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FRENCH PATENT APPLICATION

For:
"Process for the c¢ryogenic separation of
gases from air"

In the name of:
L'AIR LIQUIDE, SOCIETE ANONYME POUR L'ETUDE ET
L'EXPLOITATION DES PROCEDES GEORGES CLAUDE

Inventor: J.P. TRANIER
ABSTRACT

In an apparatus lor the separation of air by
cryogenic distillation, all of the air is compressed to
a medium pressure. Next, one part of the air i3
compressed to an intermediate pressure and a fraction

of this air is compressed to a high pressure. The high-
pressure air is divided into at least two fractions and

expanded in two Luzboexpanders (7, 1Y), the cooled
stream from the warm turboexpander (7) being at least
partially recycled into the warm end of the exchanger
(8) at a higher pressure. A liquid coming from the air
separation apparatus vaporizes in the exchanger.

" Figure to be reproduced: Figure 1.
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The present invention relates to processes and
plants for the cryogenic separation of gases from air.

The pressures referred to below are absolute
pressures. Moreover, the terms "condensation” or
"vaporization" should be understood to mean either
condensation or vaporization proper, or
pseudocondensation or pseudovaporization, depending on
whether the pressures involved are suboritical or
supercritical. '

In recent years, the use of ‘“"pump=based"
processes for the production of pressurized oxygen has
become widespread. These processes consist in
extracting an oxygen-enriched liquid fraction from the
lower part of the low-pressure column, typically at Lhe
bottom, in pumping this liquid to the required
pPLeXSUT @, 11N vaporizing it and warming it to a
temperature close to ambient temperature by heat
exchange with the i1incoming air and/or a fluid enriched
with pressurized nitrogen. This process therefore
allows an oxygen compressor to be saved and is
therefore more economical. Likewise, production may be
carricd out bhy pumping pressurized nitrogen or argon.

This widespread use of pumping processes has
partly been made possible by the use of adsorption for
removing, preferably, water and CO, at the reversible
exchangers.

Moreover, in order to be able to vaporize the
high-pressure oxygen, it 1s necessary to use 4 lhigh=
pressure heat-generating fluid (air or nitrogen-
enriched fluid) which will condense by indirect
exchange with oxygen, as in US 4 303 428, and/or by
isentropic expansion in a turboexpander (see
Us 5 329 776), so as to balance the heat budget of the
distillation part. High pressure should be understood
to mean pressure greater than the pressure of the
medium-pressure column o¢f a double-column system or

greater than the pressurc on the condensgser side of the
vaporizer of a single column. The presence of a high-

oressnre fluid has. furthermore. favonred the 11se of

RECEIVED TIME DEC. 13. 4:37RM PRINT TIME DEC.13. 4: 16AM

CA 02292174 1999-12-14

Pq:

4/26



Fax émis par

‘

10

15

20

30

35

: 33 1 48 62 56 95 AIR LIQUIDE D S P 1 13712799 18:82

-2 -

more complex cycles with multiple turboexpanders for
the production of liquid.

Examples of pumping cycles with two
turboexpanders are given in documents US 5,329,776,
GB 2,251,931, US 5,564,290 or US $,108,476.
Unfortunately, for all the known processes, the
quantity of liquid that can be produced is limited if
1t 1s desired not to increase the size of the air
compressor (i.e. the flowrate at the first stage).

US-A-5,738,515 discloses a process for the
production of pressurized oxXygen using a first
turboexpander which feeds the medium-pressure column of
@ double column and a turboexpander fed by a
supercharger, all the expanded air of which is recycled
to the primary compressor of the apparatus.

One objecnt nf the present invention is to

increase the production of liquid in an apparatus with
a pump and two turboexpanders, without increasing the
tize ©Of Lhe dir compressor, while improving the cycle
performance. Another object of the present invention is
to achieve better optimization of the exchange diagram
for an air separation apparatus having two
turboexpanders. |

According to one subject of the invention, a
process 18 provided for the cryogenic separation of gao
from air in a system of columns comprising at least one
air distillation column comprising the steps of:

- compressing all of the air to a medium
pressure and at 1least one part of the air to an
intermediate pressure between the medium pressure and a
high pressure,

- compressing alr from the intermediale

pressure to the high pressure,

- dividing the compressed air at the high
pressure into a first and a second fraction,

- cooling the first fraction in a heat
exchanger and at least partly expanding it in a first
turboexpander,
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- cooling the second fraction 1in the heat
exchanger and at 1least partly expanding it to the
intermediate pressure in a second turboexpander,

- warming the expanded part of the second

5 fraction (or the expanded second fraction) in the heat
exchanger and recycling at least one part thereof into
the air at the intermediate pressure,

— sending air from the first turboexpander to a
first column, where i1t becomes enriched with nitrogen

10 at the top of the column and enriched with oxygen at
the bottom, and

- withdrawing a liquid coming at least
partially from one column of the system and vaporizing
it, optionally after pressurization, in the heat

15 exchanger,

characterized in that the feed pressure of the
first turboexpander is not less than the feed pressure
of the second turboexpander.

According to other optional characteristics of

20 the invention, a process is provided in which:

- the 1inlet pressures of the first and second

turboexpanders are identical or the inlet pressure of

the first turboexpander 1is greater than the inlet
pressure o©¢f the second turboexpander, preferably
25 greater than the inlet pressure o©of the second

turboexpander by at least 1 bar or even at least 2 bar:;
- the first column forms part of a double

column or a triple column;
- an oxygen-enriched stream and a nitrogen-
30 enriched stream are sent from the first c¢olumn to a
second column o©f the double column, the first column
operating at a higher pressure than the low-pressure
column;
- a liquid stream is withdrawn from the low-
35 pressure column or the medium-pressure column (or the
intermediate column in the case of a triple column) and
vaporized by heat exchange with air;
- all of the air 1is compressed to the

intermediate pressiire:
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- the intake temperature of the second

turboexpander is ¢reater than that of the firat
turbocexpander;
- an unexpanded portion of the first fraction

9 condenses by heat exchange with a fluid withdrawn from
the column:
- the portion which condenses exchanges heat
with the liquid, which vaporizes:
- an unexpanded portion of the second fraction
10 condenses by heat exchange with a fluid withdrawn from
the column;
- the portion which condenses exchanges heat
with the liquid, which vaporizes:;
- the 1liquid stream is enriched with oxygen,
15 with nitrogen or with argon;
- several liquid streams vaporize in thce hcat
exchanger;
- a fraction of the air is «cooled in a
refrigerating unit;
20 - at least one part of the second fraction 1is
cooled in a refrigerating unit;
- the outlet temperature ©¢f the refrigerating
unit is the inlet temperature of the turboexpander:
-~ the enerqgy of at least one of the
25 turboexpanders serves to drive one or more compressors;
- one stream from the low-pressure column feeds
an argon column;
- an air stream 1is sent to the flirst column
without having been expanded in one of the
30 turboexpanders. |
According to other aspects of the invention, a
plant is provided for the cryogenic separation of gases
from air by cryogenic distillation, comprising:
- at least one first air distillation column,
35 ~ an exchange line,
- means for compressing all of the air to a
medium pressurc,
RECEIVED TIME DEC.13. 4:@7AM PRINT TIME DEC.13. 4:16AM
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- means for compressing at least one part of
the air to an intermediate pressure between the medium
pressure and a high pressure,

- means for compressing air from the

S5 intermediate pressure to the high pressure,

- means for sending a first and a second air
fraction at the high pressure to the exchange 1line,

- a first turboexpander for expanding at least
one part of the first fraction, optionally to the

10 medium pressure,

— a second turboexpander for expanding at least
one part of the second fraction to the intermediate
pressure,

- means for warming at least one portion of the

15 expanded part of the second fraction,

- means for recycling at least one part of this
portion into the air at the intermediale pressure and
means for withdrawing at least one 1ligquid from one
column of the plant and means for sending it to the

20 exchange 1line, characterized in rthat it does not
include means for increasing the feed pressure of the
second turboexpander with raspect. o the feed pressure

of the first turboexpander.
According to other optional characteristics,
28 the plant may comprise mesanns Lor increasing the feed
pressure of the first turboexpander with respect to the
feed pressure ¢of the second turboexpander.

By recycling the stream from the warm

turboexpander at a pressure greater than the pressure

30 of the medium=-pressure c¢olumn, it is possible to

achieve greater efficiency in this turboexpander. This

1s because the isentropic efficiency of a turboexpander

is higher the lower its rate of expansion (closer to 5
than to 10).

35 With this concept, the output of the air

compressor 1s increased only in the last stages and not

in the first stages which determine the size thereof.

Moreover, by recycling the stream from the warm
tnrboexoander At A opressure areater than the ovressure
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0f the medium-pressure column, better optimization of
the exchange diagram is achieved in its warm part and
this intermediate pressure may optionally be chosen as
the air purification pressure, this being a very good
compromise, a lower pressure resulting in an additional
cost 1in the adsorbers, whereas a higher pressure may
pose technical problems. This is an advantage over the
process described 1in Patent Applications EP 0,316,768
and EP 0,811,816 which, although not involving a pump,
recycle the stream from the warm turboexpander (and
also from the cold Lurbouxpdnder) al Lhe pressure of
the medium-pressure column.

Examples of ways of implementing the invention
will now be described with regard to the appended
drawings in which:

- Figure 1 illustrates diagrammatically a plant
for the cryogenic separation of air according to the
invention;

- Figures 2 +to 7 are similar views  ©of
alternative embodiments of the invention; and

- Figure 8 is a heat exchange diagram
corresponding to a2 use of the plant in Figure 1.

. In Figure 1, an air stream is sent to the
compressor 1 where 1t 1s compressed to the medium
pressure of about 5 bar before being purified in the
purification unit 3. Next, it is divided into two parts
19, 21. One part 21, constituting 20% of the air, 1is
sent to the heat exchanger 8 where it is cooled to its
dew point and sent to the medium-pressure column 11.
The part 19 is compressed in the first stages 5 of a
compressor to an intermediate pressure of 11.5 bar; it
is then compressed in the last stages 6 of the
compressor to a high pressure of 35 bar.

The air at high pressure is divided into two
fractions 23, 25, the first of which is coocled to an
intermediate temperature of 160 K of the heat exchanger
line 8 before being divided into two. The part 31 is

expanded to the medium pressure in the first
turboexnander 9 and Hdo0ins the stream 21 in order to be
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sent to the column 1ll. The part 29 condenses by heat
exchange with an oxygen stream which vaporizes and is
divided into two in order to be sent (at 35, 37) to the
two columns 11, 13, after expansion in a valve.

S The second high-pressure air fraction 25 is
cooled to an intermediate temperature of 243 K, greater
than the inlet temperature of the first turboexpander
9. Next, it is expanded in the second turboexpander 7
to the intermediate pressure, sent to the exchanger 8

10 and warmed right to the warm end before being mixed
with air at the intermediate pressure.

Liquid nitrogen and 1liquid oxygen streams 41,
4> are withdrawn from the columns 11, 13. One part of
| the liquid oxygen 43 is pumped, pressurized by the pump

15 17 to a pressure of 17 bar and then vaporized in the
exchanger 8,

Optionally, it <could be vaporized in an
exchanger, independent of the exchanger 8, against the
air stream 29,

20 In Figure 2, the same retfterence numbers
identify the components of the plant, except that the
numbers are all increased by 100.

The main difference between Figure 2 and Figure
1 is that, in Figure 2, all of the air is pressurized
25 1in the compressor 105 to the intermediate pressure of

11.5 bar. The liquid oxygen 141 vaporizes against the
air 129 at the intermediate pressure.

The Jdir vcvonmdng fLrom the compressor 105 is
optionally cooled in a refrigerating unit 103°'.

30 In Figure 3, one part of the air expanded in
the second turboexpander is not recycled but is sent to
the double column after Dbeing liquefied through the
valves. The air coming from the compressor 205 may be
cooled in A refrigerating unit 203°'.

33 Figure 4 differs from Figure 3 in that the air
from the second turboexpander is liquefied in the
vaporizer 353 by heat aexchange with the liquid oxygen

pumped by the pump 317. In this case, all of the
lionefied Air is sent to the column opberatina at the
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higher pressure. The vaporized oxygen is warmed in the
primary exchanger.

Figure 5 shows a refrigerating unit 450 which
cools one part of the air intended for the second

turboexpander 407,
Figure 6 shows an alternative embodiment of

Figure 1, 1in which air 523 intended for the first
turboexpander 509 is supercharged to a pressure greater
than the high pressure by a supercharger 570. The
supercharger 570 may Dbe coupled to the first
turboexpander or to the second turboexpander. One part
of the air intended for the second turboexpander is
cooled in a refrigerating unit 550 rather than in the
primary exchanger. The air 525 intended for the second
turboexpander 507 i1s also supercharged to a pressure of
less than or egual to the inlet pressure of the second
turboexpander in a supercharger 580 which is coupled to
the other turboexpander.

In Figure 7, two superchargers 670, 680
supercharge the air intended for the first

turboexpander 609. The air 1intended for the second
Lutboexpander 607 is at the delivery pressure of the
compréssor S. Each supercharger 1is coupled to one of
the turboexpanders.

It 1s obviously possible to use a plant in one
of the figures Lo produce argon from an argon c¢olumn
fed by the low-pressure column 13, 113 or to produce
impure oxygen from a mixture column.

The first column may be a single column or the
medium-pressure column of a double column. The double
column may optionally be oOf the "AZOTONNE" (regilistered
trademark) type having a condenser at the top of the
low-pressure column.

Part of the refrigeration may be provided by
the expansion of nitrogen from one of the columns in a

turboexpander or by the expansion of air in a blowing
turboexpander. The supcrchargers in Figures €6 and 7 may
be replaced by cold superchargers.
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The low-pressure column may optionally operate
a pressure above 2 bar. |

In the case of Figure 8, the heat exchanged in

the exchange line in kcal/h is plotted on the y-axis
5 and the temperature in °C is plotted on the x-axis.

In all cases, the double column may be replaced
with a triple column comprising a high-pressure column,
an 1ntermediate-pressure column and a low=-pressure
column. The liquid to be vaporized may come from one of

10 these columns.

The plant may comprise a mixinp column.
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1, Process for the cryogenic separation of gas.
from air by air distillation in a system of columns
5 comprising at least one column (11, 13, 9%0), CompLising
the steps of:
- compressing all of the air to a medium
pressure and at least one part (19, 119, 219, 319, 419,
519, 619) of the air to an intermediate pressure
10 between the medium pressure and a high pressure,
- compressing air from the intermediate
pressure to the high pressure,
- dividing the compressed air at the high
pressure into a first and a second fraction (23, 25,
15 123, 125, 223, 225, 323, 325, 423, 425, 523, 525, 623,
623),
- ¢ooling the firsc fraction in a heat
exchanger (8) and at least partly expanding it in a
first turboexpander (92, 109, 209, 309, 409, 509, 609),
20 - cooling the second fraction in the heat
exchanger (8) and at least partly expanding it to the
intermediate pressure in a second turboexpander (7,
107, 207, 307, 407, 507, €07),
- warming at least one portion of the expanded
25 part (27, 127, 227, 327, 427, 527, 627) of the second
fraction (or the expanded second fraction) in the heat
exchanger (8) and recycling at least one part thereof
inte the ailir stream at the intermediate pressure (19,
119, 219, 319, 419, 519, 619),
30 - sending air at the medium pressure to a first
¢olumn (11, 111, 211, 311, 411, D511, 611), where il
becomes enriched with nitrogen at the top of the column

and enriched with oxygen at the bottom,
-~ withdrawing a liguid from one column of the
35 system and vaporizing it, ocptionally after
pressurization, in the heat exchanger,
characterized i1n that the fead pressure of the

first turboexpander is not less than the feed pressure
of the second rturboexovander.
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2. Process according to Claim 1, in which the feed
pressures of the first and second turboexpanders are
identical or the feed pressure of the first
turboexpander 1s greater than the feed pressure of the
SO second turboexpander, possibly by at least 1 bar.
3. Process according to Claim 1 or 2, in which the
first column (11, 111) forms part of a double column or
a triple column.
4. Process according to Claim 3, in which the
10 first column operates at a higher pressure than a
second column o¢f the double column and in which an
oxygen—-enriched stream and a nitrogen-enriched stream
are sent from the first column to the second column

(13, 113) of the double column.
15 5. Process according to Claim 3 or 4, in which a

ligquid stream (41, 1471) is withdrawn from the first or
the second column and vaporized by heat exchange with

air, optionally after having pressurized it.
6. Process according to one of the preceding

20 claims, in which all of the air (119) is compressed to
the intermediate pressure.
7. Process according to Claim 6, in which the air
13 purificd of watcr and of carbon dioxide at the

intermediate pressure.

25 B. Process according to one of the preceding
claims, in which the intake temperature of the second
turboexpander (7, 107) 1is greater than that of the
first turboexpander (9, 109). |
9. Process according to one of the preceding

30 claims, in which an unexpanded portion (29, 129) of the
first fraction condenses by heat exchange with a fluid
(41, 141) withdrawn from the column (13, 113).

10. Process according to Claim 9, in which the
portion (29, 124) whieh eondenses exchanges hear with a

35 liquid, which vaporizes.

11. Process according to one of the preceding
claims, in which an unexpanded or expanded portion (29,
129) of the second fraction condenses by heat exchange
with a flnid withdrawn from the column (13. 113).
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12. Process according to Claim 11, in which the
portion (29, 129) which condenses exXxchanges heat with
the liquid, which vaporizes. ‘
13. Process according to one of the preceding
S claims, in which the liquid stream withdrawn from the
column (11, 13, 90) 1is enriched with oxygen, with
nitrogen or with argon.
14. Process according to Claim 13, in which several
liquid streams vaporize by heat exchange with air.
10 15. Process according to Claim 14, in which a first
liquid wvaporizes Dby exchange with the unexpandad

portion of the first fraction, which condenses, and a
second liquid vaporizes by exchange with an expanded or
unexpanded ©portion of the second fraction, which

15 condenses.
16. Process according to one of the preceding

claims, in which a fraction of the air is cooled in a
refrigerating unit (103, 203, 303, 403, 450, 503, 603).
17. Process according to Claim 16, in which at

20 least one part of the second traction is cooled in a
refrigerating unit.

18. Process according to Claim 17, in which the
outlet temperature of Lhe refrigerating unit is the
inlet temperature ¢f the second turboexpander.

25 19. Process according to one of the preceding
claims, in which the energy of at least one of the
turboexpanders (7, 9, 107, 109) serves to drive one or
more compressors (5, 6).

- 20. Process according to Claim 19, in which the

30 first turboexpander serves to drive a compressor which
compresses the first fraction from the high pressure to
an even higher pressure before the first fraction 1is

cooled.
21. Process according to Claim 19, 1in which the
35 first turboexpander and the second turboexpander serve

to drive compressors in series, which compress the
first fraction.
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22. Process according to one of the preceding

claims, in which the first fraction at least partially
condenses during expansion in the first turboexpander.
23. Process according to one of the. preceding
claims, in which the outlet temperature of the second
turboexpander is close to that of the inlet of the
first turboexpander.

24. Process according to one of the preceding
claims, in which a stream from the low-pressure column
feeds an argon column (90).

25. Plant for the c¢ryogenic separation of gases
from air by cryogenic distillation, comprising:

- at least one first air distillation column (13, 113,
213, 113, 513, 613),

- an exchange line (8, 108, 208, 308, 408, 508, 608),

~ means (1, 101, 201, 301, 401, 501, 601) for

compressing all of the air to a medium pressure,
- means (5, 105, 205, 305, 405, 5085, 605) for

compressing at least one part of the air to an
intermediate pressure between the medium pressure and a
high pressure,

- means (6, 106, 206, 306, 406, 5069, 606) for
compressing air from the intermediate pressure to the

high pressure,
- means for sending a first and a second air fraction

at the high pressure to the exchange line,

- a first turboexpander (9, 109, 209, 309, 409, 5009,
608) for expanding at Jleast one part of the first
fraction, optionally to the medium pressure,

- a second turboexpander (7, 107, 207, 307, 407, 507,
€07) for expanding at least one part of the second
fraction to the intermediate pressure,

- means (8, 108, 208, 308, 408, S08, 608) for warming
at least one portion of the expanded part of the second

fraction,
- means (27, 127, 227, 327, 427, 527, 627) for

recycling at least one part of this portion into the
air at the intermediate pressure,
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- means (41, 141, 241, 341, 541, 641) for withdrawing
at least one liquid from one column of the plant and

means for sending it to the exchange line,

characterized in that it does not include means for

Pg: 16726

S increasing the feed pressure of the second
turboexpander with respect to the feed pressure of the
first turboexpander.

26. Plant according to Claim 25, which may or may
not comprise means (5, 570, 670) for increasing the

10 feed pressure of the first turboexpander with respect

' to the feed pressure of the second turboexpander.

277 . Plant according to Claim 25 or 26, in which the
firatt column 1is either the column operating at the
lower pressure or the column operating at the higher

15 pressure of a double column or is one column of a
triple column.

28 . Plant according to Claim 27, in which the first
column operates at a higher pressure than a second
¢olumn of the double column and in which an OXyen-—

20 ecnriched stream and a nitrogen-enriched stream are sent
from the first column to the second column (13, 113) of
the double column.

29. Plant according to Claim 27 or 28, comprising
means for withdrawing a liquid stream (41, 141) from

25 the first or the second column or an argon column (90)
and vaporizing it by heat exchange with air, optionally
after having pressurized it.

30. Plant according to one of Claims 25 to 29, in
which all of ¢the air (119) is compressed ¢to the

30 intermediate pressure.

31. Plant according to one of Claims 25 to 30,
comprising means for withdrawing an oxygen-enriched,
nitrogen-enriched or argon-enriched liquid stream from
the plant.

35 32. Plant according to one of Claims 25 ¢to 31,
comprising a refrigerating unit (550) for c¢ooling one
part of the air.

33. Plant according to one of Claims 25 to 32,
comorising an araon column (90) .
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34, Plant according to one of Claims 25 to 33,

operating at a high pressure fed by aiy, a aslumn
operating at an intermediate pressure and a column

operating at low pressure.
35. Plant according to Claim 34, in which the means

for withdrawing a liquid from one column are connected
to the high-pressure column, the intermediate column or

the low=pressure column.
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