and condensing water va-
pour. Thereafter, the condensate is removed in a sep-
arator 8 and an air stream now indicated by the refer-
ence 10 exits the separator 8. The air stream 10 pass-
es through heat exchanger 12 where the air stream
is cooled by heat exchangs with an oxygen-enriched
gas stream 14 and nitrogen product stream 16. In the
embodiment shown in Figure 1, heat exchanger 12 is
a reversing heat exchanger in which air passages are
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periodically switched with waste nitregen passages
so that water and carbon dioxide deposited in solid

form from the air are evaporated after a switch of the
passages into the waste nitrogen stream. Appropriate
valves and condulits are provided to enable the air and
waste nitrogen passages to be so swiltched.

The cooled air stream leaving the heat exchanger
12, and now shown by the reference 18, enters an
{optional) gas phase absorber 20 which absorbs im-
purities such as any residual carbon dioxide and hy-
drocarbons therefrom. The resulting filtered air
stream now indicated by the reference 22 proceeds
to an (optional) heat exchanger 24 where the air is fur-
ther cooled against the countercurrent flow of oxygen
enriched gas stream 26 from a turbo-expander 28.

The resulting cooled air stream now indicated by
reference 30 exiting heat exchanger 24, is near sat-
uration and may be partly in its liquid state. This
stream enters a distillation column 32 atan intermedi-
ate (liquid-vapour contact or mass transfer) stage.
The cooled air stream 30 is separated by (fractional)
distillation into a substantially pure gaseous nitrogen
overhead (fraction), a stream 34 of which exits at the
top of the column 32, and a liquid oxygen-enriched
fraction, a stream 36 of which passes out of the bot-
tom of the column 32. The liquid stream 36 is cocled
by passage through an (optional) heat exchanger 38
against (i.e. countercurrently to) an oxygen enriched
gas stream 40 and nitrogen product gas stream 42.
The resulting cooled oxygen-rich liquid stream now
indicated by reference 44 passes through valve 45, its
pressure thereby being reduced, and then via line 47
to condenser 46 where it boils while condensing a
portion or sub-stream 48 of the gaseous nitrogen
overhead stream 34 through indirect heat exchange.
(The stream 34 of nitrogen is divided into two portions
or sub-streams, one of which is the sub-stream 48
and the other of which s the stream 42 that is passed
through the heat exchanger 38 countercurrently to
the liquid oxygen stream 38, thereby being warmed.
This other stream of nitrogen leaves the heat ex-
changer 38 (and is now indicated by the reference 54)
and is then warmed to ambient temperature by pas-
sage through the heat exchanger 12 and thereafter is
passed via line 17 cut of the system 2 for use as prod-
uct nitrogen.)

The condensed liquid nitrogen exits condenser
48 as a stream 50 of liquid. The stream 50 is then
split, and a portion or sub-stream 51 is optionally col-
lected in a conventional storage facility 52. The major
portion, however, of the condensed liquid nitrogen
stream 50 returns via line 53 to the distillation column
32 where it serves as reflux.

Afirst portion or sub-stream 55 of the oxygen-en-
riched gas stream 54 exiting heat exchanger 38 is
heated by passage through heat exchanger 12,
where it serves to cool the feed air stream 10. The gas
stream 55 leaves the heat exchanger 12 at a position
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intermediate the ends of the heat exchanger 12 and
flows through a {pipe) line 58. A second portion or
sub-stream 58 of the oxygen-enriched gas stream 54
by-passes heat exchanger 12, and combines with the
warmed gas flowing through line 56. The combined
gas stream indicated by reference 60 enters a tur-
boexpander 28 and expands to nearly atmospheric
pressure producing refrigeration required to keep the
system 2 cold. Some of the second portion or sub-
stream 58 may by-pass the turboexpander 28 and be
reunited with the rest of this sub-stream immediately
downstream of the outlet of the turboexpander 28.
The expanded gas stream exiting the turboexpander
28 (now indicated by the reference 26) is used to cool
the incoming air, first by passage through heat ex-
changer 24. The oxygen-enriched gas stream, now
indicated by reference 16, leaves the heat exchanger
24 and provides further cooling for the air by passage
through the heat exchanger 12. The oxygen-enriched
gas stream exiting heat exchanger 12 is shown as
stream 15.

A third portion or sub-stream 62 of the oxygen-
enriched gas stream is warmed by passage through
a heat exchanger 64, preferably to ambient tempera-
ture. A portion or sub-stream 66 of the stream 62 is
withdrawn from the heat exchanger 24 at a tempera-
ture intermediate those of the cocl and warm ends
thereof and is united with the gas stream 60 that en-
ters the turboexpander 28. The remainder of the
stream 62 continues its passage through the heat ex-
changer 64 and exits the warm end of the heat ex-
changer 64. The oxygen-enriched gas stream (now
indicated by the reference 68) is compressed in com-
pressor 70 to a pressure about equal to or slightly
greater than the operating pressure of the distillation
column 32. The resulting compressed gas stream,
now indicated by reference 71, is cooled in an after
cooler 72, further cooled to a low temperature by be-
ing returned through heat exchanger 64 from its
warm to its cold end, and recycled via a line 74 to the
bottom of the distillation column 32 where it serves as
*boil up", thus increasing the nitrogen recovery pos-
sible from the feed air. The addition of the feed air
stream 30 at an intermediate stage and recycled oxy-
gen-enriched gas stream at the bottom of the column
32 permits the mass transfer stages between the in-
iets for these two streams to be used as a stripping
seaction.

In the embodiment shown in FIGURE 2, a single
heat exchanger performs the functions of the heat ex-
changers 12 and 64 of Figure 1, The single heat ex-
changer is indicated by the reference 112 in Figure 2.
In all other respects, the embodiment shown in Figure
2 is the same as that shown in Figure 1, but before
purpeses of clarity the flow of the oxygen-enriched
gas stream leaving the condenser above the distilla-
tion column is now described.

The oxygen-enriched stream 140 is warmed by
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passage through an optional heat exchanger 138.
The warmed gas stream now indicated by reference
154 is divided into three portions or sub-streams. A
first portion or sub-stream 155 of the oxygen enriched
gas stream 154 is warmed in passage through the
heat exchanger 112. The warmed gas stream leaves
the heat exchanger at a position between the ends
thereof threugh a line 156. A second portion or sub-
stream of the cxygen-enriched gas stream 158 by-
passes the heat exchanger 112 and combines with
the first portion or sub-stream 155 in the line 160. The
combined stream enters turboexpander 128 and is
expanded to nearly atmospheric pressure to provide
refrigeration, and exits the system via optional heat
axchanger 124 and the main reversing heat exchang-
or 112.

A third portion or sub-stream 162 of the oxygen-
enriched gas stream 154 passes completsly through
the heat exchanger 112 and, now indicated by refer-
ence 168, flows into the compressor 170. The result-
ing compressed gas stream, now indicated by refer-
ence 171, is then passed through an after cooler 172,
back through heat exchanger 112, and then via line
174 to the bottom of distillation column 132,

In Figure 2, the stream of nitrogen product with-
drawn from the heat exchanger 112 is indicated by the
reference 117.

Referring to Figure 3 of the drawings, there is il-
lustrated an embodiment of a nitrogen generator gen-
erally similar to that shown in Figure 2, but in which
purification of the feed air occurs outside of any heat
exchanger and therefore no heat exchanger of the re-
versing kind is employed. A compressed feed air
stream is passed to a pre-purification unit 277 which
typically containg beds of molecular sieves of zeolitic
material which is able to be regenerated and which re-
moves impurities such as carbon dioxide, some hy-
drocarbons and water vapour. A purified air stream
210 passes through the heat exchanger 212, through
optional heat exchanger 224, and into the bottom of
distillation column 232 via line 230.

In addition, the embodiment shown in Figure 3
differs from that shown in Figure 2 with respect to the
treatment of the waste oxygen-enriched gas stream
{"waste nitrogen”) passing through the heat exchang-
er 212. A portion or sub-stream 276 of the waste ni-
trogen stream 215 is sent to the pre-purification unit
277 to serve as regeneration gas, which is normally
heated before entering the pre-purification unit 277,
and exits line 278. In operation, a first group of the
beds of unit 277 is used to adsorb impurities from the
incoming air, while the remaining beds are regener-
ated. Once the first group becomes appropriately la-
den with impurities, the flow of air is switched to the
remaining beds, and the first group ragenerated.
Thus, continuous operation of the unit 277 is made
possible.

The embodiments shown in Figures 1 to 3 are all
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directed to compression of a warm cxygen-enriched
gas stream. That s, the waste nitrogen stream (which
is enriched in oxygen) is warmed to essentially ambi-
ent temperature by passage through a heat exchang-
er before being compressed and recycled to the dis-
tillation column. These embodiments all Improve ni-
trogen recovery over that possible without compres-
sion of a recycle waste nitrogen stream. Processes
and apparatuses according to the invention employ
"cold compression” of the waste nitrogen as a means
of achieving improved recoveries in an efficient man-
ner. Such embodiments use firstly excess refrigera-
tion energy available in the turboaxpanded stream of
the waste gas and secondly the shaft work economy
that can be achieved when compressing a gas in coid
state. Typically, in plants in which the distillation col-
umn operating prassure is at least 100 psig, there is
enough energy available in the turboexpansion of the
waste nitrogen to cover the normal refrigeration
needs of the plant and to compress a substantial
amount of the waste gas recycle stream in order to in-
crease nitrogen recovery. Such a scheme minimises
the amount of equipment which needs to be installed,
for example, a compressor wheel can be driven offthe
turboexpander shaft, and heat exchange passes for
warming the waste gas recycle stream to ambient
temperature prior to compression and then cooling
the compressed stream to low temperature following
compression are eliminated. Of course, any such
process which uses expansion of waste nitrogen to
drive a compressor will reduce the amount of waste
nitrogen available for turboexpansion. At some point,
nitrogen recovery by compression of recycling oxy-
gen-enriched gas is maximised while sufficient such
gas remains available to cover both the refrigeration
needs of the plant and to supply the energy for the
cold compressor. This "equilibrium point” depends
upon the column operating pressure, the refrigeration
needs of the plant, i.e. relating to its size and any lig-
uid production requirements, the efficiencies of both
the turboexpander and the cold compressor. There
are other factors, eg, frictional pressure drops, and
choice of temperatures of the fluids flowing into both
the turboexpander and the cold compressor, which
also have a bearing on the equilibrium point.

The shaft output of the turboexpander is used to
accomplish two distinct tasks:

(1) driving & cold compressor of the waste nitro-

gen which is recycled to the distillation column,

thereby Improving the nitrogen recovery from the

air feed to the distillation column, and

(2) removing energy (as heat) from the cold proc-

ess equipment by delivering a portion of the shaft

energy to a dissipative brake in the surroundings.

The embodiment illustrated in Figure 4 of the
drawings shows the recycle of cold oxygen-enriched
gas, i.e. oxygen-rich gas that is compressed inits cold
state without being warmed to ambient temperature in
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a heat exchanger. More specifically, a compressed
and purifled feed air stream 310 is cooled by passage
through a heat exchanger 312. Aportion or subsidiary
stream 314 of the cooled air stream 310 is passed
through an optional heat exchanger 316 in which it is
further cooled and condensed before passing via line
318 into an intermediate stage of a distillation column
332. Asecond portion or subsidiary stream 320 of the
cooled air streamn 310 is passed directly to another,
but {ower, intermediate stage of the distillatiocn col-
umn 332,

Air entering distillation column 332 is separated
into a substantially pure gaseous nitrogen overhead
exiting from the top of column 332 as stream 334 and
an oxygen-enriched liguid bottom stream 338 exiting
from the bottom of the column 332. The liquid stream
336 is cooled by passage through a heat exchanger
338 against a return oxygen-enriched gas stream
340 and a subsidiary or product stream 342 of nitro-
gen gas which is taken from the stream 334. The re-
sulting cooled oxygen-enriched liquid stream, now in-
dicated by refersnce 344, is reduced in pressure by
passage through valve 345, and enters condenser
346 via line 347. The oxygen-enriched liquid stream
boils in the condenser 346 while condensing a por-
tion or sub-stream 348 of the gaseous nitrogen prod-
uct stream 334 through indirect heat exchange. The
condensed nitrogen is returned to the distiliation col-
umn 332 to serve as reflux.

Resuilting boiled oxygen-enriched gas is with-
drawn as a stream 340 from the condenser 346 and
is optionally warmed by passage through the heat ex-
changer 338. The stream of warmed oxygen-enrich-
ed gas leaving the heat exchanger 338, now indicated
by the reference 301, is divided into thres portions or
sub-streams. One portion 302 of the oxygen-enrich-
ed gas stream 301 is not further warmed by heat ex-
change but enters & compressor 370 in which It is
compressed. The resulting compressed gas stream,
now indicated by reference 303, is then returned via
line 304 to the bottom of distillation column 332 after
being cooled by passage through heat exchanger 312
from a first intermediate region thereof at a relatively
high temperature to a second intermediate region
thereof at a relatively low temperature. A second por-
tion or sub-stream 305 of the gas stream 301 is
passed to the turboexpander 328 after passing
through the heat exchanger 312 from its cold end to
an intermediate region thereof. A third portion or sub-
stream may by-pass the heat exchanger 312 via
valve 306. The expanded gas stream leaving the tur-
boexpander 328 passes through the heat exchanger
316 from its cold end to its warm end thereby provid-
ing cooling for the air stream 314, and then through
the heat exchanger 312 from its cold end to its warm
end thereby providing cooling for the incoming air
stream 310. The stream 342 after passage through
the heat exchanger 338 also passes through the heat
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exchanger 338 alsc passes through the heat ex-
changer 312 from its cold end to its warm end thereby
exchanging heat for the air stream 310. The resulting
warmed nitrogen stream now Indicated by referance
317 is taken a&s nitrogen product.

Of particular importance to this embodiment is
that a shaft connection 307 is provided between the
turboexpander 328 and the compressor 370, A por-
tion of the work output of the turboexpander 328 is
thus used to drive the compressor 370 thereby provid-
ing "boil up" flow distillation columnn 332 which en-
hances the recovery of the nitrogen product stream
317. Part of the work output is directed to a dissipative
brake 308 to remover heat from the system and reject
this heat to the surroundings. By the term "surround-
ings" is meant outside the boundaries of the cold box
{not shoewn) in which the parts of the apparatus oper-
ating at cryogenic temperatures are located. The dis-
sipative brake 308 may be a compressor, a pump,
slectrical generator, or like device, or even friction In
the bearings of a rotating part. It is Important that the
system directs requisite energy to the surroundings to
keep the cold compression process refrigerated.

Whereas the process shown In Figure 4 requires
some of the turboexpander shaft output to supply a
"dissipative” brake to refrigerate the plant, the proc-
ess shown in Figure 5 of the drawings needs no dis-
sipative brake because soms of its refrigeration is
provided from an outside source. The entire shaft out-
put of the turbocompresscr can be applied to driving
a compressor; thus even higher recoveries of nitro-
gen from the air fed to the distillation column are ach-
iavable. In all other respects, the embodiment of the
invention illustrated in Figure 5 is the same as that il-
lustrated in Figure 4. In such use of cold compression,
shown in Figure 5, all of the available work output of
the turboexpander 428 is supplied to a compressor
470. This enables a higher recovery of nitrogen prod-
uct 417 to be obtained because an even greater boil
up flow is achievable in column 432. In this event, re-
frigeration needs to be supplied to the system, for ex-
ample, by supplying liquid nitrogen to the distillation
column 432 from an external source 471, and there
is no intentional dissipative brake.

If the external source 471 of refrigeration for the
pracess of Figure 5 is liquid nitrogen at or near the
purity of the desired gaseous product of the plant, a
proportional increase in gaseous nitrogen preduct the
plant can rasult. The amount of refrigeration from an
external source is a function of the heat leak and en-
thalpies associated with the fluid flows at the cold box
boundaries.

The cold waste nitrogen compression is achieved
by coupling the compresscr 470 to the turboexpander
428 output exclusively, which is made possible by
providing an external source of refrigeration. Such a
scheme gains commercial attractiveness as the cost
of supplying refrigerating substances 471 (e.g. liquid
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nitrogen) has diminished as producing plants for
these liquids has become larger and more efficient.

The increase in nitrogen recovery made possible
by dedicating the total output of the turboexpander
428 to recycle waste nitrogen compression further in-
creases the amount of nitrogen gas per unit of liquid
refrigerant 471 supplied, and therefore the economic
return of the plant.

Another advantage of the process shown in Fig-
ure 5 is that only two cold machines are required, pre-
ferably connected by 2 common shaft. The additional
mechanical complication of the dissipative device of
FIGURE 4 is eliminated.

In the plants shown in Figures 4 and 5, pre-puri-
fication of feed air is a preferred alternative to a re-
versing heat exchanger.

In another example of the use of cold compres-
sion {not shown), the energy for such compression
comes from an external source, 6.g., an electric mo-
tor. The electric motor is an external requirement and
increases the refrigeration needs of the plant. How-
ever, these are also met by the turboexpander which
is free of the necessity of supplying shaft energy to
the cold compressor. Once again, however, as cold
compression increases the recovery of nitrogen, the
amount of waste nitrogen available for turboexpan-
sion is reduced. When this is reduced to the quantity
required toc meset the refrigeration needs of the plant
{including that from the external energy source driv-
ing the cold compresser), then the maximum recov-
ery of nitrogen has been reached.

EXAMPLE 1 (COMPARATIVE)

A process for the recovery of substantially pure
nitrogen at the rate of 3113 standard cubic metres per
hour (SCMH) (110,000 standard cubic fest per hour
(SCFH)) at 790.7 kPa (114.7 psia) is conductad in ac-
cordance with FIGURE 1. SCMH and SCFH refer to
a substance measured as a gas at at 101,3 kPa and
21°C (14.7 psia and 70°F).

A feed air flow of 5240.3 SCMH (185,169 SCFH)
was compressed to a pressure of 863.8 kPa (125.3
psia), aftercooled to & temperature of 38°C (100°F),
and then cooled in the heat exchanger 12. The cooled
air stream was passed via the line 18 at the rate of
5188.4 SCMH (183,336 SCFH) and a temperature of
-165.4°C (-265.8°F) to the gas phase absorber 20 for
the removal of impurities. The air stream was then
cooled by passage through the heat exchanger 24.
The cooled air having a liquid content of 0.03 mole
percent at -167.6°C and 842.4 kPa (-269.6°F and
122.2 psia) was sent to an elevated tray (i.e. inter-
mediate stage) of the distillation column 32.

Gaseous nitrogen at a pressure of 821.1 kPa
{119.1 psia) and a temperature of -172.4°C (-278.4°F)
exited from the top of the distillation column 32 and
a portion was forwarded to the heat exchanger 38
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where the nitrogen was warmed tc -166.9°C (-268.5°F).
A flow of 3112 SCMH (109,980 SCFH) was warmed in
heat exchanger 12. The final product was cooled ata
temperature of 34.8°C (94.6°F) and B13 kPa (118
psia) to give a nitrogen recovery of about 59 mole per-
cent based on total air compressed.

The oxygen enriched gas from condenser 46
passed through the heat exchanger 38 at the rate of
4020 SCMH (142,036 SCFH). A portion of this flow,
1944 SCMH (68,700 SCFH), passed completely
through the heat exchanger 64 and was warmed to am-
bient temperature therein. The warmed gas was then
compressed to 850 kPa (123.3 psia) and aftercooled to
37.8°C (100°F). The cooled gas re-entered the heat ex-
changer 64 and was cooled to -160.7°C (-257.3°F) at
a pressure of 844.5 kPa (122.5 psia) for delivery to the
bottom of the distillaticn column 32,

The balance of the axygen enriched gas leaving
the heat exchanger 38 was divided between the heat
exchangers 64 and 12 and by-pass line 58 to provide
the feed gas to the turboexpander 28 and its by-pass,
a total of 2075 SCMH (73,336 SCFH), at a pressure
of 354.4 kPa (51.4 psia) and temperature of -148.3°C
(-236°F). Aflow of 1720 SCMH (60,790 SCFH) of this
gas 80 passed through the turboexpander 28 provid-
ing requisite refrigeration. The turboexpander ex-
haust gas and the by-pass was combined into line 26
and warmed in the heat exchangers 24 and 12.

EXAMPLE 2

Aflow of 707.5 SCMH (25,000 SCFH) of nitrogen
was produced in accordance with the process descri-
bed in FIGURE 4 wherein a portion of the work output
from the turboexpander 328 was sent to the compres-
sor 370 via the shaft 307 and the balance was trans-
mitted out of the system.

Anairflow of 1459 SCMH (51,546 SCFH) was fed
at a preasure of 917 kPa (133 psla) through the heat
exchanger 312, Then 29,3 SCMH (1036 SCFH) of the
cooled air was sent through the heat exchanger 316
for condensing prior to delivery to an intermediate
stage of the distillation column 332. The balance of
the cooled air entered an elevated tray, below the en-
try stage of line 318, of the distillation column 332 di-
rectly. The products of the distillation column 332
were 1861 SCMH (65,758 SCFH) nitrogen gas, of
which 1153 SCMH (40,758 SCFH) was returned as
reflux after condensing in condenser 346, and 1025
SCMH (36,211 SCFH) of oxygen rich liquid stream
336. The oxygen rich liquid stream 336 was sub-
cooled in the heat exchanger 338 and throttled
through valve to about 469 kPa (68 psia) for boiling
in the condenser 345. Both the boiled oxygenrich gas
stream 340 and 707.5 SCMH (25,000 SCFH) of the
nitrogen (product) stream 342 were warmed in heat
exchanger 338. The warmed nitrogen product stream
entered the main heat exchanger 312, was warmed to
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ambient temperature, and exited the system as
stream 317.

The oxygen-enriched gas stream was divided
into a portion or sub-stream for turbcexpansion and
a portion or sub-stream for cold compression and re-
cycle to the distillation column, the relative flow rates
being 751 and 274 SCMH respectively (26,546 SCFH
and 96865 SCFH, respectively). The recycle gas was
compressed to 896 kPa (130 psia), cooled in heat ex-
changer 312 and injected into the bottom of the dis-
tillation column 332 for "boil up®. The gas stream
passed to the turboexpander 328 was first heated
partially in heat exchanger 312 and expanded to
about 124 kPa (18 psia) in the turboexpander 328. It
then passed through heat exchangers 318 and 312,
yielding its refrigeration and becoming the waste ni-
trogen product of the plant.

By these means, a nitrogen recovery of about
48.5 mole percent of the feed air was attained. Vari-
ous recoveries are achievable by this process, de-
pending on the plant size, cold compressor and tur-
boexpander efficiencies, the cperating pressure of
the distillation column, the number of trays in the dis-
tiliation column, and the desired nitrogen purity.

In this Example, part of the shaft work generated
by the turboexpander 328 is transmitted to the sur-
roundings and part to the cold compressor 303. Work
transmitted to the surroundings by brake 308 consti-
tutes the refrigeration necessary to refrigerate the
plant.

EXAMPLE 3

The same procedure was follows as in Example
2 except that all of the avalilable work output from the
turboexpander 428 was used to operate the compres-
sor 470 in order to maximise recovery of nitrogen as
Hiustrated in Figure 5. The cold box being well insu-
lated, 27 SCMH (949 SCFH) of liquid nitrogen was
added to the top of the distillation column 432 te pro-
vide refrigeration. A feed air stream of 1459 SCMH
(51,546 SCFH) was processed in the system to pro-
duce up to 849 SCMH (30,000 SCFH) of product ni-
trogen 417 resulting in a nitrogen recovery rate of
about 58 mole percent of the feed air.

The present invention recovers substantially
pure nitrogen product, both gas and liquid as desired,
on the order of up to 70 mole percent. As plant size
decreases, especially below 22640 SCMH (800,000
SCFH), the present invention becomes more cost ef-
fective due to the absence of the standard column re-
boiler and the less expensive heat pump circuit com-
prising compression equipment,

A single turboexpander is not essential to this
embodiment of the invention. If fact, one turboexpan-
der serving the refrigeration needs of the plant and
another driving the compressor for recycle to the coi-
umn in order to provide higher nitrogen recovery is
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within the scope of the present invention. There are
other combinations, in all of which the cold compres-
sion step uses shaft energy inherently produced in
the process.

Claims

Claims for the following Contracting
States : DE, FR, IT, NL

1. A process for the recovery of substantially pure
nitrogen product at superatmospheric pressure
from air comprising the steps of:

{(a) compressing gaseous feed air;

(b) cooling the compressed air in a heat ex-
changer by heat exchange with enriched oxy-
gen and nitrogen product streams,

{c) introducing the cooled and compressed air
to an intermediate stage of a single distillation
column;

{d) separating the air in the coiumn into a sub-
stantially pure gaseous nitrogen overhead
fraction and an oxygen enriched liquid bot-
toms fraction and withdrawing a stream of
each fraction from the column;

{e) forwarding substantlially all of the oxygen
enriched liquid bottoms stream and a portion
of the gaseous nitrogen overhead stream to
a condenser and therein Indirectly exchang-
ing heat between the bottoms stream and
overhead stream thereby boiling oxygen en-
riched liquid to form an oxygen-enriched gas
stream and condensing gaseous nitrogen to
form a liquid nitrogen stream;

(f) recycling at least a majer portion of the re-
sulting liquid nitrogen stream to the top of the
distillation column as reflux;

(@) introducing at least a first portion of the
oxygen enriched gas stream at a cryogenic
temperature into a compressor, compressing
said first portion of the oxygen-enriched gas
stream, and recycling the compressed first
portion of the oxygen-enriched gas stream to
tha bottom of the distillation column thereby
enhancing nitrogen product recovery from
the air;

(h) warming the remainder of the gaseous ni-
trogen overhsad stream in the heat exchang-
or by said heat exchange with the com-
pressed air; and

(i) recovering the warmed nitrogen overhead
straam as a substantially pure nitrogen prod-
uct from the heat exchanger.

2. A process according te Claim 1 further compris-
ing expanding a second portion of the said oxy-
gen enriched gas stream in an expanding means
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thereby generating work output to provide refrig-
eration for the process.

A process according to Claim 2, further compris-
ing warming a third portion of the oxygen enrich-
ed gas stream in the heat exchanger by heat ex-
change with the compressed air upstream of
combination with said second portion and expan-
sion of the combination.

A process according to Claim 2 or Claim 3, where-
in only part of the second portion Is axpanded
while the remainder of the second portion by-
passes the expanding means.

A process according to anyone of the preceding
claims, whersin the first portion of the oxygen en-
riched gas stream of step (g) starts its compres-
sion at about a temperature of the distillation col-
umn.

A process according to Claim 5, further compris-
ing utilising a portion of the work output obtained
from the expanding means to comprass the first
portion of the oxygen-enriched gas stream which
is recycled to the bottom of the distillation col-
umn.

A process according to Claim 5 or Claim §, further
comprising removing from the process a portion
of the work output from the expansion means.

A process according to Claim 7, wherein the re-
moved portion of the work output Is transferred to
the surroundings as heat or work.

A process according to Claim 5, wherein all the
work output is utilised to compress the first por-
tion of the oxygen-enriched gas stream which Is
recycled to the bottom of the distillation column,
and further comprigsing adding refrigeration to the
process from an external source.

A process according to Claim 9, wherein the step
of adding refrigeration to the process comprises
adding liquid nitrogen to the distillation column.

Apparatus for the production of nitrogen product
from air comprising:
(a) a first compressor for increasing the pres-
sure of gaseous feed air;
(b) a heat exchanger for cooling the high pres-
sure air with nitrogen and oxygen-enriched
products of distilled feed air;
(c) a distillation column for separating the
cooled air into a substantially pure gaseous ni-
trogen overhead fraction and an oxygen en-
riched liquid bottom fraction and having an
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outlet for the nitrogen communicating with the
heat exchanger;

{d) a condenser for at least partially condens-
ing a stream of the gaseous nitrogen over-
head to form a liquid nitrogen stream by indir-
ect heat exchange with a stream of the oxy-
gen-eanriched liquid bottoms fraction to form
an oxygen-enriched gas stream;

{e) a first recycle means for returning a major
portion of the liquid nitrogen stream from the
condenser to the distillation column as reflux;
{f) a second compressor for increasing the
pressure of at least part of the oxygen enrich-
ed gas stream, the second compressor being
positioned such that in use it receives oxygen-
enriched gas at a cryogenic temperature; and
{9) a second recycle means for returning in-
creased pressure oxygen enriched gas
stream to the bottom of the distillation column
thereby enhancing nitrogen productrecovery;
wherein in use the nitrogen product is recov-
ered from the said heat exchanger.

12, Apparatus according to Claim 11, in which the
second compressor is coupled to a turboexpan-
der for generating refrigeration.

13. Apparatus according to Claim 12, in which the
second compressor is coupled to the turbocexpan-
der through a dissipative brake.

14. Apparatus according to any one of Claims 11 to
13, in which the second compressor is upstream
of the cold end of the heat exchanger and down-
stream of the outlet of the condenser for the oxy-
gen-rich gas stream.

Patentanspriche

Patentanspriiche fiir folgende
Vertragsstaaten : DE, FR, IT, NL

1. Ein Verfahren zur Rickgewinnung eines Im we-
sentlichen reinen Stickstoffprodukts bei Uberat-
mosph&rendruck aus Luft, mit den Schritten:

{a) Verdichtung von gasfGmmiger Zufuhrluft,
(b) Kihlung der verdichteten Luft in einem
Warmetauscher durch Warmetausch mit an-
gereicherten Sauerstoff- und Stickstoffpro-
duktstrbmen;

(c) Einfiihrung der gekiihlten und verdichteten
Luft in eine Zwischenstufe einer sinzigen De-
stillationssaule;

(d) Trennung der Luft in der S#ule in einen
cben liegenden, im wesentlichen reinen gas-
fdrmigen oben liegenden Stickstoffteil und ei-
nen Sauerstoff angereicherten fliissigen un-
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ten liegenden Teil, und Herausziehen eines
Stroms eines jeden Teils aus der Saule;

(8) Zufdhrung von im wesentlichen dem gan-
zen Sauerstoff angereicherten flissigen Un-
terstrom und einem Teil des gasfdrmigen
Stickstoffoberstroms zu einem Kondensator
und indirektes Warmetauschen darin zwi-
schen dem Unterstrom und dem Oberstrom,
wobei Sauerstoff angereicherte Flilssigkeit
gekocht wird, um einen mit Sauerstoff ange-
reicherten Gasstrom zu bilden und gasférmi-
gen Stickstoff zu kondensieren, um einen
fiissigen Stickstoffstrom zu bilden;

(f) Riickfdhrung von zumindest einem Haupt-
teil des sich ergebenden filissigen Stickstoff-
stroms zu dem oberen Ende der Destillations-
séule als RickfluB;

(g) Einfihrung von zumindest einem ersten
Teil des mit Sauerstoff angereicherten Gas-
stroms bel einer kryogenischen Temperatur
in einen Verdichter, Verdichtung des ersten
Teils des mit Sauerstoff angereicherten Gas-
stroms und Rickfiihrung des verdichteten er-
sten Teils des mit Sauerstoff angereicherten
Gasstroms zu dem Boden der Destillations-
séule, wodurch die Stickstoffproduktriickge-
winnung aus der Luft erh&ht wird;

(h) Erwérmung des Rests des gasférmigen
Stickstoffoberstroms in dem Warmetauscher
durch den Warmetausch mit der verdichteten
Luft, und

(i) Rickgewinnung des erwdrmten Stickstoff-
oberstroms als im wesentlichen reines Stick-
stoffprodukt aus dem Wérmetauscher.

Ein Verfahren nach Anspruch 1, das weiter um-
faft eine Expansion eines zweiten Teils des Sau-
erstoff angereicherten Gasstroms in einem Ex-
pansionsmittel, wodurch eine Arbeitsausgangs-
leistung erzeugt wird, um die Kihlung fiir das
Verfahren zu schaffen.

Ein Verfahren nach Anspruch 2, das weiterhin
umfaBt eine Erwiirmung eines dritten Teils des
Sauerstoff angereicherten Gasstroms in dem
Wérmetauscher durch Wérmetausch mit der ver-
dichteten Luft stromaufwirts der Verbindung mit
dem zweiten Telil und Expansion der Verbindung.

Ein Verfahren nach Anspruch 2 oder Anspruch 3,
worin nur ein Teil des zweiten Tells expandiert
wird, wiihrend der Rest des zweiten Teils an dem
Expansionsmittel vorbeistrémt.

Ein Verfahren nach einem der vorhergehenden
Anspriiche, worin der erste Teil des Sauerstoff
angereicherten Gasstroms von Schritt (g) seine
Verdichtung bei etwa einer Temperatur der De-
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stillationsséule baginnt.

Ein Verfahren nach Anspruch 5, das weiter um-
fait die Verwendung eines Teils der Arbeitsaus-
gangsleistung, die von dem Expansionsmittel ge-
wonnen wird, um den ersten Teil des Sauerstoff
angereicherten Gasstroms zu verdichten, der zu
dem Boden der Destillationss#ule zurickgefihrt
wird.

Ein Verfahren nach Anspruch 5 oder Anspruch 6,
das weiter umfalit die Beseitigung eines Teils der
Arbeitsausgangsieistung aus dem Expansions-
mittel aus dem Verfahren.

Ein Verfahren nach Anspruch 7, worin der besei-
tigte Teil der Arbeitsausgangsleistung an die Um-
gebung als W&rme oder Arbeit abgegeben wird.

Ein Verfahren nach Anspruch 5, worin die gesam-
te Arbeitsausgangsleistung verwendet wird, um
den ersten Teil des Sauerstoff angereicherten
Gasstroms zu verdichten, der zu dem Boden der
Destillationssdule zuriickgefGhrt wird, und das
weiter umfalit die Zufdhrung von Kiihlung zu dem
Vearfahren von einer externen Quslle.

Ein Verfahren nach Anspruch 9, worin der Schritt
der Zufihrung von Kiihlung zu dem Verfahren die
Zufiihrung von fliissigem Stickstoff zu der Destil-
lationss&ule umfaBt.

Geriéit zur Erzeugung eines Stickstoffprodukts

aus Luft mit:
(a) einem ersten Verdichter zur Erhdhung des
Drucks der gasférmigen Zufuhriuft;
(b) sinem Wirmetauscher zum Kiihlen der
Hochdruckiuft mit Stickstoff und Sauerstoff
angersicherten Produkten aus destillierter
Zufuhrluft;
(c) einer Destillationgséule zur Trennung der
gekihlten Luft in einen im wesentlichen rei-
nen gasf8rmigen oben lisgenden Stickstoff-
teil und einen Sauerstoff angereicherten flis-
sigen unten lisgenden Teil, die einen Ausla
fir den Stickstoff hat, der mit dem Wéarmetau-
scher in Verbindung steht;
(d) sinem Kondensator, um zumindest teilwei-
se einen Strom des gasfbrmigen oben liegen-
den Stickstoffs zu kondensieren, um einen
flossigen Stickstoffstrom durch indirekten
Wirmetausch mit einem Strom des Sauer-
stoff angereicherten fliissigen Bodenteils zu
bilden, um einen Sauerstoff angereicherten
Gasstrom zu biiden;
(e) einem ersten Rickfihrmittel zum Zuriick-
fithren eines Hauptteils des flissigen Stick-
stoffstroms von dem Kondensator zu der De-
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stillationsséule als Riickflufl;

() elnem zweiten Verdichter zur ErhShung
des Drucks zumindest eines Teils des Sauer-
stoff angereicherten Gasstroms, wobei der
zweite Verdichter so positioniert ist, dalk er im
Gebrauch Sauerstoff angereichertes Gas mit
einer kryogenischen Temperatur enthélt; und
(g) einem zweiten Rickfihrmittel zum Zu-
rickfihren des Sauerstoff angereicherten
Gasstroms erhhten Drucks zu dem Boden
der Destillationsséule, wodurch die Stick-
stoffproduktrickgewinnung erhdht wird; wor-
in Im Gebrauch das Stickstoffprodukt von
dem Warmetauscher zurlickgewonnen wird.

12. Gerdt nach Anspruch 11, in dem der zweite Ver-
dichter mit einer Turbcexpansionsvorrichtung zur
Erzeugung einer Kiihlung gekoppelt ist,

13. Gerét nach Anspruch 12, in dem der zweite Ver-
dichter mit der Turbcexpansionsvorrichtung
durch eine dissipative Bremse gekoppelt ist.

14, Gerét nach einem der Anspriiche 11 bis 13, in
dem der zweite Verdichter stromaufwarts des
kalten Endes des Warmetauschers und stromab-
wiirts des Auslasses des Kondensators fiir den
sauerstoffreichen Gasstrom angeordnet ist.

Revandications

Revendications pour les Etats contractants
sulvants : DE, FR, IT, NL

1. Precédé pour la récupération d’azote essentielle-
ment pur produit sous une pression supérieure &
la pression atmosphérique, & partir d'air, le pro-
c6dd comprenant les étapes consistant & :

(a) comprimer de 'air gazeux d’alimentation ;
(b) refroidir I'air comprimé, dans un échan-
geur de chaleur, par échange de chaleur avec
des courants enrichi en oxygéne et d'azote
produit ;

(c) introduire I'air, refroidi et comprimé, dans
un étage intermédiaire d'une colonne unique
“de distillation ;

(d) séparer dans la colonne 'air en une frac-
tion de téte formée d'azote gazeux essentiel-
lement pur et une fraction de queue formée
d'un liquide enrichi en oxygéne, et soutirer de
la colonne un courant de chaqus fraction ;
(e) envoyer la quasi-totalité du courant de
queue, qui est un liquide enrichi en oxygéne,
et une partie du courant de téte, comportant
de |'azote gazeux, vers un condenseur et les
y soumettre a un échange indirect de chaleur
entre le courant de queue et le courant de



41 EP 0 412 793 B1

téte, ce qui provoque I'ébullition du liquide en-
richi en oxygéne pour former un courant de
gaz enrichi en oxygéne et la condensation de
I'azote gazeux pour former un courant d'azote
liquide ;

(N recycler au moins une majeure partie du
courant d’azote liquide resultant que I'on en-
vole, 4 titre de reflux, vers le sommet de la co-
lonne de distillation ;

(g) intreduire au moins une premidre partie du
courant de gaz enrichi en oxygéne, & une tem-
perature cryogénique, dans un compresseur,
comprimer cette premiédre partie du courant
gazeux enrichi en oxygéne, et recycler fa pre-
miére partie, comprimée, du courant gazeux
enrichi en oxygéne en I'envoyant vers le bas
de la colonne de distiliation, ce qul augmente
le taux de récupération de I'azote produit &
partir de I'air ;

(h) réchauffer le reste du courant de téte,
comprenant de |'azote gazeux, dans I'échan-
geur de chaleur, par ledit échange de chaleur
avec l'air comprimé ; et

(i) récupérer, & partir de I'échangeur de cha-
leur, le courant de téte chauffé, formé d'azote,
4 titre d'azote essentiellement pur obtenu
comme prodult.

Procédé selon la ravendication 1, comprenant en
outre la detente d’'une seconde partie dudit cou-
rant gazeux enrichi en oxygéne, détente effec-
tuée dans un moyen de détente, ce qul engendre
2 la sortie de ce moyen du travail disponible pour
assurer de la refrigeration pour le procédé.

Procédé selcn la revendication 2, comprenant en
outre le réchauffage d'une troisidme partie du
courant gazeux enrichi en oxygéne, dans I'échan-
geur de chaleur, par échange de chaleur avec!'air
comprimé en amont de la combinalson avec ladi-
te seconde partie et détente de la combinaison.

Procédé selon la revendication 2 ou la revendica-
tion 3, dans lequel une partie seulement de la se-
conde portion ocu partie est détendue cependant
que le reste de la seconde portion ou partie
contourne le moyen de réalisation d'une détents.

Procédé selon I'une quelconque des revendica-
tions précédentes, dans lequel la premiére por-
tion ou partie du courant gazeux enrichi en oxy-
géne, de I'étape (g) commence sa compression &
une temperature voisine de celle de [a colonne de
distillation.,

Procédé selon la revendication 5, comprenant en
outre |'utilisation d'une partie du travail disponi-
ble 4 ia sortie et obtenu & partir du moyen de réa-
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lisation d'une detente pour comprimer la premia-
re portion ou partie du courant gazeux enrichi en
oxygéne, qui est recyclée vers le bas de la colon-
ne de distillation.

Procédé selon la revendication 5 ou la revendica-
tion 8, comprenant en outre I'enlévement, du pro-
cédé, d'une partie du travall disponible 4 la sortie
du moyen assurant une détente,

Procédé selon |la revendication 7, dans lequel la
partie de travail disponible a |a sortie (du mayen
de détente) que 'on enléve est transférée & I'en-
vironnement, sous forme de chaleur ou de tra-
vail.

Procédé selon la revendication 5, dans lequel la
totalité du travail dispenible & la sortie sert &
comprimer la premiére portion ou partie du cou-
rant gazeux enrichi en oxygéne, qui est recyclée
vers la bas de la colonne de distillation, le procé-
dé comprenant en outre I'addition d'une réfrigé-
ration, provenant d'une source externe, que l'on
introduit dans le procédé.

Procédé selon la revendication 9, dans lequel
I'étape d'addition d'une réfrigération introduite
dans le procédé comprend I'addition d'azote liqui-
de a la colonne de distillation.

Apparsii pour la production d'azote obtenu
comme produit 4 partir de I'air, cet appareil
comprenant :
{a) un premier compresseur, destiné a aug-
menter |a pression de 'air gazeux d'alimenta-
tion ;
{b) un échangeur de chaleur, destiné 4 sou-
mettre I'air, scus pression élevée, & du refroi-
dissement réalisé & 'aide des produits, de
I'azote et un produit enrichi en oxygéne, obte-
nu & partir de I'alr d’alimentation distillé ;
{¢) une colonne de distillation, pour séparer
I'air refroidi en une fraction de t&te formée par
de I'azote gazeux essentiellement pur et une
fraction de queue formée par du liquide enri-
chi en oxygéne, la colonne comportant une
sortie pour |'azote en communication avec
I'échangeur de chaleur ;
{d) un condenseur destiné & condenser au
moins partiellement un courant de la tate ga-
zeuse formée par de I'oxygéne ou compartant
de I'oxygéne, afin de former un courant d'azo-
te liquide, la condensation étant réalisée par
échange indirect de chaleur avec un courant
de la fraction de queue formée par du liquide
enrichi en oxygéne, afin de former un courant
de gaz enrichi en oxygéne ;
(@) un premier moyen de recyclage, pour faire
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revenir & titre de reflux une proportion majeu-

re du courant d'azote liquide provenant du
condenseur et qui est renvoyé & la colonne de
distillation ;

(f) un second compresseur, pour augmenterla 5
pression d’au moins une partie du courant ga-

Zeux enrichi en oxygéne, le second compres-

seur étant placé en une position telle qu'en
service il regoive du gaz enrichi en oxygéne,

4 une température cryogénique ; et 10
(g} un second moyen de recyclage pour faire
revenir le courant de gaz enrichi en oxygéne,

et qui est sous pression accruse, vers le bas de

la colonne de distillation, ce qui augmente le

taux de recuperation de 'azote preduit ; 'azo- 15
te produit étant, en service, récupéré # partir

dudit échangeur de chaleur.

12. Appareil selon la revendication 11, dans lequel le
second compresseur est couple 4 un turbodéten- 20
deur pour engendrer de |la réfrigération.

13. Appareil selon la revendication 12, dans lequel le
second compresseur est couplé au turbodéten-
deur, par I'intermédiaire d’'un frein dissipateur. 25

14. Appareil selon 'une quelconque des revendica-
tions 11 & 13, dans lequel le sacond compresseur
est situé en amont de l'extrémité froide de
I'échangeur de chaleur et en aval de la sortiedu 30
condenseur destinée au courant de gaz riche en
oxygéne.

35
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Title PROCESS AND APPARATUS FOR PRODUCING NITROGEN FROM AIR.

Applicant/Proprietor
THE BOC GROUP, INC., 5§75 Mountain Avenue, Murray Hill New Jersey 07974, o

United States of America [ADP No. 5676272700£i
Inventors

CLAYTON E. PARKER, 267 Abbey Drive, Somerset, New Jersey 08873, United

States of America [ADP No. 58280926001]

ROBERT A. MOSTELLO, 165 Rehill Avenue, Somerville, New Jersey 08876,
United States of America [ADP No. $7683690001]

Classified to
F25J

Address for Service
THE BOC GROQUP PLC, Chertsey Road, WINDLESHAM, Surrey, GU20 6HJ, United
Kingdom [ADP No. 00884627002]

EPO Representative
MICHAEL WICKHAM, c¢/o Patent and Trademark Department The BQOC Group plc
Chertsey Road, Windlesham Surrey GU20 6HJ, United Kingdom
[ADP No. 50802917001]

Publication No EP0412793 dated 13.02.1951
Publication in English

Examination requested 26.09.1991

Patent Granted with effect from 28.09.1994 {Section (1}) with title PROCESS
AND APPARATUS FOR PRODUCING NITROGEN FROM AIR.

02.09.1994 THE BOC GROUP PLC, Chertsey Road, WINDLESHAM, Surrey, GU20 6HJ,
United Kingdom [ADP No. 0Q0B84627002]
registered as address for service

Entry Type 8.11 Staff ID. DDl ARuth ID. AA

14.07.1995 EPO: Opposition filed on 21.06.1995
Entry Type 25.1 Staff ID. RDO6 Auth ID. EPT

21.07.1995 EPQO: Opposition filed on 28.06.1995
Entry Type 25.1 Staff ID. RDO6 Auth ID. EPT

***%* END OF REGISTER ENTRY **%~*
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RENEWAL DETAILS

PUBLICATION NUMBER EP041279%//

PROPRIETOR (S}

THE BOC GROUP, INC., 575 Mountain Avenue, Murray Hill New Jersey
07974, United States of Amerﬁ;é}n

DATE FILED 08.08.15%90 ///
7

DATE GRANTED 28.09.1994//

DATE NEXT RENEWAL DUE 08.08.19%¢6

DATE NOT IN FCRCE

DATE OF LAST RENEWAL 27.07.1985

YEAR OF LAST RENEWAL 06

STATUS PATENT IN FO?ﬂg
*%%% END QF REPORT ***
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